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Preface

=1 et A T T T et

This volume is one of the two which offer a comprehensive course in those parts
of theory and practice of Plane and Geodetic surveying that aré most commonly used by
civil engineers, and are required by the students taking examination in surveying for Degree.
Diploma and A.M.LE. The first volume covers in thirteen chapters the more common surveying
operations.

Each topic introduced is thoroughly describéd, the theory is rigorously developed,
and 2 large number of numerical examples are included to illustrate its application. General
statements of irhportant principles and metheds are almost invariably given by practical
illustrations. A large number of problems are available at the end of each chapter, (o
illustrate theory and practice and to enable the smudent to test his reading at different stages
of his studies.

Apart from illustrations of old and conventional instruments, emphasis has been placed

- Downleaded from St , on new or improved instruments both for ordinary as well as precise work. A good deal
. . (e of space has been given to instrumental adjustments with a thorough discussion of the geometrical
vww.panchayatrajengineers.wordpress.com principles in each case.
W’ . -7_; o _ ::ﬂ‘ T} = 7 ‘;
b ey ’ "'_ _l YT = Metric system of units has been used throughout the text, and, wherever possible,

the various formulae used in text have been derived in metric units. However, since the
change\over to metric system has stll not been fully implemented in all the engineering
1 tavfutions in our coumiry, 1 few examples in FP.S. system, have alsn heen given

I should like to express my thanks to M/s. Vickers Instruments Lid, {(successors 10
M/s. Cooke, Troughton & Simm’s), M/s. Wild Heerbrugg L., M/s Hilger & Wwats Lid..
and M/s. W.F. Stanley & Co. Lid. for permitting me to use certain illustrations from
their catalogues or providing special photographs. -My thanks are also due to various Universities
and examining bodies of professional institution for permitting me to reproduce some of
the questions from their examination papers.

Inspite of every care taken o check the numerical work, some errors may remain,
and I shall be obliged for amy intimation of theses readers may discover.

JODHPUR B.C. PUNMIA
Ist July, 1965
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PREFACE TO THE THIRD EDITION

In this edition, the subject-matter has been revised thoroughly and the chapters have

been rearranged. Two new chapters on "Simple Circular Curves' and ‘Trigonometrical Levelling -

(plane)” have been added. Latest Indian Standards on ‘Scales’, ‘Chains’ and ‘Levelling Staff
have been included. A two-colour plate on the folding type 4 m Levell'ing Staff, conforming
10 IS 1779 : 1961 has been given. In order to make the book more useful to the students
appearing at A.M.LLE. Examination in Elementary Surveying, questions from the examination
papers of Section A, from May 1962 to Nov. 1970 have been given Appendix 2. Account
has been taken throughout of the supgestions offered by the many users of the book, and
grateful acknowledgement is made to them. Further suggestions will be greatly appreciated.

JODHPUR B.C. PUNMIA
Ist Feb.. 1972

PREFACE TO THE FOURTH EDITION

In this edition, the subject-matter has been revised and updated. An appendix on
‘Measurement of Distance by Electronic Methods’ has been added.

JODHPUR B.C. PUNMIA
15-10-1973

PREFACE TO THE FIFTH EDITION

in the Fifth Edition. the subiect-matter has heen thornnghly revised An Anpendir
on SI units has been added.

JODHPUR B.C. PUNMIA
25-4-1978

PREFACE TO THE SIXTH EDITION

In the Sixth Edition of the book, the subject-matter has been thoroughly revised and
updated.

JODHPUR B.C. PUNMIA
2nd Jan., 1980

©

PREFACE TO THE NINTH EDITION

In the Ninth Edition. the subject-matier has been revised and updated.

JODHPUR B.C. PUNMIA
Ist Nov., 1984

PREFACE TO THE TENTH EDITION

In the Tenth Edition, the book has been completely rewritten, and all the diagrams
bave been redrawn. Many new articles and diagrams/illustrations have been added. New
instruments, such as precise levels. precise theodolites, precise plane table equipment, automatic
levels. new types of compasses and clinometers etc. have been introduced. Two chapters
on ‘Setting Out Works’ and ‘Special Instruments’ have been added at the end of the
book. Knowledge about special instruments, such as site square , transit-level, Brunton's
universal pocket transit, mountain compass-transit, automatic le\jéls. etc. will be very much
useful to the field engineers. Account has been taken throughout of the suggestions offered
by the many users of the book, and grateful acknowledpement is made to them. Further
suggestions will be preatly appreciated.

JODHPUR B.C. PUNMIA
10th July, 1987 AK. JAIN

PREFACE TO THE TWELFTH EDITION
In the Twelfth Edition, the subject-matter has been revised and updated.

JODHPUR . B.C. PUNMIA
30th March, 1590 AK. JAIN

PREFACE TO THE THIRTEENTH EDITION

In the Thirteenth Edition of the book, the subject mauer has been thoroughly revised
and updated. Many new articles and solved examples have been added. The entire book
has been rypeset using laser printer, The authors are thankful to Shri Mool singh Gahlot
for the fine laser typesetting done by him.

JODHPUR B.C. PUNMIA
[5th Aug. 1994 ASHOK K. JAIN
’ ARUN K. JAIN
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PREFACE TO THE SIXTEENTH EDITION

In the Sixteenth Edition, the subject matter has been thoroughly revised, updated and
rearranged. In each chapter, many new articles have teen added. Three new Chapters have
been added at the end of the book : Chapter 22 on ‘Tacheometric Surveying’. Chapter
23 on ‘Electronic Theodolites’ and Chapter 24 on ‘Electro-magnetic Distance Measurement
(EDM)’. All the diagrams have been redrawn using computer graphics and the book has
been computer rype-set in bigger format keeping in pace with the modern trend. Account
has been taken throughout of the suggestions offered by many users of the book and grateful
acknowledgement is made to them. The authors are thankful to Shri M.S. Gahlot for the
fine Laser type setting done by him. The Authors are also thankful Shri R.K. Gupta,
Managing Director Laxmi Publications, for taking keen interest in publication of the book
and bringing it out nicely and quickly.

Jodhpur ‘ B.C. PUNMIA
Mahaveer Jayanti ASHOK K. JAIN
Ist July, 2005 ARUN K. JAIN
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Fundamental Definitions and Concepts

1.1. SURVEYING : OBJECT _
Surveying is the art of determining the relative positions of points on, ab_ove or
beneath the surface of the earth by means of direct or indirect measurements .of distance,
direction and elevation. It also includes the art of establishing points by predetermined angular
and linear measurements. The application of surveying requires skill as well as the knowledge

of mathematics, physics, and to some extent, astronomy. _

Levelling is a branch of surveying the object of which 15 (i) to ﬁn.d the talevanons
of points with respect to a given or assumed datum, and _(u') to establish points at a
given elevation or at different elevations with respect to a given Or assumed datum. 'I_‘he
first operation is required to enable the works to be designed \'r.'lnle the §econd operation
is required in the setting out of all kinds of engineering works. Levelling deals with measurements
in a vertical plane. o

The knowledge of surveying is advantageous in many phas_es of engineering. 'I_'he
earliest surveys were made in connection with land surveying. Pracucally,. e_very_engmee_rmg
project such as water supply and irrigation schemes, railroadslancl transmission lines, mines,
bridges and buildings etc. require surveys. Before plans and estimates are prepared, boundaries
should be determined and the topography of the site should be ascertained. After the p!aus
are made, the structures must be staked out on the ground. As the work progresses, lines
and grades must be given.

In surveying, all measurements of lengths are horizontal, or else are subsequendy
reduced to horizomtal distances. The object of a survey is 10 prepare plan OF map o
that it may represent the area on 2 horizontal plane. A plan or map is tl_le hopiontal'
projection of an area and shows only horizomal distances of the points. Vertical distances
berween the points are, however, shown by contour lines, hachures or some other methods.
Vertical distances are usually represemed by means of vertical sections drawn separately.

1.2. PRIMARY DIVISIONS OF SURVEY

The earth is an oblate spheroid of revolutions, the length of its polar axis (12,713.800
metres) being somewhat less than that of its equatorial axis (12,756,7_50- metres)._ Thus,
the polar axis is shorter than the equatorial axis by 42.93 kilometres. Relan‘v_e to l‘he diamerer
of the carth this is less than 0.34 percent. If we neglect the irregularities _or L_he cart.
the surface of the imaginary spheroid is a curved surface, every element of which 15 normal

1



2 * SURVEYING

to the plumb line. The intersection of such
a surface with a plane passing through the
centre of the earth will form a line continuous
around the carth. The portion of such a
line is known as ‘feve! fine’ and the circle
defined by the intersection is known as ‘great
circle’. Thus in Fig. 1.1, the distance be-
tween wo points P and @ is the length
of the arc of the great circle passing through
these points and is evidendy somewhat more
than the chord intercepted by the arc.
Consider three points P, Q and R
(Fig. 1.1) and three level lines passing through
these points. The surface within the triangle
POR so formed is a curved surface and
the lines forming its sides are arcs of great
circles. The figure is a spherical triangle.
The angles p, ¢ and r of the spherical FIG. 1.1
uiangle are somewhat more than correspond-
ing angles p’, ¢’ and ¢ of the plane triangle. ¥f the points are far away, the difference
will be considerable. If the points are nearer, the difference will be negligible.

As 10 whether the surveyor must regard .the earth’s surface as curved or may regard
it is as plane depends upon the character and magnitude of the survey, and upon the
precision required,

Thus, primarily, surveying can be divided into two classes :

(1) Plane Surveying (2) Geodetic Surveying.

Plane surveying is that type of surveying in which the mean surface of the earth
is considered as a plane and the spheroidal shape is neglected. All uiangles formed by
survey lines are considered as plane triangles. The level line is considered as straight and
alf ptumb lines are considered parallel. Tn evervday life we are copcamed with small portions
of earth’s surface and the above assumptions seem to be reasonable in light of the fact
that the length of an arc 12 kilometres long lying in the earth’s surface is only 1 cm
greater than the subtended chord and forther that the difference between the sum of the
angles in a plane tiangle and the sum of those in a spherical triangle is only one second
for a triangle at the earth’s surface having an area of 195 sq. km.

Geodetic surveying is that type of surveying in which the shape of the earth
is taken into account. All lines lying in the surface are curved lines and the triangles
are spherical triangles. It, therefore, involves spherical trigonometry. All geodetic surveys
include work of larger magnitude and high degree of precision.  The object of geodatic
survey is io determine the precise position on the surface of the earth, of a system of
widely distans poimts which form control stations to which surveys of less precision may
be referred.
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1.3. CLASSIFICATION

Surveys may be classified under headings which define the uses or purpose of the
resulting maps,

(A) llgCLAé)SIFICATION BASED UPON THE NATURE OF THE FIELD SURVEY

{) Land Surveying - _ .

(i) Topographical Surveys : This consists of horizontal and ve}'Ucal location offcertam
points by linear and anmgular measurements and is maf:le to determine the nz‘lmrlal featur&s
of a country such as rivers, streams, lakes, woods, hills, etc., and such artificial features
as roads, railways, capals, towns and villages. .

(i) Cadastral Surveys : Cadasmral surveys are made incident to the fixing of property
lines, the calculation of land area, or the transfer of land pr.operty from one owner t0
another. They are also made to fix the boundaries of municipal_in&s and of State¢ and Federal
jurisdictions. '

Jm‘ls‘:h(iii) City Surveying : They are made in connection with the construction of streets.
water supply systems, sewers and other works. _ '

{2) Marine or Hydrographic Survey. Marine or hydrographic survey deals with fbod}BS
of water for purpose of navigation, water supply, harbour wo_rks or for the determmatfon
of mean sea level. The work consists in measurement of dlschargn_a of streams, .malcmg
topographic survey of shores and banks, taking and locating s.oundmgs to determine the
depth of water and observing the fluctuations of the ocean tide. N

(3) Astronomical Survey. The astronomical survey offers the sunreyor :‘neans of deterfmmng
the absolute location of any point or the absolute location and direction .of any line on
the surface of the earth. This consists in observations to the heavenly bodies such as the
sun or amy fixed star. . .

(B) CLASSIFICATION BASED ON THE OBJECT OF SURVEY )

(1) Engineering Survey. This is undertaken for the determination of quantties or to
afford sufficient data for the designing of engineering works such as roads and reservoirs,
or those connected with sewage disposal or water supply.

{2) Military Swrvey. This i used for detenmining peints of siraiegic mportance.

(3) Mine Survey. This is used for the exploring -mineral wealth. ‘ '

(4) Geological Survey. This is used for determining different strata in the earth’s
crust.

(5) Archaeological -Survey, This is used for unearthing relics of antiquity.

(C) CLASSIFICATION BASED ON INSTRUMENTS USED
An alternative classification may be based upon the instruments or methods employed,

" the chief types being :

(1) Chain survey

(2) Theodolite survey
(3) Traverse survey

(4) Triangulation survey
(5) Tacheometric survey
(6) Plane table' survey
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(7) Photogrammetric survey
and (8) Aerial survey. !
The book mainfy deals with the principles and methods of the above types.
1.4. PRINCIPLES OF SURVEYING

The fundamental principles upon which the various methods of plane surveying are
based are of very simple natre and can be stated under the following two aspects :
(1) Location of a point by measurement from twe points of reference

The relative positions of the points to be surveyed should be located by measurement
from at least two points of reference, the positions of which have already been fixed.
Let P and Q be the reference points on the ground. The distance PQ can be measured
acchrately and the relatve positions of P and Q can be plotted on the sheet to some
scale. The points P and ( will thus serve as reference points for fixing the relative positions

of other points. Any other poimt, such as R, can be located of th fowi i
ehots g 12y by any of the following ldrrecr

P P P F

(@ o) e} td)
FIG. 1.2. LOCATION OF A POINT.

N tW(a) Distauc;s PR and QR can be measured and point R can be plotted by swinging

e two arcs to the same scale to which PQ has been plotied. Th inciple i

used in chain surveving P ? principle i very et

Ny S}(ab) A perpcnt:ldiculvfa']r1 RS can be dropped on the reference line PQ and lengths PS

a are measured. The point R can then be plotted using set squ i Inci

is used for defining details. P : auare. T principl

. {¢) The distance QR and the angle POR can be measured and point R is ploted

either by mean.s of 2 protractor or trigonometrically. This principle is used in traversing.
(d) In this method, th? distances PR and QR are not measured but angle RPQ and

angle RQP are measured with an angle-measuring instrument. Knowing the distance PQ,

.point R is plotted either by means of a promactor or by solution of triangle. PQR. This

p{'in;{:&;le is very much used in triangulation and the method is used for -very extensive
work.. '
{€) Angle RQP and distance PR are measured and point R is plotted either by protracting

an angle .and s?vinging an arc from P or plorted trigonometrically. This principle, used
in traversing , is of minor utility.
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Figs. 1.2 (b), (c) and (d) can also be used to ilusirare the principles of determining
relative elevations of poinis. Considering these diagrams to be in vertical plane, with PQ
as horizontal. Fig.1.2 (b) represeiis the principle of ordinary spirit levelling. A horizontal
line PO is instrumentally established through P and the vertical height of R is measured
by taking staff reading. Similarly, Fig. 1.2 (c) and (d) represent the principles of trigonometrical
levelling.

(2) Working from whole to part

The second ruling principle of surveying, whether plane or geodetic, is 1o work from
whole to part. It is very esseptial to establish first a system of control points and to
fix them with higher precision. Minor control points can then be established by less precise
methods and the details can then be located using these minof control points by running
minor traverses etc. The idea of working in this way is to prevent the accumulation of
errors and to control and localise minor erors which, otherwise, would expand to greater
fagpitudes if the reverse Process is followed, thus making the work uncontrollable at the
end.
1.5. UNITS OF MEASUREMENTS

There are four kinds of measurements used in plane surveying:

1. Horizontal distance 2. Vertical distance

3. Horizontal angle, and 4.  Verticat angle.

Linear measures. According to the Standards of Weights and Measures Act (India),
1956 the unit of measurement of distance is metres and centimetres. Prior to the introduction
of metric units in India, feet, tenths and hundredths of a foot were used. Table 1.1 gives
the basic linear measures, both in metric as well as in British system, while Tables 1.2
and 1.3 give the conversion factors. :

TABLE 1.1 BASIC UNITS OF LENGTH

British Units Metric Units
12 inches = 1 foot 10 millimetres = 1 centimetre
3 fear = 1 yam : Vo chiEngiles - b deTimetl
5‘I yards = 1 rod. pole or perch 10 decimetres = 1 mewe
4  poles = 1 chain (66 feet) 10 metres = 1 decamelre
10 chains =7 1 furlong 10 decamewres = 1 hectomeire
8 furlongs = 1 mile 10 hectometres = 1 kilometre
)A 100 links = 1 chain 1852 mewes = 1 nautical mile {International

= 66 feet I
6  feet = | fathom .
120 fathoms = 1 cable length
6080 fee = 1 nawical mile
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TABLE 1.2 CONVERSION FACTORS
(Metres, yards, feet and inches)
Metres Yards Feet Tnches
1 1.0935 3.2808 39.3701
0.9144 1 3 36
0.3048 0.3333 1 12
0.0254 0.0278 0.0833 1
TABLE 1.3 CONVERSION FACTORS
(Kilometres, Nawtical miles and Miles)
Kilometres Nautical miles Mites
1 0.53996 0.6214
1.852 1 1.1508
1.6093 . 0.869 !

Basic units of area. The units of measurements of area are 5q. metres, sq. decimétres.
hectares and sq. kilometres. Table 1.4 gives the umits of arez both in metric as well as
British systems. Tables 1.5 and i.6 gives the conversion factors.

TABLE 1.4 BASIC UNITS OF AREA

T AT W TERVTEG [ MY ot et T e e e 25
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British Units Metric Units
144 sq. inches = 1 sq. foor 100 sq. miltimeres = 1 sq. centimerre
9 sq feet = 1 sq. Yard 100 sq. centimetres= | sq. decimetre
30% 5q. yards = | sq. rod, pole or perch 100 sq. decimetres = 1| sq. merre
40 sq. rods = 1 rood 100 sq. metres = 1 are or I sq.
decametre
4 roods = I acre 100 ares = | hectare or
1 sg. heciometes
640 acres = 1 sq. mile 100 hectares = 1 sq. kilometre
484 sq. yards = 1 5q. chaip
10 sq. chains = 1 acre
TABLE 1.5 CONVERSION FACTORS
(5. metres, Sq. yards, Sg. feet and Sg. inches)
8g. metres Sq. yards Sgq. feer Sg. inches
1 1.196 10.7639 1550
0.8361 1 9 1296
0.0929 0.1 1 144
0.00065 0.00077 0.0069 1

ey
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TABLE 1.6 CONVERSION FACTORS
{Ares, Acres and sq. yards)

Ares Acres Sq. yards
1 0.0247 119.6
40.469 R 4840
0.0084 0.00021 l
1 sq. mile =640 acres = 258.999 hectares
1 acre =10 sq. chains

1 are =100 sq. metres

Basic units of volume. The units of measurements of volumes are cubic decimetres
and cubic metres. Table 1.7 gives the basic units of measurement of volumes both in
metric as well as British units. Tables 1.8 and 1.9 give the conversion factors.

TABLE 1.7 BASIC UNITS OF YOLUME

e |
Britisk Units Metric Units i
1728 cu. inches= 1 cu, foot 1000 cu. millimetres = 1 cu. centimetres :
. 1
27 ow feet = 1 cu. yards 1000 cu. centimetres = ! cr. decimeres |
i
1000 cu. decimetres = 1 cu. metres i
TABLE 1.8 CONVERSION FACTORS
(Cu. metres, Cu. yards and Imp. gallons)
Cu, metres Cu, yards Gallons (Tmp.) ?
1 1.308 219.969 §
0.7645 ! 168.178 ;
0.00455 0.00595 1 E
TABLE 1.9. CONVERSION FACI'ORS_ )
(Cubic meires, Acre feel, Imp. Gollons and Kilolitres)
Cu. metres Acre feet Gallons (Imp.) Kilolitres
1 0.000811 219.969 0.99997
1233.48 I 271327 1233.45
0.00455 0.00000369 1 0.00455
1.000028 0.000811 219.976 1

Basic units of amgular measure, An angle is the difference in directions of two
intersecting lines. The radian is the unit of plane angle. The radian is the angle between
two radii of a circle which cuis-off on the circumference of an arc equal in length 10
the radivs. There are three popular systems of angular measurements:
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(a) Sexagesimal System

1 circumference =360° (degrees of arc)

1 degree =60 (minutes of arc)

1 minute = 60" (seconds of arc)
(b) Centesimal System :

1 circumference = 4008 (grads)

1 grad =100° (centigrades)

| centigrad =100 (centi-centigrads)
(c) Hours System

1 circumference =24"  (hours).

1 hour =60™ . (minutes of time)

1 rinute =60° (seconds of time).

The sexagesimal system is widely used in United States, "Great Britain, India and
other parts of the World. More complete tables are available in this system and most
surveying instruments are graduated according to this system. However, due to facility in
computation and interpolation, the centesimal system is gaining more favour in Europe. The
hours system is mostly used in astronomy and navigation.

1.6. PLANS AND MAPS

A plan is the graphical repre;entan'ori, to some scale, of the features on, near or
below the surface of the earth as projected on a horizontal plane which is represented
by plane of the paper on which the plan is drawn. However, since the sutface of the
earth is curved and the paper of the plan or map is plane, no part of the surface can
be represented on such maps without distortion. In plane surveying, the areas involved
are small, the earth’s surface may be regarded as plane and hence map is constructed
by orthographic projection without measurable distortion.

The representation is called a map if the scale is small while it is called a pian
If the scaie 1s large. Un 2 pian, generaity, omy horizontai aistances and QITECTIONs are
shown. On a topographic map, however, the vertical distances are also represented by contour
lines, bachures or other systems.

1.7. SCALES

The area that is surveyed is vast and, therefore, plans are made to some scale.
Scale is the fixed ratio that every distance on the plan bears with corresponding distance
on the ground. Scale can be represented by the following methods :

(1) One cm on the plan represents some whole number of metres on the ground.
such as lcm =10 m etc. This type of scale is called engineer’s scale.

(2) One unit of length on the plan represents some number of same units of length
on the ground, such as Wloﬁ" etc. This ratioc of map distance to the corresponding ground
distance is independent of units of measurement and is called representative fraction. The
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representative fraction {abbreviated as R.F.) can be very easily found for a given engineer’s
scale. For example, if the scale is 1cm=50m
1 1
RE. = 355100 ~ 5000

The above two types of scales are also known as numerical scales. '

(3) An alternative way of representing the scale is 1o draw on the _plan a graphx.cal
scale. A graphical scale is a line sub-divided into plan distance corresponding to convenient
units of length on the ground. -

If the plan or map is to be used after a few years, the r‘lumencal sc.ales may
no[‘gi;'e accurate resuits if the sheet or paper shrinks: However, if a graphical scale
is algo drawn, it will shrink propartionately and the distances can be found accurately.
Thar is why. scales are always drawn on all survey maps. :

. Choice of Scale of a Map

The most commion scales for ordinary maps are those in whic.h 'the numbe.r of !netr?s
represented by one centimetre is some multiple of ten. Th.e preliminary consideration In
choosing the scale are : (1) the use o which the map will be put, and (2) the exn?nt
of territory to be represented. The following two general rules should be followed :

1. Choose a scale large enough sO that in plotting or in scaling distance from the
finished map. it will mot be mecessary 10 read the scale closer than 0.25 mm.

2 Choose as small a scale as is consistent with a clear delineati?n of.!he smallest
derails to be plotted . Table 1.10 gives the common scales generally used in various surveys.

TABLE 1.10
Type or purpose of 1 Scale I R.F.
survey l
{a) Tepographic Survey ] 1 less
1. Building sites i 1 cm = 10 m of less ool -
: 1 1
; 10 S
2. Town planning schemes. 1 cm = 50 m to100m 5000 - 10000
Teservoirs etc. i I
LI TNTTR R TR TR e S E e M i
T 1 1
o
4. Small scale wopographic maps 1 om = 025kmw25km 5000 250000
1 1
w©
{b) Cadastral ntaps 1 cm = Smto 0.5 km 500 5000
1 . 1
10
fc) Geagraphical maps 1 com = 5km w0 160 km 500000 16000000
{d) Longitudinal sections LI 1
1. Horizontal scale 1 cm = 10mtw 200 m 1?00 21
A0 ===
2. Vertical scale 1 em - lmw?2m 1 200
(e} Cross—sections 1, 1
(Both horizontal and vertical 1 om = Ilmio2m 100 200
scales equal) ;
i
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Types of Scales
Scales may be classified as follows :
1.  Plain- scale 2.  Diagonal scale
3. Vemnier scale 4. Scale of chords.

L.8. PLAIN SCALE

-A plain scale is one on which it is possible to measure two dimensions only, such
as units and lengths, metres and decimetres, miles and furlongs, erc.

Example 1.1. Construct a plain scale | em 1o 3 metres and show on it 47 metres.

Construction :

Take a 20 cm length [t ... J---....1- 47m ~Jrmmmmmefeeaaas »
and divide it into 6 parts, each [
representing §0 metres. Sub- ;
divide the first left haod ai- L]
vision into 10 equal parts, each 10 0 1o 20 % o 0
reading 1 metre. Place zero Scale fom=2am )
of the scale between the sub-
divided parts and the undivided FIG. 1.3 PLAIN SCALE.
part and mark the scale as shown in Fig. 1.3. To take 47 metres, place one leg of
the divider at 40 and the other at 7, as shown in Fig. 1.3.

Indian Standard om plain scales

. IS,: 1421-1959 has recommended six different plain scales in metric units used by
engineers, architects and surveyors, The scale designations along with their R.F. are given
in the table below:

Designation Seale RF.
1. Full size 1

A T
2. 5 cm o 2 metre %

340 om to a metre 1

B X
4. 20 cm to a mere %

5 10 o 1

c cm a metre 5
6. 5 cm o a merme %‘

7.2¢m i a I

b metre 5
8. 1 cm to a metre -1-&5

9. 5 mm to a metre n

E 200
10. 2 mm w0 2 metre 35.0.

11. I mm to a metre 1

F 1000
12. 0.5 mm 0 a metre ﬁ
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1.9. DIAGONAL SCALE
On a diagonal scale, it is possible to measure three dimensions such as metres. dedimetres
and ceptimemres; units, tenths and hundredths; yards, feet and inches etc. A short length
is divided into a number of paris by using the principle of similar
wiangles in which like sides are proportional. For example let a
short length PQ be divided into 10 parts (Fig. 1.4). At Q draw
a line QR perpendicular to PQ and of any convenient length.
Divide it into ten equal parts. Join the diagomal PR. From each
of the divisions, 1, 2, 3 etc., draw lines paratlel to PQ to cut the
diagonal in corresponding points 1, 2, 3 etc., thus dividing the diagonal
into 10 equal parts.
Thus,
1-1 represents

0 ©® =~ 6 B Wk -

2-2 represents 12—0 PQ

FIG. 1.4

9-9 represents % PQ etc.

Example 1.2 Construct a diagonal scale 1 cm=3 metres to read metres and decimeires
and show on that 33.3 metres.

Construction :

Take 20 cm length and divide it into 6 equal parts, each part representing 10 metres.
Sub-divide the first left hand part into 10 divisions, each representing 1 metre. At the
left of the first sub-division erect a perpendicular of any suitable length (say 5 cm) and
divide it into 10 equal parts and draw through these parts lines parallel 1o the scale. Sub-divide
the top parallel line into ten divisions (each representing 1 metre) and join these diagonally
to the corresponding sub-divisions on the first parallel line as shown in Fig. 1.5 where
a distance of 33.3 metres has been marked.

1
|
1
50
11
1

-

| e [ 5am--q4=---—---- ~

W = -

34

0000000000~
oshusrno~Nrod

3 -
s 3 i [ L)
[11] Matres

Scaleicm=3m

[=]
=]

— =

—

FIG. 1.5 DIAGONAL SCALE.

Indian Standard on diagonal scales
IS : 1562-1962 recommends four diagonal scales 4, B, C and D, as sbown in the
table below :
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Designation RE Graduated length
4 1 150 cm
I
1 i
- TO0000 o
B 1 100 em
2 Eivii)
3. g
t 1
100000
C 1 50 cm
2 00
1
3 00
) 1
100000
D 1 150 cm
2 :011)
3 g

1.10. THE VERNIER

The vernier, invented in 1631 by Pierre Vernier, is a device for measuring the fractional
part of one of the smallest divisions of a graduated scale. It usually consists of a small
auxiliary scale which slides along side the main scale. The principle of vernier is based
on the fact that the eye can perceive withouwl sirain and with considerable precision when
two graduations coincide 1o form one continuous straight line. The vernier carries an index
mark which forms the zero of the vernier. )

If the graduations of the main scale are numbered in one direction only, the vernier
used is called a single vernier, exiending in one direction. If the praduations of the main
scale are numbered in both the directions, the vernier used is called double vernier, extending
in both the directions, having its index mark in the middle.

The division: of the vernier are cither just a little smaller ~v » Fitle larzer than
the divisions of the main scale. The fineness of reading or least count of the vernier
is equal to the difference between the smallest division on the main scale and smallest
division on the vernier.

Whether single or double, z vernier can primarily be divided into the following two
classes :

{(a) Direct Vernier

(b) Retrograde Vernier.

(a) Direct Vernier

A direct vernier is the one which extends or increases in the same direction as
that of the main scale and in which the smallest division on the vernier is shorter than
the smallest division on the main scale. It is so constructed that (n - 1) divisions of the
main scale are equal in length of n divisions of the vernier.
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Let §=Value of one smallest division on main scale
v=Value of one smallest division "on the vernier.
n=Number of divisions on the vernier.

Since a length of (n- 1) divisions of main scal
we have

e is equal to n divisions of vernier,

nw=n-1)3

v=[n;l)s
n-1 5

Least count=5-v=§- s=;.

Thus, the least count (L.C.) can be found by dividing the value of one main scale
division by the total number of divisions on the vemnier.

1 v [0 t v i
RTIN AT
IillllllIilllllllllillllll‘iltJ LI IIIIIIIIII lllli
m 1 s 0 EITJ:. 13 12
(a @

FIG. 1.6 DIRECT VERNIER READING TG 0.01.

in which 9 parts of the main scale divisions coincide
al pumber of the divisions on the vernier are 10
ount of the vernier is therefore,

Fig. 1.6(a) shows a direct vernier
with 10 parts of the vemier. The tot
and the value of one main scale division is 0.1. The least ¢

01 401, The reading on the vernier [Fig. 1.6(3)) is 12.56.

? type) in which the main scale is figured

ig. 1. hows a double vernier (direct c _
e s 1o both the sides of the index mark.

in both the directions and the vernier also exiend

FIG. 1.7. DOUBLE VERNIER (DIRECT).

The 10 spaces on_either half of the vernier are equivalent to ‘0 scale divisions and hence

L _0.1. The left-hand vernier is used in conjunction with the upper
10 . ' 0 . -
figures on the main scale (those sloping to the leff) and the_ right-hand vernier is usqd
in conjunction with the lower figures on the scale {those sloping to_Lhe nght.). 'I_‘hu.;. ;n
Fig. 1.7 (b), the reading on the left vernier is 40.6 and on the right vernier is 59.4.

. 3
least count is =
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(® Retrograde Vernier

A retrograde vernier is the one which extends or increases in opposite direction as
that of the main scale and in which the smatlest division of the vernier is longer than
the- smallest division on the main scale. It is so constructed that (n + 1} divisions of the
main scale are equal in length of n divisions of the vernier.

Thus, we have, for this case

=@+ 1)s or V=

1A+l 5
=‘IJ—S=L F=8f=—
n n

The least coumt

which is the same as before.

divi Fig. 1.8 (@) illuswares a reograde vernier in which 11 parts of the main scale
ivisions comc1d¢.e with 10 divisions of the vernier. The value of one smallest division on
the main scale is 0.1 and tre number of division on the vernier are_10. Therefore, the

- . 0.1 . . .
least counr is =T0—-=0.01. The reading onm the vernier [Fig.1.8 (b)) is 13.34. .

[ 5 10

l'i rl|HIlll‘fillllllllllltllllill L
ﬁ 13 2 {

@ ®

FIG. 1.8 RETROGRADE VERNIER.

SPECIAL FORMS OF VERNIERS

l The _Extended Vernier. It may happen that the divisions on the main scale are very
close and it would then be difficult, if the vernier were of normal length, w0 judge the

ex:;z graduation where coincidence occurred. In this case, an extended vermier may be
ased.

Here 1 - iviel R I P .
B -1y divielens oot i Wlule wie cquel o divistons on e vernier,
so that
nv={2qn-1)s
2n -1
or V= s=i(2—-l—]s
\ n-

The difference between two main scale spaces and one vernier space =25 - v

=2 2n-1 )
=45 - ————35===least counr
] n
0 The exwended vernier is, therefore, equivalent to a simple direct vernier to which
Orh y every s:econd gradual.lon Is engraved. The extended vernier is regularly employed in
€ aswonomical sextant. Fig. 1.9 shows an exiended vernier. It has 6 spaces on the vernier

equal 10 11 spaces of the main scale each of 1° . The least count is therefore =% degree = 10",
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60 3 0 30 60
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®
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]
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10 5 0 5 10 15
©
FIG. 1.9 EXTENDED VERNIER.

The reading on the vernier illustrated in Fig. 1.9(b) s 3°20' and that in Fig. 1.9(c)
is 2°40', .

In the case of astronomical sextant, the vernier gemerally provided is of extended
type having 60 spaces equal to 119 spaces of the main scale, each of 10", the least count
being 3 minutes or 10 seconds.

The Double Folded Vernier. The double folded vernier is employed where the length
of the corresponding double vernier would be so great as to make it impracticable. This
type of vemier is sometimes used in compasses having the zero in the middle of the
length. The full length of vernier is employed for reading angles in either direction. The
vernier is read from the index towards either of the extreme divisions and then from the
other extreme division in the same direction o the centre.

Fig. 1.10 shows double folded vernier in which 10 divisions of vernier are equal
0 9% divisions of the main scale (or 20 vernier divisions = 19 main scale divisions}. The

least count of the vernier is equal to %:Ela degrees = 3. For motion to the right. the

45 15 45 15
% 15 0 45 30 0 B 0 45 30
|||l[IILII¢IIII|IIIIE IIIIJ'IIII+IHI[[1
T rIrfrrflllIl]ll]lll TT lllll'l]llll]lllllil!
350 360 10 100 1o 120
10 0 350 260 250 MO |
@ ()

FIG. !.10 DOUBLE-FOLDED VERNIER.
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vernier is read from 0 to 30 at the right extremity and then from 30 at the left extremity
to 60 (or zero) at the centre. Similarly, for motion to the left, the vernier is read from
0 10 30 a1 the left extremity and then from 30 at the right extremity to the 60 {or zero)
at the centre. The reading on the vemmier illustrated in Fig. 1.10 (b) is 112° 18 to the
tight and 247°42° 10 the left.

Verniers to Circular Scales

The above examples of verniers were for linear scales. Verniers are also extensively
used to circular scales in a variety of surveying instruments such as theodolites, sextants,
clinometers etc. Fig. 1.11 (4), (5) shows two typical arrangements of double direct verniers.
In Fig. 1.11 (a), the scale is graduated to 30" and the value of =30 on the vernjer.
Hence, least count =s/n=30"/30 = 1",
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FIG. 1.1l. VERNIERS TO CIRCULAR SCALES,

I r1g. 1.11 (b), the scale is graduated to 20 minutes, and the number of vernier
divisions are 40 .

Hence, least count: s/n=20'/40 = 0.5' = 30", .

Thus, in Fig. 1.11 (a!), the clockwise angle reading (inner row) is 342° 30* + 05’ = 342° 35
and counter clockwisé angle reading (outer row) is 17° 0"+ 26" = 17° 26". Similarly. in Fig.
1.11 (), the clockwise angle reading (inmer row) is 49° 40’ + 10°30” = 49° 50’ 30" and the
counter clockwise angle (outer row) is 130° 00"+ ¢ 36" = 130° 09" 30". In both the cases,
the vernier is always read in the same direction as the scale.

Examples on Desipn of Verniers

Example 1.3. Design a vernier for a theodolite circle divided fnrg degrees and half
degrees to read up to 30",

T I SR T, L3 SRR IR AN 1 ¢ g

TN T LA BRI T b el e

TR I

st ok

FUNDAMENTAL DEFINITIONS AND CONCEPTS

Solution
Least Count=2 ; 5=30, L.C.=30"=%g-‘ minutes
—32=19 : ofr n=060.
60 =n

Fifty-nine such primary divisions should be taken for the length of the vernier scale
and then divided imto 60 parts for a direct vernier. _

Example 1.4 Design a vernier for a theodolite circle divided imo degrees and one-third
degrees o read to 20°".

Solution.
Lc.=%. s=-]—:=20‘; L.C. =20"=gg minutes
T at 3 60
_2_(}.:@ or n=60
60 n

Fifty-nine divisions should be taken for the length of the vernier scale and divided
into 60 parts for a direct vernier. _

Example 1.5. The value of the smallest division of circle of a repeating theodolite
is 10'. Design a suitable vernier to read up to 10"

Solution
LC=2: 5210 L.C =10" =2 minues
n 60
0_10 ; or n==6
60 n

Take 59 such primary divisions from the main scale and divide it into 60 pars.
Example 1.6. The circle of a theodolite is divided into degrees and 1/4 of a degree.
Design a suitable decimal vernier 10 read up to 0.005°.

Solution
LC. =2; 5=l LC =0.005°
n
.
0.005=7 .
or = ! =50
4 x 0.005

Take 49 such primary divisions from the main scale and divide it into 30 parts
for the vernier. '

Example 1.7 Design an extended vernier for an Abney level to to read up to 10°.
The main circle is divided into degrees.

Solution
; §=1°; L.C. =10

LC =
0

—_

3 or r=0

F = x|w

60
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3. Measuremem of an angle with
L the scale of chords
i 1. Let the angle E4D be measured.
On the line AD. measure AB = chord of
60° from the scale of chords.

2. With A as cenre and AB as
radius. draw #n -arc 10 cut line AE in
F.

3. With the help of dividers take
the chord distance BF and measure it on

scale of chords to get the value of the FIG. 1.16 MEASUREMENT OF AN ANGLE
angle 8. WITH THE SCALE OF CHORDS.

1.13 ERROR DUE TO USE OF WRONG SCALE

If the length of a line existing on 2 plan or a map is determined by means of
measurement with a wrong scale, the length so obtained will be incorrect. The omue or
correct length of the line is given by the relation,

R . F. of wrong scale
R . F. of correct scale

Similarly, if the area of a map or plan is calculated with the help of using a wrong
scale. the correct area is given by

Correct area = i’ R. F. of wrong scale '\|2 x caleulated area.
\R. F. of correct scale -
Example 1.8. A surveyor measured the distance between two points on the plan drawn
16 a scale of 1 cm=440m and the result was 468 m. Later, however, he discovered thar
he used a scale of 1cm=20m. Find the true distance between the poins.
Solution
Measured length

x measured length.

Correct length =

=468 m

1 1

“20% 100 200

R.F. of wrong scale used

(=

1 i
T 40 x 100 4000

R.F. of correct scale

( 1/2000 )
C t lengt = ! = .
orrect length | Y7000 | %468 = 936 m
Alternative Solufion -
Map distance between two points measured with a scale of I cm to 20 m= 12668- =234 ¢m

Actual scale of the plan is 1em=40 m
* True distance between the points = 23.4 x 40 =936 m
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1.14. SHRUNK SCALE

If a graphical scale is not drawn on the plan and the sheet on which the plan
is drawn shrinks due to variations in the atmospheric conditions, it becomes essential to
find the shrunk scale of the plan. Let the original scale (i.e. |ecm=xm) or its REF.
be known (stated on the sheet). The distance between any two kmown points on the
plan can be measured with the help of the stated scale (ie. 1 cm =x m) and this Iengt_h
can be compared with the actual distance between the two points. The shrinkage ratio
or shrinkage factor is then equal to the ratio of the shrunk length to the actual length.
The shrunk scale is then given by

~Shrunk scale = shrinkage factor x original scale.”

For example, if the shrinkage factor 'is equal to —:-g— and if the original scale is

1 i Bl o L G tem=16m).
500’ the shrunk scale will have a R.F =16 * T500 - 1660 (i.e. )

Example 1.9. The area of the plan of an old survey plotted to a scale of 10 meires
w0 | em measures now as 100.2 sq. cm as found by a planimeter. The plan is found
0 have shrunk so that a line originally 10 cm long now measures 9.7 cm only. Find
(Y the shrunk scale, (i) true area aof the survey.

Solution

(i) Present length of 9.7 cm is equivalent to 10 cm original length.

Shrinkage facter = 27 0.97

10
T le RF. = L. L
rue scale R.F. =-o—rmm=oon

1 1
R.F. of shrunk scale=0.97 X 1000 = 1030.93
(i) Present length of 9.7 cm is equivalent to 10 cm original length.

" Present area of 100.2 sq. cm is equivalent to

LgiJ x 100.2 sq. cm = 106.49 sq. cm = original area on plan.

Scale of plan is 1 cm=10m
Area of the survey = 106.49 (10)° = 10649 sq. m.

Example 1.10. A rectangular plot of land measures 20cm x 30 cm on a village
map drawn 1o a scale of 100 m to | cm. Caleulate its area in hectares. If the plor
is re-drawn on a tope sheet to a scale of I km to 1 cm. what will be Us area on
the. 10po sheet ? Also determine the R.F. of the scale of the village map as well as
on the twpo sheet.

Solution

()  Village map

1l cm on map=100 m on the ground
lem’ on map = (100 m* on the ground.
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Take eleven spaces of the main scale and divide it into 6 spaces i the vernier.
1.11. MICROMETER MICROSCOPES

Generally, verniers are used when the finest reading to be taken is not less than
20" or in some exceptional cases up to 10". The micrometer microscope is a device which

enables a measurement (o be taken to a siill finer degree of accuracy. Micrometer microscopes

generally provided in geodetic theodolites can read to 1 and estimate o 0.2" or 0.1".

The micrometer microscope consists of a small low-powered microscope with an object
glass, an eye-piece and diaphragm which is capable of delicately controlled movement at
right angles 1o the longitudinal axis of the tbe. Fig. 1.12 shows a typical micrometer
and one form of the field of view in taking a reading is shown in Fig. 1.13. The circle
in Fig. 1.13 is divided into 10 mimutes divisions. The micrometer has an objective lens
¢close to the circle graduations. It forms an enlarged image of the circle near the micrometer
eye-piece, which further enlarges the image. One pair of wires mounted on a movable
frame is also in the image plane. The frame and the wires can be moved left and right
by a micrometer serew drum. One complete revolution of the graduited drum moves the
vertical wires across one division or 10' of the circle . The graduated drum is divided
into 10 large divisions (each of 1') and each of the large divisions into 6 small ones
of 10" each. Fractional parts of a revolution of the drum, corresponding to fractional parts
of a division on the horizontal circle, may be read on the graduated drum against an
index mark fited to the side.

The approximate reading is determined from the position of the specially marked V-notch.
In the illustration of Fig. 1.13 (a), the circle reading is between 32° 20" and 32°30' and
the double wire index is on the notch. Tumn the drum until the neavest division seems
to be midway between the two vertical hairs and note the reading on the graduated drum,
as shown in Fig. 1.13 (» where the reading is 6' 10”. The complete reading is
32° 26' 10". The object of using two closely spaced parallel wires instead of a single wire

1

,_/_, 1. Objective o
= o pista A :
3.Drum .’/ 7 1
4. Index ] -
g
{8
SN FRANS 3
2
Plan

FIG. .12, MICROMETER
MICROSCOPE.
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is w increas the precision of centering over graduations.

1.12 SCALE OF CHORDS

A scile of chords is used to measure an angle or to set-off an angle, and is marked
either on a rectangular protractor or on an ordinary box wood scale.

1. Construction of a chord scale 90°

1. Draw a quadrant ABC, making AB 70 % A
= BC. Prolong AB to D, making AD = AC. 60r” 4 .

2. Divide arc AC in nine equal parts, .. . N
each part representing 10°. .. N NN

3. With A as the centre, describe arc 40% . y . <N
from each of the divisions, cutting ABD s v \ oo
into points marked 10°,20°,... 90°. .. T T

4. Sub-divide eack of these parts, if  20°f., T T N T
required, by first subdividing each division . A L T
of arc AC, and then draw arcs with 4 as > Vo ‘.
centre. as in step 3. A N S S S |- B '.,D.,

5. Complete the scale as shown in 0 1" 20" 50 4? 5? 80”79 B? %0
Fig. 1.14. It should be noted that the arc [T T LT I I T T T 1T [1711]
through the 60° division will always pass
through the point B (since the chord of
60° is always equal to radivs AB). The
distance from A to any mark on the scale is equal to the chord of the angle of that
mark. For example, the distance between A to 40° mark on the scale is equal to the
chord of 40°.

2. Construction of angles 30° and 80° with the scale of chords. (Fig. 1.15)

1. Draw 2 live AD, and on that
mark AB = chord of 60° from the scale
of chords.

2. With 4 as cenme and AB as
radius, draw an arc.

‘3. With B as centre and radius
equal to chord of 30° {i.e. distance from
0° to 30° on the scale of chords) draw
an arc to cut the previous arc in E.
Join AE. Then /£ EAB=30°.

4. Similarly, with B as centre and
radius equat to chord of 80° (i.e., distance
from 0°to80° on the scale of chords)
draw an arc 1o cuc previous arc in F. A
Join A and F. Then ZFAB-=80".

1

L]
]
L]
[

FIG. 1.14. CONSTRUCTION OF A CHORD SCALE.

lo

FIG. 1.15. CONSTRUCTION OF AN ANGLE WITH
. THE SCALE OF CHORDS.
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The plot measures 20 cm x30cm ie. 600 cm® on the map.
: Area of plot =600 x 10* =6 % 10°m® = 600 hectares.
fu) Topo sheet .

1km® is represented by 1cm® or (1000 x 1000) m® is represented by 1cm?

I

. 6x10° m® is represented by ———— * <6 em’
X _ is represen y1000x1000X6xm 6 cm

ran i 1 1
R‘F‘ fth al - ——————— =
(i) of the scale of village map 100 < 100~ 100
1 1
RE. of th - i
of the scale of topo sheet 1 x 1000 x [00 ~ 1000

1.15. SURVEYING — CHARACTER OF WORK
The work of a surveyor may be divided imto three distinct parts :

1 Field work

2 Office work

3.  Care and adjustment of the instruments.
1. FIELD WORK

The field work consists of the measurement of angles and distances and the keeping
of a record of what has been done in the form of ffeld notes. Some of the operations
which a surveyor has to do in the field work are as follows

1. Establishing stations and bench marks as points of reference and thus to establish
a system of horizontal and vertical- control.

2. Measuring distance along the angles between the survey lines.

3. Locating details of the survey with respect to the stations and lines between stations.
details such as -boundary lines, streets, roads, buildings, streams, bridges and other natural
or amificial features of the area surveyed.

4. Giving lines and elevations (or setting out lines and establishing grades) for a
greaw variety of construction work such as that for buildings boundaries, roads, culverts,
bridges. sewers and water supply schemes.

5. Determining elevations (or heights) of some existing points or establishing points
at given elevations.

6. Surveying contours of land areas (topographic surveying) in which the field work
involve both horizonta! and vertical control.

7. Carrying out miscellancous operations, such as :

() Establishing paralle] lines and perpendiculars

(i) Taking measurements fo inacessible points.

(it Surveying past the obstacles. and carrying ona great variety of similar field

work that is based on geometric or trigonometric principles.

8. Making observations on the sun or a star to determine the meridian. latitude or
longitude. or to determine the local time.

B s
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Field notes. Field notes are written records of field work made ot the time work
is done. It is obvious that, no matter how carcfully the field measurements are made.
the survey as a whole may be valueless if some of those measurements are not recorded
or if any ambiguity exists as to the meaning of the records. The competency of the surveyor’s
planning and his knowledge of the work are rteflected in the field record more than in
any other element of surveying. The field notes should be legible. concise and comprehensive.
written in clear. plain letters and figures. Following are some general important rules for
note-keepers

1. Record directly in the field book as observations are made.

2. Use a sharp 2H or 3H pencil. Never use soft pencil or ink.

3. Follow a consistent simple style of writing.

4. Use a liberal number of carefullv executed sketches.

5. Make the notes for each day's work on the survey complete with a title of the
survey, date,. weather conditions, personnel of the crew, and list of equipmemt used.

6. Never erase. If a mistake is made, rule one line through the incorrect value
and record the correction above the mistake.

7. Sign the notes daily.

The field notes may be divided into three parts :

1. Numerical values. These include the records of all measurements such as lengths
of lines and offsets, staff readings (or levels) and angles or directions. All significant figures
should be recorded. If a length is measured to the nearest 0.01 m, it should be so recorded:
for example, 342.30 m and nor 342.3 m. Record angles as 08° 06’ 20", using at least
two digits for each part of the angle.

2. Sketches. Sketches are made as records of outlines, relative locations and topographic
features. Sketches are almost never made to scale. If measurements are pur directly on
the sketches, make it clear where they belong. Always make a sketch when it will help
to settle beyond question any doubt which otherwise might arise in the interpretation of
notes. Make sketches large, open and clear.

3. Explanatory notes. The object of the explanatory notes is to make clear that
which is not perfectly evident from numerals and skeiches. and to record such information
concerning important features of the ground covered and the work done as might be of
possible use later,

2, OFFICE WORK

The office work of a surveyor conmsist of

1. Drafiing
2. Computing
3. Designing

The drafting mainly consists of preparations of the plans and sections (or plotting
measurements to some scale) and to prepare topographic maps. The computing is of two
kinds : (f) that done for purposes of ploning, and (i) that done for determining areas
and volumes. The surveyor may also be called upon to do some design work specially
in the case of route surveying.
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3. CARE AND ADJUSTMENTS OF INSTRUMENTS

The practice of surveying requires experience in handling the equipmemt used in field
and office work, a2 familiarity with the care and adjustment of the surveying instruments.
and an understanding of their limitations. Many surveying instruments such as level, theodolite,
compass etc. are very delicate and must be ‘handled with great care since there are many
parts of an instrument which if once impaired cannor be restored 1o their original efficiency.
Before an insoumen: is taken out of the box. relative position of various parts should
be carefully noted so that the instrument can be replaced in the box withour undue strain
on any of the parts. The beginner is advised to make a rough sketch showing the position
of the instument in the box. Following precautions must be taken :

1. While taking out the instrument from the box, do not lift it by the telescope
or with hands under the horizontal circle plate. It should be lifted by placing the hands
under the levelling base or the foot plate.

2. While carrying an instumemt from one place to the other, it should be carried
on the shoulder, setting all clamps tightly to prevent needless wear, yet loose enough so
that if the parts are bumped they will yield. If the head room available is less, such
as carrying it through doors etc., it should be carried in the arms. If the distance is
long, it is better to put it in box and then carried.

3. When the telescope is not in use, keep the cap over the lens. Do not rub lenses
with silk or muslin. Avoid rubbing them altogether ; use z brush for removing dust.

4. Do not set an instrument on smooth floor without proper precautions. Otherwise
the umipod legs are likely to open out and .to let the instrument fall. If the instrument
has been set up on a pavement or other smooth surface, the tripod legs should be inserted
in the joints or cracks. The twipod legs should be spread well apart.

5. Keep the hands off the vertical circle and other exposed graduations to avoid
tarnishing. Do not expose an insoument needlessly to dust,. or to dampness, or to the
bright rays of the sun. A water proof cover should be used to protect it.

6. To protect an instrument from the effects of salt water, when used near the sea
coast, a fine film of watch oil rubbed over the exposed parts will often prevent the appearance
of oxide. To remove such oxide-spots as well as possible, apply some watch-oil and allow
It to remain for a few hours, then rub dry with a soft piece of linen. To preserve the
outer appearance of an instrument, never use anything for dusting except a fine camel's
-hair brush. To remove water and dust spots, first use the camel’s hair brush, and then
rub-off with fine watch oil and wipe dry : 1o let the oil remain would tend to accumulate
dust on the instrument.

7. Do not leave the insrument unguarded when set on a road, street, foot-path or
in pasture, or in high wind.

8. Do mot force amy screw or amy part to move against strain. If they do not
turn easily, the parts should be cleaned and lubricated.

9. The steel tape should be wiped clean and dry after using with the help of a
dry cloth and then with a slightly oily one. Do not allow automobiles or other vehicles
to run over a tape. Do not pull on a rape when there is kink in it, or jerk it unnecessarily.
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10. In the case of a compass, do mot let the compass needle :s,wing needlessly. Wh_eu
not in use, it should be lifted off the pivot. Take every precaution 10 guard the point

and to keep it straight and sharp.

PROBLEMS

1. Explain the following terms :

U] Representative fraction.

i Scale of plan.

(fiy  Graphical scale. - .

2. Give the designation and representative fraction of the following scales :

@ A line 135 mewes long represented by 22.5 cm on plan.

(0 A plan 400 sq. metres in area represented by 4 sq. cm on plan._ ]

3. Explain, with neat sketch, the construction of a plain scale, Construct a plain scale Lcm =6m
and show 26 metres on it -

4. Explain, with peat skeich. the construction of a diagonal scale. Construct a diagonal scale
lem=5m and show 18.70 metres on il

5. Discuss in brief the principles of surveying.

6. Differentiate clearly berween plane and geodetic surveying.

7. Whar is a vemier 7 Explain the principle on which it is based.

8. Differentiate between : _

(a) Direct vermier and Retrograde vermier.

(=) Double vernier and Extended vernier.

9. The circle of a theodolite is graduated to read to
to read to (0",

10. A limb of an instrument is divided to 15 minures.
w 20 seconds,

11, Explain the principles used in the construction of vermier.

Construct a vernier to read 1o 30 seconds to be wsed with a scale graduated to 20 minutes.

these divisions are taken for
be divided in order to read

10 minutes. Design a suitable vernier

Design a suitable vemnier 1o read

12. The arc of a sextant is divided to 10 mimues. If 119 _of
the length of the vemier, into how many divisions must the vernicr
to {a) 5 seconds. and (b) 10 scconds ?

13. Show how to construct the following vemiers :
() To read to 10" on a limb divided to 10 minutes.
(id To read w 20" on a limb divided to 15 minutes

14. (@) Explain the function of a vemier.
() Construct a vernier reading 11425 mm on a main scale divided 10 2.5 mm.

0 vernier divisions are equal to

{c) A theodolite is fitted with a vernier in which 3 oS A e

14* 30’ on main scale divided to 30 minutes, ls the vemier direct or retrograd
least count ?
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IL

12

13.

14.

() 6mtolcm; E%B :
n=60
n=45

. n=40

(@) n=120 (direct vernier)
& n=60
(c) Direct; 1 minute.

SURVEYING
ANSWERS

i .1
(i) 10mwlem; g

by n=060 (extended vernier)
() n=45

Accuracy and Errors

.1. GENERAL

In dealing with measurements, it is important {0 distinguish between acceracy and
precision. Precision is the degree of perfection used in the instruments, the methods and
tie observations. Accuracy is the degrec of perfection obtained.

Accuracy depends on (1} Precise instruments, (2) Precise methods and (3) Good planning.

" The use of precise instruments simplify the work, save time and provide economy. The

use of precise methods eliminate or wy to reduce the effect of all types of errors. Good

" planning, which includes proper choice and arrangements of survey control and the proper
" choice of instruments and methods for each operation, saves time and reduces the possibility
" -of errors.

The difference between a measurement and the true value of the quantity measured
is the irue error of the measurement. and is never known since the tue value of the

- quantity is never known. However, the importani function of a surveyor is fo secure measurements
" which are correct within a cermain limit of error prescribed by the mature and purpose
. .of a particular survey.

A discrepancy is the difference berween wo measured values of the same quantity:
it is pot am error. A discrepancy may be small, yet the error may be grear if each of
the two measwrements contains an error that may be large. It does mot reveal the magnitude
of systematic errors.

2.2. SOURCES OF ERRORS

Errors may arise from three sources :

(I) Instrumental. Error may arise due to imperfection or faulty adjustment of the
instrument with which measurement is being taken. For example, a tape may be too long
or an angle measuring instrument may be out of adjustment. Such errors are known as
instrumental errors. l

(2) Personal. Error may also arise due to want of perfection of human sight in
observing and of touch in manipulating instruments. For example. an error may be there
in taking the level reading or reading an angle on the circle of a theodolite. Such errofs
are known as personal errors. .

(3) Natural. Error may also be due to variations in natural phenomena such as
temperature. humidity, gravity, wind, refraction and magnetic declination. If they are not

@n



-

28 SURVEYING

properly observed while taking measurements, the results will be incorrect. For exampie,
4 tape may be 20 metres at 20°C but its length will change if the field temperamre is
different.

2.3. KINDS OF ERRORS
Ordinary errors met with in all classes of survey work may be classified as :

(@) Mistakes
(by  Systematic errors {Cumulative errors)
(¢} Accidental errors (Compensating errors).

(@) Mistakes. Mistakes are errors which arise from inattention, inexperience, carelessness
and poor judgment or confusion in the mind of the observer. If a mistake is undetected,
it produces a serious effect upon the final result. Hence, every value to be recorded in
the field must be checked by some independent field observation.

() Systematic Errors (Cumulative Errors). A systematic error or cumulative error
is an error thal, under the same conditions, will always be of the same size and sign.
A systematic error always follows some definite mathematical or physical law. and a correction
can be determined and applied. Such errors are of constant character and are regarded
as positive or negative according as they make the result too grear or too small. Their

effect is, therefore, cumulative. For example. if a tape is P cm short and if it is stretched

N times, the total error in the measurement of the length will be PN cm.

If undetected, systematic errors are very serious. Therefore : (1) all surveying equipment
must be designed and used so that whenever possible systematic errors will be automatically
eliminated. (2) All systematic errors that cangoot be surely eliminated by this means must
be evaluated and their relationship to the conditions that cause them must be determined.
For example, in ordinary levelling, the levelling instrument must first be adjusted so that
the line of sight is as nearly horizontal as possible when bubble is centered. Also. the
horizontal lengths for back-sight and fore-sight from each instrument position should be kept
as nearly equal as possible. In precise levelling, every day the actual error of the instrument
must be determined by careful peg test, the length of each sight is measured by stadia
and & soretivn 0 we rosulls is applied.

(c) Accidental Errors (Compensating Errors). Accidental errors or compensating errors
are those which remain afier misiakes and systematic errors have been eliminared and are
caused by a combination of reasons beyond the ability of the observer to comrol. They
tend sometimes in one direction and sometimes in the other, ie. they are equally likely
to make the apparent result 0o large or too small. An accidental error of a single determination
is the difference berween (1) the true value of the quantity, and (2) a determination that
is free from mistakes and systematic errors. Accidental errors represent the limit of precision
in the determination of a value. They obey the laws of chance and therefore, must be
handied according to the mathematical laws of probability.

As stated above, accidental errors are of a compensative nature and tend to balance
out in the final results. For example, an error of 2 c¢m in the ape may flucrate on
either side of the amount by reason of small variations in the pull 1o which it is subjected.
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2.4, THEORY OF PROBABILITY

Investigations of observations of various types show that accidental £I1ors fm;:::’ can
definite law, the law of probability. This law defines the occurrence of ;H;TS e or
be expressed in the form of equation which is used 0 compute the pro i ofu sating)
the probable precision of & quantity. The most important features of accidental (of compe
errors which usually occur are :

(/) Small errors tend to be more frequent than the large omes;
more probable. _

fii) Positive and negative errors of the same size happen with equal frequency :
that is they are equally probable.

(i) Large errors occur infrequently and are improbable. _—

Probability Curve. The theory of probability describes these features bby sai:]nr%e ”
the relative frequencies of errors of different extents can be l.'cfpresented fY a e asis
in Fig. 2.1 . This curve, called the curve of error or probability curve, crms
for the mathematical derivation of theory of errors.

Principle of Least Square. According to the principle of least square, th
value of an observed quantity available from a given set of lctbservaﬂans
which the sum of the squares of errors (residuals) is a minimum. . -

Most Probable Value, The most probable value of a quantity 15 the one whic

a

that is. they are

¢ most probable
is the one for

has more chances of being correct than has 4, ;
any other. The most probable error is defined ——t
as that quantity which when added to and subtracted £ 4 /\
from, the most probable value fixes the limits E £
within which it is an even chance the true value ; 20 / o
of the measured quantity must lie. 2 / : \
The probable error of a single observarion 2 10 :
is calculated from the equation. | . <
2 // ‘I ey
E:= *0.6745 Zv L2 006 —o0z 02 0 +02 +04 +06
-l Size of error
The probable error of the mean of a number
of observal:?ons of the same quantity is calculated FIG. 2.1 PROBABILITY CURVE.
from the equation :
v _E (22

En= *0.6745

A-1 " Jn

where  E; = Probable error of single observation .
v=Difference between any single observation and the mean of the se
Ey = Probable error of the mean
n=Number of observations in the series.

Example 2.1. In carrying a line of levels across a river,
were taken with a level under identical conditions : 2.322, 2.346, 2.

2.300, 2.308, 2.326 metres.

ries

the following eight readings
4 352, 2.306. 2.312,
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Calculate (i) the probable error of single observation, (iiy probable error of the mean.
Solutien. '
The computations are arranged in the tabular form :

Rod reading 2 v ; o
{m) ] (m)
232 0.001 0.000001
2.346 I 0.025 ! 0.000625 :;
232 0.031 i 0.000561 :
2306 0.615 0.000225
2312 0.009 (.000031
2.300 0.021 0.000441
2.306 0.015 0.000225
2.326 0.005 0.000025
Mean : 2.321 i ‘ 1 D= 0.002584 ;

From equation (1),

o= 20675 N 2028 = 4001295 mete
B _ 1001295 _ 1 0.00458 'metre.

and E"':W:
2.5. ACCURACY IN SURVEYING : PERMISSIBLE ERROR

The permissible error is the maximum allowable limit that a measurement may vary
from the true value, or from a value previously adopted as correct. The value of the

permissible error in any given case depends upon the scale, the purpose of the survey.
the instruments available, class of work ewc. The surveyor may be handicapped by rough

country, oo short a time, too small a party, poor instruments, bad weather and manv’

other unfavourable conditions. The limit of error, theérefore, cannot be given omce for all.
Examples of the permissible error for various classes of work have been mentioned throughout
this book. However, the best surveyor is nov he who is exiremely accurate in all his
wolk, but he -wha does it just accurately emough for the purpose withow waste of time
or money.” A surveyor should make the precision of each step in the field work corresponding
to the importance of that step. :
Significant Figures in Measurement

In surveying, an indication of accuracy attained is sbown by number of significant
figures. Each such quantity, expressed in n mumber of digits in which n - 1 are the digits
of definite value while the last digit is the least accurate digit which can be estimared
and is subject 1o error. For example, a quantity 423.65 has five significant figures, with
four certain and the last digit 5, wncertain. The error in the last digit may, in this case,
be a maximum value of 0.005 or a probable value of +0.0025
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ACCURACY AND ERRORS 3l
As a rule, the field measurements should be conmsistent, thus dictating the nul_nber
of significant figures in desired or computed quantities. The accuracy of angu!ar_ and linear
values should be compatible. For small angles, arc = chord = R 8" /206265, where § is expreSSf:d
in seconds of arc. Thus for 1" of arc, the subtended value is 1 mm at 206.265 m while
for 1' of arc, the subtended value is 1 mm ar 3.438 m or 1 cm at 34.38 m. In other
words, the angular values measured to 1" require distances to be measured to 1 mm,
while the angular values measured to 1" require distances to be measured (O 1 cm..
Accumulation of Errors: In the accumulation of errors of known sign, the summation
is algebraic while the summation of random errors of % values can only be computed
by the root mean square value : _
e=VNtelteltelt ... kel

2:6. ERRORS IN COMPUTED RESULTS

The errors in computed results arise from (i) errors in measured oOf der.-‘*rred dz_lta. 7
or (if) errors in trigonometrical or logrithmcial values used. Doring comsmon arithmetical
process (i.e. addition, subtraction, multiplication, division exc), the resultant values are frequently

given false accuracies as illustrated below.
(@) Addition.
Let s=x+y, where x and y are measu_red quantities.
Then s+Es=(x+ o)+ (y+ &

where 85 may be + or —.

Considering probable errors of indefinite values,
H
ste=(xte)+yte) or stes=(x+yt Vel +e

2.9

Probable Error *es=Vel+el 24
() Subtraction.
Let §=x-Yy
s+ 85=(x-v+(3x+ 5
The maximum error = s = (x + &)
Considering probable errors of indefinite value, s*e, =~y * '\[f-’.rl +e
.. Probable error ze;= Vel + e} ..(2.5)
which is the same as in addition.
(¢) Multiplication
) Let s=x.y
. bsx=y.06x and 85 =x.05y
The maximumt error Bs =1y &x 4+ x By
Considering probable errors of indefinite values,
..{26a)

g = \‘yz e;(z‘{"xze;
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or es=xy V(e /x) + (ey 7y} (2.6
and error ratio : ?: \!(e_r/x)"' + (ey/y) ..{2.6)
(@ Division
Let =%
y
b= and =i
¥ Y
The maximum error 85 = isit—+x 25 4
¥y
Considering probable errors of indefinite values,
2 2
= (ﬁ) +[X_§z] (27 a)
¥ y! ‘
32 2 :
or o= [fﬁ +.’fi] 27 b)
¥y x vy
and error ratio : -';—‘ =‘J(e,;/x)1+(f:’,,/y)2 2.7
which is the same as for multiplication.
(¢} Powers. '
Let 5=x
bs=nx""ox
. Error ratio %:% ...(2.8)

Example 2.2. A quantity s is equal to the sum of two measured gquantities x and

y given by
. 5=4.88+5.037

Find the most probable error, the maximum limits and most probable limits of the
quantity s.

Solution.

The maximum errors (5x and 5y) will be 0.005 and 0.0005 and the probable errors
will be = 0.0025 and + 0.00025.
§ + 85 = (x + yyk (5x + 8y) = (4.88 + 5.637)  (0.005 + 0.0005)

=10.517 £ 0.0055 (D

=10.5225 and 10.5115
ste=(x+y) + o1+ g? = (4.88+5.637) V(0.0025)+(0.00025)

= 10.517  0.00251 (2

= 10.5195 and 10.5145 |

Also

Shiiats gt
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Hence the most probable emror = *0.0025! and most probable limits of the qll'lamity
(s) are 10.5195 and 10.5145. Similarly the maximum limits of quantity are 10.5225 and
10.5115. N -

From the above, it is clear that the quantity s, consisting of the sum_of two quantities
may be expressed either as 10.52 or as 10.51, and thar the second decxma'l _place is l:;
most probable limit to which the derived quantity (s) may be quoted. Hence it is conclud
that the accuracy of the sum must nor exceed the least accurate figure used.

Example 2.3. A quantity s is given by

§=5.367 ~ 4.88 N
Find the most probable error, and the most probable limits and maximum limits of
the quanfify.
Solution,

The maximum errors will be 0.0005 and 0.005 and probable errors will be %+ 0.0025.
s+ 85 = (x — y) T(5x + By) = (5.367 - 4.88) £ (0.005 + 0.0005)
= 0.487 + 0.0055 = 0.4925 or 0.4815

ste,=(x-yt Vel +¢f= (5367 —4.88) % (0.00025)" + (0.0025)

Also

= (14925 £ 0.00251 =0.4950 or 0.4900

Hence the most probable error= it 0.00251

Most probable limits of 5 = 0.4950 and 0.4%0 and maximum limits of 5 = 0.4925 _a.1.1d 0.4815.

Here again, the quantity s can only be 0.48 or 0.49, and r:he second decimal place
is the most probable limit to which a derived quantity (s) can be given. Hence the accuracy
of a subtraction must not exceed the least accurate figure used. 5

Exainp!e 2.4. A derived quantity s is given by product of two measured quantines,

as under :
5=2.86 x8.34

Find e wmasinwm error aud mosi probable error in the derived quantiry

Solution '

The maximum errors in the individual measurements will be 0.005 and 0.005, while
the most probable errors will be +0.0025 and £ 0.0025 respectively.
Ss=yBx+x8y=(834x 0.005) + (2.86 x 0.005)

= 0.0417 + 0.0143 = 0.056 = 0,06

The most probable error is : _ 025_2
‘\} ¥ : A } 0.0025 . (0.0 ]
=Xy [.i_’} + (%) = (2.86 X 3.34) (W} + (——8—-—'34

Now max. error

4

= £ (.02

Now s=rxy =2.86x834 =23.85
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Hence the most probable limits are thus 23.87 ahd 23.83, and by rounding off process.
value may be given as 23.85, ie to the same accuracy as the least accurate figure

used.
Example 2.5 A derived quantity s is given by
g 239
8.34
Find the maximum error and most probable error in the quahtity.
Solution
The maximum error 8s is given by
3 =E+x 25 Y
y oy
where 8x and 8§y (maximum errors in individual measurements) sre 0.05 and 0.005
respectively
5= 005 | 239 %0005, 1 ho6 10,0017 =0.0077

T334 8y ‘
The probable errors in individual measuréments are * 0.025 and + 0.0025. Hence the

prebable error in the derived quantity is , L
xiafla) B _;3_.2\/(0.025 [0.0025 )“
%= [ )* ) =334 V(239 ) T 2

X y
=1 0.003
239 _
Now §= 334" 2.8657 = 2.866

Hence the most probable limits of s are 2.869 and 2.863. For practical purposes,
adopting rounding off, the value may be given as 2.87.
Example 2.6 A derived quaniity s is given by
§ = (4.86)
Find the -maximum value of ervnr ond most proboils ol of Gvan
Solution
$ = (4.86)= 23.6196
Now maximum error in the individual measwrement is 0.005 and probable error in
measurement is 0.0025.

Now, maximum error 8s is given by
85 =nx"" 8x = 2(4.86)*" x 0,005
= 0.0486
The most probable value of error is
e =nx""e, = 2(4.86)"" x 0.0025 = £ 0.0243.

The most probable limits of s are thus 23.6439 and 23.5953, and rounding these
off, we get s, practically, equal ro 23.62.

!

H
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Example. ?..'.I The long and short sides of a rectangle measure 8.28 m and 4.36
wish errors of *5mm. Express the area to correc number of significamt figures.

Solution

m,

A =828 x 436 = 36.1008 m’
Maximum error in individual measurememts = Q.005 m

0,005 . 1 0005 1
Error ratios dre : = 55" % Teey and =36 ~ 873
11
- Ll +006
8A—36.1008(1650+872)= m

Hence area has limits of 36.16 and 36.04 m’ and the answer can be quoied as
36.10 m* correct to iwo significant figures compatible with the field measurements.
Example 2.8 A rectangle has sides approsimately 380 metres and 260 metres. If

the area is 10 be determined fo the nedrest 10 m* what will be maxmum error pe.nf‘lfﬂEd in
each line and to whal accuracy should the lines be measured. Assume equal precision ratio

for each length..

Solution.
A =380 x 260= 98800 m* ;
54 =10m
84_ 10 _ 1 _& b
A 98800 9880 x ¥
x5y
But x‘y
o &y 28 3 .
x y x 9880
& 1 1
T T 2x9880 19760

. - i = 1
Hence precision ratlo of each line = S

380

5 Max, ‘error in 380 m lenﬂ:Wo.OIMm

Max. etror in 260 m Iength=1—§g—g-0-=0.0132m

If the number of significant figures in area is 5 ( i.e. nearest to 10 m- ). cach

line must be measured to atleast 5 significant figures, i.e. 380.00 m and 260.00 m.

PROBLEMS

I. Explain the following terms :
h Accuracy {ify Precision (i} Discrepancy (iv) True error.
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2. Distinguish clearly between cumulative and compensating errors.
3. Discuss in brief the different sources of errors in surveying.

4. What are the characterisiic features of accidental error 7 Explain how will you find out the
probable error in a quantity measured several times in the field.

5. An angle has been measured under different field conditions, with results as follows :

28° 24 20" 28° 24 00"
28° 24° 40" 28° 23’ 40"
28° 24" 40" 28° 24' 207
28° 25° 00" 28° 24" 40#
28° 24' 207 28° 25* 20"
Find () the probable error of single observation (i} probable error of the mean.

ANSWERS

5. @ 1934 (i) 611,

)

Linear Measurements

3.1.. DIFFERENT METHODS . _

There are various methods of making linear measurements and their relative mert |
depends upon the degree of precision required.

They can be mainly divided into three heads :

1. Direct measurements.

2. Measurements by optical means.

3. Elecwo-magnetic methods. _

In the case of direct measurements, distances are actually measured on the grf{und
with help of a chair or a tape or any other instrument. In the optical methods_. observations
are taken through 2 telescope and calculations are done for the distances, such as_m t?cheometry
or triangulation, In the electro-magnetic methods, distances are me.asured v.w.nth mstrumc.anltls
that rely on propagation, reflection and subsequent reception of either radio waves, light
waves or infrared waves. )

For measurement of distances by optical means, refer chapter 22 on ‘Tacheometric
Surveying'. For measurement of distances by electro-magnetic methods, refer chapter 24
on ‘Electro-magnetic Distance Measurement {EDM)".

3.2. DIRECT MEASUREMENTS
The various methods of measuring the distances directty are as follows :
1 Pacing’
2 Measurement with passometer
3. Measurement with pedometer
4 Measorement by odometer and speedometer
5 Chaining. o

(1) Pacing. Measurements of distances by pacing is chiefly confined to the preliminary
surveys and explorations where a surveyor is called upon to make a rough survey as quickly
as possible. It may also be used to roughly check the distances measured b’f other means.
The method consists in counting the number of paces between the two points of & line.
The length of the line can then be computed by knowing the "average length of the pace.
The length of the pace varies with the individual, and also witl; the n:_iture of the groutr;ld.
the slope of the country and the speed of pacing. A length of pace more neariy that

Gn
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of one’s mawral step is preferable. The length of one's natural siep may be determined
by walking on fairly level ground over various lines of known lengths, One can soon
learn to pace distances along level, unobstructed ground with a degree of -accuracy equivalent
approximately to 1 in 100. However, pacing over rough ground or on slopes may be
difficult.

{2) Passometer. Passometer is an instrument shaped like a watch and is carried
in pocket or attached to one leg. The mechanism of the instrument is operated by motion
of the body and it automatically registers the number of paces, thus avoiding the monotony
and strain of counting the paces, by the surveyor. The number of paces registered by
the passometer can then be multiptied by the average length -of the pace to get the distance.

(3) Pedometer. Pedomeler is a device similar fo the passometer except that, adjusted
to the length of the pace of the persom carrying it, it registers the rotal distance covered
by any number of paces. .

(4 Odometer and Speedometer. The odometer is an instrument for registering the
number of revolutions of a wheel. The well-known speedometer works on this principle.
The odometer is fited to a wheel which is rolled along the line whose length is required.
The number of revolutions registered by the odometer can then be multiplied by the circumference
of the wheel to get the distance. Since the instrument registers the length of the “surface
actually passed over, its readings obtained on undulating ground are inaccurate. If the route
is smooth, the speedometer of an automobile can be used to measure the distance approximately.

{5) Chaining. Chaining is 2 term which is used to denote measuring distance ejther
with the help of a chain or a tape and is ' the most accurate method of making direct
measurements. For work of ordinary precision, a chain can be used, but for higher precision
a tape or special bar can be used. The distances determined by chaining form the basis
of all surveying. No matter how accurately anmples may be measured, the survey can
be no more precise than the chaining,

3.3. INSTRUMENTS FOR CHAINING

The various instruments used for the determimation of the length of line by chaining
are as follows :

L. Chain o wpe 4. ATTOWS

3. Pegs 4. Ranging rods

5. Offset rods 6. Plasterer’s laths and whites
7. Plumb bob.

1. CHAIN

Chains are formed of straight links of gal-
vanised mild steel wire bent into rings at the
ends and joined each other by three small circular
or oval wire rings. These rings offer flexibility
to the chain. The ends of the chain are provided
with brass handle at each end with swivel joint,
so that the chain can be turned without twisting.
The length of a link is the distance between
the centres of rwo consecutive middle rings, while

AT
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the length of the chain is measured from the outside of onme handle to the outside of
the other handle.

Following are varions types of chains in common use : .

() Metric chains (i)  Guoter’s chain or Surveyor’s chan

(i) Engineer’s chain (i} Revenue chain

(v Steel band or band chain. '

Metric chains. After the introduction of metric upits in India. the metric chains ar.e
widely used. Metric chains are gencrally available in lengths of 5. 10, 20 and 30 metres.
IS : 1492-1970 covers the requirements of metric surveying chains. Figs. 3.2 and 3.3 show
5m and 10m chains respectively, while Figs. 3.4 and 3.5 show the 20 m and 30 m
chains respectively. Fig. 3.6 shows the details of a metric chain.

Emt3Imm "

 \mcammadt rn—-—-—-—-PEﬂ-—1 m—PEi—-‘l m—bE:—1 m——ri
[o-o00--ofe- ogo--ogo- ogor-c00-0<

FIG. 3.2. 5-METRE CHAIN

[l: - 1m P—1 m—d— 1 m—PE—1m—H

" FIG. 3.3. 0-METRE CHAIN

To enable the reading of fractions of a chain without much difficulty, tallies are
fixed at eyery metre length for chains of 5 m and 10 m lengths (see Fig. 3-.2 and 3.3)
and at every five-metre length for chains of 20 m and 30 m lengths (sec Figs. 3.4 and
3.5). In the case of 20 m and 30 m chains, small brass rings are provided at- every
meire length, excepy where fallies are attached. The shapes of tallies for_ -chains of 5m
and 10 m lengths for different positions are shown in Fig. 3.7. To facilitate 'holdmg of
arrows in position with the handle of the chain, a groove is cut on the Ol..l[SIdc surface
of the handle, as shown in Fig. 3.6. The tallies used for marking distances in the metric
chains are marked with the letters ‘m’ in the order to distinguish them from non-metric
chains. The length-of chain, 5 m, 10 m, 20 m or 30 m as the case may be. art engraved
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20m+5mm
4 5m Pd—5 m—E—5 m—rt 5m »
ol 1 ! 1
) m i : ! !
3 : i D @
Brass ring at E g g 8 '

. avary metar length
FIG. 3.4, 20-METRE CHAIN

30mt8mm
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FIG. 3.5. 30-METRE CHAIN

e 7 20 e 200
E:'Mn-v [ i —

i 16141 »

Ring Link, sreell 4 ¢ Link, large 4 §

S ——. A

Connecting link
Engrave length
of ths chain (oval shaped)

FIG. 3.6. DETAILS OF A METRIC CHAIN

o8 boih the handies to indicate the length and also to distinguish the chains from non-metric
chains.

38 38

16 Zso : ‘(soB 4,05 2

For 1 metre For 2 matres For 3metres * For 4 metres For 5 metres
and 9 metres and 8 metres and 7 metres  and 6 matres

FIG. 3.7. SHAPES OF TALLIES FOR 5 m AND 10 m CHAINS.
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Gunter’s Chain or Surveyor’s Chain .

A Gunter’s chain or surveyor's chain is 66 ft. long and consists_qf 100 links, each
lik being 0.6 ft. or 7.92 inches long. The length of 66 ft. was originally adopted for
convenience in jand measurement since 10 square chains are equal to 1 acre. qu. when
linear measurements are required in furlongs and miles, it is more convenient since 10
Gunter's chains = 1 furlong apd 80 Gunter’s chains = mile.

Engineer’s Chain _ . .

The engineer’s chain is 100 ft. long and consists of 100 liks, each lmk. bﬂ.fmg' 1
ft. long. At every 10 links, brass tags are fastened, with notches on t]lne tags mt.ilcaung
the number of 10 link segments between the tag and end of the chain. The distances
measured are recorded in feet and decimals.

Revenue Chain 1

The revenue chain is. 33 ft. long and consists of 16 links, each link being 27z ft.
long. The chain is mainly uvsed for measuring fields in cadastral survey.

Steel band or band chain (Fig. 3.8)

FIG. 3.8 STEEL BAND.

The steel band consists of a long narrow strip of blue steel, of uniform width of
12 to 16 mm and thickness of 0.3 to 0.6 mm. Metric steel bands are available in lengths
of 20 or 30 m. It is divided by brass studs at every 20 cm and oumbered at every
metre. The first and last links (20 cm length) are subdivided into cm and mm. Alternatively.
in the place of putting brass studs, a steel band may have graduations etched as mewes.
decimetres and centimetres on one side and 0.2 m links on the other. lfor convenience
in handling and carrying, steel bands are almost invariably wound on special steel Crosses
or metal reels from which they can be easily unrolled. - )

For accurate work, the steel band should always be used in preference to t‘Eze fhﬂlﬂv
but it should only be placed in the hands of careful chainmen. A steel band is lighter -
than the chain and is easier to handle. It is practically unalterable in length, and is oot
liable to kinks when in use. Its chief disadvantage is that it is easily broken and difficult
0 repair in the field.
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Testing and Adjusting Chain ] Cloth or Linen Tape. Cloth tapes of closely woven linen, 12 to 15 mmn wide varnished
During continwous use, the length of a chain : to resist moismre, are light and flexible and may be used for taking comlloara;u'-'falylroutish
gets altered. Its length is shortened chiefly due to and subsidiary measurements such as offsets, A cloth tape 1s_commonly availab e6gn &eng s
the bending of links. Its lemgth is elongated either of 10 metres, 20 metres, 23 _metres-and 39 metres, and in 33 f, 5{!) l’t'.l..l 66 .1 :nd
due to stretching of the links and joints and opening 100 fi. The end of the tape is provided v:mh small brass rmg_whose ength is inc :n:
out of the small rings, or due to wear of wearing “ g “ in the total length of ﬂIJe tan. A cloth ta?e is rarf:ly used for makmg. accurate r:casurem (i
surface. For accurate work, it is necessary to test e oo — , ‘because of the following reasoms : (7) it Is easily affected by moisture or dampress an
the tength of the chain from time to time and make thus shrinks ; (i) its lemgth gets alt&':req by stretching (fiy it is ‘hke]y 1o twist and
adjustments in the length. FIG. 3.9 FIELD TESTING OF CHAIN. tngle ; () it is not strong. Before winding up the tape in the case, it should be cleaned
A chaif may either be tested with reference to a standard. chain or with reference and dried. '
to a steel pe. Sometimes, it is convenient to have a permianent fest gauge established
and the chain tested by com-
paring with the test gauge from [ 20 cm x 20 om Dfm" Stones \
time to time. In field, where o [J1om 20m [F3om

no permanent test gauge exists, ‘ ‘
a test gauge is established by ‘_10"‘—*_'10'"'—‘*"’""10"‘_’! ;
driving two pegs the requisite '
distance apart, and inserting nails

FIG. 3.10 PERMANBENT TEST GAUGE.

into their tops to mark exact points, as shown in Fig. 3.9. Pig. 3.10 shows a permanent Fig 3.11 Metalle Tape Fig 3.12 Steel Tape -
test gauge, made of dressed stones 20 cm x 20 cm. ki ‘ . . o
The overall length of a chain, when measured at 8 kg pull and checked against Metallic Tape. A metallic tape is made of varnished strip of waterproof linen interwoven

with small brass, copper of bronze wires and does not stretch as ecasily as a clotl_:l tape.
i y . Since metallic tapes are light and flexible and are mot easily broken, they are particularly
20 metre chain : +5 mm and 30 metre chaic : 1§ mm useful in cross-sectioning and in some methods of topography where small errors in length
In addition to this, every metre length of the chain shall be accurate to within 2 mm.  § of the tape are of no consequence, Metallic tapes are made in lengths of 2. 5, 10, 20,
On testing, if a chain is found to be long, it can adjusted by 30 and 50 metres. In the case of tapes of 10, 20, 30 and 50. m lengths a me[_al ring
() closing the joints of the rings if opened . out is attached to the outer ends and fastened to it by a metal strip olf the same width as
(i) reshaping the elongated rings ; the tape. This metal strip protects the tape, and at the same time inspectors stamp can
(i) removing ome or more small circular rings be put on it. In addition to the brass ring, the outer ends of these tapes are reinforced
(v) replacing worn out rings by a strip of leather or suitable plastic material of the same width as the tape, _for a
Gl adjusing e fkn o e cids. length of atleast 20 cm. Tapes of 10,.20 , 30 and 50 metre lengths are supplied in
a metal or leather case fitted with a winding device (Fig. 3.11).

Steel Tape. Steel tapes vary in quality and accuracy
of graduation, but even a poor steel tape is generally
superior o a cloth or metallic tape for most of the linear
measurements (hat are made in surveying. A steel (ape
consists of a light strip of width 6 to 10 mm and is
more accurately graduated. Steel tapes are available in
lengths of 1, 2, 10, 20, 30 and 50 metres. The tapes
of 10, 20, 30 and 50 metre lengths, are provided with
a brass ring at the outer end, fastened to it by 2 metal g
strip of the same widih as the tape. The length of the
tape includes the metal ring. It is wound in a well-sewn
leather case or a corrosion resisting metal case, having

a steel tape standardized at 20°C, shall be- within the foilowing limits :

if, on the other hand, a chain is found to be short, it can be adjusted by :

()  straightening the links

(if) flanening the circular rings

(iii} replacing ome or more small circular rings by bigger ones

(iv) inserting additional circular rings

(v) adjusting the links at the end.

However, in both the cases, adjustment must be done symmetrically so that the position
of the cenmal peg does not alter.

2. TAPES

Tapes are used for more accurate measurements and are classed according to the
material of which they are made, such as follows:

() cloth or linen tape (i) metallic tape

(ii) steel tape and (V) invar tape.

FIG. 3.13. STEEL TAPE ON REEL
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a suitable winding device (Fig. 3.12). Tapes of longer length (i.e., more than 30) m are
wound on metal reel (Fig. 3.13).

A steel tape is a delicatc instrument and is very light, and therefore, canmot withstand

rough usage. The tape should be wiped clean and dry afier using, and should be oiled

with a little mineral oil, so that it does not get msted.

Invar Tape. Invar tapes are used mainly for linear measurements of a very high
degree of precision, such as measurements of base lines. The invar fape is made of alloy
of nickel (36%) and steel, and has very low coefficient of thermal expansion—seldom more
than about one-tenth of that of steel, and often very much less. The coefficient of thermal
expansion varies a good deal with individual bands but an average value of 0.0000005
per 1° F may be taken. The other great advantage of invar is that bands and wires made
of invar enable base lines to be measured very much more rapidly and conveniently. Invar
tapes and bands are more expensive, much softer and are more easily deformed than steel
tapes. Another great disadvantage of invar tape is that it is subjected to creep due to
which it undergoes a small increase in length as time goes on. Its coefficient of thermal
expansion also goes on changing. It is therefore, very essential to determine its length
and coefficient of expansion from time to time. Invar tapes are normally 6 mm wide and
are available in lemgths of 20, 30 and 100 m. :

The difficulty with invar tapes is that they are easily bent and damaged. They must,
therefore, be kept on reels of large diameter, as shown in "Fig. 3.14.

FIG. 3.14. INVAR TAPE ON REEL.

3. ARROWS

Arrows or marking pins are made of stout sieel wire, and generally, 10 arrows
are supplied with a chain. An arrow is inserted into the ground after every chain length
measured on the ground. Arrows are made of good quality hardened and tempered steel
wire 4 mm (8 s.w.g.) in diameter, and are black enamelled. The length of arrow may
vary from 25 cm to 50 cm, the most common length being 40 cm. One end of the
arrow is made sharp and other end is bent into a loop or circle for facility of carrying.
Fig. 3.15 shows the details of a 40 cm long arrow as recommended by the Indian Standard.
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FIG. 3.15. ARROW. FIG. 3.16. WOODEN PEG.

4. PEGS . ' . .

Wooden pegs are used to mark the positions of the stations or terminal points od
a survey line. They are made of stout timber, gemerally 2.5 cm or 3 em square an
15 cm long, tapered at the end. They are driven in the ground
with the help of 2 wooden hammer and kept about 4 cm
projecting above the surface. )

5. RANGING RODS .

Ranging rods have a length of either 2 m or 3 m,
the 2 meire jeopls being more commen. They are shod.a[
the bottom with a heavy iron point, and are painted in alternative
bands of either black and white or red and white or black,

red and white in succession, each band being 20 cm deep Back or Red

8o that on occasion the rod can be used for rough measurem_ent Bands \
of short lengths. Ranging rods are used to range some intcrmedla_te

poimts in the survey line. They are circular or octagonal in White Bands

cross-section of 3 ¢m nominal diameter, made of well-seasoned,
straight grained timber. The rods are almost invisible ar a
distance of about 200 metres; hence when used on long lines
each rod should have a red, white or yellow flag, abour 30

. . (b)
to 50 cm square, tied on near its top [Fig. 3.17 (4)]. Hagging ooy
Ranging poles. Ranging poles are similar to ranging rod rod

rods except that they are longer and of greater diameter and FIG. 3.17.
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are used in case of very long lines. Generally, they are not painted, but in all cases
they are provided with a large flag. Their length may vary from 4 to 8 metres, and

diameter from 6 w 10 cm. The foot of each pole is sunk about -;-m into the ground,

the pole being set quite vertical by aid of a plumb bob.
6. OFFSET RODS

An offset rod is similar to a ranging rod and has a length of 3 m. They are
round wooden rods, shod with pointed iron shoe at ote end, and provided with a notch
or a hook at the other. The hook facilitates pulling and pushing the chain through hedges
and other obstructions. The rod is mainly used for- measuring rough offsets nearby [Fig.
3.17 (b)]. It has also two narrow slots passing through the centre of the section. and
sel at right angles to ome another, at the eye level,, for 'aligning the offset line.

Butt rod. A butt rod is also used for measurlng offsets, but it is often used by
building surveyors or architects. It generally consists of two laths, each of 1 yard or 1
m in length loosely riveted together. The joint is also provided with a spring catch to
keep the rod extended. The rod is painted black. The divisions of feet and inches are
marked out with white and red paint. ) ‘ :

7. PLASTERER'S LATHS
HV

In open level ground, intermediate points or a line may also
FIG. 3.18. WHITES.

be lined out with straight laths, -21- to 1 metre long, made of soft

wood. They are light both in colour and weight, and can be easily
carried about and sharpened with a knife when required. They are
also very useful for ranging out a line when crossing a depression
from which the forward rod is invisible, or when it is hidden by
obstacles, such as hedges etc.

Whites. Whites are pieces of sharpened thin sticks cut from
the nearest edge, and are used for the same purpose as the laths,
though not so satisfactory in use. They are sharpened at one end
and split with the knife at the top, and pieces of white paper
are irserted in the clefis In order to make them more visible when
stuck up in the grass. They are also useful in cross-sectioming or
in temporary marking of contour points. )

8. PLUMB BOB _

While chaining along sloping ground, a plumb-bob is required
to transfer the points to the ground. It is also used fo make ranging
poles vertical and to transfer points from a line ranger to the ground,
In addition, it is used as centering aid in theodolites, compass,
plane table and a variety of other surveying instruments.

3.4. RANGING OUT SURVEY LINES

While measuring the length of a survey line or ‘chain line’, the chain or tape must
be stretched straight .'ang the line joining its two terminal stations. [f the length of line
is less than the length of the chain, there wili be no difficuity, in doing so. If, however,
the length of the line exceeds the length of the chain, some intermediate points will have’

FIG. 3.19. PLUMB BOB

frie il

e ryr—

47
LINEAR MEASUREMENTS

to be established in line with the two terminal points before chaix!ing is started. The process
of fixing or establishing such intermediate points is known as ranging. There are two methods
of ranging : (i) Direct ranging, (i) Indirect ranging.
() DIRECT RANGING o
Direct ranging is done when the two ends of the survey lines- are.mrerws:ble. In
such cases, tanglng can eithét be done by eye or through some optical instrument such
as a line ringer or A theodolite. 'é P P e 8
Ranging by eye ¢ (Fiﬁ 3.210)th & o Suneyor
Let 4 and B be the two polnts at the ends of a AGING BY EYE.
survey line. One ranging rod is erected at the point FIG. 3.20. WGIN
B while the surveyor stands with another ranging rod at point 4, holding the rod.at about
half metre length. The assistant then goes with anotlier ranging rod a.nd establishes the
rod at 4 point approximately in the Iine with AB (by judgment) at a distance not greater

' thari one chain length from A. The surveyor at A then signals the assistant to move fransverse

to the chaln 1in, il he is in Hne with A and 8. Similerly, other intermediate point:?
can be established, The ¢ode of signals used for this purpose is given in the table below:

CODE OF SIGNALS FOR RANGING

$.No. e Slinal by the Surveyor Actlont by the Assistant
1 Raphd stveep with right hand Move considerably to the right
2 Slow sweep with right hand Move slowly t the right
3 Right arm extended Continue to move to the right
4 | Righterm up and moved 1 the right Plurib the rod 10 the vight
5 Rapid sweep with feft hand Move considerably [o the left
6 Slow sweep with leRt hand Move slowly 1o the left
7 Left arm extended Continue to move to the left
8 | Lefammiup and moved 1o the loft Plumb the rod 1o the loft
e Bioh Farele abitve hedd and then hrnnght down Correct
10 [ Both anms exterided forward horizontally and the hands depressgd brisidy | Fix the 04

RANGING BY LINE RANGER _

A line ranger consists of either two plane mirrors or (wo right angled isosceles prisms
placed one above the other, as shown in Fig. 3.21. The diagonals of the two‘pnsms
are silvered so as to reflect the incidental rays. A handle with a hook is prov1.ded at
the bottom to old the instrument in hand fo transfer the point on the ground with the
help of plumb-bob.

To range a poit P, two ranging rods are fixed at the ends A Bl"ld B, and the
surveyor at P holds the line ranger very near to the line 4B (by eye judgment). The
lower prism abc reeives the rays from A which are reflected by the diagpnal ac towards
the observer. Similarly, the upper prism dbc receives the.rays from B which are reflected
by the diagonal bd towards the observer. Thus, the observer views the image.s of ranging
rods at A and B, which may not be in the same vertical line as shown in Fig. 3.21 (©).
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FIG. 3.21. OPTICAL LINE RANGER

- The surveyor then moves the instrument sideways till the two images are in the same

vertical line as shown-in Fig. 3.21 (d). The point P is then transferred to the ground
with the help of a plumb bob. Thus, the instrument can be conveniently used . for fixing
intermediate points on a long line without going to either end. Also, only ome person,
holding the line ranger, is required in this case.

Fig. 4.18 shows a combined line ranger and a prism square,

Adjustment of Line Ranger

Oue of the wiirors o prisms is commonly made adjustable. To (est the perpendicularity
between the reflecting surfaces, -three poles are ranged very accurately with the help of
a theodolite. The line ranger is held over the middie pole. The instrument will be in
perfect adjustment if the images of the two ead poles appear in exact coincidemce. If mot,
they are made to do so turning the movable prism by means of the adjusting screw.

(i) INDIRECT OR RECIPROCAL RANGING

Indirect or Reciprocal ranging is resorted to when both the ends of the survey
line are not intervisible either due to high intervening ground or due to long distance between
them. In such a case, ranging is done indirectly by selecting two intermediate points M,
and N, very near to the chain line (by judgement) in such a way that from M,, ‘both
N, and B are visible (Fig. 3.22) and from »,, both M, and A are visible,

. Two survejors station themselves at M, and N, with ranging rods. Tt}e person. at
M, then directs the person at N, to move Ao a new position A, in line with M, B. The

_,J‘L
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person at N, then directs the
person at M, to move 1o a
new position M, in line with
N, A. Thus, the two persons
are now at M, and N, which
are nearer to the chain line

" than the positions M, and N,.

The process is repeated till 4 M N . ,48
the points M and N are located .‘—--.,::_‘: ----- Pj; R e
in such a way that the person T N, /_,-

at M finds the persom at N Me e -

in line with M8, and the person : '_,ﬁ‘!

at N finds the person at M /,-‘

in line with NA. After having " e

established M and N, other .« o

points can be fixed by direct N,

ranging. FIG. 3.22. RECIPROCAL RANGING.

3.5. CHAINING

Two chainmen are required for measuring the length of a line which is greater than
a chain length, The more experienced of the chainmen remains at.thc zero end or rear
end of the chain and is called the follower. The other chainmen holding the forward 'bandle
is known as the leader. To start with., the leader takes a bundle of the arrows in one
hand and a ranging rod, and the handle of the chain in the other hand.

Unfolding the chain, To unfold the chain. the chainmen keeps both the .hand_les
in the left hand and throws the rest of the portion of the chain in the forwarq dtrecc_lon
with his right hand. The other chainman assists in removing the knots etc. and in making
the chain straight, )

Lining and marking. The follower holds the zern end of the chain ar the terminal
point while the leader proceeds forward with the other end in one hgnd and a set c_:»f
10 arrows and a ranging rod in the other hand. When he is approxu:pately one chain
length away, the follower directs him to' fix his rod in line with the terminal poles.. When
the point is ranged, the leader makes a mark on the ground, holds the ha.rfdle w1!h bod;
the hands and pulls the chain so that it becomes straight between the termmz-il point an
the point fixed. Litle jerks may be given for this purpose but the pull applied must be
just sufficient to make the chain straight in line. The leader then puts an arrow at the.
end of the chain, swings the chain slightly out of the line and proceeds further with the
handle in one hand and the rest of the arrows and ranging rod in the other hand. The
follower also takes the end handle in one hand and a ranging rod in the other hand.
follows the leader till the leader has approximately travelled one chain length. The follower
pus the zero end of the chain at first arrow fixed by. the leader, and ranges the .Ieader
who in turn, stretches the chain straight in the line and fixes the second amow in t}_rc
ground and proceeds further. The follower takes the first arrow and the ranging rod in
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one hand and the handle in the other and follows the leader. At the end of ten chaips,
the leader calls for the ‘arrows’. The follower takes out the tenth arrow from the ground,
puts a ranging rod there and hands over ten arrows to the leader. The transfer of ten
arrows is recorded by the surveyor. To measure the fractional length at the end of a
line, the leader drags the chain beyond the end station, stretches it straight and tight and
reads the links,

3.6, MEASUREMENT OF LENGTH WITH THE HELP OF A TAPE

For accurate measurements and in all important surveys, the lengths are now measured
with a tape. and not with a chain. However, the operation of measurement of the length
of the line with the help of a tape is also conventionally called chaining and the two
persons engaged in the measurement are called ‘chainmen’. The following procedure is adopted:

1. Let the length of a line AB be measured, point A being the starting point. Place
a ranging rod behind the point B so that it is on the line with respect to the starting
point A.

2. The follower stands at the point A holding one end of the tape while the leader
moves ahead holding zero end of the tape in one hand and a bundle of arrows in the
other. When he reaches approximately one tape length distant from A, the follower directs
him for ranging in the line. The tape is then pulled out and whipped gently 10 make
sure that its entire length lies along the line. The leader fhen pushes the arrow into the
ground, opposite the zero. The pin is vsually inclined from vertical about 20 or 30 degrees,
starting at right angles to the line so that it slides under the tape. with its centre opposite
the graduation point on the tape.

3. The follower then releases his end of the tape and the two move forward along
the line. the leader dragging the tape. When the end of the tape reaches the arrow just
placed, follower calls out "tape”. He then picks up the end of tape and lines the leader
in and the procedure is repeared as in step 2.

4. When the second arrow has been established by the leader, the follower picks
up the first arrow, and both the persons move ahead as described in step 3. The procedure
is repeated until ten tape lengths have been measured. At this stage, the leader will be
out of arrows, while the follower will have nine amows. The leader wil] then call "arrows”
or “ten”. When the leader moves further after the tape length has been measured, and
reaches the tape length ahead, the follower takes out the tenth 4ToW, erects a ranging
fod or a nail in its place and then transfers 10 arrows to the leader. The surveyor records
the trangfer of arrows in the field book.

5. At the end of the line, at B, the last measurement will generally be a partial
tape length from the last ammow set to the end point of the line. The leader holds the
end of the tape at B while the follower pulls the tape back till it becomes taut and then
reads against the arrow. .

3.7. ERROR DUE TO INCORRECT CHAIN )

If the length of the chain used in measuring length of the line is not equal to

the true length or the designated length, the measured length of the line will not be correct

and suitable comection will have 10 be applied. If the chain is too long, the measured
distance will be less. The error will, therefore, be negative and the correction is positive.

LINEAR MEASUREMENTS
Similarly, if the-chain is too shor, the gleasured distance will be more, the error W
positive and the correction will be neganve. -
Let ' L="True or designated length of the chain or tape.
L' = Incorrect (or actual) length of the chain or tape used.

() Correction to measured length : .
Let ' = measured length of the line
!=actual or true length of the line.

Then, true length of line = measured length of line x T

(£ L3
- (4
(iy  Correction to area :
Let . A'=measured {or computed) area of the ground
A=acrual or true area of the ground.
[ \-'_',
Then, true area= measured area x(f J
(LY .(3.2)
o aa(F] |
L _L+AL_ AL
Alternatively, i I |
where AL= error in length of chain
aL_,
Let =
L'y 2
A=(I] xA'=(1+ef x A
Buot (1+ef=1+2e+e=1+2e, if e is small
-~ A=(1+2a 4 {32 a
(iiy Correction to volume :
Let V' =measured or computed volume
V =acmal or true volume.
'3
Then, true volume = measured volume x[fJ
| Ly .33
or v=V —[-:
L L+AL AL
Alternatively, T L =1+ T

B
= b

Let e
L'3 3 !
[S]vi=(+epy

'V"[L]V (1+e)
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But (Q+el=1+2+3+3e=(1+3¢), if ¢ is small
: V=(14+3eV 33 a

Example 3.1. The length of a line measured with a 20 metre chain was found to
be 250 meires. Calculate the 1rue length of the line if the chain was 10 cm too long.

Solution,
Incorrect length of the chain —L =204 Looﬁ =201 m
Measured length =]"=250m

Hence true length of the line =1 (L) 250 [201] 251.25 metres.

L 20

Example 3.2. The length of a survey line was measured with a 20 m chain and
was found 10 be equal 1o I200 metres. As a check, the length was again measured with
a 25 m chain and was found to be 1212 m. On comparing the 20 m chain with the
lest gauge, it was found 1o be ! decimere too long. Find the actual length- of the 25
m chain used.

Solution.

With 20 m chain : L'=20+0.10=20.10m

1= ( II: )= 1200 x _(;.;0 = 1206 m = True length of line.
With 25 m chain i—(%)
(L ]
or 1206 = o Juoz
,_ 1206 x25
L'= W = 24.88 m,

Thus, the 25 m chain was 12 cm too short.

Example 3.3. A4 20 m chain was found 10 be 10 cm too long after chaining a
distance of 1500 m. It was found to be 18 cm 100 long ar the end of day’s work after chaining

a el distance of 00 o Fiad e i disiince i ihe Chuin owas correct oefore the
commencement of the work,
Solution.
For first 1500 metres :
0+10
Average error=¢= 3 =5em=0.05m
"L'=20+0.05=20.05m
Hence b= 2285 x 1500 = 1503.75 m
For next 1400 metres :
10+ 18
Average eror=e = =1l4em=0.14m

L'=204014=20.14m
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2‘;;4 x 1400 = 1409.80 m

Total length=!=1 + &= 1503.75 + 1409.80 = 2913.55 m.

Example 34. 4 surveyor measured the distance between two poinis on the plan drawn
to a scale of 1 cm=40 m and the result was 468 m. Later, however, he discovered that
he used a scale of 1 cm=20 m. Find the true disiance between the two poinis.

Hence L=

Sohution.  Distance beiween two points measured with a scale of 1 cm to 20m
468
=——=23.4 cm
20 3
Actual scale of the plan is 1 cm =40 m
True distance between the points =23.4 x40 =936 m

-Example 3.5. A 20 m chain used for a survey was found to be 20.10 m at the
beginning and 20.30 m at the end of the work.. The area of the plan drawn to a scale
of 1 em = 8 m was measured with the help of a planimeter and was found to be 32.56
sq. cm. Find the true area of the field,

Solution.

20.10 + 20.30

L'= Average length of the chain= =2020 m

Area of plan=32.56 sq. cm
Area of the ground =32.56 (8)°=2083.84 sq. m=4" (say)
LY, (2020
_ True area=A = lL]A Lzo]x
Alternatively, from Eq. 3.2 (a),
A=(1+2a4".

AL 2020-20 0.20
where g=——=—— = 0 =0.01

A= (l +2 x 0.01) x 2083.84 = 2125.52 m’

2083.84 = 2125.73 sq. m.

fo I cm measures now ds 1002 5q. cm as found by plammerer The p!an is found to
have shrunk so that a line originally 10 em long now measures 9.7 cm only._ There was
also a note on the plan that the 20 m chain used was 8 cm too short. Find the true
area of the survey.

Solution : Presem length of 9.7 cm is equivalent of 10 cm original length.

. Present area of 100.2 sq. c¢m is equivalent to (—} % 100.2 sq. cmn = 106.49 sq. cm

= original arez on plan
Scale of the plan is 1 c¢m =10 m '
" Original area of survey = (106.49) (10¥ = 1.0649 « 10* sq. m
Faulty length of chain used =20-008=1992 m

11992y

Correct area =L_2_0_J x 1.0649 x 10" sq.m.= 10564.7 sq. m
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3.8. CHAINING ON UNEVEN OR SLOPING GROUND

For all plotting works, horizontal distance between the points are required. It is therefore,
necessary either to directly measure the horizontal distance between the points or to measure
the sloping distance and reduce it to horizontal. Thus, there are two methods for getting
the horizontal distance between two points : (I) Direct method, (2) Indirect method.

1, DIRECT METHOD

I the direct method or the method
of stepping, as is sometimes called, the
distance is measured in small horizontal
stretches or steps. Fig. 3.23 (q) illustrates
the procedure, where it is required to
measure the horizontal distance between
the two points 4 and B.

The follower holds the zero end
of the tape at 4 while the leader selects
any suitable lemgth / of the tape and
moves forward. The follower directs the leader for ranging. The leader pulls the tape tight,
makes it horizontal and the point 1 is then transferred to the ground by a plumb bob.
Sometimes, a special form of drop arrow is wsed to transfer the point to the surface,
as shown in Fig. 3.23 (b). Tve procedure is then repeated. The total length D of the
line is then equal to (4+4+4...) . In the case of irregular slopes, this is the only
suitable method.

It is more comvenient to measure down-hill than to measure uphill, because in the
latter case the follower end is off the ground and he is to plumb the point as well as
to direct the leader. The tape must be kept horizontal either by eye judgment or by using
a hand level. Sufficient amount of pull must be applied to avoid the sag otherwise the
measured distance will be more. The lengths /. f, etc.. to be selected depend on the
stecpness of the slope ; steeper the slope, lesser the length and vice versa.

2. INDIRECT METHOD

mofhe case of 2 regwlar i even slope, ihe sioping disiance can be measured and
the horizontal distance can be calculated. In such cases, in addition to the sloping distance,
the angle of the slope or the difference in elevation (height) between the two points is
to be measured.
Meihod 1. Angle measured

In Fig. 3.24. let {, = measured inclined distance
berween AB and 6,= slope of 4B with horizontal. The
horizontal distance D, is given by D, =1, cos 9,.

Similarly, for BC, Dy =1 c0s 0;

The required horizontal distance between any two
points = £ cos 8.

The slopes of the lines can be measured with the
help of a clinometer. A clinometer, in its simplest form.

Drop amow

)

FIG. 1.23. METHOD OF STEPPING.
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essentially comsists of () A line of sight, (i) a graduvated arc, (i) a light plumb bob
with a long thread suspended at the cemtre.

Fig. 3.25 (a) shows a T
semicirular graduated arc with \g:;"‘

two pins at A and B forming
the line of sight. A plumb bob
is suspended from C, the central
point. When the clinometer is
horizontal, the thread touches
the zero mark of the calibrated
circle. To sight a point, the {2} (b}
clinometer is tilted so that the FIG. 325,
line of sight AB may pass through _
the object. Since the thread still remains vertical, the reading against the thread pives the
slope of the line of sight. ‘
There are various forms of clinometers available. using essentially the principle described
above, and for detailed study, reference may be made to the Chapter 14 on minor instruments:
Method 2. Difference in level measured
Sometimes, in the place of measuring the
anple 8, the difference in the level between the
points is measured with the help of a levelling
instrument and the horizontal distance is computed.
Thus, if # is the difference in level, we

have
3 p=Vr_p we(3.4)
Method 3. Hypotenusal allowance FIG. 3.26

In this method, a correction is applied in the field at every chain length and at
every point where the slope changes. This facilitates in locating or surveying the intermediat®
peints When the chafn Is streiched on the slopz, the
arrow is not pur at the end of the chain but is placed
in advance of the end, by of an amount which allows
for the slope correction. In Fig. 3.27, B4’ is one chain
length on slope. The arrow is not put at 4' but is put
at 4, the distance AA' being of such magnitude that the _ r B
horizontal equivalent of BA is equal to | chain . The Cl. 1 chain »
distance AA’ is sometimes called hypotenusal allowance.

A

FIG. 3.27. UYPOTENUSAL

Thus, BA =100 sec 6 links 27, WYPOTE
BA’ =100 links .
1 Hence AA'= 100 see 8- 100 links = 100 (sec 8- 1) links .3
bt 2 4 :. ez Y
;gq Now sec e=1+%+-52%+ ...... (where © is in radian)-sl_1+-2-§
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M'=100[1+-3—1—1Jli|1ks
or A4"=500" links (3.5 a)
If. however. © is in degrees, we have
9:!( —-—1'5 1)
sec \1 + 10 000 0
AA'=100[1+£—92—1] links
10 .000 /
L5 o
or i
AA" = 355 0" links _ ...(3.5 b).
Thus. if 8=10° A4'=1.5 links.

If the slope is meastred by levelling. it is generally expressed as 1 in . meaning
thereby a rise of 1 unit vertically for » units of horizontal distance.

Thus 9=% radians
59 3.5 0

"

Hence from Eq. 3.5 (a). A4’'=500%=

Thus. if the slope &s I in 10,

The distance 44 is an allowance which must be made for each chain length measured
on the slope. As each chain length is measured on the slope. the arrow is ser forward
by -this amount. In the record book, the horizontal distance between B and A is directly
recorded as 1 chain. Thus, the slope is allowed for as the work proceeds.

Example 3.7. The distance between the points measured along a slope is 428 m.
Final the horizomal distance between them if f(a) the angle of siope between the points
is 8° (b} the difference in level is 62 m (¢) the slope is 1 in 4 . .

Solution.
et D = horizontal length ; [ = measured length =428 m
-{@) D=1cos6=428cos 8 °=423.82 m

(5) D =r-it=N 428y - (62)" = 423.48 m

(¢) For 1 unit vertically, horizontal distance is 4 units.
tan 6 = = 0.25 6= 14° 2
L=1lcos6=428cos 14°2' =415.23 m.

Example 3.8, Find the hypotenusal allowance per chain of 20 m «engih if (i) the
angle of slope is 10° (i) the ground rises by 4 m in one chain length. '

Solution.

(/) Hypotenusal allowance

ar

= 100(sec &~ 1) links
= 100( sec 10° - 1) = 1,54 links = 0.31 m,
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' 6=k =i202 or 8=11°19
@ n6=25=5="0
Hypotenusal allowance = 100 (sec 11° 19" = 1) links
=1.987 links =0.4 m.
Alternative approximate solution
() From Eq. 3.5 (b),
1.5 .
Hypotenusal allowance =WG1 links
Here 8= 10°
v 1.5 2 .
=—(10y =15 links=0.3 m.
Hypotenusal allowance 00 (10
(i) Slope is 4 m in 20 m or lmin5m or Iminzrm  where n=35.
Hence from Eq. 3.5 (¢).
=30 i = 32 Jinks
Hypotenusal allowance == inks = 6)—1
' =2 links ~ 0.4 m,

Example 3.9. In chaining a line, what is the maximum siope (f’) in degrees, and
() as 1 in n, which can be ignored if the error from this source is not 1o exceed I
in 1000.

Solution. .

While chaining on the sloping ground, the error is evidently equal to the hypotenusal
allowance if this is not taken into account. The value of this error (i.e. hypotenusal allowance)
is given by Eq. 3.5 (2), (&) and (0).

(a) Error per chain=1 in 1000 =0.1 link
Hence from Eq. 3.5 ($),
L5 2 .
—08°=0.1 link
100 o
_ 0 = 0.1 x 100
o =713

From which 0 = 2,6°.
(1) Error per chain=0.1 link
Hence from Eq. 3.5 {c).

:_ 50 _
=0.1 or m =0 500

=’...[ b

From which n=1224.
Max. slope is 1 in 22.4,
3.9. ERRORS IN CHAINING

A general classification of errors is given in Chapter 2 and it is Decessary in studyins
this article to keep clearly in mind the difference between the cumulative and compensating
errors, and berween positive and negative errors.




" SURVEYING

A cumulative error is thar which occurs in the same direction and tends to accurnuiate
while a compensating error may occur in either direction and hence tends to compensate.
Errors are regarded as positive ar negative according as they make the result too great
or foo small.

Errors and mistakes may arise from -
Erroneous length of chain or tape.

2.  Bad ranging
Careless holding and marking, 4,

6

8

Bad straightening.
Sag in chain.
Variation in pull.

Non-horizoatality
Variation in temperature,
Personal mistakes.

1. Erroneous. Length of Chain or Tape. (Cumulative + or-). The error due to
the wrong length of the chain is always cumulative and is the most serious source of
error. If the length of the chain is more, the measured distance will be less and hence
the error will be negative. Similarly, if the chain is too short, the measured distance. will
be more and emor will be positive. However, it is possible to apply proper correction
if the length is checked from time to time.

2. Bad Ranging. (Cumulative, +). If the chain is stretched out of the line. the
measured distance will always be more and hence the crror will be positive. For each
and every stretch of the chain. the error due to bad ranging will be cumulative and the
effect will be too pgrear a resule. The error is mot very serious in ordinary work if only
the length is required. Bur if offsetting is to be done, the error is very serious.

3. Careless Holding and Marking (Compensating + ). The follower may sometimes
hold the handie to one side of the arrow and sometimes to the other side. The leader
may thrust the arrow vertically into the ground or exactly at the end of chain. This causes
a varable systematic error. The error of marking due to an inexperienced chainman is
often of a cumulative mamre, but with ordinary care such errors tend (o compensate.

4. Bad Straightening. (Cumulative, +). If the chain is not straight but is lying
in an irregular horizontal curve, the measured distance will always be too great. The error
is, therefore, of cumulative character and positive

5. Non-Horizontality. (Cumulative, +). If the chain is not horizontal {specially in
case of sloping or irregular ground), the measured distance wili always be wo great. The
error is, therefore, of cumulative character and positive,

6. Sag in Chain. (Cumulative, +). When the distance is measured by ‘stepping’
or when the chain is stretched above the ground due to unduiations or irregular ground.
the chain sags and takes the form of a catenary. The measured distance is. therefore,
too great and the error is cumulative and positive.

7. Variation in Temperature, (Cumulative, + or —). When a chain or rape is used
at temperature different from that at which it was calibrated, its length changes. Due to
the rise in the temperawre. the length of the chain increases. The measured distance is
thus less and the error becomes negative. Due (o the fall in temperamure. the length decreases.

The measured distance is thus more and the error becomes negative. In either cases the
emror is cumulative.

© N -
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8. Variation in Pull. (Compensating * , or Cumulative +or-). If the pull a?pliefl
in straightening the chain or tape is not equal to that of the standard pull §t \_vluchllt
was calibrated, -its length changes. If the pull applied is not meqsgred bur is irregular
(sometimes more, sometimes less), the error tends to compensate. A chainman may. however.

apply too great or too smalt a pull every time and the error becomes cumulative.

9. Personal Mistakes. Personal mistakes always produce quite irregular effects. The
following are the most common mistakes : . - -
’ l(]:';g Displacement of arrows. If an arrow is disturbed from its po.snmn- gither by
Kknocking or by pulling the chain, it may be replaced wrongly. To avoid this, a cross
must also be marked on the ground while inserting the arrows. . .

(ib Miscounting chain length. This is a serious biunder but may be avoided if a
systematic procedure is adopted to coumt the number or- arrows . »

(i) Misreeding. A confusion is likely between readlr'lg a5 muuly for 15 m tally.
since both are of similar shape. It can be avoided by seeing the central tag. Sometimes.

. a chainman may pay more attention on cm reading on the tape and read the metre reading

wrong. A surveyor may sometimes read 6 in place of 9 _or 28.26 in place o1f_ 28.6.2c.l

(v} Erroneous booking. The surveyor may enter 246 m‘place of 264del; ::lr::o;r
such possibility, the chainman should first speak out the reading loudly and the survey
should repeat the same while entering in the field book.

Summary of errors in chaining

Cumulative + or —

1.  Incorrect length of tape .
2. Bad ranging Cumulau?re +
3. Tape not stretched horizontally Cumulatfve +
4. Tape not stretched tight and straight, but both ends in line Cumulatfve +
5.  Error due to temperature Cumulanve' +or -
6. Variation in pull Compen-satmg *
7.  Ermror due to sag Cumulauve. +
8.  Error in marking tape lengths Compensating +
9.  Disturbing arrows afier they are set Bl?mder
10. FErrors in reading the tape Mistake

Blunder

11. Incorrect counting of tape lengths

Relative Importance of Errors . _
1. Cumulative errors are more important than compensating errors.
2. Not all the cumulative errors are equally imporiant.

3. In a short line, 2 compensating error fails to compensate bccause SuCl‘l an ci;t;r
may occur only once or twice. The more tape lengths there are in a )
the more likely are such errors to be truly compensating.

4. The more times a line is measured, the more likely are accidental errors (o
disappear from the mean.
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5. Orne cumulative efror sometimes balances other cumulative
a greater pull may offset sag,
in the length of the tape.

6. All things being equal it is most important to guard against those errors which
are most likely to oceur.
3.10. TAPE CORRECTIONS
We have seenthe different sources of errors in linear measurements. In most of
the errors, proper corrections can be applied. In ordinary chaining, however corrections
ar€ Dot necessary but in important and precise work, corrections must be applied. Since
in most of the cases a tape is used for precise work, the corrections are sometimes called

as ‘tape cotrections’, though they can also be applied to the measurements taken with a
chain or with a stee]l band,

A correction is positive when the erroneous or uncorrected length is to be incfeased
and negative when it is to be decreased to get the true length, ,
After having measured the length, the correct length of the base is calculated by
applying the following corrections : ‘
- Correction for absolute length
. Correction for temperature
. Correction for pull or tension
. Correction for sag
. Correction for slope
Correclion for alignment
. Reduction 10 sea level,
. Correction to measurement in vertical plane
Correction- for Absolute Length
the absolute length {or actual length) of the tape or wire is not equal to
its nominal or designated length, a correction will have to be applied to the measured
length of the line. If the absolute length of the tape is greater than the nominal or the
designated length, e measured distance wiil be too short and the comrection will be
additive. If the absolute length of the tape is lesser than the nominal or designated length.
the measured distance will be too great and the correction will be subtractive.

Thus,

where  Cg=correction for absolute length

L = measured length of the line

€ =correction per tape length

I=designated length of the tape

Ca will be of the same sign as that of c.
2. Correction for Temperature

If the temperature in the field is more than the temperawre at which the tape
was standardised, the length of the tape increases, measured distance becomes fless. and

error. For example,
or high temperature may offset a slight shortage

i B IR - N T I TR S

Cﬁé}—c . (3.6)
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the correction is therefore, additive. Similarly, if the temperature ist Ies:v. the lt.:ngth T::
the tape decreases, measured distance becomes more and the correction 15 negarive.
temperature correction is given by
C=a(Tn-TylL

a = coefficient of thermal expansion

Tm=mean temperature in the field during measurement

Ty = temperature during standardisation of the tape

L = measured length, -
If, however, steel and brass wires are used simultancously, as in Jaderin's Method,
the corrections are given by

(3.7

where

T = s Lol D

G ('bass)_.___ i(, t) . [38 (a)]
il st .38 (b

and G (steel)- ( . ) 3 )]

To find the new standard temperature 7, which will produce the nominal length of

the tape or band '
Some times, a tape is not of standard or designated length at a given standard temperat;r’e
T,. The tape/band will be of the designated lepgth at a new standard temperature Iy’

Let the length at standard temperature T, be I 8l, where / is the designated length

of the tape. .
Let AT be the number of degrees of temperamre change required to change the

. length of the tape by =3I

Sl=(x8) a AT

L8 a8

REIITERL

(Neglecting 5! which will be very small in comparison to ) .

If 1:0 is the new standard temperature at which the length of the tape will be exactly

equal to its designated length /, we have
T'=TotAT

Then
AT

ot .39
or Tu = ToiT&'

See example 3.17 for illustration.

3. Correction for Pull or Tension .

If the pull applied during measurement is more than t'he pull at which Jthe mal:l “!r;:
standardised, the length of the tape incremses, measured distance becomes ess,d‘3 e
correction is positive.  Similarly, if the pull is .leSs,. the let'igth of the tape )
measured distance becomes more and the comrection is negative.

If C; is the correction for pull, we have
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(P-P)lL
%=""2g
where  P=Pull applied during measurement (N)
Po = Standard pull (N)
L = Measured length (m)
A = Cross-sectional arez of the tape (cm?)
E=Young’s Modulus of FElasticity (N/cm?)
The pull applied in the field should be less than 20 times the weight of the tope.
f" Correction for Sag : When the tape is stretched on supports betweem two points,
it takes the form of a horizontal catemary. The horizontal distance will be less than the
distance along the curve. 'The difference between horizontal distance and the measured

length ‘along catenary is called the Sag Correction. For the purpose of determining the
correcuon, the curve may be assumed to be a parabola.

..(3.10)

i d!M " M b
A A4
(@) (b}

FIG. 3.28. SAG CORRECTION

Let L =length of the tape (in metres) suspended berween 4 and B
M =cenre of the tape
h=vertical sag of the tape at its centre
w=weight of the tape per unit length (N/m)
Cq = Sag correction in metres for the length 4
Cs=Sag corection in metres per tape length !
W, wl = weight of the tape suspended between A and B
= horizontal Jength or span between 4 and B.

The relation between the curved length (4) and the chord length (d) of a very
flat p_arabola, [i.e., when%issma]l) is given by
1 .

el 143127

H 1 =_3 K
COCE Cy= d -1 § d_l ...7(1.)

The value of h can be found from statics [Fig. 3.28 (b)]. If the. tape were cut
at the cenwe (M), the exterior force at the point would be tension P. Considering thé
equilibrium of half the length, and taking moments abour 4, we get
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_wh ﬁ‘_l - wh &y
Ph=x%="%g

_ W!] d]

or h—-———sp ..{(2)
Substinting the value of A in (1), we get
8 . wh d, ) d 2 I (WII)I [|W|1

G, = ( = 1) == (3B
NTTF Ll ep 24p7 M 2 50pT TP G.1D

If [ is the rtoml Jength of tape and it is suspended in n equal number of bays,
the Sag Correction (C;) per tape length is given by
nh(wh) _LwhY 1w} W
: 24PT 24P  24n°P' 224n’P?
whete  C:=tape correction per tape length
= total length of the tape
W=total weight of the tape
n=number of equal spans
P=pull applied
If L =the total length measured
and N=the number of whole length tape
then : Total Sag Correction = NC + Sag Correction for any fractional tape length.
Note, Normally, the mass of the tape is given. In that case, the weight W (or
wl) is equal to mass x g, where the value of g is taken as 9.81. For example, if the
mass of tape is 0.8 kg, W =0.8x9.81 =7.848 N.
" It should be noted thar the Sag Correction is always negative. If however, the iape

was standardised on catenary, and used on flat, the correction will be equal to 'Sag
Correction for standard pull -sag correcion af the measured pull’, and will be positive

Ci=nlu= -(3.12)

if the measured pull in the field Is more than the standard pull.

For example, let the tape be standardised in catemary at 100 N pull.
if the pull applicd ip e fieid s 120 N, the Sag Correction will be = Sag Lurrecuon
for- 100 N pull - Sag Correction for 120 N pull ’
LW kWY
T 24 (0003 24 (120

i|W1 1 1
) [(100) (120)1}
and s evidently positive
If the pull applied in the field is 80 N, the Sag Correction will be
L hwi -i'z'-r——l—-—*—l—] and is evidently negative.
274 (00F 2480y 24 [(100Y (80F
If, however the pull applied in the field is equal to the standard pull, no Sag
Correction is necessary. See Example 3.13.
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Equation 3.12 gives the Sag Correction when the ends of the tape are at the same
level: If, howev?r. the ends of the tape are not at the same level, but are at an inclination
8 with the horizontal, the Sag Correction given is by the formula,

P 2 wl .
Gy = C; cos 9[1+Fsm9J .13 @]
when tension P is applied at the higher end ;
, wi |
and C =G cos=e[1--P—sm9] B.13 ®)
when tension P is applied at the lower end.
If, however, 6 is small, we can have
G =Cscos 0 .-(3.14)

irrespective of whether the pull is applied at the Ligher end or at the lower emd. Jt
shouid be noted that equation 3.14 includes the corrections both Jor sag and sltope, ie.
g"lgquation 3.14 is used, separate correciion for slope is not necessary.  Ste Example

. Normal Tension. Normal tension is the pull which, when applied to the tape, equalises
the correction due to pull and the correction due to sag. Thus, at normal tension or pull,
the effects of pull and sag are neutralised and no correction is DEcessary.

The correction for pull is wa (additive)
N SN
The correction for sag . Cy=--—"'_ ="' (subtractive
24P up? ¢ )

where P =the normal pull applied in the field.

Equating numerically the two, we get
(Pn"Po)ll = l;W,z
AE 24 pf

“i(3.15)

" The value of P, is to be determined by trial and error with the help of the above
equation.

- 5. Correction for Slope or Vertical

Alignment

The distance measured along
the slope is always greater than the
horizontal distance and hence the cor-
rection is always subrractive.
Let
AB =L = inclined length measured

AB, = horizontal length

FIG. 3.29. CORRECTION FOR SLOPE.
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" h = difference in elevation berween the ends

Cy=slope correction, or correction due to vertical alignment
Then Cy=AB-AB =L-\NL}-¥
KR

=L-[{]l-—=-—}| = + ...
[ )i SL‘] 2L g

.

The second term may safely be neglected for slopes flatter than about 1 in 23.

2

Hence, we get =-"ﬁ (subtractive)

Let L, L, ....etc.=length  of successive umiform gradients
h,, By, ...cic.= differences of elevation between the ends of each.

The total slope correction = h—'z + l‘-’z— =5 i
pe "o T 2,

..(3.16)

hz

If the grades are of uniform length L, we get total siope conection:-iL—

If the angle (8) of slope is measured instead of h. the correction is given by

8
Cy=L-Lcos®=L(l-cos @) =2Lsin’5

Effect of measured value of slope ©
Usually, the slope 8 of the
line is measured instrumentally,
with a theodolite. In that case
the following modification should
be made to the measured value
of the slope. See Fig. 3.30.
Let k= height of the A
instrument at A f
h; = height of the rarger '
at B f'
o = measured vertical A 8
angle
0 =slope of the line
AB
I= measured length of the line
Then =0+ ba. From A A\BiB;, by sine rle, we get
(s — Ba) sin (90° + @) (fu — hy) cos &
I - !
_ 206265 (hy — hy) cos @
The sign of S« will -be obtained by the above expression itself.

FIG. 3.20

. sinda=

6&"

(3.17)

{318

- ey

¢

Py e — ey
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6. Correction for horizontal alignment
{a) Bad ranging or misalipnment
If the tape is stretched out of line, measured distance will always be more and
hence the correction will be negative. Fig. 3.31 shows the effect of wrong alignment,
in which. 4B = (L) is the measured length of the line, which is along the wrong alignment
while the correct alignment is AC. Let d be the perpendicular
deviation.

B
Then L-it=q? /lu
or (L+H@-n=d’ , A ! c
Assuming L = / and applying it to the first parenthesis
only, we get .
2L(L-Dha 4° FiG. 3
d'l

—1a 4

or L-1 o
d!.
Hence comection Cp= 3 w(3.19)

It is evident that smaller the value of d is in comparison to L, the more accurate
will be the result.

(b) Deformation of the tape in horizontal plane

If the tape is not pulled straight and the length
L, of the tpe is out of the line by amount d, then

C
dt | 4t Ol P
Chse—+ .03
Ly vl ¥R A ’ 8
e l’ |
. {¢) Broken base v b
Due 10 some obstructions etc., it may not be ;
FIG. 3.32

possible to set out the base in one continuons straight
line. Such a base is then called a broken base.

In Fig. 233, Izt 4C= suaigh base
AB and BC=two sections of the broken base
B = exterior angle measured at B.
AB=c ; BC=a ; and AC=b,
The correction

(Cy) for horizomtal align-
ment is given by
Ch={a+c)y-»b
....(subtractive)
The length b is given
by the sine rule
b*=a’+ ¢+ 2 accos p

FIG. 3.33. CORRECTION FOR HORIZONTAL ALIGNMENT
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or .a'j+cz—b1=—2acmsﬁ
Adding 2ac to both the sides of the above equatiom, we get
A+ -V +2ac=2ac-2accosp or (a+c)’ - =2ac(l-cosp)

2ac (1 - cos p) 4ac sin’ %B

a+c)-b=

@a+o+bh (@+o+b
dacsin*1p
= -b=—— ...[3.21(a)
Ch=(@+c)-b Gioth [ ]
Taking sin:B~1B and expressing P in minutes, we get
, _acpsin I’ .[3:210)]
(@+c)+b
Taking b~ (a+c) we get
_acpsin’ I’ (3.21]
Cr=ZG@+o
2
= 2P 42308 x 107 - [3.210)
(a+¢)

where 3 sin’ 1’ = 4.2308 x 107

7. Reductton to Mean Sea Level

The measured horizental
distance should be reduced to the
distance at the mean sea level,
called the Geodetic distance. If
the length of the base is reduced
to mean sea level, the calculated
length of all other triangulation
lines will also be corresponding
to that at mean sea level
Let AB = L = measured
horizomal distance

A'B' = D = equivalent

length at M.S.L.=Geodetic
MS.L. -

' #=mean equivalent
of the base line above

M.S.L.
R = Radius of earth o
8 = angle subtended at
the centre of the earth, by °
AB.

FIG. 3.34. REDUCTION TO MEAN SEA LEVEL

e -
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Then 6= b__L.
R R+h
R hY! h Lh
D=L =L[ _] - [ __]= _Lh
R+h bt R ¢! R L R
~. Comrection (Cpy)=L~-D = ERE {subtractive) (3.22)
8. Correction to measurement in vertical plane
Some-times, as in case of measurements in mining shafts, it is required A
to make measurements in vertical plane, by suspending a metal tape vertically. 5

When a meral tape AB, of length [, is freely suspended vertically, it will
lengthen by value s due to gravitational pull on the mass ml of the tape.
In other words, the tape will be subjected to a tensile force, the value X
of which will be zero at bottom point (B) of the tape, and maximum
value of mg! at the fixed point A, where m is the mass of the tape

per unit length. Chix
Ler a mass M be attached to the tape at its lower end B. Consider i
a section C, distant x from the fixed point 4. It we consider a small f=x
length &x of the tape, its small increment 8y, in length is given by Hooke's l
law B X
_ P (Sx) Mass M
S=—F
where P=pull at point C, the value of which is given by, FIG. 3.35
P=Mg+mg(l-x)
Substituting this value, we get
or AE 5—SI-=J\a.!’g+.'1'zg!—m-:,guc
) 4
k)
Integrating, AE s;=Mg x + mglx - EEI— +C
When vy—0 and » =0 hopee s L,.- M
51=E[M+lm(2l—x)] ..(323 a)
ml
If x=1, =2 —
s AE[M+ > ] (323 b)
When M =0, —L
> 4E ..(3.23)

Taking into account the standardisation temsion factor, a negative extension must be
1allowed initially as the tape is not temsioned up to standard temsion or pull (Py). Thus,
the general equation for precise measurements is

& _n-P
S"_AE[M"- m2 - x) g]

. .(3.24)
See example 3.19 for illustration.

|
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Example 3.10. A tape 20 m long of standard length at 84 °F was used !o measure
a line, the mean temperature during measurement being 65°. The measured distance was
882.10 metres, the following being the slopes ‘

2°10° Jor 100 m
412 for 150 m
106 for 50 m
7°48 for 200 m
30 for 300 m
5°10°  jfor 8210m
Find the true length of the line if the co-efficient of expansion is 65 x 1077 per I°F.
Solution. Correction for temperature of the whole Iength =G
=L a(Tn- To) = B82.1 x 65 % 1077(65 — 84) = 0.109 m (Subtractive)
Correction for slope = Zi(2 - cos 6)
=100 (1 — cos 2° 10" + 150 (1 - cos 4° 12") + 50 (1 ~ cos 1° 6')
+200 (1 - cos 7° 487 + 300 (1 - cos 3°) + 82.10 (1 - cos 5° 10°)
=0.071 +0.403 + 0.009 + 1.850 + 0.411 + 0.334
=3.078 (m) (subtractive)

" Total correction= 0.109 +3.078 = 3.187 (subtractive)

.. Corrected length = 882.1 - 3.187 = 878.913 m.

Example 3.11. (SI Units). Calculate the sag correction for a 30 m steel under o
pull of 100 N in three equal spans of 10 m each. Weight of one cubic cm of steel
=0.078 N. Area of cross-section of tape =0.08 sg. cm.

Solution. Volume of tape per metre run =0.08 x 100 = 8 cm’

* Weight of the tape per metre run=38x0.078 =0.624 N

. Total weight of the tape suspended between two suppotts = W=8x 0.078 x 10=6.24 N
. : =W 310y (622Y
MNOw  cOrrecnon oI sag-= Ly= 3 = 2= 7

24 P 24P 24 (100)

Example 3.12. A stee! tape 20 m long standardised ar 55° F with a pull of 10

kg was used for measuring a base line. Find the correction per tape length, if the temperature
ar the time of measurement was 80 °F and the pull exerted was 16 kg. Weight of 1 cubic

cm of steel =7.86 g, Wi of tape=0.8 kg and E=2.109 x10® kg/cm’. Coefficient of

AL
NS = 0.00487 m.

" expansion of tape per 1°F=6.2x10""

Solution, Correction for temperature= 20 x 6.2 x 10 %80 — 55) = 0.0031 m (additive)

. _(P-POL
Correction for pull= T
Now, weight of tape=A (20 x 100)(7.86 x 10°%) kg =0.8 kg (given)
4==28 __0051 sq. em

7.86 x2

Lr SRR W R AL
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_ {(16-10)20
0.051 x 2.109 x 10°

2 2
Correction for sag= %% = M =0.00208 m (subtractive)
... Total correction = + 0.0031 + 0.00112 -~ 0.00208 = + 0.00214 m

3.11. DEGREE OF ACCURACY IN CHAINING

Some conditions affecting the accuracy are (f) fineness of the graduations of the
chain (i) nawre of the ground, (iif) time and money available, (iv) weather etc. The error
may be expressed as a ratio such as 1/n which means there is an error of 1 unit in
the measured distance of n units. The value of n depends upon the purpose and extem
of the different conditions:

(1) For measurement with invar tape, spring balance, thermometers, etc. 1 in 10,000

(2) For ordinary measurements with steel tape, plumb bob, chain pins eic.l in 1,000

(3) For measurements made with tested chain, plumb bob, etc. 1 in 1,000

(4) For measurements made with chain under avérége conditions 1 in 500

(5) For measurements with chain on rough or hilly ground 1 in 250

PRECISE LINEAR MEASUREMENTS

In the linear measurements of high degree of precision, errors in measurements must
be reduced to a far degree than in ordinary chaining. The method of linear measurements
can be divided into three categories : (1) Third order (2) Second order, (3) First order
measurements. Third order measurements, generally used in chain surveying and other minor
surveys have been described in the previous articles. Second order measurements are made
in the measurement of traverse lines in which theodolite is used for measuring directions.
First order measurements are used in triangulation swrvey, for the determination of the
length of base line.

1. SECOND ORDER LINEAR MEASUREMENTS

The following specifications of second order chaining* are taken from Manual 20.
cuiitied Hocliuniai Coiiroi Surveys to supplement the Fundamenial Net, published by American
Society of Civil Engineers. '

1. Method. Length measurements should be made with 100 fi. tapes of invar or
of steel, supported either ar the 0 fi. and 100 . marks only, or throughout the entire
tape. The two point support method can be adapted to all ground conditions and, therefore.
is used almost exclusively. The supported throughout method should be used chiefly for

Hence, G =0.00112 (additive}

..

measurements on rail road rails. It can be used on concrete road surfaces, but even when

great care is taken, the wear on the tape is excessive. Reduction in cross-sections due
10 wear increases the lemgth of the tape under tension because of the increased streich
and decreased sag.

If possible, measurements should be made on hazy days, unless an invar tape is
used. Measurement over bridges or other structures should always be made on cloudy days.

* “Surveying Theory and Practice” by John Clayton Tracy.

s domieiemini
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or at night, and should be repeated several times to overcome errors due to the expansion
of the structure.

2. Equipment. The equipment for one taping party should consist of the following:

Ore tape ; five to ten chaining tripods; one spring balance } two standardized thermometers:
two tape stretchers ; two rawhide thongs : five to ten banker's pins for marking; two plumb
bobs ; adhesive tape, 1/2 in. and 1 in. widths; one keel; fifty stakes, 2 in. by 2 in.
by 30 in: one transit, preferably with attached level ; one seli-supporting target ; one level
(if no ansit level is available) ; one level rod, graduated to hundredths of a foot: two
folding rules graduated to tenths of feet; ome brush hook, one hatchet ; one machete ;
one 6 Ib, or 8 lb. hammer to wooden maul ; one or two round-end shovels ; record books
and pencils.

3, Personnel. The minimum taping party consists of the chief (who acts as marker),
recorder, tension man, rear tapeman and instrument man. A level man must be added if
the transit is not equipped with a level or if a hand level is used.

4. Field Procedure : tape supported at two poimts, A target is set at the point
towards which measurement is to be made, and the tripods are distributed roughly in
position. The tansit is set up at the point of beginning and sighted on the targer. Although
alignment by transit is mot necessary, it increases the speed of the party greatly. If the
beginning point is not readily accessible to the tape, 2 taping tripod is placed under the
instrument, carefully in order not to disturb it, and the starting point is transferred to
the edge of the top of the taping tripod by the instrument plumb bob. The tripod is
not removed until the taping of the section is completed. .

The tape is stretched out in the line of progress with the 100 fi. mark forward,
and a thermometer is attached at the 2 ft. mark with adhesive tape so that the bulb is
in contact with the measuring tape, but free from adhesive tape. A loop of rawhide or
string is passed through the eye of the tape at the zero end, and tied 6 to 18 in. from
the tape. The tape end is laid on the starting wipod. A rear tapeman passes his strefcher
through the loop and places the lower end of the stretcher on the ground against the
outside of his right foot. The upper end is under his right arm and behind his shoulder.
In this posiuen, be ieans over the tape to see that the zero graduation 1s held exacty
on the mark. This is readily controlled by adjusting his stance. However, he may find
it helpful to grasp the tape mear its end and behind the mark, applying a skight kinking
force, just sufficient to conmtrol the position of the zero graduation. ‘

The tension man passes his stretcher through a 6-in. loop of rawhide attached to
the spring balance, Snaps the spring balance to the tape, and using the same position employed
by the rear tapeman, applies a 200 Ib. tension.

The chief of the party who acts as marker places a tripod in live (as directed by
the instrument man) and under the 100 ft. graduation. The tension man slides his rawhide
thong until the tape just clears the top of the tripod. The marker must see that the
tape is dry, clean and free from all obstructions and may run a light sag along its entire
length at this time to remove any moisture or dirt. The marker gently depresses the 1ape
to touch the marking surface of the forward tripod and, on a signal from the fension
man that he has exactly 20 Ib., and from the rear tapeman that the mark is right, he
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marks the tripod at 100 ft. mark. When the wipod has a wooden top, the mark may
be made with hard penmcil or with a T-shaped banker's pin which is forced imto the
wood to mark the point, and is always left sticking in the tripod. Bristol board of the
thickness of the tape mtay be secured to the top of the mipod with Scotch marking tape,
so that the edge of tape butts against the edge of the Bristol board. The terminal mark
of the tape can (hen be transferred to the board with a marking awl or a sharp, hard
pencil. The Bristol board can be renewed at amy tme. On the heavier type of ripod.
the mark may be made on the strip of white adhesive tape attached temporarily to the
top of the tripod. Tension is released slowly, then re-applied for a check on the marking,
signals from the tension man and rear tapeman being repeated. The recorder obtains
the temperature from the rear tapemen, holds the rod on the tops of the chaining tripods
for the instrument man and records the rod readings. A record is made for each individual
tape length or partial tape length, which includes the length used. the temperature and
the inclination.

The .marker moves back to support the centre of the tape, and it is then carried
forward, the tape being held clear of all contacts by the marker, the tension man and
the rear tapeman. After the second tape length is measured, the recorder may begin picking
up the tripods. He can carry about five of these, to be distributed later to the entire
party, When it is pecessary to bring the transit up, one of the tripods is placed accurately
on line and the instrument is set up over it. For distance of less than a tape length,
the tape is read independently by both the chief of party and the recorder. If the reverse
side of the tape is gradvated in metres, the.metric reading should be recorded as well.
The head of the tape is carried beyond the end point, the zero mark being at the back
tripod as usual. If the set up is more than 50 ft., a 20 Ib. tension is used: otherwise
a-pull of 10 1b. is used ; this affords a close approximation for proportional application
of the standard tape correction. ‘

5. Field procedure : tape supported throughout. When the tape is supported throughout,
the procedure is much the same as in the foregoing description, except that no transit
alignment is necessary on railroad rails. The rails themselves are sufficiently  accurate.
Stretchers are placed in from the foot. which is vlaced on the base of the fulcrum. The
recorder must aid the rear rapeman in making contact. On railroad rails or asphbalt roads.
marks can be made with 2 sharp awl, but on concrete surfaces a piece of adhesive tape
should be smck to the pavement and marked with a hard pencil.

6. Backward Measurement. It is best to measure each section in two directions.
Although this is not demanded by the accuracy required, it provides the omly proper check
against blunders. The results, reduced for temperature and inclination should agree within
one part in 30,000.

7. Levelling. Levelling may be done with a surveyor’s level. the attached level
on a transit, or hand level or a clinometer. All have been used successfully, but the first
two increase both speed and precision. When a surveyor's level or a tramsit level is used.
readings are taken to hundredth's of a foot on the tops of the tripods. A reading is taken
on the same tripod from each of the two instrument positions, when the instrument is
moved, and care. taken to denote which reading was obtained from each position.

REME. n
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An extra man should be available when the hand level is used. He should carry

| i ding mear the 50 fr. mark. should take
1oht notched stick to support the level, and standing : \
: ilegahdmg to tenths of a foot on both tripods for each tape length, recording the dlfferden‘r):e
" elevation. Collapsible foot rules, graduated to tenths of a foot. should be'carne ¥
]the ension man and the rear tapeman for the levelman to sight on. The clinomeier Is

most successfully employed when 4 ft. taping tripods are used. It is placed on one tripod

and sighted on a small target on-the next tripod. The angle of inclination or the percentage

ade is recorded. _
g 8. Field Computations. The measurements should be reduced as soon as possible.

either in the field or in the field office. A form for computation is given below
FORM OF COMPUTATION FOR REDUCING MEASUREMENTS

[ Uncorrecied Correction ! T!._:
fength nu. ‘ -E: { _§
- = B :
SE & 5 g °
g .§ E 2 a E. ‘§ ‘ g‘.g
£ @ tgt e g _é E g 77| E 3
;§ E BE| £ = - = 3 g o <513 &
[T} £ 2 E| E‘ a 8
e £ & |8 jgz| o
Lk E 1% |E5]31)3
m | | e |} m | ‘ (m)

|
2. FIRST ORDER MEASUREMENTS : BASE LINE MEASUREMENTS _
(A) Rigid bars, and (B) Flexible

roz ~mn boin FArme nf hgge meacnring annatatus

apparatus.
(A) Rigid Bars A '
Before the introduction of invar ftapes, rigid bars were used for work of highest
- . . . . Jasses !
recision. The rigid bars may be divided into two ¢ . _
’ (i) Contact apparatus, in which the ends of the bars are brought Into sucrfasswe
contacts. Example : The Eimbeck Duplex Apparatus. ) aved on
] i i i ffective lengths of the bars are en
(if) Optical apperatus, 1 which the e
them and observed by microscopes. Example: The Colby apparatus and the Woodward Iced
Bar Apparatus. ‘ .
The rigid bars may also be divided into the following clas_se_s 'dependmg upon the
way in which the uncertainties of temperature corrections are minimised : .
(i) Compensating base bars, which are designed to maintain constant length undex
varying temperature by 2 combination of two or more metals. Example : The Colby Appararus.
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(i) Bimetallic non-compensating base bars, in which two measuring bars acl as a
bimetallic thermometer. Example : The Eimbeck Duplex Apparatus (U.S. Coast and Geodetic
Survey), Borda's Rod (French system) and Bessel’s Apparatus {German system).

(i) Monometallic base bars, in which the temperature is either kept constant at
melting point of ice, or is otherwise ascertained. Example : The Woodward Iced Bar Apparatus
and Struve’s Bar (Russian system).

The Colby Apparatus (Fig. 3.36), This is compensating and optical type rigid bar
apparaus designed by Maj-Gen. Colby to elimimate the effect of changes of temperature
upon the measuring appliance. The apparatus was employed in the Ordinance Survey and
the Indian Surveys. All the ten bases of G.T. Survey of India were measured with Celby
Appararus. The apparatus (Fig. 3.36) conmsists of two bars, one of steel and the other
of brass, each 10 ft. long and rivered together at the centre of their length. The ratio
of co-efficients of linear expansion of these metals having been determined as 3 : 5. Near
each end of the compound bar, a metal tongue is supported by double conical pivots held
- in forked ends of the bars. The tongue projects on the side away from the brass rod.
On the extremities of these tongues, two minute marks g and '’ are put, the distance
between them being exactly equal to 10 0". The distance: ab (or (a'#) 10 the junction

with the steel is kept % ths of distance ac (or ' ¢') to the brass junction. Due to change
in temperature, if the distance bb' of steel change ¢ by b’ by an amount x, the distance
ec' of brass will change to ¢y’ by an amount -;‘-.t, thus unaltering the positions of dots

a and . The brass is coated with a special-préparation in order to render it equally
susceptible to change of temperature as the steel. The compound bar is held in the box
at the middle of its length. A spirit level is also placed on the bar. In India, five compound
bars were simultaneously employed in the field. The gap between the forward mark of
one bar and the rear bar of the next was kept ‘constant equal to 6” by means of a framework
pased on the same principles as that of the 10° compound bar. The framework CORSists
of two microscopes, the distance between the cross-wires of which was kept exactly equal
10 6”. To start with, the cross-wires of the first microscope of the framework was brought

inrn oninsidance with the platimuin der, ' into the centre of the one extremity of the
base line. The platinum dot a of the first compound bar was brought inte the coincidence
with the cross-hairs of second microscope. The cross-hairs of the first microscope of the
second framework (consisting two microscopes 6" apart) is then set over the end ' of

the first rod. The work

is thus continued till a ke 1aer _i
length of fii “fR
(10’ x 5 +5 x 6") = 52 6" h
is measured at a time with HE o
the help of 5 bars and F IHE
2 frameworks. The work b"lf""""b Steel b E'
is' thus continued till the / ;
end of the base is reached, ol e Fit

FIG. 3.36. THE COLBY APPARATUS.
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(B) Flexible Apparatus
In the recent years, the use of flexible instruments has increased due to the longer
lengths that can be measured at a time without any loss in accuracy. The flexible apparatus
consists of (@) steel or invar tapes, and (b) steel and brass wires. The flexible apparams
has the following advamtages over the rigid bars :
(D Due to the greater length of the flexible apparatus. a wider choice of base sites
is available since rough ground with wider water gaps can be utilised.
(i} The speed of measwrement is quicker, and thus less expensive.
{iify Longer bases can be used and more check bases can be introduced at closer
intervals. i :
Equipment for base line measurement :
The equipment for base line measurement by flexible apparatus consists of the following:
1. Three standardised tapes : out of the three tapes one is used for field measurement
and the other two are used for standardising the field tape at suitable imtervals.
Straining device, marking tripods or stakes and supporting tripods or staking.
3. A steel tape for spacing the tripods or stakes.

Six thermometers : four for measuring the temperature of the field and two
for standardising the four thermometers.

5. A sensitive and accurate spring balance, -
The Field Work

The field work for the measurement of base line is carried out by two parties :

(1) The semting out party consisting of two surveyors and a number of porters, have
the duty io place the measuring tripods in alignment in advance of the measurement, and
at correct intervals.

(2) The measuring party, consisting of two observers, recorder, leveller and staffman,
for actual measurements. ’

The base line is cleared of the obstacles and is divided into suitable sections of
% to | kilometre in length and is accurately aligned with a transit. Whenever the alignment

changes, stout posts are driven firmly in the ground. The setting out party then places
the messuring mipods in alignments in advance of the measurement which can be done
by two methods

(/) Measurement on Wheeler’s method by Wheeler's base line apparatus.

(i) Jaderin's method.

{) Wheeler’s base line apparatus (Fig. 3.37)

The marking stakes are driven on the line with their tops about 50 cm above the
surface of the ground, and at distance apart sliphtly less than the length of the tape. On
the tops of the marking stakes, strips of zinc. 4 cm in width, are nailed for the purpose
of scribing off the extremities of the tapes. Supporting stakes are also provided at interval
of 5 to 15 metres, with their faces in the line. Nails are driven in the sides of the
supporting stakes to carry hooks to support the tape. The points of supports are set either
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on a uniform grade between the marking stakes or ar the same level. A weight is atiached
to the other end of the straining tripod to apply a unmiform pull.

Stralning

le
po Zink strip

onk strip

T TITII 77 @7
Rear Supporting Forward
marking stake marking
slake stake

FIG. 3.37. WHEELER'S BASE LINE APPARATUS.

To measure the length, the rear end of the tape is connmected to the straining pole
and the forward end to the spring balance to the other end of which a weight is attached.
The rear end of the tape is adjusted to coincide with the mark on the zinc strip at the
top of the rear marking stake by means of the adjusting screw of the side. The position
of the forward end of the tape is marked on the zinc strip at the top of the forward
marking stake after proper tension has been applied. The work is thus continued. The
thermometers are also observed.

(if) Jaderin’s method (Fig. 3.38)

In this method introduced by Jaderin, the measuring tripods are aligned and set at
a distance approximately equal to the length of the tape. The ends of the tapes are atrached
to the smraining tripods to which weights are atrached. The spring balance is used to measure
the tension. The rear mark of the tape is adjusted to coincide with the mark on rear
measuring mipod. The mark on the forward measuring tripod is then set at the forward
mark of the tape. The tape is thus suspended freely and is subjected to comstant tension.
An aligning and levelling telescope is also sometimes fitted to the measuring tripod. The
levelling ohservations are made by a level and a light staff fitted with a rubber pad for
contact with the tripod heads. The tension applied should not be less than 20 times the
weight of the tape.

Stralning Straining
tripod triped

T I I I i i lnririririiz
Rear Forward

measuring tripod measuring tripod

FIG. 3.38. JADERIN'S METHOD.

1 Take radius of earth
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| Measurement by Steel and Brass Wires : Principle of Bimetallic Thermometé’
' The method of measurement by steel and brass wire is based on Jaderin's applicatio®
of the principle of bimetallic thermometer to the flexible apparatus. The steel and bf'ass
wire are each 24 ni long and. 1.5 to 2.6 mm in diameter. The distance between the measuring
tripods is measured first by the steel wire and then by the brass wire by Jaderin meth
as explained above (Fig. 3.38) with reference to invar tape or wire. Both the wires are
nickel plated to ensure the same temperature conditions for both. From the measured lengths
given by the steel and brass wires, the temperature effect is eliminated as given below:
Let L, = distance as computed from the absolute length of the steel wire

Ly = distance as computed from the absolute length of the brass wire

a; = co-efficient of expansion for steel

ap = co-efficient of expansion for brass

D = corrected  distance

T»=mean temperatre during measurement

Ts = temperature at standardisation

T=Tn— T; = temperature increase

Now D=Ll + 0T =Ly(l + s T) D
or T(Lyop—Lsog)=Ls— Ly
I Lt N A2
Lb op — L; Ols
Substituting this value of T in (1) for steel wire, we get
aslLs — Ly) }
parf1+ el
o 1 Lpoap—Lg ts
3 ~ Correction for steel wire=D~L;
: - Ls agLs — Lb) .t as{ls — L) (329
Ly ap— Ly s ap — Os
with sufficient accuracy.
. . ) opfl- - I P
Suniiarly, COECHON IOL Drass wue =0 — Ly =+ ————— R Ll

o — O

The corrections can thus be applied withowt measuring the temperature in the ﬁ"”‘
The method has however beenm superseded by the employment of invar tapes of wires:

Example 3.13. A nominal distance of 30 meires was set ow with a 30 m steel
tape from a mark on the top of one peg to a mark on the top of anoiher, the 12P¢
being in catenary under a pull of 10 kg and at a mean temperare of 70° F. The
top of one peg was 0.25 metre below the top of the other. The top of the higher pet
was 460 metres above mean sea level. Calculate the exact horizontal distance between e
marks on the two pegs and reduce it o mean sea level, if the tape was standardised
a temperature of 60°F, in catenary, under a pull of (a) 8 kg, (B) 12 kg, (&) 10 1%

= 0370 km

Density of lape = 7.86 g /o’
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Section of tape =0.08 sq. cm
Co-efficlent of expansion = 6 x 107 per I°F
Young's modulus =2 x 10% kg/crt’.
Solution.
() Cormection for standardisation = nil
. 2 2
(i) Correction for slope = Ehz = (2032] =0.0010 m (subiractive)
(fi) Temperature correction =L.a (Tn—To) =30 x 6 x 107° (70 — 60)
=0.0018 m (additive)
(iv} Tension correction = UD—;—?-)E
(@) When Po=8ke
- 830 . .
Tension correction = —(—10——%—6 =0.0004 m. (additive)
0.08 x 2 x 10
(») When Po=12 kg, '
Tension correction = M =0.0004 m (subtractive)
0.08 x2x 10
(¢} When P;=10kg, Tension correction = zero
S Lw?
v} Sag correction =
) g 7 P

Now weight of tape per metre run =(0.08.x 1 x 100) x

7.86
Toog ke =0.06288 ke/m

.~ Total weight of tape =0.06288 x 30 =1.886 kg

(a)

»

©

30 x (1.886)) _ 30(1.886)°
24(8) 24(10)
= 0.0695 - 0.0445 = 0.0250 (additive)

, 30(1.886)°  33(1.386)°
When P, = 12 kg, o - _
en Py g, Sag correction T 24107

. = 0.0309 — 0.0445 = - 0.0136 m (subtractive)
When P;=10kg =P, sag correction is zere.

When P,=8kg, sag comection =

Final correction

(a)
()
€

Total correction = ~ 0.0010 + 0.0018 + 0.0004 + 0.0250 m =+ 0.0262 m.
Total correction = — 0.0010 + 0.0018 - 0.0004 — 0.0136 =-0.0132 m
Total correction = — 0.0010 + 0.0018 + 0+ 0 =+ 0.0008 m

Example 3.14. (I units). It is desired to find the weight of the tape by measuring
fis sag when suspended in catenary with both ends level. If the tape is 20 metre long
and the sag amounts to 20.35 cm af the mid-span under a tension of 100 N, what is
the weight of the tape ?

In Fig. 3.39, let tape be sup- r
ported at 4 and B, acnd let C be T,:
the lowest point where the tension : hi
A is horizontal having value equal to e
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Solution.
From expression for sag, we have
‘ _ WI[ d|
b= 7
But h=2035 cm (given}
Taking 4 =d, (approximately), we get
o
h= 8P
8Ph 8x 100 2035
or WE =3 Es < 00 N/m = 0.407 N/m

Example 3.15. Derive an expression for correction to be made jor the effects of
sag and slope in base measurement, introducing the case where the tape or wire is supported
at equidistant ‘points . between measuring pegs or Iripods.

Solution. (Fig. 3.39)

I

P. Let the horizontal lemgth be
}, and L such thatl +4=1 Let
5, and s, be the lengths along the curve

[
R e W
R .+ Y e

ol

suchthat s, + 5= 5 = total lengthalong ! , : , o
the curve. Let a = difference in | ! T ! 2 N

elevation between 4 and C, and b
= difference in elevation between B FIG. 3.39
and C. Let h=b-a= difference
in level berween B and A. Treating approximately the curve to be parabola, the equations
are :
y=hx, forCA and y=kx', for CB
where tbe origin is at C in both the cases.

Now, when x=h, y=a;, =~ k =%
i
and, When x=h y=b, . kz=%
2
Hence the equations are :
2
}'=§z-forCA and y=bi1 for CB
I] II
dy _2ax dy 2x
oY for CA and el for CB

Thus, the length of the curve,




P

2

I
s=sl+sz=j [1+[%J
1

Q

2 & b’]] 2
= +I+—(— — | |= =
{11 ) 3 ll+12 l+3

Again, from the statics of the figure, we get

2
P><zz=--1'“[—l

wi

2
P
2k

| =

I RIE -
3

and

_—
[

Substituting these values in (1), we get

sr=2{( ) e () #)
3ll2p) " 2p) 2

Now, writing I,=%I—e and t;=%l+e,

(s — D = (sag + level) correction

[
dr +
0

@ b
(Tﬁz]

1
for C4, and be=l"-21l for CB

2
- % %’7 @2+ i)

we get

2
1+(@]
[22 )

1

1“’1 z ll 3 )
=—-6P1[(§1-e)’+(;.t+e)’]=6WP2{?+31(12_1,)2}
Wz.l’ w‘l [2(12 _ II)Z ! (wl)l wz {,2
= 2 2" = 2 + 2
24P* 8P ! 24p 8P i
- 2_ 2 2 2
Now from (3), P—“:'i.‘i and from (2), — - =2
. a I 4P
RGeS A 4 n}’g_(b-a)z_ﬁi
Tgprt 1 2t Te T 2 T2l
Substituting in (4), we get
Lwh
- =_+_.
-0 24 p 21

Thus, the total correction is the sum of the separate corrections for sag and slope. F

| ax

]

N
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(D

{2)

{3}

.4

Example 3.16. A flexible, uniform, inextensible tape of total weight 2W hangs freely

between two supports at the same level under a tension T at each support. Show that .P :

‘horizontal distance between the supports s
H Io T+W
w B T-W

where H = horizontal iension at the centre of the tape and w = weight of lape per unit

length.
Solution

Fig. 3.40 (a) shows the whole tape, being hung from two supports A and B. Let
O be the lowest point, which is the origin of co-ordinates. Fig. 3.40 (b) shows a portion F
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OM of the tape, of length 5, such
that the horizontal tension at O
is H, and the tension P at point
M makes an angle y with the
x-axis. Resolving forces vertically

and horizontally for this portion

of tape,
Psiny=w.s§ (D
Peosy=H -u(2)
tan 'P:w_.s
H

(From 1 and 2)
Differentiating with respect
to x,
1 dy wds
sec wTE=_§E (3
Now, from the elemental
miangle [Fig. 3.40 (c)]

ds
eV
dy w
2 = _
sec’y . — =g sV
dy w
or secy . o= g

FIG. 3.40.

.4}

Let ' be half the length of tape, and y' be the inclinaton of tangent at the end.

Integrating Eq. (4) from O to B, we get

L
sec Yy dy = %dx
0 LU
vo_w o,
[toge (sec y+tan \p)]|J =%
,_H I sec ' + tan '
or TEWTT 1+0
1 H L} 1}
or x =-;log,(secw + tan y')
Again, resolving verticatly for ome-half of the tape,
Tsiny=W or sin y' =
_— "‘TI _ W!
cos y' = N1 - sin’ = ___T—
Also, tany' = ——T—;_—V;;

W

T

. (5)
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Substituting the values in Eq. (5), we get -

T W: T~ W? Ti- W1
—-El T"'W_lfl_l T+W
= 08 N T =3, kT

(Hence proved)

Example 3.17. A field tape, standardised @t 18°C measured 100.0056 m.
Determine the temperature at which it will be exactly of the nominal length of 100
m. Take o =112 x107° per °C.

Solution : Given &/=00056 m ; T;=18C
New standard temperature Tp' = Toi%

__ 0.0056
100 x 11.2 x 107*

Example 3.18. A distance AB measures 96.245 m on a slope. From a theodolite
set at A, with instrument height of 1.400 m, staff reading taken at B was 1.675 m with
a vertical angle of 4° 30°40". Determine the -horizonial length of the line AB. What will
be the error if the ¢ffect were neglected. .

Solution : Given 4, =1.400 m; h,=1.675 m; o =4°30"20";1=96.245 m
_ 206265 (B — hs) cos o _ 206265 (1.400 - 1.675) cos 4° 30" 20" '

B ! - 96.245
= — 588" =~ 0° 09" 48"
8 =a+ 6o =4°30' 20" - 0° 0% 48" = 4°20" 32"
Harizantal lanath T o Fanch — OR M8 cne A9 MY 3DV — 05 BRA ™
If the effect were neglected, L = 96.245 cos4°30'40"=95947 m
: Error = 0.019 m '

Example 3.19. (a) Calculate the elongation at 400 m of a 1000 m mine shaft measuring
tape hanging vertically due to its own mass. The modulus of elasticity is
2 x 10° N/mm’, the mass of the tape is 0.075 kg/m and the cross-sectional area of the
tape is 10.2 mm’.

. {b) If the' same' tape is standardised gs 1000.00 m at 175 N tension, what is the

Jgrue length of the shafi recorded as 999.126 m ?
© Solution

{a) Taking M =0, we have

=] o

=18°-5°=13"C

8 uﬂ

0075 x 9.8 x 400 (2000 - 400)

=0.115m
2x10.2x2x 10°

s_.=%%(21-x)
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=£[ My _fp.]
) s iE M+2(21 X) ’
Here x=999.126, M=0 and Py=175
9,81 x 999.126

S=
10.2 x 2 x 10°
=0.095 m

[ 0+ 29 (2 x 1000 - 599.126) - ﬂi]

9.81

PROBLEMS

1. Describe different kinds of chains used for linear measurements.

Explain the method of testing and adjusting a chain.

2. (a) How may a chain be standardized 7 How may adjustments be made to the chain it
it is found to be wo long 7

(5 A field was surveyed by a chain and the area was found to be 127.34 acres. If the
chain used in the measurement was 0.8 per cent too loog, what is the correct area of the field?
: (AM.LE)

3. Explain, with neat diagram, the working of the line raoger.

Describe how you would range a chain line between two points which are not intervisible.

4. Explain the different methods of chaining on sloping ground. What is hypotenusal allowance?

5. What are different sources of errors in chain surveying?

Distinguish clearly between cumulative and compensating  €Irors.

6. What are different tape corrections and how are they applied?

7. The length of a line measured with a chain having 100 links was found to be 2000 finks.
If the chain was 0.5 Hink too shom, find the true length of line.

8. The true length of a line is known w be 500 metres. The line was again measured with
a 20 m tape and found to be 502 m. What is the correct length of the 20 m tape ?

9. The distance between two stations was measured with a 20 m chain and found to be
1500 metres. The same was measured with a 30 m chain and found to be 1476 metres. If the
20 m chain was 5 cm too short, what was the error in the 30 meire chain?

10 A 30 m chain was tested hefore the commencement of the day’s work and found to
be correct. After chaining 100 chains, the chain was found to be half decimetre to¢ long. At the
end of day’s work, after chaining a total distance of 180 chains, the chain was found to be onme
decimerre too long. What was the true distance chained ?

11. A chain was tested before starting the survey, and was found to be exactly 20 metres.
At the end of the survey, it was tested again and was found to be 20.12 m . Area of the plan
of the feld drawn to a scale of 1 ¢cm =6 m was 50.4 sq. cm. Find the true area of the field
in sg. metres.

lZ.Thepapcrofanoldmapdrawnwascalcoflﬂﬂmtolcmhasshrunk. so that

a line originaily 10 c¢m has now become 9.6 cm. The survey was done with a 20 m chain 10
¢m top short. It the area measured pow is 71 sq. ¢m, find the correct area on the ground.

13. The surveyor measured the distance between two stations on 2 plan drawn to a scale
of 10 m to | cm and the result was 1286 m. Later, however, it was discovered that he used
2 scale of 20 m o ! cm. Find the true distance between the stations.
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14. The distance between two points measured along a slope is 126 m. Find the horizontal
distance between them, if (@) the angle of slope between the points is 6° 307, () the difference
in level is 30 m, {¢} the slope is 1 in 4.

15. Find the hypotenusal allowance per chain of 30 m length if the angle of slope is 12°30,

16. Find the sag correction for a 30 m steel tape under a pull of 8 kg in three equai
spans of 10 m each. Weight of 1 cubic cm of steel =7.86 g. Area of cross-section of the ape
=0.10 sq. cm.

17. A steel tape is 30 m long at a temperature of 65°F when lying horizontally on the ground.
Iis secional area is 0.082sq. cm, its weight 2 kg and the co-efficient of expansion 65 x 1077 per
1°F. The tape is strewched over three equal spans. Calculate the aciual length berween the ¢nd graduations
under the following conditions : temp. 85°F, pull 18 kg. Take E=2.109 x 10% kg/em?

18. A 30 m steel tape was standardized on the flar and was found to be exactly 30 m

under no pull at 66°F. It was used in catepary to measure a base of 5 bays. The temperawre
during the measurement was 52 ° F and the pull exerted during the measurement was 10 kp. The

area of cross-section of the tape was 0.08 sq. cm. The specific weight of steel is 7.86 g/om’.

o = 0.0000063 per 1°F and £ = 2.109 x 10° kg/em’.
Find the true length of the line.
19. (@ What are the sources of cumulative crrors in long chain line?
(b) What is the limit of accuracy obtainable in chain surveyiog?

{¢) An engineer's chain was found © be (6" too long after chaining 5,000 ft. The same
chain was found to be 1°0” too long after chaining a total distance of 10,000 fi. Find the correct
length at the commencement of chaining. (AM.LE. May, 1966)

20. Derive an expression for comection per chain length to be applied when chaining on a
regular slope in terms of (q) the slope amgle and (b) the pradient expressed as 1 in =

What is the greatest slope you would ignore if the emor from this source is not to exceed
1 in 1500 7 Give you amswer (1) as an angle (b} as a gradient.

ANSWERS
2 (b) 129.34 acres
I 1990 hnks
8. 1992 m
9. 41 cm too long

10, . 180,28 chains or 54084 m
11. 1825 sq. m.
12. 0.763 5q. km,

13. 43 m.

14. (@ 125.19 m () 122.37 m (o) 122.24 m
15, 071 m

16. 001206 m

17. 30.005 m

18. 30.005 m

19. 10,050 ft.

20. (@) 2.11° @) 1 in 274

4

Chain Surveying

4,1. CHAIN TRIANGULATION :

Chain surveying is that type of surve ing in which only linear measurements are
made in the field. This type of surveying is suitzble for surveys of small extent on Open
ground to secure data for exact description of the boundaries of 2 piece of land or to

take simple details. . . -
The_principle of chain survey or Chain Trigngulotion, as is sometmes called, is

to provide a skeleton or Framework consisting of a number of connected triangles, as m'ang!e
is the only simple Tigure that can be plotied from the lengths of iis sides measured_m
the fleld. To get good resulis in plotting, the framework should consist of triangles which

are @5 hearly equilateral as possible.

4.2. SURVEY STATIONS

A survey station is a prominent point on the chain line and can be.either at the
beginning of the chain line or at the end. Such station is known as rr'zam_sranon. Houfeycr.
subsidiary or tie siation c¢an also be selected amywhere on the chain line and subsidiary
or tie lines may be run through them. .

A survey station may be marked on the ground by driving pegs if the ground is
soft. However, on roads and stregts etc., the survey station can be marked or located
by making two or preferably three tie measurements with respect to some permanent refere_ncc
objects mear the station. The more nearly the lines joining the peg (o the re.ference points
intprapee ot riohr angles, the more definitely will the station be fixed. A diagram or_the
survey lines v;ith m;in stations numbered should be inserted in the beginning of the hela
note book.

43. SURVEY LINES _

The lines joining the main survey stations are called main survey Iinfas. The biggest
of the main survey line is called the base fing and the various survey stations are plo!:led
with reference to this. If the area to be surveyed has more than three straight boundaries.
the field measurements must be so arranged that they can be plotted by laying down the
triangles as shown in Fig. 4.1 (@) or . -

Check lines. Check lines or proof lines are the lines which are run in the field
to check the accuracy of the work. The length of the check line measured in the ficld

must agree with its length on the plan. A check line may be laid by joining the apex
() :
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of the triangle to any point on
the opposite side or by joining

two points on any two sides of
a ftriangle. Each triangle -must
have a check line. For the frame-
work shown in Fig. 4.1 {a), the
various arrangements of the check
lines are shown in Fig. 4.2 (a},

(b), (c) and {d) by dotted lines.

In Fig. 4.1 (b}, the dotied lines (@
show the arrangements of check

lires for the framework.

(a) (b) © (@

FIG. 4.2

‘ Tie lines. A tie line is a line which joins subsidiary or tic stations on the main
!me. The main object of running & tie line is to take the details of nearby objects but
it also serves the purpose of a check line. The accuracy in the location of the objects
c!epends upon the accuracy in laying the tie line. A framework may have ome or more
tie lines depending upon the circumstances (Fig. 4.3).

Land boundary
FIG. 4.3
ARRANGEMENTS OF SURVEY LINES

_ Lat us take the case of plotting a simple triangle ABC. Let a and b represent two
points 4 and B correctly plotted with respect to each other and ¢ be the correct position
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of point C to be plotted. Let there be some error in the measurement of side AC so
that ¢ is the wrong position. The corresponding displacement of the plotted position of
C will depend upon the angle ACB. Fig. 4.4. {a) shows the case when ach is a right
angle ; in this case the dis-
placement of C will be
nearly equal to the error
in the side AC. Fig. 4.4.
(» shows the case when
ACRB is 60° ; in this case
the displacement of C will
be nearly 1.15 times the
error. In Fig. 4.4 (c), the
angle ACB is 30° ; the dis-
placement of C will be
nearly twice the error.
Hence, to get more accurate
result, angle C must be a
right angle. If, however, there is equal liability ‘of error in all the three sides of a triangle.
the best form is equilateral triangle. In any case, to get a well-proportioned or well-shaped
triangle, no angle should be less than 30°.

CONDITIONS TO BE FULFILLED BY SURVEY LINES OR SURVEY STATIONS

The survey stations should be so selected that a good system of lines is obtained
fulfilling the following conditions :

(1) Survey stations must be mutually visible.

(2) Survey lines must be as few as possible so that the framework can be plotted
conveniently. :

(3) The framework must have ome or two base lines. If onme base line is used,
it must run along the length and through the middle of the area. If two base lines are
used, they must intersect in the form of letter X.

{4} The lines must run through level grouna as possivic.

(5) The main lines should form well-conditioned triangles.

(6) Each triangle or portion of skeleton must be provided with sufficient check lines.

(7) All the lines from which offsets are taken should be placed close to the corresponding
surface fearures so as to get short offsets. '

~ (8) As far as possible, the main survey lines should not pass through obstacles.

"(9) To avoid irespassing, the main survey lines should fall within the boundaries
of the property to be surveyed.

4.4. LOCATING GROUND FEATURES : OFFSETS

An offset is the lateral distance of an object or ground feature measured from a
survey line. By method of offsets, the point or object is located by measurement of a
distance and angle (usually 90°) from a point on the chain line. When the angle of offset
is 90°, it is called perpendicular offset [Fig. 4.5 (a), (0] or sometimes, simply, - gffset

FIG. 4.4. WELL CONDITIONED TRIANGLES.
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and when the angle is other R )
than 90°, it is called an obligue \
offset {Fig. 4.5 (b)]. Another

method of locating a point is > . i

call_ed the method of ‘ties’ in P————g Q P—m— e q
?Vhlch the distance of the point {a) Pempendicular {b) Oblique

is measured from two separate offset affset

points on the chain line such
that the three points form, as
nearly as possible an equilateral
miangle [Fig. 4.5 (d)). The
method of perpendicular offsets
involves less measuring on the
ground.

Offsets should be taken
in order of their chainages. In
offsetting to buildings, check can FIG. 4.5.
be mac_le by noting the chainages
;tig.whf;] (t:;:' t:;rfcuons of the walls cut the survey line, as shown by dotied lines in
o w:h::a Sn:;al. _an.offset should be taken wherever the outline of ar object changes.
ool b6 a straight :.vall or boundary, an offset at each end js sufficient. To locate

egular undanesl, su.fﬁmem pumber of offsets are taken at suitable interval and at such
point where the direction suddenly changes, as shown in Fig. 4.6 (a). In the case of
a nallah, offset.? should be taken to both the sides of its width, as showa in Fig. 4.6
(b). However, in the case of regular curves with constant width, the offsets shouid t.re
taken to the centre line omly and the width should also be measured.

{c) Perpendicular
offset

TSR T

{d) Tigs

Taking Perpendicufar Offsets .
Fig. 4.7 illustrates the procedure for finding the length R

and position of the perpendicular offset. The leader holds the I

zero end of the tape at the point P to be located and the /1N

fol!f>wer carries the tape box and swings the tape along the ‘

chain, The length ‘of the offset is the shortest distance from /

the object to the chain obtained by swinging the tape about / Y

the object as centre. Such an offset is called swing offser. /

Th_e position of the offset on the chain is located by the

point where the arc is tanmgential to the chain.
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Degree of Precision in Measuring the Offsets
Before commencing the field measurements, 0DE should know the degree of precision

1o be maintained in measuring the length of the offset. This mainly depends on the scale
lotting is 0.25 mm. If the scale of plotting

of survey. Normally, the limit of precision in p
2x0.25 _ )05 m on the ground. Hence,

is 1 cm = 2 m, 0.25 mm on paper will correspond to

in such a case, the offsets shoufd be measured to the nearest 5 cm. On the other hand,
if the scale of plotting is lcm= 10 m, 0.25 mm on paper will correspond to

10x02 =025 m on the ground. Hence the offset should be measured to the meavest

10
95 cm. However, if there is likelihood of changing the scale of plotting at a later stage.

it i better always to be over-accurate than to be under-accurate.

Long Offsets

The survey work can be accurately and expeditiously
accomplished if the objects and features that are to be surveyed
are near to the survey lines. The aim should always be to
make the offset as small as possible. long offset may be
largely obviated by judiciously placing the main lines of the
survey near the object or by runping subsidiary lines from
the main lines. Fig. 4.8 shows a welt-proportioned subsidiary
triangle abc Tun to locate the deep bend of the outline o
triangle is on the main line and bd is the check line.

LIMITING LENGTH OF OFFSET

The allowable length of offset depends upon the degree of accuracy required, scale,
method of sewing out the perpendicular and pature of ground. The only object is that
the error produced by taking longer lengths of offsets should not be appreciable on the

paper.

f the fence. The base of the

() Effect of error in laying out the direction. Let us first consider the effect
of error in laying out the perpendicular.

Let the offset CP be laid out from a point L vy iue Chain e wo S SBjED T
and let the angle BCP be (50 °-a) where a is the error
in laying the perpendicular. Let the length CP be I While
plotting, the point P will be plotiedat P, , CP, being perpendicular
to AB and of length [ Thus, the displacement of the point
P along the chain line is given by
! sina

PPy=——— ¢m
§

I=length of offser in meters
s=scale (el cm=5 metres)
Taking 0.25 mm as the limit of accuracy in plotting,
we have A c

e mE——————————

where

O e i it Rk g

o §ioiE
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lsina 0, :
—}-—=°—l%i of 1=0.0255 cosec o (41
Also, displacement of the point perpendicular to the chain line is
P Py=CP - CP;:ﬂ-m cm (on the paper)

(i) Combined effect of error due to length and direction
(Fig. 4.10).

Let P=actual position of the point
CP=true length of the offset
CPy=1=measured length of the offset
CP, =l =plotted length of the offset
o = angular error
PP, =1otal displacement of P A
1 in r =the accuracy in measurement of the offset FIG. .10
1 cm = s metres (scale).
(¢) Given the angular error, to find the degree of accuracy with which the leﬁgth
of offset should be measured so that the error due to both the sources may be equal,
Displacement due to angular error =P, P, =1 sina (nearly)
1

Displacement due to linear error =-—
r

Assuming both the errors equal, we get Isincx:i
r

or r= cosec o ..(4.3)
If o=3° cosec 3°=19=r. Hemce the degree of accuracy in linear measurement
should be 1 in 19.

Similarly, if r=100, o =cosec™'100=34" ie., the offset should be laid out with

@il dilidavy wvi bcaiiy 3 -

2K (5) Given the scale, to find the Limiting length of the offset so that error due
to both the sources may not exceed 0.25 mm on the paper.

Taking PiB,=P P and ZPP, P;=90° we have
PP =2 PP, =V2 4

;oo the ground.

Hence the corresponding displacement on the paper will be equal to V2 J If

e

T |

this error is not to be appreciable on the paper. we have

vz Loo002s
s
ar 1= 070%5- rs metres v (4.4)
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{¢) Given the maximum error in the length of the offset, the maximum length
0 offset and the scale, to flnd the maximum value of o so that maximum displacement
on the paper may mot exceed 0.25 mm,
Let ¢ = maximum error in measurement of offset (metres)
PP, =¢ metres (given)
P, P;=1sin e {approx)

PP,V @+ sina Approximately (on ground)
PP; on paper= _15 Ve + 1P sinf o =0.025

f’f‘i’i-e’]l ..(4.5)
100° 1 :
From which o can be calculated.

“Example 4.1. An offser is laid out 5° from its true direction on the field. Find
the resulting displacement of the plotted point on_the paper {a) in a direction parallel
to the chain line, (b) in a direction perpendicular to the chain line, given that the length
of the offset is 20 m and the scale is 10 m to I cm. :

Solution.

Hence gin® a = [

. . o
lsmacm=205m5 ~0.174 em

(a) Displacement parallel to the chain =

()] Diéplacement perpendicular to the chain = 51———:—%& cm = -:;—% (1 - cos 5°)

= 0.0076 ecm (inappreciable).
« Example 4.2. An offset is laid out 2° from its true direction on the field. If the
scale of plotting is 10 m 1o 1 cm, find the maximum length of the offset so that the
displacement of the point on the paper may not exceed 0.25 mm.

. Solution
I sin sin 2°
Displacemant ~f the point an the paper = sna =1—T—— cm
. P 5 ]

This should not exceed 0.025 cm.

I sin 2°
Hence o 0.025.
or =0.(}!2.’5 X 10:7.16m
sin 2°

/Example 4.3. An offser is laid out 1° 30°from its true direction on the field. Find
the degree of accuracy with which the offset should be measured so that the maximum
displacement of the point on the paper from both the sources may be equal.

Solution.

Displacement due to angular efror = sin
. . l

Displacement due to linear error =7
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Taking both these equal, /sin« =

|

or r=cosec o = cosec 1° 30° = 38.20
Hence, the offset should be measured with an accuracy of 1 in 39%.

Axample 4.4, An offset is measured with an accuracy of 1 in 40. If the scale of
plotting is 1em=20 m, find the limiting length of the offset so- that the displacement of
the point on the paper from both sources of error may not exceed 0.25 mm.

Solution

~

~e
]

2
The total displacement of the paper = ——cm

rs -
But this is not to exceed 0.025 cm. L

V21 H 1
Hence —=0.025 3
rs ﬁ\‘

une Ty Tz

or l=9'q0—§-5—x40x20=14.14 m Tia Statian

\/éxample 4.5. The length of an offset is 16 m and is measured with a maximum
error of 0.2 m. Find the maximum permissible error in laying off the direction of the
offset so that the maximum displacement may not exceed 0.25 mm on the plan drawn o a scale
of Icm=40m.

Solution 8
sin’a=l1[6'—252f-e2} b

I*4 100 -8

. 1./6.25 3 ; 1

= — == 40’ - (0.2 =—V0.96 =0.
sin o = 7 (100)1( 0) - (0.2) 16\/096 0.0612
or a=3°30"
4.5. FIELD BOOK

The book in which the chain or tape measurements are entered is called the feld
book Ttoie sn shlenp book of size zhour 20om v 12em and opens longthwise, Th: main
requirements of the field book are that it should contain good quality stont opaque paper.
it should be weli-bound and of a size convenient for the pocket. The -chain line may

be represented either by a single line or by two lines spaced about 1% to 2 cm apar,

ruled down the middle of each page. The double line field book (Fig. 4.12) is most commonly
used for ordinary work, the distance alomg the chain being entered between the two lines
of the page. Single line field book (Fig. 4.11) is used for a comparatively large scale
and most detailed dimension work. A chain line is started from the bottom of the page
and works upwards. All distances along the chain line are entered in the space between
the two ruled lines while the offsets are entered either to the left or to the right of
the chain line, as the case may be. Offsers are entered in the ovder they appear at the
chain line. As the various details within offsetting distances are reached, they are sketched
and entered as shown in Fig. 4.11 and Fig. 4.12. Every chain line must be staried from
a fresh page. All the pages must be machine numbered.

Lina AB baging

Lne AD Starta
FIG. 4.11. SINGLE LINE BOOKING. FIG. 4.12. DOUBLE LINE BOOKING.

At the beginning of a particular chain survey, the following details must be given:
({)y Date of survey and names of surveyors

(i) General sketch of the layout of survey lines

(fii)y Derails of survey lines

() Page index of survey lines

() Location sketches of survey stations.
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At the starting of a chain or survey lines, the following details should be given:

() Name of the line (say, AB)

(i) Name of the station marked either by an oval or by a triangle.

(i) Bearing of the line (if measured)

(iv) Deuils of any other line meeting at the starting point of the survey line.
4.6. FIELD WORK :
_ Equipment. The following is the list of equipment required for chain survey or chain
triangulation :

() A 20 m chain

(i) 10 arrows

(i) Ranging rods and offset rods

(v} A tape (10 m or 20 m length)

() An instrument for setting right angles :

(v) Field book, penocil etc., for note-keeping

(vi) Plumb bob

(viii) Pegs, wooden hammer, chalks, etc.

A chain survey may be deone in the following steps :

say a cross staff or optical square

(@) Reconnaissance (p) Marking and fixing survey stations (c) Rumning survey lines.

(@) Reconnaissance. The first principle of amy type of surveying is to work from
whole 1o part. Before starting the actual survey measurements, the surveyor should walk
around the area to fix best positions of survey lines and survey stations. During reconnaissance,
a _rq.’erence Sketch of the ground should be prepared and general arrangement of lines,
prircipal features such as buildings, roads etc. should be shown. Before selecting the stations,
the SI‘Lrv_eyor should examine the intervisibility of stations and should note the positions
Of. buildings, roads, streams etc. He should also investigate various difficulties that may
arise and think of their solution,

' (b) Marking and Fixing Survey Stations. The requirements for selection of survey
stations have slready heen dicomcged  After havine celocted the survey ctations  thev chonld
be ma.rked to enable them to be easily discovered during the progress of the survey. The
following are some of the methods of marking the stations :

() In soft ground, wooden pegs may be driven, leaving a small projection above
the ground. The name of the station may be written on the top.

(i{) Nails or spikes may be used in the case of roads or streets. They should be
flush with the pavement. '

(i) In hard ground, a portion may be dug and filled with cement mortar eic.

(iv) For a sta-u'on to be used for a very long time, a stone of any standard shape
may be embedded in the ground and fixed with mortar etc. On the top of the stone,
description of the station etc. may be written.

Whene\fer possible, a survey station must be fixed with reference to two or three
permanent objects and a reference or location sketch should be drawn in the field book.
Fig. 4.13 shows a typical locarion skeich for a survey station.
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{¢) Running Survey Lin. After having com-

pleted the preliminary work, the chaining may be Qrree E‘Tf
started from the base line. The work in running a N 5a8m )
survey line is two-fold : (f) to chain the line, and hY g

(i) to locate the adjacent details. Offsets should be N ,,"'Eaam

taken in order of their chainages. To do this, the A

chain is stretched along the line oni the ground. Offsets /

are then measured. After having assured that no offset ,,1’655"1

has been omitted, the chain must be putled forward. /’

The process of chaining and offsetting is repeated @ Etec. pole

until the end of the .line is reached. The distances
along the survey line at which fences, streams, roads,
eic., and infersected by it must also be recorded.

4.7. INSTRUMENTS FOR SETTING OUT RIGHT ANGLES

There are several types of instruments used to set out a right angle to a chain line,
the most common being (§) cross staff (if) optical square (fif) prism square (iv) site square.

) CROSS STAFF '

The simplest instrument used for setting out right angles is a cross staff. It consists
of either a frame or box with two pairs of vertical slits and is mounted on a pole shod
for fixing in the ground. The common forms of cross staff are {a) open cross staff {(b)
French cross staff (c) adjustable cross staff.

(@) Open Cross Staff. Fig. 4.14. (d) shows an open cross staff. It is provided
with two pairs of vertical slits giving two lines of sights at right angles to each other.
The cross staff is set up at a point
on the line from which the right angle
is to run, and is then turned until one
line of sight passes through the ranging
pole at the end of the survey line. The
line of sight through the other two vanes
will be a line at right angles to the
survey line and a ranging rod may be
cstablished in that direction. If, however,
it is to be used to take offsets, it is
held vertically on the chain line at a ) ® ©
point where the foot of the offsets is
likely to occur. It is then furned so
that one line of sight passes through
the ranging rod fixed at the end of the survey line. Looking through the other pair of
slits, it is seen if the point to which the offset is to be taken is bisected. If mot, the
cross staff is moved backward or forward tll the line of sight- also passes through the
point.

() French Cross Staff. Fig. 4.14 (b) shows a French cross swaff. If consists of
a hollow octagonal box. Vertical sighting slits are cut in the middle of each face, such

FIG. 4.13.

FIG. 4.14. VARIOUS FORMS OF CROSS STAFF.
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that the lines between the centres of opposite slits make angles of 45° with each other.
It is possible, therefore, to set out angles of either 45° or 90 ° with this instrument.

(¢) Adjustable Cross Staff. The adjustable cross staff [Fig. 4.14 (¢)] consists of
two cylinders of equal diameter placed one on top of the other. Both are provided with
sighting slits. The upper box carries a vernier and can be rotated relatively to the lower
by a circular rack and pinion arrangement actuated by a milled beaded screw. The lower
box is graduated to degrees and sub-divisions. It is, therefore, possible to set out amy
angle with the help of this instrument. :

(# OPTICAL SQUARE

Optical square is somewhat more convenient and accurate instrument than the cross
staff for setting out a line at right angles to another line. Fig. 4.15 (g} illustrates the
principle on which it works.

It consists of a circular box with
three slits at E, F and G. In line with
the openings £ and G, a glass silvered
at the top and unsilvered at the bottom,
is fixed facing the opening E. Opposite
to the opening F, a silvered glass is fixed
at A making an angle of 45° o the previous
glass. A ray from ths ranging rod at Q
passes through the lower unsilvered portion
of the mirror at B, and is seen directly
by eye at the slit E. Another ray from
the object at P is received by the mirror
at A and -is reflected towards the mirror
at B which reflects it towards the eye.
Thus, the images of P and @ are visible
at B. If both the images are in the same vertical line as shown in Fig. 4.14 (b), the
line P and QD will be at right angles to each other.

r e

From P

(@) )

FIG. 4.15. OPTICAL SQUARE.

wihi wn dugie o Wil de i &t A,
ZLACB=45° or JZABC=180°-(45°4+a)=135°-«
LEBb) = LABC =135~
ZABE = 180° — 2(135° — ¢t} = 22 —- 90°
ZDAB = 180° - 20
From A ABD , ZADE = 180° ~ (2c — 90°) - {180° - 20.)
= 180° - 2a + 90° - 180° + 2a = 90°

Thus, if the images of P and @ lie in the same vertical line, as shown in Fig.
4,14 (b), the line PD and QD will be at right angles to each other

To set a right angle. To set a right angle on a swvey line, the instrument is
held on the line with its centre on the point at which perpendicular is erecied. The slits

= 7

P4 o
By law of reflection
" Hence
Also

o)
. (0

F and G are directed towards the ranging rod fixed at the end of the line. The surveyor
(holding the instrument) then directs person, holding a ranging rod and stationing in a
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direction roughly perpendicular to the chain line, to move tll the two images described

above coincide.

Testing the Optical Square (Fig. 4.16) _

() Hold the instrument in hand at any intermediate point C on AB, Slg‘ht a pole
held at A and direct an assistant to fix a ranging rod at a, such thar the images of
the ranging rods at @ and A coincide in the instrument. c 5

(i) Twm round to face B and sight the ranging rod ar a.
If the image of the ranging rod at B coincides with the image of
ranging rod at ¢, the instrument is in adjustment.

(i) If not, direct the assistant to move 0 a new position
b so that both the images coincide. Mark a point 4 on the ground
mid-way between a and b. Fix a ranging rod at d.

(iv) Turn the adjustable mirror till the image of the ranging
rod at d coincide with the image of the ranging rod at B. Repeat
the test till correct.

(i) PRISM SQUARE _

The prism square shown in Fig. 4.17 works on the same princi.ple as .th_at of optical
square, It is a more modern and precise instrument and is used I a sumllar manner,
It has the merit that no adjustment is required since the angle between the reﬂecuflg surfaces
(i.e. 45°) cannot vary. Fig. 4.18 shows a combined prism square as well as line ranger.

a d b

FIG. 4.16

FIG. 4.18. COMBINED PRISM SQUARE AND
LINE RANGER.

FIG. 4.17. PRISM SQUARE.

i SITE SQUARE (Fig. 4.19) .
A site square, designed for setting out straight lines and offset lines at 90 °, Eonsnsts-of
a cylindrical metal case containing two telescopes set at G0 ° to each other, a fine seiung
screw near the base, a circular spirit levei at the top and a knurled ring a_t the base,
It is used in conjunction' with a datwm rod screwed ipto the base of the instrument.
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1 Telescopas

2 Clamgp

3 Tripod

4 Cylindrical case

§ Fina setting screw
& Knurled ring

7 Datum rod

8 Clamp amn

FIG. 4.19. THE SITE SQUARE.

4.8. BASIC PROBLEMS IN CHAINING

(A) To Erect a Perpendicular to a Chain Line from a Point on it :

The method of establishing perpendiculars with the tape are based on familiar geometric
constructions. The following are some of the methods most commonty used. The illustrations
given are for a 10 m tape. However, a 20 m tape may also be used.

() The 3-4-5 method. Let it be required to erect a perpendicular to the chain line
at a point C in it [Fig. 4.20 (a)]. Establish a point E at a distance of 3 m from C.
Put the 0 end of the tape (10 m long) at E-and the 10 m end at C. The 5 m and
6 m marks are brought together to form a loop of 1 m. The tape is now smetched tight
by fastening the ends £ and C. The point D is thus established. Angle DCE will be
90°. One person can set out a right angle by this method.

im . D
D Loop
5 4m
g [ a0
3 P / .
A l¢3m» B A 8 AE~_-~—CB
(a) b} (©

FIG. 4.20.

(i) Second method [Fip.4.20 (b)]. Select E amd F equidistant from C. Hold the
zero end of the tzpe at E, and 10 m end at F. Pick up 5 m mark, stretch the tape
tight and establish D. Join DC.

(i) Third method [Fig. 4.20 (c)]. Select any point F outside the chain, preferably
4t 5 m distance from €, Hold the 5 m mark at F and zero mark at C, and with F
as centre draw an arc (o cut the line at E. Join EF and produce it to D such that
EF=FD=5 m.

Thus, point D will lie at the 10 m mark of tape laid. along EF with its zero end
at E. Join DC.

CHAIN SURVEYING »

(B) To Drop a Perpendicular to a Chain Line from a Point outside it :
Let it be required to drop a perpendicular to a chain line AB from a point D outside
it. ‘

() First method [Fig. 4.21 (a)]. Select any point E on the line. With D as centre
and DE as radius, draw an arc to cut the chain line in F. Bisect EF at C. CD will
be perpendicular to AB.

(i) Second method [Fig. 421 ()]. Select any point E on the line. Join ED and
bisect it at F. With F as centre and EF or FD as radius, draw an arc to cut the cham

lige in C. CD will be perpendicular to the chain line.

(i) Third method [Fig. 4.21 (c)). Select any point E on the line. With E as centre
and ED as radius, draw an arc to cut the chain line in F. Measure FD and FE. Qbuain

FIG. 4.21

the point C on the line by making FC = —D— Join ¢ and D. CD will be perpendicular

to the chain line.

(C) To run a Parallel to Chain Line through a given Point:

Let it be required to' run a parallel to a chain line AB through a given pomt C.

() First method [Fig. 4.22 (b)]. Through C, drop a perpendicular CE to the chain
line. Measure CE. Select any other point F on line and erect a perpendicular FD. Make
FD =EC. Join C and D.

() Second method [Fig. 4.22 (aj). Seiccl any powi £ o the chain line. Join cr
and bisect at G. Select any other point E on the chain line. Join EG and prolong it to
D such thac EG=GD. Join C and D.

i) Third method [Fig. 4.22 (c)]. Select any point G outside the chain line and

away from C (but to the same side of it). Join GC and prolong it to meet the chain
G
A
. 1"
c D c D — G
i i {3
i : ! i
o ;
1 ' h \
I ] ' v
h i g 1
— A
AE F B AE FB AE F B
@ (k) {c)
FIG. 4.22
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line in E. With G as centre and GE as radius, draw
an arc to cut AB in F. Join GF and make

i CHAIN SURVEYING 01

(i) When it is not possible to chain round the obstacle, e.g. 2 Tiver.
Case (I); Following are the chief methods (Fig. 4.25).

GD=GC. Join C and D. T b c o
(C) To run a Parallel to a given Inaccessible .
Line through a Given Point : I P s P o
Let AB be the given inaccessible line and C be —CA B . A "B A B .
the given point through which the parallel is to be drawn (@ o) 9

{Fig. 4.23).

Select any point E in line with A and C. Similarly,
select any other convenient point F. Join E and F. Through
C, draw a line CG parallel tw AF. Through G, draw
a line GD parallel to BF, cutting BE in D. CD will
then be the required line.

FIG. 4.23

4.9. OBSTACLES IN CHAINING

Obstacles to chaining prevent chainman from meastiring directly belween two points
and give rise to a set of problems in which distances are found by indirect measurements.
Obstacles o chaining are of three kinds :

(@) Obstacles to ranging

(b} Obstacles 1o chaining

(¢) Obstacles to both chaining and ranging.

(4) OBSTACLE TO RANGING BUT NOT CHAINING

This type of obstacle, in which the ends are mot intervisible, is quite common except
in flar country. There may be two cases of this obstacle.

() Both ends of the ling may be visible from intermediate points on the line.

(f) Both ends of the line may not be visible from intermediate points on the line

(Fig. 4.24). M From & BCD, BD? = BC?+ CD* - 2BC x CD cos 9
Cas : i i ;
L6 eew.‘f?. -,_ch.L??d of reciprocal ranging R BCY+ CD*-BD? "
o 532 ZEy D wbed. A . or pmn e ! f
Case (i) : Tn Fig. 424, let 4B be the 2 BCx D ]
line in which 4 and B are not visible from intermediate By .- Similarly from A BCA cos B = BC?+AC" - 4B® (i)
point on it. Through A, draw a random line AB, c o a_ndoﬂ‘““aD| o ’ ! T 2BCxAC 1
. A " . . 90° . . . . H
in any convenient direction but as nearly towards o ! Equating () and (i) and solving for AB we get ‘

B as possible. The point B, should be so chosen A c ) B
that (7} B, is visible from B and (if) BB, is per-
pendicular to the random line. Measure BB,. Select
points €, and D, on the random line and erect perpendicular C, C and Dy D on it

FIG. 4.24

c A)
=
PN
D D [+
) o)

FIG. 4.25. OBSTACLES TO CHAINING.

Method (@) : Select two points A and B on either side. Set out equal perpendiculars
AC and BD. Measure CD. then CD =A4B [Fig. 425 (a)l.

Method (b) : Set out AC perpendicular to the chain line. Measure AC and BC [Fig.
425 (b)). The length AB is calculated from the relation 4B = VBC - AC* .

Method (¢) : By optical square or Cross staff. find a point C which subtends
90° with A and B. Measure AC and BC [Fig.4.25 (¢)). The length AB is calculated from

the relation : 4B =V AC* + BC?

Method (d) : Select two points C and D to both sides of A and in the same line.
Measure AC, AD, BC and BD [Fig. 4.25 (d)). Let angle BCD be equal to 6.

45 = (BC* x AD) + (BD' x AC)

| (8]
Method (¢) : Select any point E and range C in line with AE, making A4E = EC.
Range D in line with BE and make BE = ED. Measure CD ; then AB =CD {Fig. 4.25 (e)].

- (AC x AD)

Make cc =:—§:. BB, and DD1=%%-. BB,. Join C and D, and prolong. Method (f) : Select any suitable point E and measure AE and BE. Mark C and
i 1

(6} OBSTACLE TO CHAINING BUT NOT. RANGING D on AE and BE such that CE=A—::— and DE=£:£. Measure CD; then

There may be two cases of this obstacle : AB=n.CD. [Fig. 425 (7]

() When it is possible to chain tound the obstacle, fe. a pond, hedge etc.
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Case (II) : (Fig. 4.26)

Method (@) : Select point B on one side and A and C on the other side. Erect
AD and CE as perpendiculars to AB and range B, D and E in one line. Measure AC,
AD and CE [Fig. 4.26 (a)). If a line DF is drawn parallel to 4B, cutting CE in F
perpendicularly, then triangles ABD and FDE will be similar.

4B _DF
AD ~ FE

But FE=CE-CF=CE-AD, andDF = AC.
AB  AC . _ACx4D
AD—CE_-AD From which AB_CE—AD

Method (b) : Erect a perpendicular AC and bisect it at D. Erect perpendicular CE
at C and range E in line with BD. Measure CE ([Fig. 4.26 (b)]. Then AB = CE.

8 ) Bi‘
% Pt
> %,g
1

L]
1

-_—P‘L——\, —
= e —
A D A—pMC
: ! Al_ac
c t': E ! 20°
i i °E i
(@) @ c)

FIG. 4.26. OBSTACLES TO CHAINING.

Method (¢) : Erect a perpendicular AC at A and choose any convenient point C.
With the help of an optical square, fix a point D on the chain line in such a way that
BCD is a right angle [Fig. 4.26 (¢)]. Measure AC and AD. Triangles ABC and DAC

2
.% = i}g— Therefore, AB = %%—

Method (d) : Fix point C in such a way that it subtends 90° with AB. Range
D in line with AC and make 4D =AC. At D. erect a perpendicular DE to cut the line
in E [Fig. 4.26 (d)]. Then AB = AE.

(¢) OBSTACLES TO BOTH CHAINING AND RANGING

A building is the typical example of this type of obstacle. The problem lies in prolonging
the line beyond the obstacle and derermining the distance across it. The following are
some of the methods (Fig. 4.27).

Meihod (g) : Choose two points A and B to one side and erect perpendiculars AC
and BD of equal length. Join CD and prolong it past the obstacle. Choose two points
E and F on CD and erect perpendiculars £G and FH equal to that of AC (or BD). Join
GH and prolong it. Measure DE. Evidendy, BG=DE [Fig. 4.27 (a)].

Method (b) : Select a point 4 and erect a perpendicular AC of any convenient length.
Select another point B on the chain line such that AB = AC. Join B and C and prolong

are similar. Hence

——
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it o any convenient point D. At D, ¢ p EF
set az right angle DE such that

DE = DB. Choose. another point Fon

DE such that DE=DC. With F as

centre and AB as radius, draw an arc. AB
With £ as centre, draw another arc @
of the same radius to cut the previous

arc in G. Join GE which will be in

range with the chain line . Measure

F
|
. - A G
CF [Fig. 4.27 (b)). Then AG=CF. A B c D eI
Method (c) : Select two points £ 6 8 ﬂi

A and B on the chain line and construct
an equilateral triangle ABE by swinging
arcs. Join AE and produce it to any
point F. On AF, choose any point H
and construct an equilateral triangle e (d)

FHK. Join F and K and produce it FIG. 4.27. OBSTACLES TO CHAINING.

to D such that FD =FA. Choose a point _ .
G on FD and construct an equilateral triangle CDG. The direction CD is in range with

AT
(: H ATIIIFEEEELL]

“the chain line [Fig. 4.27 (c)}. The length BC is given by

BC=AD~-AB~CD =AF-48-CD
Method (d) : Select two points 4 and B on the chain line and set a line CBD

at any angle. Join A and C and produce it to £ such that AF =n. AC. Similarly join
A and D and produce it to G such that AG=n.AD. Join F and G and mark point
E on it such that FE =n.BC. Similarly, produce AF and AG to H and K respectively
such that AH=n'.AC and AK=n'.AD. Join H and X -and mark-J on it in such a
way that HJ=n'.CB. Join EJ, which will be in range with chain line. The obstucted
distance BE is given by [Fig.4.27 (d)} :

BE=AFE-AR But AE=n_ AB

/ BE=n.AB-AB=(n-1)AB

Example 4.6. To conmtinue a survey line AB pasi an obstacle, a line BC 200 metres
long was ser out perpendicular to AB, and from C angles BCD and BCE were ser oul
at 60° and 45° respectively. Determine the lengths which must be chained off along CD

and .CE in order that ED may be in AB produced. Also, c
determine the obstructed length BE.
Solution. (Fig. 4.28). 45°
L ABCis90° 50"

From A BCD, CD = BC sec 60° =200 x 2 = 400 m.
From A BCE, and CE =BCsec 45° =200 x 1.4142
=282.84 m.

_S.O..C
A B £ D
BE = BC tan 45° = 200 x 1 =200 m,

FIG. 4.23

P e T L Tt i

S r s
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Example 4.7. In passing an obstacle in the form of a
pond, stations A and I')JJ on the main line, were taken, on the
opposite sides of the pond. On the left of line
m long was laid down and a second line AC, 250 m long,
was ranged on the right of AD, the poinis B, 155 and C-being
in the same straight line. BD and DC were then chained and
found to be 125 m and I50 m respectively. Find the length
of AD.
Sohation. (Fig. 4.29). In AABC, Let £ACD=6
AC=250m;AB=200m ; BC=BD+DC=125+150=275m

AC* + CB* - AB* (250 + (275) - (200"  9.813
24ACx CB 2 x 250 x 275 13.75
From A ADC, AD*=AC*+ CD*-2AC.CDcos 6
= (2500 + (150) % - 2(250) (150) x 0.7137 =31474.5
Henge AD =177.41 m. T

Exsmple 4.8. 4 survey line BAC crosses a river, A and |
C being on the near and distant banks respectively. Standing a i

, 200

FIG. 429

Now, cos 8= =0.7137

D, a point 50 metres measured perpendicularly to AB from A, the e
bearings of C and B are 320 ° and 230 ° respectively, AB being —\:ﬁ,’%‘%"
25 metres. Find the width of the river. . S kN
Solution. (Fig. 4.30). =]
In - AABD ,AB=25m; AD=350m
A D
tan /BDA = 2} =05 or £BDA = 26° 34'

50 B

£BDC =320°-230°=90° apnd ZADC =90° - 26° 34’ = 63° 2¢' FIG. 4.30
Again, from A ADC, CA =AD tan ADC =50 tan63° 26’ = 100 m

Example 4.9. A survey line ABC cuis the banks of a river at B and C. and
10 detenmine the distance BC, a ling BE, 60 m long was set owt roughly parallel to the
river. A point D was then found in CE produced and middle point F of DB deiermined.
EF was then produced io G, making FG equal to EF, and DG produced to cut the survey
fine in H. GH and HB were found to be 40 and 80 meires
long respectively. Find the distance from B 1o C .

Solution. (Fig. 4.31)

In BEDG, BF=FD and GF=FE
Hence BEDG is a parallelogram.
Hence GD=BE=60 m

HD =HG+ GD =40+ 60=100m

From similar triangles CHD and CBE, we get
CB _ZE
CH HD

FIG. 4.31

| \’]ﬁ .
A8 2 s
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CB BE CB 60

- LB __ 9 _o6
CB+BH HG+GD CB+80 40+ 60
CB=06CB+48  or

o CB=120m
4,10, CROSS STAFF SURVEY

Cross staff survey is dome to locate the boundaries of a field and to determine its
area. A chain line is run through the centre of the area which is divided imo 2 number
of triangles and trapezoids. The offsets to the boundary are taken in order of their chainages.
The instruments required for cross staff survey are chain, tape, arrows and a cross staff.
After the field work is over, the survey is plotted to a suitable scale.

Example 4.10. Plot the following cross staff survey of a field ABCDEFG and calculate
its area [Fig. 4.32 (@)l

or

750 |D

[#]

850 |210 E

G180 | 480

(=2

300 |250 F-

[ M N

8160 | 180 o)

100 |50 @

R L E]

0 |A
(@ ®

FIG. 432

Solution. Fig 4.32 (b) shows the field ABCDEFG. The calculations for the area are
given in the table below *

S.No. | i an Area
S.No. | Figure Ch?:”r:)age B('a:)e Oj('{;;u ﬂ:'e” . s
1. AiG 0 & 100 100 0 & 50 25 2.500
2. JGFm 100 & 300 | 200 § 50 & 250 150 30,000
3. mFEp 300 & 650 | 350 | 250 & 210 230 80,500
4, pED 650 & 750 | 100 210 & 0 105 10,500
5. ABk 0 & 180 180 0 & 160 80 14,400
6. BiknC 180 & 490 | 310 | 160 & 180 170 52,700
7. CnD 490 &750 | 260 ; 180 & O 50 | 23.400
Total 214,000

. Area of Field = 214000 m® = 21.4 hectares.
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4.11. PLOTTING A CHAIN SURVEY

Generally, the scale of plotting a survey is decided before the survey is started.
In general, the scale depends on the purpose of survey, the extent of survey and the
finances available.

The plan must be so oriented on the sheet that the north side of the survey lies
towards the wop of the sheet and it is centrally placed. The way to achieve this, is to
first plot the skeleton on a tracing paper and rofate it on the drawing paper. After having
oriented it suitably, the points may be pricked through. To begin with, base line is first
plomed. The other* trian- :

gles are then laid by in-  |~---------ee| 7] e TTTT

tersection of arcs. Each ————— — Stons F Tele L

. N L e b o Y e ance ale Line

tiangle must be verified | PN} | paed wire

by measuring the check e | | OOOE000R ‘;“"‘

line on the plan and com- """ Pipe Railing Hedge (Green) ower Ling

paring it with its meas- Beundaries Fence Fonce & Hedge Lines

ured length in the field.

If the discrepancy is not |7 A I A

within the limits, meas- | zzzzzzzzz=z: Single Line

prements may be taken Unrenoedaﬂgad

. L ige

again. If it is less, the S ik J:l:i:tlui!:t

error may be adjusted Fenced Road Dovble Line

suitably. Road and Path Railway Embankment Cutting
After  having

drawn the skeleton con- 8 $ @ % % % withn - i el

sisting a number of tri- i, o,

angles, offsets may be ° 8 % % i,y il

lotted, There are two $ T PN

P RULE

meth i

offsgf: o{npllol'tltemgfi:']:?_‘ Deciduous Treas Evergraen Trees Rough Pastures Marsh

method. the chainages of r o 1 T=F il d

the offsets are marked on m %

the chain line and per- Hous2 q:

pendicular w© the chain | N @ d

~ line are erected with the [ e | 1 Lake

:llilep ootfl a sg;guzm‘tén Gullivated Land Buildings River, Lake Contours
¢4 I od, e ’

plotting is done with the [ - . .

help of an offset scale. |3 — | | =il | ==l © _
' : i Fairy Or Triangulation

A Tong scale is kept par- = _m "

allel to the chain line and | &"SFFFAR" | | Y=t 22 _WAB .

a distance equal to half I Tunnel

the length of the offset. Bridges Canal Lock Stations

scale. The offser scale

copsists of a small scale FIG. 4.33. CONVENTIONAL SYMBOLS.
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having zero mark in the mid-
dle. The zero of the long
scale is kept in Linc ‘with
the zero of the chain line,
Chainages are then marked

\&-\ 3 Streams
|1 g

against the working edge of Water Fall Ford Dam Streams and Pond
the offset scale and the offsets
are measured along its edge. * N
Thus, the offsets can be plot- < ¥ % ‘
ted to both the sides of the X 4 d 'I'
line. _ X * X
Different features on
Levet Crassing Ping Tree Church North

the ground are represented
by different symbols. Figs.
4.33 and 4.34 shows some
conventional symbols com-
monly used.

i

Reluse Heap Sand Pit Rocks Bench Marks

FIG. 4.34. CONVENTIONAL SYMBOLS.
PROBLEMS

1. Explain the principle on which chain survey is based.
2. Explain, with neat diagrams the construction and working of the following :
(a) Optical square (b) Prism square (c) Cross staif.

3. What are the instruments used in chain surveying ? How is a chain survey execcuted in
the field ? )

4 Whar is 2 well conditional triangle ? Why is it necessary to use well-conditioned triangles.?

5. (a) Explain clearly the principle of chain surveying.

{») How would you orient in direction a chain survey plot on the drawing sheet.

{¢) Set out clearly the precautions a surveyor should observe in booking the field work of
a chain survey. _(A.M.I.E.)

6. lllustrate any four of the following by neat line diagrams {explanation and description mot
required) :

{a) Permanent reference of a survey station. (5) Construction and working of either an optical
square or a prism square. (¢) Methods of checking the triangle of a chain survey. (d) Methods

of serting out a chain line perpendicular o a given chain line and passing through a given point
laying outside the lamer. (¢) The prismatic reading arrangement in a prismatic compass.

() Map conventional signs for a metalled road, a hedge with fence, a tram line, a house
and a rivulet. {AM.LE)

7. (@) What factors should be comsidered in deciding the stations of a chain survey ?

oo

;:'E-’I
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(b) What detailed instructions would you give to a fresh trainee surveyor regarding the care
and use of his field book for recording survey measurements? :

8. Explain the following terms : (g) Base line (b) Check line {¢) Tie line (d) Swing offset

(e) Oblique offset (f} Random line.
9. Explain how will you continue chaining past the following obstacles :
(a) a pond (b) a river (¢) a hill (d) a tall building.
10. Explain various methods for determining the width of a river.

11. Find the maximum length of an offser so that the displacement of a point on the paper
should mot exceed 0.25 mm, given that the offset was laid out 3° from its true direction and the
scale was 20 m to 1 ecm.

12. To what accuracy should the effser be measured if the angular error in laying out the
direction is 4° so that the maximum displacement of the point on the paper from one source of
error may be same as that from the other source.

13. Find the maximum length of offset so that displacement of the point on the paper from
both sources of error should not exceed 0.25 mm, given that the offser is measured with an acenracy
of 1 in 50 and scale is lem=8 m.

14. Find the maximuvm permissible error in laying off the direction of offset so that the maximum
displacement may not exceed 0.25 mm on the paper, given that the length of the offset is 10 metres,
the scale is 20 m to. ! cm and the maximum error in the length of the offset is 0.3 m.

15. A main line of a survey crosses a river abour 25 m wide. To find the gap in the
line, stations A and B are established on the opposite banks of the river and a perpendicular AC,
60 m long is set out at 4. If the bearings of A€ and and CB are 30° and 270° respectively,
and the chainage at A is 285.1 m, find the chainage at B.

16. A chain line ABC crosses a river, B and € being on the near and distant banks respectively.
The respective bearings of € and A taken at D, a poim 60 m measured ar right angles to A8
from B are 280° and 190°, 4B heing 32 m. Find the width of the river.

17. In passing an obstacle in the form of a pond, stations A and D, on the main line,
were taken on the opposite sides of the pond. On the left of AD, a line AB, 225 m long was
laid down, aod a second line AC, 275 m lomg, was ranged on the right of AD, the poins B,
D and C being in the same straight line. BD and DC were then chained and found to be 125
m and 1375 m respectivelr

18. (4) What are the conventional signs used w denote the following : (1) road, (if) railway double
line. (i) cemetery, (iv) railway bridge, and (v} canal with lock ?

(b) Differentiate between 2 Gunter’s chain and an Engineer’s chain, State relative advantages
of each. (AM.LE. May, 1966)

19. B and C are two points on the opposite banks of a river along a chain line ABC which
crosses the river at right angles to the bank. From a point P which is 150 ft. from B along the
bank, the bearing of A is 215°30’ and the bearing of C is 305°30' . If the length AB is 200
ft., find the width of the river. (AM.LLE. May 1966)

ANSWERS

11. 35 m 12. 13. 7.07T m

17 2129 m

lin 14.3
19 112.5 ft.

14 2°18 15 386 m 16 1125 m

<t
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The Compass

5.1. INTRODUCTION |

Chain surveying can be used when the area to be surveyed is comparatively small
and is fairly fla. However, when large areas are involved, methods of chain surveying
alone are not sufficient and conveniem:. In such cases, it becomes essential to use some
sort of insrument which enables angles or directions of the survey lines to be observed.
In engineering practice, following are the instruments used for such measuremens :

(@) Instruments for the direct measurement of directions :
(i}  Surveyor's Compass
(i) Prismatic Compass

(b} Instruments for measurements of angles
()  Sextant ‘
(i)  Theodolite o
Traverse Survey. Iraversing 'is that type of survey in which a number of co.nnected
survey lines form the framework and the directions and lengths of the survey line are
measured with the help of an angle (or direction) measuring instrument and a tape. (Qf
chain) respectively. When the lines form a circuit which ends at the starting point. it is
known as a closed fraverse. If the circuit ends elsewhere, it"is said 1o be an open fraverse.
The various methods of traversing have been dealt with in detail in Chapter 7.
Tinite of Angle Measurement. An angle is the difference in directions of Ewn intersecting
lines, There are three popwlar systems of angular measurement : o

(@) Sexagesimal System : 1 Ccircomference = 360°(degrees of fl"_rc)
1 _degree = 60'(minutes of arc)
1 minute = 60" (second of arc}
(b) Centesimal System : 1 circumference = 400% (grads)
1 prad = 100° {centigrads)
1 centigrad =100% {centicentigrads)
(c) Hours System : 1 circumference =24" (hours of time)
1 hour = 60™ (minutes of time
1 minute = 60° {seconds of time;
(109
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The sexagesimal system is widely used in United States, Great Britain, India and
other parts of the world. More complete tables are available in this system and most surveying
instruments are graduated according to this system. However, due to facility in computation
and interpolation, the centesimal system is gaining more favour in Europe. The Hours system
is mostly used in astronomy and navigation.

5.2. BEARINGS AND ANGLES

: The direction of a survey line can either be established (g) with relation to each
other, or {b) with relation to any meridian. The first will give the angle between two
lies while the second will give the bearing of the line.

Bearing. Bearing of a line is its direction relative to a given meridian. A meridian -

is any direction such as (1) True Meridian (2) Magnetic Meridian (3) Arbitrary Meridian.

(1) True Meridian. True meridian through a point is the line in which a plane,
passing that point and the north and south poles, intersects with surface of the earth. It,
thus, passes through the true north and south. The direction of true meridian through a
point can be established by astronomical observations.

True Bearing. True bearing of a line is the horizontal angle which it makes with
the true ‘meridian through one of the extremities of the line. Since the direction of - true
feridian fhrovgh a poinl™Temains fixed, the true bearing of a line is a constant quantity.

{(2) Magnetic Meridian. Magnetic meridian through a point is ‘the direction shown
by a freely—'ﬂo'at_ir;nd balanced magnetic needle free from all othep attractive forces.
Tfe direction of magnetic meridian can be established with the help of 2 magnetic compass.

Magnetic Bearing. The magnetic bearing of 2 line is the horizontal angle which
it makes with_the magnetic meridian passing MME of the Tine.
A rmiagnetic compass is used to measure it.

(3) Arbitrary Meridian. Arbitrary meridian is any convenient direction towards a
permanent and prominent mark or signal, such as a church spire or top of a chimney.
Suck mendians are used to determine the relative positions of lines it a small area.

. Arbitr Bearing. Atbitrary bearing of a
lin: iz the horizontal angle which it makes with A
any arbitrary- meridian_passing_UATOUEH o of the

?xtremities. A theodolite or sextant is used to measure
it
DESIGNATION OF BEARINGS

The common systems of notation of bearings
are

{(a) The whole circle bearing system (W.C.B.)

or Azimuthal system.

{#) The Quadrantal bearing (Q.B.) system.

{a@) The Whole Circle Bearing System. (Az-
imichal system).

In this system, the bearing of a line is measured
with magnetic north (or with south) in clockwise

]

FIG. 5.1 W.C.B. SYSTEM.
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direction. The value of the bearing thus varies from 0° to 360°. Prismatic compass is
graduated on this system. In India and UK., the W.C.B. is measured clockwise with magnetic
north.

Referring to Fig. 5.1, the W.C.B. of A8 is 8,, of AC is 8,, of AD is 6, and
of AF is 9,.

(b) The Quadrantal Bearing System: (Reduced bearing)

In this system, the bearing of a line is measured eastward or westward from north
or south, whichever is nearer. Thus, both North
and South are used as reference meridians and
the directions can be either clockwise or anti-
clockwise depending upon the position of the line.
In this system, therefore, the quadrant, in which
the line lies, wilt have to be mentioned. These
bearings are observed by Surveyor's compass.

Referring Fig. 5.2, the Q.B. of the line
AB is o and is written as N o E, the bearing
being measured with reference to North meridian
(since it is nearer), towards East. The bearing
of AC is P and is written as SBE, it being
measured with reference of South and in an-
ticlockwise direction towards East. Similarly, the
bearings of AD and AF are respectively S6 W

and N W.

Thus, in the quadrantal system, the reference
meridian is prefixed and the direction of measurement (Eastward or Westward) is affixed
to the numerical value of the bearing. The Q.B. of a line varies from 0° 10 90° . The
bearings of this system are known as Reduced Bearings (R.B.)

CONVERSION OF BEARINGS FROM ONE SYSTEM TO THE OTHER

The bearing of a line can be very easily converted from one system lo the other,
with the aid of a diagram. Referring to Fig.~5.1, the conversion of W.C.B. into R.B.
can be expressed in the following Table : :

TABLE 5.1. CONVERSION OF W.C.B. INTO R.B.

AN

s
FIG. 52 Q.B. SYSTEM.

Line W.C.B. between Ruie for R.B. Quadrant
4B o and9e RB.= W.CB. NE
AC 90° and 180° R.B.= 180° - W.C.B. SE

_AD 180° znd 270° R.B.= W.C.B.- 150°. sW

. AF 270° and 360° R.B.= 360° - W.C.B. . NW

b

e m




Similarly, referring to Fig. 5.2, the conversion of R.B. into W.C.B. can be expressed
int the following Table :

TABLE 5.2. CONVERSION OF R.B. INTO W.C.B.

Line R.B. Rule for W.C.B. W.C.B. between
AB NaE W.C.B. =R.B. 0° and 90°
AaC SBE W.C.B. =180°-R.B. 90° and 180°
AD sew W.C.B. =180°*+RB. 180° and 270°
AF N¢W W.C.B. =360°-R.3B. 270° and 360°

FORE AND BACK BEARING

The bearing of line, whether expressed in W.C.B. system or in Q.B. system, differs
according as the observation is made from. one end of the line or from the other. If
the bearing of a line AB is measured from A towards B, it is known as forward bearing
or Fore Bearing (FB). 1T the beanng of the Tine AR is measured from B towards 4,

it T Known as backward bearing of Back Bearing (B.B.), since it is measured in _parc_kwa:d ) -

——

direction.
Considering first the W.C.B.
system and referring to Fig. 5.3
(@), the back bearing of line AB
js ¢ and fore bearing of AB is
§ . Evidently ¢ = 180 ° + @. Simi-
larly, from Fig. 5.3 (b), the back  (a) {b)
bearing of CD is ¢ and fore bearing
@, hence, ¢ =8 — 180 °. Thus, in
general, it can be stated that
B.B.= F.B. T i6u-, Using pis sign wien r.B. &5 s wun idv
FB._is greater than 130"
Again, considering the Q.B. system and
referring to Fig. 5.4 (a), the fore bearing of
line AB is NOE and, therefore, the back bearing (] 0
is equal to SOW. Similarly, from Fig. 5.4 (b),
the fore bearing of the line €D is S8W and
back bearing is equal to NOE. Thus, ir can
be stated thar to convert the fore bearing 10
back bearing, it is only necessary to change
the cardinal poimts by substituting N for 5,

and B for W and vice versa, the numerical [

value of the bearing remaining the same. (@ ()
FIG. 5.4. FORE AND BACK BEARINGS.

FIG. 5.3 FORE AND BACK BEARINGS.
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CALCULATION OF ANGLES FROM BEARINGS

Knowing the bearing of two
lines, the angle between the two
can very easily be calculated with
the help of a diagram,

Ref. to Fig. 5.5 (a), the in
cluded angle o between the lines
ACandAB =6, - 0,= F.B.ofone
line — F.B. of the other line, both
bearings being measured from a
common point A4: Ref. to Fig.
5.5 b, the angle
a=(180°+0,)-8=B.B. of
previous line - F.B. of next line.

Let us consider the quadrantal bearing. Referring to Fig. 5.6 (@) in which both the
bearings have been measured to the same side of common meridian, the included angle
6=6,-8, In Fig. 5.6 (b), both the bearings have been measured to the opposite sides

B B
W
‘\
A ,’:a /AQJ:'Q
X A
© )]

FIG. 5.6 CALCULATION OF ANGLES FROM BEARINGS.

of. the common meridian, and included angle o =8, +8,. In Fig. 5.6 (¢) both the bearings
have been measured to the same side of different merididns and the included angle

FIG. 5.5 CALCULATION OF ANGLES FROM BEARINGS.

(8} &

- -

sim —aomeand smshe amnocffe
i

e = al WM 1 Uje AL A afg wre ampy M maw wmmmmeepyw menrr = w = memeas

© sides of differers meridions, and angle a=180°-(8, - 9,).

CALCULATION OF BEARINGS FROM ANGLES
In the case of a traverse in which included angles between successive lines have
been measured, the bearings of the lines can be calculated provided the bearing of any
one line is also measured.
Referring to Fig.
57, let «,B,y.5, be
the included angles meas-
ured clockwise from back
stations and 6; be the meas-

ured bearing of the line
AB.

FIG. 57. CALCULATION OF BEARINGS FROM ANGLES.
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The bearing of the next line BC=86;=0;+ o - 180° (1
The bearing of the mext line CD=0,=0,+[ - 180° ..(2)
The bearing of the next line DE=0,=8;+7v- 180" w(3)
The bearing of the mext line EF=95=0,+6+ I180° e d)

As is evident from Fig. 5.7, (8, + o}, (8 + B), and (83 + y) are more than 180° while
(0. +5) is less than 180°. Hence in order to calculate the bearing of the next line, the
following statement can be made :
"Add the measured clockwise angles to the bearing of the previous Iine. If the
sum fs more than 180°, deduct 180°. If the sum is less than 136°, add 180° ",
In a closed traverse, clockwise angles will be obtained if we proceed round the
traverse in the anti-clockwise direction.
t/E}ﬂ\/ﬂ’uﬂs ON ANGLES AND BEARINGS
xample 5.1, (@) Convert the following whole circle bearings to quadrantal bearings:
(£} 22° 307 (i) I70° 127 (i) 211° 547 (iv) 3277 24~
(b) Convert the following quadrantal bearing to whole circle bearings :
() NI2®°24°E (if) $31°36°E (iii) S$68° 6'W (V) N5° 42°W.
Solution.
Ref. 1o Fig. 5.1 and Table 5.1 we have
(" RB= W.CB. =22°30'=N22°30"E.
(i RB=180-W.C.B.=180°-170°12'=S 9" 48'E.
(iif) R.B.=W.C.B.-180°=211°54 - 180° =S 31° 54’ W,
(ivi R.B.=360°~W.CB.=360°-327°24'=N32°36'W.
Ref. 1o Fig. 5.2 and Table 5.5 we have
() W.CB= RB.=12°24
(i W.C.B.=180° ~ R.B.= 180° - 31° 3¢’ = 148° 24’
(ii) W.C.B.= {80° + R.B.= 180° + 68° &' = 248° ¢
(:'v)/ W.C.B.= 360° - R.B. = 360° - 5 42" = 354° 18’
_/Ekhmple 5.2. The following are observed fore-bearings of the lines (i) AB 12° 24° {if)
BC 119° 48" (iff) CD 266° 30" (iv) DE354° 18" (v} PON 18°0'E (vi) OR §12° 24°E (vii}
RS $59° 18'W (viii) ST N86° 12'W. Find their back bearings.
Solution : B.B.=F.B.* 180°, using +sign when F.B. is less than 180° and - sign
when it is more than 180°. :

(a)

(b)

(i) B.B. of AB= 12°24"+ 180° = 192° 24'.
(iy B.B. of BC=119°48"+ 180° = 299° 48’
{iin  B.B. of CD =266°30'- 180° = 86° 30

{ivy B.B. of DE =354° 18"~ 180° = 174° 18’

() BB. of PO=S18°0'W

iy B.B. of QR=NR°24 W

(vik B.B. of RS=NS9° 18 E

(viii) B.B. of ST=886°12'E
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l_/éample 5.3. The following bearings were observed with a compass. Calculate the
interior angles.

Line Fore Bearing
AB 60° 307
BC 1220 0
cD 46° 0’
DE 205° 30"
EA 3000 0,

Solution. Fig. 5.8 shows the plotted traverse.

FIG. 5.8.

Included angle = Bearing of previous line — Bearing of next lne
ZA = Bearing of AE — Bearing of AB
= (300" - 180°) - 60° 30’ = 59° 30,
/D . Denrine ~F BJ nn:n-:n: ~f B
= (60° 30" + 180°) - 122° = 118° 3(,
ZC =Bearing of CB - Bearing of CD
= (122° + 180°) - 46° = 256°
£D = Bearing of DC - Bearing of DE
= (46° + 180°) — 205° 30" = 20° 30",
£E = Bearing of ED ~ Bearing of E4
= (205° 30" - 180°) - 300°+ 360° = 85° 30’

Sum = 540° 00".
Check : (2n — 4) 90° = (10 — 4) 90° = 540°.
x—/l’fample 5.4. The following interior angles were measured with a sexiant in a closed
traverse. The bearing of the line AB was measured as 60° 00" with prismatic compass.
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Calculate the bearings. of all other line if ZA=140° 10’; LB =99°8"; iC=60°227;
ZD = 65° 207 :

Solution.

Fig. 5.9 shows the plotted traverse.

To find the bearing of a line, add
the measured clockwise angle to the bearing
of the previous line. If the sum is more
than 180°, deduct 180°. If the sum is
less than 180°, add 180°.

Clockwise angles will be obtained
if we proceed in the anticlockwise direction
round the traverse.

Starting with A and proceeding to-
ward D, C, B etc., we have

Bearing of AD = Bearing of BA + 140° 10" - 180°
= (180° + 60°) + 140° 10" -~ 180° = 200° 10
Bearing of DA =20° 10
Bearing of DC= Bearing of AD + 69° 20" - 180°
=200° 10" + 69° 20" — 180° = §9° 30/
Bearing of CD =269° 30
Bearing of CB = Bearing of DC + 60° 22° + 180°
= §9° 30" + 60° 22’ + 180° = 329° 52'

Bearing of BC =149 52

Bl5~ Bearing of CB +90° 8 - 180°
=320° 52’ 4+ 90° & ~ 180° = 240°
Bearing of AB =60° ({check).
5.3. THE THEORY OF MAGNETIC COMPASS

Magnetic compass gives directly the magnetic bearings of lines. The bearings may
gither be measured in the W.C.B. system or in Q.B. system depending upon the form
of the compass used. The bearings so measured are entirely independent on arty other measurement.

The general principle of all magnetic compass depends upon the fact that if a [ong,
narrow strip of steel or iron is magoetised, and is suitably suspended or pivoted about
a point mear its centre so that it can oscillate freely about the vertical axis, it will tend
to establish itself in the magnetic meridian at the place of observation.

The most essential features of a magnefic compass aré :

(a) Magnetic needle, to establish the magnetic meridian.

(b) A line of sigh, o sight the other end of the line.

(¢} A pgradugted circle, either atrached o the box or w the needle, to read
the directions of the lines.

(@ A compass box to house the above parts.
In addition, a tripod or suitable stand can be used to support the box.

Bearing of

o v

1n7
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The various compasses exhibiting the above features are :

(1) Surveyor's compass

(2) Prismatic compass

(3) Transit or Level Compass.

Earth’s Magnetic Field and Dip .

The carth acts as a powerful magnet and like any magnet, forms a field of magneuc
force which exerts a directive influence on a magnetised bar of steel or iron. If_ any slender
symmeltrical bar magnet is freely suspended at its centre of gravity so that it 1s_free 10
tm in azimoth, it will align itseif in a position parallel to the lines of magnetic force
of the earth at that point. 5

The lines of force of earth’s magnetic
field run generally from South to North
(Fig. 5.10). Near the equator, they are
parallel to the earth’s surface. The horizontal
projections of the lines of force define the
magnetic meridian. The angle which these
lines of force make with the surface of
the earth is called the anmgle of dip or
simply the dip of the needie. In elevation,
these lines of force (i.e. the North end
of the needle), are inclined downward towards
the north in the Northern hemisphere and
downward towards South in Southern hemi-
sphere. At a place near 70° North latitude
and 96° West longitude, it will dip
90°. This area is called North magnetic
pole. A similar area in Southern hemisphere
is called the South magnetic pole. At any
other place, the magnetic meedle will not
point towards the NOITR Magneuc puie, DUL g
it will take a direction and dip in accordance
with the lines of force at the point. Since
the lines of force are parallel to the surface
of the earth only at equator, the dip of the needle will be zero at. equator fmd the needle
will remain horizontal. At any other place, one end of the needle will c_hp downw.a_rds.
By suitably weighting the high end of the needle may be brought to a horizontal position.

The Magnetic needle .

The compass needle is made of a slender symmetrical bar of magnetised stee_l or
iron. It is hung from a conical jewel “bearing supported on 2 sharp, har_dened steel pivot.
Before magnetisation, the needle is free to rotate both vertically and honzo!ltally and doe.s
ot tend to move away from any direction in which it is originally pomte'cl. Wh_eq it
is magnetised, it will dip downwards and take a definite direction of magnelic meridian.
A small coil of brass wire is wrapped around it to palance the force tending to make

Long.100° W

Long.80° E

Plane of

FIG. 5.10. CROSS-SECTION OF EARTH'S MAGNETIC
FIELD.
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the needle dip. The position of the coil is {-Jewel

adjustable for the dip in the locality where
the compass is to be used. L = L/ 5 R
Fig. 5.11 shows a typical needle in Counter

section, which can either be a "broad needle” welght Pivot
or "edge bar” needle type.

The pivot is a sharp and bard point
and the slightest jar will break its tip or make it blunt. A lever arrangement is usually
provided for lifting the meedle off its bearing when not in use, so0 as to prevent UNNECessary
wear of the bearing with consequent increase in friction.

Requirements of a Magnetic Needle

The following are the principal requirements of a magnetic needle :

{1} The ncedle should be straight and symmetrical and the magnetic axis of the needle
should coincide with the geometrical axis. If not, the bearing reading will not be with
reference to the magnetic axis, and, therefore, will be wrong. However, the included angles
calculated from the observed bearings will be correct.

(2) The needle should be semsitive. It may loose its sensitivity due to {a) loss of
polarity, (b} wear of the pivot. If the polarity has been lost, the needle should be remagnerised.
The pivot can either be sharpened with the belp of very fine oil stone or it may be
completely replaced. Suitable arrangement should be provided 1o lift the needle off the pivot
when not in use. )

(3) The ends of the needle should lie in the same horizontal and vertical planes
as those of the pivot point. If the ends are mot in the same horizontal plane as that
of the pivot point, they will be found 10 quiver ‘when the needle swings, thus causing
inconvenience in reading. .

{(4) For stability, the centre of the gravity of the needle should be as far below
the pivot as possible.

In addition to the above requirements of the needle, the compass box along with
other accessories shonld he of non-magnetic substance <o that needle is uninfluenced hv
all other atractive forces except that of the earth’s.

5,4, THE PRISMATIC COMPASS

Prismatic compass is the most convenient and portable form of magnetic compass
which can either be used as.a hand instrument or can be fitted on a tripod. The main
parts of the prismatic compass are shown in Fig. 5.12.

As illustrated in the diagram, the magnetic needle is attached to the circular ring
or compass card made up of aluminium, a non-magnetic. substance. When the needle is
on the pivot, it will orient itself in the magnetic meridian and, therefore, the N and §
ends of the ring will be in this direction. The line of sight is defined by the object
vape and the eye slit, both attached to the compass box. The object vane consisis of
a vertical hair attached to a suitable frame while the eye slit consists of a vertical slit
cut into the upper assembly of the prism unit, both being hinged to the box. When an
object is sighted, the sight vanes will rotate with respect to the NS end of ring through

N
1

FIG. 5.11. THE MAGNETIC NEEDLE.
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1. Box 7. Prism cap 13 Mirror
2. Needle 8. Glass cover 14, Pivot
3, Graduated ring 'g, Litting pin 15. Agate cap
4_ Ohbjact vana 10, Lifting taver 16. Focusing stud
5. Eye vane 11. Braks pin 17, Sun glass
6. Prism 12. Spring brake

FIG. 5.12. THE PRISMATIC COMPASS.

an angle which the line makes with the magnetic meridian. A tri?ngullar prism is _ﬂtted
below the eye slit, having suitable arrangement for focusing to sutt dlfferﬁ:m eye sights.
The prism has both norizontal and vertical faces convex. SO LI33t a magmﬂe.d image of
the ring graduation is formed. When the line of sight is .also in the magnetic ‘mendlan.
the South end of the ring comes vertically below the horizontal face. of the prism. ’I_'he
0° or 360° reading is, therefore, engraved on the South end of the ring, so that bearing

Wl G LZloof oA oo which e verticaily

Ol Ifté mMagoele Iuenulan 13 seau as v

(@ ©)
FIG. 5.13. SYSTEM OF GRADUATION IN PRISMATIC COMPASS.
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above South end in this particular position. The readings increase in clockwise direction
from 0° at South end to 90° at West end, 180° at North end and 270° at East end.
This has been cleasly illustrated in Fig. 5.13 (@) and ().

When not in use, the object vane frame can be folded on the glass lid which covers
the top of the box. The object vame, thus presses against a bent lever which lifts the
needle off the pivot and holds it against the glass lid. By pressing knob or brake-pin
placed at the base of the .object vame, a light spring fitted inside the box can be brought
into the contact with the edge of the graduated ring to damp the oscillations of the needle
when about to take the reading. The prism can be folded over the edge of the box.
A metal cover fits over the circular box, when not in use. To sight the objects which
are 100 high or too low to be sighted direcily, a hinged mirror capable of sliding over
the object vane is provided and the objects sighted by reflection. When bright objects are
sighted, dark glasses may be.interposed into the line of sight.

The preatest advantage of prismatic compass is that both sighting the object as well
as reading circle can be done simultaneously without changing the position of the eye.
The circle is read at the reading at which the hair line appears to cut the graduated ring.

Adjustment of Prismatic compass

The following are the adjustments usually necessary in the prismatic compass.

(@) Station or Temporary Adjustments:

() Centring (ify Levelling (iif) Focusing the prism.

(b) Permanent Adjustments. The permanent adjustments of prismatic compass are almost
the same as that of the Surveyor's compass except that there are no bubble tubes to be
adjusted and the needle cannot be straightened. The sight vanes are generally not adjustable.
(See the permanent adjustments of Surveyor's compass).

Temporary Adjustments

Temporary adjustments are those adjustments which have to be made at every set
wp of the instrument. They comprise the follewing:

() Centring. Centring is the process of keeping the instrument exactly over the

PV e ot .
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fitted to engineer’s theodolitz. The centring is invariably done by adjusting or manipulating
the legs of the wipod. A plumb-bob may be used to judge the centring and if it is not
available, it may be judged by dropping a pebble from the centre of the bottorn of
the instrument.

(i) Levelling. If the instrument is a hand instrument, it must be held in hand in
such a way that graduated disc is swinging freely and appears to be level as judged from
the top edge of the case. Generally, a tripod is provided with ball and socket arrangement
with the help of which the top of the box can be levelled.

(¥} Focusing the Prism. The prism attachment is slided up or down for focusing
til the readings are seen to be sharp and clear.

5.5, THE SURVEYOR’S COMPASS

Fig. 5.14 shows the essential parts of a surveyor's cbmpass. As illustrated in the
figure, the graduated ring is directly attached to the box, and not with needle. The edge
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1. Box

2. Magnetic needle
3. Sight vanes

4. Pivot

5. Jawel bearing

6. Glass top

7. Counter waight

8. Melal pin

9. Circular graduated arc
10. Lifting pin

11, Lifing lever

FIG. 5.14. THE SURVEYOR'S COMPASS.

bar needle freely floats over the pivot. Thus, the
graduated card or ring is not oriented in the magnetic
meridian, as was the case in the prismatic compass.
The object vane is similar to that of prismatic compass.
The eye vane consists of a simple metal vaoe with
a fine slit. Since no prism is provided, the object
e o ha eirhrad firet swith fhe akiart and eve vanes
and the r.;ading is then taken against the North
end of the needle, by looking vertically through
the top glass. Fig. 5.15 shows the plan view of
a surveyor's cOmpass,

When the line of sight is in magnetic meridian,
the North and South ends of the needle will be
over the 0° N and 0° § graduations of the graduated
card. The card is graduated in quadrantal system
having 0° at N and S ends and 90° at East and
West ends. Let us take the case of a line AB
which is in North-East quadrant. In order to sight
the point B, the box will have to be rotated about
the vertical axis. In doing so, the pointer of the

needle remains fixed in position (pointing always FIG. 3.15. SURVEYOR®

»

Magnetic North

Heau paanng nare

5 COMPASS (PLAN).
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to the magnetic meridian) while the 0° N graduation of the card moves in a clockwise
di}'ecﬁon. In other words, the North end of the needle moves in the anti-clockwise direction
with relation 10 the 0° N graduation of the card. Taking the extreme case when the line
has a bearing of 90° in East direction, the pointer appears to move by 90° from the
0°N graduation in anti-clockwise direction ; in this position, therefore, the pointer must
read the reading 90° E. Thus, on the praduated card, the East and West are interchanged.
See Fig. 5.16 (g) and (5).

?Lina of sight

(2) Une of sight In
magnetic meridian

{b) Line of sight towards B
bearing N 30° E

FIG. 5.16. SYSTEM OF GRADUATIONS IN THE SURVEYOR'S COMPASS.

The difference between surveyor’s and prismati is gi i
prismatic compass is given in Table 5.3.
TABLES 5.3. DIFFERENCE BETWEEN SURVEYOR’S ANDPPRISMA%'IC COMPASS 3

Htem 11
(1) Magnetic :

Prismatic Compass

The needle is of ‘broad needle' type. The needle
Needle does not act as index. as the index aiso.
(2) Graduated| (i) The graduated card ring is attached with the| () The graduated card is attached to the box and
Card needle. The ring does not rotate alone with the linelnot ta the needle. The card ratates alans wirh the line
|O signt. of sight.

(i) The graduations are in W.C.B. system, having| (i) The graduati i [

A .B. R graduations are in Q.B. system, hav
0° at South end. 90° at West. 180° 2t Nerth and |0° at N and S and 90° at EastQand “)"'CS[. Eas; al:t%
270° at East. West are interchanged.

(i} The graduations are engraved inverted.

{f} The chject vane consists of metal vane with a

Surveyor’s Compass
The needle is of * edge bar ' type. The needle acts

(iif) The graduations are engraved erect.
() The object vane consists of a metal vane with a

(3) Sighting

Vanes vertical hair. vertical hair.
l(ir'} '1"he eye vane consists of a small metal vane| (if) The eye vane consists of a metal vane with a
with slit. fine siit,
(& Reading | (D The reading is taken with the help of a pri ing i i i
) prism| (i} The reading is 1aken by d|
provided at the eye slit. the 1op of the glgss. Y disecly secing through

) Sighting and reading taking can l;e done{ (&) Sighting and readin i
] 4 g taking cannot be done
simultanie-ously from one position of the observer. {simullanecusly from one position gf the observer.

(5) Tripod Tripod may or may not be provided. The The instrument i i
] . cannot be used with .
instrument can be used even by holding suitably in used without 2 riped

hand.

S
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Temporary Adjustments. Same as for prismatic compass, except for the focusing
of the prism. :

Permanent Adjustments of Surveyor’s Compass

Permanent adjustments are those adjustments which are done only when the fundamental
relations between the parts are disturbed. They are, therefore, not required o be repeated
at every set up of the instrument. These consist of :

(H  Adjustment of levels. (i)  Adjustment of sight vanmes.

(i Adjustment of needle. (vi) Adjustment of pivot point.

(H Adjustment of levels

Object To make the levels, when they are fitted, perpendicular to the vertical axis.

Test. Keep the bubble tube parallel 1o two foot screws and centre the bubble. Rotate
the instrument through 90° about the vertical axis, till it comes over the third foot screw
and centre the bubble. Repeat till it remain central in these two positions. When the bubble
is central in any of these positions, turn the instrument through 180° about vertical axis.
If the bubble remains central, it is in adjustment. If not,

Adjustment. Bring the bubble half way by foot screws and half by adjusting the
screws of the bubble tube.

Note. If the instrument is not fitted with the levelling head, the bubble is levelled
with the help of ball and socket arrangement, wmed through 180° and tested. In case
it needs adjustment, it is adjusted half way by the adjusting screw of the bubble tbe
and half by the ball and the socket. Generally, this adjustment is an unnecessary refinement
and the levels are not provided on the instrument.

(ih  Adjustment of Sight Vanes

Object. To bring the sight vanes into a vertical plane when the instrument is levelled.

Test. Level the instrument properly. Suspend a plumb line at some distance and look
at it, first through ome of the sight vanes and then through the other.

Adjustment. If the vertical hair in the object vane or the slit in the eye vane is
not seen parallel to the plumb line, remove the affected vane and either file the higher
SE Op e Dl Ul Lol d Suiable pavhing wmivi e il side.

(#}) Adjustment of Needle

The needle is adjusted for : () Sensitivity, (b) Balancing the needle, () Straightening
vertically, and (d) Straightening horizontally.

(a) Sensitivity. The needle may loose its sensitivity either by the loss of its magnetism
or by the pivot becoming blunt. To test it, level the instrument and lower the needle
on its pivot. If it comes to rest quickly, it shows the sign of sluggishness, To adjust
it find the reason, whether it is due to loss of magnetism or due to the blunt pivot.
Remagnpetise the needle, if necessary. The pivot point can be sharpened with the help of
fine oil stone or can be completely replaced.

() Balancing the needle. Due to the effect of the dip, the needle may not the
balanced on its pivot. To fest it, level the instrument and lower the needle on its pivot.
Note the higher end, remove the compass glass and slide the counter weight towards the
higher end, dll it balances. . '
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(¢) Straightening the needle vertically. If the needle is bent vertically, a vemical
seesaw motion of the ends will take place with its horizontal swing when the needle is
lowered on the pivot, In such a case, the needle may be taken off the pivot and may
be suitably bent in the vertical direction so that the seesaw motion ceases.

(iv) Straightening Horizontally :

Object. To straighten the needle so that its two ends shall lie in the same vertical
plane as that of its centre.

Test. Note the reading of both ends of the needle in different positions of the graduated

arc. .
If the difference between both end readings is always some constant quantity - other
than 180°, the needle is bent horizontally but the pivot coincides the centre of the graduations.
On the other hand, if the difference varies, the error may be both in the needle as well
as in the pivot. In order to koow, in such a case, whether the npeedle is straight or
not, level the instrument and read both ends of the needle in amy position. Revolve the
compass until the South end of the needle comes against the previous reading of the North
end; read the North end now. If the reading at the North end is the same as that of
the South end in the previous position, the needle is not bent. Otherwise, it is bent and
needs adjustment. - '

Adjustment. If not, note the difference. Remove the needle from the pivor and bend
the North end halfway towards the new position of the original reading at the South end.
Replace and repeat till correct.

(v) Adjustment of the Pivot

Object. To bring the pivot point exactly in the centre of the graduated circle.

Test and Adjusiment. (1) Bring the North end of the needle against the North 0°
mark of the graduated circle. Note the reading of the South end of the needle. If it does
not read 0°, correct the error by bending the pivot pin slightly in a direction at right
angles to the line between the North and South zeros. *

(2) Bring the North end of the needle exactly against 50° mark, and note the reading
against the South end. T ir does not read 00° eorrect the errar hv hending the nivar
pin in a direction at right aogles to the line between the two 90° marks. Repeat (1)
and (2) until the readings for the opposite ends of the needle agree for any position of
the needle.

5.6. WILD B3 PRECISION COMPASS

Fig. 5.18 shows the photograph of Wild B3 tripod compass. It is a precision compass
for simple, rapid surveys. It is particularly valuable whenever a small, light weight survey
instrument is required. It derives its precision from the fine pivor system, the balanced
circle and the strong magnet.

The B3 is set up on a tripod and levelled with foot screws and circular bubble
like other surveying instruments. On puffing out the circular clamp, the magnet brings the
zero graduation of the circle to magnetic north, and the magnetic bearing to the tarpet
can be read to 0.1°. On releasing the clamp, after the reading has been taken, the circle
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is lifted automatically off the pivot and is held again in a fixed position so that the damage
to the pivot cannot occur during transport.

With the circle in the clamped position, the B3 can be used as a simple angle
measuring instrument. The small vertical arc alongside the telescope allows slopes 10 be
measured within a range of X70%.

The circle has a spring mounted sappire bearing. The pivot is sharp and n'fadc of
extremely hard metal. The instrument can be adjusted for earth's magnetic ﬁeld_(l.e. _for
dip} by moving tiny adjustment weights, thus balancing the circle so that it will swing

“horizontally in any part of the world.

The small sighting telescope has 2 X magnification and stadia hairs for approximate
distance measurement from a staff.

5.7. MAGNETIC DECLINATION .

Magnetic declination at a place is the horizontal angle betweel} the true meridla_n
and the magnetic meridian shown by the needle at the #me ot obse!'vatlon. I_f Il:lE ma netic
meridian s to the right side (or castern side) of the true meridian, declination Is _sald
to be eastern_or_positiyé [see Fig. 5.19 (@)); if it 1o be the left side (or western side),
the declination is said to be westerm  or negative [see Fig. 5.19 ().

Mariners call declination by the name

. True & Magnetic MM. ATM.
variation. meridian mendian
The declination at any particular location ~ (TM! M.M)
can be obtained by establishing a true meridian
from astronomical observations and then read- 8 By
ing the compass while sighting along the .
true meridian,

Isogonic line is the line drawn through
the points of same declination. The distribution
oﬁm regular and con-
sequently, the isogonic lines do not form com- . _
nlata mreat eipeles Pt radiating from the North and South magnetic regions thev ﬁ_:llow
irregul-ar paths. Agonic line_is the line made up of points having a zero declination.

Variations in Declination : The value of declination at a place never remains constant
but changes from time to time. There are four types of variations in declination_ -

(@) Diurnal variation (b) Annual variation () Secular variation (d) Irregutar vangtlolll.

(@) Diurnal Variation : The diurnal variation or daily variation is the systemalc
departure of the declination from its mean value during a period of Zfl hours. It generaflly
varies with the phase of the sunspot period. The difference in declinanon_bcnveen IOIMing
and afternoon is ofien as much as 10" of arc. The extent of daily variations depend upon
the following factors: _

() The Locality : More at magnetic poles and less at equator.

(i Season of the year : Considerably more in summer .th‘an in winer.

(iif) ‘Time: More in day and less in night. The rate of variation during 24 hours

is variable.

(a) Declination sasl {b} Declination wesl

FIG. 5.19. MAGNETIC DECLINATION.
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(i¥) The amount of daily variation changes from year 10 year.
(b) Annual Variation _
The variation which has a yearly period is known as anmual variation. The declination
has a yearly swing of abour 1’or2’' in amplimde. It varies from place to place.

(&) Secular Variation

Due to its magnitude, secular variation is the most important in the work of surveyor.
It appears to be of periodic character and follows a roller-coaster (sine-curve) pattern. It
swings like a pendulum. For a given place, the compass needle after moving continucusly
for a period of years in onme direction with respect to the true North, gradually comes
1o a stand stll and then begins to move in opposite direction. Secular change from year
1o year is not uniform for any given locality and is different for different places. Iis period
is approximately 250 years. In Paris, the records show a range from 11° E in 1680 to
22° W in 1820. This magnitude of secular variation is very great, it is very important
in the work of the .surveyor, and unless otherwise specified, it is the change commonly
referred to. : ’

d) Urregular Variation 3 .

The irregular variations are due to what are known as 'magrietic storms’, earthquakes
and other solar influences. They may occur at any time and camnot be predicred. Change
of this kind amounting to more than a degree have been observed.

Determination of True Bearing.

All important surveys are plotted with reference to true meridian, since the direction
of magnetic ‘meridian at a place changes with time. If however, the maguetic declination
ar a place, at the time of observation is known, the true bearing can be calculated from
the observed magnetic bearing by the following relation (Fig. 5.19):

Tru;er bearing = magnetic bearing + declination.

Use plus sign if the declination is to the East and minus_sign if it is 10 the West

The above rule is valid for whole circle bearings only. If ‘however, a reduced bearing
has been observed, it is always advisable to draw the diagram and calculate bearing.

= enl. T L - e L FalV R e e B i
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if the magnetic declination is 5° 38° East. :
Solution. Declination = + 5° 38’ MME ATM
5 True bearing = 48° 24' + 5° 38" = 54° 02
‘/Example 5.6. The magnetic bearing of a line AB is §
28 ° 30° E. Calculate the true bearing if the declination is 7 ° 3G*
West.

7730

Solution. The positions of true meridian, magnetic meridian 730" BN\ oseagr
and the fine have been shown in Fig. 5.20. Since the declination v
is to be West, the magmetic meridian will be to the West of ;
true meridian. =g
Hence, true bearing =S 28° 30 E + 7 ° 30, ve?
=836°00'E. FIG. 5.20.
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‘/léample 57. In an old map, a line AB was drawn to a magnetic bearing of
50 30 the magnetic declination at the time being I° East. To what magnetic bearing should
the line be set now if the present magnetic declination is 8° 30" East.

Solution
True bearing of the line = 5° 30" + 1° = 6° 30’
Present declination = + 8° 30’ {(East)
Now, True bearing = Magnetic bearing + 8° 30’

Magretic bearing = True bearing — 8° 30’
=6°30—8°30'=-2° (i.e. 2°in the anti-clockwise direction)

= 358°,
t/éxample 5.8. Find the magnetic declination at a place if the magnetic bearing of
the sun ar noon is (@) 184° (b) 350° 207
Solution. () At noon, the sun is exactly on the geographical meridian. Hence, the
true bearing of the sun at noon is zero or 180° depending upon whether it is to the
North of the place or to the South of the place. Since the magnetic bearing of the sun
is 184°, the true bearing will be 180°.
Now , True bearing= Magnetic bearing + Declination
s 180° = 184° 4+ Declination
or Declination= —4°=4° W
(b) Since the magnetic bearing of the sun is 350°20¢, it is at the North of the
place and hence the true bearing of the sun, which is on the meridian, will be 360°.

Now, True bearing= Magnetic bearing + Declination
360° = 350° 20" +Declination
or Declination = 360° - 350° 20" = 9 40" = 9° 40’ E,

5.8. LOCAL ATTRACTION

A magnetic meridian at a place is established by a magpetic needle which is uninfluenced
by other atracting forces. However, sometimes, the maenetic needle may be attracted and
prevented from indicating the true magnetic meridian when it is in proximity to certain
magnetic substances. Local attraction is a term used to denote any influence, such as the
above, which prevents the needle from pointing lo the magnetic North in a given locality.
Some of the sources of local atraction are ; magnetile in the ground, wire carrying electric
current, steel structures, railroad rails, underground iron pipes, keys, steel-bowed spectacles,
metal buttons, axes, chains, steel tapes etc., which may be lying on the ground nearby.

Detection of Local Attraction. The local attraction at a particular place can be
detected by observing the fore and back bearings of each line and finding its difference.
If the difference between fore and back bearing is 180°, it may be taken that both the
stations are free from local attraction, provided there are mo observational and instrumental
errors. If the difference is other than 180°, the fore bearing should be measured again
to find our whether the discrepancy is due to avoidable aftraction from the articles on
person, chains, tapes etc. It the difference still remains, the local atraction exists at one
or both the stations.
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Strictly speaking, the rerm local atiraction does not include aveidable anraction due
to things abour the person or to other sources not connected with the place where the
needle is' read, )

Elimination of Local Attraction. If there is local attraction at a station, all the
bearings measured at that place will be incorrect and the amount of error will be equal
in all the bearings. There are two methods for eliminating the effects of local auraction.

First Method. In this metbod, the bearings of the lines are calculated on the basis
of the bearing of that line which has a difference of 180 ° in its fore and back bearings.
It is, however, assumed that there are no observational and other instrumental errors. The
amount and direction of error due to local attraction at each of the affected station is
found. Tf, however, there is no such line in which the two bearings differ by 180 °, the
corrections should be made from the mean value of the bearing of that line in which
there is least discrepancy between the back sight and fore sight readimgs.

if the bearings are expressed in quadrantal system, the corrections must be applied
in proper direction. In 1st and 3rd quadrants, the numerical value of bearings increase
in clockwise direction while they increase in anti-clockwise direction in 2nd and 4th quadrants.
Positive corrections are applied clockwise and negative corrections counter-clockwise.

Examples 5.9, 5.10 and 5.11 completely illustrate the procedure for applying the
corrections by the first method.

Secend Method. This is more a general method and is based on the fact that though
the bearings measured at a station may be incorrect due to local attraction, the included
angle calculared from the bearings will be correct since the amount of error is the same
for all the bearings measured at the station. The included angles between the lines are
calculated ar all the stations. If the waverse is a closed one, the sum of the internal included
angles must be (2n —4) right angles. If there is any discrepancy in this, observational and
instrumental errors also exist. Such error is distributed equally to all the angles. Proceeding
now with the line, the bearings of which differ by 180°, the bearings of all other lines
are calculated, as illustrated in example 5.12.

Special case ; Special case of local attraction may arise when we find no line which
nas a dierence oI lsU” 1N NS IOre and back beanngs. In that case select the line in
which the difference in its fore and back bearings is closest to 180°. The mean value
of the bearing of that line is found by applying half the correction o both the fore and
back bearings of that line, thus obtaining the modified fore and back bearings of that line
differing exactly by 180°. Proceeding with the modified bearings of that line, corrected
bearings of other lines are found. See example 5.13 for illustration.

Example 5.9. The following bearings were observed while traversing with a compass.

Line F.B. B.B. Line F.B. B.B.
AB 45% 457 226° 107 CcD 29° 457 209° 10°
BC ag° 557 277° 5’ DE 324° 48° 144° 48"

Mention which stations were affected by local atiraction and determine the corrected
bearings. (U.B.)
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Solution. On examining the observed bearings of the lines, it wili be noticed that
difference between back and fore bearings of the line DE is exactly 180°. Hence both
stations D and E are free from local attraction and all other bearings mea.sured at these
statilu'ns are also correct. Thus, the observed bearing of DC (i.e 209° 10" Is correct. 'I.‘he
correct bearing of CD will, therefore, be 209° 10 ' - 180° = 29 © 10 * while the observed b-earmg
is 20 °45". The error at C is therefore + 35 and a correction — 35 must be applied w
all the bearings measured at C. The correct bearings of CB thus beco‘mes 277
5 35" = 276° 30" and that of BC as 276° 30" - 180 ° = 96° 30'. The observed bearing of -BC
is 96° 55 . Hence the error at B is +23' and a correction of - 25' must be applied
1o all the bearings measured at B. The correct bearing of BiA tpus becomes
226° 10" — 25" = 225° 45, and that of AB as 225° 45'-180 © = 45° 45' which is the same as
the observed ome. Station 4 is, therefore, free from local attraction.
The results may be tabulated as under :

Line Observed bearing Correction Corrected bearing Remarks [
AB 45° 45 0 a4 45° 45°

BA 226° W -25'atB 2257 458

° 33 -25' B 96° 30' Stations B and

= e C are affected

cB e 5 -3'ac 276° 30 by local awraction
[oi2) 29° 45 -35aC 20° 10 ;

bc 209° 10* 0 aD 209 ° 1

DE 324° 48* 0 aD T 3240487

ED 144° 48' 0 atE 144° 48° i

Example 5.10. Apply the corrections if the bearings of the previous example are
measured in the quadrantal sysiem as under :

v To op l Pine Fr AR
AB N 45¢ 45°E S46° 10'W cD N29° 45°E S29° IW
BC S83°05'E NB82°55'W DE N35eI12'W $35° J2°E

Solution By inspection of the observed bearings, stations D and E are free‘from
local astraction and hence bearings of ED, DE and DC are correct, The correct bearing of
CD will, therefore, be N 29 °10'E. Since the observed bearing of CD is N 29?45‘ E,
the magnetic needle at C is deflected by 35 towards West. The corrected bearings of
CB will, therefore, be N 82°55' W +35' =N 83°30"W.

The corrected bearing of BC will be § 83°30"E. Since the observed bearing of ?C
is §83°05'E, the needle at B is deflected by 25’ towards East. Hence the corrected bearing
of BA will be §46° 10'W 25 <8§45°45 W. The bearing of line AB will be N
45° 45' E, which is the same as the observed onc. Station A is. therefore. not affected

by local attraction.
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Example 5.11. The following bearings were observed in running a closed traverse:

Line F.B. B.B.

AB 75° 5 254 ° 20¢
BC ' 115° 207 - 296° 35¢
D 165° 357 345° 35°
DE 224° 50" -44° 5"
EA 304 ° 507 125°5°

At what stations do you suspect the local attraction ? Determine. the correct magnetic
bearings. If declination was 5°10° E, what are the true bearings 7

Solution.

By inspection of the observed bearings it wilt be noticed that stations C and D
are free from local ‘attractions since the B.B, and F.B. of CD differ by 180°. All the
bearings measured at C and D are, therefore, correct. Thus, the observed bearing of CB
(i.e. 296° 35 is correct. The correct bearing of BC will be 296° 35" - 180° = 116° 35". Since
the observed bearing of BC is 115° 20", a correction of +1° 15' will have to be applied to
the bearing of B4 measured at B. Thus, the correct bearing of BA becomes 254° 20"+ 1° 15
=255°35'. The correct bearing of AB will, therefore, be 255°35 - 180 °=75° 35" Since
the observed bearing of AB is 75°5' a correction of +30' will be have to be applied
to the bearing of AE measured at A. Thus, correct bearing of AE becomes 125° 5 +30°
= 125° 35'. The corrected bearing of EA will be 125° 35 + 180° = 305° 35'. Since the observed
bearing of EA is 304° 50", a correction of + 45 will have to be applied to the bearing
of ED measured at E. The correct bearing of ED will thus be 44° 5+ 45' =44° 50
The correct bearing of DE will be 44° 50"+ 180° = 224° 50', which is the same as -the
" observed ome, since the station D is not affected by local anraction. '

Thus, results may be tabulated as given below. Since the magnetic declination is
+5°10'E. the true bearings of the lines will be chtained hv addine 5° 107 tn eorrected

magnetic bearings.
Line QObserved Correction Comected | True Remarks
begring bearing bearing

AB 75° 5 +300a14 75° 35° BO® 45°

BA 254° 2y +1*15"x B 255° 35 260° 45°

BC 115° 2 +1°15a B 116° 35 121° 45" .

B 206° 35' OnC 206° 35° 301° 45° Suations A4, Band £ are affected by

local attraction

cD 165° 35' DatC 165° 35° 170° 45

DC 345° 35" DatD 345° 35 350° 45°

DE 224° S0 ODatD 224° 50 230° 0

ED 4405 +45' 8t E 44° 50° 50° 0°

EA 304° 50 +45 a E 305° 35* 310° 45*

AE 125° 5" +30'at A 125° 35" 130° 45"

131

THE COMPASS
V@mple 5.12. The follswing are bearings taken on a closed compass wraverse :
Line F.B. B.B.
AB- 80° 10 259° O
BC 120° 20° 301 ° 507
cD 170 ° 50° 350 ° 507
DE - 230 ° 10’ 49 © 30°
EA 310° 207 130 ° 157

Compute the interior angles and correct them for observational errors. As_sn‘tming. the
observed bearing of the line CD to be correct adjust the bearing of the remaining sides.
Soluion. A =Bearing of AE- Bearing of AB_=130°15'-80° 10"=350°5

2B =Bearing of BA - Bearing of BC =259°-120°20"=138° 40
2C =Bearing of CB - Bearing of CD =7301°50° - 170° 50' = 131° 0
/D = Bearing of DC - Bearing of DE =350° 50" - 230° 10" = 120° 40
2ZE = Bearing of ED - Bearing of EA = 49° 30" = 310° 20" + 360° = 99° 10
A+ LB+ Z/C+ 2D+ LE=50° 5"+ 138° 40" + 131° 0’ + 120° 40" + 99° 10° = 539° 35
Theoretical sum=(2n-4) 90 °=1540"°
Error = - 25'
Hence a correction of +5' is applied to all the angles. The corrected angles are:
LA. =50° 10"; ZB = 138° 45"; £C=131°5'; £D = 120° 45' and ZE=99°1¥
Starting with the corrected bearing of CD, all other bearings can be calcutated as under:
Bearing of DE=Bearing of DC- ZD =1350° 50" - 1207 45 =230° &

. Bearing of ED=230°5-180°= 50° 5

.. Bearing of EA=Bearing of ED - ZE = 50° 5 — 99° 15" + 360° = 310° 50°

;. Bearing of AE=310°50'-180°= 130° 50'

Bearing of AB=Bearing of AE - ZA = 130° 50" — 50° 10" = 80° 40"
- Bearing of BA=80° 40" + 180° = 260° 40'
.Bearing of BC=Bearing of BA - ZB= 260° 40" — 138° 45" = 121° 55
-, Bearing of CB=121°55 + 180° = 301° 5§'
Bearing of CD = Bearing of CB - £C=301° 55 - 131° §' =170 ° 50'

ing of DC=170°50"+180°= 350 © 50". (Check)
ﬁpnleﬂ 5.13. The following bearings were observed in running a closed traverse.

Line F.B. B.B.
AB 71°05° 250°20°
BC 110°20° 292°35
€D 161°35° 341°45°
DE 220°50" 40°05°
EA 300°50" 121°10°

Determine the correct magnetic bearings of the lines.
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Solution
By inspection, we find that tnere is no line whose F.B. and B.B. differ exacty

by 180°. However, the F.B. and B.B. of line CD differ by 180°10’, the difference being
only + 10°. Hence the correct F.B. of CD is obtained by adding half the difference.

ZABC = 140°0° - 15" = 139°45'
ZBCD = 131°0" - 15 = 130745
ZCDE = 120°55" - 15' = 120°40°
ZDEA = 99°15' - 15" = 99°00
ZEAB = 50°05' - 15" =49°50"

sum = 540°00°

The corrected bearings of all the lines are obtained from the included angles and
the corrected bearing of CD.

Corrected E.B. of DE = 341°40' — 120°40" = 221°00'
B.B. of DE=221°00" - 180° =41°00
F.B. of EA= 41°00 +261° =302°00'
B.B. of EA =302°00" - 180°  =122°00°
E.B. of AB =122°00" - 49°50' =72°10°
B.B. of 483= 72°10' + 180° =1252°10
F.B. of BC=252°10 - 139°45 = 112°2%
B.B. of BC=112°25 + 180° =292°25

300°50" !

EB. of €D =292°25" - 130°45' =161°40" (check)
FIG. 5.21 5.9. ERRORS IN COMPASS SURVEY
The errors may be classified as :
Hence corrected F.B. of CD=161°35"+ 5 = 161°40’ @ Tastromental erfors -
and corrected B.B. of €D =341°45' — 5 = 341°40" (b) Personal errors |
- ‘ {c} FErrors due to natural causes.
Difference = 180°0" ¥ (a) Instrumental errors. They are those whichi arise due to the faulty adjustments
LABL = 2507 W ~ 11w A = eyt Y _ 2f Mg insimmenis Ty oy b e she Fllewing mescane
ZBCD =292°35' — 161°35" = 131°0' ; (1) The needie not being perfectly straight.
ZCDE = 341°45' — 220°50' = 120°55' . + (2) Pivot being bent.
£DEA = 300°50 — 40°05' = 260°45' (Exterior) ‘ (3) Slugglsh. needle..
=99°15" (Interior) @) Blunt pivet pOl!ilt. .
ZEAB = 121°10° - 71°5" = 50°5° E (5) Improper balancing weight.
- p ! (6) Plane of sight not being vertical.
.Sum—h__— 541°15" (1) Line of sight not passing through the centres of the right.
Theoretical sum = (2N - 4) 90° ;5400 (») Personal errors. They may be due to the following reasons:
. AL o _ 1oqer =k (1) Inaccurate levelling of the compass box.
" -Correction for each ]:nr;cl::f“:srls THO= I 1 (2} Tnaccurate centring.
Hence the corrected ansles ¥ (3) Inaccurate bisection of signals.
gles are (4) Carelessness in reading and recording.
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(¢ Natural errors. They may be due to the following reasons:

(1) Variation in declination.

(2) Local attraction due to proximity of local attraction forces.

(3) Maguoetic changes in the ammosphere due to clouds and storms.
(4) Irregular variations due to magpetic storms efc.

PROBLEMS

1. Explain, with the help of meat sketch, the graduations of a prismatic compass and a surveyor'’s
compass.

2. Give, in 2 tabular form, the difference between prismatic compass and surveyor's compass.

3. What are the sources of errors in compass survey and what precantions will you take
to elimigaie them ?

4, What is local ataction ? How is it detected and eliminated?

5. Define the terms : True and magpetic bearing, local attraction, back bearings and magnetic
declination. (A.M.LE.))

6. Determine the values of included angles in the closed compass traverse ABCD conducted
in the clockwise direction, given the following fore bearings of their respective lmes :

Line F.B.
A8 40°
BC 70°
@D 210°
DA 280°

Apply the check. (U.B.)

7. The foilowing angles were observed in clockwise direction in an open traverse :

LA — LET R v A = AUE Wy Lbsix = XD A0y keaed 0 = ae T

Magnetic bearing of the line AB was 241°30°. What would be the bearing of line FG ?
(G.U.)

8. In an old survey made when the declination was 4° W, the magnetic bearing of a given
line was 210°. The declination in the same locality is mow 10°E What are the true and present
magnetic bearings of the line? (U.B.)

9. The magnetic bearing of line as observed by the prismatic compass at a survey station
is found to be 272°. If the local attraction at this station is kmown to be 5°E and the declination

is 15° West, what is the true bearing of the line ? P.U)
10. (@) What is back bearing and what are the advantages of observing it in a traverse ?
{(b) At a place the bearing of sun is measured at local noon and found to be 175° 15'. What
is the magnide and direction of magnetic declination of the place ?
(¢) Show by a neat diagram the graduations on the circle of a prismatic compass.
11, The following bearings were taken in running a compass traverse

by LD ks — LW SV
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Line F.B. B.B. . Line F.B. BB
AB 124° 3’ 304° 30 o 319° 30 135¢ 15°
BC 68° 15 246° ¢ DA 200° 15 17° 45"

At what stations do you suspect local atraction ? Find the correct bearings of the lines and
also compute the inciuded angles.

12. The following fore and back bearings were observed in traversing with a ‘compass in
place where local attraction was suspected.

Line F.B. B.B. Line " F.B. - BB
AB 38° 30° 219° 15 [or) 2543 207° 15
BC 100° 45' 278° 30° DE 325° 1% 145° 15

Find the corrected fore and back bearings and the tme bearing of cach of the lines piven
that the magretic declination was 10° W.

13. The following arc the bearings taken onm a closed compass (raverse:

Line F.B. B.B. Line - F.B B.B
AB SITPXNE N 37°30' W DE N12°45'E S13° 15 W
BC S43° 15'W N4°15'E EA N 60° 00" E $59°00" W
D N 73° 00" W §72°15'E

Compute the interior a.ﬁgles and correct them for observational errors. Assuming the observed
bearing ‘of the line AR t be correct, adjust the bearing of the remaining sides.
14. () Derive rules to calculate reduced bearing from whole circle bearing for all the quadran(s.

(b)) The following bearings were observed with a compass :

AB 140 B4 240
BC 91°¢ CR 71°0
CD 166° 0’ DC M3 ¢
DE 1TIPU ED ¢
EA 189° 0/ AE U

Where do you suspect the local attraction ? Find the correct bearings.

ANCWTRE

6. LA=60°; ZB=150°; £C=40°; £D = 110°; sum = 360°
7. 35°35%

8. T.B. =206°0'; M.B. =196°0".

9, 262°

10. (b) 4°45'E
il. Stations C and D.

Line FA. BB. Line FB. B.B

AB 1240300 3040 30 i @ a1z 45¢ 132¢ 45"

BC 68° 15" uge1s | DA 197%45¢ 17° 45°
ZA=106°45 | £B=123°45 ; LC=04°30 ; £LD= 65°,

ey ——— e s

B = bt
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(MNote : Take F.B. of CD=310°30%
12. Line F.B. B.B. True F.B
AB 38° 30" 218° 30° 28 30
BC 100° 0" 280 0" 90° 0"
cD 27° 15" 207° 15’ 17° 15’
DE 325° 1% 145° 15' se 15"
13. Summation error = +1°15".
Line F.B. B.B. Line F.B.
BC §43°30' W N 43°30'E i DE N11°45'E
co N 73°30' W STI"3'E | Ed N 58°45'E
14. (B AB 140 BA 254° 0'
BC 9oy CB e
cD 166° 0' Dc 346° 0"
DE 180° 0' ED 0
EA 189°0' AE 9e

B.B
§11°45 W
§58°45'W

SURVEYING

The Theodolite

6.1. GENERAL -

The Theodolite is the most precise instrument designed for the measurement of horizontal
and vertical angles and has wide applicability in surveying such as laying off horizontal
angles, locating points on line, prolonging survey lines, establishing grades, determining difference
in elevation, setting out curves efc.

Theodolites may be classified as :

()  Transit theodolite.

(i) Non-transit theodolite.

A ransit theodolite {or simply ‘ransit’) is one is which the line of sight can be

reversed by revolving the telescope through 180° in the vertical plane. The non-transit theodolites '

are either plain theodolites or Y-theodolites in which the telescope cannot be transited.
The transii is mainly used and non-tranmsit theodolites have now become  obsolete.

6.2. THE ESSENTIALS OF THE TRANSIT THEODOLITE

Fig. 6.1. and 6.2 show diagrammatic sections of a vernier theodolite while Fig. 6.3
shows the photograph of a vernier theodolite. A transit consists of the following essential
parts (Ref. Figs. 6.1 and 6.2) :

(i) The Telescope. The telescope (1) is an integral part of the theodolite and is
mounted on a spindle known as horizontal axis or trunnion axis (2). The telescope may
be internal focusing type or external focusing type. In most of the rransits, and internal
focusing telescope is used.

(i) The Vertical Circle. The vertical circle is a circular graduated arc attached to
the trunnion axis of the telescope. Consequently the graduated arc rotates with the telescope
when the latter is turned about the horizontal axis. By means of vertical circle clamp
(24) and its corresponding slow motion o .angenl screw (25), the telescope can be set
accurately at any desired position in vertical plane. The circle is either graduated continuously
from 0° to 360 ° in clockwise direction or it is divided into four quadrants (Fig. 6.11).

(i The Index Frame (or T-Frame or Vernier Frame). The index frame 3) is

a T-shaped frame consisting of a vertical leg known as clipping arm (28) and a horizontal

bar known as vernier arm or index arm (29). At the two extremities of the index arm

are fitted two verniers to read the vertical circle. The index arm is centered on the trunnion

axis in front of the vertical circle and remains fixed. When the telescope is moved in
(13D .
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LLLERERRY
1y

| axis-

Vertlcal

ARALARENY 18

19

26

16

FIG. 6.1. THE ESSENTIALS OF A TRANSIT.

TELESCOPE

TRUNNION AXIS
VERNIER FRAME
VERTICAL CIRCLE
PLATE LEVELS
STANDARDS (A-FRAME)
UPPER PLATE
HORIZONTAL PLATE VERNIER
HORIZONTAL CIRCLE
LOWER PLATE

JNNER AXIS

i2.  OUTER AXIS

I R

—_
- e

i)
<
24
26

ALTITUDE LEVEL

LEVELLING HEAD

LEVELLING SCREW

PLUMB BOB

ARM OF VERTICAL CIRCLE CLAMP.
FOOT PLATE

TRIPOD HEAD

UPPER CLAMP

LOWER CLAMP

VERTICAL CIRCLE CLAMP
TRIPOD

the vertical plame, the vertical circle moves relative to the verniers with the help of which
reading can be taken. For adjustment purposes, however, the index arm can be rorated
slightly with the help of a clip screw (27) fitted to the clipping arm at its lower end.
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L]
FIG. 6.2. THE ESSENTIALS OF A TRANSIT.

THE THEODOLITE
32
3
5
1. TELESCOPE
2 TRUNNION AXIS
3. VERNIER FRAME
vreNTER Rt e
5. PLATE LEVELS
8. STANDARDS (A-FRAME)
7. UPPER PLATE
8. HORIZONTAL PLATE VERNIER
9. HORIZONTAL CIRCLE

10. LOWER PLATE

Glass magnifiers (30) are placed in front of
sensitive bubble tube, sometimes kmown as

of the index frame.

(iv) The Standards (or A-Frame). Two standards (6)

3z,

INNER AXIS
OUTER AXIS
ALTITUDE LEVEL

VEVETTING HE&D

. LEVELLING SCREW

FLUMB BOB
FOOT PLATE
TRIPOD HEAD
TRIPOD
FOCUSING SCREW

each vernier to magnify the reading. A long
the altitude bubble (13) is placed on the top

resembling the letter A are

mounted on the upper plates (7). The trunnion axis of the telescope is supported on these.
The T-frame and the arm of vertical circle clamp (17) are also atiached to the A-frame.

it

wrm——r




140 SURVEYING

(v) The Levellng Head. The levelling head (14) usually consists of rwo parallel
triangutar plates known as tribrach plates. The upper ibrach has three arms each carrying
a levelling screw (15). The lower wibrach plate or foot ptate (18} has a circular hole
through which a plumb bob (16) may be suspended. In some instruments, four levelling
screws (also called foot screws) are provided between 1wo paraliel plates. A levelling head
has three distinctive functions:

(@) To support the main part of the instrument.

() To attach the theodolite to the tripod.

t¢) To provide a mean for levelling the theodolite.

(vii The Two Spindles (or Axes or Centres). The inner spindle or axis (11) is
soild and conical and fits into the outer spindle (12) which is hollow and ground conical
in the interior. The inner spindle is also called the upper axis since it carries the vernier
* or upper plate (7). The outer spindle carries the scale or lower plate (10) and is. therefore.
also. known as the lower axis. Both the axes have a common axis which form the vertical
axis of the instrument.

{vif) The Lower Plate (or Scale
Plate). The lower plate (10) is aitached
to the outer spindle. The lower plate
carries a horizontal circle (9} at its bevelled
edge and is. therefore, also known as
the scale plate. The lower plate carries
a lower clamp screw (22) and a cor-
responding slow motion or fangent screw
(23) with the help of which it can be
fixed accurarely in any desired position.

ig. 6.4 i
Fig. 6.4 shows a typical arrangemerit for FIG. 6.4. CLAMP AND TANGENT SCREW FOR
clamp and fangent screws. LOWER PLATE.

L LR 3\\\\\

AR I

PR E

FVVARLALTANL N

ARLANRANY

When the clamp is tightened, the 1. NnNER AXIS 5. LOWER CLAMP SCREW
lower plate is fixed to the upper wibrach 2 ourer axis 6. TANGENT SCREW
or we leveiling head. UR wmrmung e 5 cyqng 7. LUG ON LEVELLING HEAD
tangent screw. the lower plate can be 6. ANTAGONISING SERING.

rotated slightly. Usually, the size of a
Theodolite is represented by the size of
the scale plate, ie.. a 10 cm theodolite or 12 cm theodolite eic.

(viii) The Upper Plate (or Vernier Plate). The upper plate (7} or vernier plate
is attached to the inner axis and carries two verniers (8) with magnifiers (3) at two extremities
diametrically opposite. The upper plate supports the standards (6). It carries an upper clamp
screw (2) and a corresponding rangent screw (21} for purpose of accurarely fixing it 1
the lower plate. On clamping the upper and unclamping the lower clamp, the instument
can rotate on its outer axis without any relative motion between the rwo plates. If, however.
the lower clamp is clamped and upper clamp unclamped, the upper plate and the instrument
can rotate on the inmer axis with a relative motion between the vernier and the scale.
For using any tangent screw, its corresponding clamp screw must be tightened.
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{(ix) The Plate Levels. The upper plate carmries two plate levels (5) placed at right
angles fo each other. One of the plate level is kept parallel to the trumnion axis. In seme
theodolites only ome plate level is provided. The plate level can be centred with the help
of foot screws (13).

{(x) Trl'ipod. When in use, the theodolite is supported on a tripod (26) which consists
of three solid or framed legs. At.the lower ends, the legs are provided with pointed steel
shoes, The tripod head carries at its upper surface an external screw to which the foot
plate (18) of the Ilevelling head can be screwed.

(xf) The Plumb Bob. A plumb beb is suspended from the hook fitted to the bottom
of the inner axis to centre the instrument exactly over the station mark.

(xify The Compass. Some theodolites are provided with 2 compass which can be
either mbular type or mough type.

Section through Note.
Lifier screw needle Extremities of need]e are on

/ . same level as pivot point
L
S D
Needle 3

lifter : Glass diaphragm
Adjustable rider Prism for
or balance weight illuminating
diaphragm lines

FIG. 6.5. TUBULAR COMPASS.
(BY COURTESY OF MESSRS VICKERS INSTRUMENTS LTD.)

Fig. 6.5 shows a tubular compass for use on a vernier theodolite. The compass
is fitted to the standards.

A wough compass consists of a long narrow rec-
tangular box along the longiwdinal axis of which is
provided a needle balanced upon a steel pivot. Small
flat curve scales of only a few degrees are provided
on each side of the trough.

(xiif) Striding Level. Some theodolites are fitted
with a striding level. Fig. 6.6 shows a striding level -
in position. It is used to test the horizontality of the
transit axis or trunnion axis.

6.3. DEFINITIONS AND TERMS

(1) The vertical axis. The vertical-axis is the
axis about which the instrument can be rotated in a
horizontal plane. This is the axis about which the lower

and upper plates rotate. . FIG. 6.6.
STRIDING LEVEL IN POSITION.
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(2) The horizontal axis. The horizontal or trunmion axis is the axis about which
the telescope and the vertical circle rotate in vertical plane.

(3} The line of sight or line of collimation. It is the line passing through the
intersection of the horizontal and vertical cross-hairs and the optical centre of the object
glass and its continuation.

(4) The axis of level fube. The axis of the level tube or the bubble line is a
straight line tangential to the lomgitudinal curve of the level tube at its centre. The axis
of the level-mbe is horizontal when the bubble is central.

(5) Centring. The process of setting the theodolite exactly over the station mark
is known as centring. )

(6) Transiting. It is the process of turning the ftelescope in vertical plane through
180° about the frunmion axis. Since the line of sight is reversed in this operation, it is
also known as plunging or reversing.

(7) Swinging the telescope. It is the process of tuming the telescope in horizontal
. plave. I the telescope is rotated in clock-wise direction, it is known as right swing. If
telescope is rotated in the anti-clockwise direction, it is. known as the leff swing.

Face left observation. If the face of the vertical circle is to the left of the
observer, the observation of the angle (horizontal or vertical) is known as face left observation.
Face right observation. If the face of the vertical circle is to the right of the
observer, the observation is kmown as face right observation.
L/(rlﬁ)/u] Telescope normal. A telescope is said to be mormal or direct when the face
of the vertical circle is to the left and the “bubble (of the telescope) up”.
v(ﬁ: Telescope inverted. A telescope is said to inverted or reversed when of the
vertical circle is to the rtight and the "bubble down".

(12) Changing face. It is an operation of bringing the face of the telescope from

left to right and vice versa.

6.4, TEMPORARY ADJUSTMENTS

Temporary adjustments or Station adjustments are those which are made at every instrument
setting and preparatory to taking observations with the instrument. The temporary adjustments
are

(1) Setting over the station.

(2) Levelling up

(3) Elimipation parallax. .

(1) Setting up. The operation of setting up includes :

() Centring of the instrument over the station mark by a plumb bob or by optical
plummet, and (i) approximate levelling with the help of tripod legs. Some instruments are
provided with shifting head with the help of which accurate centring can be done easily.
By moving the leg radially, the plumb bob is shified in the direction of the leg while
by moving the leg circumferentially or side ways considerable change in the inclination
is effected without disturbing the plumb bob. The second movement is, therefore, effective
in the approximate levelliog of the instrument. The approximate levelling is done either
with reference to a small circular bubble provided on tribrach or is done by eye judgment.

“uniformly so that the thambs move
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(2) Levelling up. After baving centred and approximately levelled the instrument,
accurate levelling is done with the help of foot screws and with referemce to the plate
levels. The purpose of the levelling is to make the vertical axis truly vertical. The manner
of levelling the instrument by the plate levels depends upon whether there are three levelling
screws or four levelling screws.

Three Screw Head. (1) Tumn
the upper plate until the longitudinal
axis of the plate level is roughly
parallel to a fine joining any two
(such as A and B) of the levelling
screws [Fig. 6.7 (a)].

(2) Hold these two levelling
screws between the thumb and first
finger of each hand and turn them

(b}
either towards each other or away

from each other until the bubble FIG. 6.7. LEVELLING UP WITH THREE FOOT SCREWS.
is central, Ir shouwld be noted that :
the bubble will move in the direction of movement of the lgft thumb [Fig. 6.7 (a)].

(3) Ture the upper plate through 90°, Le., until the axis of the level passes over
the positon of the third levelling screw C [Fig. 6.7 (b)].

(4) Turn this levelling screw until the bubble is central.

(5) Remurn the upper plate through 90° to its original position {Fig. 6.7 (4)] and
repeat step (2) dil the bubble is central

(6) Turn back again throngh 90° and repeat step (4).

(7) Repeat steps (2) and (4) till the bubble is central in both the positions.

(8) Now rotate the instrument through 180°. The bubble should remain in the cente
of its run, provided it is in correct adjustment. The vertical axis will then be truly vertical.
IFoaol Loaseds puiidicid wajustnead

Note. ft is essential to keep to the same quarter circle for the changes in direction

- and not 1o swing through the remaining three quariers of a circle to the original position.

If two plate levels are provided in the place of one, the upper plate is mor turmed
thirough 90° as is done in step (2) above. In such a case, the longer plate level is kept
paralle] to any two foot screws, the other plate level will automatically be over the third
screw. Turn the two foot screws till the longer bubble is central. Turn now the third
foor screw till the other bubble is central. The process is repeated till both the bubbles
are central. The instrument is now rotated about the vertical axis through a complete revolution.
Each bubble will now traverse, i.e., remain in the centre of its run, if they are in adjustment.

Four Screw Head. (1) Turn the upper plate until the longitudinal axis of the plate
level is roughly parallel to the line joining two diagonally opposite screws (such as D
and B) [Fig. 6.8 (a)]. -
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(2) Bring the bubble central ex-
actly in the same manner as described
in step (2) above.

(3) Turn the upper piate through
90 ° until the spirit level axis is parallel
to the other two diagonally opposite

screws (such as A and C) [Fig. 6.8 A ,-"’I -\"-\ B ' A ,-"’
ol O © U
(a)

{4) Centre the bubble as before.

(5) Repeat the above steps till
the bubble is central in both the po- FIG. 6.8. LEVELLING UP WITH FOUR FOOT SCREWS.
sitions. .

(6) Turn through 180° to check the permanent adjustment, as for the three screw
instument. _

(3) Elimination of Parallax. Parallax is a condition arising when the image formed
by the objective is not in the plane of the cross-hairs. Unléss parailax is eliminated, accurare
sighting is impossible. Parallax can be eliminated in two sweps : (§) by focusing the eye-piece
for distinct vision of the cross-hairs, and (i) by focusing the objective to bring the image
of the object in the plane of cross-hars.

(i) Focusing the eye-piece. To focus the eye-piece for distinct vision of the cross-hairs,
point the telescope towards the sky (or told a sheet of white paper in front of the objective)
and move eye-piece in or out till the cross-hairs are seen sharp and distinct. In some
telescopes, graduations are provided at the eye-piece end so that one can always remember
the -particular graduation position o suit his eyes. This may save much of time.

(if) Focusing the objective. The telescope is mow directed towards the object to be
sighted and the focusing screw is turned till the image appears clear and sharp. The image
so formed is in the plane of cross-hairs.

6.5. MEASUREMENT OF HORIZONTAL ANGLES : GENERAL PROCEDURE

#

{b}

To tomin siv kst gy - Mer A D =ee s
ﬁ (1) Set up the instrument at @ and level it accurately.
(2) Release all clamps. Turn the upper and lower plates in opposite directions till
the zero of ome of the vernier (say A) is against the zero of
the scale and the vertical circle is to the left. Clamp both the o .
plates together by upper clamp and lower clamp and bring the
rwo zeros into exact coincidence by turning the upper fangent
screw. Take both vernier readings. The reading on vernier B will
be 180°, if there is no instrumental error.

(3) Loose the fower clamp and turn the instrument towards
the signal at P. Sincc both the plates are clamped together, the
instrument will rotate about the outer axis. Bisect point P accurately &
by using lower tangent screw. Check the readings of verniers A

and B. There should be no change in the previous reading. FIG. 6.9.
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. (4) Unclamp the upper clamp and rotate the instrument clockwise about the inner
Yxis to ‘bisect the point R. Clamp the upper clamp and bisect R accurately by using upper
tangent screw. (The point of intersection of the horizontal and vertical cross-hairs should
be brought into exact coincidence with the station mark by means of vertical circle clamp
and tangent screw).

(5) Read both verniers. The reading of vernier A gives the angle POR directly while
the vernier B gives by deducting 180°. While entering the reading, the full reading of
vernier A (L.e., degrees, minutes and seconds) should be entered, while only minutes and
seconds of the vernier B are entered. The mean of the two such vernier readings gives
angle with one face,

(6) Change the face by tramsiting the telescope and repeat the whole process. The
mean of the two vernier readings gives the angle with other face.

The average horizomal angle is then obtained by taking the mean of the two readings
with different faces. Table 6.1 gives the specimen page for recording the observations.

\ALTO MEASURE A HORIZONTAL ANGLE BY REPETITION METHOD WQC[

The method of repetition is used to measure a horizontal angle to a fines degree
of accuracy than that obtainable with the least count of the vernier. By this method,
an angle is measured two or more times by allowing the vernier to remain clamped each
time at the end of each measurement instead of setting it back at zero when sighting
at the previous station. Thus an angle reading is mechanically added several times depending
upon the number of repetitions. The average horizontal angle is then obtained by dividing
the final reading by the number of repetitions.

To measire the angle PQR (Fig. 6.9):

(1) Set the instrument at @ and level it. With the help of upper clamp and tangent
screw, set 0° reading on vernier A. Note the reading of vernier B.

(2) Loose the lower clamp and direct the telescope towards the point P. Clamp tk.
lower clamp and bisect point P accurately by lower tangent screw.

(3) Unclamp the upper clamp and turn the instrument clockwise about the inmer ax.
wwards B Clamp the upper clamp and bisect R accurately with the upper tangeat screw
Note the reading of verniers A and B to get the approximate value of the angle POR.

(4) Unclamp the lower clamp and turn the telescope clockwise to sight P again.
Bisect P accurately by using the lower tangent screw. I should be noted that the vernier
readings will not be changed in this operation since the upper plate is clamped to the
lower.

(5) Unclamp the upper clamp, tun the telescope clockwise and sight R. Bisect R
accurately by upper tangent SCrew.

(6) Repeat the process until the angle is repeated the required number of times (usually
3). The average angle with face left will be equal to final reading divided by three.

(7) Change face and make three more répetitions as described above. Find the average
angle with face right, by dividing the final reading by three.

(8) The average horizontal angle is then obtained by taking the average of the two
angles obtained with face left and face right.



146

TABLE 6.1,

=]
Hy - -
S =
Q
‘: R -
o
HEN :
= 38 - =
2| §T
suograday
foop -
v e
§ 3
- a8
v g
-]
¥
) ' ¥
[
b ~ -
E ~r
@ R &
& <
£ 1, =
=i §% z
v ] -
g) &°
4 ° 2
suoyyaday
Jo oy -
| . 2
§ 3
6 b
. 2
L-
3
(=1
) ' «
3
- < | - -
§ A
9 o m
o1 paiyd)g -
I ;ymamnnnrf

TABLE 6.2 REPETITION METHOD

™
L)
b
™~
Wi
oy
”
-
~
wy
— ™~
g 9
s 3
o 2
g g
3 3
Q (=]
-~ o
5 3
g B8
[}
™M
=
™~
wy
- ™
2 e
5 3
a4 &
& 9
5 3
g
s 3
g B
o -1

SURVEYING

"
T

THE THEODOLITE 147
Any number of repetitions may be made. However, three repetitions with the telescope

pormal and three with the telescope inverted are quite sufficient for any thing except very

precise work. Table 6.2 gives the method of recording observations by method of repetition

for ordinary work.

‘Sets’ hy Method of Repetition for High Precision

For measuring an angle to .the highest degree of precision, several sets of repetitions
ave usually taken, There are two methods of iaking a single set.

First Method + (1) Keeping the telescope normal throughout, measure the angle clockwise
by 6 repetitions. Obtain the first value of the angle by dividing the final reading by 6.

(2) Invert the telescope and measure the angle counter-clockwise by 6 repetitions.
Obtain the second value of the angle by dividing the final reading by 6.

(3) Take the mean of the first and second values to pet the average value of the
angle by first sel. .

Take as many sets in this way as may be desired. For first order work. five or
six sers are usually required. The final value of the angle will be obtained by taking
the mean of the values obtained by different sets.

Second Method : (1) Measure the angle clockwise by six Tepetitions, the first three
with the telescope nmormal and the last three with the telescope inverted. Find the first
value of the angle by dividing the final by six.

(2) Without altering the reading obtained in the sixth repetition, measure the explement
of the angle (i.e. 360° - PQR) clockwise by six repetitions, the first three with telescope
inverted and the last three with telescope normal. Take the reading which should theoretically
by equal © zero (or the initial value). f not, note the error and distribute half the error
to the firss value of the angle. The result is the corrected value of the angle by the
first set. Take as many sets as are desired and find the average angle. For more accurate
work, the initial reading at the beginning of each set may not be set to zero but 10
two different values. ’

Note. During an entire set of observations, the transit should not be relevelled.

Elimination oi Errors by Meilod ol Repetition

The following errors are eliminated by method of repetition:

(1) Errors due to eccentricity of vemniers and centres are eliminated by taking both
verpier readings. ‘

(2) Errors due to inadjustments of line of collimation and the trunnion axis are eliminated
by taking both face readings.

(3) The error due to inaccurate graduations are eliminated by taking the readings
at different parts of the circle.

(4) Errors due to inaccurate bisection of the object, eccentric centring etc., may be
10 some extent counter-balanced in different observations.

It should be noted, however, that in repeating angles, operations such as sighting
and clamping are multiplied and hence opportunities for error are multiplied. The mit
of precision in the measurement of an angle is ordinarily reached after the fifth ‘or sixth
repetition.. : . :
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Errors due to slip, displacement of station signals, and want of verticality of the
vertical axis etc., are not eliminated since they are all cumulative.

TO MEASURE A HORIZONTAL ANGLE BY OlllRECTION METHOD
(OR REITERATION METHOD) [a}) (€45

ThE method Known as_‘direction method’ or reiteration method or method of series
is snitable for the measurements of the angles of a group having a common vertex point.
Several angles are measured successively and finally the horizon is closed. (Closing the
horizon is the process of measuring the angles around a point to obtain a check on their
sum, which should equal 360°).

To measure the angles AOB, BOC, COD etc., by reiteration, proceed as follows
(Fig. 6.10)."

(1) Set the instrument over O and level it. Set one vernier to zero and bisect poim
A (or any other reference object) accurately.

(2) Loose the upper clamp and turn the telescope
clockwise to point B. Bisect B accurately using the upper
tangent screw. Read both the verniers. The mean of the
vernier readings will give the angles AOB.

(3) Similarly, bisect successively, C, D, etc., thus
closing the circle. Read both the verniers at each bisection.
Since the graduated circle remains in a fixed position throughout
the ‘entire process, each included angle is obtained by taking
the difference between two consecutive readings.

(4) On final sight to A, the reading of the vernier
should be the same as the original seting. It not, note
the reading and find the error due to slips etc., and if c
the error is small, distribute it equally to all angles. If FIG. 6.10.
large, repeat the procedure and take a fresh set of readings.

(5) Repeat steps 2 to 4 with the other face.

Table 6.3 illustrates the method of recording the observations.

Sets by the Direction Method. For precise work, several sets of readings are taken.
The procedure for each set is as follows :

(1) Set zero reading on onme vernier and take a back sight on A. Measure clockwise

the angles AOB, BOC, COD, DOA, etc., exactly in the same manner as explained above

and close the horizon. Do not distribute the error.

(2) Reverse the telescope, unclamp the lower clamp and back sigh on A. Take reading
and foresight on D, C, B and 4, in counter- clackwrse direction and measure angles AOD,
DOC, COB and BOA.

From the two steps; two values of each of the angles are obtained. The mean of
the two is taken as the average value of each of the uncomrected angles. The sum of
all the average. angles so found should be 360°. In the case of discrepancy, the error
{(if small) may be distributed equally to all the angles. The values so obtained are the
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corrected values for the first set. Several such sets may be taken by setting the initial
angle on the vernier to different values.

The number of sefs (or positions, as is sometimes called) depends on the accuracy
required. For first order triangulation, sixreen such sets are required with a 1" direction
theodolite, while for second order triangulation, four and for third order triangulation fwo.
For ordinary work, however, ome set is sufficient.

6.6. MEASUREMENT OF VERTICAL ANGLES ~ [ 4l qecssd

Vertical angle is the angle which the inclined line of sight to an object makes with
the horizontal. It may be an angle of elevation or angle of depression depending upon
whether the object is above or below the horizontal plane passing through the trunnion
axis of the ipstrument. To measure a vertical angle, the instrument should be levelled with
reference to the altitude bubble. When the altitude bubble is on the index frame, proceed
as follows :

(1) Level the instrument with reference to the plate level, as already explained.

(2} Keep the altitude level parallel to any two foot screws and bring the bubble
central. Rotate the telescope through 90° till the alttude bubble is on the third strew.
Bring the bubble to the centre with the third food screw. Repeat the procedure till the
bubble is central in both the positions. If the bubble is in adjustment it will remain central
for all pointings of the telescope. : _

(3) Loose the vertical circle clamp and rotate the telescope in vertical plane to sight
the object. Use vertical circle tanpent screw for accurate bisection.

(4) Read both verniers (i.e. € and D) of vertical circle. The mean of the two gives
the vertical circle. Similar observation may be made with another face. The average of
the two will give the required angle.

Note. ft is assumed thai the altitude level is in adjusiment and thal index error
has been eliminated by permanent adjustments. The clip screw should not be touched during
these operations. )

In some instruments, the altitude bubble is provided both on index frame as well
as on the telescope. Tn such cases, the inetrumenr ie levelled with referenra ¢ the ghitude
bubble on the index frame and not which reference to the altinde bubble on the telescope.
Index error will be then equal to the reading on the vertical circle when the bubble on
the telescope is cenwal. If, however, the theodolite is to be used as a level, it is to
be levelled with reference to the altitude bubble placed on the telescope.

If it is required to measure the vertical angle between two points 4 and B as subtended
at the trunnion axis, sight first the higher point and take the reading of the vertical circle.
Then sight the lower point and take the reading. The required vertical angle will be equal
to the algebraic difference between the two readings taking angle of elevation as positive
and angle of depression as negative, Table 6.4 illustrates the method of recording the observations.

Graduations on Vertical Circle

Fig. 6.11 shows two examples of vertical citcle graduations. In Fig. 6.11.(q). the
circle has been divided into four quadrans. Remembering that the vernier is fixed while
circle is moved with telescope, it is easy to see how the readings are taken.

THEODOLITE 15!
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For an elevated line of
sight with face left, verniers
C and D read 30° (say) as
angle of elevation. In Fig. 6.11
(#), the circle is divided form
0° to 360° with zero at vernier
C. For angle of elevation with
face left, vernier C reads
30° while D reads 210° . In
this system, therefore, 180° are
to be deducted from vernier D to get the correct reading.
to take full reading (i.e., degrees, minutes and seconds)
(i.e., mimtes and seconds) of the other.

TABLE 6.4 VERTICAL ANGLES

i)
FIG. 6.11. EXAMPLES OF VERTICAL CIRCLE GRADUATION.

However, it is always advisable
on one vernier and part reading
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6.7. MISCELLANEQUS OPERATIONS WITH THECDOLITE

1. TO MEASURE MAGNETIC BEARING OF A LINE _

In order to measure the magnetic bearing of 2 line, the theodolite should be. prov:d;c%
with either a tubular compass or trough compass. The following aré the steps (Fig. 6.12):

(1) Set the instrument at P and level it accurately. ﬁrN | /Q

(2) Set accurately the vernier A 1o Zero.

(3) Loose the lower clamp. Release the needle of the compass.
Rotate the instrument about its outer axis till the magnetic needle
roughly points to north. Clamp the lower clamp. Using the lower
tangent screw, bring the needle exactly against the mark sO that
it is in magnetic meridian. The line of sight will also be m the
magnetic meridian. :

4) Loose the upper clamp and point the telescope towards
Q. Bis(et):t Qo accurateli;;peusing the upper tangemt SCrEwW. Read verniess 4 and B. "

(5) Change the face and repeat steps 2, 3 and 4. The average of the two W
give the correct bearing of the line PQ.

2. TO MEASURE DIRECT ANGLES

FIG. 6.12.



157 ‘ SURVEYING

Direct angles are the angles measured clockwise from the preceding (previous) line
to the foliowing (i.e. next) line. They are also known as angles fo the right or azimuths
Jrom the back line and may vary from 0° to 360°.To measure the angle PQR (Fig. 6.13):

(1) Set the theodolite at @ and level it accurately. With face left, set the reading
on vernier A to zero.

(2) Unclamp the lower clamp and direct the telescope to P. Bisect it accurately using
the lower tangent screw.

(3) Unclamp the upper clamp and swing
teIescople clockwise and sight R. Bisect R accurately
using the upper tangent screw. Read both verniers.

{4) Plunge the telescope, unclamp the lower
clamp and take backsight on P. Reading on the
vernier will be the same as in step (3).

(5) Unclamp the upper clamp and bisect FIG. 6.13.

R again. Read the verniers. The reading will
be equal to twice the angle, ZPQR will then be obtained- by dividing the final reading
by two.

Similarly, angies at other stations may also be measured.

3. TO MEASURE DEFLECTION ANGLES

A deflection angle is the angle which a survey line makes with the prolongation
of the preceeding line, It is designated as Right (R) or Left (L) according as it is measured
to the clockwise or to anti-clockwise from the prolongation of the previous line. Its value
may vary from 0° to I80°. The deflection angle at Q0 is «® R and that at R is
8° L (Fig. 6.14).

To measure the deflection angles at Q :

{1) Set the instrument at @ and level it. a .

(2) With both plates clamped at 0°, take p Ju°R
back sight on P. , %
i aililge i leiescope. Thus he ane or

sight is in the direction PQ produced when the

reading on vernier 4 is 0°.

(4) Unclamp the upper clamp aod turn the K
telescope clockwise to take the foresight on R.
Read both the verniers,

(5) Unclamp the /ower clamp and turn the telescope to sight P again. The verniers
still read the same reading as in (4). Plunge the telescope.

(6) Unclamp the upper clamp and turn the telescope to sight R. Read both verniers.
Since the deflection angle is doubled by taking both face readings, onme-half of the final
reading gives the deflection angle at Q.

4, TO PROLONG A STRAIGHT LINE

There are three methods of prolonging a swraight line such as AB to a point P
which is not already defined upon the ground and is invisible from 4 and B (Fig. .6.15).

FIG. 6.14.

THE THEODOLITE
First method [Fig. 6.15 (@)]. Set the' 4 B c 0 P
instrument at A and sight B accurately. Establish ' ' :
a point C in the line of sight. Shift the instrument @)
at B, sight C and establish point D. The process
is continued until P is established. A ¢ 0 P
Second Method [Fig. 6.15.(»)]. Set the T o
instrument at B and take a back sight on Dl
A. With both the motions clamped, plunge B
the telescope and establish C in the line of ®)
sight. Similarly, shift the instrument to C, back G B P
sight on B, plunge the telescope and establish A B .--"" G Bl o
D. The process is continued until P is established. ~~ veeol :c: ------ :D"l‘*---_h_ f N

If the instrument is in adjustment, B, C, D
etc. will be in one straight line. If however,
the line of sight is not perpendicular to the FIG. 6.15.
horizontal axis, points C*, D', P established
will not be in a straight line.
Third Method {Fig. 6.15 (¢)}. Set the instrument at B and take a back sight on
A. Plunge the telescope and establish a point C, Change face, take a back sight on A
again and plunge the telescope to establish another point C, at the same distance. If the
instrument is in adjusmment, C, and C, will coincide. If not, establish C midway between
C, and C, Shift the instrument to C and repeat the process. The process is repeated
until P is reached. This method is known as double sighting and is used when it is required
10 estzblish the line with high precision or when the instrument js in poor adjustment.
5, TO RUN A STRAIGHT LINE BETWEEN TWO POINTS

Case 1. Both ends intervisible {Fig. 6.16). , o b e "B
Ser the instrument at A and take sight ! L L . —
on B. Establish intermediate points C, D, E ~ FIG. 6.16.
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Case 2. Both ends not intervisible, but visible from an intervening point (Fig. 6.17).

Set the instrument at € as nearly in ¢,
line AB as possible (by judgment), Take backsight

on A and plunge the telescope to sight B.  feseze—=™" ¢ __'_"_'_'_‘.‘_%E
The line of sight will not pass exacly through ~ ""Tmeeenl e

B. The amount by which the transit must be C,

shifted laterally is estimated. The process is FG. 6,17

repeated till, on plunging the telescope, the
line of sight passes through B. The location ‘
of the point C so obtained may then be checked by double sighting. The process is also known

as balancing in.
Case 3. Both ends not visible from any intermediate point (Fig. 6.18).

Let A and B be the required points which are mot visible from intermediate points
and it is required to establish intermediate points as D, E, etc. i
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Run a random line Ab by double sighting to a point » which is as near to AB
as possible. Set the transit at b and measure
angle BbA. Measure Ab and Bb. To locate D
on AB, set the instrument at 4 on Ab, lay off

angle AdD =6 and measure dD =Bb % The
point D is then on the line AB. Other points
can similarly be located.

6. TO LOCATE THE POINT OF INTERSECTION
OF TWO STRAIGHT LINES

Let it be required to locate the point of intersection
P of the two lines AB and CD (Fig. 6.19). Set the instrument
at A, sight B and set two stakes @ and b (with wire nails)
a short distance apart on either side of the estimated position
of point P. Set the instrument at C and sight D. Stretch
a thread or string between ab and locate P, where the line
of sight cuts the string.

7. TO LAY OFF A HORIZONTAL ANGLE

Let it be required to lay off the angle PQR, say 42°12'20" (Fig. 6.20).

(1) Set the instrument at ¢ and level it. P

(2) Using upper clamp and upper tangent screw, Set
the reading on vernier A to 0°.

(3) Loose the lower clamp and sight 2. Using lower
tangent screw, bisect P accurately.

FIG. 6.19

{4) Loose upper clamp and turn the telescope till the AD° 12 207
reading is approximately equal to the angle POR. Using upper R
tangent screw, set the reading exactly equal to
420 12 AP FIG. 6.20

(5 iajhcas WS oot auu coiablisil 4 1 dic v i Sigd

8. TO LAY OFF AN ANGLE BY REPETITION

The method of repetition is used when it is required to lay off an angle with the
greater precision than that possible by a single observation. In Fig. 6.21. let OF be a

fixed line and it is required to lay off QR at angle 45° 40’ 16" with an instrument having a-

least count of 20 P

(1) Set the instrument to @ and level it accurately.

(2) Fix the vernier A at 0° and bisect P accurately.

(%) Loose the upper clamp and rotate the telescope till
the reading is approximately equal to the required angle. Using
upper tangent screw, set the angle exactly equal to
45° 40" 20", Set point R, in the line of sight.

FIG. 6.21
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{4) Measure angle PQR, by method of repefition. Let angle PQR, (by six repetition)
TEIW sy
(5) The angle POR, is now to be corrected by an angular amount R,GR to establish
the true angle PQR. Since the correction (i.e. 45° 40" 33" - 45° 40 16" = 17") 1s very small,
it is applied linearly by making offset R\R = QR, tan R,QR. Measure QR,. Let it be 200
m. Then, R,R =200 tan 17" = 0.017 m (taking tan 1* = 0.0003 nearly), Thus, point R is established
by making R, R=0.017 m
(6) As a check, measure ZPOR again by repetition.
6.8. FUNDAMENTAL LINES AND DESIRED RELATIONS

The fundamental lines of a transit are :

(1) The vertical axis.

(2) The horizontal axis {or trunnion axis or tramsit axis).

(3 The line of collimation (or line of sight).

{4) Axis of plate level

{5) Axis of altitude level,

(6) Axis of the swiding level, if provided.

Desired Relptions : Fig. 6.22 shows the relationship between the line of sight, the
axes and the circles of the theodolite. The following relationship should exist :

(!) The axis of the plate level must lie in a plane perpendicular to the vertical

be 274°3' 20", The average value of the angle PQR, will be

axis,

If this condition exists, the vertical axis will be truly vertical when the bubble is
in the cemtre of its run.

(2) The line of collimation must be perpendicular to the horizontal axis at its intersection

Point to which all
theodolite observations
Optical contre . are referred
of objective !
\ i e
i

Vortical
circle index
Imersection
. of cross-hairs
Vertical
circle
! Horizontal
Horizontal i gircle
circle index !
i

FIG. 6.22. LINE OF SIGHT, AXES AND CIRCLES OF THE THECDOLITE.
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with the vertical axis. Also, if the telescope is external focusing type. the optical axis,
the axis of the objective slide and the line of collimation must coincide.

If this condition exists, the line of sight will generate a vertical plane when the
telescope is rotated about the horizontal axis.

(3) The horizomal axis must be perpendicular to the vertical axis.

If this condition exists, the line of sight will geperate a vertical plane when the
telescope is phinged.

(4) The axis of the altitude level (or telescope level) must be parallel to line of
collimation.

If this condition exists, the vertical angles will be free from index error due to
lack of parallelism.

{5) The vertical circle vernier must read zero when the line of collimation is horizontal.

If this condition exists, the vertical angles will be free from index error due t
displacement of the vernier. :

(6} The axis of the striding level (if provided) must be parallel 1o the horizontal
axis.

If this condition exists, the line of sight (if in adjustment) will generate a vertical
plane when the telescope is plunged, the bubble of striding level being in the centre of
its run.

6.9. SOURCES OF ERROR IN THEODOLITE WORK

The sources of error in tramsit work are : '

(1) Instrumental (2) Persomal, and (3) Natural.

1. INSTRUMENTAL ERRORS

The instrumental errors are due to (g) imperfect adjustment of the instrument, (b)
sructural defects in the instrument, and (¢) imperfections due to wear.

The total instrumental error to an observation may be due solely to one or to a
combination of these. The following are errors due to imperfect adjustment of the instrument.
(& Ervor due fo lmperfect sdjusimeni of piate levels
If the upper and lower plates are not horizontal when the %\
bubbles in the plate levels are centred, the vertical axis of the
instrument will not be truly vertical (Fig. 6.23). The horizontal )
angles will be measured in an inclined plane and not in a horizontal i
plane. The vertical angles measured will also be incorrect. The \
error may be serious in observing the points the difference in elevation i
of which is considerable. The error can be eliminated only by ;
careful levelling with Tespect to the altitude bubble if it is in adjustnent. |
The errors cannot be eliminated by double sighting. ot
(if) Error due to line of collimation not being perpendicular
to the horizontal axis.

~ If the line of sight is not perpendicular to the trunnion axis of the telescope, it
will mot revolve in a plane when the telescope is raised or lowered but instead, it will

FIG. 6.23

bl
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trace out the surface of a cone. The wace of the intersection of the conical surface with
the vertical plane containing the point will be hyperbolic. This will cause error in the
measurement of horizontal angle between the points which are at considerable difference
in elevation. Thus, in Fig. 6.24, let P and
Q be two points at different elevation and
let P, and @, be their projections on a horizonai
trace. Let the line AP be inclined at an angle

o, to horizontal line AP,. When the telescope @
is lowered after sighting P the hyperbolic trace Horizontal a
will cut the horizontal wrace P, @, in P, if Trace !

the intersection of the cross-hairs is to the
left of the optical axis. The horizontal angle
thus measured will be with respect of
AP, and not with respect to AP,. The emor
¢ introduced will thus be e =[ sec ¢, , where
B is the error in the collimation. On changing
the face, however, the intersection of the cross-
hairs will be to the right of the optical axis and the hyperbolic trace will intersect the
line P, @, in P,. The horizontal angle thus measured will be with respect to AP, , the error
being e = B sec o, to the other side. It is evident, therefore, that by taking both face observations
the error can be eliminated. At Q also, the error will be &' = B sec o, where ¢, is the inclinations
of AQ with horizontal, and the error can be eliminated by taking both face observations.
If, however, only one face observations are taken to P and O, the residual error will
be equal to P (sec o, —sec a;) and will be zero when both the points are at the same
elevation.

(i) Error due to horizontal axis mot being perpendicular to the vertical axis.

If the horizontal axis is mot perpendicular to the vertical axis, the line of sight will
move in an inclined plane when the telescope is raised or lowered. Thus, the horizontal
~pd vertical angles measured will he incorrect. The error will e of roriour nature if the
points sighted are at very different levels. P
let P and Q be the two points to be
observed, P, and O, being their projection
on a horizontal trace (Fig. 6.25). Let the
line of sight AP make an angle o, with
horizontal. When the telescope is lowered
afier sighting P, it will move.in an inclined
plane APP, and not inthe vertical plane
APP. The horizontal angle measured will
now be with reference o AP, and not with
AP, If B is the instrumental error and
e is the resulting error, we get

FIG. 6.24.

Q

Herizontal
Trace

Q

FIG. 6.25.



158 SURVEYING
_P]Pz_PP]tanB_
tan e = AP = AP, -lanoutanB
Since ¢ and B will be usually small, we get
e=Btana|.

On changing the face and lowering the telescope after observing P, the line of sight
will evidemtly move in the inclined plane AP;. The angle measured will be with reference
10 AP, and not with AP, , the error being £ = tana, on the other side. It is quite evident,
therefore, thar the error can be eliminated by taking both face observations. At Q also.
the error will be ¢ = f tanor,, where @, is inclination of 4@ with horizontal and the error
can be eliminated by taking both face observations. If however, only one face observ-
ation is taken to both P and Q the residual emror will be equal to B (tan o,~tan a,) and
will be zeto when both the points are at the same elevation.

(iv) Error due to non-parallelism of the axis of telescope level and line of collimation

If the line of sight is not parallel to the axis of telescope level, the measured vertical
angles will be incorrect since the zero line of the vertical verniers will mot be 2 true

live of reference. It will also be a source of error when the tramsit is used as a level.

The etror can be eliminated by taking both face observations.

(v) Error due to imperfact adjustment of the vertical circle vermier

If the vertical circle verniers do not read zero when the line of sight is horizontal,
the vertical angles measured will be incorrect. The emor is known as the index error and
can be eliminated cither by applying index correction, or by taking both face observations.

(v)) Error due to eccentricity of inmer and outer axes

If the centre of the graduated horizontal circle does not coincide with the cenme
of the vernier plate, the reading against either vermier will be incorrect. In Fig. 6.26,
let ¢ be the cenwre of the circle and o, be the centre of the vernier plate. Let a be
the position of vernier A while taking a back sight and a, be its corresponding position
when a foresight is taken on another object. The positions of the vernier B are represented
bv b and b, respectively. The telescope is thus turned through an angle a o, a, while the
arc agg, measures an angle goa, and not the ‘true angle aoa,.

Now ao\a) = acd) - (Ao %

ur ao\a, = (aoq, + o10) — 01a0 ...(1} N\
~ Similarly,  bowby = (boby - 01b0) - ;b0

or bo\b, = bob, + 120 = a0 ...(2)

Adding (1) and (2), we get ’

aoa + boyb1 = aoa, + bob,

or 2a0,m = aoa, + bob,
or aona = ol ; hob: by

Thus, the tue angle is obtained by taking the
mean of the two vernier readings. FIG. 6.26.
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{vii) Error due to imperfect graduations

The error due to defective graduations in the measurement of an angle may be elimirated
by taking the mean of the several readings distributed over different portions of the graduated
circle.

(viif) Error due to eccentricity of verniers

The emror is introduced -when the zeros of the vernier are mot at the ends of the
same dizmeter. Thus, the difference between the two vemier readings will not be 180°, but
there will be a constant difference of other than 180°. The error can be eliminated by
reading both the verniers and taking the mean of the two.

2. PERSONAL ERRORS

The personal errors may be due 10 (@) Errors in manipulation, (b} Errors in sighting
and reading.

(2) Errors in manipulation. They in-
clude:

(i) Inaccurate centring @ If the vertical
axis of the instrument is not exactly over the
station mark, the observed angles will either AN (e

~ -
~,
\I‘f

be greater or smaller than the tue angle. c
Thus in Fig. 6.27, C is the station mark :
while instrument is centred over €. The correct
angle ACB will be given by
. ZACB=ZAC\B -0 - B=ZLACB - (o +B)
If, however, the instrement is cemtred over C,
ZACB = LACB + (@ + )

The error, i.e. t{a+ B} depends on {f) the length of lmes of sight. and (i) the
error in centring. The angular error due to defective centring varies inversely as the lengths
of sights. The error is, therefore, of a very serious nature if the sights are short. It

shauld ha rememhered thar tha orror in aichr i ghonr 1 when the error of centring is

FIG. 6.27

1 cm and the lepgth of sight is 35 m.

(iy Inaccurate levelling : The error due to inaccurate levelling is similar to that
due to non-adjustment of the plate levels. The error will be of serious nawre when the
points observed are at considerable difference in elevation. The error can be minimised
by levelling the instrument carefully.

(fi) Ship : The emor is introduced if the lower clamp is not properly clamped,
or the shifting head is loose, or the instrument is not firmly tightened on the tripod head.
The error is of a serious nature since the direction of the line of sight will change when
such slip occurs, thus making the observation incorrect.

(iv) Manipulating wrong tangent screw : The error is introduced by using the upper
tangent screw while taking the backsight or by using the lower tangent screw while taking
a foresight. The error due to the former can be easily detected by checking the vernier
reading after the backsight peint is sighted, but the error due to the latter cannor be detected.
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It should always be remembered to use lower tangent screw while taking a backsight and
to use upper tangent screw while taking the foresight reading.

() Errors in sighting and reading. They include :

) inaccurate bisection of points observed

The observed angles will be incorrect if the station mark is not bisected accurately
due to some obstacles etc. Care should be always be taken to intersect the lowest point
of a ranging rod or an arrow placed at the station mark if the later is mot distinctly
visible. The error varies inversely as the length of the line of sight.

If the ranging rod put at the station mark is not held vertical, the error ¢ is

given by
fan e = Error in verticality
Length of sight
(i) Pgrallax : Due to parallax.‘ accurate bisection is not possible. The error can

be eliminated by focusing the eye-piece and objective.

(itf) Mistakes in seming the vernier, taking the reading and wrong booking . of the
readings.

3. NATURAL ERRORS

Sources of natural errors are :

()  Unequal atmospheric refraction due to high temperature.

(i)  Unequal expansion of parts of telescope and circles due to temperature changes.

(fi)y Unequal settlement of tripod.

{ivy Wind producing vibrations.

PROBLEMS

1. Define the terms : face right and face left observations; swinging the telescope ; transiting
the telescope ; telescope normal.

2. (@) What are ‘face lef and ‘face rish¢’ observations ? Why is it mecessarv 1 take both
face observations ? () Why both verniers are read ?

3. Explain how you would take field observations with 2 theodolite so as to eliminate the

following vemniers.
)] Emor due (o eccentricity of verniers.
(i} Error due t non-adjustment of line of sight.
(iiny Emror due to non-uniform graduations.
(v Index error of vertical circle.
0] Error due 1o slip ete.
4. Explain the temporary adjustments of a transit.

5. Explain how you would measure wilh a theodolite :
(@) Horizontal angle by repetition. (&) Vertical angle. (¢} Magnetic bearing of line.
6. Whar are the different errors in theodolite work ? How are they eliminated ?

7. Seate what errors are efiminated by repetiton method. How will you ser out a horizontal
angle by method of repetition 7

o

Pt

Traverse Surveying

7.1. INTRODUCTION

Traversing is that type of survey in which a number of connected survey lines form
the framework and the directions and lengths of the survey lines are measured with the
help of an angle (or direction) measuring instrument and a tape (Or chain) respectively.
When the lines form a circuit which ends at the starting point, it is known as a closed
rraverse. If the circuit ends elsewhere, it is said to be an open traverse. The closed maverse
is suiable for locating the boundaries of lakes, woods etc., and for the survey of large
areas. The open traverse is suitable for surveying a long narrow strip of land as required
for a road or camal or the coast Jine.

Methods of Traversing. There are several methods of traversing, depending on the
instruments used in determining the relative directions of the traverse lines. The following
are the principal methods :

{)) Chain waversing.

{if) Chain and compass traversing (loose mneedle method).

(iif) Transit tape traversing :

{a) By fast needle method.
(b) By measurement of angles berween the lines.

(v Plane-table traversing (see Chapter 11).

Traverse survey differs from chain surveying in that the arrangement of the survey
umes 18 MOt Lmued 0 any paicular geometical figuic as JDiain surveyitg, wheic @
system of connected triangles forms the fundamental basis of the skeleton. Also. check
lines erc. are not necessary in traversing as the traverse lines may be arranged near the
details. The details etc. are directly located with respect to the survey lines either by offsetting
{as in chain survey) or by any other method.

7.2. CHAIN TRAVERSING '

In this method, the whole of the work is done with the chain and tape. No angle
measuring instrument is used and the directions of the lines are fixed entirely Dy liner
measurements. Angles fixed by linear or tie measurements are known as chain angles.

Fig. 7.1 (a) shows a closed chain traverse. At A, the directions AB and AD are
fixed by internal measurements Adi, Ad,, and a,d,. However. the direction may also be

(161)
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fixed by external measurements such as at station B [Fig. 7.1 (@) and 7.1 (b)]. Fig. 7.1
{by shows an open chain traverse. s .

The method is unsuitable for accurate work and is generally not used if an angle
measuring instrument such as a compass. sextant, or theodolite is available.

7.3. CHAIN AND COMPASS TRAVERSING : FREE OR LOOSE NEEDLE METHOD

In chan and compass traversing. the magnetic bearings of the survey lines are measured
by a compass and the lengths of the lines are- measured either with a chain or with a
tape. The direction of magnetic meridian is established at each traverse station independendy.
The method is also known us free or loose needle method. A theodolire fited with a
compass may also be used for measuring the magnetic bearings of the maverse line (see
§ 6.7). However, the method is not so accurate 2s that of transit tape traversing. The
methods of taking the derails are almost the same as for chain surveying.

7.4. TRAVERSING BY FAST NEEDLE METHOD
In this method also, the magnetic bearings of traverse lines are measured by a

theodolite fmed wiih o compms. Hewever, die Jieadon of the snugacte monidiun s no
established at each station but instead, the magnetic bearings of the lines are measured
with reference so the direction of magnetic meridian established at the firsr siation. The
method is, therefore, more accurate than the loose needle method. The lengths of the lines
are measured with a 20 m or 30 m steel tape. There are three methods of observing
the bearings of lines by fast needle method. ‘

(0  Direct method with transiting.

(n Direct method without rransiting.

{iiiy Back bearing method.

(/) Direct Method with Transiting -

Procedure : (Fig. 7.2)

(1) Set the theodolite at P and level it. Ser the vernier A exactlly 10 zero reading.
Loose the clamp of the magnetic needle. Using lower clamp and tangent screw. point
‘the telescope to magnelic meridian.

1he telescope clockwise to sight Q. Bisect

bearing of the line PQ.
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2) Loose the upper clamp and rotate

( accurately by using upper tangent screw.
Read vernier A which gives the magnetic

(3) With both the clamps clamped,
move the insoument and set up at (.
Using lower clamp and tangent screw,
take a back sight on P. See that the
reading on the vernier A is stitl the same
as the bearing of PQ.

(4) Transit the telescope. The line FIG. 7.2.
of sight will now be in the direction of
PQ while the instrument reads the bearing of PQ. The instrument is, therefore, oriented.

(5) Using the upper clamp and tangent screw, take a foresight on R. Read vernier
A which gives the magnetic bearing of QOR.

(6) Continue the process at other stations.

It is to be noted here that the telescope will be normal at one station and inverted-

at the next station. The method is, therefore, suitable only if the instrument is in adjusanent.

(i) Direct Method Without Transiting

Procedure (Fig. 1.2) :

(1) Set the instrument at P and orient the line of sight in the magnetic meridian.

12) Using upper clamp and tangent screw take 2 foresight on Q. The reading on
vernier A gives the magnetic bearing of PQ.

{3) With both plates clamped, move the instrument and set it at Q. Take a backsight
on P. Check the reading on vemier A which should be the same as before. The line
of sight is out of orientation by 180 °.

(4} Loosen the upper clamp and rotate the instrument clockwise to take a foresight
on R. Read the vernier. Since the orientation at @ is 180° out. a correction of 180° is

‘10 be applied to the vernier reading to get the correct bearing of QR. Add [80° if the

readiog on the vermier is less than 180° and subtract 180° if it is more than 180°.
(5) Shift the instrument of R and take backsight on (. The orientation at R will

“be out by 180° with respect to that at Q and 360° with respect to that ar P. Thus.

after taking a foresight on the next station, the vernier reading will directly give magnetic
bearing of the mext line, without applying any cortection of 180°.

The application of 180° correction is. therefore, necessary only at 2nd. 4th, 6th station.

occupied. Instead of applying correction ai even station. opposite vernier may be read aliematively.
i.e.. vernier A at P, vernier B at Q, vemniers A at R, eic. However, it is always convenient
to read one vernier throughout and apply the correction at alternate stations.

(iii) Back Bearing Method

Procedure (Fig. 7.2) :.

(1) Set the insoument at P and measure the magnetic bearing of PQ as before.

Y TR Ty YT T

B - AL
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(2) Shift the instrument and set at (. Before taking backsight on P. set vemnier
A to read back bearing of PQ, and fix the upper clamp.
_ (3) Using lower clamp and tangent screw, take a backsight on P. The instrument
is now oriented since the line of sight is along QP when the instrument is reading the
bearing of QP {or back bearing of PQ).

{4) Loose upper clamp and rowte the instrument clockwise to take a foresight on
R. The reading on vermier A gives directly the bearing on OR.

(5) The process is repeated at other stations.

Of the three methods of fast needle, the second method is the most satisfactory.

7.5. TRAVERSING BY DIRECT OBSERVATION OF ANGLES

In this method, the angles berween the lines are directly measured by a theodolite.
The methot{ is, therefore, most accurate in comparisor fo the previous three methods.
'I'he.magneuc bearing of any one line can also be measured (if required) and the magnetic
bearing of other lines can be calculated as described in § 5.2 . The angles measured
al different stations may be either (g) included angles or, () deflection angles. )

T!-aversing by Included Angles. An included angle at a station is either of the wo
angles 'tormcd by the two survey lines meeting. there. The method consists simply in
measuring each angle directly from a backsight on the preceding station. The angles may
also be measured by repetition, if so desired. Both face observations must be taken and
both the verniers should be read. Included angles can be measured either clockwise or
counter-clockwise but it is better to measure all angles clockwise, since the graduations
of the th_eodolite circle increase in this direction. The angles measured clockwise from the
back station may be interior or exterior depending upon the direction of progress round
the survey. Thus, in Fig. 7.3. (a). direction of progress is counter-clockwise and hence
the angles measured clockwise are directly the interior angles. In Fig. 7.3 (b), the direction
of Progress around the survey is clockwise and hence the angles measured clockwise are
exierior angles.

I s

'\._/ (@)

FIG. 7.3.

. Traversing by Deflection Angles. A deflection angle is the angle which a survey
line makes with the prolongation of the preceding line. It is designated as right (R) or
left (L) _according as it is measured clockwise or anti-lockwise from the prolongation of
t§he6];rewous line. The procedure for measuring a deflection angte has been described in
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This method of traversing is more suitable for survey of roads. railways, pipe-lines
etc.. where the survey lines make small deflection angles. Great care must be taken in
recording and plotting whether it is right deflection angle or left deflection angle. However.
except for specialised work in which deflection angles are required. it is preferable to read
the included angles by reading clockwise from the back station, The lengths of lines are
measured precisely using a steel tape. Table 7.1 shows the general method of recording
the observation of tramsit tape traversc by observations of included angles.

7.6. LOCATING DETAILS WITH TRANSIT AND TAPE

Following are some of the methods of locating the details in theodolite traversing:

(1) Locating by angle and distance from one transit station:

A point can be located from a transit station by taking an angle to the point and
measuring the corresponding distance from the station to the point. Any number of poins

can thus be located. The angles are usually taken from the same backsight. as shown
in Fig. 7.4. The method is suitable speciaily when the details are near the transit station.

ToC

FIG. 7.5.

FIG. 7.4.

(2) Locating by angles from two transit stations : If the point or points are away
from the transit stations or if linear measurements cannot be made, the point can be located
by measuring angles to the point from at least two stations. This method is also kmown
as method of infersection. For good intersection, the angle to the point should not be
less than 20° (Fig. 7.5.).

(3) Locating by distances from two stations: Fig. 7.6 illustrates the method of
locating a point by measuring angle at one station and distance from the other. The method
is suitable when the point is inaccessible from the station at which angle is measured.

(4) Location by distances from two points on traverse line : If the point is near
a transit liné but is away from the transit station, it can located by measuring its distance
from two points on the traverse line. The method is more suitable if such reference points
(such as x and y in Fig. 7.7) are full chain points so that they can be staked when
the traverse line is being chained.

(5) Locating by offsets from the traverse line : If the points to be detailed are
more and are near to traverse line, they can be located by taking offsets to the points
as explained in chain surveying. The offsets may be oblique or may be perpendicular.

S L]
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7.7. CHECKS IN CLOSED TRAVERSE

The errors involved in traversing are two Kinds : Hinear and angular. For important
work the most satisfactory method of checking the linear measurements comsists in chaining
each survey line a second time, preferably in the reverse direction on different dates and
by different parties. The following are the checks for the angular work:

(1) Traverse by included angles

{@) The sum of measured interior angles should be equal to (2N - 4) nght angles.
where N =number of sides of the traverse.

(b) If the exterior angles are measured, their sum should be equal to (2N +4) right
angles.

(2) Traverse by deflection angles

The algebraic sum of the deflection angles should be equal to 360, taking the right-hand
deflection angles as positive and left-hand angles as negative.

(3) Traverse by direct observation of bearings

The fore bearing of the last live should be equal o its back bearimg = i80° measured
at the initial station.

Checks in Open Traverse : No direct check of angular measurement is available.
However, indirect checks can be made, as illustrated in Fig. 7.8.

As illustrated in Fig. 7.8 (4). in addition to the observation of bearing of AB at
station A. bearing of AD can also be measured, if possible. Similarly. at D. bearing of
DA can be measured and check applied. If the two bearings differ by 180°. the work

FIG. 7.8.
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tupto D) may be accepted as correct. If there is small discrepancy, it can be adjusted
before proceeding further. '

Another method, which furnishes a check when the work is plotted is as shown
in Fig. 7.8 (b), and consists in reading the bearings to any prominent point P from each
of the consecutive stations. The check in plotting consists in laying off the lines AP,
BP. CP ewc. and noting whether the lines pass through one poiat.

In the case of long and precise traverse, the angular errors can be determined by
astronomical observations for bearing at regular intervals during the progress of the maverse.
7.8. PLOTYING A TRAVERSE SURVEY

There are two principal methods of plotting a traverse survey:

(1) Angle and distance method, and (2) Co-ordinate method.

(1) Angle and Distance Method :

In this method, distances between stations are laid off to scale and angles {or bearings}
are plotted by onme of the methods outlined below. This method . is suitable for the small
surveys, and is much inferior to the co-ordinate method in- respect of accuracy of plottng.
The more commonly used angle and distance methods of plotting an angle (or bearing)
are -

(@) By Prowactor. )

(¢) By the chord of the angle.

(a) The Protractor Method. The use of the protractor in plotting direct angles, deflection
angles, bearings and azimuths requires no explanation. The ordinary protractor is seldom
divided more ficely than 10’ or 15" which accords with the accuracy of compass traversing
but not of theodolite traversing. A good form of protractor for plotting survey lines is
the large circular cardboard type, 40 to 60 cm in diameter.

(b) The Tangent Method. The tangent method is a trigonometric method based upon
the fact that in right angled triangle, the perpendicular = base x tan 6 where 8 is the
angle. From the end of the base, a perpendicular is set off, the length of the perpendicular
being equal to base xran 0. The station point is joined to the point so obtained : the
line so obtained includes 8 with the given side. The vaiues of tan® are taken from the
table of natural aogenis. If the angle is littte over 90°, 90° of it is plotted by erecting a
perpendicular and the remainder by the tangent method, using the perpendiculor as a base.

{c} The Chord Method. This is also a geometrical D
method of laying off an angle. Let it be required
to draw line AD at an angle® to the line AB in
Fig. 7.9. With A as centre, draw an arc of any
convenient radius () o cut line AB in b. With b
as centre draw an arc of radius r’ (equal to the
chord length) to cut the previous arc in d. the radius s

A
j—r—ib B
FIG. 7.9.

By the tangent of the angle.

Chord "= 2rsing

r' being given r'=2rsin-2—.

Join Ad, thus getting the direction of AD at
an inclination © to AB. The lengths of chords of angles corresponding to unit radius can
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be taken from the table of chords. If an angle is greater than $0°, the construction should
be done only for the part less than 90° because the intersections for greater angles become
unsatisfactory.

(2) Co-ordinate Method : In this method, survey stations are plotted by calculating
their co-ordinates. This method is by far the most practical and accurate one for plotting
traverses or any other extensive system of horizontal control. The biggest advantage in
this method of plotting is that the closing eor can be eliminated by balancing, prior
to plotting. The methods of calculating the co-ordinates and of balancing a traverse are
discussed in the next article. '

TRAVERSE COMPUTATIONS
7.9. CONSECUTIVE CO-ORDINATES : LATITUDE AND DEPARTURE
The latitude of a survey line may be defined

as its co-ordinate length measured parallel to an D=lsin®
assumed meridian direction (i.e. true north or fEm B
magnetic north or any other reference direction). E
The departure of survey line may be defined v sl /b
as its co-ordinate length measured at right angles + 8 i)
to the meridian direction. The latitude (L) of | '

- the line is positive when measured northward :
{or upward) and is termed as northing ; the A '

latitude is negative when measured southward
{or downward) and is termed as southing. Similarly,
the departure (D) of the line is positive when I ' o
measured eastward and is termed as easting | =+
the departure is negative when measured westward
and is termed as westing.

Thus, in Fig. 7.10, the latitede and deparmure
of the line AB of length ! and reduced bearing

$ are piven by

#1G. 7.1
L=+1cos® and D= +1Isind (11D
To calculate- the latitudes and departure of the traverse lines, therefore, it is first
essential to reduce the bearing in the quadrantal system. The sign of latitudes and depariures
will depend upon the reduced bearing of a line. The following table (Table 7.2) gives
signs of latitudes and departures :

TABLE 7.2.
Ww.C.B. R.B: and Quadrant Sign of
Latitude Departure
0° to 90° NOE ; I +
90° o 180° SO0E ; O -
180" 10 270° sew ; 0l - -
270° 10 360° NOw ; IV + -
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Thus, latitude and departure co-ordinates of any point with reference o the preceding
point are equal to the latitude and departure of the line joining the preceding point to
the point under consideration. Such co-ordinates are also known as consecitive co-ordinaies
or dependemt co-ordinates. _

Table 7.3. illustrates systematic method of calculating the latitudes and departures of
a traverse.

TABLE 7.3. CALCULATIONS OF LATITUDES AND DEPARTURES

I Latitude Depanture
Line | Length W.C.B. R.B. .
| o) Log length and | Latitude | Log length and | Departure
1 Log cosine Log sine |
% i
; ! i 2.36549 i 2.36549 .
AB | 132 2002 | N2 1ZE 1.07747 + 196.32 1.72663 + 12363
i 2.2029 . 2.09212 .
i : : : 217026 P20 .
i BC 48 1383 | S4B ! 1.EISL3 - 1102 ; 1.808 . - 97.38 §
; | { 204539 ioTeo0sT |
i i ' !
| 2.62004 P 26014 | E
€D | 417 | a2e2 P SR MW 196593 -385.54 ] 1 seleL | -158.90
; I 158607 ¢ N ETTTER :
1 1 : i +
! | I 257054 i 257084
DE | 1371 20200 | Ne oW 1.57358 + 13036 |ty 1 -329.39 !
! i 214412 iozsmm :
! i
! ; i j ‘

Independent Co-ordinates

The co-ordinates of traverse stations can be calculated with respect to a common
origin. The toral latitude and departure of any point with respect to a common origin
are known as independent co-ordinates or lotal co-ordinates of the point. The two reference
axes in this case may be chosen to pass through amy of the traverse siation but generally
a most westerly station is chosen for this purpose. The independent co-ordinates of any
point may be obtained by adding algebracially the latitudes and the departure of the lines
berween that point and the origin.

Thus. fotal latitude {or departure) of end point of a traverse =total lafitudes (or
departures) of first point of traverse plus the algebraic sum of all ihe latitudes (or departures).

Table 7.4, shows the calculations of total co-ordinates of the traverse of Table 7.3.
The axes are so chosen that the whole of the survey lines lic in the north cast quadrant
with respect to the origin so that the co-ordinates of all the points are positive. To
achieve this, arbitrary values of co-ordinates are assigned to the starting point and co-ordinates
of other paints are calculated.
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TABLE 7.4.
Line Latitude Departure . Total Co- ordinates
N s E W Station N | E
' A w0 | 400
assumed |  assumed

AB 196.32 -] 123.63 |
{ B 596.32 523.63

sc_ 1 11102 97.88

? c 48530 1 62151

@ | 385.54 158.90 |
i D 976 1 462.61

, i

DE 139.36 320.39 :
E 239.12 1 13322

7.10. CLOSING ERROR

If a closed traverse is plotted according to the field measurements, the end point
of the waverse will not coincide exactly with the starting point. owing 10 the errors in
the field measurements of angles and distances. Such error is known as closing error (Fig.
7.11). In a closed traverse. the algebraic sum of the latitedes (i.e. T L} should be zero
and the algebraic sum of the deparmres (i.e. T D) should be zero. The error of closure
for such traverse may be ascertained by finding £L and ID, both of these being the components
of error ¢ paraliel and perpendicular to the meridian, ¢

Thus, in Fig. 7.11,

e=AA’=W}(ZL)2+(ZD)_"
(1.2 a)
The direction of closing error is given by

Closing error

.ansz? 73,

The sign of ID and ZL will thus define the
quadrant in which the closing error lies. The relative
error of closure, the term sometimes used, is

Error of closure _ 1 7.3)

~ Perimeter of iraverse E=p_f-;

Adjustment of the Angular Error. Before cal-
culating latitudes and departres, the traverse angles
should be adjusted to satisfy geometric conditions.
In 2 closed traverse. the sum of interior angles should be equal o (2N -4) right angles
{or the algebraic sum of deflection angles should be 360°). If the angles are measured
with the same degree of precision, the error in the sum of amgles may be distributed
ﬁ?uatl)' o each angle of the traverse. If the angular error is small, it may be arbitrarily
distributed among two or three angles. ‘

FIG. 7.11
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In a closed traverse in which bearings are observed. the
be determined by comparing the two pearings of the last
the closing error it

Adjustment of Bearings.
closing error in bearing may
line as observed at the first and last stations of waverse. Let e be
bearing of last line of a closed traverse having N sides. We get

Correction for first line =
Correction for second line =

Correction for third line =

i
b

=|® =¥ =R =~

Correction for last line

7.11. BALANCING THE TRAVERSE

The term ‘balancing’ is generally applied to the operation of applying corrections
to latitudes and departures so that EL = 0. and vD =0, This applies only when the survey
forms a closed polygon. The following are common methods of adjusting a traverse :

{1} Bowditch’s method (2) Transit method

(3) Graphical method (4) Axis method.

(1) Bowditch’s Method. The basis of this method is on the assumptions that the
errors in linear measurements are proportional to I and that the errors in angular measurements
are inversely proportional o JI where I is the length of a line. The Bowditch's rule.
also termed as the compass rule, is mostly used to balance a traverse where linear and
angular measurements are of equal precision. The total error in latitude, and in the departure
is distributed in proportion to the lengths of the sides.

The Bowditich Rule is :

Correction to latitude (or departure) of any side =

) . Length of that side
T
otal error in latitude (or departure) x Perimeter of traverse

‘Thus, 1t C, = correction to latrude or any side

Cp = correction to departure of any side

IL=total error in latitude

ID =total error in departure

TI=length of the perimeter

I= length of any side

We have C.._=EL.EII and cn=zn.$ . (14)
(2) Trapsit Method. The rransit rule may be employed where angular measurements

are more precise that the linear measurements. According to this rule, the total error in
latiodes and in departures is distributed in proportion to the latitudes and departures of
the sides. It is claimed that the angles are less affected by corvections applied by transit
method than by those by Bowditch’s method.

FO——
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The kansit rule is : :
Correction to latitude (or departure) of any side
Latitude ( or departure ) of that line

= Total error in latitude {or departure) x — -
Anithmetic sum of latitudes (or departures }

Thus, if L =latimade of any line
D = departure of any line
Lr=arithmetic sam of latitudes
Dy = arithmetic sum of departure
L D
We have, C=LL.-— and Cp=LID. .
L I =% D; .. (1.5)

(3) Graphical Method. For rough survey, such as a compass -traverse, the Bowditch
rule may be applied graphically without doing theoretical calculations. Thus, according to
the graphical method, it is not mecessary to calculate latitudes and departures etc. However,
before plotting the traverse directly from the field notes, the angles or bezrings may be
adjusted to satisfy the geometric conditions of the traverse. -

(a) (b}
FIG. 7.12 '

Thus, in Fig. 7.12 (a), polygon AB'C'D'E'A’ represents an unbalanced traverse having
a closing error equal to A’A since the first point A and the last point A" are not coinciding.
The " total closing error AA' is distributed linearly to all the sides in proportion to their
length by a graphical construction shown in Fig. 7.12 (b). In Fig. 7.12 (b)
AR ,B'C', C'D" etc. represent the length of the sides of the traverse either to the same
scale as that of Fig. 7.12(g) or to a reduced scale. The ordimate ad’ is made equal
to the closing error A'A [of Fig. 7.12 (@)]. By constructing similar triangles, the corresponding
errors bR, ¢C' ,dD' , eE ' are found. In Fig. 7.12 (a), lines E'E, D'D, C'C, B'B are drawn
parallel to the closing error A’'4 and made equal to ¢E',dD’, ¢C ", bB' respectively. The
polygon ABCDE so obtained represents the adjusted traverse. It should be remembered that
the ordinates bB', cC', dD', eE', ad’, of Fig. 7.12(b) represent the corresponding errors in
magnitude only but not in direction.
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(4 The Axis Method. This method is adopted when the angles- are_ measured v?ry
accurately, the corrections being applied to lengths only. Thus. only directions of the l.mc
are unchanged and the gemeral shape of the diagram is preserved. To adjust the closing
error aa, of a traverse abedefa, (Fig. 7.13) t‘o]E!‘owing procedure is adopted:

(13 Join a,@ and produce it
to cut the side'cd in x. The line a,x
is known as the axis of adjusiment.
The sxis divides the waverse in two
parts L.e. abcx and a fedx

{2 Bisect a2 in A.

(3) Join xb, xe and xf

(4) Through A, draw a line
AB parallel to ab cutting x b produced
in B. Through B, draw a line BC
pargllel to b ¢ cutting x ¢ produced
in C.

(5) Similarly, through 4,
draw AF parallel to a,f to cut x
f in F. Through F, draw FE parallel
tofe rocut x e in E. Through E.
draw ED parallel to ¢d to cut xd in D. .~

ABCDEF (thick lines) is the adjusted traverse.

FIG. 7.13. AXIS METHOD OF BALANCING TRAVERSE.

Ax
Now, AB = ol ab

: Ax Aa
i =AB-ab=— _ah =25 _gb
Correction to ab=AB-ab e .ab-ab

; ,
_l aa g COoSmEEIOT L ) .76 @)
2°a ar
. i 5 closuig ¢rror
Similarly, correction to alf=5%:—".a, e af D) .16 B)
Taking ax =g, x =length of axis, we get the general mule :
L closing error .6)

Correction to any length = that length xm'

The axis a,x should be so chosen that it divides the figure approximately into two
equal parts. However, in some cases the closing error aa; may not cut the traverse or
may cut it in very unequal pars. In such cases, the closing error is transfen:red to some
other point. Thus. in Fig. 7.14, aa, when produced does not cut the u'ave.rse in tv:ro parts.
Through a, a line ae’ is drawn parallel and equal 1o a, e. Thmlfgh e, a lmele' d is dra?m
parallel and equal 10 ed. A new unadjusted traverse dchoe'd’ is thus. obtained in which
the closing error dd’ cuts the opposite side in x. thus dividing the traverse in two approximately

T
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FIG. 7.14.

equal paris. The adjustment is made with reference to the axis dx. The figure ABCDE
shown by thick lines represents the adjusted figure.

GALES TRAVERSE TABLE

Traverse computations are usually done in a tabular form. a more commen form
being Gales Traverse Table (Table 7.5). For complete traverse computations, the following
steps are usually necessary :

{0} Adjust the interior angles to satisfy the gpeometrical conditions, i.e. sum of interior
angles to be equal to (2N-4) right angles and exterior angles (2M +4) right angles.

In the case of a compass traverse, the bearings are adjusted for local attraction.
if anv.

(i} Starting with observed bearings of one line, calculate the bearings of all other
lines. Reduce all bearings to quadrantal system.

(fiiy Calculate the consecutive co-ordinates (f.e. latitudes and departures).

(iv) Calculate IL and ZD. :

(v) Apply necessary corrections to the latitedes and departures of the Jines so that
ZL=0 and ID=9. The comections may be applied either by -transit rule or by compass
tule depending upon the type of traverse. )

(w) Using the corrected consecutive co-ordinates, calculate the independent co-ordinates
1o the points so that they are all positive, the whole of the traverse thus lying in the
North East quadrant.

. Table 7.5 illustrates completely the procedure.

Computation of Area of & Closed Traverse : (See Chapter 12).

RV G D



TABLE 7.5. GALE'S TRAVERSE TABLE

SURVEYING TRAVERSE SURVEYING 1
" 2 0 2 2 7.12. DEGREE OF ACCURACY IN TRAVERSING
-] o~ : . N
= %g = 3 9 & Since both linear and angular measurements are made
= _g.z N : P . . in traversing, the degree of accuracy depends upon the types
=G b3 3 > of instruments used for lmear and angular measurements
- ‘ and also upon the purpose and extent of survey. The degree
s 2 B 1 po! urpo gr
I 8 b ! of precision used in angular measurements must be consistent
T - 2 _ = ! with the degree of precision used in linear measurements
s gg M i g 3 5 so that the effect of error in angular measurement will be.
= SE 3 a the same as that of error in linear measurements. To get
% 3 e d g a relation berween precision of angular and linear measurements 5
8§ " g 1° 3 consider Fig. 7.15. ' FIG. 7.15.
= g ¥ e i i Let D be the correct position of point with respect
= ™ ¥ to a point A such that AD=1! and ZBAD=9. In the field measurement, let 86 be the
® b % s B error in the angular measurement and e be the error in the linear measurement so that
- - - - ~ 1714 E D, is the faulty location of the point D as obtained from the field measurements.
™~ ™~ N
I § “ g e g % E . Now, displacement of D due to angular error (88) = DD, =1 tan $6.
&é - P % © ; Displacement of D due to linear error =D Dy=¢ .
b : 2
i 7 3 I In order to have same depree of precision in the two measurements
3 g 1+ 8 ° [ 7 '
= 3 2 2 $il2g _ lng9=e o Bo=tm 'L 1T
?
8 8 L . . . . ..
g x 3 8 5 3 In the above expression, £ is the linear error expressed as a ratio, If the precision
g ] b : . Xp i P
= e
g [ E § E ; * § g of linear measurements is 36103 the allowable angular error =56=tan"" %%aﬂﬂ". Thus.
< § P 3 | ¥ E‘ the angle should be measured to the nearest 40%. Similarly, if the allowable angular error
“ i i 1| 3 B . . .
E B 8 Z g ; 2 is 20”, the correspording precision of linear measurement will be =tan20"=—16-l37.6 (or
B 3 2 . ) .
S | = 5 : o g e 2 g about 1 metre in 1 kilometre).
- - - : = - The angular error of closure in theodolite traversing is generally expressed as equal
e § & ; & ® Z ] : to CYN, where the value of C may vary from 15" to 1" and N is the number of angles
- z :
a a “ = ; 2 b measured. The degree-of precision in angular and linear measurement in theodolite traverse
s E 2 § o) E g * ¥ under different circumstances are given in Table 7.6 below :
i L = K - - s § TABLE 7.6. ERRORS OF CLOSURE
2 | s e gl (2] (B B |25 4 - P
= pauey | a & -] % = a g Type of Traverse Angular error Total linear
= - N : of closure error of closure
¥ —— © © o ® & E (1) First order traverse for horizontal control VN 1 in 25000
3 f 2) Second order traverse for horizontal control and for importznt and accurate surveys 15" \rﬁ { in 10.000
2 N & 2 g 8 , ¥
he i & 2 - B - 3 1 (3) Third order traverse for surveys of important houndaries efz. YN I in 5.000
3 :
8 puog ~ L ) 2] I a ] (4) Minor theodolite traverse for?ieniling ) 1‘\J'-N_ 1 in 300
) s “ 1 (%) Compass traverse - ’ 1l5'\rﬁ lin 300 w0
e yidury pur sury Qg ga 83 E§ a 1 in 600 J
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EF AR

PROBLEMS 8 ;

1. Distinguish clearly between ; .
(@) Chain surveying and traverse surveying. R
() Closed traverse and oper maverse.

(© Loose nesdle method and fust seedo method | . Omitted Measurements

. Discuss various methods of iheodolite waversing.

RO
5

2
3. Explain cleadly, with the help of illustrations, how a waverse is balanced.
4. What is error of closure ? How is it balanced graphically ? 3
5 (a) Explain the principle of surveyiog (wraversing) with the compass. 8.1. CONSECUTIVE CO-ORDINATES : LATITUDE AND DEPARTURE ::-'
) - : . . There are two principal methods of plotting a traverse survey; (1) the angle and F
®) Pox the folowiog compass smverse and adust it for closng emor I &y distance method, and (2) the co-ordinate method. If the length and bearing of a survey E
Line Length (m) Bearing 4 line are known, it can be represented on plan by two rectangular co-ordinates. The axes
AB 130 5 88° E g of the co-ordinates are the North and South line, and the East and West line. The latirude _-;?j
BC 158 S ¢ E : of survey line may be defined as its co-ordinate length measured parallel to the meridian §‘|‘
D 145 S a0k W direction. The departure of the survey line may be defined as its co-ordinate tength measured g
bE 308 . N 8I° W at right angles to the meridian direction. The latimde (L) of the line is positive when -
EA 337 N 48° E k measured northward (or upward) and is termed as nmorthing. The latimde is negative when 2
. -~ measured southward (or downward) and is termed as southing. Similarly, the departure (D) 1]
Scale of plotting 1 ¢ =20 m. : of the line is positive when measured i
6. Describe ‘Fast needle method” of lheodoli:e traversing. eastward and is termed as easring. The '
' N departure is negative when measured

westward and is termed as westing.
Thus, in Fig. 8.1, the latitude
and departure of the line OA of length
5, and reduced bearing 6, is given
: by

¥ Li=+1} cos 6

; ~and Dy=+1 5in & ..(8.1)

=

-

-
mY

To calculate the latitudes and
departures of the traverse lines, there-
fore, it is first essential to reduce the .
bearing in the quadrantal system. The CH BT &
sign of Iatinde and departures will
depend upon the.reduced bearing of - B
line. s

The following table gives the
signs of latitudes and departures.

)

L)

£
T
®
iyl

FIG. 8.1. LATITUDE AND DEPARTURE
(179)
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TABLE 8.1
Sign of
Ww.C.B. R.B. and Quadrani
Latitude Departure
0° o %0° NEE : 1 + ) +
90° 10 180° SHE ; II - +
180° to 270° saw ; m - -
270° w 360° New : Iv + _

Thus, latitude and departure co-ordinates of anmy point with reference to the preceding
point are equal to the latitude and departure of the line joining the preceding point to

the point under consideration, Such co-ordinates are also known -as consecutive co-ordinates

or dependent co-ordinates. Table 7.3 illustrates systematic ‘method of caleulaiing the latitudes
and depariures of a traverse. :

Independent Co-ordinates

The co-ordinates of traverse station can be calculated with respect to a common origin.
The total latitude and departure of any point with respect to a common origin are known
as independent co-ordinates or total co-ordinates of the point. The two reference axes in
this case may be chosen to pass through any of the traverse stations but generally a most
westerly station is chosen for this purpose. The independent co-ordinates of any point may
be obtained by adding algebraically the latitudes and the deparmre of the lines between
the point and the origin. ‘

Thus, total latimde (or deparure) of end point of a traverse = tofal latitudes (or
deparures) of first point of traverse plus the algebraic sum of all the latitudes {or departures).

8.2. CMITTED MEASUREMENTS

L1 UIUEL W HAVE 4 GUCLA VIl LG WULA dliu Bl UIMCL WU URIALLG @ UAvCLT, iilc
length and direction of each line is generaily measured in the field. There are times, however,
when it is not possible to take all measuremenis due to obstacles or because of some
over-sight. Such omitted measurements or missing quantities can be calculared by fatitudes
and deparmures provided the quantities required are not more than two. In such cases, there
can be no check on the field work nor can the survey be balanced. All errors propagated
throughout the survey are thrown into the computed values of the missing quantities.

Since for a closed traverse, IL and EID are zero, we have
EL=tcosO +hcos @+ heos@y+...=0 LD .82 a
and ID =} sin @ + hsin@+hsing; +... =0 L2 82 0h
where I, h, & ....ete, are the lengths of the tines and 6, . 6,. 6, ,...efc. their reduced
bearings. With the help of the above two equations, the two missing quantities can be

calculated, Table 8.2 befow gives the trigonometric relations of a line with its latimude
and departure, and may ke used for the computation of omitted measurements.

x’, Ol

OMITTED MEASUREMENTS 181
TABLE 8.2

Given Required Formula
I, @ L L=1cosB
[ ] B¢ D D=isin@
L, D fan @ un ©=D/L

L L, 8 ! I=Lsech
D, 8 ! {=D cosec 8

! L, 1 cos 2] cos B=LA
D, ! sin 8 sin =D/t

i L, D i 1= VIt + D?

There are four general cases of omitied measurements :
1. (a) When the bearing of one side is omitted.
(b) When the length  of one side is omitted.
(¢) When the bearing and length of one side is omitted.
! I When the femgth of one side and the bearing of another side are omifted.
: II. When the lengths of two sides are omitted.
IV. When the bearings of two sides are omitted.
In case (I), only ome side is affected. In case I, III and IV two sides are affected
both of which may either be adjacent or may be away.

8.3. CASE I : BEARING, OR LENGTH, OR BEARING AND LENGTH OF ONE SIDE

r—

In Fig. 8.2, let it be required to calculate either
bearing or length or both bearing and length of the line
EA. Calculate ZL' and ID' of the four known sides AB,
BC, €D and DE. Then

L = Latitude of EA+XIL' =0
or Latitnde of EA =-ZIL'

Similarly, D = Departure of EA+ZD'=0
or Departure EA = - LD
Knowing latitude and departure of EA, its length A 1 B

and bearing can be calculated by proper trigonometrical FIG. 8.2.
relations.
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8.4. CASE II : LENGTH OF ONE SIDE AND BEARING OF ANOTEHR SIDE OMITTED
In Fig. 8.3, let the length of DE and bearing of EA be omitted. Join DA which

becomes the closing line of the traverse ABCD in

which all the quantites are known. Thus the length

and bearing of DA can be calculated as in case L
In AADE , the length of sides DA and EA

are known, and angle ADE (o) is known. The angle

p and the length DE can be calculated as under : E

sin;3=%}sin « .83 a)

y=180° — (B + a0 (83 B

DE-EAS-L s‘” L - D4 siny (83 0
sin

Knowing v, the beanng of EA can be calculated.

8.5. CASE HI : LENGTHS OF TWO SIDES OMITTED

In Fig. 8.3, let the length of DE and EA be omitted. The length and bearing of
the closing line DA can be calculated as in the previous case. The angles o, B and y
can then be computed by the known bearing. The lengths of DE and EA can be computed
by the solution of the triangle DEA.

_smy

Thus, DE B DA ...(8.4 a)

and Ed =22 p4 ...(84 b

smB

8.6. CASEIV: BEARING OF TWO SIDES OMITTED-

In Fig. 8.3 let bearing of DE and EA be omitted. The length and bearing of the
closing line DA can be calculated. The angles can be computed as under :

The area A=Vss-a)s-Ds-¢) A LL85)
where s = half the perimeter =i (@+d+¢) ; a=ED, e=AD and d=AE

Also, A=%adsiuﬂ=%desiny=-é—aes'ma 2 ..(8.6)
Equating (1) and (2), «, B and y can be calculated. Knowing the bearing of DA
and the angles «. PB. y, the bearings of DE and EA can be calculated.

Alternatively, the angles can be found by Lhe following expressions, specialty helpful
when an angle is an obtuse angle :

E_\f(il)(’_'_@ . oy E-D6-a g_gf(s—a)(s—e)
any = s(s—¢ tany s(s~a) » g = s(s-d)

1y
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8.7. CASE 1, I, IV : WHEN THE AFFECTED SIDES ARE NOT ADJACENT

If the affected sides are not adjacent,
one of these can be shifted and brought adjacent
to the other by drawing lines parallel to the
given lines. Thus in Fig. 8.4 let BC and EF
be the affected sides. In order .to bring them
adjacent, choose the starting point (say B) of
any one affected side (say BC) and draw line
BD' parallel and equal to CD. Through D,
draw line D'E’ parallel and equal to ED. Thus
evidently, EE’ = BC and FE and BC are brought
adjacent, The line E'F becomes the closing line
of the traverse ABD'E'F. The length and bearing
of E'F can be calculated. Rest of the procedure
for calculating the omitted measurements is the same as explained earller
ANALYTICAL SOLUTION

(a) Case II : When the Jength of one line and bearing of another line missing

Let 6, and & be missing.

Then & sin 6+ % sin 0;+ L5 sin 8; + ... InsinBp =0

FIG. 8.4

or Lisin@ 4+ hsind;=-hsinB— ... - Iy sin 8, = P (say) .{1)
and LeosO+hcos@+Lcos 6+ .. lncos 8,=0
or i) cos 91+[300891=—1100591— ...... —IHC059"=Q (say) (2)

Squaring and adding (i) and (2), we get
B=P*+0*+B-24(Psin8 +Qcos 8;)
or B-2h(Psin8+Qcos 0y + (P2 +Q - M=0 ..(8.8)
This is a quadratic equation in terms of /4 from which /4 can be obtained.
¥nowing 7 8 mov ke ohtained from (1} Thue

e,zsm-‘[f—"’;—me’] (8.9)
(6) Case III : When the lengths of two lines are 'missi.ng
Let I, and }; be missing.
Then ! sin®, +Lsin@ +hsin:+ ... I sin B, =0
or [sin@ 4+ hLsinBy=—kLsinBG;—..... —lasin 8, =P {(say) 1)
and LicosO+hLcosO+hcosOi+..... [hcosBy=0
or lLcosf +hcosBy=-hcosB ... ~lhcos 8, =Q (say) w{2)

In equations (1} and (2), only /, and /; are unknowns. Hence these can be found
by solution of the two simultaneous equations.

() Case IV : When the bearings of the two sides are missing

Let 6, and 6, be missing.



184 SURVEYING
Then, as before, /,sin 0, + Lsin @, =P (1)
and Lhoeoos ) +heos 9,=¢0 el 2}
_ From (1), b sio 8 =P - ksin 6, ..(3)
and from (2), 5 cos 0, =0 - lcos By ..

Squaring (3) and (4) and adding A=P*+Q°+ L -25(Psinb+Q cos )

or _\{fnﬁsmeﬁ—ﬁ%meﬁi—?j——%}qﬂ (say)
Referring to Fig. 8.5 and taking tana:z, we have
P 0 ° :
W-smu and ﬁm:osu
sin o 5in ©; + cos e cos Gs =k ...{8.10) e
or cos (B:—a)=k
From which B;=a+cos"k=tan"%+cos"k '...(8.11)
Knowing ©,, 8, is computed from Eq. (3) : FIG. 8.5
Thus e.=sm“'[P'—i’f‘“—e’] ..(8.12)

See example 8.8 for illustration.

Example 8.1. The Table below gives the lengths and bearings of the lines of a
traverse z.!BCDE, the length and bearing of EA having been omitted. Calculate the length
and bearing of the line EA.

Line Length (m) Bearing
AB 204.0 87 ° 307
BC 226.0 20 ° 20°
ch 1870 MmN e 0’
DE 192.0 210° 3”
EA ? 2

Solution. Fig. 8.2 shows the traverse ABCDE in which EA is the closing line of

thf.: polygon. Knowing the length and bearing of the lines 4B, BC, CD and DE, their
latitudes and departures can be calculated and tabulated as under :
Line Latitude Departure
+ - + -
AR 8.90 203.80 -
BC 211.92 78.52
D 32.48 184.16
DE 165.44 97.44
Sum 253.30 165.44 282.32 281.60
L L =+ 87.86 LD =+0.72

Fis o e s o
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-+ Latitude of EA=—-ZL'=-87.86 m and Departure EA=-:tD'=-072 m.
Since the latitude of EA is negative and departure is also negative it lies in the
SW quadrant. The reduced bearing () of EA is given by
Departure _ 0.72_

n 0= ke T OTUB
Bearing of EA = § 0° 28' W = 180° 28’
' Latitude  87.86
Also Length of EA= 50 s P 87.85

Example 8.2. A closed traverse was conducted round an obstacle and the Jollowing
observations were made. Work out the missing quantities:

Side Length (m) Azimuth

AB 500 98° 30°

BC 620 30° 207

cD 468 298° 30’

DE ? 230° o

EA ? 150° 107
Solution.

The affected sides are adjacent. Fig. 8.3 shows the traverse ABCDE in which DA
is closing line of the polygon ABCD. The latide and departure of the closing line DA
can be calculated. The calculations are shown in the tabular form below :

Latitude Departure
Line + - + —
AB 73.91 494.50
BC 535.11 31311 .
[0)) 223.45 411.29
Sum 758.56 73.91 807.61 411.29
T L' =+ 684.55 T D=+ 0632

- Latitude of DA=-Z L' =-684.55 and Departure DA=-LD'=-396.32
Since both latitude and departure are pegative, the line DA is in third (i.e. SW)
quadrant, the reduced bearing (8) of DA is given by
D _396.32
L 684.55
Bearing of DA=S$30°4 W =210° 4
Length of DA=l=Lsec8= 684.55 sec 30° 4' =791.01 m
From Fig. 8.3, £ADE=0=230°0"- 210° 4" = 19° 56'
Z DEA = B = 150°10" - (230° - 180°) = 100° 10/
ZDAE =y = 210° 4 — 150° 10" = 59° 54’
{Check : o+ B+ y=19° 56+ 100° 10" + 59° 54 = 180°)
From triangle ADE, using the sine rule, we get '

tane: 9=30°4‘
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sin y sin 59° 54’
DE=DA m= 791.01 m =6§95.27 m
sin o sin 19° 56’
EA=DA -SIE =791.01 m= 27399 m
Example 8.3. A four sided traverse ABCD, has the following lengths and bearings:
Side Length (m) Bearing
AB 500 Roughly East
BC 245 178°
chD Not obtained 270°
DA 216 10°

Find the exact bearing of the side AB.

Solution.

Fig. 8.6 shows the traverse ABCD in
continous lines. The affected sides AB and CD
are not adjacent, To bring AB adjacent to CD,
draw a line AC' equal and parallel to BC. The
line CC’ is thus equal and parallel to BA and
is adjacent to CD. The line C'D becomes the
closing line of the traverse AC'D. The latitude

and departure of C'D can be calculated as usual, - ﬁ,‘?'"q
The calculations are shown below : FIG. 8.6
Line Latitude Departure
DA + 212711 + 37.51
AC' (BC) ~ 239.64 + 50.94
Sum - 26.93 + 88.45
Latimda nf /D - L7402 and  Tepartire of 7D = _ /R 45
The bearing (8) of C'D is given by
_D _#8845 _ mme gt
tané)—)_,’_—,‘-’ﬁl93 or =734,

Bearing of C'D=N73"4" W =286°56'
Angle P =(270° - 180°) - 73° 4' = 16° 5¢'
Length of C'D=Lsec§=26.93sec73°4'=92.47 m
From triangle CDC’, we get

cc' DC' . _bC 9247 . o cp
mp she of sma-chsmﬂ- 500 sin 16° 56
a=3° 55

Bearing of BA = bearing of CC’=270° -3° 55’ =266° 5
Bearing of AB=266°5 — 180° = 86° 5'.

.
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Example 8.4. A straight tunnel is to be run between two points A and B, whose
co-ordinates are given below :

Point Co-ordinateS
N E
A 0 0
B 3014 256
c ) 1764 1398

It is desired to sink a shaft at D, the middle point of AB, bur it is impossible
to measure along AB directly, so D is to be fixed from C, a third known point.
Calculate . (@) The co-ordinates of D.
() The length and bearing of CD.
(¢) The angle ACD, given that the bearing of ACis 38° 24’ E of N.

Solution. Fig. 8.7 shows the points A4, B, c NA
and D. The co-crdinate axes have been chosen to pass B(3014, 256)
through point A. 3014)--
(a) Since D is midway between A and B, its g
co-ordinates will be 1507 and 128, ;
(» From Fig. 8.7, i
Latitude of AD = 1507 Eg;_—-': --------- 1c:(17s4.1393)'
Departure of AD =128 "'*: i
Latitude of AC = 1764 ' :
Departure of AC = 1398 .
S Latitude of DC= 1764 — 1507=257 i d E
and Departure of DC = 1398 — 128 = 1270 A gé % -
Hence, Latitude of CD =-257 - 2
Departure of CD =~ 1270 G B
Since both latitude and departure are negative, line
€D b oo tbe thitd quadrant with respect e the cnnrdinate axes passing through C.
The bearing (8) of CD is given by
D 1270 .
tan9=-i=—2§;i-7 8 =78°34

- Bearing of CD = S§78°34' W =258°34'

Length of CD= 1270y + (2577 =1295.7.
© 2 ACD = Bearing of CD - Bearing of C4
= 2587 34" - 38° 24' — 180° = 40° 10".
Example 8.5. A and B are two stations of a location traverse, their total co-ordinates
in metres being :

Total latitude Total Departure
A 34,321 7,509
B 33,670 9,652

R SRR e el AR
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A straight reach of railway is 1o run from C, roughly south of A, to D, invisible
from "C and roughly north of B, the offsets perpendicular to the railway being AC=130
m and BD = 72 m. Calculate the bearing of CD. : ‘
Solution. (Fig. 8.8)
Co-ordinates of A, referred to B:
Latitude = 34321 - 33670 = + 651
Departure = 7509 ~ 9652 = - 2143.
Since latitude is positive and deparmre is negative, line BA is in the NW quadrant.
The bearing (8) of BA is given by
D 2143

tan9=z-=—6§- or

Length of BA = V(651 + (2143) =2238 m
OB BD A

From Fig. 8.8, o4~ AC

OB+0A BD+AC -
o4 ~  AC

8=73°¢.

or

OA 130
0A=%g-x2238 =140 m
AC _ 130
A0 1440
B=284°49"5
o=84°49"5-73°6" =11°43".5

- Bearing of CD =90°+ a=90°+ 11°43".5 =101° 43'.5.

Example 8.6. A and B are two of the stations used in sefting out construction lines
of harbour works. The total latitude and departure of A, referred to the origin of the system,
dre respedtively « 34,7 ana — 330.2, and those of B are + 713.0 und + 387.6 m (avrth iuiitude
and east departure being reckoned as positive). A point C is fixed by measuring from
A a distance of 432 m on a bearing of } E___
346° 14, and from it a line CD, 1152 m in length ID
is set owr parallel to AB. It is required to check
the position of D by a sight from B. Calculate
the bearing of D from B.

Solution. (Fig. 8.9

Latiude of A=+ 542.7
Departure of A=-331.2
Latitude of B=-+713
Departure of B=+587.8

-, Latinde of B referred to A

cos B =

FIG. 88

FIG. 8.9
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=713 - 542.7 = 170.3
Departure of B referred to A
= 587.8 - (- 331.2) =519.0 _
Since both latitude and departure of B are positive, line AB lies in NE quadrant.
The bearing (0) of AB is given by
: D _919.0
w7105
8 =79° 30’ = bearing of 4B
. Bearing of AD= Bearing of AB=NT79°30'E
Fig. 8.9 shows the traverse ABCD in which length and bearing of the line BD are
not known. Table below shows the calculations for the latitudes and departures of the lines:

Line Length Bearing Latitude Depariure
+ - + -
AB 170.3 919.0
DC 1152 §T9° 30 W 211.8 1132.0
A 432 §13°46'E 419.9 12.8
Sum 170.3 631.7 1021.8 1132.0
LL =-46l.4 LD =-1102

Latitude of BD=—-ZL'= +461.4 and Departure of BD =-ZD'=+1102
Since both latitude and departure of BD are positive, it lies in NE quadrant,
bearing (a) being given by

ts

o= D - £10.2

L 4614
o Bearing of BD= N 13°2¢' E.
Example 8.7. For the following iraverse, compute the fength CD, so that A, D

ad F mmu he in Ane cfrajohr fine

o a= 13° 26"

Line Length in metres Bearing
AB 11¢ 830 12"
BC 165 30° 42¢
ch - 346° 67
DE 212 16° 18°

Solution : Fig. 8.10 shows the traverse ABCD in which 4, D and E are in the
same line. Treating CA as the closing line of the traverse ABC, its length and bearing
can be calculated as under :

Line Latitude Departure
AB + 13.03 +109.23
BC +141.88 + 84.24

T L =4+154.91 LD =+193.47
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Latitude of CA=-I L =-15481
Departure of CA=-LD'=-19347 .

Since both latiude and departure are negative, it lies
in SW quadrant, its bearing being given by

_D_19347
tanB-L——-——

8=851°18'W
Length of CA=Lsec®
= 154.91 sec 51°18"

=247.92° m.
Now, since 4, D and E are in the same line,
bearing of AD =bearing of DE =16° 18" .
From A ACD, « = (i6° 18" + 180°%) - (346° 6' - 180°) = 30° 12

B = 346° 6" — (51° 18" + 180°) = 114° 48"

y=751°18" - 16" 18" = 35°
Check : o+ P+ 7 =307 12"+ 114° 48° + 35° = 180°

. 0 A
Again, —=
siny sina
p-caBY o700 B3 _ 2070 m.
sin o sin 30° 12’

Example 8.8. In a closed traverse ABCD, with the data given below, the bearings
of lines AB and CD are missing. )

N
Line Length (m) Bearing -P: 10.2035'
AB 160.00m - :

BC 280.00m 102°367 e

(/3] 12000 m - 2

DA 320.00m 270°00°

Determine the missing bearings.

Solution :

Here is a case in which the bearings
of two lines, not adjacent, are missing.
Method 1 : Semi-analytical solufion
Refer Fig. 8.11. The lines AB and
CD, whose bearings 8, and 6, are missing,
are not adjacent to cach other. From C, draw CE parallel and equal to BA. Naturally,
AE will be parallel and equal to BC. In the triangle ADE, the lengths and bearings of

FIG. 8.11

OMITTED MEASUREMENTS 191

AD and AE are known. Hence the length and bearing of the closing line DE can be
found, with the computations in the tabular form below,

Line " Length (m) Bearing Latitude Departure
EA 280.0 282° 36' +61.08 —273.26
AD 3200 90°00" 0.00 +320.00
i T +61.08 +46.74
DE - 61.08 — 46.74
Hence line DE falls in the third quadrant.
6=ta.n"% =tan"[ :2‘:;‘; ):37".424

. Bearing of DE=180° +37°.424 = 217°.424 = 217°2¢’
Length DE=VD*+L* =Y (46.74) + (61.08)" =76.51 m
Now for triangle CDE, s = 5 (160 + 120 + 76.91) = 178.455
(178.455 — 76.91) (178.455 — 120)
178.455 (178.455 - 160)
¢/2=53°319 or ¢ =106°.64 = 106°38"
e DCsinq)]__ _ _I[msm 106“.64]__ . oq - acocgr
Also B = sin [—-———EC = sin T = 45°.94 = 45°56
Let ws now calculate the bearings of AB and CD.
Bearing of DE =217°2¢'
». Bearing of ED =217°26' - 180° = 37° 2§’
Bearing of AB = Bearing of EC=37°26"-+ (360° - 45°56") = 351°3)'
Again, Bearing of DE=217°26"
- Bearing of DC=217°20"+ 106°38' = 324°04°
. Bearing of OO =32+ 04 - i80°.= 144004
Method 2 : Analytical solution .
Let us use suffixes 1, 2, 3, 4 for lines AB, BC, CD and DA respectively.
Since D=0, I sin §; + L 5in 83 =~ L 5in 8, — J sin &

Now tan /2 =

or 160 sin 6, + 120 sin 9, = - 280 sin 102°36' — 320 sin 270°00"

or 160 sin 8, + 120 sin 0, =-273.26 +320=46.74="F (1)

Also, ZL=0, . hcos® +lcos 8= —lcos By~ lcos By

or 160 cos 8, + 120 cos 6, = - 280 cos 102° 36’ — 320 cos 270° 00

or 160 cos 6, + 120 cos By = 61.08 + 0.0 =61.08 = Q (2
From (1) 160 sin 9; = 46.74 — 120 sin 0, {3
From (2) 160 cos 9, = 61.08 — 120 cos B, ...(4)

Squaring and adding

e - -



.

or* O+ 7sin 0+ 160.40 — 234.58=0

—
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(160)? = (46.74)" + (61.08)" + (120)" - 2 x 120 (46.74 sin 8; + 61.08 cos 6;) ar ' ! sin 8 =74.18 (1)
o 46,74 sim 6 + 61.08 cos 0 = (46.74)* + (61.08)" + (120)* - (160)° 019 and 97.54 sin .‘900 + I sin (8 ~ 90°) + 170.69 sin 340° + 248.47 sin 195° 15" =0
74 sin Gy 7 0108 €08 B = 240 =T or 97.54 —lcos 6 - 58.38 -81.92=0
cos (6 - @) = - 222.019 - 0.28629 or lcos 9 =—42.76 -.(2)
 (46.74)" + (61.08) From (1) and (2) i= J(74.18) + (42.76) = 85.62 m
8; — a = 106°.64 = 106°38' I
’ 46.74 Also, §=tan"" :;'l,vf', = 119°58'
But o=—— or a=37°.424 =37°26' )
61.08 ZABC = 119° 58
By = 106° 38’ +37° 26" = 144°04' , ZBCD =250° — 8 = 250° - (119° 58") =130°02'
Also, from (3), 6 = sin "’ [ 678 - 1212;'“ aao4 ]: - 8°30" ;
’ = 360° — 8°30' = 351°30° : PROBLEMS
o e.l 360° - 8°30 1°30 . l.meapoimC,itisrequiredwsetoutalineCme]leltoagivenlineAB.such
Example 8.9. The following measuremenls were made in a closed rraverse ABCD: that ABD is a right angle. C and D are not visible from 4 and B, and traversing is performed
AB=9754m; CD=170.69m; AD =24847m ‘ as follows: Lot B
S , -
LDAB = 70°45° LADC = 39°15 L e 0 &
Calculate the missing measurements. h BE 1.7 200° 57'
Solution : Taking the W.C.B. of line W EF 61.4. 2ol
FC 393 263° 57"

AB =90°, the traverse is shown in Fig. 8.12.
Let the angle ABC =8
and the length BC be L
Sum of interior angles =360°.
ZBCD =1360° — (70°45° + 39°15' + 8)
= 250° - 6 '
Bearing of AB =90°
Bearing of AD =90° - 70°45' = 19°15
gearing of 4 = 1y + LUt = Lyyt Ly
Bearing of DC =199°15' - 39°15' = 160°0'
Bearing of CD =160° + 180° = 340°
Bearing of CB =340°- (250" 98)=90°+86
Bearing of BC = (90° + ) - 180° = 8 - 90°
Bearing of BA = {(6 - 90°) - 6] + 360° = 270°
Bearing of AB =270° - 180° = 90° (check)
Now, for the whole traverse,
EL=0 and ZD=0
. 97.54 cos 90° + [ cos (8 - 90°) .
+ 170.69 cos 340° + 24B.47 cos 199° 15" = 0

T T

Compute the required length and bearing of CD.
2. A closed traverse was conducted round an obstacle and the following observations were
made. Work out the missing quantities :

Side Length in m Azimuth
AB - 330 45
BC 300 86° 23°
D - 169° 23
DE 450 243° 54'
E4 268 A7 W

3. For the following traverse, find the length of DE so that A, E and F may be in the
same Straight line :

Line Length in metres R.B.
A8 200 S$84°30°'E
BC 100 N75°18'E
cb 80 N18°45'E
DE - N29°45'E
EF 150 N&4° 10'E

4. Two points A and D are comnected by a traverse survey ABCD and the following records
are obtained
AB=219m ; BC=1705 m ; CD=24575 m
Angle ABC=118°15 ; Angle BCD =180°40/.
Assuming that. AB is in meridian, determine :
(1) | The latinde and deparwe of D relative to 4.
(2)) The, length AD.
(3} The angle BAD.
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5. Find the co-ordinates of the point at which a Iine run from 4 on a bearing of N 10°E
will cut the given traverse, and find the length of this line.

Line Latitude _Departure

N . 3 E w
AB 1650 440
BC 2875 120
D i 3643 326
DE 1450 376
EA 0 0

6. Surface and underground traverses have been mup between two mine shafts 4 and B. The
co-ordinates of A and B given by the underground traverse are 8560 N, 74860 W and 10451 N,
30624 W respectively. The surface traverse gave the co-ordinates of B as 10320 N and 30415 W,
those of A being as before. Assuming the surface taverse to be correct, find the error in both
bearing and distance of the line AB, as given by the underground traverse.

7. The following lengths and bearings were recorded in running a theodolite traverse in the
counter clockwise direction, the length of CP and bearing of DE having been omitted.

Line Length in m RB.
AB 281.4 S$69° II'E
BC 129.4 N21°49'E
CD 7 N19*M4'Ww
DE 144.5 ?

EA 168.7 ST74°24' W

Determine the length of CD and the beariffg of DE.

ANSWERS

7482 m ; 180°

AB=3225 m ; CD=3057 m.
66.5 m.

(i) 378.25 and 383.0

ui) 238> m

(i) 45°21"

5, 1991 N ; 351 E . 2021

6. 0°34'.5; 238

7. 131 m ; S46°9'W.

Bow N

Levelling

9.1. DEFINITIONS ( Ref. Fig. 9.1)

Levelling. Levelling is a branch of surveying the object of which is : (1) to find
the elevations of given points with respect to a given or and (3) to establish
poinis at a given elevation or at different elevations with ' uped
dapum. The first operation is required to enable the works to be designed while the second
operation is required in the setting out of all kinds of engineering works. Levelling deals
with measurements in a vertical plane.

Level Surface. A-level surface is defined as a curved surface which at each point
is perpendicular to the direction of gravity at the point. The surface of a still water is
a truly level surface. Any surface parallel to the mean spheroidal surface of the earth
is, therefore, a level surface.

Level Line. A level line is a live lying in a level surface. It is, therefore, normal
to the plumb line at ali points. :

Horizontal Plane. Horizontal plane through a point is a plane tangential to the level
surface at that point. It is, therefore, perpendicular to the plumb line through the point.
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Horizontal Line. It is straight line tangential to the level line at a point.. It is also
perpendicular to the plumb lige.

Vertical .Line, It is a line normal to the level line at a point.
considered to be the line defined by a plumb line.

Datum. Datum is any surface to which elevations are referred. The mean sea level
affords a convenient datum world over, and elevations are commonly given as so much
above or below sea level. It is often more convenient, however, to assume some other
damum, specially if only the relative elevations of points are required.

Elevation. The elevation of a point on or near the surface of the earth is its vertical
distance above or below an arbitrarily assumed level surface or datum. The difference in
elevation between two points i the vertical distance bemeen the two level surfaces in
whiclr-the two pomts lie.

Vertical Angle. Vertical angle is an angle befiween two intersecting lines in & vertical
plane Generally, one of these lines is horizomal. = *

Mean Sea Level. Mean sea level is the avérage height of the sea for all etages
of the tides. At amy particular place it is derived by averaging the hourly tide heights
over a long period of 19 years. '

[t is commonly

Bench Mark. Bench Mark is a relatively permanent pomt of reference whose elevation

with Tespect 10 some assumed datum is kmown. It is used cither as a starting point for
levelling or as a point upon which to close as a check.

9.2, METHODS OF LEVELLING

Three principal methods are used for determining difference in elevation, namely,
barometric levelling, trigonometric leveliing and spirit levelling.

Barometric levelling. Barometric levelling makes use of the phenomenon that difference
in elevation between two points is propomonal to the difference in atmospheric pressures
at these points. A barometer, therefore, may be used and the readings observed at different
pomts would yield a measure of the relative elevations of those points.

At a gwen pomt the atrnosphenc pressure does not remam constant in the course

—
e e ou. ..n.'u hh Han vubaob wr s "u'-.n.

and is little used in surveying work except on reconnaissance or exploratory surveys.

Trigonometric Levelling (Indireet levelling) :

Trigonometric or Indirect levelling is the process of levelling in which the elevations
of points are computed from the vertical angles and horizontal distances measured in the
field, just as the length of any side in any triangle can be computed from proper trigonometric
relations. In a modified form called stadia fevelling, commonly used in mapping, both the
difference in elevation and the horizomtal distance between the points are directly computed
from the measured vertical angles and staff readings.

Spirit Levelling (Direct Levelling) :

It is that branch of levelling in which the vcrtical distances with respect to a horizontal
line (perpendxcularm of gravity) may 10 determine the relative difference
E—elevauon between iwo adjacent points. A horizontal plane of sight tangent to fevel surface
& any pomt is readily established by mears . of a spirit level or a level vial. In spirit

. i
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levelling, a spirit fevel and a sighting device (telescope) are combined and vertical distances
are measured by observing om graduated rods placed on the points. The method is also
kmown as direct levelling. It is the most precise method of determining elevations and
the one most commonly used by engineers.
9.3. LEVELLING INSTRUMENTS

The instruments commonly used in direct levelling are :

(1) A level

(2) A levelling staff.

1. LEVEL

The purpose of a level is to provide a horizontal line of sight. Essextially, a level
consists of the following four parts :

(@ A telescope to provide line of sight

(3 A level tube to make the line of sight horizontal

(¢) A levelling head (tribrach and trivet stage) to bring the bubble in its centre of run

(d A tipod to support the instrument,
There are the following chief types of levels :

() Dumpy level @iy Wye (orY) level

(fiD  Reversible level (iv) Tilting level.
( DUMPY LEVEL

The dumpy level originally designed by Gravatt, consists of a telescope tube firmly
secured in two collars fixed by adjusting screws to the stage carried by the vertical spindle.

10 S 10 ¢!

9 I o
2 4
1
9 o) 3
FIG. 9.2. DUMPY LEVEL

I. TELESCOPE 7. FOOT SCREWS
2. EYEPIECE §. UPPER PARALLEL PLATE (TRIBRACH)
3. RAY SHADE 9. DIAPHRAGM ADIUSTING SCREWS
4. ORSECTIVE END 10. BUBBLE TUBE ADIUSTING SCREWS
5. LONGITUDINAL BUBBLE 11. TRANSVERSE BUBBLE TUBE
6. FOCUSING SCREWS 12. FOOT PLATE (TRIVET STAGE).

e L T T 7T 2 L RS
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The modem form of dumpy level has the telescope tube and the vertical spindle cast in
one piece and a long bubble fube is aitached to the top of the telescope. This form is
known as solid dumpy.

. Fig. 9.2 shows the diagrammetic sketch of a dumpy level. Fig. 9.3 shows the section
of a dumpy level. Figs. 9.4 and 9.5 show the photographs of dumpy levels manufactured
by M/s Wild Heerbrugg and M/s Fennel Kessel respectively. Fig. 9.6 shows a dumpy
level by M/s W.F. Stanley & Co. The name ‘dumpy leve!’ originated from the fact that
formerly this level was equipped with an, inverting eye-piece and hence was shorter than
Wye level of the same magnifying power. However, modern forms generally have erecting
eye-piece so that inverted image of the staff is visible in the field of view.

In some of the instuments, a clamp screw is provided to control the movement
of the spindle about the vertical axis. For small or precise mavement, a slow motion screw
(or tangent screw) is also provided.

The levelling head generally consists of two parallel plates with either three-foot screws
or four-fool screws. The upper plate is known as fribrach and the lower plate is known
as friver which can be screwed on to a tripod.

3 9

4 2
:’i F"ﬂ;f Jrﬂ”lrﬂ.
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FIG. 9.3 SECTIONAL VIEW OF A DUMPY LEVEL.

1 TELESCOPE 10 BUBBLE TUBE ADJUSTING SCREWS
2 EVE-PIECE 12 FOOT PLATE (TRIVET STAGE)
3 RAY SHADE 13 CLAMP SCREW
4 OBJECTIVE END 14 SLOW MOTION SCREW
5 LONGITUDINAL BUBBLE 15 INNER CONE
6 FOCUSING SCREW 16 OUTER CONE
7 FOOT SCREWS 17 TRIPGD HEAD
8. UPPER PARALLEL PLATE (TRIBRACH) 18 TRIFOD.
9 DIAPHRAGM ADIUSTING SCREWS
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The advantages of the dumpy level over the Wye level are:

()  Simpler construction with fewer movable parts,

(iiy Fewer adjustments to be made.

(i) Longer life of the adjustments.

(H WYE LEVEL

The essential difference between the dumpy level and the Wye level is that in the
former case the telescope is fixed to the spindle while in the Wye level, the telescope
is carried in two vertical ‘Wye' supports. The Wye support consists of curved clips. If
the clips are raised, the telescope can be rotated in the Wyes, or removed and tumned
end for end. When the clips are fastened, the telescope is held from turning about its
axis by a lug on one of the clips. The bubble tube may be attached either to the telescope
or to the stage carrying the wyes, In the former case, the bubble tube must be of reversible
type.

Fig. 9.7 shows the essential features of Y-level. The levelling head may be similar
to that of 2 dumpy level. In some cases, the instrument is fitted with a clamp and fine
motion tangent screw for conrolled movement in the horizontal plane. Fig. 9.8 shows the
photograph of a Wye level by Fennel Kessel.

The Wye level has an advantage over the dumpy level in the fact that the adjustments
can be tested with greater rapidity and ease. However, the adjustments do not have longer
life and are disturbed more frequently due to large mumber of movable parts.

A

B 10
9 [ 10 5
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12 o)y 14
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7 7
15 15
FIG. 9.7. WYE LEVEL.
1. TELESCOPE 9, DIAPHRAGM ADJUSTING SCREWS SCREWS
2. EYE-PIECE 10. BUBBLE TUBE ADJUSTING
3. RAY SHADE 11. WYE CLIP
4. QRIECTIVE END 12 CLIP HALF OPEN
5. BUBBLE TUBE 13. CLAMP SCREWS
6. FOCUSING SCREW -14. TANGENT SCREW
7. FOOT SCREW 15. TRIVET STAGE.
8. TRIBRACH
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(i) REVERSIBLE LEVEL

A meversible Jevel combines the features of both the dumpy level and the Wye level.
The telescope is supported by two rigid sockets into which the telescope can be introduced
from either end and then fixed in position by a screw. The sockets are rigidly connected
to the spindle through a stage. Once the telescope is pushed into the sockets and the
screw is tightened, the level acts as a dumpy level. For testing and making the adjustments,
the screw is slackened and the telescope can be taken out and reversed end for end. The
telescope can also be turmed within the socket about the longitudinal axis.

(ivy TILTING LEVEL

In the case of a dumpy level and a Wye level, the line of sight is perpendicular
to the vertical axis. Once the instrument is levelled, the line of sight becomes horizontal
and the vertical axis becomes truly vertical, provided the instrument is in adjustment. In
the case of tiling level, however, the line of sight can be tifted slightly without ‘tlting
the vertical axis. Thus, the line of sight and the vertical axis need mot be exactly perpendicular
to each other. This feature, therefore, helps in quick levelling. The instrument is levelled
roughly by the three-foot screws with respect either to the bubble tube or 1o a small
circular bubble, thus making the vertical axis approximately vertical. While taking the sight
to a staff, the line of sight is made exacily horizontal by centring the bubble by means
of a fine pitched tilting screw which tilts the telescope with respect to the vertical axis.

o

4 1
3
FIG. 9.9 TILTING LEVEL.
R TELESCOPE 7. FOOT SCREWS
2 EYE-PIECE 8. TRIBRACH
3. RAY SHADE 9. DIAPHRAGM ADJUSTING SCREWS
‘4. QOBIECTIVE END 10. BUBBLE TUBE FIXING SCREWS
5, LEVEL TUBE 1L TILTIING SCREWS
6. FOCUSING SCREWS 1. SPRING LOADED PLUNGER

13. TRIVET STAGE.
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LEVELLING 201

It is, however, essential that the observer should have the view of the bubble tube while
sighting the staff.

Fig. 9.9 shows the essential features of a ftilting level. A tilting level is mainly
designed for precise levelling work. It has the advantage that due to the tilting screw.
levelling can be dome much quicker. However, this advantage is not so apparent when
it is required to take so many. readings from ome instrument setting. Fig. 9.10 shows the
photograph of a filting. level by M/s Vickers Instruments Lid.

9.4. LEVELLING STAYF

A levellling staff is a straight rectangular rod having graduations, the foot of the
staff_ representing zero reading. The purpose of a level is to establish a horizontal line
of sight. ‘The purpose of the levelling staff is to determine the amount by which the station
.(:.e., foor of the staff) is above or below the line of sight. Levelling staves may be divided
into two cl.asscs : () Self-reading staff, and (i) Target staff. A Self Reading Staff fis
the one which can be read directly by the instrument man through the telescope. A Target
Staff, on the other hand, contains a moving target against which the reading is taken '
by staff man.
{) SELF-READING STAFF

There are usually three forms of seif-reading staff :

(@ Solid staff ; (b) Folding staff ; (c) Telescopic staff (Sopwith pattern).

Figs. 9.11 (a) and (b) show the patterns of a solid staff in English units while
{c) and (d ) show that in metric unit. In the most common forms, the smallest division
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Hundredths. Fiftieths. Centimetres.  Half-Centimetres.

FIG. 9.11. (BY COURTESY OF M/S VICKERS INSTRUMENTS LTD.)
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is of 0.01 f. or 5 mm. However, some staves may have fine graduations upto 2 mm.
The staff is generally made of well seasond wood having a length of 10 feet or 3 metres.

Fig. 9.12 shows a sopwith pattern staff arranged in three telescopic lengths. -thn
fully extended, it is usually of 14 ft (or 5 m) length. The 14 fi. staff has solid top
length of 4’ 6* sliding into the central box of 4' 6" length, The central box, n tum, slides
into lower box of 5' length. In the 5 m staff, the three corresponding lengths are usually
1.5 m, 1.5 m and 2 m. .

Flg. 9.13 shows a folding staff uspally 10 ft long having a hinge at t'he middle
of its length. When got in use, the rod can be folded about the hinge so that it becomes
convenient to carry it-from one place to the other.

Since a self-reading staff -is, always seen through the telescope, all readings appear
to be inverted. The readings are; therefore, taken from above downwards.

The levelling staves graduated ‘in English units generally have whole number of feet
marked in red to the left side of the staff (shown by hatched lines in Fig. 9.12)., The
odd lengths of the feet are marked in black fo the righ -harid side. The top of jﬂme

FIG. 9.12 TELESCOPIC STAFF FIG. 9.13 FOLDING STAFF FIG. 9.14 TARGET STAFF
(BY COURTESY OF M/S VICKERS INSTRUMENTS LTD.)
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black graduations indicates the odd tenth while the bottom shows the even tenth. The hundredths
of feet are indicated by alternate white and black spaces, the top of a black space indicating
odd hundredths and top of a white space indicating even hundredths. Sometimes when the
staff is near the instrument, the red mark of whole foot may not appear in the field
of view. In that case, the staff is raised slowly until the red figure appears in the field
of view, the red figure thus indicating the whole feet.

Folding Levelling Staff in Metric Uniis

Fig. 9.15 () shows a 4 m folding type levelling staff (IS : 1779-1961). The staff
comprises two 2 m thoroughly seasoned wooden pieces with the joint assembly. Each piece
of the staff is made of ome longitudinal strip without any joint. The width and thickness
of staff is kept 75 mm and 18 mm respectively. The folding joint of the staff is made
of the detachable type with a locking device at the back. The staff is jointed together
in such a way that : :

(@) the staff may be folded to 2 m length.

() the two pieces may be detached from one another, when required, fo

facilitate easy handling and manipulation with one piece, and

(¢) when the two portions are locked together, the two pieces become rigid

and straight. '

A circular bubble, suitably cased, of 2S-minute semsitivity is fitted at the. back. The
staff has fittings for a plummet to test and cormrect the back bubble. A brass is screwed
on to the bottom brass cap. The staff has two folding handles with spring acting locking
device or an ordinary locking device.

Each metre is subdivided into 200 divisions, the thickness of graduations being 5
mm. Fig. 9.15 (b) shows the details of graduations. Every -decimetre length is figured
with the corresponding numerals (the metre numeral is made in red and the decimetre
pumeral jn black). The decimetre numera! is made continuous throughout the staff.

(i) TARGET STAFF

Fig. 9.14 shows a target staff having a sliding target equipped with -vernier. The
rod consists of two sliding lenpths. the lower ome of approx. 7 ft and the upper one
of 6 ft. The rod is graduated in feet, tenths and hundredths, and the vernier of the target
enables the readings to be taken upto a thousandth part of a foot. For readings below
7 ft the target is slided to the lower part while for readings above that, the target is
fixed to the 7 ft mark of the upper length. For taking the reading, the level man directs
the staff man to raise or fower the target till it is bisected by the line of sight. The
staff holder them clamps the target and takes the reading, The upper part of the staff
is graduated from top downwards. When higher readings have to be taken, the target is
set at top (i.e. 7 ft mark) of the sliding length and the sliding length carrying the target
is raised until the target is bisected by the line of sight. The reading is then on the
back of the staff where a second vernier enables readings to be taken to a thousandth
of a foot. ’

Relative Merits of Self-Reading and Target Staffs

() With the self-reading staff, readings can be taken quicker than with the target
staff. .
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(i) In the case of target staff, the duties of a target staff-man are as important
45 those of the leveller and demand the services of a trained man. In the case of a
self-reading staff, on the other hand, ordinary man can hold the staff concentrating more
on keeping the staff in plumb.

(i) The reading with target staff can be taken with greater fineness. However, the
refinement is usually more apparent than real as the target man may not be directed accurately
to make the line of sight bisect the target. :

9.5. THE SURVEYING TELESCOPE

The optical principles of the surveying telescope are based on the fact that all parallel
rays of light reaching a convex lens are bent when they leave it in such a manner that
they intersect at a common point, called the-focus and that all the rays passing through
another point called the optical centre pass through the geometrical centre of lens without
bending. .

The surveyor's telescope is an adaptation of Kepler's telescope which employs two
convex lenses ; the one nearest to the object is called the objective and the other near
the eye is called the eyepiece. '

The object glass provides a real inverted image in front of the eye-piece which,
in wun, magnifies the image to produce an inverted virtual image. Fig. 9.16 shows the

optical diagram of such a telescope.

3
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Fiti. v.lo OPTICAL DIAGRAM ur iobosCUPE.

The line of sight or line of collimation is a line which passes through the optical
centre of the objective and the intersection of cross hairs. The axis of the teléscope is
* the line which passes through the optical centres of objective and eye-piece. The cross-hairs
are placed in front of eye-piece and in the plane where the real inverted image is produced
by the objective. Thus, the eye-piece magnifies the cross-hairs also.

The distance from the objective of the image formed by it is connected with the
distance of the object by the refation

1,11
v u f
where u = distance of object from optical centre of objective
v = distance of image from the optical centre of objective

f=focal length of the objective.

ST
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The focal length of an objective is constant. The establishment of a telescopic line
of sight, therefore, involves the following two essential conditions :

(1) The teal image must be formed in front of the eye-piece.

(2) The plane of the image must coincide with that of the cross-hairs.

Focusing. For quantitative measurements, it is essential that the image should always
be formed in the fixed plane in the telescope where the cross-hairs are simated. The
operation of forming or bringing the clear image of the object in the plane of cross-hairs
is known as focusing. Complete focusing involves two steps :

() Focusing the eye-piece. The eye-piece unit is moved in or out with respect
to the cross-hairs so that the latter are clearly visible. By doing so, the cross-hairs are
brought in the plane of distinct vision which depends on eye-sight of a particular person.
_ (i) Focusing the objective. The purpose of focusing the objective is to bring the
image of object in the plane of cross-hairs which are clearly visible. The focusing can
be done exernally or internally.

_ .The telescop:e in which the focusing is dome by the external movement of either
objective or eye-piece is known as an external focusing telescope (Fig. 9.24) and the
one in which the focusing is done internally with a negative lens is known as internal
focusing telescope (Fig. 9.25).

Parallax. If the image formed by objective lens is not in the same plane with cross-hairs,
any movement of the eye is likely to cause an apparent movement of the image with
respect to the cross-hairs. This is called parallax, The parallax can be eliminated by focusing
as described above.

Whether internal focusing or external focusing, a telescope consists of the following
essential parts :

(H Objective (if) Eye-piece  (iif) Diaphragm (i) Body and focusing device.
() OBJECTIVE '

If simple (single) lenses are used, the telescope
would have various optical defects, known as aberrations,
which wouid resuit in curvamre, distortion, unwanted
colours and indistincmess of the image. In order to
eliminate these defects as much as possible, the objective
and eye-piece lens are made up of two or more simple '
lenses. The objective (Fig. 9.17)is invariably a compound
lens consisting of (g) the front double comvex lens
made of crown glass and () the back concavo-convex
lens made of flint glass, the two being cemented together
with balsm at their common surface. Such compound
lens is knmown as achromatic lens, and two serious
optical defects viz., spherical aberration and chromatic aberration are nearly eliminated.

{i) EYE-PIECE

In most of surveying telescopes, Ramsden eye-piece is used. It is composed of
plano-convex lenses of equal focal length (Fig. 9.18), the distance between them being two-thirds

FIG. 9.17. OBIECTIVE.
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of the focal length of either. This eye-piece z S
gives a flat field of view. It is also known Z =
. - . = =
as posiive OI mom-erecting eye-piece for the —» —5: §
inverted image, which is formed by the object = =
Z =

glass, appears still ioverted to the observer. Eye

Ancther type of eye-piece, though mnot
. commonly used, is Huygen's eye-piece. It is
composed of two plano-convex lenses (Fig. 9.19),
the distance between them being ‘two-third of
the focal length of the larger and twice the
focal length of the smaller. The cliromatic ab-
erration of this combination is. slightly less and
spberical aberration is more than that of Ramsden’s.
This is also a non-erecting eye-piece.

Some telescopes are fitted with special
erecting eye-pieces which give a magnified but . .
inverted image of the image formed by the FIG.+:8:49. HUYGEN'S EYE-PIECE .
objective and hence, the latter itself forms an inverted image. The result is a maghnified,
but ereci image of the original object. The eye-piece comsists of four lemses (Fig. 9.20).
The eye-piece involves the use of extra lenses. This results in loss of brilliancy of the
image, which is a decided disadvantage. Additional advantages of a mon-erecting telescope
are (i) for any desired magnifying power,- theé length of non-erecting telescope is shorter
than the erecting telescope, (if) the definition is certain to be better because the image

HIZTTA
.‘\\\\\\ \\\\\l
(3

FI¢ 920 ERECTING EYE-PIRCE

does not have to be erected but instead is formed by an achromatic eye-piece. For all
precise work, the Ramsden eye-piece is to be preferred,
as inverted images are not a great disadvantage and
a surveyor very soon gets used (o them.

When the line of sight is very much inclined
to the borizontal, it becomes inconvenient for the eye
to view through ordinary eye-piece. In such a case,
a diagonal eye-piece, such as shown in Fig. 9.21
is used. Diagonal eye-piece, generally of Ramsden type,
consists of the two lenses and a reflecting prism or
a mirror fitted at an angle of 45° with the axis of
the telescope. Such eye-piece is very much wvseful in
astronomical observations.
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(li) DIAPHRAGM
_The cro,sfs-hairs. designed to give a definite line of sight, consist of a vertical and
a horizontal hdir held in a flat metal ring called reticule. Tn modern instruments, the reticule

is an interchangeable capsule which fits into the diaphragm, a flanged metal ring held in .

telwcop_e barrel by four capstan-headed screws (Fig. 9.22). With the help of these screws,
the positior of the cross-bairs inside of the tube can be adjusted slightly, both horizontally

and vertically, and a slight rotational movement is also possible.

FIG. 9.22 DIAPHRAGM AND RECTICULE.

The bairs are usvally made of threads from cocoon of the brown spider, but may
be of very fine platimum wire of filaments of silk. In some instruments, the reticule consists
of a glass plate on which are etched fine vertical and horizontal lines which serve as
cross-hairs. A few typical arrangements of the lines and points are illustrated in Fig. 9.23

of which (@), (#) and (c) are used in levels.

PHEDR

(a) (®) {c} )] (&)

Y 0O

FIG. 9.23. CROSS-HAIRS

The horizontal hair is used to read the staff and the two vertical hairs enable the
surveyor to see if the staff is vertical laterally. Most telescopes are also equipped with
two more horizontal hairs called stadia hairs, one above and other on equal distances below
the horizontal cross-hair, for use in computing distances by stadia tacheometry.

() BODY AND FOCUSING DEVICE

The focusing device depends upon whether it is an external focusing telescope (Fig.
9.24) or an intemal focusing telescope (Fig. 9.25). In the extemnal focusing telescope,
the body is formed of two tubes one capable of sliding axjally within the other by means
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FIG. 9.24. EXTERNAL FOCUSING TELESCOPE.
of rack gearing with @ pinion” atached to the milled focusing screw. In some cases, the

. objective cell is screwed to the inner tube, so that the focusing movement is effected by

movement of the objective relatively to the outer fixed tube carrying the cross-hairs and

‘gye-piece. In other cases, the objective is mounted on the outer tube and the eye-piece

end, camrying the eye-piece and the diaphragm, moves in focusing.
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FIG. 9.25. INTERNAL FOCUSING TELESCOPE.

In internal focusing telescope, the objective and eye-piece are kept fixed and the
focusing is done with help of a supplementary double concave lens mounted in a short
tube which can be moved to and fro between the diaphragm and the objective. This short
mbe holding the lens is moved along and inside the tube carrying the objective by means
of rack and pinion and an external milled bead. Fig. 9.26 illustrates the principle underlying
the focusing with a negative lens.
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FIG. 5.26.

In the absemce of the negative lens B, thé image will be formed at C. For }he
negative lens B, point C forms the virtual object the final image of which is at D {cross-hairs)

For the lens A having f as the focat length
1 11
11,2 D
f i A
f!

For the lens B, having as the focal length,
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From the above two conjugate focal equations, the distance d can be known for
a given value of f, . When the object is at infinite distance, f, equals f and d will have
its minimum value.

Advantages of Internal Focusing Telescope

The advantages of the internal focusing over the external focusing are as follows:

(1) The overall length of the tube is not altered during focusing. The focusing slide
is light in weight and located near the middle of the telescope. Hence, the balance of
the telescope is not affected and the bubble is less liable to be displaced during focusing.

(2) Risk of breaking the parallel plate bubble tube or glass cover of compass box.
when transiting a theodolite telescope, is eliminated.

(3) Wear on the rack and pinion is less due to lesser movement of negative lens.

(@) Line of collimation is less likely to be affected by focusing.

(5) As the draw tube is not exposed to weather, oxidation is less likely to occur
and the telescope can be made practically dust and water proof.

(6) In making measurements by the - stadia method, an instrument constant is almost
eliminated and the computations are thus simplified.

(T) The negative focusing lens serves a useful optical purpose because the focal length
of the combined objective and negative lens is gredter than the distance berween the objective
lens and focal plane. This extra equivalent focal length can be utilised to-increase the
POWET.

(8) Internal focusing also gives the optical designer an extra lens to work with, in
order 1o reduce the aberrations of the system and to increase the diameter of the objective
lens.

Disadvantages of Internal Focusing Telescope

The, principal disadvantages of an internal focusing telescope are as follows :

(1) The internal lens reduces the brilliancy of the image.

(2) The interior of the telescope is not so easily accessible for field cleaning and
Tepairs.

OPTICAL DEFECTS OF A SINGLE LENS

The optical defects of a simgle lens are :

.(2)

Chromatic abetration

(1) Spherical aberration 2)
(3) Coma {4  Astigmation
(5) Curvamre of field (6) Distortion

Aberrations. Aberration is the deviation of the rays of light when unequally refracted
by a lens so that they do not converge and meet at a focus but separate. forming 2o
indistinet image of the object or an indistinct image with prismatically coloured images.
(1) Spherical Aberration. In a single lens having truly spherical surfaces, the rays
from a given point are not all collected exactly at one point. The rays through the edges
converge slightly nearer the lens than those through the centre (Fig. 9.27). This defect
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or imperfection, arising from the form of curvature -
of the lens is known as spherical aberration ot

sometimes as axial spherical aberration. The spherical

aberration of a negative lens tends to meutralise , .
that of a positive lens. Hence the positive and negative
elements of an achromatic lens can be so shaped
as practically to eliminate spherical aberration also.
(See Fig. 9.17 also).

(2) Chromatic Aberration. A beam of white light
is made up of seven colgurs—red, orange, yellow,
green, blue, indigo and violet. Since the-foca! length
of any single lens is different for ‘each different
colour of light, a beam of white light instead of
converging at a focus after passing through a single
lens. is distributed along the axis in a series of
focal points. The violet ray is refracted most and
the red is refracted least (Fig. 9.28). This defect
is known as chromatic aberration due to which
a blurred and coloured image is formed. The chromatic
aberrations are of opposite signs in positive and negative lenses. It is, therefore, possible
to make a combination lens in which the chromatic aberration of a negative lens of relatively
low power is sufficient practically to pentralize the chromatic aberration of positive lens
of relative high power. Fig 9.17 shows such an achromatic lens in which the outer double
convex lens is made of crown glass and the inner comcavo-convex lens of flint glass.

The elimination of aberrations is only one of the requirements in the design of
a telescope. The extent to which this aim is achieved determines to a comsiderable degree
the quality of telescope.

The other possible defects in a single lens, i.e. coma, astigmation, curvamre, distortion
etc.. are of little importance to the majority of surveyors. If further information be required,
reference should be made to any of the elementary standard text books on physics or
optics. _

OPTICAL CHARACTERISTICS OF THE TELESCO,

The desirable optical characteristics of surveying telescope are as follows :

(1) Aplanation. Aplanation is the absence of spherical aberration. A compound lens.
free from spherical aberration, is known as an aplanatic combination.

FIG. 9.27. SPHERICAL ABERRATION.

FIG. 9.28. CHROMATIC ABERRATION.

(2) Achromatism. Achromation is the sbserice of chromatic aberration. A compound

lens, free from chromatic aberration, is kmown as an achromatic combination.

(3) Definition, Definition, as applied 10 a telescope, is its capability of producing
a sharp image. This resolving power of a telescope is the power to form distinguishable
images of objects separated by small angular distances and it wholly depends upon definition

The definition depends upon the extent to which the defects of a single lems have been !

climinated and also upon the accuracy in centring the lenses on one axis.

An, the " direction of movement of the left thumb
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. {4) Dlumination or Brightness. The illumination or brightness of the image of telescope
depend§ upon the magnifying power and the number and quality of the lenses. Illumination
_is inversely prq:portional to magnification and oumber of lenses. '

(5) Magnification. Magnification is the ratio between the angle subtended at the eye
by the virtwal image, and that subtended by the object and depends upon the ratio of
the focal length of the objective Jens to the focal length of the eye-piece. The magnification
ishcmld be proportional to the aperture (f.e to the amount of light which enters the telescope),
.'be.cause if the magnification is too high for the apermwre, the ordinary objects will appear
faint and if magnification is too low the objects will appear too small for accurate sighting.
Provision of higher magnification reduces brilliancy of image, reduces the field of view
and wastes more time in focusing.

_(6) Size of field. By field of view is meant the whole circular area seen at
one time through the telescope. The field of view is not merely dependent upon the size
of the hole in the cross-hair reticule, but it also increases as the magnification of the
telescope decreases.

9.6. TEMPORARY ADJUSTMENTS OF A LEVEL

Each surveying instrument needs two types of adjustments : (1) temporary adjustments,
am! (2) permanent adjustments, Temporary adjustmemts or Station adjustments are those
whxc‘h are made at every instrument setting and preparatory to taking observations with
the instrument. Permanent adjustments need be made only when the fundamental relations
between some parts or lines are disturbed (See Chapter 16). '

The temporary adjustments for a level comsist of the following :

(1) Setting up the level (2) Levelling up (3) Elimination of parallax.

1. Setting up the Level. The operation of seting up includes (a) fixing the instrument
on the stand, and (b) levelling the instrument approximately by leg adjustmemt. To fix
fhe level to the tripod, the clamp is released, instrument is held in the right-hand and
is fixed on the tripod by turning round the lower part with the left hand. The tripod
legs are so adjusted that the instrument is at the convenient height and the tribrach is
approximately horizental Seme instrimente are 2lso provided with a small circular bubble
on the tribrach. '

) 2. Levelling up. After having levelled the instrument approximately, accurate levelling

is done with the help of foot screws and with reference to the plate levels. The purpose

of levelling is to make the vertical axis truly vertical. The manner of levelling the instrument

:grel‘.he plate levels depends upon whether there are three levelling screws or four levelling
ws.

(@) Three Screw Head

) 1. Loose the cIamp.‘ Turn the instrument until the longitudinal axis of the plate levél
ls‘roughly parallel to a line joining any two (such as 4 and B) of the levelling screws
Fig, 9.29 (a)].

2. Hold these two levelling screws between the thumb and first finger of each hand

‘ahd turn them uniformly so that the thumbs move either towards each other or away from

each other until the bubble is central. [t should be noted that the bubble will move

[see Fig.!9.29 (@]. "

— o EaaEy Lt o
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3, Turn the upper plate
through 90°, i.e., until the axis
on the level passes over the position. EAAY
of the third levelling screw C [Fig. A ',
9.29 (b))

4. Turn this levelling screw s '
until the bubble is central.

5. Remrn the upper part =2
through 90° to its original position -~ @
[Fig. 9.29 (4)] and repeat step
(2) till the bubble is central. - - flG. 929, LEVELLING-UP WITH THREE FOOT SCREWS.

6. ‘Tum back again through 90° and repeat step (4).

7. Repeat steps (2) and (4) dill the bubble is central in both the positions.

8. Now rotate the instrument through 180° . The bubble should remain in the centre
of its run, provided it is in correct adjustment. The vertical. axis will then be truly vertical.
If not, it needs permanent adjustment. _ ‘

Note. It is essential to keep the same quarter circle for the changes in direction
and not to swing through the remaining three quarters of a dircle to the original position.

() Four Screw Head

1. Turn thé upper plate until the longitudinal axis of the plate level is roughly parallel
to the line joining two diagonally opposite screws such as D and B (Fig. 9.30 (@)].

2. Bring the bubble central exactly in the same mamner as described in step (2)
above.

3. Turn the upper part through 90° until the spirit level axis is parallel to the other
two diagonally opposite screws such as 4 and C [Fig. 9.30 (B

4. Centre the bubble as before. D

5. Repeat the above steps till the
bubble is cenural in both the positions.

6. Turn through 180° to check the
permanent adjustment as for three screw
instrument. A

In modern instruments, three-foot @
screw levelling head is used in preference
to a four foot screw levelling head. The {a)
three-screw arrangement is the better one,
as three points of support are sufficient
for stability and the introduction of an extra point of support leads to uneven wear on
the screws. On the other hand, a four-screw levelling head is simpler and lighter as 2
three-screw head requires special . casting called 2 tribrach, A (hree-screw instrument has
also the important advantage of being more rapidly levelled.

3. Elimination of Parallax., Parallax is a condition arising when the image formed

{0)
FIG. 9.30. LEVELLING-UP WITH FOUR-FOOT

by the objective is not in the plane of the cross-hairs. Unless parallax is eliminated, accuraté :

LEVELLING 213

sightilllg-is impossible. Parallax can be eliminated in two steps : (i} by focusing the eye-piece
for distinct vision of the cross-hairs, and (i) by focusing the objective to bring the image
of the object in the plane of cross-hairs.

(i) Focusing the eye-piece

To focus the eye-piece for distinct vision of the cross-hairs, point the telescope towards
.Lhe sky (or hold a sheet of white paper in front of the objective) and move eye-piece
in or out till the cross-haris are seen sharp and distinct. In some telescopes. graduations
are provided at the eye-piece so that one can always remember the particular gradwation

. position to suit his eyes. This may save much of time.

(ti) Focusing the objective
. Tl_le telescope is mow directed towards the staff and the focusing screw in turned
till the image appears clear and sharp. The image so formed is in the plane of cross-hairs.

9.7, THEORY OF PIRECT LEVELLING (SPIRTT LEVELING)

A level provides horizontal lie of sight, i.e., a line tangential to = level surface
fit the point where the instrument stands. The difference in elevation between two po'mis
is the vertical distance between two level lings. Strictly speaking, therefore, we must have
a level line of sight and mot a horizontal line of sight ; but the distinction between a
level surface and a horizontal plane is not an important one in plane surveying.

_ Neglecting the curvature of earth and refraction, therefore, the theory of direct levelling
is very simple.. With a level set up at any place, the difference in elevation between any
two points within proper lengths of sight is given by the difference between the rod readings
taEken on these points. By a succession of instrument stations and related readings. the
difference in elevation between widely separated points is thus obtained.

SPECIAL: METHODS OF SPIRIT LEVELLING

‘ * (2) Differential Levelling. It is the method of direct levelling the object of which
is so}ely to determine the difference in elevation of two points regardless of the horizontal
positions of the points with respect of each other. When the points are apart. it may
be necessary to set up the instruments serveral times. This type of levelling is also known
as fly levelling.

o (b) Profile Levelling. It is the method of direct-levelling the object of which is to
determine the elevations of points at measured intervals along a given line in order to
obtain a profile of the surface along that line. :

¢ (¢) Cross-Sectioning. Cross-sectioning or cross-levelling is the process of taking levels
on each side of a main line at right angles to that line, in order to determine a vertical
cross-section of the surface of the ground, or of underlying strata, or of both.

+(d) Reciprocal Levelling. It is the method of levelling in which the difference in

elevation between two points is accurately determined by two sets of reciprocal observations
when it is not possible to set up the level between the two points.
) (¢) Precise Levelling. It is the levelling in which the degrec of precision required
is 100 great to be attained by ordinary methods, and in which, therefore, special. equipment
o; special precautions or both are necessary to eliminate, as far as possible. all sources
of error.
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TERMS AND ABBREVIATIONS

() Station. In levelling, a station is that point where the level rod is- held and
not where level is set up. It is the point whose elevation is to be ascertained or the
point that is to be established at a given elevation.

(i Height of Instrument (H.1) For any set up of the level, the height of instrument
is the elevation of plane of sight (line of sight) with respect to the assumed datum. It
does not mean the height of the telescope above the ground where the level stands.

(i) Back Sight (B.S.). Back sight is the sight taken on a rod held at a point
of known elevation, to asceriain. the amount by which the line of sight is above that
point and thus to obtain the height of the instrument. Back sighting is equivalent to measuring
up from the point of known glevation to the line of sight. It is also known as a plus
sight as the back sight reading is* always added to the level of the datum to get the
height of the instrument. The object of back sighting is, therefore, 1o ascertain the height
of the plane of sight.

(iv) Fore Sight (F.S.). Fore sight is a sight taken on a rod held at 2 point’ of
unknown elevation, to ascertain the amount by which the point is below the lime of
sight and thus to obtain the elevation of the station. Fore sighting is equivalent to
measuring down from the line of sight. It is also known as a minus sight as the -fore
sight reading is always subtracted (except in speical cases of tunnel survey) from the height
of the instrument to get the elcvation of the point. The object of fore sighting is, therfore,
to ascertain the elevation of ile point.

(v) Turning Point (T.P.). Turning point or change point is a point on which both
minus sight and plus sight ate iaken on a line of direct levels. The minus sight (fore
sight) is taken on the point in one set of instrument to ascertain the elevation of the
point while the plus sight (back sight) is taken on the same point in other set of the
instrument to establish the new' height of the instrument.

(vi) Intermediate Station (I.S.). Intermediate statiom is a point, intermediate between
two turning points, on which only one’ sight (minus sight) is taken to determine the elevation
of the station.

STEPS IN LEVELLING (Fig. 9.31)

There are two steps in levelling : (@) to find by how much amount the line of
sight is above the bench mark, and (b) to ascertain by how much amount the mext point
is below or above the line of sight.

Line of sight ELV, 213.178
2324 1.836
777
A
ELV. 211.340
B.M.
ELV. 210.852

FIG. 9.31.
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A level is'set up approximately midway between the bench mark (or a point of
known elevation) and the point, the elevation of which is to be ascertained by direct levelling.
A back sight:is taken on the rod held at the bench mark. Then

HI=Eb. of B.M.+B.S. D

Turning the telescope to bring into view the rod held on point B, a foresight {minus

sight) is taken. Then .

“Eiv.=HIL - F.S. .2

For example, if elevation of B.M. =210.852 m, B.S. =27324 m and F.5.=1.836 m.
Then H.I.=210.852 +2.324 =213.176 m
and Elv. of B=213.176 - 1.836 = 211.340 m.

It is to be noted that if a back sight is taken on a bench mark located on the
roof of a mnnel or on the ceiling of a room with the instrument at 2 lower elevation,
the back sight must be subtracted from the elevation to get the height of the instrument.
Similarly, if a foresight is taken on a point higher than the instrument, the foresight must
be added to the height of the instrument, to get the elevation of the point.

9.8. DIFFERENTIAL LEVELLING

The operation of levelling to determine the elevation of points at some distance apart
is called differential levelling and is vsually accomplished by direct levelling. When two
points. are at such a distance from each other that they canmot both be within range of
the level at the same time, the difference in elevation is mot found by single setting but
the distance between the points is divided in two stages by turning points on which the
staff is held and the difference of elevation of each of succeeding pair of such turping
points is found by separate setting up of the level.

@
]

2.100

242,680

242212

A
{240.000)

FIG. 9.32

Referring to Fig. 9.32, A and B are the two points. The distance AB has been
divided into three parts by choosing two additional points on which staff readings (both
plus sight and minus sight) have been taken. Points 1 and 2 thus seive as furning poinss.

The R.L. of point A is 240.00 m. The height of the first setting of the instrument
is therefore = 240.00+ 2,024 = 242.004. If the following.F.S. is 1.420, the RL. of
T.P. 1=242.024 - 1.420 = 240.604 m. By a similar process of calculations, R.L. of T.P.
2 =240.490 m and of B =241.202 m.
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9.9. HAND SIGNALS DURING OBSERVATIONS

When levelling is done at construction site located in busy, noisy areas, it becomes
difficult for the instrurient man to give instructions to the man holding the staff at the
other end. through vocal sounds. In that case, the following hand signals are found to
be useful (Table 9.1 and Fig, 9.33}

TABLE 9.1. HAND SIGNALS

Refer Signal Message
Fig. 9.33 i . .
fa} Movement of left Move to my left | * e
arm over 90° S f ’_1
® Movement of Move 10" my '
right arm over 90° right )
{ct Movement of left Move top”of .
_ arm over 30° staff 10 my left (a) ®) © -
(d} Movcmcm of Move top of by,
- [ right arm over 30° | gaff w my right e ¥
fe} Extension of am Raise height peg’
horizontally and or staff
maving hand
| upwards (5] )]
7)) Extension of arm Lower height - -
horizontally and peg or staff -
moving hand
downwards
(g Extension of both Establish the
arms and slightly sition h
thrusting downwards P I_[ ’ @
i Extension of amms Return to me
and placement of
hand on top of
, head. H . '
FIG. 9.33. HAND SIGNALS..

9.10. BOOKING AND REDUCING LEVELS

There are two methods of booking and reducing the elevation of points fr?m the
observed staff readings : (1) Collimation or Height of Instrument method : (2) Rise and

* Fall method.

HEIGHT OF INSTR ME D

In this mehtod. the height of the instrument (4.1) is calculated for each setting
of the instrument by adding back sight (plus sight) to the elevation of the B.M. (F'{rst
point). The elevation of reduced level of the turning point is then calculated by subtracting
from H.I the fore sight (minus sight). For the next setting of the instrument. the H.IL
is obtained by "adding the B.§ taken on T.P. 1 to its R.L. The process continues gl
the R.L. of the last point ( a fore sight) is obtained by subtracting the staff reading from
height of the last setting of the instrument. If there are some intermediate points, the R.L.
of those points is calculated by subtracting the intermediate sight (minus sight) from the
height of the instrument for that setting.

(0
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The foliowing is the specimen page of a level field book illustrating the method
of booking staff readings and calculating reduced levels by height of instrument method.

Station "B.S 15. F.S. H.I RL Remarks |
A 0.865 561.365 560.500- | BM. on Gate
B 1.025 2.105 '560.285° | . 550260
c 1580 558.705 Platform
D 2230 1.865 560.650 558.420
E 2,355 2.835 560270 = | 557815

. F 1.760 558.410

Check 6.475 8.565 558.410 Checked

6.475 560.500
2,080 Fall 2.09

Arithmetic Check. The difference between the sum of back sights and the sum of
fore sights should be equal to the difference between the last and the first R.L. Thus

ZB.S.-ZF.8.= Last RL.- First R.L.

The method affords a check for the H.L and RL. of tuming points but mot for
the intermediate points.

{2) RISE AND FALL METHOD

In rise and fall method, the height of instrument is not at all calculated. but the
difference of level between consecutive points is found by comparing the staff readings
on the two points for the same setting of the instrument. The difference between their
staff readings indicawes a rise or fall according as the staff reading at the point is smaller
or greater than that at the preceding point. The figures for ‘rise’ and ‘fall’ worked out
thus for all the points give the vertical distance of each point above or below the preceding
one, and if the level of any one point is known the level of the next will be obtained
by adding its rise or subtracting its fall, as the case may be.

The following is the specimen page of a level field book illustrating the method
of booking staff readings and calculating reduced levels by rise and fall method :

Station B.S. 15, ES. Rise Fall RL Remarks
P 0.865. ' 560.500 |B.M. on Gae
¥ 1.025 L2005 - 1240 | 559.260
c 1.580 + 0.555 558,705 Platform
D 2.239. 1.865 | 0285 | 558.420
E 2,355 2.835 0.605 | 557.815
F 1.760 0.595 558.410

Check 5.475 8.565 0.595 2685 | $58.410

6.475 0595 | 560.500 | Checked
Fall 2.09 Fal ,2.09 2,090
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Arithmeti¢ Check, The difference between the sum of back sights and sum of fore
sights should be equal to the difference between the sum of rise and the sum of fall
and should also be equal to the difference between the R.L. of last and first point. Thus,
$B.S.-EF.S.=% Rise-% Fall= Lost R.L.- First R.L.

This provides a complete check on the intermediate sights also. The arithmetic check
would only fail in the unlikely, but possible, case of two more errors occurring in such
a manner as to balance each other.

It is advisable that on each page the rise and fall calculations shall be completed
and checked by comparing with the’ difference of the back and fore sight column summations,
before the reduced level calculations are commenced.

Comparison of the Two Methods, The height of the instrument (or collimation
level) method is more rapid, less tedious and simple. However, since the check on the
calenlations for intermediate sights is not available, the mistakes in their levels pass unnoticed.
The rise and fall method though more tedious, provides a full check in calculations for
all sights. However, the height of instrument method is more suitable in case, where, it
is required to take a number of readings from the same istrument setting, such as for
constructional work, profile levelling etc. _ ) .

Example 9.1. The following staff readings were observed successively with a fevel,
the instrument having been moved after third, sixth and eighth readings : 2.228 ; 1.606
. 0.988 ; 2.000 ; 2.864 ; 1:262 ; 0.602; 1.982 ; 1.044 ; 2.684 mewes.

Enter the above readings in a page of a.level book and calculate the R.L. of poinis
if the first reading was itaken with a staff held on a bench mark of 432.384 m.

Solution.

Since the instrument was shifted after third, sixth and eighth readings, these readings
will be entered in the F.S. column and therefore, the fourth, seventh and ninth readings
will be entered on the B.S. column. Also, the first reading will be entered in the B.S.
column and the last reading in the F.S. column. All other readings will be entered in
the LS. column. -

The reduced levels of the points may be calculated by rise and fall methad as tabulated

below :

Stailon B.S. LS. F.S. Rise Fall RL Remarks
1 2.228 432384 B.M.
2 1.606 0.522 433,006
3 2.000 0.958 0.618 433.624 T.P.1
4 2.864 0.77¢ 432.850
5 0.602 1.262 - L602 434,452 |- T.P. 2
6 1.044 1.982 1.380 433.072 TP, 3
7 2.684 1640 | 431432

6.916 2842 3,794 432.384
Check 5.964 5.964 2,842 431.432
Fall 0.952 - Fal 0.952 0.952 Checked

il
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E:_:ample 9.2, It was required o ascertain the elevation of two poiris P and Q
and a line of {eveis was run from P to Q. The levelling was then continued to a bench
mark of 83.500) the readings obtained being as shown below. Obtain the R.L. of P and Q.

B.S. LS. F.S. R.L. Remarks
1.622 ’ P
1.874 0.354

2.032 1.780

2.362 : Q

0.984 1.122 '

1.906 2.824

2.036 ] 83.500 B.M.

Solution.

To find the R.Ls. of P and ¢, we will have to proceed from bottom to the top.
To- find the H.I, therefore, F.5. readings will have to be added to the R.L. of the kmown
point and to find the R.L. of the previous point, the B.S. will have to be subtracted

from the so obtained H.I as clearly shown in the table below :

Station B.S LS. F.§. H.I R.L Remarks
P 1.622 84.820 83.198
1.874 0.354 86.340 84.466
2.032 1.780 86.592 84.560
[ 2.362 §4.230
0.984 1.122 86.454 85.470
1.906 2.824 85.539 83.630
2.036 83.500 B.M.
Check 8.418 8.116 83.500
3.116 83.198
Rise 0.302 0.302 Checked
Example 9.3, The following consecutive readings were taken with a level and 5

metre levelling staff on continuously sloping ground at a common interval of 20 metres:

-0.385; 1.030;1.925 ;. 2.825 ; 3.730 ; 4485 ; 0.625 ; 2.005 ;D 3.110 ; 4,485 The

reduced level of the first point was 208.125 m. Rulé"out a page of a level field book

and enter the above -readings. Calculate the reduced levels of the poimts by rise and fall

method and also the gradient of the line joining the first and the last point.
Solution.

. Since the readings were taken on a continuously sloping ground, the maximum staff
reading can be 5 metres only, and therefore, sixth reading will be a fore ‘sight taken
on a murning point and the seventh reading will be a back sight. Also, the first reading
will be a back sight and the last reading will be a fore sight. The levels can be readily
calculated as shown in the tabular form below:
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Station B.S. LS. | RS | Rise Fall RL . Remarks |
1 0.385 08,025
2 1.030. 0.645 207.480
3 1.925 0.895 206,585
4 2825 0.900 205.685
5 [ 3730 0.905 204.780
6 | 05 ! 4.685 0.955 203.325
7 2.005 1.380 202.445
8 3.110 ., . 1.105 201,340
5 4.485 1.375 199.965 |
Check |  1.010 - oim | 0000 8.160 208,125 |
; 019 0.000 | 199.965
| Fl | 8160 l Fall 8.160 B.160
8.160 1

Gradient of the line = =——=1 in 19.61 (falling).

20x8 19.61 ) !
Example 9.4. The following figures were extracted ffom a level field book. some

of the entries being illegible owing o exposure ‘10 rain. Insert the missing figures and

check your results. Rebook all the figures by the ‘rise’ and ‘fall’ method. ’

-

| Sution i B.S. LS. FS. Rise Fall RL | Remarks
;i 2.285 R 232 460 BM. I
2 1.650 x 0.020 ’
3 2.105 X
¢ x 1.960 x
s ! 2.050 1 res 0.300
6 : X , x 232.255 | BM. 2
7 | Lew x | 030 j
8 1 2.85 | 2.100 X o
I | [ x 233.425 | BM. 3

Solution. .

(i) The F.S. of station 2 is missing, but it can be calculated from the -known rise.
Since station 2 is higher than station 1, its F.S. will be lesser than the B.S. of station
1 (higher the point, lesser the reading). Hence,

F.S. of station 2=2.285-0020=2265 m

and R.L. of station 2=232.460 +0.02 =232.480 m
{if) Fall of swation 3=2.105-1.6350=0455 m

R.L. of station 3=232.480 -0.455=232,025 m

@iy B.S. of staion 4 can be calculated from the fact that the F.S. of staton 5.
having a fall of 0.300 m, is 1.925 m :

Thus, B.S. of station 4=1.925-0.300=1.625 m
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Also, Rise of station 4=2.105-1.960=0.145 m
and RL. of station 4 =232.025 +0.145=232.170 m
(iv) R.L. of station 5=232.170 - 0.300 =231.870 m
(v} From the known R.L. of stations 6 and 5, the rise of station 6 can be calculated
Thus, Rise of station 6=232.255 - 231.870 = 0.385
LS. of station 6=2.050 - 0.385 = 1.665
{vi) F.5. of station 7= 1.665~ 0.340 = 1.325
and ‘ RL. of station 7=232.255 + 0.340 =232.395
(vid) Fall of station 8=2.100 - 1.690 = 0.410
RL. of station 8=232.595-0.410=232.185

{viif) Since the elevation of station 9 is 233.425 m, it has a rise of (233.425-232.185)
=1.240 m.

F.5. of station 8 =2.865 - 1.240 = 1.625 m.
The above rtesults and calculations are shown in the tabular form below :

Staion | _B.S. LS. FS. | Rise Fall RL | Remarks

1 2.285 232460 | BM. 1

2 1.650 2.265 0.020 232480 |

3 2.105 0.455 232.025

4 | 165 1.960 0.145 1470 |

s . 2050 . 1.925 0300 | 231.870 |

6 1.665 0.385 232255 | BM. 2

7 1.690 1.325 0.340 232.595

[ 2.865 2.100 0.410 232.185

9 1.625 1.240 233425 | BM. 3

Check - 12,165 11.200 2.130 1165 233.425 l

| 11.200 1.165 '_232,460 : !

i | 0.965 Rise 0.965 Rise 0.965 | Checked |

Example 9.5. During a construction work, the bonom of a R.C. Chhafja A was
taken as a temporary B.M. (R.L. 63.120). The following notes were recorded.

Reading on inverted staff on B.M. No. A 2.232

Reading on peg P on ground : 1.034

Change of instrument .

Reading on peg P on ground : 1.328

Reading on inverted staff on bottom of comice B : 4.124

Enter the readings in a level book page and colculare the R.L. of cormice B.
Solution

The first reading was taken on an inverted stwaff and therefore it will have to be
subtracted from the R.L. to get the H.I. Similarly, the last reading was taken on an inverted
staff, and the R.L. of the cornice B will be obtained by adding the F.S. reading to the

i d
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H.I Use (=) sign for the B.S. of A and F.5. of B since both of these have been taken
in reverse directions than the normal omes. The calculations are shown in table the below:

Poing B.S. 18, E.S. H.IL RL Remarks
A -2.232 60 .888 63.120
P 1.328 1.034 61.182 59.854
B -4.124 65.306
Check -0.940 -3.090 65.306
-3.090 63.120

+
Rise +2.186 Rise 2.186 Checked

9.11. BALANCING BACKSIGHTS AND FORESIGHTS

When the difference in elevation between any two points is determined from a single
set-up by backsighting on one point and foresighting on the other, the error due to non-parallelism
of line of collimation and axis of the bubble wbe (wheri.the bubble is in the centre of
the run) and also the error due to curvature and refraction may be eliminated if the
lengths of two sights cen be made equal. ‘

In Fig. 9.34, let ob-
servations be made with a
level in which the line of
collimation is inclined up-
wards by an amount o from
horizontal, when the bubble
is in the cenme of its un, . A o L
the level being kept exactly a ! B
midway between the two
points A and B. The observed
backsight and foresight are x.and x.. The rorrect backsight on A will be equal to
x, -y, where y, =D, tana . The correct foresight on B will be equal to x;, -y, where
y, =D, tan . Hence the correct difference in level between 4 and B

=00 - )= (2= ya) = (o - X} + 02— 0)
=(x1—.r;)+(D3tana—D.tana)=(x;-xz) it y=D, .

Thus, if backsight and foresight distances are balanced, the difference in elevation
berween two points can be directly calculated by taking difference of the two readings and
no correction for the inclination of the line of sight is necessary.

Fig 9.35 illustrates how the error due to curvamre can be eliminated by equalising
backsight and foresight distances. Since the level provides horizontal line of sight {and not
a level line), the staff reading at point A =h, and at a point B=h, . The correct saff
readings should have been H, and H, so that

Ho=ho - hy and Hy=hy - h'
The correct difference in elevation between A and B, therefore is given by

FIG. 9.34. BALANCING B.S. AND FS.

g
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e Hortzontal line of sight !
3 Lavet lin ]
, H, h,
Levet ne thro' 8

c H B

LBVEI ﬁne thro' A
A (The sffact of rafraction hias not been shawn)

FIG. 9.35
H=Hy - Ho = (ha = 2') - (he — ') = (ha = s} — (ha' = By')

If the horizontal distance AC and BC are mot equal, true difference in elevation H
cannot be found unless h,' and k' are mumerically found (see Art. 9.7). But if the distances
AC and BC are balanced (i.e., made equal), h,’ and ky’ would be equal and H will equal
13] (hﬂ—'hb) .

Thus, if the backsight and foresight distances are balanced, the elevation between
two points is equal to the difference between the rod readings taken lo the two points
and no correction for curvature and refraction is necessary.

BALANCING SIGHT ON A SLOPE

When the points lie on a sloping ground, the level should be set off to one side
far enough to equalise, as nearly as practicable the uphill and downhill sights.

In Fig. 9.36, it is required to set the level between two points T.P. 1 {turning
point) and T.P. 2. Let the level be set up at A far enough uphill to bring the line of
sight just below the top of an extended rod when held on the turning point T.P. 1. A
mrning point T.P. 2 can then be establised far enough uphill to bring the ling of sight
just above the bottom of the rod when held on the turning point I.P. 2. The Tevel
at A is nearly on the line between T.P. 1 and T.P. 2, the corresponding distance being
20 m and 12 m (say). On the contrary, if the level is set up at B, instead of A off
to one side but at nearly the ‘
same elevaton as at 4, so -
that sights on T.P. 1 and T.P. o
2 can still be taken and dis- —
tances of T.P. 2 and T.P.
1 from B can be equal, the
error due to pon-adjustment
of coltimation will be elimi-
nated.

To take a numerical ex-
ample, let the level have line L
of sight inclined upwards by 3
an amount 0.008 metres in -
every 100 metres. When the

\J
Section through 8

v ybnowyy uoies
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level is at A, the eror in the rod readings will be :
For T.P. 2 : 0.12 x0.008 =0.00096 m
For T.P. 1 : 0.20 x 0.008 = 0.00160 m

Error in the levelling = 0.00064 m
Again, if the level were at B, the errrors in rod readings would be :
aa TP 2: 0.50x0,008=0.0040 m

T.E. 1: 0.52x0.008 =0.00416 m

Error in Jevelling = 0.00016 m
Thus, when the level is at B, the error in levelling is about i—th of the error if

the level is set at A. By moving B farther away, the error may be reduced until it approach&c
zero, as the lengths of the two sights from B become nearly equal. :

Example 9.6. A level set up an extended line BA in a position 70 meires Jrom
A and 100 metres from B reads 1.684 on a staff held at ‘Aiand 2.122 on a siaff held
at B, the bubble having been carefully brought to the centre of its run before each reading.
It is known that the. reduced levels of the tops of the pegs A ond B are 89.620 and
80.222 respectively. Find (a) the collimation error, and (b) the readings that would have
been obtained had there been no collimation error.

Solution. Exact difference in elevation in~B and A

= 89.620 - 89.222 = 0,398 m, B being lower. -

As per observations, difference in elevation
=72.122 - 1.684 =0.438 m, B lower.

This shows B fo be lower than what it is. We know that lower is the point, greater
is the staff reading. Hence, the staff reading at B is greater than what it should be and
thus. the line of sight is inclined upwards, as shown in Fig. 9.37, by an amount 0.438 -0.398
= 0.40 m in a distance of 30 m. )

0.

Therefore tan ot = —% = 0.0013333

We know that tan 60" = 0.0002909
13333 x 60

=4' 34" ards.
2900 seconds = 4' 34" upw.

Hence . by proportion, o=

ht

False line of $ig

.

— 30m ¢ 70m
FIG. 9.37
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Exact reading if there were no collimation error.. would be
a A 1.68;1—[0‘040 «70)=1.684 ~0.093 = 1591 m

, 30
' 0.040
at B 2.122-[ =

So that the true difference. in elevation =1.989 —1.591 =0.398 m as given in the
question, ' ' ‘

Example 9.7. A page of a level book was defaced so that the only legible figures
were (a) consecutive entries in the column of reduced levels : 55.565 (B.M.) : 54.985
(T.P) : 55.170 : 56.265 ; 53.670 ; 53.940: (T.P.); 52.180: 52.015: 51480 (T.P.);
§3.]45 : 54.065 (T.B.M.); (b} entries in the backsight column : 1.545: 2.310: 0.105 :
3.360 in order from the wp of the page. )

" Reconstruct the page as booked and check your work. Calculate the corrected level
of the T.B.M. if the instrument is known to have an elevared collimarion error of 60~ and
back and foresight distance averaged 80 and 30 metres respectively.

Solution. There are three turning points on which both back and foresights have
been taken. The first sight is a backsight. The four backsight readings will. therefore,
be entered in order, one against the B.M. point and other three against the three turging
points. The last R.L. corresponds to 7.B.M. on which a foresight is missing. All other
sights will be 7.S. and F.S. which are to be found. Knowing RL. and B.S. of any point.
the F.S. of ‘the point can very easily be calculated. The readings baving (%) mark are
missing quantities which have been computed as shown in the tabular form.

x 100]: 2.122 — 0.133 = 1.989 m.

Station | __B.S LS. ES — HL i RL . Remwmis ]
1 T 5.110 | 55565 ¢ BM. i
z 2310 x2.125 595 | e85 | TP}

|
3 } x 2.125 $5.170
4 I x 1.030 56,265
5 x 3.625 L 53.670
: ) |
6 0.105 x3.355 54045 | 53940 TP, 1
7 x 1.865 52.180 1
8 % 2,030 52.015
1
9 3.360 X2 .565 54.340 51480 | TP
i —
10 x 1.695 I 53.145 :
! 5 —
11 ' x0.775 | 5065 . TBM. i
3
. 73 8.820 55.565 i
Check . 21320 54065 _ .
. Fali 1.500 Fali 1500 . Checkea -
' i

e bt e
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Due to collimation error each backsight staff reading is too great by an amount
(80 tan 60”) metres. Also each change point F.S. reading is too great by an amount
(30 tan 60") metre. Taking Doth errors together, it is as if F.§. readings were correct and
B.S. 100 great by amounmt (50 tan 60") - metres.

As there are four set-ups, the total B.S. reading are great by an amount 4 x 50 tan 60 ”
= 200'x 0.0002909 = 0.05818 =~ 0.058 metres. Now greater the B.S. readings, higher will be
the HI and. therefore, greater will be reduced levels calculated. The actual level of the
7.B.M. will therefore, be = 54.065 - 0.058 = 54.007 m.

0.12. CURVATURE AND REFRACTION

From the definition of
a level surface and a bori- Z _____

zontal line it is evident that
a horizontal line departs from
a level surface because of
the curvature of the earth.
Again, in the long sights,
the horizontal line of sight
does not remain straight but
it slightly bends dowmwards
having concavity towards ea
rth surface due to refraction. .

In Fig. 9.38 (a), AC 5
is the horizontal line which
deflects upwards from the
level line AB by an amount BC. AD is the actual line of sight.

Curvature, BC is the departure from the level line. Actually the staff reading should
have been taken at B where the level line cuts the staff, but since the level provides
ooly the horizontal line of sight (in the absence of refraction), the staff reading is taken
at the point €. Thus, the apparent staff reading is more and, therefore, the object appears
to be lower than it really is. The correction for curvature is, therefore, negative as applied
1o the staff reading, its numerical value being equal to the amount BC. In order to find
the value BC, we have, from Fig. 9.38 (9).

OC*= 04 + AC?, ZCAQ being 90°
Let BC = C. = correction for curvature

AB =d = horizontal distance between A and B

AO =R =radius of earth in the same unit as that of d
R+CF=R+d*
. or R +2RC.+ Cl=R+d’
C:(2R+ C)=d?
= d:

R+ C

FIG. 9.38. CURVATURE AND REFRACTION.

2
or Ce EL %R-;-. (Neglecting C. in comparsion t© 2R)
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That is, to find the curvature correction, divide the square of the length of sight
by earth’s diameter. Both 4 and R may be taken in the same units, when the answers
will also be in terms of that unit. The radius of the earth can be taken equal .to 6370
km. If d is to be in km, and R = 6370 km,lfc= 0.07849 d" metres, |In the above expression,
dis to be substimed in km, while €. will be in metres.

Refraction : The effect of refraction is the same as if the line of sight was curved
downward, or concave towards the earth’s surface and hence the rod reading is decreased.
Therefore, the effect of refraction is to make the objects appear higher than they really
are. The correction, as applied to staff readings, is positive. 'The refraction curve is irregular
because of varying atmospheric conditions, but for average conditions it is assumed to have
a diameter about seven times that of the earth. '

The correction of refraction, C, is therefore, given by

2
c,=% %R-(+ve)=0.01121 4 metres,‘ when d is in lm.

The combined tOrrection due to curvature and refraction will be given by

7 i
(subtractive)

C

being in km.

The corresponding values of the corrections in English units are :
Ce=2 d* =0.667 d” fest
Cr=ord? =0.095 d” feet

d is in miles and

1y radius of earth = 3958 miles.

C <4 d =05724" feet

Distance to the visible horizon g A
- In Fig. 9.39, let P be the point of observation, its ic
height being equal to C and let 4 be the point on the 2
horizon i.e., a point where the tangent from P meets the
tevel line. If d is the distance to visible horizon, it is given
by
N
4= N goerm ™
=1.8553 VC km, C being in metres.
(Taking both curvature and refraction into account). o

T Example 9.8. Find the correction for curvature and for
refraction for a distance of (a) 1200 metres () 2,48 km.

Solution.
(@) Correction for curvamre

FIG. 9.39.

-=0.07849 d* metres (where & is in km)
=0.07849 (1.2)* = 0.113 m

Correction for refraction = % C.=0.016 m

N .



" arid d=3.8553 V6 = 9.444 Tm

-=24.985 + 9.444 = 34,429 km:

08 ‘SURVEYING

=0.07849 (2.48)* =0.483 m
= % CC =0.069 m.

() Correction for curvatre

Correction for refraction

\-/éxample 9.9. Find the combined correction for curvature and refraction for distance

of (@) 3400 metres (b) 1.29 km.
Solution.
(2) Combined correction for curvatre and refraction .
=0.06728 d* m =0.06728 (3.40)’ =0.778 m.

) Combined correction - ~ =0.06728 (1.29)* = 0.112 m.

Example 9.10. In order 1o find .the difference in elevation between Iwo points P
and Q, a level was set upon the line PQ, 60 metres from P and 1280 metres from Q.
The readings obtained on staff kept at P and Q were respectively 0.543 metre and 3.920
m. Find the true difference in elevation between P and Q. : :

Solution. .

Since the distance of P from instrument is small, the correction for curvature etc.
is negligible. v .

Combined correction for Q . =0,06728 (1.280)* = 0.110 m (Subtractive}-

Correct staff reading at @ ~ =3920-0.110=3.810 m

Difference in elevation between P and Q =3.810 - 0.545 =3.265 m, @ being lower.

Example 9.11. A light-house is visible jiist above the horizon at a cenain siation
at the sea level. The distance _between the station and the light-house s 50 km. Find
the height of the light-house.

Soluﬁi_ o C’angéolmfaQ O@*“M

The height of the light-house is given by

\/ C=0.06728 d* metres = 0.06728 (50 metres =168.20 m

Example 9.12. An observer standing on the deck of a ship just sees a light-house.
The 1op of the light-house is 42 metres above the sea level and the height of the observer's
eye is 6 metres above the sea level. Find ihe distance
of the observer from the light-house.

Solution. (Fig. 9.40)

Let A be the position of the top of light-house .
and B be the position of observer's eye. Let AB \, : i
be tangential to water surface ai O. _ s, - ;

The distances 4, and &, are given by "\ ;
4h=38553VC tm : N ;

=3.8553 V42 =24.985 km ;

. Distance between A and B=d,+ 4,

-t

z
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menple 9.13. The observation ray between two triangulation stations A and B
just grazes the sea. If the heights of A and B are 9,000 metres and 3,000 metres respectively,
determine approximately the distance AB (Diameter of earth 12,880 iom).
Solution.
In Fig. 9.40, let A and B be the two triangulation stations and let O be the point
of tangency on the horizon. f

Let . A’AéC;=9000 metres =9 km -
. g53
B'B=C;=3000 metres=3 km Az
2
The distance d, is given by C:=-%
or : d,=\12 RCy in which d,R and C, are in same units

d = V2 x 6440 x 9.0 =340.48 km
= 'JZRCz = ‘J2 x 6440 x 3.0 = 196.58 km

S Distance AB =d, + d; = 340.48 + 196.58 = 537.06 km.

Example 9.14. Two pegs A and B are 150 meres apart. A level was set up
in the line AB produced and sights were taken 1o a staff held in mm on the pegs, the
reading being 1.962 (A) and 1.276(B), after the bubble has been carefully brought 1o the
centre of its run in each case. The reduced level of the tops of the pegs A and B are
known to be 120.684 and 121.324 m respectively.

Determine (¢} the angular error of the collimation line in seconds, and (b} the length
of sight for which the error due to curvature and refraction would be the same as collimation
error. Assume the radius of the earth to be 6370 im.

Solution.
Observed difference in elevation between A and B = 1.962 — 1,276 = 0.686 m (A being lower)

The difference in elevaton =121.324 - 120.684 =0.640 m, A being lower.
Hence, from the cbservations, A seems to be lower by an additional amount = 0.636 - 0.640

=0.046 m.

Since B is nearer to the instruments than A, it is clear that the line of sight is
inclined upwards ‘by an amount 0.046 m in a length of 150 m.

If « is the angular inclination (upwards) of the line of sight with horizontal,

0.046
35 = 0.0003067

tan 60~ = 0.0002909

3067 x 60
~ 2909 x 60
For the second part of the problem, let the required line of sight be L km. The

Similarly

tan a =
We know that
a minutes = 1' 3" (upwards).

2
combined correction for curvature and refraction would be g 2£R" (negative). The correction

for collimation error in a length L will be Ltan «. Equating the two,
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=L tan a = L (0.0003067)
0.0003067 x 7 x2
L=

9.13. RECIPROCAL LEVELLING

When it is necessary to carry levelling across a river, ravine or any obstacle requiring
a long sight between two points so situated that no place for the level can be found
from which the lengths of foresight and backsight will be even approximately equal, special

~1|en
Bl

% 6370 = 4.557 km.

method i.e., reciprocal levelling must be used to obtain accuracy and to eliminate the following: *

(1) emor in instrument adjustment ; (2) combined effect of earth's curvature and the refraction
of the atmosphere, and (3) variations in the average refraction.

Let A and B be the points and observations be made with a level, the line of
sight of which is inclined upwards when the bubble is in the centre of its run. The level
is set at a point near A and staff readings are taken on 4 and B with the bubble in
the centre of its mn. Since B.M. A is very near to imugmf.nt, no error due to curvatre,
refraction and collimation will be introduced in the staffrreadings at A, but there will
be an error e in the staff reading on B. The level is then shifted to the other pank,
on a point very mear B.M. B, and the readings are taken on staff held at B and A.
Since B is very near, there will be no error due to the three factors in reading the staff,
but the staff reading on A will have an error e. Let h, and hy be the corresponding

3

Horizontat Iina—\‘ [
A
'l' Level ling Lina of K Ih
T ‘ sight
River B

5

<

H
— & —»

ALY,

A River

FIG. 9.41. RECIPROCAL LEVELLING.
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staff readings on A4 and B for the first set of the level and A, and &' be the readings
for the second ser.
From Fig. 9.41. it is evident that for the first set of the level. the correct sfaft
readings will be
On A k. On B :h-e
.. True difference in élevation = H = h, — th, — e}
Similarly for second set. the comect staff reading will be :
On A : h'-¢; On B : W
. True difference in elevation = H = (k' —¢€) - by’
Taking the average of the two mue differences in elevations. we get
2H = [ha - (hy - €) + (ha' — &) = hy] = (ha — hp) + (e’ — ')

H =30t - b} + (' - )}

The true difference in elevation, thergfore, is equal to the mean of the wo appearent
differences in elevations, obtained by reciprocal observations.
Example 9.15. The following notes refer to reciprocal levels taken with one level:

Inst. at Staff readings on Remarks

P Q
P 1.824 2.743 Distance between P and Q=10/0m
Q 0.928 1.606 R.L. of P=126.386.

Find {(a} true RL. of Q (b) the combined correction for curvature and refraction.
and (c) the angular error in the collimation adjustmeni of the instrument.

What will be the difference in answers of (a) and (c) if observed siaff readings
were 2.748 on P and 1.824 on O, the instnunent being e P : and 1.606 on P and
0.928 on Q. the instrument being ai Q.

Solution.

(a) When the observations are taken from P. the apparent difference in clevation
between P and @ =2.748 - 1.824 =0.924 m. P being higher

When the observations are taken from Q. the apparent difference in clevation herween
P and @ =1.606 - 0.928 =0.678, P being higher.

Hence, the true difference in elevation

0.924 +0.678 ] ,
=————2———=0.801 . P being higher

and true elevation of = 126.386 - 0.801 = 125.585 m.
{b) Combined correction for curvature and refraction
= 0.06728 4% = 0.06728 (1.010)" = 0.069 m
(Q appears to be lower Further by 0.069 m duz w e
(¢) When the level was at P, the apparent difference in elevagon = (R923 .
The difference in elevation=0.801 m
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Error in observation= 0,924 —~ 0.801 m=+0.123 m

This error consists of () error due to curvature and refraction (if) collimation error.

Error due to curvature and refraction= +0.069 m -

Error due to collimation =0.123 - 0.069 = + 0.054 m.

Collimation error is said to be positive when the line of sight is so inclined 'that
it increases the staff reading at the farther point thereby making that point appear lower
than what it is, Hence, the line of sight is inclined upward by an amount 0.05¢ m in
a distance of 1010 metres. '

0,054 _
tan.af, 1010 = 0.0000535

But tan 60" = 0.0002909
_535x60 .,
o = 5508 =11" (upwards) |

If the staff readings are interchanged, then ‘

(@) True difference in R.L. between P and Q will. -be 0.801 m (Q being higher)

R.L. of 0 = 126.386 + 0.801 = 127.187 m. g

(b)) When the instrument is at P, the apparent difference in elevation between P
and Q0=0924m, Q being higher.

Hence, Q appears to be higher by a further amount of 0.524 - 0.801=0.123 m

This error is due to (i) curvamre and refraction, and (if) faulty adjustment of line
of collimation.

Considering (/), the curvature and refraction tends to increase the staff reading at
O, thereby making Q appear Jower than what it is by an amount 0.069 m (as already
found out). but by actual observations, the point Q has been made to appear higher than
what it is by an amount 0.123 m. Hence, it is clear that the line of sight is inclined downwards
by an amount 0.123 +0.069 =0.192 m in a distance of 1010 m.

If « is the inclination of line of sight. we have
0.152

a

tan o = —lm =0.000190
But tan 60" = 0.0002909
1900 x 60 "
A=y k| {downwards).

Example 9.16. In levelling between two points A and B on opposite banks of a
river. the level was set up near A, and the staff readings on A and B were 1.285 and
2.860 m respectively. The level was then moved and set up near B and the respective

‘readings on A and B were 0.860 and 2.220. Find the Irue difference of level between

A and B.
Solution. When the instrument is af A,
Appearent difference in elevation between A and B
=2.860 — 1.285 = 1.575 m (4 higher)
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When the instrument is at B,
Apparent differnce in elevation between A and B

? =2.220-0.860 =1.360 m (4 higher)
1.575 + 1.360

.2
Example 9,17. Two poitiis A and B are 1330 m apant across a wide river. The
following reciprocal levels are taken with one level:

True difference in elevation= =1.468 m (A4 higher)

Level at Readings on
A B
A 2165  3.810
B 0.910 2355

The error in the collimation adjustments of the level is — 0.004 m in 100 m. Calculate
the true differerice of level between A and B and the refraction.
Solution,
() True difference in level between 4 and B
_ (3810 —2.165) + (2.355 - 0.910)
2
(i) Eror due to curvature = 0.07849 d* metres = 0.07849 (1.53’=0.184 m
. When the level is at 4, corrected staff reading on B=3810-(C.-C)+C
C. = correction due to carvamre =0.184 m
C, = correction due to refraction

=1545 m

where

C, = correction due to collimation = 0!%%4 x 1530 = 0.0612 m

. Corrected staff reading on B=3.810 - (0.184 - C;) +0.0612 = 3.6872 + C;
- True difference in level between A and B = (3.6872 + C,— 2.165) = (1.522 + G

But it is equal to 1.545 m.
s 1.5222 + Cr=1.545
or Cr=1.545-1.5222 =0.0228 £ 0.023 m.

9.14. PROFILE LEVELLING (LONGITUDINAL SECTIONING)

Profile Ievelling is the process of determining the elevations of poinis at short measured
intervals along a fixed line such as the centre line of a railway, highway. canal or sewer.
The fixed line may be a single straight line or it may be composed of a succession of
straight lines or of a series of straight lines connected by curves. It is also known as
longitudingl sectioning. By means of such sections the engineer is enabled to study the
telationship between the existing ground surface and the levels of the proposed construction
in the direction of its length. The profile is usually plotted on specially prepared profile
paper, on which the vertical scale is much larger than the horizontal, and on this profile,
various. studies relating to the fixing of grades and the estimating of costs are made.

Field Procedure : Profile levelling, like differential levelling, requires the establishment

_of trning points on which both back and foresights are taken. In addition. any number
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of intermediate sights may be obtained on points along the line from each set up of the
instrument (Fig. 9.42). In fact, points on the profile line are merely intermediate stations.
It is generally best to set up the:level to one side of the profile line to avoid too short
sights on the points near the iwstrument. For each set up, intermediate sighis should be
taken afier the foresight on the next furming station has been faken. The level is then
set up in an advanced position and a backsight is taken on that turning point. The position
of the intermediate points on the profile are simultanecusly located by chaining along the
profile and noting their distances from the point of commencement. When the vertical profile
of the ground is regtﬂar‘or-'gtgdually curving, levels are taken cn points at equal distances
apart and generally at intervals of a chain length. On irregular ground where abrupt changes
of slope occur, the points should 't?e"chosen nearer. For purose of checking and future
reference, temporary bench marks should be established along the section.

Field notes for profile levelling- are commonly kept in the standard form shown in
the table on next page. The method is almost the same as given for ‘collimation height'
method as computations are easier by that method. The distances of the points on, the
profile are also recorded. The values shown in the table jare same as those illustrated in
Fig. 9.42.

wl o 2 1wy
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o o of o oF
T IR TRE & & 8 88l p
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1 2
L
‘l
’
L4
T o 3
[
’
i
B.M.

{b) Plan
FIG. 2.42. PROFILE LEVELLING.

Plotting the Profile (Fig. 9.43)

The horizontal distances are plotted along the horizontal axis to some convenient scale
and the distances are also marked. The elevations are plotted along the vertical axis. Each
ground point is thus plofted by the two co-ordinates (f.e., horizontal distance and vertical
elevation). The various points so obtained are joined by straight lines, as shown in Fig.
9.43, where the readings of the above table are plotted.

-Genérally, the horizontal scale is adopted as 1 cm = 10 m (or 1" =100 ft ). The
vertical scale is not kept the same but is exaggerated so that the inequalities of the ground

T

LEVELLING ' 35

appear more apparent. The vertical scale is kept 10 times the horizontal scale (i.e. 1 cm=1
m). The reduced levels of the points are also written along with the horizontal distamces.

3

LEVEL FIELD NOTES FOR PROFILE LEVELLING

Station Distance B.S. LS. F.S. H.LIL RL Remarks
BM. 2.045 212,500 | 210.455
1 0 2.680 209.820
2 10 2.860 200.640
3 20 2.1%0 210.380
4 35 2.975 209,525
TP} 1.005 2.860 210645 | 209.640
[; 45 2.810 207.835
6 6 2.905 207.740
7 20 2.530 208.115
8 98 1.875 208.770
9 s 1925 208.720
TR 2 2.160 2,995 200.810 | 207.650
10 - 125 0.825 208.985
1 145 LO20 208.7%0
2 162 1.625 208.185
13 180 2.080 207.730
T.P.3 2.985 206.825
5210 8.840 210.455
5210 206,825
Check Fall 3.630 Fali 3.630
3
ey
Co .
P 7 B9 'I° 11
Py 8 i il —12
N 1o H ; ; Vo : 13
] 1 1 ] ] 1 1 1 1 ) 1
[] ] 1 1 1 t 1 1 1 1 1 1
] 1 1 [] 1 s 1 1 b 1 [] 1
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1 1 1 1 1 N 1 1 ) 1 L] 1] ]
1 ] ) 1 1 1 1 ] [] 1 L} )
1 1 ) 1 1 r 1 4 1 ’ [} i
1 1 1 1 1 1] ) 1 1 1 1 I
205000 ' 1 ! i : ! Pt : ! :
[=] [T+] ] [=] n
IR EEEEE I
i S I~ [ o
S8 5 88 &8 &8 8 §8 & & 8
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Longitudinal Section
Scala Hor.iem=10m

Ver.iem=1m

FIG. 9.43
Levelling to Establish Grade Points : This kind of levelling, often referred to as
giving elevations is used in all kinds of engineering construction. The operation of establishing
grade points is similar to profile levelling and follows the latter. After the profile has

ERETF N
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been plotted and the grade line has been established on the profile map, the grade elevation
for each station is known. The amounts of cut or fill at each point are thus determined
before going into the field. The. levelling operation starts - from the bench mark and is
carried forward by turning points. The grade point is established by measuring down from
the height of the instruments a distance equal to the grade rod reading, using the following
relation. Grade point elevation = H.L~ Grade rod reading. '

A grade stake is driven in the ground and grade rod is kept om the top of it
and read with the help of level. The stake is driven in or ow till the grade rod reading
is the same as calculated above, Before proceeding the work in the field, a table is generally
prepared giving the rod readings at each point to set it on a given gradient. Example
9.18 makes the procedure clear.. )

Example 9.18. In running fly levels from a bench mark of R.L. 183.215, the following
readings were obtained :

B.S. 1215 2.035 1.980 2.625

FS. 0.965 3.830 0.980 :

From the last position of the instrument, five pegh-at 20 metres intervals are lo
be ser out on a uniform rising gradiemt of 1in40 ; the first peg is to have a RL. of
181.580. Work out the staff readings required for setting the tops of the pegs on' the
given gradient.

Solution. In the first part of the question, fly levelling was done, the computations
for which can be done as usual. For the last setting of the instrument, when a backsight
is taken on station No. 4, the height of collimation comes out o be 185.205. The R.L.
of the first peg is to be 181.580. Hence Grade rod reading = H.I. — Grade point elevation
= 185.205 — 181.580 = 3.625 . The reading is entered in the LS. column. The R.L. of

the next peg at the rising gradient of 1 in 40 will be 181.580 +1 x X =182.080 and

its grade rod reading will be 185.205 - 182.080 = 3.125. Similarly, the rod readings for
other pegs are calculated as entered in the table given below :

5N pie. | BS. LS. FS. HI RL | Remarks
1 1215 184300 | 183,125
2 2.035 0965 | 185410 | 18337
3 1.980 3830 | 183560 | 181580
4 2.625 0080 | 185205 | 182.560
5 0 1.625 181580 | Peg |
6 2 3.125 182.080 | Peg 2
7 40 2.625 182580 | Peg 3
8 60 2.125 183.080 | Peg 4
9 20 1.625 183580 | Peg 5
Check . 7.855 7.400 183580
7,400 183.125
Rise 0.455 Rise 0455 | Checked
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9.15. CROSS-SECTIONING

Cross-sections are run at right angles to the longitudinal profile and on either side
of it for the piupose of lateral outline of the ground surface. They provide the data for
estimating quantities of earth work and for other purposes. The cross-sections are rumbered

consecutively from the cormmencement of the centre line and are set out at right angles

to the main line of section with the chain
and tape, the cross-staff or the optical
square and the distances are measured
left and right from the centre peg (Fig.
9.44). Cross-section may be taken at each
chain. The length of cross-section depends
upon the namwe of work.

The longitodinal and cross-sections o
may be worked together or separately. ‘”
In the former case, two additional columns o
are required in the level field book to 4

give the distances, left and right of the
cenire line, as ilustrated in table below.
To avoid confusion, the bookings of each
cross-section should be entered separately and clearly and full information as to the number
of the the cross-section, whether on the left or right of the centre line, with any other
matter which may be useful, should be recorded.

FiG. 9.44

Distance (m)
Station B.S. LS. F.S. HIL RL Remarks
AN AR: |
B.M. 1325 101.325 100.000
0 -0 1.865 99.450
Cross-
Li 3 1.%05 99.420 section
L2 [ 2.120 99.205 d‘;ﬂg’:e
Iy 9 2.805 98.500
R 3 1.705 99.620
R 2.5 1.520 99.505
R ' 10 1.955 99.370
7 20 1265 100060 | Cross-
L 3 1.365 99.960 5"":;’“
L2 6 0.725 100600 | 20 m
L 9 2.125 09200 | chamee
R 3 1.925 99.400
Re 7 2250 9015 |
R 19 0.8%0 160.435
TP. 2.120 99.205
Check 1.325 2.120 100.000
1.325 99.205
Fall 0.795 Fall 0.795
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Plotting the Cross-sec-
tion (Fig. 9.45) L,

Cross-sections are plot-
ted almost in the same manner
as the longitudinal sections ex-
cept that in this case both the .0 - 95,000
scales are kept equal. The point '

e '&-
PR R r

along the longitudinal section s 8 32 § g S @
is plotted at the centre of the % 8 3 g g s 8
horizonta! - axis. The points to I 1 1 ] } .
the left of centre point are plot- 9 & 3 om 3 T 1
ted to the left and those to Cross-section at chainage 20 m

the right are plotted to the right. scal Her.1em=1m

The points so obtained are ®1Ver.1om=1m

joined by smaight limes. FIG. 9.45

+ xl

9.16. LEVELLING PROBLEMS ,

The following arc some of the difficulties commonly encountered in levelling :

(1) Levelling on Steep Slope. See §9.11

(2) Leveling on Summits and Hollows.

In levelling over summit, level should be sef up sufficiently high so that the summit
can be sighted without extra setting (Fig. 9.46). Similarly, in levelling across -2 hollow,
level should be set only sufficiently low to enable the levels of all the required points
to be observed (Fig. 9.47).

Levaliing over summit Levelling across hollow

FIG. 9.46. FIG. 9.47.

(3) Taking Level of an Overhead Point
When the point under observation is T
higher than the line of sight, staff should ,
be kept inverted on the overhead point keeping I
the foot of the staff touching the point, and
reading should be taken. Such reading will
show height of that point above the line of g
sight and should be added to the H.L to -3
get the R.L. of the point (Fig. 9.48). On FIG. 9.48. -
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the contrary, if such point happens 10 be temporary bench mark, the backsight reading
on the point should be subtracted from the reduced level o get the H.I. (See example
9.5). So that thege may be no’ opportunity for mistake, it is well also to make a note
on the description page that the staff has been held inverted.

{4) Leveling Ponds and Lakes too Wide to be Sighted Across (Fig. 9.49)

When the ponds and lakes are too wide to be sighted acrdss, advantage may be
wken of the fact that the surface of still water is a level surface. A peg may be driven
ar one end of the pond, keeping its top flush with the water surface. A similar peg may
be driven to the other side. Level may be first set to ome side the staff kept on the
peg and reading taken. The R.L. of the top of the peg and of water surface is thus
known. The instrument is then set on other side near the bank and reading is taken by
keeping the staff on the top of the second peg. Adding the staff reading to the R.L.
of the peg, the R.L. of instrument axis is known and the levelling operations can be

carried further.

Levelling across ponds

FIG. 9.49

(5) Levelling Across River

If the width of the river is less, the method of reciprocal levelling is to be used.
If the river is too wide to be sighted across, levelling may be confinued from one side
to the other in the manmer shown in {4) with little error, provided care is taken to choose
& comparatively still stretch and to see that water levels are taken at points directly opposite
each other. ‘

(6) Leveling Past High Wall

Two cases may arise. In the first case, when the height of the wall above the line
of sight is lesser than the length of the staff, the staff can be kept inverted with its
foot touching the top and reading taken. Such reading, when added to the H.L will give
the R.L. of the top of the wail. The instrument may then be shifted to the other side
of the wall and reading may be taken on the inverted staff with its foot touching the
top of the wall. Such reading when subtracted from the R.L. of the top of the wall will
give the H.I. Knowning the H.I, the levelling operation can be carried forward.

In the second case, when the height of the wall above the line of collimation is
more than the length of the staff, a suitable mark is made at the height, where the line
of sight intersects the face of the wall. The vertical distance between the mark and the
top of the wall is measured. The R.L. of the top of the wall is thus known. The instrument
is then set to the other side of the wall and a similar mark at the collimation level is
made on the wall. The vertical height of the top of the wall is measured from the mark
and the height of the imstrument is then calculated.
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9.17. ERRORS IN LEVELLING
All levelling messurements are subject to three principal sources of errors :

(1) Instrumental (a) Error due to imperfect adjustment.
‘ () Emor due fto sluggish bubble.
(¢) Error due to movement of objective slide.
(@ Rod oot of standard length.
(¢) Error due to defective joint.
() Earth's curvature.
(#)" Atmospheric refraction.
(c) Variations in temperature.
(d) Settlement. of tripod or turning points.
{¢) Wingd- vibrations.
(g) Mistakes in manipluation.
(b)) Mistake in rod handling.
(¢) Mistake in reading the rod.
(d) Errors in sighting. .
(¢) Mistakes in recording.
INSTRUMENTAL ERRORS _
(@) Error due to Imperfect Adjustment

The essential adjustment of a level is that the line of sight shall be parallel to axis
of the bubble tube. If the instrument is mot in this, adjustment, the line of sight will either
be inclined upwards or downwards when the bubble is centred and the rod readings will
be incorrect: The error in the rod reading will be. proportional to the distance and can
be eliminated by balancing the backsight and foresight distances. The error is likely to
be- cumulative, particularly in going up or down a steep hill, where all backsights are

jonger or shorter than all foresights unless care is taken to run a zigzag line.

(®) Error due to Sluggish Bubble

If the bubble is sluggish, it will come to rest in wrong position, even though it
may creep back to correct position while the sight is being taken. Such a bubble is a
constant source of amnoyance and delay. However, the error may be pardaily avoided by
observing the bubble after the target has been sighted. The error is compensating.

(¢) Error in the movement of the Objective Slide

In the case of external focusing instruments, if the objective slide is slightly wom
out, it may nof move in truly horizontal direction. In the short sights, the objective slide
is moved out nearly its entire length and the error is, therefore, more. Due to this reason,
extremely short sights are to be avoided. The error is compensating and can be eliminated
by balancing backsight and foresight, since in that case, focus is mot changed and hence,
the slide is not moved.

(d) Rod not of Standard Length

" Incorrect lengths of divisions on a rod cause errors similar to those resulting from
incorrect marking on a tape. The error is systematic and is directly proportional to the
difference in elevation. If the rod is too long, the correction is added to a measured difference
in elevation ; if the rod is too short, the correction is subtracted, Uniform wearing of

{2) Natural

(3) Personal

v

vt e e e
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the shoe “at the bqttom of the rod makes H.L vales incorrect, but the effect is cancelled
when included in both back and foresight readings. For accurate levelling, the rod graduarion
should be tested and compared with any standard tape.

{¢) Error due to Defective Joint

The joint of the extendable rods may be womn out from setting the rod down ‘on
the run’ and from other sources. The failuore to test the rod at frequent interval may result
in a large cumulative exror. : '

NATURAL ERRORS

{(g) Earth’s Curvature

The effect of curvature is to increase the rod readings. When the distances are small
the error is negligible, but for greater distances when the back and foresights are mot
balanced, a systematic error of considerable magnitude is produced.

(6) Refraction

Due to refraction, the ray of light bends downwards in the form of curve with
its concavity towards the earth surface, thus decreasing the staff readings. Since the atmospheric
refraction often changes rapidly and greatly in short distance, it is impossible to eliminate
entirely the effect of refraction even though the backsight and foresight distances are balanced.
It is particularly uncertain when the Yine of sight passes close to the ground. Errors due
1 refraction tend to be compensating over a long period of time but may be cumulative
on a full day’s run. :

(¢) Variation in Temperature

The effect of variation in temperatre on the adjustment of the instrument is mot
of much consequence in levelling of ordinary precision, but it may produce an appreciable
error in precise work, The adjustment of the instrument is temporarily disturbed by unequal
heating and the consequent warping and distortion. The heating of the level vial will cause
the liquid to expand and bubble to shorten. If one end of the vial is warmed more than
the othér, the bubble will move towards the heated end and appreciable errors will be
produced. In precise levelling, it is quite possible that errors from change ‘of length of
Jevelling rod from variations in temperature may exceed the errors arising from the levelling
itself. Heat waves near the ground surface or adjacent to beated objects make the rod
appear to wave and preven! accurate sighting. The heating effect is practically eliminated
by shielding the instrument from the rays of the sun. The error is usually accidental, but
ander certain conditions it may become systematic.

(d) Settlement of Tripod on Turning Point : .

If the tripod settles in the interval that elapses ‘between taking a backsight and the
following foresight, the observed foresight will be too small and the elevation of the turning
point will be too great. Similarly, if a turning point seitles in the interval that elapses
between taking a foresight and the following backsight i the next set up, the observed
backsight will be too great and H.L calenlated will be too grear. Thus, whether the tripod
settles or the turning point settles, the error is always systematic’' and the resulting elevation

i will always b¢ too high. '
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(¢) Wind Vibrations .

High wind shakes the instrument and thus disturbs the bubble and the rod. Precise
levelling work should never be done in high wind,

PERSONAL ERRORS

(@) Mistakes in Manipulation

These include mistakes in setting up the level, imperfect focusing of eye-piece and
of objective, errors in cenring the bubble and failure to watch it after each sight, and
errors due to resting the hands on tripods or telescope. In the long sights, the error due
to the bubble not being centred.at the time of sighting are more important. Habit should
be developed of checking the bubble before and after each sight. Parallax caused by improper
focusing rosult in incorrect rod readin@s.;«it produces an accidental error and can be eliminated
by carefully - focusing. T ‘

(b) Rod Handling P ‘ -

If the rod is pot in plumb, the reading taken will be too great. The emor varies
directly with the magnitude of the rod reading and directly as the square of the inclination.
In running 2 line of levels uphill, backsight readings are likely to be increased more than
foresight from this source and the evelvation of a bench mark on top will be too gréat.
Similarly, the elevation of a bench mark at the bottom, while levelling downhill, will be
oo small. Thus, a positive systematic error results. Over level ground, the resultant error
is accidental since the backsights are about equal to the foresights. The error can be
minimised by carefully plumbing the rod either by eye estimation or by using-a rod level,
a special attachment devised for plumbing the rod or by waving the level rod slowly towards
or away from the level thereby taking the minimum rod reading. Vertical cross-hair may
be used fo plumb the rod in the directon transverse to the line of sight.

(¢) Errors in Sighting .

The emor is caused when it is difficult to tell when the crosshair coincides with
the centre of the target in a target rod and to determine the exact reading which the
cross-hair appears to cover in the case of self-reading rod. This is an accidental error
the magnitude of which depends upon the coarseness of the cross-hair, the type of rod,
the form of target, atmospheric conditions, lemgth of sight and whe observer.

(d) Mistakes in Reading the Rod ‘

The common mistakes in reading the rod are :

() Reading upwards, instead of downmwards.

(i) Reading downwards, instead of upwards when the staff is inverted.

(i) Reading wrong metre mark when the staff. is near the level and only orme
metre mark is visible through the telescope.

To omit a zero or even two zeros from a reading. For example, 1.28

instead of 1.028 or 1.06 instead of 1.006.

(v Reading against a stadia hair.

(viy Concentrating more attention on decimal part of the reading and noting
whole metre reading wrongly. :

| (iv)

-

Aldnis) dacd
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(¢) Mistakes in Recording and Computing

The common mistakes.are ! .

() Entering the reading with digits interchanged i.e., 1.242 instead of 1.422.
(i) _Entering backsights and foresights in a wrong column.
(ii) Mistaking the numerical value of reading called out by
' () Omitting the enmtry.

. () Entering wrong remark’ against a reading.

the level man.

(v) Adding a foresight instead of subtracting it and/or subtracting a backsight
reading instead of adding it.
(vi) Ordinary arithmetical mistakes.

Example 9.19. Find the error of reading of a

tevel staff if the observed reading is 3.845 m at _the
point sighted, the staff being 15 cm off the vertical _Uneofsight
through the boitom.
Solution.
In Fig. 9.50, let AB be the observed staff reading
and let AC be the correct staff reading.
Evidently, AC= \J»‘IB’--BC‘2 .
= \!(3.845)2 ~ (0.15)
=3.842. FIG. 9.50.

9.18. DEGREE OF PRECISION . _

The degree of precision depends upon () the type of inscrument, (if) skill of observe.r,
(iif) character of country, and (iv) atmospheric conditions. For a given instrument and atmospheric
set-ups and also upon the length

of sights. Thus, the precision on plains will be more than that. on hills. No hlard. and

fast rules can be laid down by means of which a desired precision can be maintained.

However, the permissible closing error can be expressed as
E=CNM (in English umits)  or

E = permissible closing error in feet; C=constant ;

E' = permissible closing error in mm; C ' =constant ;

The following table gives the different values :

F=C'V¥K (in metric units)
M = distance in miles
K =distance in km.

where

Type of survey and purpose Error in feet (E) Errorin mm (E')

(1) Rough levelling for reconnaissance or preliminary +04 \IE + 100 ‘JE
surveys. .

(2) Ordinary levelting for Jocation and construction +4.1 '\Iﬂ_d- +24 VK
surveys. .

) Accurate levelling for principal bench marks +0.05 \fA_J +12.0 \TE
or for extensive surveys. .

4y Pricise levelling for bench marks of widely

@ Suibuied polats, - £0.017 VM +4vK
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9.19. THE LEVEL TUBE

The level wbe or bubble tube gives the direction of horizontal plane because the
surface of a stil liquid at all points is at right angles to the direction of gravity, and
the liquid alone will, therefore, provide a level surface. For ordipary surveys the radius
of the earth is so large that a level surface is comsidered to be the same thing as a
horizontal plane. :

The spirit level or bubble tube consist of a glass tube partially filled with 2 liquid,
the inmer surface of which is carefully ground so that a longitudinal section of it by a
vertical plane through the axis of the
tube is part of circular arc. The tube
is graduated on its upper surface and
is enclosed for safety in a metal casing,
At the ends of the casing are capstan
headed screws for securing it to the
telescope or any other part (Fig. 9.51).

Before it is sealed, the tube FIG. 9'5.1"_.“33111‘ TUBE.
is partially filled with a liquid of low o :
viscosity, such as alcohol, chloroform or sulphuric. ether, leaving a small space which forms
a bubble of mixed air and vapour. Spiritzous liquids are used because they are less viscous,
i.e., flow more freely than water. Also, these liquids have a relatively low freezing point
but a greater expansion than water. To minimize the effect of expamsion, the proportion
of liquid and vapour must be carefully regulated. Under the action of gravity, the bubble
will always rise 1o the highest point of the tbe, and thus comes to rest so that a tangent
plane to the inner surface of the tube at the highest point of the bubble defines a horizontal
plane.

The sensitiveness of a level mbe is defined as the angular value of one division
marked on the tube. It is the amountthe horizontal axis has to be tilted to cause the
bubble to move from ome graduation to another. For example, if the tilting is 20" of
arc when the bubble moves 2 mm (one division), the semsitiveness. of the level fube is
expressed as 20" per 2 mm. A tube is said to be more sensitive if the bubble moves
by more divisions for a given change in the angle. The sensitiveness of a bubble twbe
can be increased by :

()  increasing the ioternal radius of the tube,

(i) increasing the diameter of the tube,

(i) increasing the length of the bubble,

(iv) decreaging the roughness of the walls, and

(") decreasing the viscosity of the liquid. ‘

The sensitiveness of a bubble tube should never be greater than is compatible with
‘accuracy achieved with the remainder of the accessories.

9,20. SENSITIVENESS OF BUBBLE TUBE

The sensitiveness of the bubble tube is defined as the angular value of one division
"of the bubble tube. Generally, the linear value of onme division is kept as 2 mm. There
_are two methods of determining the sensitivity.

LEVELLING

First Method (Fig. 9.52) e

(1) Set the instrument at O and level it accuratety. , T

(2) Sight asstaff kept at C, distant D from 8
0. let the reading be CF. l

(3) Using a foot screw, deviate the bubble 3
over n mumber of divisions and again sight the ©
staff, Let the reading be CE.

(4) Find the difference between the two staff o
readings. Thus,

s=CE-CF .
From ABEF (approximately), we have

tan ¢ = QL= -'5— ()] o
) : AB nl FIG. 9.52. .
Stmilarly, from A AOB, a=2 =R (i)

R=radius of curvature of the bubble tube
!=1length of one division on the bubble tube (usually 2 mm or 0.1 in)
Equating () and (i), we get 4
nlD

oo R=— 1)
$

Equatibn (1) above gives an expression for the radius of curvature c?f the bubble

and s are expressed in the same units. ‘

where

L] 0%
] ES

tabe, It is to be noted that [, D
Again, from (i) we have a=% )]
o'= sensitivity of the bubble tbe = angular value of one divisien is given by
a'=% by putting n=1 {3}
But r="2 (from 1)
i 5 . 5
' —— = — =— 265 seconds B
o WD~ D radians an'zﬂG
s
. . 1
[Smoe 1 radian= 206265 seconds = i 1")
' (S S— ()
or e TS L seconds

Equations (3), (4) and (5) give the expression for the sensitivity of the bubble tube.

Second Method (Fig. 9.53)

(1) Set the instrument at O and keep a staff at C.

(2} Move the bubble to fhe extreme left division. Read both fznds of the bubble.
Let the reading on the left end of the bubble be !, and on the right be r. Let the

staff reading be CE.

e i e et
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(3) Move the bubble to the extreme right
division. Read both ends of the bubble. Let
the reading on the left end of the bubble /,
be and on the right end be r,. Let the staff
reading be CF.

(4) Find the difference between the two
staff readings

s=CE-CF

(5) Let A and B represent the cenires
of the bubble in the two positions
The net travel of the bubble will be-égual

be

k) B C k) ; Bh=r) oisionss”
Consider the left divisions as positive and right divisions as negative. Let n= tot}ﬂ
mumber of divisions through which the bubble has been moved. Then '

n= th frl)—(lz—rz)

FIG. 9.53

® Consideriné similar triangfes GE:' and ABO, we get, as before,
=% (1)
a=%=% - .2
a‘=% radians )
=—n‘5x206265 seconds o (®
=m§?ﬁ seconds ' (3

The sensitivity of a bubble tube depends mainly on the radivs of curvatre of the
tube (the larger the radius, the greater the sensitiveness): However, sensitiveness also depends
upon () the diameter of the twbe (the larger the diameter, the greater the sensitivity),
(i©) length of the vapour bubble, (iff) viscosity and surface teosion of the liquid (the lesser
the viscosity and surface tension, the greater the semsitivity). A very. smooth internal surface
also imcreases semsitivity. . '

Example 9.20. The reading taken on a staff 100 m Jrom the instrument with the
bubble central was 1.872 m. The bubble is then moved 5 divisions ow of the centre.
and the staff reading is observed fo be 1.906 m. Find the angular value of one division
of the bubble, and the radius of curvature of the bubble tbe. The length of one division

. of the bubble is 2 mm.
Solution.
Staff intercept for S5-division deviation of the bubble = 1.906 - 1.872 =0.034 m.

LEVELLING

Example, 9.21.

1 minute.
Solution.

where

(2]
Example 9.22.

Solution.
With previous

where

one division is 2 mm and

247
() The radius of curvature (R) is given by
nlD
. R="—
3 s
. 2 o -
Here u=5.!=2mm=mm : D=100 m, s 0.034 m
5x2x 100
= =29.41 m.
R =150 ~ 0.034 "

(i) The sensitivity of the bubble tube (a) is given by
o = 3% 206265 seconds = 0.034_, 766765 = 14.03 seconds.

5% 100
Find the radius of curvaiure of the bubble tube if the length of
if the angular value of one division is (a) 20 seconds, ()

! . !
t=— =+ x 206265 seconds
o R radians Rx 5

o = angular value of one division and {=length of one division

2
a'=20 seconds ; I=2 mm = 7oe8 m

i _ 2 206265 -20.62 m.
Rsa—,x2(}62£5-—-1000x———20 .

' 2
o’ =60 seconds ; [=2 m:m m

! 2 206265 _gan m.
R= 4 x 206265 = oo S =6

If the bubble tube of a level has a sensitiveness of 35" per 2 mm

division, find the error in staff reading on a veriical staff at @ distance of 100 m caused
by the bubble bending 1% divisions out of cenire.

notations, we have

o = —:3 x 206265 seconds

o = angular value of one division = 35"
s = staff intercept = error in staff reading due to deviation of the bubble
n=number of divisions through which bubble is out =1.5

D = distance of the staif =100 m

Substituting the values in the above equation, we get

- a'nD =35 % 1.5 %100 o =0.025 m.
206265 206265

5
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Example 9.23. Find the radius of curvature of the bubble tube and the value of
each 2 mm division from the following average reading of the ends of the bubble and
of a sigff 80 m away. : ‘

I I
Staff readings 1.680 1.602
Eye-piece end of bubble 20 10
Object glass end of bubble v i0 20
Solution.
20-10

=5 divisions towards eye-piece
20 - 10

In the first set, the centre, of the bubble has moved

end of the wbe. In the second set, tlie’ centre of the bubble has moved
towards objective end. The total mumber of divisions through which the bubble has moved
=p=5+5=10 . ’

The change in staff readings =s=1.680 - 1.602=0.078 m

The radius of curvatre of the tube is given by - -
niD

5

=5 divisions

where n=10 divisions /=2 mm=F206- m: D=80m: s=0078 m

10x2x80

R=o00 <0078 ~ 205 ™

. Also, the value of 2 mm division is given by
0.078

o' = x 206265 seconds = ——> x 206265 =20.1 seconds.
nD 10x8

9.21. BAROMETRIC LEVELLING

The barometric levelling is based on the fact that the atmospheric pressure varies
inversely with the height. As air is a compressible fluid, strata at low ‘level will have
a greater demsity than those at a higher altitude. The higher the place of observation the
lesser will be the atmospheric pressure. A berometer is used for the determination of the
difference in pressure between two stations and their relative altitudes can then be approximately
deduced. The average reading of the barometer at sea level is 30 inch and the barometer
falls about I inch for every 900 ft of ascent above the sea level. This method of levelling
is, therefore, very rough and is used only for exploratory or reconnaissance Surveys.

There are two types of barometers :

(1) Mercurial barometer

(2) Anmeroid barometer. -

(1) The Mercurial Barometer. Mercurial barometer is more accurate than the aneroid
barometer but is an inconvenient instrument for everyday work due to the difficulty of
carrying it about, and the ease with which it is broken. The mercurial barometer works
on the principle of balancing a column of mercury against the atmospheric pressure at
the point of observation. There are two main types of mercurial barometers — Cistern and
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} ] i i :c made of a leather bag contained
Siphon. In the Fortin type of cistern barometer, the cistern 1§ ma L
inPa metal tube terminating into a glass cylinder. The height of the mercury in the tube

) . 1
is measured bf. a vernier working against a scale and the reading t0 o5 - The level of

i eservoir is adjustable by means of a thrust screw at its base. Th.e
z:rcﬁfymij;yco‘n]:ph;tl; enclosed, andjby turning the thumb screw the vohme of me.reservmr
may be teduced until the mercury completely fills it and the barometer tbe. By this means,
the instrument is rendered extremely portable.

When the barometrical observations are in progress, temperature should be read om
two theromometers. e

(2) The Aneroid Barometer. The aneroid baroq:eter thou.gh less accurate o
mercurial barometer is far more portable and convenient and is, therefore, used )
exclusively in surveying. It consists of a thin cylindrical metallic box about 8 © lf ‘:::
in diameter hermetically sealed and from which air has been qxhausted. The ends 0
box are corrugated in circular corrugation, and as the pressure of the atmosphere InCreases
or decreases, they slightly approach or recede from eacp otber. This small movement t:
magpified by means of a suitable lever arrangement and is _n'ansferred finally to a pcuntlar
which moves over a graduated arc. Fig. 9.54 shows the essential parts of an aner:_nd bfu'ome .

The general external appearance of the aneroid barometer is shown in Fig. 9.55.

6
/
il
da8 10, N
5
3 8
4
1
2 —{ 0
7
FIG. 9.54. DIAGRAMMATIC SECTION OF AN AMNEROID
1. OUTER CASING 2. CORRUGATED BOX 3. SPRING
4. LINK §. KNIFE EDGE 6. POINTER
7. SUPPORT FOR SPRING 8 HAIR SPRING 9, VERTICAL. SPINDLE

10. CHAIN 1t SCALE

Barometric Formulae _ .
Let it be required to find the difference in clevation H between two points 4 and B.
Let  do=density of air at A -
d = density of air at amy staion .
h = height of mercury cclumn of barometer at any station _ .
1L =theight of the homogeneous atmoshphere on the assumption that its density
is constant throughout having a valie da
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p=pressure at A in absolute units
g = acceleration due to gravity
h; = barometer reading in cm at the lower

station A
hy = barometric reading in cm at the higher
station B '
H = difference in elevation between A and B,
in metres.
Then p=L.dag=h.d g (1)
or L = P ‘
d:. g @

If g is taken constant, £ s constant by Boyle's

a
law and hence L will be constant, FIG. 9.55. ANEROID BAROMETER

Let 5% = change in barometric reading for a small difference in altitude of SH
Hence, at a distance S8H above A, we have T '
(h—-okyd.g=(L-6H)ds. g

or 8h.d=58H.d;
8h.d Sh.L
or 3H = ==
4, el from (1)

n dh
H=LI & =L (loge h - loge hn)
ha

Reducing this to : - .
), we get & common logarithms and substituting the numerical value of L from

H.= 18336.6 (logio iy —logio k)  (at 32° F and 45° latitude) (3
Applying a correction for temperature, we get
I 5
H = 18336.6 (logio 7~ logu 1) [ 1+ %ﬁj
where ! = temperature of air in degree Fahrenheit at 4
ty = temperature of air in degrees Fahrepheit at B.

- tbethIl]l] A and 1, are measured by detached thermometers. The above expression applies
o 1o ercurial _b.arometer. as.well as for the aneroid barometer. However, for mercurial
r, an additional correction has to be applied for anmy difference of temperature

in the mercury at the two stati . o8
formula : stations. The barometric reading is corrected by the following

(4

h=hk'[l+a( -4 (5)
where hz = corrected barometric reading at B

hy' =reading at B

' = mercury temperamre at A
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&, = mercury temperature at B
« = co-efficient of expansion of mercury = 0.00009 per 1° F

The corfbcted height h» is to be substituted in (4).
If the temperatures of the detached thermometers are measured in degrees centigrades,
T, and T, , Eq. 4 takes the following form

) T+ T
H = 18336.6 (logio b — Iogwo h;)[l + ‘5‘ ’] | {6

Another formula given by Laplace is in the following form

t|+h—64°]( ‘ J ____,_il_l_-——-
_ . L7
H 13393.5[1+_————900 1+ 0.002695 cos 20 Jx log 7m0 6 T ] @

where O is the mean latitude of the stations.
Levelling with the Barometer. There are two methods of levelling with a barometer:

(1) Method of single oberservations

(2) Method of simultaneous observations

(1) Method of Single Observations :

In this method, the barometer is carried from point fo point and a single reading
is taken at each station ; the barometer is brought back to the starting point. The temperature
reading is taken at each station, The readings thus obtained involve all atmospheric errors
due to the changes in the atmosphere which take place during the interval between the

observations. ,

{2) Method of Simultaneous Observations :

In this methed, observations at two stations are taken simultaneously by two barometers
previously compared. The aim is to climinate the errors due to aimospheric changes that
take place during the time elapsed between the observations. One barometer is kept at
the base or starting point. Another barometer, called the field barometer is taken from
station to station and readings of both the barometers taken at predetermined intervals of
time. The readings of the field barometer are then compared with those of the barometer
at the base, The temperature readings are also taken with each observation.

If temperature is not observed, it alone may introduce an €rfor of as great as 3

m. By simultanecus observations with two barometers and by taking other similar precautions,

eITorS maybereducedtoaslowaslé to 2 m. .
Example 9.24. Find the elevation of the station B from the following data :

Barometer reading at A : 78.02 em at 8 AM.
Temperature of air = 68° F
78.28 cm at 12 AM.
Temperature of @r =72¢ F

Barometer reading at B : 75.30 cm at 10 AM.

Temperature of air =50° F

Elevation of A=2525 m
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Solution.

The probable reading at A4 at 10 AM.=h = BREH : 78.28

Reading at B at 10 AM.=h=7530 cm
68 + 72
2

=78.15 cm.

1, (average), at A=

#z at B at 10 AM,=50° F
Substituting the values’ in formula (4), we get

=70° F at 10 AM.

. 1214 ; htth-
H=18336l.6 Qog h—log flz)[l +_If9(1)'0_64_]
70 + 50 - 64

00 J=315.5 m

= 18336.6 (log 78.15 - log 75.30) x ( 1+

*. Elevaton of B=252.5 +315.5 =568.0 m.
9.22, HYPSOMETRY s

The working of a hypsometer for the determination ‘f altitudes of stations depends
on Ehe_fact .that the temperature at which water boils varies with the atmospheric pressure.
A liquid boils whf:n its pressure is equal to the atmoshpheric pressure. The boiling point
of vapour water is lowered at higher altitides since the atmospheric pressure decreases
there, :\ hypsometer essentially comsists of a sepsitive thermometer graduated to 0.2° F
or 0.1 C . ?he thermometer is held upright in a special vessel in such a way that
fts bulb is a lile above the surface of water contained in a small boiler. A 'spirit lamp
‘l:sanusgla t?;c;t th; water. Knowing the boiling temperature of water, the atmospheric pressure

o . .

el either from the chgrt or can be calculated from the following approximate

Pressure in inches of mercury=29.92 +0.586 T A1)
where T, =the difference of boiling point from 212° F

. Having kno“.'n the atmospheric pressure at the point, elevation can be calculated by
using the barometric formula given in the previous article. However, the following formula
may also be used to calculate the elevation of the point above datum :

E=T.(521+0.75 Ty _ )

_ Similarly, £, at the higher station can also be calculated. The difference in elevation
between two points is given by

E=(E -E)a : .3
where @ = air temperalre correction = [ 1+ M]
900
where f = air temperature at lower station

f,=air temperature at the higher station.
Water boils at 212° F (100° C) at sea level at atmospheric pressure of 29.921 inches
of mercury, A difference of 0.1°F in the reading of the thermometer corresponds to a
difference of elevation of about 50 ft. The method is therefore exremely rough.

3
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Example 9.25. Determine the difference in elevation of two stations A and B from
the following observations :
Boiling point at lower station
" Boiling point at upper station =206.5°F ;
Solution
Height of lower point above mean sca level is given by
E =T, (52L+0.75T) ; where Ti =212°-2109°=1.1°
E =1.1(521+0.75 x 1.1) =574 fect.
Similarly, height of upper point above mean $¢4 level is given by’
E=T: (521 +0.75T) ; where Tp= 212° - 206.5° = 3.5°
E,=5.5 (52t +0.75 x 5.5) = 2888 ft.

Air temperature correction

=2109°F ; Air temperature=61°F
Air temperature =357°F

_a_l+t.+rz—64_ +61+57—64
- %00 900

- Difference in elevation=H=(E -E)a= (2888 — 574) 1.06 = 2453 .

= 1.06

PROBLEMS

1. Define the following tenms :
Benchmark, Parallax, Line of collimation, Level surface, Vertical line, Bubble line, Reduced
level, Dip of the horizon, and Backsight. :
2. Decribe in brief the essential difference between the following levels:
Dumpy level, Y-level and Tilting level.
3. What are the different types of levelling swaff 7 State the merits and demerits “of each.
4. Describe the ‘height of instrument’ and ‘rise and fall' methods of computing the levels.
Discuss the merits and demerits of cach.
5.{a) lluswate with Deat ckewches e consmuction of a surveying telescope.
(b) Distinguish between the following :
() Horizontal plane and level surface
(i) Line of collimation and line of sight
(i) Longitudinal section and cross-section. ]
6. Describe in detail how you would proceed in the field for () profile levelling, and {id)
cross-sectioning.
7. Explain how the procedurs of reciprocal levelling eliminates the effect of atmospheric refraction
and earth’s curvamre as well as the effect of inadjustment of the line of collimation,

8. (a) R.L. of a factory floor is 100.00'. Staff reading on floor is 4.62 ft and the saff
teading when staff is held inverted with bottom touching the tie beam of the roof tuss is 12.16
ft. Find the height of the tie beam above the floor.

(b)Y The following consecutive veadings were taken with a dumpy level:
621, 492, 6.12, 8.42, 9.81, 6.63, 7.91, 826, 9.71, 10.21
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The level was shified after 4th, 6th and Sth resdings. The reduced level at. first. point was
100_ ﬁ._Ru.le out a page of your answer-book as a level field book and fill all the columns, Use
collimafion system and apply the usual arithmetical check.

Indicate the highest and the lowest points. (AMIE)

9. The following staff readings were observed successively with level, the instrument having
been moved forward after the second, fourth and eighth readings : ’

0.875, 1.235, 2.310, 1.385, 2.930, 3.125, 4.125, 0.120, 1.875, 2.030, 3.765.

The ﬁrst reading was taken with the staff held upon a benchmark of elevation 132.135. Enter
the readings in level book-form and reduce the levels. Apply the usual checks. Find also the difference
in level berween the first and the last points.

s )

10. Compare the rise and fall method’ of reducing levelling notes with the height of collimation

ItwasrequiredloascertainélevaﬁonsoanndB. A line of levels was taken from 4 to

B and then continued to a benchmark of clevation [27.30 ft. The observations are recordéd below.
Obtain the R.L.’s of A and B. '

BS. LS. F.S. - (RL Remarks .
EX) A
1.46 778
7.05 3.27
2.36 B
4.81 085
8.6 2.97
7.02 3.19
4.28 127.30 BM.
(A.M.LE.)

I1. The following consecutive readings were taken with a level and 3 metre levelling staff
on contiouously sloping ground at a common inferval of 20 metres :

0.602, 1.234, 1.860, 2.574. 0.23, 0.914, 1.936, 2.872, 0.568, 1.874. 2.722. The reduced
level of the first point was 192.122. Rule out 2 page of a level field book and enmier the above

readings, Calculate the reduced levels of the points and also the gradient of the line joining the

first and the last points.
. 12, In rumning fly-levels from a benchmark of R.L. 384.705, the following readings were
obtained, . :

Backsight 3.215, 1.030, 1.295, 1.855.

Foresight 1.225, 3.200, 2.085.

From the last posir;iqn of the instrument, six pegs at 25 metres inteval are 1o be set ot
on a uniformly falling gradient of I in 100, the first peg is to have R.L. of 384.500. Work out
the staff readings required for setting the tops of the pegs on the given gradient.

13, 'Ijh_e following mdmgx have been taken from the page of an old level book. Reconstuct
the page. Fill up the missing quantities and apply the usual checks. Also, cakulate the corrected

level _ot‘ the T:B.I-l. if the instrument is known to have an elevated collimaron error of 30" and
backsipht foresight distances averaged 40 and 90 metres respectively.
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Point B.S. LS. F.S. Rise Fall R.L. Remarks
| 1 3,125 x BM
2 3 x X 1.325 125.005 T.P.
3 ) 2.320 0.055
4 ® 125.350
5 x 2.655 TP.
6 1.620 3.205 . 2.165 T.P.
7 ' 3.625 v
8 x 122.590 T.BM.

14 (q) Differentiate between ‘permanent’ and ‘temporary’ adjustmems of level.

' () Discuss the effects of curvawre and refraction in levelling. Find the correction due 10
cach and the combined correction. Why are these effects iguored in ordinary levelling ?

15. In levelling between two points 4 and B on opposite sides of a river, the level was
set up pear A and the staff readings on A and B were 2.642 and 3.228 m respectively. The level

_waslhenmovedandsetupnea.rB,thcrcspecﬁvestaffreadingsonAandchre 1.086 and

1.664. Find the wue difference in level of 4 and B.
16. The following notes refer to reciprocal levels taken with one level:

Instrument Staff Reading on Remarks
Near p g
P 1.824 2748 Distance PQ = 1010 m

R.L. of P=126386

Q 0.928 1.606

Find (@) the true RL. of Q (b) the combined correction for curvamre and refraction. and
{¢) the angular error in the collimation adjustment.

17. A lumingus object on the top of a hill is visible just above the horizon at a cermin
station at the sea-level. The distance of the top of the hill from the station is 40 km. Find the
heigh:oflhehill.takinglheradiusoftheanhtobeﬁ?ﬁhn.

18. To a person smnding on the deck of a ship, a light from the top of a light house
is vigible just above the horizon. The height of the light in the light-house is known to be 233
yards above M.S.L. If the deck of tie ship is 9 yards above M.S.L., work out the distance between
the lighthouse and the ship. Make the necessary Assumptions.

19 (a) Exaplain what is meant by the sensitiveness of a level tbe. Describe bow you would
determins in the field the semsitiveness of a level tube attached to a dumpy level.

(b If the bubble mbe has a sensitiveness of 23 seconds for 2 mm - division, find the error
in the staff reading at a distance of 300 ft caused by, bubble being one division out of centre.

(c) Find the error of reading of levelling staff if the observed reading is 12.00* and at the
point sighted the saff is 6" off the vertical through the bottom. (U.P.)

20. What are different sources of errors in levelling ? How are they eliminated ?
21. Describe with the help of a sketch, the working of an aneroid barometer.

22, (ﬁ) List out carefully and systematically the field precautions a surveyor should take to
ensure good results from levelling field work planned for engincering pUrposes.

(& A 12-mile closed levelling traverse reveals a closing error of 1.56° on the starting
benchmark. Would you consider the work acceplable 7 Give reasons in support of your answer.

B I T
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23. (a) Describe briefly the temporary adjustments of a dumpy level.

() Two mile stones A and B are separated by 6 miles. A line of levels is run from
A 1 B and then from B to A. The differences of levels are found to be ’
At B + 181.34 ft.

BwdAd - 180.82 f1.
Do you consider the levelling job of an acceplable quality of engineering work ? (A.M.LE)
ANSWERS

8. (a) 16.78' (b) Highest point : Second (R.L. 101.29); Lowest peint : Fourth (R.L. 97.79)
9. R.L.'s of change points :- 131.775, 132 .700, 132.505, 131,505, 137.510, 135.355. 133.620
Difference in R.L.'s : 1485 m

10. 116.75 ; 115.77. ’ )

11. 192.122, 191. ;
185.362, 191.490, 190.864, 190.150 (T.P.), 189.474, 188.452, 187. 516 (T.P.), 186.260,

Gradient 1 in 23.82, falling.

12. Peg No. Staff reading
1 1.000
2. 1.250
3. 1.500
4, 1.750
5. 2.000
. 6.. 2 .250
le)im :fzs LS. F.S5. Rise Fail R.L. Remarks
2 2:265 1.800 1.325 s s r
2 : . i 125.005 T.P.
: P .33 124.950
1.920 0.400 125.353
: :2;2 ;62(5}: 0.735 124.615 T.P.
> — . 2.165 122 450 T.P.
. : 2.005 120.445
1.480 2.145 122.590 T.B.M.

Correct R.L. of TB.M.=122. 620 metres.

15, 0.582 m, fall.

16 (@) 125585. : (b)) 0.0689 m. ; () *+11" -
17, 107.76 m.

18. 41.89 miles.
19. () 0.03 fi. ; (¢) 0.01 ft.

Contouring

10.1. GENERAL
The value of plan or map is highly emhanced if the relative position of the points

is represented both horizontally as well as vertically. Such maps are known as topographic
maps. Thus, in 2 topographic survey, both horizontal as well as vertical control are required.
On a plan, the relative altindes of the points can be represented by shading, hachures,
form lines or contour lines. Out of these, contour lines are most widely used because

they indicate the elevations directly.
Contour
A contour is an imagioary line
It is a line in which the surface of g
line is a line on the map representing a cOMIOLT.
by the water mark. If the water level

at an elevation of 101.00 m as shown in. the plan
is now lowered by 1 m, another water mark representing 100.00 m elevation will be obtained.
ed and represented on the map in the form of contours.

These water marks may be survey
A topographic map presents 2 clear picture of the surface of the ground. If 2 map
is to a big scale, it shows where the ground is nearly level, where it is sloping, where

the slopes are steep and where they are gradual. If a2 map is to a small scale, it shows
the flat country, the hills and valleys, the lakes and water COUISES and other topographic

features.
10.2. CUNTQUR INTERVAL
The vertical distance between any two_consecutive contours is called comour interval.
The contour interval is kept constant for a contour plan, otherwise the general appearance
of the map will be misleading. The horizontal distance between two points on two consecutive
contours is known as the horizontal equivalent and depends upon the steepness of the
ground. The choice of proper comtour interval ‘depends upon the following considerations:
() The nature of. the ground : The contour interval depends upon whether the .
country is flat or highly undulated. A contour interval chosen for a flat ground will be
highly unsuitable for undulated ground, For every flat ground, a small interval is necessary.
If the ground is more broken, greater contour interval should be adopted, otherwise the

contours will come too close 10 each other.

on the ground joining the points of equal elevation.
Tound is intersected by a level surface. A conlfour
Fig. 10.1 shows a pond with water
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(i The scale of the map:
The coatour interval should be in-
versely proportionat to the scale. If
the scale is small, the contour interval
should be large. If the scale is large,
the contour interval should be small.

(fify The purpose and extent
of the survey : The contour interval
jargely depends upon the purpose
and the extem of the survey. For
example. if the survey is intended
for derailed design work or for ac-
curare earth work ¢ Vlculations, small
contour interval is to be used. The
extent of survey in such cases will
generally be small. In the case of
location surveys, for lines of com-
munications and for reservoir and
drainage areas. where the extent of
survey 1s large, a large contour in-
terval is 10 be used,

(iv) Time and expense of field
and office work : If thé time
available is less, greater contour
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interval should be used. If the contour interval is small, greater time will be taken in
the field survey, in reduction and in plotting the map.

Considering all these aspects, the contour interval for a particular contour plan is
selected. This contour interval is kept constant in that plan, otherwise it will mislead the

general appearance of the ground. The following table suggests some suitable values of

contour ntervai.

Seale of map Type of ground Contour Interval
{mefres)
Large B Flat . 0.2 to 0.5
(1em=10m or less) Rolling 05 © 1
Hilly 1, 15002 . -
Intermediate Flat 05, [ or L3
(lcm=10mw 100 m) Rolling 115 or 2
Hilly i 2, 25 or 3
Small Flat i l. 2 or 3
(L em=100 m or more) Rolting 2 : 5
- 10
Hilly 510 10
H Mountainesus 10, 25 or 50

h. ST
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The values of contour interval for various purposes are suggested below :
 o— —t |
1 | Purposeof survey Secale | Interval (metres) ;
i R
L. .Building sites | cm =10 m or less i 0.2 10 0.5
2. !Townplanning ! 1 em=350 mw 00m l 05 w 2
schemes, reservoirs, 4. ! i
3. |Location surveys | -+ 1 em=350mto 20m i 2 w3

For general topographical work, the general rule that may be followed is as foflows:

. 25
_Contour interval =

No. of cm per km

50 {feet).

(metres)

or - -
No. of inches per mile

The following characteristic features may
be used while plotting or reading a contour
plan.

1. Two contour lines of different elevations
cannot cross each other. If they did, the point
ofur— -~tion would have two different elevations
which is absurd  However, contour lines of
differcnt elevations can intersect only in the
case of an overhanging cfiff or a cave (See
Fig. 10.2}.

2. Contour lines of different elevations
can unite to form one line only in the case
of a vertical cliff.

a A e

3 Contour lines close together indicate
steep slope. They indicate 2 gentle slope if
they are far apart, If tW‘
uniform slope is indicated. A series of straight,
parallel and equally spaced contours represent
a plane surface. Thus, in Fig. 10.3, steep

-10.3. CHARACTERISTICS OF CONTOURS

FIG. 10.2

slope in represented ar A-A, a gentle slope

at B-B, a uniform slope at C-C and a plane surface at D-D.

4. A contour passing

through any point is perpen-
dicular o the line of steepest Ia
. . 9f—ai

slope at that point, This agrees  go—j -
with (3), since the perpendicular 79 —~———o
distance between contour lines 50";“'—""
is the shoriest distance. ia

5. A closed contour line
with one or more higher ones (@

insige L fepresens 4 10 (1

T 10
1 ——— 90
B - i Pt
.__f‘-l'—‘ H i
i —_— i ———B0
—_— : ;
] 1 I
P : _—70
— ' [
- 1
i : - 60
‘B 'c D
) {c) : 1
FIG. 10.3. '

e IO T

e ety =1 i TEp— !

ps S



260 SURVEYING
10.4 {a)] ; similarly, a closed contour 100
line with one or more lower ones 105
inside it indicates a depression with- 10

out an outlet [Fig. 104 (b)l.

6. To contour lines having
the same elevation cannot unite and
continue as one line. Similarly, a
single contour cannot split into two
lines. This is evidem because the -
single line would, otherwise, indicate (@)
a knife-edge ridge or depression
which does not occur in nature.
However, two different contours of
the same elevation may approach very near to each other.

FIG. 10.4

7. A contour line must close upon itself, though not necessarily within the ]J.IIlltS

of the map

8. Comtour lines cross a watershed or ridge line at n‘g‘ht angles. They form curves
of U-shape round it with the concave side of the curve towards the higher ground (Fig.
10.5). Eo100 ‘ :

9. Contour lines cross a valley line :
at right angles. They form sharp curves NG

of V-shape across it with convex side 5B
of the_curve towards the higher ground \E/ 100

(Fig. 10.6). If there is a stream, the

contour on either side, turning upstream, i

may disappear in coincidence with the \/

edge of the stream and cross underneath j g

the water surface. \'./
10. The same contour appears on . i 80 /\ss

either sides of a ridge or_valley, for Fidee rme\.; - \f\vmley fine

the highest horizontal plane that intersects ;

.
\ 80
the ridge must cut it on both sides: The - ! - \
" same is true of the lower horizontal place
that cuts 2 valley. » FI1G. 10.5. FIG. 10.6.

10.4. METHODS OF LOCATING CONTOURS

The location of a point in topographic survey involves both horizontal as well as
‘vertical control. The methods of locating contours, therefore, depend upon the instruments
used. In general, however, the field method may be divided into two classes :

(@) The direct method. (b) The indirect method.

In the direct method, the comtour to be plotted is actually traced on the ground.
Only those points are surveyed which happen o be plotted. After having surveyed those
points, they are plotied and contours are drawn throngh them. The method s slow and
tedious and is used for small areas and where great accuracy is required.

-y
- bt

"example, if the height of the in-
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In the indirec method, some suitable guide points are selecred an_d survey.ed ; the
guide points meed not necessarily be on the contours. These guide points, having been
plotted, serve’ as basis for the interpolation of contours. This is the method most commonly
used in engineering surveys.

Direct Method N

As -stated earlier, in the indirect method, each contour is located by detel_-mlmlng the
positions of a series of points through which the contour passes. The operation IS also
sometimes called tracing out contours. The field work is two-fold :

() Vertical control : Location of points on the contour, and

(i) Horizontal control : Survey of those points. .
() Vertical Control : The points on the contours are traced either with the help.of a
level and staff or with the help of a hand level. In the former case. the level‘ is set
at a point to command as much area as is possible and is levelled. The staff is kept
on the B.M. and the height of the instrument js determined. If the B.M. IS.l‘lDt nearby,
fly-levelling may be performed to establish a temporary benchmark (T.B..M.) in that area.
Having known the height of the 01
instrument, the staff reading is N
calculated so that the bottom of ) '
the staff is at an elevation equal
to the value of the contour. For

strument is 101.80 metres, the
staff reading to get a point on
the contour of 100.00 metres will
be 1.80 metres. Taking one con- .
tour at a time (say 100.0 m con-
tour), the staff man is directed -
to keep the staff on the points 98 )
on comfour so that reading of
1.80 m is Obtamed every time. FIG. 0.7
Thus, in Fig. 10.7, the dots rep-
resent the points determined by this method explained above. . . .
If a hand level is used, slighty different procedure is adopted in locating the pomet;
on the contour. A ranging pole having marks at every decimetre interval may be u:sm
in conjunction with any type of hand level, preferably an Abney Clinometer. To st'art wit t
a point is located on one of the contours, by levelling from a B.M. The starting pc:}xlut .
must be located on the contour which is a mean of those to be cox.nmanded fron:ll al
position. The surveyor then holds the hand level at that poipt and directs theth 10 onl:ig
till the point on the rod corresponding to the beight of the .mstrumem above the grot :
is bisected. To do this conveniently, the level shoutd be held against & gote at some convemtla::
height, say, 1.50 memes. If the instrument (i.e. the hand level) is at 100 m C::-ﬂ;ﬁen.l
the reading of the rod to be bisected at each point of 100.5 m. with t]3e same 1S
position, will be (1.50 ~ 0.5) = 1.0 metre. The work can thus be continued.
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The staff man should be instructed to insert a lath or twig at the point thus located.
The twig must be split to receive a piece of paper on whick R.L. of the conmtour should
be written. ‘ ‘

(i) Horizontai Control

After having located the points on various contours, they are to be surveyed with
a suitable control system. The system to be adopted depends mainy on the type and extent
of areas. For small area, chain surveying may be used and the points may be located
by offsets from the survey lines. In a work of larger namre, a traverse may be used.
The taverse may be a theodolite” or a compass or a plane table traverse.

In the direct method. two survey parties generally work simuitaneously — one locating
the points on the contours and the other surveying those points. However, if the work
is of a small nature, the points may be located first and then surveyed by the same party.

In Fig. 10.7, the points shown by dots have been surveyed with respect to' points
A and B which may be tied by a traverse shown by chain dotted lines. r

Indirect Methods ."

In this method, some guide points are selected along A'$ystem of straight lines and
their elevations are found. The points are then plotied and contours aré then drawn by
inerpolation. These guide points are not, except by coincidence, points on the contours
to be located. While interpolating, it is assumed that the slope between any two adjacent
guide points is uniform. )

The following are some of the indirect methods of locating the ground points :

() By Squares (Fig 10.8) :

The method is used when the area
10 be surveyed is smail and the ground
is not very much undulating. The area
to be surveyed is divided into a number
of squares. The size of the square may
vary from 5 to 20 m depending upon
the natre of the comtour and contour
interval. The elevations of the cormers of
the square are then determined by means
.- of a level and a staff. The contour lines
may then be drawn by interpolation. It
is not necessary that thé squares may be
of the same size. Sometimes. rectangles
are also used in place of squares. When
there are appreciable breaks in the surface
between corners, guide points in addition
to those at corners may also be used.
The squares should be as long as practicable,
yet small enough to conform to the in-
equalities of the ground and to the accuracy required. The method is also known as
spot levelling.

FIG. 10.8. SPOT LEVELLING.

3
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(i) By Cross-sections .

In this method, cross-sections are run transverse to the centre line of a road, railway
or canal efc. The method is most " suitable for tailway route surveys. The spacing of the
cross-section dépends upon the character of the terrain, the contour -jmterval and the purpose
of the survey. The cross-sections should be more closely spaced \\fhere the contours curve
abruptly, as jn ravines oOr On Spurs. The cross-section and the points can then be plotfed
and the elevation of each point is marked. The contour lines are interpolated on the ass?mpu.on
that there is uniform slope between two points on two adjacent COTHOUIS. Thus, in Fig.
10.9, the points marked with dots are the points actually surveyed in the field while the
points marked with x on the first cross-section are the points interpolated on contours.

The same method may i i i i ;
also be used in the direct : ;
method of contouring with a
slight modification. In the
method described above,
points are taken aimost at
regular imtervals om a Cross- i H ; i F i & . +102 4
section. However, the contour R I T B = ot I B
points can be located directly \:\i&? ' y___§ ¢ 1 100 4
on the cross-section as in the : . L L L it
direct method. For example, FG. 10.9

1 1 1

if the height of the instrument

is 101.80 and if it is required to trace a comtour of 100 m on the ground, the levelling

- staff is placed om several guide points on the cross-section so that the staff readings on

alk such points are 1.80 m, and all these points will be on 100 m contour. The guide
points of different contours are determined first on one cross-line and then on another

instead of first on one contour and then on another, as in the direct method.

If there are irregularities in the surface between two cross-lines, additional guide points
may be located on intermediate cross-lines. If required, some of the cross-lines may also
be chosen at any inclination other than 90° to the main line.

(iih By Tacheometric Method
In the case of hilly terrain, the tacheometric method may be used with advantages. A
tacheometer is a theodolite fitted with -
stadia diaphragm so that staff readings 5
apainst all the three hairs may be T
taken. The staff intercept s is then
obtained by taking the difference be-
rween the readings against the top
and bottom wires. The line of sight
can make any inclination with the
borizontal, thus increasing the range
of instrument observations. The hori- D >
zontal distances need not be measured. FIG. 10,10
since the tacheometer provides both
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horizontal as well as vertical control, Thus, if is the inclination of the line of sight
with horizontal (Fig. 10.10), the horizontal distance (D), between the instrement and the
staff, and the vertical difference in elevation (V') between the nstrument axis and the point
in which the line of sight against the central wire intersects the staff are given by

D=K scos*®+ Kz cos 0 and V=Dtan @
where K, and X, are instrumental constants.

The tacheometer may be set on a
point from which greater control can be
obtained., Radial jines can then be set making
different angles with either the magpétic -
meridian or with the first radial line (Fig.
10.11). On each radial line, readings may
be taken on levelling staff kept at different

<

points. The point must be so chosen that
approximate vertical difference in elevation
between two consecutive points is less than
the comtour ipterval. Thus, on the same
radial line, the horizontal equivalent will
be smaller for those two points the vertical
difference in elevation of which is greater
and wice versa.

To survey an area compected by
series of hillocks, a tacheometric traverse
may be run, the tacheometric traverse stations being chosen at some commanding positions.
At each waverse station, several radial lines may be run in various directions as required,
the horizontal control being entirely obtained by the tacheometer. The traverse, the radial
lines and the points can then be plotted. The elevation of each point is calculated by
tacheometric formulae and entered, and the contours can be interpolated as usual.
i0.5. UNTERPOLATION OF CONTOURS

Interpolation of the contours is the process of spacing the contours proportionately
between the plotted ground points established by indirect methods. The methods of interpolation
~ are based on the assumption that the slope of ground between the two points is uniform.
The chief methods of interpolation are :

() By estimation

(ify By arithmetic calculations

(iit By graphical method.

() By Estimation

This method is extremely rough and is used for small scale work only. The positions
of contour points between the guide poinis are locaed by estimation.

(i) By Arithmetic Calculations

The method, though accurate, is time consuming. The positions of contour points
between the guide points are located by arithmetic calculation. For example, let 4, B, D

AW
N
SR

FIG. 10.11
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and C be the guide points plotted on the
map, having elevations of 607.4, 617.3,
612.5 and 604.3 feet respectively (Fig.
10.12). Let AB=BD=CD=C4 =1 inch
on the plan and let it be reguired to locate
the position of 605. 610 and 615 feet
contours on these lines. The vertical dif-
ference in elevation between 4 and B is
(617.3 - 607.4) =9.9 ft. Hence, the dis-
tances of the contour points from A will
be :

R

.................................

Distance of 610 ft contour point
1 026"
_EX2'6_0'26 (approx.)

Distance of 615 ft contour point

I._.

=55 % 7.6 = 0.76" (approx.) ;6%'-1""""' T 50'5 e
These two comtour points may be | )
located on AB. Similarly, the position of FIG. 10.12

the contour points on the lines AC, CD,
BD and also on AD and BC may be located, Contour lines may then be drawn through
appropriate contour points, as shown in Fig. 10.12.

(i) By Graphical Method

In the praphical method, the interpolation is done with the help of a tracing paper
or a tracing cloth. There are two methods: :

First Method

The first method is illustrated in Fig 10.13, On a piece of tracing cloth, several
lines are drawn parallel to each other, say at an interval representing 0.2 metre. If required.
each fifth live may be made heavier to represent each metre interval. Let the borom
line of the diagram, so prepared on the wracing cloth, represenl an elevaiion of 99 m
and let it be required to interpolate
contours of 99.5, 100 and 100.5
m valies between two points 4 and
B having elevations of 99.2 and 44,
100.7 m respectively. Keep the trac-
ing cloth on the line in such a
way that point A may lie on a 101 r—
parallel representing an elevation of Z 21007} —

99.2 metres. Now rotate the tracing -~
cloth on drawing in such a way 100 '—T%D)
that point B may lie on a parailet ﬁ
representing 100.7 metres. The gg

points at which the parallels rep-

vesenting 99.5 (point x), 100.0 (point

108

FIG. 10.13
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y) and 100.5 (point 7) may now be pricked through the respective positions of the contour
point on the line AB.

Second Method -

The second method is illustrated
in Fig. 10.14. A line XY of any convenient
length is taken on a tracing cloth and
divided into several parts, each repre-
senting any particular interval, say 02
m. On a line perpendicular to XY at
its mid-point, a pole O is chosen and
radial lines are drawn joining the pole
O and the division on the line XY. Let
the bottom radial line represent an elevation
of 97.0. If required. ecach fifth radial
line representing one metre interval may
be made dark. Let it be required to
interpolate contours of 98. 99. 100 and
101 metres elevations between two points
A and B having elevations of 97.6 and FIG. 10.14
101.8 metres. Arrange the tracing cloth
on the line AB in such a way that the point A and B lie simultaneously on radial lines
representing 97.6 and 101.8 metres respectively. The points at which radial lines of 98,
99, 100 and 101 metres intersect AB may then be pricked through.

Contour Drawing '

After having interpolated the contour points between a network of guide points, smooth
curves of the contour lines may be drawn through their corresponding contour points. While
drawing the contour lines. the fundamcntai properties of contour lines must be borne in
mind. The contour lines should be inked in either black or brown. If the contour plan
also shows the features like roads, etc.. it is preferable to use brown ink. for the contour
so as to distinguish it clearly from rest of “the features. The value of the contours should
be written in a systematic and uniform manner.

10.6. CONTOUR GRADIENT

Contour gradient is a line lying throughout on the surface of the ground and preserving
a constant inclination to the horizomal. If the inclination of such a line is given, its direction
from a point may be easily located gither on the map or on the ground. The methed
of locating the contour gradient on map is discussed in the next article (Fig. 10.7). To
locate the conwour gradient in the field, a clinometer, a theodolite or a level may be used.
Let it be required to trace a contour gradient of inclination 1 in 100, starting from a
point A, with the help of a clinometer. The clinometer is held at A and its line of sight
is clamped at an inclination of 1 in 100. Another person having a target at a height
equal to the height of the observer's eye is directed by the observer to move up or down
the slope till the target is bisected by the line of sight. The point is then pegged on
the ground. The clinometer is then moved 1 the point so obtained and another point is
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obtained in a similar manner. The linc between any two pegs will be parallel to the line
of sight. )

If a lgvel is used to locate the contour gradient, it is not mecessary to set the level
on the contour gradient. The level is set at a commanding position and reading on the
staff kept at the first point is taken. For numerical example, let the reading be 1.21
metres. -The rteading on another peg B (say) distant 20 metres from 4, with a contour
gradient of 1 in 100, will be 1.21+0.20 = 1.41 memes. To locate the point B. the staff
man holds the 20 metres end of chain or tape (with zero metre end at A) and moves
till the reading on the staff is 1.41 meres. Thus, from one single instrument station several -
points at a given gradient can be located. The method of calculating the staff readings
for several pegs has been explained through numerical examples in Chapter 9 on Leveliing.
10.7. USES OF CONTOUR MAPFS

The following are some of the important uses of contour maps.

1. Drawing of Sections

From a given contour
plan. the section along any
given direction can be drawn
to know the general shape
of the ground or to use it
for earth work calculations for
a given communicaticn line
in the direction of the section.
Thus, in Fig. 10.15 (b), let
it be required o draw the
section along the line AB.

The points in which the
line AB intersect with various
contours are projected on the
axis OX and their correspond-
ing heights are plotted along
the axis QY to some scale
to get the corresponding con-
tour points which may be
joined to get the configuration
of ground surface [Fig. 10.15
(a)]. FIG. 10.15.

(1) Plan

2. Determination of Intervisibility between two points

The distances between the triangulation stations are generally several kilometres and
before selecting their position it is mecessary to determine their intervisibility. A contour
map may be used to determine the intervisibility of the triangulation stations. For example,
to let it be required to determine the intervisibility of the points 4 and B in Fig. 10.16.
their elevation being 70 and 102 metres respectively.
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Draw line AB on the plan. The difference in elevation of A and B is 102.0 — 70 = 32.0 m.
The line of sight between 4 and B will have an inclination 32.0 metres in a distance
AB. Mark on the line of AB, the points of elevation of 75, 80, 85, 90, 95 and 100

metres, by calculation. 70 A (70)

Compare these points with :

the corresponding points in ! ‘
which the contours cut the i ™
line AB. Thus, at the point 4 S L er 7

E the line of the sight will 7o R, PP
have an elevation less than (A p5—t|

80 metres while the ground SR 85
has an elevation of 80 me- ,c:'“!'"'l'"i'""“ """"""""""" b
tres. Thus, there will be /- +90
an obstruction and points 4  Line of sight ; b 90—
and B will not be intervisible. by b5
The points € and D at which b 95-—.._.1

the line of sight and the : P 100
ground are at the same ele- &7 | R 10— (108)
vationcanbelocated. twill T~ 98 8 8 8 B R 8 B
be seen by inspection that FIG. 10.16

all other points are clear
and there will be no obstruction at other points execpt for the ramge CD.
3. Tracing of Contour Gradients and Location of Route
A contour plan is very much useful in locating the route of a highway, railway,
canal or any other communication line.
Let it be required to locate a route, from
A to B at an upward gradient of 1 in
25 (Fig. 10.17).
The contours are at an interval of
1 metre. The horizontal equivalent will
therefore be equal to 25 metres. With
A as centre and with a radivs representing
25 metres (to the same scale as that of
the contour plan) draw an arc to cut
the 100 m contour in g. Similarly, with
a as centre, cut the 101 m contour in
b, Similarly, other points such as ¢, d,
€....,B may be obtained and joined by
a line (shown dotted). The route is made
to follow this line as closely as possible.
4. Measurement of Drainage Areas
A drainage area for a given point in a stream or river can be defined as the area
that forms the source of all water that passes that point. A contour plan may be used

FIG. 10.17
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to trace that line separating the basin from the rest of the area. The line that marks
the limits of drainage area has the following characteristics :

(1) It passes through every ridge or saddle that divides the drainage area from other
areas. '

(2) It often follows the ridges.

(3} It is always perpendicular to the contour lines.

Such a line is also known as the water-shed line. Fig 10.18 shows the drainage
area enclosed by a line shown by dot and dash. The area contained in a drainage basin
can be measured with a planimeter (see Chapter 12). The area shown by hatched lines
gives an idea about the extent of the reservoir having a water level of 100 merres.

5. Calculation of Reservoir capacity

The contour plan may be used to calculate the capacity of a reservoir. For example,
Jet it be required to calculate the capacity of reservoir shown in Fig. 10.18, having water
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elevation of 100.00 metres. The area enclosed in 100, 90, 80...... contours may be measured
by a planimeter. The volume of water between 100 m and 90 m contour will then be
equal to the average areas of the two contours multiplied by the contour interval. Similarly,
the volume between the other two successive comtours can be calculated. The total volume
will then be equal to the sum of the volumes between the successive comtours.
Thus, if Aj Ay -oeeeenns , Ap are the areas enclosed by various contours and h is

contour interval, the reservoir capacity will be given by

V= E%(Al + A;) by trapezoidal formula

and V=2 g(Al + 443 + A3) by primoidal formula

For detailed study, reference may be made to Chapter 13 on calculation of Volumes.
6. Intersection of Surfaces and Measurement of Earth Work : See Chapter 13.

PROBLEMS

Describe various methods of contouring. Discuss the:Jiﬁeﬁts and demerits of each.
Describe with the help of sketches the characteristics of comtours. o

Explain, with sketches, the uses of contour maps.
Discuss various methods of interploating the contouss.

ok W o

What is grade contour 7 Ilow will you locate it {a) on the ground, (b) on i map.

@

Plane Table Surveying

11.1. GENERAL : ACCESSORIES

Plane tabling is a graphical method of survey in which the field observations and.
plotting proceed simultaneously. It is means of making a manuscript map in the field while
the pround can be seen by the topographer and without intermediate steps of recording
and wanscribing field notes. It can be used to tie topcgraphy by .existing control and to
carry its own control systems by triangulation or traverse and by lines of levels.

Instruments used

The following instuments are used in plane table survey :

1. The plane table with levelling head having arrangements for (a} levelling,

(b) rotation about vertical axis, and (¢) clamping in any required position.

2. Alidade for sighting

3. Plumbing fork and plumb bob.
4, Spirit level.

5.  Compass.

6.

Drawing paper with a rainproof cover.

1. The Plane Table

Three distince types of tables (board and tripod) having devices for levelling the plane
table and conwolling its orientation are in common use :

() the Traverse Table, (i) the thnson Table and (fif) the Coasr Survey Table.

The Traverse Table - The traverse table consists of a small drawing board mounted
on a light tripod in such a way that the board can be rotated about the vertical axis
and can be clamped in any position. The table is levelled by adjusting tripod legs, usually
by eye-estimation.

Joknson Table (Fig. 11.2) : This consists of 2 drawing board usually 45 x 60 cm
or 60 x 75 cm. The head consists of a ball-and-socket joint and a vertical spindle with
two thumb screws on the underside. The ball-and-socket joint is operated by the upper
thumb screw. When the upper screw is free, the table may be tilted about the ball-and-socket
for levelling. The clamp is then tightened to fix the board in a horizontal position. When
the lower screw is loosened, the table may be rotated about the vertical axis and cam
thus be oriented.

(21
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The Coast Survey Table : This table is superior to the above two types and is
generally used for work of high precision. The levelling of the table is done very accurately
with the help of the three foot screws. The table can be tumed about the vertical axis
and can be fixed in any direction very accurately with the help of a clamp and tangent
SCIEW.

2. Alidade : A plane table alidade is a straight edge with some form of sighting
device. Two types are used : () Plain alidade and (if) telescopic alidade.

Plain Alidade. Fig. 11.3 shows the simple form and used for ordinary work. It
generally consist of a metal or wooden rule with two vanes at the ends. The two vanes
or sights are hinged 1o fold down on the rule when the alidade is not in use. One of
- the vanes is provided with a- marrow -slit while the other is open and carries a hair or
* thin wire. Both the slits thus provide a definite line of sight which can be made to pass
through the object to be sighted. The alidade can be rotated about the point representing
the instrument station on the sheet so that the line of sight passes through the object ,to
be sighted. A line is then drawn against the working edge (kmown as the fiducial edge)
of the alidade. It is essential to have the vanes perpendicular: be the surface of the sheet.
The alidade is not very much suitable on hilly area sincé~the inclination of the line' of
sight is limited. A string joining the tops of the two vanmes is sometimes provided to . use
it when sights of considerable inclination have to be taken.

Telescopic Alidade. (Fig. 11.4) The telescopic alidade is used when it is required
to take inlined sights. Also the accuracy and ramge of sights are increased by its use.
It essentially consists of a small telescope with a level tube and graduated arc mounted
on horizontal axis. The horizontal axis rests on a A-frame fitted with verniers fixed in
position in the same manner as that in a transit. All the parts are finally supported on
a heavy rule, one side of which is used as the working edge along which line may be
drawn. The inclination of the Tine of sight can be read on the vertical circle. The horizontal

distance between the instrument and the point sighted can be computed by taking stadia -

readings on the staff kept at the point. The elevation of the point can also be computed
by using usual tacheometric relations. Sometimes, to facilitate calculation work, a Beaman
stadia arc may be provided as an exua. Thus, the
observer can very quickly and easily obtain the true
horizontal distance from the plane fable to a levelling
staff placed at the point and the differnce in elevation
between them. The same geomefri~ principle apply to
the alidade as to the transit, but the adjustments are
somewhat modified in accordance with the lower degree
of accuracy required.

3. Plumbing Fork : The plumbing fork (Fig.
11.5), used in large scale work, is meant for centring
the table over the point or station occupied by the
plane table when the plotted position of that point is
already known on the sheet. Also, in the beginning
of the work, it is meant for transferring the ground

FIG. 11.5
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point on to the sheet so that the plotted point and the ground station are in the same
vertical line,

The fork jconsists of a hair pin-shaped light metal frame having arms of equal length,
in which a plurab-bob is suspended from the end of the lower-arm. The fitting can be
placed with the upper amm lying on the top of the table and the lower arm below it,
the table being centred when the plumb-bob hangs freely over the ground mark and the
pointed end of the upper arm” coincides with the equivalent point on the plan.

4. Spirit -Level : A small spirit level may be used for ascertaining if the table
is properly level. The level may be either of the tubular variety or of the circular type,
essentially with a flat base so that it can be laid on the table and is truly level when
the bubble is central. The table is levelled by placing the level on the board in two positions
at right angles and getting the bubble central in both positions.

5. Compass : The compass is used for orienting the plane table to magnetic north.
The compass used with a plane table is a trough compass in which the longer sides of
the trough are parallel and flat so that either side can be used as a ruler or laid down
to coincide with a straight line drawn on the paper.

6. Drawing Paper : The drawing paper used for plane tabling must be of superior
quality so that it may have minimum effect of changes in the humidity of the atmosphere.
The changes in the humidity of the atmosphere produces expansion and contraction in different
directions and thus alter the scale and distort the map. To overcome this difficulty, -sometimes
two sheets are mounted with their grains at right angles and with a sheet of muslin between
them. Single sheet must be seasoned previous of the use by exposing it alternatively o
a damp and a dry atmosphere. For work of high precision, fibre plass sheets or paper
backed with sheet aluminium are often uvsed.

11.2. WORKING OPERATIONS

Three operations are needed .

() Fixing : Fixing the table to the tripod.

(B) Setting : () [Levelling the table (i) Centring

() Sighting the poinis.

Levelling. For small-scale work, levelling is done by estimation, For work of accuracy,
an ordinary spirit level may be used. The table is levelled by placing the level on the
board in two positions at right angles and getting the bubble central in both directions.
For more precise work, a Johnson Tazble or Coast Survey Table may be used.

Centring. The table should be so placed over the station on the ground that the
point plotted on the sheet corresponding to the station occupied should be exactly over
the station on the ground, The operation is known as centring the plane table. As already
described this is done by using a plumbing fork.

Orientation. Orientation is the process of putting the plane-table into some fixed direction
so that line representing a certain direction on the plan is parallel to that direction on
the ground. This is essential condition to be fulfilled when more than one instrument station

(i) Orientation.

is to be used. If orientaion is not dope, the table will not be paraltel to itself at different

positions resulting in an overall distortion of the map. The processes of centring and orientaion
are dependent on each other. For orientation, the table will have to be rotated about is
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vertical axis, thus disturbing the cemtring, If precise work requires that the plotted point
should be exactly over the ground poimt, repeated orientation and shifting of the whole
table are necessary. It bas beem shown in §11.9 that centring is a needless refinement
for small-scale work,

There are two main methods of oriemting the plane table :

() Orientation by means of trough compass.

(i) Orientaiton by means of backsighting.

(i) Orientation by trough compass. The compass, though less accurate, ofien proves
a valuable adjunct in emabling the rapid approximate orientation to be made prior to the
final adjusument. The plane table can be oriented by compass under the following conditions:

(@) When speed is more .-important that accuracy.

(b) When there is no second point available for orientation.

(¢) Whenthe traverseis so long that accumulated errors’ in carrying the. azimuth

forward might be greater than orientation by compass. ‘ ,

(d For approximate orientation prior to final adjustment

(¢ n cenain resection problems.

For orientation, the compass is so placed. on the plane table that the needle floats
centrally, and a fine pencil line is ruled against the long side of the box. At any other
station, where the table is to be oriented, the compass is placed apainst this line and
the table is oriented by turning it until the needle fioats centrally. The table is then clamped
in position.

(#) Orientation by back sighting. Orientation can be done precisely by sighting the
points already ploted on the sheet. Two cases may arise :

(@) When it is possible to set the plane table on the point already plotted on the
sheet by way of observation from previous station.

(b) When it is not possible to set the plane table on the point.

Case (b) presents a problem of Resection and has been dealt in § 11.6. When
conditions are as indicated in (a), the orientation is said to be dome by back sighting.

To orient the table at the next station, say 5, represemed on the paper Dy a point
b plotted by means of line ab drawn from a previous station A, the alidade is kept on
the line ba and the table is turped about its vertical axis in such a way that the
line of sight passes through the ground station A. When this is achieved, the plotted
line @b will be coinciding with the ground line AB (provided the ceniring is perfect)
and the table will be oriented. The table is then clamped in position.

The method is equivalent to that employed in azimmth traversing with the transit.
Greater precision is obtainable than with the compass, but an error in direction of a line
is transferred to succeeding lines.

Sighting the points. When once the table has been set, i.e., when. levelling, centring

‘and orientation has been dome, the points to be located are sighted through the alidade.
The alidade is kept pivoted about the plotted location of the instrument station and is turned
so that the line of sight passes or bisects the signal at the point to be plotted. A ray
is then drawn from the instrument station along the edge of the alidade. Similarly, the
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rays to other points to be sighted are drawn. The points are finally plotted on the corresponding
rays cither by way of intersection or by radiation as described in the following articles.

11.3, PRECISE PLANE TABLE EQUIPMENT

Modified versions of plane table equipment are now available, having (f) precise levelling
head (i) clamp and tangen SCTEW for exact orientation and (fi) telescopic alidade with
auto-reduction stadia system. Fig..11.6. shows the photograph of such a table, with telescopic
alidade by Fenmel-Kassel. The telescopic alidade is equipped with diagram of Hammer-Femnel
auto reduction system (see Chapteer 22) giving reduced horizontal distances and difference
of elevation directly, using Hammer-Fennel Stadia rod. In addition, the instrument is provided
with a vertical circle of glass which can be read by a screw focusing eye-piece along
with the telescope. Fig 11.7 demonstrates the field of view of the telescope as it appears
in the case of a horizontal, ascending or descending ling of sight. - ‘

FIG. 11.7. FIELD OF VIEW (FENNEL'S AUTO-REDUCTION SYSTEM)

Tl'le blade with parallel rule atachment is provided with a circular spirit level and -

a trough compass for magnetic orientation. A tubular spirit level as well as the tangent
screws are built into the pillar, assuring easy operation.

The plane table is locked to the levelling head by means of three screws. The levelling
bead is provided with clamp and tangent screw for exact orjentation. A plumbing fork
gerves precise centring. .

{1.4/ METHODS (SYSTEMS) OF PLANE TABLING
=’ Methods of plane tabling can be divided into four distinct heads :

1. Radiation. 2. Intersection. 3. Traversing. 4. Resection.

The first two methods are generally employed for locating the details while the other
wo methods are used for locating the plane table stations. -

RADIATION : : :

In this method, a ray is drawn from the instrument station towards the point, the
distance is mpasured between the instrument station and that point, and the point is located

et

by plotting to some scale %’w& Evidently, the method is more Suitable
when the distances are small (within a tape lengthy and one single instrument can control
the points to be Jetailed, The method has a wider scope if the distances are obtained
tacheometrically with the help of telescopic alidade (See chapter 22).

\'—"'—'—-_-__——-_—' . . I3
The following steps are necessary to locate the points from an instrument station
T (Fig 11.8) : ’
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1. Set the table at T, level it and €
transfer the point on to the shkeet by means
of plumbing fork, thus getting point 7 rep-

resenting 7. Clamp the table. ? P

2. Keep the alidade touching ¢ and !
sight to A. Draw the ray along the fiducial ™, E e
edge of the alidade, Similarly, sight different * H &

points B, €, D, E ew., and draw the
corresponding rays. A pin may be ipserted
at 7, and the alidade may be kept ‘touching
the pin while sighting the points.

3, Measure T4, 7B, TC, 1D, TE
etc., in the field and plot their distances
to some scale along the corresponding rays,
thus getting a, b, ¢, d, e etc. Join these
if needed.

11.5. INTERSECTION
(GRAPHIC TRIANGULATION)

(-8
[+

Intersection is resorted to when the distance between the point and the instrument

station is either too large or cannot be measured accurately due to gomeé field conditions.
The locafion_of an object is determined by sighting at the object from two plane table
stations (previously plotied) and drawing the Tays. The Tntersectiofil Of these rays will give
the position of the object. It is therefore very essential fo Bave at least (wo  imstrument
stafions To Jocate any pomt. The distance between the two instrument stations is measured
and ploted on the sheet to some scale. The line joining the two instrument stations is
known as the base line. No lineir measurement other than that of the base line is made.
The point of intersection of the two rays forms the verfex of a triangle having the two
rays as two sides and the base hme as — = :
the third line of the triangle. Due to this
reason, intersection is aiso somenmes known
as graphic iriangulation. b
Procedure (Fig. 11.9) : The fol-
" lowing is the procedure to locate the |
points by the method of intcrsection: '.
L]
1

(1) Set the table at A, level it and
transfer the point A on to the sheet by
way of plumbing fork. Clamp the table.

{(2) With the help of the trough — ‘ P
comapass, mark the nortlr direction on the
sheet,

(3} Pivoting the alidade about 4,
sight it 1o B. Measure AB and plot it

—
4
;x
.
-
.~
o
-
-
hY
-
O T memeemao o

A B
FIG. 11.9. INTERSECTION.
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along the ray to get b. The base line ab is thus drawn.

(4) Pivoting the alidade about 4, sight the details C, D, E etc, and draw corresponding
rays. )

(5) Shift the table at B and set it there. Orient the table roughly by compass and
finally by backsighting A.

(6) Pivoting the alidade about b, sight the details C, D, E etc. and draw the
corresponding rays slong the edge of the alidade to intersect with the previously drawn
rays in ¢, d, e etc. The positions of the points are thus mapped by way of intersection.

The method of intersection is mainly used for mapping details. If this is to be used
for locating a point which will be used as subsequent plane table station, the point should
be got by way of intersection of at least three or more rays. Triangles should be well
conditioned and the angle of intersection of the rays should not be less than 45° in such
cases. Graphic triangulation can also proceed without preliminary measurement of the base,
as the length of the base line influences only the scale of plotting.

11.6. TRAVERSING . *.

Plane table traverse involves the same principles as a transit traverse. At each successive
station_the is set, B foresight is taken to the following station and its location is
plotted by measuring the di ‘ance heTween. the two_stations. as-in tue radiation methodjdescribed
eariier. Hence, traversing is ‘ot much different from Tadiation 8s far as working ‘principles
are concerned — the only difference is that in the case of radiation the ohservations are
taken to those points which are to be detailed or ‘mapped while in the case of traversing
the_observations are_made to those points which will subsequently be used as instrument

stations, The methiod is ‘Widely used to lay down survey lines between the Instrument stations
of a closed or unclosedl traverse.

Procedure. (Fig.11.10)

(1) Set the table at A, Use
plumbing fork for transferring A
on to the sheet. Draw the direction
of magnetic meridian with the
help of tough compass.

(2) With the alidade pivoted
about a, sight it to B and draw
the ray. Measure AB and scale
off ab to some scale. Simitarly,
draw..a ray towards E, measure ]
AE and plot e )

(3) Shift the table o B .. 3
and set it. Orient the table ac- R B
curately by backsighting A. Clamp
the table.

(4) Pivoting the alidade A
about b, sight to C. Measure BC
and plot it on the drawn ray .

FIG. 11.10 TRAVERSING.
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to the same scale. Similarly, the table can be set at other stations and the fraverse is
completed. '
It is to be noted here that the orientation is to be done by back-sighting, If there
are n stations in a closed traverse, the table will have to be set on at least {n — 1) stations
to know the error of closure though the traverse may be closed even by sefting it on
(n - 2) stations. At any station a portion of the traverse may be checked if two or miore
of the preceding stations are visible and are not in the same straight line with the station
occupied. '
11.7. RESECTION - o

Resection is the process of determining the plotted position of the station_occupled
by the plane_1able, by means of ‘Sighis taken towards Known poinis, locations of which
have been_plotted.. | -
' The method consists in drawing two rays to the two points of known location on
the plan after the table has been oriented. The rays drawn from the unplotted locatibn

gives the required location of the instrument station. If the. thble is mot correctly oriented
at the station fo be located on the map, the intersection of the two resectors will - not
give lhicorrect location of the station. The problem, therefore, lies in orienting table' at
the statibns and can be solved by the following four methods of orientation.

()  Resection after orientation by compass.

(i) Resection after orientation by backsighting.

(i) Resection after orientation by three-point problem.

(iv) Resection afler orientation by two-point problem.

(0 Resection after orieniation by compass  A__ .. . ...cocrmmmmnn

The method is utilised only for smal-scale or
rough mapping for which the relatively large errors . ;
due to orienting with the compass needle would mot N K
impair the usefulness of the map. ‘ * s

The method is as foilows (Fig. 1i.il).

(1) Let C be the instrument station to be located
on the plan. Let 4 and B be two visible stations
. which have been plotted on the sheet as g and b.
Set the table at C and orient it with compass. Clamp
the table. |

{2) Pivoting the alidade about g, draw a resector
(ray) towards A ; simifarly, sight B from b and draw
a resector. The intersection of the two resectors will give ¢, the required point.

(i) Resection after orientation by backsighting

If the table can be oriented by backsighting along a previously plotted backsight line,
the station can be located by the intersection of the backsight line and the resector drawn
through another known point. The method is as follows (Fig. 11.12} :

Vs, 12 74
N e LM |
ki ORI i)

9]

FIG. 11.11. RESECTION AFTER
ORIENTATION BY COMPASS.

.of the station to the points of known location are called resectors, the intersection of which

' PLANE TABLE SURVEYING

(1) Let C be the station to be A 5
located on the plan and 4 and B be -
two visible points which have been plotted
on the sheet as ‘@ and b, Set the table )
at A and orient it by backsighting B v
atong ab. ' \ -

(2) Pivoting the alidade at g, sight ! %
C and draw a ray. Estimate roughly s ,
the position of C on this ray as ¢. ) #

-(3) Shift the table to C and centre | s
it approximately with respect t0 ¢;. Keep - 5
the alidade on the line ¢ @ and orient
the table by back-sight to A. Clamp the o
table which has been oriented.

(4) Pivoting the alidade about b, c‘; \ AFTER GRIENTATION .BY
sight B and draw the resector b3 to FIG. 11.12. RESECTIO! .
ingt:rsect the ray ¢;a in ¢, Thus, ¢ is BACKSIGHTING.
the location of the instrument station. :

Resection by Three-polnt Problem and Two-point Problem

Of the two methods described above, the first method is rarely used as the errors
due to local attraction etc., are inevitable. In the second method, it is necessary w© Set
the table on ome of the kmown points and draw the ray towards the station to be located.
In the more usual case in which no such ray has been drawn,.the data must consist
of either : ) e s 1

(a) Three visible points and theirplotted ™ ,,_;.r'

A
A Sf

positions (The three-point problem). W™ ey
(b) Two visible points and their plotted N o
positions (The two-point problem). LN A
11.2. THE TOREE-POINT PROBLEM N y .
Statement. Location of the position, VN ; ;
on the plan, of the station occupied by { a b 7
the pline table by means of observations ;
to three well-defined points whose positions : .
have been previously plotted on the plan.” ) a
In other words, it is required to orient A
the table at the station with respect to three =
visible points already located on the plan. \
Let P (Fig. 11.13) be the instrument station ke
and A, B, C be the points which are located Y
as @, b, c respectively on the plan. The u/
table js said to be correctly oriented at P ¢

when the three resectors through a, b and FIG. 1L.13.
CONDITION OF CORRECT ORIENTATION
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¢ meet at a point and not in a triengle. The intersection of the three resectors in a poim
gives the location of the instrument station. Thus, in three-point problem, orientation and
resection are accomplished in the same operation.

The following are some of the important methods available for the solution of the
prcblem @

(@) Mechanical Method (Tracing

Paper Method)

() Graphical Method ]

() Lehmann’s Method (Trial and Eror Method)

1. MECHANICAL METHOD ,_(Tl_!,ACING PAPER METHOD)

The method involves the use -of 2 tracing paper and is, therefore, also known as
trqcing paper method. ‘ A

Procedure (Fig. 11.14) N B

Let 4, B, C be the known points  °
and @, b, ¢ be their plotted positions. Let - o
P be the position of the instrument station iy PSR
to be located on the map. A 7

(1) Set the table on P. Orient the * iy

table approximately with eye so that ab is a b;' L e
parallel to AB. ' ol N T ".-
(2) Fix a tracing paper on the sheet o Vi I

and mark on it p' as the approximate location o
of P with the help of plumbing fork.

(3) Pivoting the alidade at p', sight 4, B,

C in turn and draw the corresponding lines p'a’, p'p* and p'c’ on the tracing paper. These
lines will not pass through @, b, and ¢ as the orientation is approximate.

(4) Loose the tracing paper and rotate it on the drawing paper in such a way that
the lines p'a’, p's’ and p'c’ pass through a, b and ¢ respectively. Transfer p' on to the
sheet and represent it as p. Remove the racing paper and join pa, pb and pec.

(5) Keep the alidade on pa. The line of sight will not pass through A as-the orientation
has not yet been corrected. To correct the orientation, loose the clamp and rotate the
. plane table so that the line of sight passes through A. Clamp the table. The table is thus
oriented.

(6) To test the orientation, keep the alidade along pb. If the orientation is correct,
the line of sight will pass through B. Similarly, the line of sight will pass through C
when the alidade is kept on pe. _

2. GRAPHICAL METHODS

There are several graphical methods available, but the method given by Bessel is
more suitable and is described first, _

Bessel's Graphical Solution (Fig. 11.13)

(1) After having set the table at station P, keep the alidade on b'a and rotate the
table so that A is bisected. Clamp the table.

FIG. 11.14.
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(2) Pivoting the alidade about b, sight to C and draw the ray

of the alidade [Fig. 11.15 (@) -
(3) Keep the alidade along ab and rotate the table till B is bisected. Clamp the table.

(4) Pivoting the alidade about a, sight to C. Draw the ray along the edge of the
alitade to intersect the ray xy in ¢ [Fig. 11.15 (®)]. Join cc'.
CR -

xy along the edge

QA
A

©

FIG. 11.15. THREE-POINT PROBLEM : BESSEL'S FAG. 11.16
METHOD.
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(5) Keep the alidade along ¢c and rotate ‘the table til C is bisected. Clamp the
table. The fable is correctly oriented [Fig. 11.15 (0)).

(6) Pivoting the alidade sbout b, sight to B. Draw the ray to intersect ¢ ¢’ in p.
Similarly, if alidade is pivoted about 4 and A is sighted, the ray will pass tbrough p
if the work is accurate. _

The points @, b, ¢’ and p form a quadrilateral and all the four points lie along
the circumference of a circle, Hence, this method is known as "Bessel's Method of Inscribed
Quadrilateral”.

In the first four steps, the sighting for orientation was done through a and b, and
rays were drawn through c. However, any two points may be used for sighting and the
rays drawn towards the third point, ‘which is then sighted in steps 5 and 6.

Alternative Graphical Solution. (Fig. 11.16)

(1) Draw a line ge perpendicutar to ab at a. Keep the alidade along ea and rotate
the plane table till A is bisected. Clamp the table. With b as centre, direct the alidade
to sight B and draw the ray be to cut ae in e [Fig. . 11.16 (a)). :

(@) Similarly, draw ¢f perpendicular to be at c. Keepsthé alidade along fc and rotate
the plane table till C is bisected. Clamp the table. '

With b as centre, direct the alidade to sight B and draw the ray bf to cut ¢f in
f [Fig. 11L.16 ().

(3) Join e and /. Using a set square, draw bp perpendicular to ef. Then p represents
on the plan the position P of the table on the ground. :

(4) To orient the table, keep the alidade along pb and rotate the plane table till
B is bisected. To check the orientation, draw rays ad, c¢C, both of which should pass

" through p, as shown in Fig. 11.16 (o).
3, LEHMANN'S METHOD - : .

We have already seen that the three-point problem lies in orienring the table ar th
point occupied by the table, In this method, the arientation is dome by trial and error

and is, therefore, also known as the trial A I P
and error method. S, o.@a.{.rcle ;
Procedure. (Refer Fig. 11.17) o A
(1) Set the table at P and orient LI
the table approximately so that ab is parallel i H \ 3
0 AB. Clamp the table. N
(2) Keep the alidsde pivoted about L
a and sight A. Draw the ray. Similarly, e c
draw rays from b and ¢ towards B and A . ':f’
C respectively. If the orientation is correct, ST,
the three rays will meet at one point. If P
not, they will meet in three points forming ep’
one small triangle of error. If'i:'r‘rg'f
(3) The triangle of error so formed

will give the idea for the further orienration. FIG. 11.17. TRIANGLE OF ERROR op.
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entation will be correct only when the triangle of error is reduced to one point.
"E:e dzneﬂl::.uo:hoose the point }' az shown. The approximate choice of the positon may
be done with the help of Lehmann’s Rules described later. .
(@ Keep the alidade slong p'a and rofate the tble to sight 4. Clamp the table.
This will give next approximate orientation (but more accurate than the previous ?ne).
(5) Keep the alidade at.b to sight B and draw the. ray. S@ﬂaﬂy. keep the ahdnlde
at ¢ and sight C. Draw the ray. These rays will again 'meet in one maugle: tl_:e. size
of which will be smalter than the previous triangle of error, if p’ has been chosen judiciously
keeping in the view the Lehmann's Rules.
" (6) Thus, by successive trial and error,
a poiat.
The final and correct position of the table will be such that the rays Aa, Bband Cc
meet in one single point, giving the point p. '
The whole problem, thus, involves a fair knowledge of Lehmann’s Rules _f?r the
approximate fixation of p' so that the triangle of error may be reduced to a mmmmm
The lines joining 4, B, C (or &, b, ¢) form a triangle' known as the Great Mgk.
Similarly, the circle passing through 4, B, C or (@, b, ¢ is known as the Great Circle.
Lehmann's Rules .‘
(1) If the station P is outside the great triangle ABC, the u'iangle. of error will
also fall outside the great triangle and the point p' should be chosen outside the tna.ng.le
of error. Similarly, if the station P is inside the great triangle, the n-ia_ngl_e of enm:-wﬂl
also be inside the great triangle and the point p’ should be chosen inside the triangle

of error (Fig. 11.18).

the triangle of error cam be reduced to

Qreat tiangle

Polnt
sought (') Trangle mosi diatant

of efror point

FG. 11.18 FIG. 11.19

(2) The point p' should be so chosen that its distance from the rays Aa, Bb, and
Cc is proportional to the distance of P from 4, B and C respectively.

(3) The point p' should be so chosen that it is to the samé side of all the three
rays Aa, Bb, and Cc. That is, if point p' is chosen to the right of the ray Aa,
it should also be to the right of Bb and Cc (Fig 11.19). . .

Though the above rules are qufficient for the location of p', the following sub-rules

may also be wuseful :

TR s S R, 11 T
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(3 a) If the point P is outside the great
circle, the position of p' should be so chosen
that the point ¢ (got by the intersection of the
two rays drawn to nearer points) is midway between
the point p and the ray to the most distant point
(Fig. 11.19).

(3 b) When P is outside the great triangle
but inside the great circle (say in ome of the
segments of great circle), the point p' must be
so chosen that the ray to middle point may lie
between p’ and the point ¢ which is the intersection
of the rays to the other two extreme points (Fig.
11.20)

Special Cases
The following are few rules for special cases:

(4a) If the positions of 4, B, C and P are such thaf,P lies on or near the side
of AC of the great iriangle, the point p’ must be so chosen that it is in between the
two paraliel rays drawn to 4 and C and to the right (or to the same side of each of
the rays) of each of the three rays to satisfy Rule 3 (Fig. 11.21).

b

FIG. 11.21. FIG. 11.22

(4b) If the point P (as in 4 a) lies on or near the prolonged line AC, the point
p' must be chosen outside the parallel rays and to the right of each-of the three rays
to satisfy both Rules 2 and 3 (Fig. 11.22).

(4c) If A, B and C happen to be in one straight line the great triamgle will be
one straight line only and the great circle will be having abc as its arc the radius of
which is infinite. In such cases, the point p' must be so chosen that the rays drawn to
the middle point is between the point p' and the point e got by the intersection of the
rays to the extreme point (Fig. 11.23).

{4d) If the positions 4, B, C and P are such that P lies on the great circle, the
point p' cannot be determined by three-point problem because three rays will intersect in
one point even when the table is not at all oriented (Fig. 11.24).
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FIG. 11.23
11.9. TWO-POINT PROBLEM o

Statement. Location of the position on the plan, of the station accup.:ed by the
plane table by means of observations 1o iwo well defined poinis whose positions have
been previously plotted on the pian." .

Let us take two points A and B, the plotted posidons. of which are known. Let
C be the point to be plotted. The whole problem is to orent the table at C.

Procedure. Refer Fig. 11.25 .

{1) Choose an auxiliary point D near C, to assist the orient.auon at C. Set the table
at D in such a way that ab is approximately parallel to AB (either by compass OT by
eye judgment). Clamp the table. o

(2) Keep the alidade at a and sight A. Draw the resector. Smu]arly,‘ draw a resector
from b and B to intersect the previous ome in d. The position of d is thus_ got, !.he
degree of accuracy of which depends upon the approximation that has been made in keeping
agb parallel to AB. Transfer the point d to the ground and drive a pcg..

(3) Keep the alidade at d and sight €. Draw the ray. Mark a point ¢, on the
ray By estimation to -Tepresent the distance Dc. .

(4) Shift the table to C, orient it (tentatively) by taking baf:ksght to D and centre
it with reference to ¢, The orientaton is, thus, (be same as i was D.

- - 5, ¢ )

FIG. 11.25. TWO-POINT PROBLEM.
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(5) Keep the alidade pivoted at g and sight it to A. Draw the ray to intersect
with the previously drawn ray from D in ¢. Thus, c is the point representing the station
C, with reference to the approximate orientation made at D,

(6) Pivoting the alidade about ¢, sight B, Draw the ray to intersect with the ray
drawn from D to B in ¥. Thus » is the approximate representation of B with respect
to the orientation made at D. '

(7) The angle between ab and ab’ is the error in orientation and must be corrected
for. In order that ab and ' may coincide (or may become parallel) keep a pole P in
line with ab' and at a great distance. Keeping the alidade along ab, rotate the table il
P is bisected. Clamp the table. The table is thus correctly. oriented. ,

(8) Afier having oriented-the” (able as above, draw a resector from & to A and
another from & to B, the intersection of which will give the position C occupied by the
table. P :

It is to be noted here that unless the point P is chosen infinitely distant, ab; and
ab’ cannot be made parallel. Since the distance of P from C is limited due to other considerations,
two-poin: problem does pot give much accurate results. At the same time, more labour
is involved because the table is also to be set on one more station to assist the orientation.

Alternative Solution of Two-point Problem (Fig. 11.26) '

(1) Select an auxiliary point D vefy rear to B and orient the table there by estimation
(making ba approximately parallel to BA).
If D is chosen in the line BA, orientation s
can be dome accurately,

(2) With b as cemtre, sight B and c
draw a ray Bb. Measure the distance BD
and plot the point 4 to the same scale to
which 2 and b have been: previously plotted.

Since the distance BD is -small, any small / i
error in orientation will not have appreciable ;
effect on the location of d* The dotted tines / N
show the first position of plane table with / ' \
approximate orientation. /

(3) Keep the alidade along da and / _ \
rotate the table to sight 4, for orientation. / |
Clamp the table. The firm lines show the / . \
second position with correct orientation. / I \

(4) With 4 as centre, draw a ray /! R e N A
towards C, the point to be actually occupied ~ \
by the plane table. N

(5) Shift the table to C and orient X
it by backsighting to D.

(6) Draw a ray to A through a, in-
tersecting the ray de in ¢. Check the orientation

FIG. 11.26. TWO-POINT PROBLEM.
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by sighting B through b. The ray Bb should pass through ¢ if the‘oriematir:tn is -correct’.l
It should be noted that the two-point resection and three point resection give bot
an orientation as well as fixing.
11.10. ERRORS IN PLANE TABLING
The degree of precision to be attained in plane tabling depends upon thed chnracﬂ
of the survey, the quality of the instrument, the system adc:pted and upon the degree o
which accuracy is deliberately sacrificed for speed. The various sources of errors may
i as : o
clasmfi:t'l Instrumental Errors : Errors due to bad quality of the instrument. This includes
ol errors described for theodolite, if telescopic alidade is used.
2. Errors of plotting. _
3. Error due to manipulation and sighting. These include :
(@) Non-horizontality of board.
(b) Defective sighting.
(¢) Defective orientation. .
(d) Movement of board between sights.
(¢) Defective or inaccurate centring. -
(a) Non-horizontality of board - . .
The effect of non-horizontality of board is more severe whep the difference in elevation
between the points sighted is more.
() Defective sighting 3 ) '
The accuracy of plang table mapping depends larg.ely upon .t.he precision with W]llc.h
points are sighted. The plain alidade with open sight is much inferior to the telescopic
slidade in the definition of the line of sight.
¢) Defective orientation -
‘(I):ientaﬁon dome with compass is unreliable, as there is every possil:u!nty ?f Io_cal
attraction, Erroneous orientation contribute towards distortion of the survey. ThJs orientation
should be checked at as many stations 2s possible by sighting distant prominent objects
already plotted.
(@ Movement of board between sights
Due to carelessness of the observer, the table may be d1sturbed betwesn any two
sights resulting in the distrbance of orientation. To red_uce the possibility of s_uch goveme;t,
the clamp should be firmly applied. .It is always advisable to check the orientation at the
end of the observation from a station.
() Inaccurate centring
It is very essential to have a proper cODCEp
by imaccurate cenfring, as it avoids unnecessary was
repeated trials. .
Let p be the plotted position of P (Fig. 11.27), while the position of exact centring
should have been p', so that linear error in centring is =e=pp' and the angular efror

in centring i3 APB -apb =(a+B).

ton of the extent of error introduced
te of time in setting up the table by
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i,

Ray due to —¥,

wrong centring %,
~,

' Ray due to —]
cofmect centring

FIG. 11.27. ERROR DUE TO WRONG:CENTRING.
Drop perpeqdicula:s from p' to ap and bp at f and g respectively. ‘
Then pf=APsina p'g=BPsinp (1)
Now i =P_:f i i 1
sin =5 = a, as a s _sm_a]] and smﬂ:%wﬁ. as B is smail

al-'th.et l.l; ﬁndfout the error in the ploting of ¢ and b. Let us say that a' and '
e positions of A and B for correct centring. Then the error in the positi
and B will be ag’ and db' respectively. posifon o 4

aa'=pa.c:t=pc:.f;—';,e mdbb':pb.ﬂ:pb.%% . ..{2)
Let pPf=pg=e metres and s= fractional scale (R.F.)
Then pa=PA. s and pb=PB. s :
Hence from (2),

" e '
aa —s.PA.PA-s.e metres and bb =s.PB.-;—B=.s.e metres.

Hence, we find that the displacement of the points i
', W points is es metres, If
mm as the unit of precision in ploting, e e 032

e.s=aa' = bb' =000025 melre

_ 0.00025 '
= metre .-(3)

0.00025
5

e

Thus, we have got an expression that the value of ¢ should be less than metre

Centring must be performed with care in large
= 1 metre, §=1/100. ge scale work. For a scale of 1 cm
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0.00025
. 1/100
which shows’ that for large scale work (such as 1 cm to 1 mefre), the maximum value
of e=2.5 cm only and cenming should be done carefully.

Let us take the case of small scale work also, such as 1 cm = 20 mewes.

=0,025 m =25 cm

e=

§= o

2000

0.00025 =05 m=>50 cm.

€= 172000

This shows that for such small scales, we can have the position of the ground points
within the limits of the board. ’

Ezample 11.1. /n setfing up the plane table at a station P the corresponding point
on the plan. was noi accurately cenired above P. If the displacement of P was 30 em
in a direction at right angles to the ray, how much on the plan would be the consequent
displacement of a point from its true position, If,

)] scale is : 1 em =100 m (i) scale is : 1 cm = 2 metres.

Solution. ‘
Caze (i) ag’ = €. 5 Tees
. _ . __ 1
Scale : 1 cm=100 m A s_——lo,OOO
ar'=e.5=3x cm =0.03 mm (negligible)
. ' ' 1

H | = H O = —

Case (ij) Scale cm 2 m S=35

e 30
aa-es—zoo—l.s mm (large).

11,11, ADVANTAGES AND DISADVANTAGES OF PLANE TABLING
Advantages
(1) The plan is drawn by the out-door surveyor himself while the country is before
his eyes, and therefore, there is no possibility of omitting the necessary MEASUrEMERtS.
(2) The surveyor cam compare plotted work with the actual feamres of the area.
(3) Since the area is in view, contour and irregular objects may be represented accurately.
(4) Direct measurements may be almost entirely dispensed with, a3 the Tinear and
angular dimensions are both to be obtained by graphial means.
(5) Notes of measurements are seldom required and the poss
booking is eliminated.
(6) It is particularly useful in magnetic areas where compass may not be used.
() It is simple and hence cheaper than the theodolite or any other type of survey.
(8 It is most suitable for small scale maps.
(9) No great skill is required to produce a satisfactory map and the work may be
entrusted to a subordimate. )

ibility of mistakes in
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Disadvantages
(1} Since notes of measurements are not recorded, it is a great inconvenience if
the map is required to be reproduced to some different scale.

(2) The plane tabling is not intended for very accurate work.
_{3) It is essentially a wopical instrument.

(4) It is most inconvenient in rainy season and in wet climate.

(5) Due to heavyness, it is inconvenient to transport,

(6) Since there are so many accessories, there is every likelihood of these being

lost. ‘
PROBLEMS

1. (a). Discuss the advantages and disadvantages of plane table surveying over other methods.

(o) Explain with skeiches, the following methods of locating a point by plane table survey.
Also discuss the relative merits and application of the following methods : .

{i) Radiation (i) Intersection .

(if) Resection. R (AM.LE)

2. Describe brefly the use of various accessories of a plane table.

3. Discuss with sketches, the various methods of orienting the plane table.

4. (n) A plane wble survey is to be carried out at a scale of 1 : 5000. Show that at
this scale, accurate cemtring of the plane table over the survey station is not necessary. Whai error
would be caused in position on a map if e point is 45 cm out of the vertical through the station?

(%) Define three-point problem and show how it may be solved by tracing paper method.
5. Describe, with the help of sketches, Lehmann’s Rules.
6. What is two-point problem ? How is it solved ?

7. What is three-point problem 7 Mow is it solved by () Bessel’s method (i) Triangle of
error method. :

8. What are the different sources of errors in plane tabling ? How are they eliminated ?
9. (a) Describe the method of orienting plane table by backsighting.
(b) Distinguish between ‘resection’ and ‘intersection’ methods as applied to plane table surveying.

(¢) How does plane table survey compare with chain surveying in point of accuracy and expediency?
(A.M.LE)

10. (4) Compare the advantages and disadvantages of planc table surveying with those of chain
surveying. :

() State three-point problem in plane tabling and describe its solution by wwial method giving

the rules which you will follow in estimating the position of the point sought. {(A.M.LE.).

12

Calculation of Area

12.1, GENERAL : .

One of the primary objects of land surveying is to determine Lhe. area of the tract
surveyed and to determine the quantities of earthwork. The area of land in plane surveying
means the area as projected on a horizontal plane. The_ units of r.neasurements of area
in English units are sq. ft or acres, while in metric umits, the Units are sq. mewes oOf
bectares. The following table gives the relation between the two systems.

TABLE 12.1. BRITISH UNITS OF SQUARE MEASURE WITH METRIC EQUIVALENTS

Sq.mile | Acres |Square chains sq}.’:;‘;:s or. | Square yards | Square feet Square links qui:'i:m
1 &40 6,400 102,400 3,097,000 - - 258.99 ha

1 10 160 4,840 43,560 100,000 | 0.40467 ha

1 16 484 4,356 10,000 | 404.67 m®

1 3025 27225 625 2529 m?

1 9 20.7 0.836 m*

1 23 929 m?

1 | 404.67 cm’

Note. The standard of square measuic is the Acre.
METRIC UNITS OF SQUARE MEASURE WITH BRITISH EQUIVALENTS

TABLE 12.1 (a)
Squur: hiii;:mzrre He;:};u;es Are(a) . Sg. (::zz;re: Sg. ce(:i:zr;ems Emnts
1 100 10,000 1,000,000 - 0.3861 sq. mile
1 100 10,000 - 2.4710 acres
1 100 1,000,000 | 10764 sq. fi.
1 10,000 | 10.764 sq. ft.
1 | 0155 sq. ft

(291)

Note. The standard of square measure is the Are.
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12.2. GENERAL METHODS OF DETERM[N'ING AREAS
The following are the general methods of calculating areas:
1. By computations based directly on field meesurements
These include :
(@) By dividing the area into a number of triangles
(5) By offsets 1o base line
(¢) By latitudes and departures :
() By double meridian distance (D.M.D. method)
(i}) By double parallel distance (D.P.D. methed)
(@ By co-ordinates, . '
2. By computation based . ;131 “fheasurements scaled from a map.
3. By mechanical method : Usnally by means of a planimeter.
12.3. AREAS COMPUTED BY SUB-DIVISION INTO TRIANGLES

In this method, the area is divided into a D
number of triangles, and the area of each triangle
is calculated. The total area of the tract will then
be equal to the sum of areas of individual triangles.
Fig. 12.1 shows an area divided into several triangles.
For field work, a transit may be set up at O, and
the lengths and directions of each of the lines OA,
OB.....eic. may be measured. The area of each trianigle
can then be computed. In addition, the sides AB,
BC.....etc. can also be measured and a check may
be applied by calculating the area from the three
known sides of a triangte. Thus, if two sides and
one included angle of 2 triangle is measured, the
area of the triangle is given by FIG. 12.1

Area= 3 absin C {12.1)

When the lengths of the three sides of a triangle are measured, its area is computed
by the equation. '

. Area= Vs(s —a)(s-b)(s-¢) ..(12.2)
where s = half perimeter = % (a+b+0o).

The method is suitable only for work of small nature where the determination of
the closing error of the figure is not important, and hence the computation of latitudes
and departure is unnecessary. The accuracy of the field work, in such cases, may bhe determined

by _measuring the diagonal in the field and comparing its length to the computed length.

2.4,/ AREAS FROM OFFSETS TO A BASE LINE : OFFSETS AT REGULAR INTERVALS

This method is,suitable for long narrow strips of land, The offsets are measured
from the boundary Ao the base line or a survey line at regular intervals. The method

can also be applied to a plotted plan from which the offsets to a line can be scaled

off. The area may be calculated by the following rules :

e
CALCULATION OF AREA
. . , . e
Mid-ordinate rule ; (i) Average ordinate 1o
(Eg) Trapezoidal rule ; (iv) Simpson’s one-third rue.

(1) MID-ORDINATE RULE (Fig 12.1)
The method is used with the
assumption that the boundaries be-
tween the extremities of the ordinates |
(or offsets) are straight lines. The E
base lipe is divided into a mnumber |
of divisions and the ordinates are 1
measured at the mid-points of each Q
division, as illustrated in Fig. 12.2. le—
The area is calculated by the
formula :
Area= A = Average ordinate x Length of base

_0+ 04Ot A Oy 40,4044 . +0)d=dZ0 .(123)
= - .

where 0., Oy... = the ordinates at the mid-points of each division
EO0=sum of the mid-ordinates : # =oumber of divisions
. L =length of base line = nd ; d = distance of each division

(2) AVERAGE ORDINATE RULE {Fig 12.3) N
. 0] - . ma
is rule also assumes that the boundaries between the _extremmes of the or
are sn?a?gl’;t lines. The offsets are measured to each of the points of the divisions of the
base line.
The area is given by 4 =Average ordinate x Length of the base

- 00+0| ...... +Qn_ L= L 0 X (124)
A 2 (n+ 1) . .

where  Op= ordinate at ome end of the base. . o
O:=ordinale at the other end of the base divided into n equal divisions.
0, Gs.... =ordiﬁam at the end of each division.

(3) TRAPEZOIDAL RULE (Fig. 12.3)

This rule is based on the as-
sumption that the figures are trape-
zoids. The rule is more accurate than
the previous two rules which are ap-
proximate versions of the trapezoidal
rule,

Referring to Fig. 12.3, the area
of the first trapezoid is given by
0+ 0,

o2 _ FIG. 123
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Similarly, the area of the second uapezoid is given by A;= OI;Ozd
Area of the last wapezoid (nth) is given by -
Oy 1+ G
| . n 12 nd

Hence the total area of the figure is given by

P Y VP O Lk WPk P PR ) B

2 2 2

or =g it 0t +04.1) -{12.5)
Equation (12.5) gives the -trapezoidal rule which may be expressed as below :
Add the gverage of the end offsets to the sum of the infermedinte offsets. Multiply

the_total sum_thus obtained by the common distance between the ordinates. to get the

required area, —
4) SIMPSON’S ONE-THIRD RULE
‘/\__/\_/\.-/—\_/'\-—-—/\_

This rule assumes that the short lengths

of boundary between the ordinates are parabolic

arcs. This method is more useful when the bound-

ary line departs considerably from the straight
line. ’

Thus, in Fig. 12.4, the area between the |D o ‘ o

line AB and the curve DFC may be considered
to be equal 1o the area of the trapezoid ABCD
plus the area of the segment between the parabolic A v! B
arc DFC and the corresponding chord DC. —d——— ¥
Let 0, ,0,, 0, = any three consecutive FI
. Y G. 124
ordinates taken at regular interval of 4. :

. GThrough F, draw a lipe EG parallel o the chord DG w cut the ordiates in &
and G.

Area of trapezoid ABCD=

O+ O
2 - 2d (1)

To calculate the area of the segment of the curve, we will utlize the property of
the pairabola that area of a segment (such as DFC) is equal to two-third the area of the
enclosing parallelogram (such as CDEG).

1
Thus, area of segment DFC=%(FH:<AB)=§-![01 - 0“; 01]2:1} w(2)

Addipg (1) and (2), we get the required area (A, ,} of first two intervals. Thus,

O+ O [O O+ 0y
. | =

z 2d+§[ 2 ]zd]=§(ou+4o.+oz) .3)

Similarly, the area of next two intervals (A, ,) is given by

.25

£7 CALCULATION OF AREA »

toe=d0: 4405+ 0) @
Area Of the last two intervals (8,1, &p) i3 given by
On-1.0= 5 (On-1+40r-1°+ 00 . (5)
Adding all these to ge&t the total area (A), we get
A=§[o.,+40,+202+403 ...... +20n-2+ 40,1+ Od)
o [2=% 100+ O+ Oyt Out ... + OB +2 (O + Ot ..Onp)) ..(12.6)

It is clear that the rule is applicable only when the mumber of divisions of the
area is even i.g., the total number of ordinates is odd. If there is an odd number of
divisions (resulting in even number of ordinates), the area of the last division must be
1 calculated separately, and added to equation 12.6.
® " Simpson’s one third rule may be stated as follows : The area is equal to the sum
of the two end ordinates plus _four_times i infermediate _ordinates
+ " twice The sum of fhe odd. intermediate ordinates the whole multiplied by one-third
the common interval betw '

i Comparison of Rules, The results obtained by the use of Simpson’s rule are in
all cases the more accurate. The results obtained by using 'Simpson’s rule .are greater O

smaller than those obtained by using the trapezoidal rule_according\as the curve of the
boundary_is ve of convex fowards_ fhe base line. In dealing with irregularly shaped

figures, the degres~of precision of either method can be increased by increasing the number
of ordinates.
./Ex/ample 12.1. The following perpendicular offsets were taken at 10 metres intervals
from a survey line to an irregular boundary line :
3.25, 5.60, 420, 6.65, 875, 620, 325 420, 5.65.

Calculare the area enclosed berween the survey line, the irregular boundary line.
and the firsi and lasi offsets, by the application of (a) average ordinate rule. (b} trapezoidal
rule, and (c) Simpson’s rule.

Solution.

(@) By average ordinate rule

From equation 12.4 (a@), we have A=;II'_—IEO

Here n=number of divisions= 8 ; n+ 1 =number of ordinates=8+1=9
L=Length of base=10x8=80 m
$0 =325+ 5.60 +4.20+ 6.65 +875+620+3.25 + 420+ 5.65=4775 m

A= %0 x 47,75 = 424.44 sq.memes = 4.2444 ares.

® By trapezoidal rule

{ O+ On
From Egq. 12.5, A":Loo

5
2 +0|+Oz+...+0n-1}d
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Here d=10 m; 0";0"=3'25;5'65=4.45 m
O+ Oy....0n-1=5.60 +4.20 +6.65 + 8.75 + 6.20 + 3.25 +4.20 =38.85 m
A=(4.45 +38.85) 10.= 433 sq. metres =4.33 ares.
(c) By Simpson’s rule
From Eq. 12.6, A=§[(Og+ On) +4(01+ Os + vooo + O} +2 (02 % Otevres + 0n -2}

Here d=10 m ; O+ 0,=325+565-89 m
4(0.+o;+ +On-1)=4 (5.60 + 6.65 +6.20 + 4,20) = 90.60
2(0:+ O+ ...0n-7)=2 (4204 875 +3.25) = 32.40

A-—(39+9060+3240) =439.67 sq. metres =4.3967 ares.

VEx{mple 122, 4 series af qﬂ&ers were taken from a chain line to a curved boundary
line at intervals of 15 metres in the following order.
0, 2.65 3.80, 3.75, 465, 3.60, 4.95 5.8 m .

Compute the area between the chain line, the cirved boundary and the emi a_ﬂfsets
by {a) average ordinate rule, (b} trapezoidal rule, and (c) Simpsen's rule.

Solution,
(@) By average ordinate rule
From Eq. 12.4 (a), we bave A=—=—20
. n+1l
Hence n=T7; n+l1=8
L=nd=7x15=105 m
TO=0+265+3.80+375+465+3.60+495+585=2025 m

8=12 %2925 38391 sq. m =381 ares,

() By frapezoidal rule
O+ O
2

+01+01+....0n-1]d

Here d=15 m ; 0";O"=°+25'55=2.925,m

0; + 014 .. 0p- 1 =2.65 + 3.80 +3.75 + 4.65 + 3.60 + 4.95 = 23.40
A=(2925+2340)15 =2394.87 5q. m =3.9487 ares.
(c) By Simpson’s rule

From equation 12.6, A=§[(Oo+ O +4 (0 + O+ ..0n-1) +2(02+ Ou+ .04 -2)]

- d_15 _
Here, 353

It will be seen that the Simpson's rule is not directly applicable here since the number
of ordinates (n) is even. However, the area between the first and seventh offsets may

From equation 12.5 A--[

im

CALCULATION OF AREA iy

be calculated by Simpson’s mule, and the area enclosed between the seventh and last offsels

may be found by the trapezoidal rule.
Thus,¢ (Oo+ On)=0+4.95=495

4(0.+03+ 0n1) =4 (2.65 + 3.75 +3.60) = 40
2(0:+ Out ..On-2)= =72 (3.80 + 4.65) = 16.90
=574.95 + 40 + 16.90) = 309.25 sq. m.

Area of the last trapezoid = (4.95 +5.85) % =81.0 sq. m.

Total area=309.25 +81.0=390.25 sq. m =3.9025 ares.

12.5. OFFSETS AT IRREGULAR INTERVALS

(@) First Method (Fig. 12.5) a ‘ 5

In this method, the area of each trapezoid
is calculated separately and then added together
to calculate the total area. Thus, from Fig,
12.5,

A=—<ol+oz)+ 2(01"' 03

1

ety — b Cp— Py ——pi— 0]

(03 + 00 {127 FG. 12.5

(b) Secand Method. By method of co-ordinates : See §12.7
Example 12.3. The following perpendicular offsets were taken from a chain line

{o an irregular boundary : \
Chainage 0 F{/ I ) 42 60 75m
Offset 15.5 26.2 31.8 25.6 29.0 31.5
Calculate the area between the chain line, the boundary and the end offsets.
Solution.

. 10-0
Area of first wapezoid =4, = (15 5+26.2)=2085 m?

(26.2 +31.8) =435 m’

Area of second trapezoid =4, =
42 25

Area of third trapezoid=A; = (31.8 + 25.6) =487.9 m’

60 (25.6 +29.0) =491.4 m’

Area of fourth trapezoid=A4=

B- 60 (29.0 +31.5) =453.7 m’

Area of fifth trapezoid:d,-

Total area= A=Ay +A1+A3+A4+As
= 208.5 + 435 + 487.9 + 491.4 + 453.7

=2076.5 m' = 20.765 ares.
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‘ V@ple 12.4. The- following -perpendicular offsets were taken from a chain line o
a hedge ; § b T A \ : 34 e - ‘

Chainage (m) —=0- .15 .--30 45
Offsets m) ~ 7.60 85 10.7 128 (]
Calculate 1he area between the survey
Trapezoidal rule (b) Simpson's nde.
Solution .
(a) By Tropezoidal rule
The interval is constant from first offset to 5th offset. There is another interval between
the Sth and 7th offset and -a third interval between 7th offset and 10th offset. The total
area A can, therefore, be divideq into three sections. %
. : A=A+ M+ A -;{_(
where Aj=area of first sec_tion © A;=area of second section
As=area of third section ; dy =interval for first section =15 m
dy = interval for second section=10 m ; dy = interval for third section =20 m

[ 7.60 + 10.6
2

Now A= +8.5+10.7+12.8 ] 15 = 616.3 m*

10.6 + 83 3
Az=(—-——+9.5} 10=1805 m

[ 8.3 +4.4
My=| ——
2
A=616.5+189.5 +413 =1219 m" = 12.19 ares.
(b} By Simpson’s Rule
The first section and the second section have odd number of ordinates, and therefore.

Simpson’s. rule i§ directly applicable. The third section has 4 ordinates (even number) :
the rule is applicable for the first three ordinates omly :

15
A= -3? [(7.60 + 10.6) + 4 (8.5 + 12.8) + 2 (10.7)] = 624 m’

+1.9 +6.‘4]20 =413 o’

Ar= % [(10.6 + 8.3) + 4 (9.5)] = 189.7 m’

Ay = 339 {83 +64)+4(7.9]+ % (6.4 +4.4)
=308.6 + 108 = 416.6 r;ﬁ ‘
.. A=624 +189.7 + 416.6 =1230.3 m'=12.303 ares.
12.6. AREA BY DOUBLE MERIDIAN DISTANCES

- This m_ethod is the one most often used for computing the area of a closed traverse.
This method is known as D.M.D. method. To calculate the area by this method, the latitudes
and departures of each line of the traverse are calculated. The traverse is then balanced.
A reference meridian is then assumed to pass through the most westerly station of the
traverse and the double meridian distances of the lines are computed.

CALCULATION OF AREA 99

MERIDIAN DISTANCES ——
oo mendidn disunce of any point in [T i
a averse is the distance of that point to_the 4172 D112 D, bie—172 D —pia—112 Dy,
reference meridian, measured at right angles to ' ;
Lhe@f’[’h’é meridian distance of a survey
line 75 defined as the meridian distance of its
mid-point. The meridian distance (abbreviated
as M.D.} is also sometimes called as the longitude.

Thus, in Fig 12.6, if the reference meridian
is chosen through the most westerly station A,
the meridian distance (represented by symbol
m) of the line AB will be equal to half its
deparrure. The meridian distance of the second
line BC will be given by

OBOOCKX

ORI X XXX
O COCPOKIE AR
Welddldlvus s Car s e e
XA AR OO,

b A hdsdddad B
Dy, D; ¢—172 D—pl—1/2 Dy— et ——p——»!
= + — — 1 1
my=m+ =ty ] 12D, 12D;)
y —
Similarly, the meridian distance of the
third line CD is given by FIG. 12.6
D: ( D3] D; Dy
= + — -_—| = —_—
my=mp+ +\ -3 m =
And, the meridian distance of the fourth (last) line DA is given by
- _&] [,P_‘]_ D Di_Ds
”"""’+[ 2 )T\ )TmT R T

Hence, the rule for the meridian distance may be stated as follows : The meridian
distance of any line is equal to the meridian distance of the preceding line plus half

the departure of the preceding line plus half the departure of the line itself.

According to the above, the meridian distance of the first line will be equal to half
its departure. In applying the rule, proper attention should be paid to the signs of the
depariures i.e., positive sign for eastern departure and neguwive sign for western deparaire.
AREA BY LATITUDES AND MERIDIAN DISTANCES

In Fig. 12.6, east-west lines are drawn from each station to the reference meridian,
thus getting triangles and trapeziums. One side of each triangle or trapezium (so formed)
will be one of the lines, the base of the triangle or trapezium will be the latifude
of the line, and the height of the triangle or trapezium will be the meridian distance
of that lmne. Thus,
area of each triangle or trapezum = latitude of the line x meridian distance of the line.
or Adi=Lixm

The latimde (L) will be taken positive if it is 2 northing, and negative if it is
a southing.

In Fig. 12.6, the area of the traverse ABCD is equal to the algebraic sum of the
areas of dDCc, CcbB, dDA and  ABb. Thus,
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A = Area of dDCc + area of cCBb — area of dDA - area of ABb
or A=Lymy+Lsmy— Lo my = Lym = ELm.

(It is to be noted that the quantities L, m, and L, m, bear negative sign since
L, and L, of DA and AB are mnegative.) .

DOUBLE MERIDIAN DISTANCE

The double meridian distance of & line is equal to the sum of the meridign distances

of the two extremities.
Thus, in Fig. 12.7, we. have :
Double meridian distance (represented by symbol M) of the first line AB is given hy
My=m of-A+i of B=0+D;=D
Similarly, if M. , M3 , Mu are the double me-
ridiap distances of the lines BC, CD and DA re- 4

. spectively, we have b
| .
My=m of B+m of C d __..__-.‘ ..... o s

=D+ (D1 +D)=M +Di +D;
=D.M.D. of AB + Departure of
AB + Departure of BC
My=m of C+m of D
= +D)+ D+ D -Dy)
=M:+D:-Ds
=D.M.D. of BC + Departure of
BC + Departure of CD
and Mi=m of D+m of A=Di+Dy-Dy) h
+OV+D-D-D)Y=My-Dy,- Dy
=DM.D. of CD + Departure of CD FIG. 1.7
+ beparre of 04
Hence, the rule for finding D.M.D. of any line may be stated as fdﬂows: “The
D.M.D. of any line is equal to the D.M.D. of the preceding line plus the departure
of the preceding line plus the departure of the line itself.”
Due attention should be paid to the sign of the departure, The D.M.D. of the first

%ine will evidently_be equal to its departure. The double meridian distance of the last line
is also equal to its departure, but this fact should be used simply as a check.

AREA BY LATITUDES AND DOUBLE MERIDIAN DISTANCES
In Fig. 12.7, the area of the traverse ABCD is given by
A=areza of dDCc+ area of CcbB —area of dDA —area of ABb

Now, area of dDCc=4(dD + ¢C) cd =5 (M3) x La

CALCULATION OF AREA n

That is, area of any triangle or tapezium = Half the product of the latide of
the line and its meridian distance.

Hence A=L(M; Ly + Ms Lo - Ma Lo - My L)
Thus, to find the area of the traverse by D.M.D. method, the following steps are
necessary :

(1) Multiply D.M.D.*of each line by its latitude.
(2) Find the algebraic sum of these products.
(3) The required area will be half the sum.

AREA FROM DEPARTURES AND TOTAL LATITUDES

From Fig. 12.8, the area {4) of ABCD is given by
A=area of ABb +area of BbcC + area of deCD + area of DdA

If L/ Ly, Ly are the total latiudes- of the ends of the lines, we get
A=L (YO - L)+ DN - L + L) + (= DLy + L)+ ¢ Dy L' + O

- YLy @+ D)+ L (= Da+D3) + L (D + D)

Note. The negative sign to the area
has no significance. .

Hence, to find the area by this method,
the following steps are mDEcessary

(1) Find the rotal latitude (L) of
each station of traverse. : AL

) Find the algebraic sum of the de-  {~_ ¢
partures of the two limes meeting at that
station,

(3) Multiply the total latitude of each

station by the corresponding algebraic sum

of the departure (found in 2). o 5 B 5
(4) Half the algebraic sum of these ' "

products gives the required area. FIG. 128

AREA BY DOUBLE PARALLEL DISTANCES AND DEPARTURES

A parallel distance of any line of a traverse is the perpendicular distance from (he
middle point of that line to a reference line (chosen to pass through most sontherly station)
at right angles to the meridian. The double parailel distance (D.P.D.) of any line is the
sum of the parallel distances of its ends. The principles of finding area by D.M.D. method
and D.P.D. method are identical. The. rules derived above may be changed to get the
corresponding rules for D.P.D. method, by substimting D.P.D. for D.M.D. and ‘departure’
for ‘latitude’. The method is employed as an independent method of checking area computed

" by D.M.D. method.
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12.7. AREA BY CO-ORDIN Y1L

Let (xlr yl): (Lb J?z)- (x‘h yi) and (x-h )'4) be
the co-ordinates of the statioms A4, B, C, D
respectively, of a traverse ABCD. If A is the bf-=--- 1
total area of the traverse, we have '

A = (Area adBb) + (Area bBCc)
- (Area cCDd) - (Area dDAg) df-----
=L {0 -y )+ G-l k)
- (4 = Y3} + 13} = On -.)'4)(11 + x4)
= 3Dnx2 - X + yales = 1) + yalxa - ¥2)
+ yafx) - x3)]

.

Y R——
- E ey ———

In general, if we have n stations, we get FIG. 12.9

/ = % [ (o2 o+ Xn) + ¥2 (6 = X0) + Y3 (e = 22} + .o+ Yalt1 = Xn - 1)] (127
xam

ple 12.5. The following table gives the corrected latitudes and departures {in metres)
of the sides of a closed traverse ABCD:

Side Latitude " Departure -
bt N s E_. C~ W
AB 108 o 4 -~
BC 15 249

D A —_123 4

D4 0 : 257

Compute its area by (i) MM}Q@_ {ii) D.M.D, method (i) Departures and total
latitudes, (iv) Co-ordinate method. ' '
Solution.
(1) By meridian distances and latitudes
Area = Z(mL)
Calculate the meridian distance of “each line. The calculations are arranged in the

tabular form \below. By the inspection of the latitudes and departures, point A is the most

westerly station. AB is taken as the first line and DA as the last line.

Line Latitude 1 =
@ s g Deparmure o Area =t
GD)

AB + 108, + 4 S 2 2 + 216
BC + 15 + 249 + 12455 128.5 + 1928
@ TR + 4 + 2 255 - 31365
DA o - 257 - 1285-, 128.5 0
' ’ Sum - 291

CALCULATION OF AREA

Total area=A = Eml =-29221 m
Since the negative sign does not have any sigmificance,
"4 The actual area=29221 m’=2.9221 hectares.

" @ By D.M.D. method : Area =4 EnmL
Line Latitude Departure D.M.D. Area = mL
)’ (1) ' (m}

AB + 108 + 4 F + 432
BC + 15 + 249 257 + 3855
7] - 123 + 4 510 - 6,730
DA 0 - 257 257 0

| Sum - 58,443

- Area=  Tml. =29221 m" =2.9221 - hectares.
(3) By Departure and total latitudes @ Let us first calculate the . total latitudes of
the point, starting with A4 as the reference point,
Thus, total latitude of B= + 108
' total latimde of C=+108 +15=+123
total latitude of D=+123-123=0
total latimde of A=0+0=0

The area= —;-E (Total latitude x algebraic sum of adjoining departures)

Line Latitude Departure Station Total Algebrale sum Double
(L (1) Latitude of adjoining area
: (L) _departares
AR + 108 + 4
B + 108 + 253 + 27,324
BC + 15 + 4%
c + 13 + 253 + 31,118
[02] - 123 + 4
. D 0 - 253 0
"DA 0 - 257
A 0 - 253 0
Sum 58,443

Area=1(58,443) m” = 29221 m’ = 2.9221 . hectares.

(4 By Co-ordinates : For calculation of area by co-ordinates, it is customary to
calculate the independent co-ordinates of all the points. This can be done by taking the
co-ordinates of A as (+100,+100). The results are tabulated below :



- parallel fines, at constant distance apart, \
_ are drawn on a tracing paper. The X
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Independent co-ordinates
Line Latitude ‘;) Depm:t) -) Station
G_J’ Cé) North (7) East (x)
4 100, 100 -
AB + 108 + 4 T
B 208 104
BC + 15" + 249
c 223. 353
CD - 123 -~ + 4. "
i - D 00| 357
DA 0 Y - 257 I
L A C10¢ 100~

Substituﬁng the values of x and y in equaton 12.7, we get '

A= % ez = ) + yales - x) + sl = 1 + yaly - 2]
- L [100(208 - 100) + 104(223 - 100) + 353(100 - 208) + 357(100 - 223))

= % (10800 + 12792 - 38124 — 43911) = - 29221 m"'t

Since the negative sign does mot bave significance, the area =2.9221 hectaes.
12.8. AREA COMPUTED FROM MAP MEASUREMENTS

(4) By sub-division of the area into. geomeiric figures

The area of the plan is sub-divided into common geometric figures, such as wriangles,
rectangles, squares, trapezoids etc. The length and latiude of each such figure is scaled
off from the map and the area is calcutated by using the usual formulae.

(b) By sub-division inte.squares : Fig. 12.i0 (@)

The ‘method Fonsists in drawing squares on a tracing paper each square representing
some definite number of square metres. The tracing paper is placed on the drawing and
the number of squares enclosed in the figure are calculated. The positions .of the fractional
squares 2t the curved toumdary ire goilmated, The lstal anel i fhe fignie will then be
equal to the total number of squares '
multiplied by the factor (i.e., sq. me- ]
tres) sepresented by each square. yd N

(¢) By division into trapezoits: AN £ \
Fig. 12.10 (b).

In this method, 2 number of

constant bétween the consecutive par- P
allel Lines represents some distance
in metwres or links, Midway between :
each pair of lines there is drawn another @ )
pair of lines in a differemt colour FIG. 12.10
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of dotted. The tracing is then placed on the drawing in such a way that the area is
exactly enclosed between two of the parallel lines, The figure is thus divided into a oumber
of strips. Assuming that the strips are either trapezoids or triangles, the area of each is
equal to the length of the mid-ordinate multiplied by the constant breadth, The mid-ordinates
of the strips are represented by tbe length of the dotted lines intercepted within the maps.
The total sum of these intercepted dotted lines is measured and multiplied by the constant
breadth to get the required drea. More accuracy will be obtained if the strips are placed

nearer.

12.9. AREA BY PLANIMETER

A planimeter is an instrument which measures the area of plan of any shape very
accurately. There are two (ypes of planimetérs: (1) Amsler Polar Planimeter, and (2) Roller
Planimeter. The polar planimeter is most commonly used and is, therefore discussed here.

Fig. 12.11 shows the essential parts of a polar planimeter. It consists of two arms
hinged at a point kmown as the pivot point. One of the two arms carries an anchor at
its end, and is kmown as the anchor amm. The length of anchor arm is generally fixed,
but in some of the planimeters a variable length of anchor ama is also provided. The
other arm carries a tracing point at its end, and is known as the tracing arm. The length

" of the tracifg arm can be varied by meass of a fixed screw and its corresponding slow

motion screw. The tracing point is moved along the boundary of the plan the area of
which is to be determined. The normal displacement of the tracing arm is measured by
mearis of a wheel whose axis is kept parallel to the wacing arm. The wheel may either
be placed between the hinge and the tracing point or is placed beyond the pivot point
away from the tracing point. The wheel carries a concentric drum which is divided into
100 divisions. A small vernier attached near the drum reads one-tenth of the drum division.

FIG. 12.11. AMSLER POLAR PLANIMETER.

1. TRACING ARM 6. WHEEL
2. ANCHOR ARM 7. GRADUATED DRUM

3. ANCHOR 8. DISC

4. TRACING POINT 9. MAGNIFIER

5. HINGE.. 10. ADJUSTING SCREW FOR |
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The complete revolutions of the wheel are read on a disc acmated by a suitable gearing
to the wheel. Thus, each reading is of four digits — the units being read on the disc,
the tenths and hundredths on the drum, and the thousandths on the vernier. In addition
1 this, a fixed index near the disc can be utilised to know the number of -the times
the zero of the disc has crossed the index.

It is clear from Fig. 12.11 that the planimeter rests on three points — the wheel,
the anchor point and the tracing point. Out of these three, the anchor poinr remains fixed
in posiion while the wheel partly rolls and partly slides as the tracing point is moved
along the boundary. Since the plane of the wheel is perpendicular to the plane of the
cenme line of the wacing arm, the 'wheel measures only normat displacement — when it
actually rolls. ' C

To find the area of the plar, the anchor point is either placed ourside the area
(if the area is small) or it is placed inside the area (if the area i3 large). A point is
then marked on the boundary of area and the tracing point kept exactly over it. The
initial reading of the wheel is then taken. The tracing point is now moved clock-wise al;')ng
the boundary tll it comes to the starting point. The final seading of the drum is taken.
The area of the figure is then calculated from the following formula : '

Area Ay =MEF-I1E10N+C)
where  F=Final reading : 7 =Initial reading

N = The number of times the zero mark of the dial passes the fixed index mark.
Use plus sign if the zero markof the dial passes the index mark in a
clockwise direction and minus sign when it passes in the anti-clockwise direction.

M=A muliiplying constant, also sometimes kmown as the planimeter constant.
It is equal to the area per revolution of the roller.

C=Constant of the insrument which when multiplied by M, gives the area
of zero circle. The copstansi C is to be added only when the anchor
point is inside the area.

It is to be noted that the tracing point is to be moved in the clockwise direction
only. Proper sign must be given io &. The proof of the above formula is given below.

THEORY OF PLANIMETER

Fig. 12.12 (a) shows the schematic diagram of polar planimeter, where
Ao= Area to be measured, the anchor point being outside the area.

L =‘Length of the tracing arm = Distance between the tracing point and the hinge.

R=Length of anchor arm = Distance between the pivot and the anchor point.
a = Distance between the wheel and the pivot, the wheel being placed between
the tracing point and pivot. -
w= Distance tolted by the roller in tracing the area.
Ag= Area swept by the tracing arm.
Fig. 12.12 (b) shows the section of the perimeter of the area. Any such movement
of the arm is equivalent to two simultaneous motons : () translation of the tracing arm
TP in parallel motion and (i) rotation of the tracing arm about the pivot. Fig. 12.12

(2.8
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(©) shows the components of the two motions separately. Thus, if the tracing arm sweeps
a very small areh dA;, such that dh is the movement in parallel direction and d9-is the
rotation, we have. ' . _
dA,= Ldh + 3 L'd8
Since the recording wheel (W) is placed in plane perpendicular to that of the tracing
arm, the wheel records only the movement perpendicular to its" axis. If dw is the distance
rolled out by the wheel in sweeping the arca dd,, we get

dw = dh + adb or  dh=dw-adé A1)
~ Substituting the value of dh in (1), we get :
dAs = L(dw - ad8) + 5 L*d0 f2)

(®

) ()

(@)

FIG. 12.12. THEORY OF PLANIMETER.

e
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When the tracing point is moved along the boundary, the arm moves downwards
along ome side of area and wpwards along the other side. Hence, the met area A, swept
by the tracing arm i3 equal to the area of the plan (4o) .

Thus do=Jadi=L faw-aL [0 +3L* [0 3
But [dw=total distance moved by the wheel =w
do=Lw-aLfao+51?fa0 (@)

Now when the anchor point is kept outside the area, the motion of the pivot is
constrained along the arc of a circle ie., it never completes one revolution about the
anchor point but simply moves along the arc in upward and downward directions so that

fa8=0 .

Hence from (4}, Ao=Lw ...(12.8)

However, if the anchor point is kept inside the area, the pivot point moves along
the circle of radius R and completes one revolution when the tracing point is brought
back to its original position after tracing the area. Hemce the quantity [do=2n .
Let Ar= Area of the plan when the anchor point i's;:kept inside the area.

Az= Area swept by the pivot.
Then, the a:eaA,=,4,+A,,=jdA,+uR‘=[Ljdw-aLIde+%L’Id9]'+ﬂR’-
= Lw— al(2x) + 4 L’@r) + ok = Lw + (L’ ~ 2aL + B .29

Thus, equation 12.8 is to be used when the anchor point is outside th€ area while
equation 12.9 is to be used when the anchor point is kept inside the area.

Now w=Total distance rolled by the wheel=nDn ...(5)
wiere D = Diameter of the wheel

n=Total change in the reading, due to the movement of the acing point
along the periphery of the area=F -7+ 10N.

Substimting the value of w in equation 129, we get the area A.
or A=LaDn+all-2al + Ry =Mn+n(l’ ~2aL +F)  ..(12.10 a)

=Mr +MC=M@n+C=MF-Tt 10N+ C) ..(12.10 b)
where M =The multiplier = LnD = Length of tracing arm x Circumference of the whesl
n({l? - 2aL + B '

M

Thus, we get equation 12.10, which was given in the earfier stage. In the above
equation C is 1o be added onby if the anchor point is inside the area.

ZERO CIRCLE

The quantity MC == (L*~24L + R?) is known as the area of the zero circle or correction

circle. The zero circle or the circle of correction is defined as the circle round the circumgerence

of which if the tracing point is moved, the wheel will simply slide (without rotation) on
the paper without any change in the reading. This is possible when the tracing -arm

€= Constant =
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is held in such a position relative to the anchor arm that the plane of the roller passes
through the anchor point i.e., the line joining the anchor point and the wheel is at righe
angles to the line joining the tracing point and the wheel.

‘/Faih of tracing point ,
74 — L————>e ¥
wr‘ b |w

kg

| AR, SRS

o q

P

{t

{a}
FIG. 12.13
In Fig. 12.13 (a), the wheel has been placed between the tracing point (T) and
the pivot (P). Let R, be the radius of the zero circle. If x is e perpendicular distance
of the wheel W from anchor 4, we get
Ro=(L-a}+2=(L-af+®-d)
=(L’+a’—2z.a+R’-a’)=(L’-zaL+R1)
And area of the zero circle = n R = n(l? - 2dL + R*)
In Fig. 12.13 (b), the wheel has been placed beyond the pivot.
Hence, Ri=(L+a}+@®-a)=L"+d +2L +R-F=[+2 +R ..(12.11 0
Area of the zero circle=a(L?+ 2aL +R?) L1241 d)
Thus, the general expression for the area of the zero circle can be written as :
" Area of the zero circle = n(l* £ 2aL + R%) ..(12.11)
Use + sign if the whee! is beyond the pivot and —sign if the wheel is beiween e
wacing point and the pivot.
To find the area.of the zero circle practically, the tracing point is traversed along
the perimeter of a figure, one with the anchor point outside the figure, and then.witlrln

the anchor point inside it.
Since the area swept is the same in both the cases, we get, from eqution 12.10 a

A=[Mn+u(L’iZaL+R’)j=Mn'
n(l?t2a + Ry =M@ - n) ' (12.12)
where n and n' are the two corresponding readings of the wheel. It is fo be noted that

n will be positive if-the area of the figure is - greater than the area of the zero circle,
while it will be negative if the area of the figure is smaller than the area of the zero

circle.

(1211 a9)
..{12.11 #)
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MULTIPLIER CONSTANT (M) -

The multiplier constant or the planimeter constant is equal to the number of uaits
of area per revolution of the roller. Numerically, it is equal to LxD . Since the diameter
of the roller or wheel is a fixed quantity, the value of M depends on L. Thus, the
length of the tracing arm is set to such a length that one revolution of the wheel corresponds
to a whole number and convenient value of area, When the figure is drawm to 2 natural
scale, and the area is desired in sq. inches, the value of M is generally kept as equal
w 10 sq. in of area.

For any other setting of the tracing arm, the value of M can be determined by
wraversing the perimeter of a figure of known'area (4), with anchor point outside the figure,
Then e '

M= Knovn? area - 'AT
n .o

It is to be noted that the vaiue of M and C depends upon the length L which
is adjustable. The manufactorers, therefore, supply a table which gives the values of L
and C for different convenient values of M. -
' The manufacturers always supply the values of the vernier setting on the .tracing
arm with the corresponding values of M and C. The following table is an extract from
the values for a typical planimeter.

where n' = Change in the wheel readings

A ¥
: Area of one revolution of
. Vernizr position the measurement wheel Constant
Scale on tracing bar M {C)
Seale Actual
1:1 33.44 100 sq. em 100 sq. cm 23.52
1:1 ! 21.58 [ 10 sg. in. 10 sq. in. 26,430
e | 26.97 I 200 s | 125 s in. 24.569
T-ad i 2697 ! 0 s £ ! 125 sq in - 24 569
| }

1350 | 21.66 | 0.4 acres 10.04 5q. in. 26,676

Thus, for full scale, value of M =10 sq. in. in F.P.S. units, and for another setting
of tracing bar, the value of M =100 sq. cm.
Example 12.6. Calculate the area of a figure from the following readings by a planimeter
with anchor point outside the figure @
Initial reading = 7.875, final reading =3.086 ; M =10 sq. in.
The zero mark on the dial passed the fixed index mark twice in the clockwise direction.
Solution. A=M{F-[+10N+C)
Since anchor point is outside, C is not to be used in the formula,
M=10; F=308 ; I=7875 ; N=+2
A=10(3.086 - 7.875 + 20) = 152.11 sq. in.
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Example 12.7. Calculate the area of a figure from the following readings recorded
by the planimeter with the anchor point inside the figure.
Inirial reading = 9.918 ; Final reading = 4.254 ; M =100sq. cm : C=23.521
It was observed that the zero mark on the dial passed the index once in the anti-clockwise
direction.

Solution
The area is given by A=MF-I£10N+C)

Here M=100 sq. cm; [=9918; F=4254; C=23.52]1 and N=-1

A =100(4.254 ~ 9.918 — 10 + 23.521) = 785.7 sq. cm,

Example 12.8. The following readings were obtained when an area was measured
by a planimeter the tracing arm being set 1o the natural scale. The initial and final readings
were 2:268 and 4.582. The zero of disc passed the index mark once in the clockwise
direction. The anchor point was inside the figure with the value of the constant C of
the instrument = 26.430.

(@) Calculate the area of the figure.

(b) If the area of the figure drawn be to a scale of I inch = 64 feet, find the
area of the figure. ‘

Soluton.

Since the tracing arm was set to the natural scale, the value of M =10 sq.. inches.

' A=M{F-T+t10N+C) :

Here F=4582: I=2268 ; N=+1,;(=26430

-~ A = 10(4.582 - 2.268 + 10 + 26.430) = 387.44 sq. inches.
The scale being 1”7 =64 fi. Hence 1 sq. in. =64 x 64 sq. fi.
64 x 64 x 387.44
43560
Example 12.9. The perimeter of a figure is traversed clockwise with the anchor poini
inside and with the iracing arm so set thai one  revolution of the roller measured 100
sq. cm on the paper. The initial and final readings are 2.828 and 9.836. The zero mark
of the disc passed the fixed index mark twice in the reverse direction. The area of the
zero circle is found to be 2352 sq. cm. Find the area of the figure.
Solution. )
The area of the figure is given by
A=Mn+n@L*-2aL + 4D

Area of field= acres = 36.39 acres.

L(12.10 @)

where w(L?-2al + 4% = Area of the zero circle =2352 sq. cm.
M=100 sq. cm.
n=F-I+10N=9.836-2.828 - 10 x2=-12992

- Substituting the values in Eq. 12.10 a, we get
A=100( - 12.992) + 2352 = - 1299.2 + 2352 = 1052.8 sq. cm.
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Example 12.10. The following observations were made with a planimeler.

Area LR, F.R. N
(I Known area of 60 sq. inches 2.326 8.286 0
(2) Unknown area 8.286 5.220 +1

The anchor poins was placed outside the figure in both the cases with the same
setting of the tracing arm. Calculate :
(I) The multiplier constant and (2) The unknown area.
Solution o
(1) The multiplier consignt (M)
A=MEF-I1+t10N)
Substituting the values, we get

60 = M (8.286 — 2.326 +0), from which M ='5—% ~10.027 sq. in.

2) The unknown area
A=M(F-1+10 Ny = 10.027 (5.220 - 8,286 + 10) = 69.80 5q. in.
Example 12.11. The following readings were obtained when an area was measured
by a planimeter, the tracing arm being so set that one revolution of the wheel measures
10 sq. inches on paper. ' '

When the anchor point was owtside, the initial and final readings were 5.286 and
1.086. The zero mark of the. dial passed the index mark once in the clockwise direction.
When the anchor point was placed inside the same figure, the initial and final readings
were 5.282 and 3.842. The zero mark of the dial passed the index mark twice in the
counter clockwise direction. '

Find the area of the zero circle.

Solution,

With the anchor poini oufside

' A=M@F-I1+10 N) = 10 (1,086 — 5.286 + 10) =58 sq.- inches.
With the anchor point inside
A=M(F-I+10N+C) ; Here 4=58 and N=-2
58=10(3.842 - 5.282 - 20 + O)
or 5.8=(-21.440 + C) from which C=3.8+21.440 =27.240
Area of zero circle=MC=27.240 x 10 =272.40 sq. in.

Example 12.12. The length of the tracing arm between the tracing point and the
hinge is 16.6 cm. The distance of the anchor point from the hinge is 22.6 cm. The diameter
of the rim of the wheel is 1.92 cm, the wheel being placed between the hinge and the
tracing point. The distance of the wheel from the hinge is 1.68 cm. Find the area of
one revolution of the measuring wheel and area of the Zero circle.

Selution.

(i) Area of ome revolution of the measuring wheel =M

= Length of tracing arm x Circumference of the wheel
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. =Lnd=16.6x7x1.92=100 cm’.
(i) Area of zero circle = @ (L* + 2La + R
Since the wheel is placed between the hinge and the tracing point, minus sign will
be used with 2La. Hence,
Area of zero circle=n(L’ - 2a+ R =n(16.6~2x 16.6x 1.68 + 2.6%) = 2290 cm’.
Example 12.13. Calculaté the area of a figure from the following readings recorded
by the planimeter with the anchor point inside the figure :
Initial reading = 2.286, final reading = 8.215
The zero of the counting disc passed the index mark twice in the counter-clockvise
direction. Since the constants of the instrumens were not available, the following observations
were also made : ‘ .
The distance of the hinge from the tracing point =4.09 "
The distance of the hinge from the anchor point =86.28"
The perimeter of the wheel =2.5"
The wheel was placed beyond the hinge at a distance of =1.22".
Solution, - :
(a) Calculation of instrumental cons
M=Length of the wacing arm x it circumference
= 4,09 x 2.5 = 10.225 in”. '
Area of zero circle = n({? + 2La+ R =n (409" +2x 4.09 x 1.2 + 6.28" =208 sq. in.
Now A=M(F—1110N+C)=M(F—IilON)+MC
= 10.225 (8.215 - 2.286 - 20) + 208 = - 143.88 + 208 = 64.12 sq. inches.

PROBLEMS

1. What is Simpson's rule 7 Derive an expression for it.
2. The following give the values in feet of the offsets taken from a chain line to an irregular

boundary :

Distance 0 50 100 150 200 250 300 350 400

Offset 10.6 15.4 20.2 18.7 16.4 20.8 224 19.3 17.6
Calculate the area in sq. yards inclided between the chain line, the irregular bonmdary and

the first and the last offset by Simpson's rule. . U.Lr)

3. The arca of a figure was measured by a planimeter with the anchor point outside the figure
and the tracing arm set to the natoral scale (M = 100 sq. cm ). The initial reading was 8.628 and fi_.nal
reading was 1.238. The zero mark of the disc passed the index mark once in the clockwise direction.
Calculate the area of the figure.

4. The roller of a planimeter recorded a reading of 1.260 revolutions in the clgckwise_direction
while the meamuring area of a rectangular plot 21 em 6 cm with the anchor point outside. With
the same seting of the wracing arm and the anchor point outside, amother figure was traversed and
the reading recorded was 2.986 revolutions in thé clockwise direction. Find the area of the figure
ifitisdrawnmascaleoflcm=20mm.
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5.Aﬁgureisuavmedclockvdscwimlheanchorpoiminsideandwimthemingarm
so set that one revoluion of the roller measures 10 sq. inches on the paper.

LR=3.009 ; F.R=8.547 respectively.

Thezemn_:a.rkofth:dischas the index mark once in the reverse direction. The
area of the zero circle is found to be 164.31 sq. inches. What is the area of the fgure ? u.p

6. Whatismeambyzcrocircle?Dmﬂbelhevaﬁousme!hodsofdeterminingitsarea.

. The wacing arm of a planimeter is so sct that one revolution of the roller corresponds 10
sq. in. A figure is traversed clockwise, first with the anchor point ocutside and then with the anchor
point inside. The observed differences in planimeter readings are 2.342 and -9.319 respectively.
Find the area of the zero circle. P

.7. Defcribe the polar planimeter and explain jts principle. The perimeter of a figure is traversed
clockwise, with thc anchor point inside and with tracing arm so set that one revolution of the roller
measures 10 sq. inches on the paper. The initial and final readings are 3.009 and 8.547 respectively.
Thezeroma.rkot'medischaspassadth:ﬁxedindexma:konceinlhemmedire’cﬁon.The
area of the zero circle is found to be 164.31 sq. inches, What is the area of the figure 7

ANSWERS

820.38 sq. yds.
261 sq. cm.
11.944 hectares
119.69 sq. inches.
116.6 sq. inches.
119.7 sq. inches.

Han e wn

13

. Measurement of Volume

13.1. GENERAL
There are three methods generally adopted for measuring the volume. They are :
() From cross-sections '
{(ip. From spot levels
(iiy From contours
“The first two methods are commonly used for the calculation of earth work while
the third method is generally adopted for the calculation of reservoir capacities.

13.2. MEASUREMENT FROM CROSS-SECTIONS
This is the most widely used method, The total volume is divided into a series
of solids by the planes of cross-sections. The fundamental solids on which measurement
is based are the prism, wedge and prismoid. The spacing of the sections depends upon
the character of the ground and the accuracy required in the measurement. The area of
the cross-section taken along the line '
are first calculated by standard formulze
developed below, and the volumes of
the prismoids between successive Cross-
sections are then calculated by either
trapezoidal formula or by prismoidal
formula.
The various cross-sections may
be classed as
(1) Level section,
(Figs. 13.1 a and 13.2)
(2) Two-level section,
(Fig. 13.1 b and 13.3)
(3) Side hill two-level section,
(Fig. 13.1 ¢ and 13.4)
(4) Three-level section,
(Figs. 13.1 4 and 13.5)
and (5) Multi-level section.
(Fig. 13.1 ¢ and 13.6)

(e)

FIG. 13.1.
(315
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General notations : Let
" b=the constant formation (or sub-grade) width.
h=the depth of cutting on the centre line.
wy and w,=the side widths, or half breadths, i.e., the horizontal distances from the
centre to the intersection of the side slopes with original ground level
By and My =the side heights, ie., the vertical distances from formation level to the
intersections of the slope with the original surface.
n horizontal to 1 vertical = inclination of the side slopes.
m horizontal to' 1 Vertical = the transverse slope of the original ground.
' A=the area of the cross-section

® L- TT
(Flg. 13.2) 6‘ F W ré‘ W P
In this case the ground is level ™ ¥ LS +
transversely. i : i
i ) ih
 hi=ha=h R . ih ih ;
W|=W2=w=%+nh / ":‘l.‘il}, E E
b (b 4
<fe(gem) : :
2+ 2+"k h [~ b - »
W(13.0) FG. 132~

TWO-LEVEL SECTION (Fig. 13.3}

Let O be the point on the centre line at which the two side slopes intersect.

Hence BH:HO ::n:1° or HO=2—1:'-

Then areaDCEBA=ADC0+AEC0—AABO=-1-{(I;+ b]w.+[h b sz-i}
Z 2 2 2n

L (b B
=-il(w1+w;)Lh+-2;J—£} .(13.2)

The above formula has been derived in terms of w; and w,;, and does not comtain
the term m. The formula is, therefore, equally applicable even if DC and CE have differemt
slopes, provided w, and w, are known. The formula can also be expressed in terms
of hl and h . Thus.

Area DCEBA = A DAH + A EBH + A DCH + A ECH
—{—h,+ h.+hwz+hw|} {(hl+hz)+h(w1+w1)} ..(13.3)

The above expression is independent of m and n. Let us now find the expression
for .wy, wy, iy and h, in terms of &, &, m and n ;
BJ =nhy (1)

Also BJ=HJ—HB=W1—% 2)
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mleg D
Also, Wy = (h: -im . (1!-)

Substituting the value of w, in (:)TWe.__g_et
b
nn = (- Rm=-% .

or h;(m—n):mh+%

b
o h1=5'—f—n(h+ﬁ]

[
Substituti.ng the value of l’:l in (), we get :
m (L)

wl——+nh1———2—+ -n m |
.(13.4) \ /
Proceeding in similar manner, it can be \‘Z /

shown that \ i

=2 -'L] 13.5 k!
e o
b, mn b
W= - ...(13.6
wd wmgrotlhogl) 09

Substituting the values of w, and w, in equation 13.2 and simplifying, we get
_mn [,, L}'_b’ (13.7)

m-n 2n IJ';
Similarly, substituting the values of w,, w, k and i in equation 13.3, we get

Area=

L Area- : +m’(bh+nh’) ..(13.8)
(r - )
3 SIDEHILLTWO-IEVEL SECTION
(Fig. 13.4)
In this case, the ground slope crosses
the formation level so that ome portion
of the area is in cuiting and the other

=

in filling. E
Now, BJ =nh, ]
: b Rt
Also, BJ=HI-HB=wi-3
s ﬂfl]:W]—% (i)
But w=M-tm .3

Solving () and (i) as before, we get
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(b o) |
""m-n[zm‘”'] ..(13.9)
b, mn b
and =24 0 | =
i 2+m—n[2m+h) .(13.10)
Let us mow derive expressions for w, and fy
[A=ﬂhz
Also W=IH-AH=w-b/2
. . b
nhy =Wy = ‘ i)
Also " wy= G+ )m )

nhy=(h+ hym-b/2  or  him-n) =% — mh

_mn (b .
Hence -2 b omn (b ' :
Wz 2+nh; 2+m—n(2m ] ...(13..12)

By inspection, it is clear that the expressions for 'w, and w, are similar ; also expression
of h, and &, are similar, except for — A in place of +4.
Now area of filling=APBE =4, (say), And, area of “cutting = APAD = A, (say).

2 2
n=temy @=L+ m){ I+ 1) =[-22—(;—i]— (13.13)
_1 1(b m (b [L""'T
and Az-i(m(m)=5[5—mh]_{ﬂ[ﬁ-h]}=%(m—_—m— ..(13.14)

(4 THREE-LEVEL SECTION (Fig. 13.5)
Let 1 in m, be the transverse slope of the ground to one side and 1 in m, be
e slope 0 the olber side of e cenire line of ibe cioss-seciion. (Fig. 13.5).
The expressions for wy, wy, & and
h, can be derived in the similar way
a; for case (2). Thus,

_mn (b

W Eﬁ(“zn] .(13.15)
_ Mmn L

“’I—M—_E[h'l'zn) ..(13.16)

h=[h+l”l]=_(’"' b

l m mn-nh+2m|)

1inm, E

"t

hy

r——————

..(13.17)
h,:(h_i"f)=_'”"__[ __"’_] Wy ———— P Wy ————H}
m/ m+n 2m
...(13.18) FIG. 13.5.

. method of calculating the area. The cross-
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The aea ABECD=A AHD + A BHE + A CDH + 4 CEH
, =-;—[(hzx%]+(hlx%)+hwz+hwi]=[%(h|+hz)+%(w|+wg)]...(13.19)

(§ MULTILEVEL SECTION (Fig. 13.6)
In the multi-level section the co- '
ordinate system provides the most general

E

0

section notes provide with x and y co-
ordinates for each vertex of the section,
the origin being at the central point (H).
The x co-ordinates are measured positive
1o the right and negative to the left of
H. Similarly, the y co-ordinates (i.e. the
heights) are measured positive for cuts
and negative for fills. In usual form, - b —
the notes are recorded as below:

h: hl h Hl Hz .
% w0 W A FIG. 13.6 |
If the co-ordinates are given proper Sign and if the co-ordinates of formation points
A and B are also included (ome at extréme left and other at extreme right), they appear
as follows : '
0k b h B H 0
TH77 —wi —w 0 +Wi W /2
There are several methods to calculate the area. In one of the methods, the opposite
algebraic sign is placed on the opposite side of each lower term. The co-ordiantes then

appear as :

0 hy I3 !1_ H! H, 0
—b/2+ -wmt -wi+t 0 +W- +W- +b/2 -
The area can now be computed by multiplying each upper term by the algebraic
sum of the two adjacent lower terms, using the signs facing the upper ierm. The algebraic
sum of these products will be double the area of the cross-section. :

Thus, we get

4 =%[hz (Fb/2—w)+h(+wm+ O HhG W W) + H 0+ W) + Ha( - Wi +b/2)
...(13.20)

For a mumerical example, see Example 13.6.

13.3. THE PRISMOIDAL FORMULA
The volumes of the prismoids between successive cross-sections are obtained either
by trapezoidal formula or by prismoidal formula. We shall first derive an expression for

prismoidal formula.

LTt §0d i T2 e

cr— t
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A prismoid is defined as a solid whose end faces lie in parallel planes and consist
of any two polygons, not necessarily of the same number of sides, the longitudinal faces
being surface extended between the end planes.

The longitudinal faces take the form
of triangles, parallelograms, or trapezium. A 7102
Let d=1length of the prismoid measured

perpendicular to the fwo end parallel
planes, .

Ay =area of cross-section of one
end plane. ‘ ,

Az =area of cross-section of the other
end plane.

M =the mid-area = the arez of the
plane midway between the end
planes and parallel to them.

In Fig. 13.7, let 4, B, C, D, be one end
plane and A, B, C, D, be another end plane
parallel to the previous one. Let PQRST
represent a plane midway between the end
faces and parallel to them. Let 4, be the
area of mid-section. Select any point O in
the plane of the mid-section and join it to
the vertices of both the end planes. The
prismoid is thus divided into a number of
pyramids, having the apex at 4 and bases FIG. 137

on end and side faces. The total volume

of the prismoid will therefore be equal to the sum of the volume of the pyramids.

Volume of pyramid 04 BCiDh =lf$1 A =%- Ad

Volume of pyramid OdsB:CiDr=3 A: d.
To find the volumes of pyramids on side faces, consider any pyramid such as OA 1B1BaAz

Is volume = 3(43\B24)) x h, where k= perpendicular distance of PT from O.
| =§(dxmb=§d(2aom=%d(aom
Similarly, volume of amother pyramid OC\D\D: on the side face = % d (AOSR).
- Total volume of lateral (side) pyramids =2 d (PQRST) =3 (4n)
Hence, total volume of the pyramid =34, d+ghd+ 2And

or V= % (dy + Az + 441 .(13.21)
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Let us’ now +talculate the volume of earth work between a mumber of sections having
area A, Az, Aveeennnns An spaced at 2 constant distance d apart. Considering the prismoid,

between firsty three sections, its volume will be, from equation 13.21,
@ Gd) (A, +4 A2+ 4s), 2d being the tength of the prismoid.

Similarly, volume of the second prismoid of leogth 24 will be
=2-6—4(A3+4A4+A5),

and volume of last prismoid of length 2d will be
=2—6£(A,,_7,+4A,._1+A,,)

Summing up, we get the total volume,

V=% [ +4A+24:+ 4 Ap. 2 Ana+4 A1+ 4] ...(13.22)

An-1) ¥ 2As + A5 An-2)]

or

This is also kuown as Sippson’s rule for volume, Here also, it is pecessary 10
have an odd number of ¢ $5-SECTions. T ihere are even number of sections, the end stip
must b treated separately, :ﬁ the volume between the remaining sections may be calculated

by primoidal formula.
13.4. TRAPEZOIDAL ¥O

This method is based on the assumption that
areas. In that case, the volume of the prismoid
LS

V=%(A, +4)
This is true only if the prismoid is composed of prisms and wedges anlj; and not
ge area of the ends ; hence

of pyramids, The mid area of a pyramid is haif the aver
yramids also) i3 over estimated, However, the method

the volume of the prismoid (having p
fficient accuracy since actual earth solid may not be

of end area may be acceped with su
exactly a prismoid. In some cases, the volume is calculated and then a correction is applied,

the correction being equal to the difference between the volume as calculated and that which
could be obtained by the use of the prismoidal formula. The correction is known as the

" prismoidal correction. _
Let us now caltculate the volume of earth work between a number of sections having

areags A;, Az.....An spaced at 2 constant distance d.

=3 [(A) + Ar} + (42 + Au..

(AVERAGE END AREA METHOD)
the mid-area is the mean of the end
of Fig. 13.7 is given by

Volume ‘between first two sections =%(A1+A'z)
Volume between next two sections=g-(A;+A.)

Volume between "last two sections =§(An-1+An)

Total volume =V=d ...(13.23)
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13.5. THE PRISMOIDAL CORRECTION (Cp)
[

As stated earlier, the prismoidal correction is the difference between the
volumes as calculated by the -afea formula and the prismoidal formula. The correction

is always subiragiive, l.e. it should be subtracted from the volume calcmlared by the end
area formula.

Let us calculate the prismoidal correction for the case when the end sections are
level sections. Let A, wy, we, By, b, etc., refer to tﬁ‘e\cq)ss-section at one end and
A wy', we' ', kY ete., to the crdss-section at the other end.

Now - A=h(+nh) aud A' =H (b + nk)

Volume by end area rule is given by

bh bhr nh! nbﬂ

d . _ | Bh bR  nk  nb"
V=5[h(b+nh)+h(b+nh')]-d[ Sttt ] ()

h+H

Again, the mid-area centre height:—T
. h+h’][ [h-ﬂr”

Mid-area —( > b+n )

Volume by prismoidal formula is given by

_d . i h+Fk n(h+h‘)]
V-E[h(b+nh)+h(b+n}:)+4[T)x[b+ 5 ]

or V=%[3bh+3bh’+2nh1+2n}1”+2nhb']
bk b0 nhh‘]
‘d[2+2+3+3+ 3
Subtracting (i}) from (), we get the prismoidal correction,
. c,,:%('h-h')2 : .{13.24)

Similarly, the 'prismoidal correction for other sections can also be derived. The standard
expression for C, are given below.

"For two-level section :
Cp= g tma = w0) (2= ) (13.25)
For side hill two-level section :

. (13]

G (cuttiug):%(w,—'wl’){(%+mh]—(~g-+ m’h’)} ...(13.26)
C, (flling)= T% (W — we) {(% - mk] - [%— m'h')} .(13.27)

For three-level section :
Cy= e (- )l + i) - (o + W, (13.28)

13.6, THE CURVATURE CORRECTION

The prismoidat and the trapezoidal formulae were derived on the assumption that
the end sections are in paralle] planes. When the cemre line of custing or an embankment
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.it i5 common practice to calculate the volume as if the end secﬁc?ns
were in parallel planes, and then apply the correction for curvamure. The standard t?xprasl.on
for various sections are given below. In some cases, the correction for curvamre is applied

to the areas of cross-sections thus getting equivalent areas and then to use the prismoidal
formula. . . _ -
® Level section : No correction is necessary since the area is symmetrical abou

the centre line. .
(i) Two-level section and three-level section :

4 wi-wf ( L ~..{13.29)
where R is the radius of the curve. .
(i) For a two-level section, the curvamire correction to the area

=% per unit length ...(13.30)

where e=the eccentricity, i.e. horizontal distance from the centre line to the
‘ wina (wi + wa)
centroid of the am=-—‘——1§—j;-—z- ...{(13.31)
ion i itive | | i f the curvature are (o
The cotrection is positive if the centroid and t!le c.eutre of the cur
the opposite side of the centre line while it is negative if the centroid and the centre
of the curvatore are to the same side of the centre line.
@) For -side hill two-level section :

Correction to area:%q per unit length ...{13.32)

1 b ..(13.33

where e=3[wl+—2—-nh} for the larger area (13.33)
and e=%_[wz+%+nh] for the smaller area 1(13.34)

./ﬁ:ple 13.1. A raitway embankmens is 10 m wide with side slopes 1o 1.
Assuming the ground o pe level in a direciion fransverse f"’ the cenfre J_fr'ne, mlcult.ue
the volume contained in a length of 120 metres, the centre heights af 20 m intervals being
in metres ‘2.2, 3.7, 3.8 40, 38 28 25

Solution.

For a level section, the area is given by 4 =(b+nh)h

Slope is 1%:1. Hence n=15

The areas at different sections will be as under : _
A =(10+15%x22)22=29.26 m? ; Az=(10+L5x3.7)3.7=51.54 m
Ay=(10 + 1.5 x 3.8) 3.8 = 59.66 m? ; Al =(10+ 1.5 x4.0)4.0 =64.00 m?
A= (10 + 1.5 x3.8)38=59.66 m” ; ds=(10+1.5%28) 2.8 =39.76 o'

and A= (10 + 1.5 x 2.5) 2.5 =34.37 m?
Volume by -trapezoidal rule is given by
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13.5. THE PRISMOIDAL CORRECTION (Cp)
e e e e e ™ et

As stated earlier, the prismoidal correction is the difference between the
volumes as calculated by the emd-irea formula and the prismoidal formula. The correction
is always sibirggve, i.e. it should be subtracted from the volume calculated by the end
area formula. .

Let us calculate the prismoidal correction for the case when the end sections are
level sections. Let A, w, wy, hy, h;, etc., refer to tl?e*-c@ss-section at one end and
A, wy', W', ', ' etc., to the cross-section at the other end.

Now ~A=h(G+nk) and A =H(b+ni)

Volume by end area mle is given by

.4 G+ = Py B B |
V—z[h(b+nh)+h(b+nh)]-d 2 + 3 + ) + ) D
h+H
Again, the mid-area centre height=—2—
+ i h+ R
Mid-area =(h—2h—J[b+n( 2 ]]
Volume by prismoidal formula is given. by
] h+ r
V=-§[h(b+nh)+h’(b+nh')+4(#)x[b+£(—~i—-h-—)-]]
or V=5‘6![3bh+3bh'+2nh1+g,y>h"+2nhrf]
bh bhr nhl nhrl nhhl:l .
-d[ 2 + 7 + 3 +T+T o (i)
Subtracting (i)} from (i), we get the prismoidal correction,
' B c,,=%(4r;-_h')2 ..(13.24)

Similarly, the .prismoidal correction for other sections can also be derived. The standard
expression for Cp; are given below. .
" For two-lTevel section :

C,=£H(W: = wy) (w1 — wy) ...(13.25)
For side Rill two-level section :
ey 4 T o
G, (cumng)=m(w,—wl){(2+mh) [2+m'h]} .{13.26)
. d NI b
Gy (hlling) = i (; - i) {(5 - mh} - [2 - )} (1327
For three-level section : )
Cp=-L(h - Bt +wa) = (wr + )] +(13.28)

13.6. THE CURVATURE CORRECTION

The prismoidal and the trapezoidal formulae were derived on the assumption that
the end sections are in parallel planes. When :the centre line of cutting or an embankment

1

1

. is ‘cyved in plan,- it is common prac

tice to calculate the volume as if the end secti9ns
the correction for curvature. The standard expression
ases, the correction for curvature is applied
lert areas and them to use the prismoidal

were in parallel planes, and then apply
for various Sections are given below. In some ¢
to the areas of cross-sections thus gettiog equiva
formula.
() Level section :
the centre line. .
(%) Two-level section and three-level section :

No comection is mecessary since the area is symmetrical about

d —b~) ...(13.29)
Cc=ﬁ(wﬁ—wf)(h+2n (;
where R is the radivs of the curve. _
(i) For a two-level section, the curvature correction to the area
.(13.30)

=%e- per unit length

¢=the ecceniricity, i.e., horizontal disrance from the
. _ wiwz (w1 + W)
centroid of the area =~z

The correction is positive if the centroid and the centre of th_e_ curvamare are to
the opposite side of the ceatre line while it is negative if the centroid and the centre

of the curvature are to the same side of the centre line.
() For .side hill two-level section :

centre line to the
...(13.31)

where

Correction to arez = %{ per unit lemgth ...(13.32)
where e= % ( w+ % - nh] for the larger area ...(13.33)
£7{13.34)

e=%[w,+%+nh] for the smaller area

and
./Egmple 131 A railway embankment is 10 m wide with side slopes @a I

[ i recii ssverse o the cemtre fine, calculate
Asswming the ground io be level in a direction framsverse ! l ;
rhs: volufnz const‘ained in a length of 120 metres, the cenre heights at 20 m intervals being

in metres 2.2, 3.7, 3.8 4.0, 38 28 2.5.

Solution, _
For a level section, the area is given by A=(+nhk -

Slope is 1i:1. Hemce n=13

The areas at different sections will be as under : _ .
A =(10+1.5x22)22=2926m" ; A=Q0+13x 3.7)3.7=57.54 m

2
As= (10 + 1.5 x 3.8) 3.8 = 59.66 m? ; Ad=(10+ 1.5 x4.0) 4.0 =64.00 mz
‘As = (10 + 1.5 x 3.8) 3.8 = 59.66 m’ ; Ae=(10+1.5x28)28= 39,76 m

Ar=(10 +1.5 x 2.5 2.5 =34.37 m?
Volume by -trapezoidal rule is given by

and
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A+A4

V:,d[ '2 "+Az+Ag+...A,,-1]
R ._[29.26+34.37

< 2

Volume by prismoidal rule is given by

+ 57.54 + 59.66 + 64.00 + 59.66 + 39.76] = 6258.9 o’

d
V= §[A, + 4+ A+ Ag+ )+ 2dy + As + e + Ang) + An]

20
= —3-[29.26 +4 (57.54 + 64.00 + 39.76) + 2 (59.66 + 59.66) + 34.37) = 6316.5 .
\ﬁ{ample 13.2_. A raitway embanionens 400 m long is 12 m wide ar the formation
level and has the side slope 2 to 1. The ground levels at every 100 m along the cenire
line are as under :
Distance 0 100 200 300 400
RL. _204.8 206.2 207.5 207.2 208.3
. The fonm_zrion level at zero chainage is 207.00 and the embankment has a rising
gradient of | in 100. The ground is level across the centre. line. Calculate the volume
of earthwork. } . - :
Solution. B "
Since the embankment level is to have a rising gradient of 1 in 100 the formation
level at every section can be easily calculated as tabulated below :@ .

Distance Ground " Formation level Depth of filling
0 24.8, 207.0« b 22
100 206.2 208.0 ~ L8
200 207.5 209.0 i 1.5
300 207.2° 210.0 28
400 . 208.3 211.0 2.1
The area of section is given by A=(d+a)h=(12+21)h ’

Ai=(124+2x22)22=3608 @ ; Az={(12+2x1.8) 1.8=28.06 o’
A3=(12+2x15)1.5=2250m’ ; As=(12+2x2.8)2:8=49.28 m’
and As=(12+2x2.7)2.7 =46.98 m’

Volume by trapezoidal rule is given by

A+A
V=d[ ‘2 "'+Ag+A3+...A,,-|]

_ 100 [ 36.08 -2l- 46.98
Volume by prismoidal rule is given by

+ 28.06 + 22.50 + 49.28 ] = 14,137 m’

=§[ (A1 + ds) + 44 + A) + 2(45) |

100
V-3 [(36.08 + 49.98) + 4(28.06 + 49.28) + (2 x 22.50) | = 14,581 m".
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\/Ex/ample 13.3. Find out the volume of earth work in a road cutting 120 metres
long from the following daa @ )

The fornlation width 10 metres ; side slopes 1 1o L éverage depth of cutting along
the centre of line 5 m ; slopes of ground in cross-section 1¢ w 1.

Solution.
The cross-sectional area,-in terms of m and n, is given by equation 13.8

n [%‘,’ + ni{bh + nk?). C 2,\@9{)
Thus, A= s
. m-n
" Here n=1;m=10 ; A=5 ; ad b=10.
1[Ef+1o’(lox5+1xs‘)
An—t =76 m’

V=AxL=7T6x120=9120 cubic metres.

Aample 13.4. A road embankment 10 m wide a the formation level. with side
slopes of 2 to 1 and with an average height of 5 m is constructed with an average
gradient 1 in 40 from contour 220 metres to 280 metres. Find the volume of earth work.

Solution.
Difference in level between both the ends of the toad
‘ = contour 280 - contour 220 =60 m

LBIJW 60 x 40 = 2400 metres.
Area of the cross-section=(b+ nh}h
Here, b=10 m ; n=2m ; h=5 m.
A=(10+2x5)5=100 sg. m.
. Volume of embankment= Length x Area = 2400 x 100 = 2,40,000 cubic metres.
Example 13.5. The following notes refer to three level cross-sections af o sections
50 metres apan. :

Station Cross-section
; 17 28 46
’ 77 0 106
2 29 37 69

89 0 129
The width of cutting ar the formation level is 12 m. Calculate the volume of cutting
between the two stations.
Solution.
The area of a three-level cross-section, from Eq. 13.19, is given by

A=|:%(W|+W2)+%(h|+hz)]

At station 1, #=12 m ; k=28 m
cw =106 m ; =46 m ; w=77m; h=17m

[ S —————r LSRRI S
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A= 3,; (10.6+7.7) + 172 (4.6 + 1.7) = 44.52 m’
At station 2, b=12 m ; h=37 m
w=129m: h=69m ; w»=89 m: h=29m
Az = 121 (12.9 + 8.9) +'14—2 (6.9 +2.9) = 69.73 m’
Volume by trapezoidal formula is given by
V=1 (44.52 + 60.73) x 50 = 2856 cubic metres.

‘To calculate the volume by prismoidal rule, let us first calculate the mid-arez by
assuming the quantities w, h etc., as the average of those at the ends. Thus, for the
mid-area, we have

2.8+37
k=12 m ; h=——2-—=3.25 m
6+ 12, . .
wFM:IlJS; h1=46.+,6,9=5.75
2 25
7.7+ 8.9 1.7+29
Wz=‘-'2_=8.3 o 1=—2—=2.3
3.25

An=22 (1175 +8.3) + 14—2 (5.75 +2.30) =56.73 m’

2
L 50 _ 3
V=2 + 4 dn+A) =7 (44.52 4+ 5673 x 4+ 69.73) = 2883 m’.

Example 13.6. 7The following are the notes for a mufti-level cross-section for a
rood, The width of the road bed is 10 m and the side slopes are 1 to 1. Calculate
the cross-sectional area.

%)
LA
(1YY

38
(1]

tn

29 2 58
5 108

~
L
~|

Solution.

If the co-ordinates are given proper sign and if the co-ordinates of the formation
points are also included (ome at extreme left and other at extreme right), they appear as
follows :

-5 -75 -5 0 +71 +108 +5

Following the method explained in § 13.6 and placing opposite algebraic sign on
the opposite side of each lower term, the notes appear as follows :

0 25 29 38 52 5.8 0
-5+ -75+ -5+ 0 +7- +108- +5-

The area can be computed by multiplying each upper term by the algebraic sum
of two adjacent lower terms, using the signs facing the upper term. The algebraic sum
of these products will be double the area of the cross-section.

Thus, we get

0 25 29 38 57 5.8 0

. 327
MEASUREMENT OF VOLUME

A=%[2.5(+5—5)+2.9(+7.5+0)+3.8(+S+7)+5.2 (+ 0 + 10.8) + 5.3(- 7+ 5)

= 110 +21.75 + 45.6 + 56.16 - 11.6) = 55.98 o

13.7. VOLUME FROM_ SPOT LEVELS _ e of st
ists in dividi to 2 num .
In this method, the field work consists In dividing the area inl I
rectangles or triangles and measuring the levels of their corners before .anc‘lc:fter th;e c;ois;u'::sﬂé
i i i omer is known.
Thus, the depth of excavation or height of filling at every C . . :
' t different elevations but he
t the four corpers of any cme squareé Of rectang]e are 2
ﬁaﬂle esamc inclined plane. Assume that it is desired to grade dqwn to a.levcl surfalzg
a certain distance below the lowest corer. The eanhstc; t(ue)]mclyI\‘rhed \:cﬂtlanbgelea abr;ga};tr:::;:m
i L

rism, with vertical edges at a, b, ¢ and d [Fig. 13.8 (a)]. 1he -
fhe horizontal projection of the upper inclined base of the prism and also the lower horizontal
base.
Let us consider the jyectangle abed of Fig. 13.8 (a). If hf" ky, h. and Ay replre:ﬁ:

the depth of excavation of the four comners, the volume of the right truncated prism

be given by

X v (h,.+fm+hc+hef]w1 ..{13.35)
= 4,
.

- averate height x the horizontal arca of the rectangle.

Similarly, let us consider the trangle abc of Fig. 13.8 (). If h, h_,, and k., _are
the depths of excavation of the three corners, the volume of the truncated triangular prism

is given by
K ve

= (average depth) X horizontal area of the miangle

...(13.36)

1a t,2 2 2 g CE
d ¢ ]
2 4 4 a 2] 3
2
4 5
2 1 e
4 3 1
7
4 3 5 3
r F] ) (I
@ s
6 2
4 ]
1 )
()

FIG. 13.8
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Volume of a group of rectangles or squares having the same area .
Let us now consider a group of rectangles of the same area, arranged as shown
in Fig. 13.8 (@). It will be scen by inspection that some of the heights are used omnce

only, some heights are common 0 two rectangles (such as at b), some heights are common -

to three rectangles (such as at g), and some heights are common to four rectangles {such
as at f). Thus, in Fig. 13.8 (4), each corper height will' be used as many times as
there are rectangles joining at the cornmer (indicated on the figure by numbers).
Let L h =the sum of the heights used once.
L hy=the sum of the heights used twice.

T hy=the sum of the heights used thrice.

% he=the sum of the heights used four times.
A = horizontal area of the cross-section of one prism.

Then, the total volume is given by

V=A (1Shy + 2Zhe + 3Eh + 4Zhy)
4 e

Volume of a proup of triangles having -equal area [Fig. 13.8 (0]

If the ground is very much undulating, the area may be divided into a oum
of triangles having equal area. In this case, some cormer heights will be used once [such
as point a of Fig. 13.8 (b)), some twice (such as at d), some thrice (such as at o),
some four times (such as at b), some five titffies (such as at ¢), some six times (such
as at f), and some seven times (such as at j). The maximum pumber of times a corwr
height can be used is eight, Thus, in Fig. 13.8 (), each corper height will be used
as many times as there are triangles joining at the corner (indicated in the figure by numbers).

Let L by =the sum of height used omce,

I ip=the sum of height used twice
L hy=the sum of height used thrice.

(13.37)

...................................................................

% hy=the sum of height used eight times.
A=area of each triangle.
The total volume of the group is given by

V= 5;;- (1Zh, + 2Ehy + 3Zhy + 4Zhy + 5Zhs + 6Zhs + TER + 8Zhy)  ...(13.38)

\/émple 13.7. A rectangular plot ABCD forms the plane of & pit excavated for
road work. E is point of intersection of the diagonals. Calculate the volume of the excavation
in cubic metres from the following data .

Point A B c - D E
Original level  45.2° 4.8 51.2 47.2 52.0
Final level 38.6. 39.8 42.6 40.8 4.5

Length of AB =50 m and BC = 80 -m.

MEASUREMENT OF VOLUME

Solution. (Fig. 13.9)
Area of each triangle = § x 50 x 40 = 1000 sq. m.
Take tlJ;ej vertices of each triangle and find the mean depth at each triangle. Thus,
Depth of cuting at ._Ar=45.2—38.6=6.6 me
Depth of cutting at B=49.8 -39.8=10.0 m+"
Depth of cutting at C=512-426=86 m "/
Depth of cutting at D=4712-408=64 m
Depth of cutting at E=520-425=95 m ,
Now volume of any truncated trianguiar prism is given by
' V= (average height) x4 =hd .
For the triangular prism ABE :
: 6.6 +10+9.5
LT

=87 m
3 .

¥, = 8.7 x 1000 = 8700 m’
From the prism BCE,

h:l"_*'“_f_*?_'i:g.mm

Vs = 9.367 x 1000 = 9367 m’

For the prsm CDE,

h=8'6+6:+9'5=8.167

FIG. 13.9.

. V, = 8.167 x 1000 = 8167 m’
For the prism DAE,
64 +6.6+95
- 3
¥, = 7.5 » 1000 = 7500 m’
Total volume=V,+ Vz+Vs+ V, = 8700 + 9367 + 8167 + 7500 =33,734 m’
Alternatively, the total volume may be obtained from equation 13.38. Thus,
..(13.38)

=75 m

=%(1th $ 25 hy + 3Ehs + ....8Ehy)
Here 1Em=0
2Ehy =2 66+10+8.6+ 64)=63.2
(Since height of every outer comer is utllised in two triangles)
3%k, 5%hs , 6Zhe , TZhy and 8Zhy are each Zero.
4Zh = 4(9.5) =38
Substituting the valugs in equation 13.38, we get
V= }%0- « (63.2 +38) = 33733
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Example 13.8. An excavation is to be made for a reservoir 20 m long 12 m wide
at the bottom, having the side of the excavation slope at 2 horizontal to 1 vertical. Calculote
the volume of excavation if the depth is 4 metres. The ground surface is level before
excavation.

Solution. .

Length of the reservoir at the top =L+2nhk =20+ (2x2x4)=36m
Width of the reservoir at the top =B8+2nh =12+ (2x2x4)=28 m

20+ 36
Length of the reservoir at mid-height = 3 =28 m
—— | A' B'i-
[ Y 3
A I B
£ E
8 am - 8
-8 m-¥le—20m —>ple-8 m-H
D y c
¢ 8m
h 2 y y
= 36 m +C
FIG. 13.10
. . I 12 +
Width of the reservoir at mid-height = 2+128 =20 m

Area of the bottom of the -reservoir=20 x 12 =240 m’
Area of the top of the reservoir =36 x 28 = 1008 m?

Area of the reservoir at mid height =28 x 20 = 560 m’ 7
Since the areas ABCD and A’B'C'D' are in parallel planes spaced 5 m part. prismoidal
formula can be used.

V=%(A|+4Am+riz)=%(240+4x560+1008)=2325mz.

Example 13.9. Calculaie the volume of the excavation shown in Fig. 1311 the
side slopes being I-;- horizontal 1o 1 vertical, and the original ground surface sloping at
I in 10 in the direction of the centre line of the excavation.

Solution.

Since no two faces are parallel, the solid is not a prismoid and hence prismoidal
formula will not be applicable. The total volume will be the sum of the vertical truncated
prisms appearing in plan as ABCD, ABFE, DCGH, ADHE and BCGF.

The depth h at the centre=5+8=6.5 m

2
The side widths w, and w, can be calculated from the formulae

g 3 MFASUREMENT OF VOLUME

Y 3

H

A D,

l————30m . >

20m

B vlv G

G
h=65 am
s5m v J
|‘_—Wl ‘.‘:: Wy g |
FIG. 13.11

k)|

by ma{y, b 130 ___|10“'5 +- 30 V=154+14d
w'=’2'+m—n("+2m)"2‘+lo-1.s 6.3. 2x10]

Horizontal breadth of the slope to the right of DC=14.1m

. b mn b _30 10x1.5( 5 10
Similarly, “”=§+m_+n["'z ]"z’+10+1.s S TIx10

- Horizontal breadth of the slope to the left of BA = 6.52 m
Prism ABCD :
Area = 30 » 20 = 600 m®
Average height=3(5+5+8+8 =65 m
Volume = 600 x 6.5 = 3900 m’
Prism ABFE .
Area = (20 + 6.52) 6.52 = 172.9 m’
Average height=1 (0 +0+5+5=25 m

Volume = 172.9 x 2.5 =432.2 m’
Prism CDHG :
Area = (20 + 14,1) 14.1 =480.8 m

Average height:%(o +0+8+8=4 m
Volume =-480.8 x 4 = 1923.2 m’

] — 15+ 6.52.
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Prisms ADHE and BCGH:

14.1+6.52 ]_ 14.1? 6_52’]
2 2 2

Area=2 [(3o+14.1 +6.52) (

=2(521.9 - 99.5 - 21.2) = 802.4 m?
Average height = % 0+0+5+8)=325 m

 Volume = 802.4 x 3.25 = 2607.8 m

Total ‘Volume = 3900 +432.2 + 1923.2 + 2607.8 = 8863.2 m’,

13.8. VOQLUME FROM CONTO LAN

As indicated in chapter 10,
the amount of earth work or vol-
ume can be calculated by the
contour plan area. There are four
distinct methods. depending upon
the type of the work.
(1) BY CROSS-SECTIONS

It was indicated in chapter
10, that with the help of the
contour plan, cross-section of the
existing ground surface can be
drawn. On the same cross-section,
the grade line of the proposed
work can be drawn and the area
of the section can be estimated
gither by ordinary methods or
with the help of a planimeter.

Thus, in Fig. 13.12 (&),
the irregular line represents the
original ground while the straight
line ab is obtained after prading, The area of cut and of fill can be found from the
cross-section. The volumes of earth work between adjacent cross-sections may be cafculated
by the use of average end areas. '

(2) BY EQUAL DEPTH CONTOURS

In this method, the contours of the finished or graded surface are drawn on the
contour map, at the same interval as that of the contours. At every point, where the
contours of the finished surface intersect a comtour of the existing surface, the cut or fill
can be found by simply subtracting the difference in elevation between the two contours.
By joining the points of equal cut or fill, a set of lines is obtained (represented by thick
lines in Fig. 13.13). These lines are the horizontal projections of lines cut from the existing
surface by planes parallel to the finished surface. The irregular area bounded by each of

FIG. 13.12

- required.
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these lines. can be determined by
the use of the planimeter. The volume
between any fwo successive areas
is determined by multiplying the av-
erage of the two areas by the depth
between them, or by prismoidal for-
mula. The sum of the volume: of
all the layers is the total volume

~ Thus, in Fig. 13.13, the
ground contours (shown by thin con-
tinuous lines) are at the interval
of 1.0 metre, On this a series of
straight, parallel and equidistant lines
(shown by broken lines) representing
a finished plape surface are drawn
at the interval of 1.0 metre. At
each point in which these two seis
of lines meet, the amount of cutting
is written. The thick continuous lines
are then drawn through the points
of equal cut thus getting the lines
of 1,2,3 and 4 metres cufting. The same procedure may be adopted if the contours of

the proposed finished surface are curved in plan.

Let 41, Aa Aseeees elc. be the areas enclosed in each of the thick lines (known
as the equal depth contours). This will be the whole area lying
within an equal-depth contour line and not that of the strip be
tween the adjacent contour lines.

FIG. 13.13

h=contour interval ; V=Total volume

Then V=E%(A.+A;) by trapezoidal formula

or = Eg- (A, + 44, + 4;) by prismoidal formula.

(3) BY HORIZONTAL PLANES

The method consists in determining the volumes of earth to be moved betwedn the
horizontal planes marked by successive contours.

Thus, in Fig. 13.14, the thin comtinuous lines represent the ground contours at 1
m interval. The straight, parallel and equidistant lies (shown by broken lines) are drawn
to represent the finished plane surface at the same interval. The point p represen the
points in which the ground contours and the grade contours of equal value intersect. By
joining the p-points the line in which the proposed surface cuts the ground is abtained,

These lines have been shown by thick lines. Along thin line no excavation or fill r's_
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necessary, but within this line, excavation
is necessary and owtside this line filling is
necessary. Thus, the extent of cutting between
17 m ground contour and the correspording

MEASUREMENT OF VOLUME 335

Taking 101 as the bottom level of the reservoir and 109 as the top level, calculate
the copacity of the reservoir.

Solution.

By trapezoidal formula,

17 m grade contour is also shown by hatched
lines. Similary, the extent of cutting between
the 16 m ground contour and the corresponding

1000 + 2512,000
V= h[A‘ ;'A" + A2+ A A,.-.]= 1 [-——2———-+ 12,800 + 95,200

+ 147,600 + 872,500 + 1350,000 + 1985,000 + 2286.000)

b 16 m grade contour is also shown by batched | -~ P P> =
| lines. Proceeding like this, we can mark ™ 2 ® 2
' the extent of earthwork between any two = 8005,600 m

corresponding  ground and grade contours f-—-------: L - By prismoidal formula

and the areas enclosed in these exents _h

can be measured by plaimeter. The volume | p ' V—E[fh +A4(Ae + A+ L) 2As + As+ L)+ Al
. Iy
can then be calculated by using end area - -;- {1000 + 4(12,800 + 147,600 + 1350,000 + 2286,000)
" P

(4) CAPACITY OF RESERVOIR o, +2(95,200 + 872,500 + 1985,000) + 2512,000]
This is a typical case of volume in -

Y . V=7,868,600 m’
which the finished surface (i.e., surface of ZGf~{----- ‘ 20 NN

p
4 water) is level surface, The volume is calculated 232 /\>\a PROBLEMS
x by assuming it as being divided up into _| X v . . . N~
“ a numbel- of horizom_l Slices by contour | A W [ PV N\ -‘-wl. 1. What is a Pmmo'd ? Derive the pmﬂldﬂ.l formula.
planes. The ground contours and the grade . 2, Derive an expression for trapezoidal formula for volume. Compare it with the prismoidal
contour, in this case, coincide. The whole gf---------2 - ° formula.
area lying within a contour line (and not 3. Explain, with the help of skeiches, the use of a comtour map for calculation of earth
i that of the strip between two adjacent contour work. :
; lines) is measured by planimeter and the 4. How do you determine (¢) the capacity of a reservoir (b) the earth work for a borrow
volume can be calculated. FIG. 13.14 pit ?
Let Ay, Ay, Ay, , An=the area of successive contours 5. (a) Calculate the volume of earth work by Prismoidal formula in a road embankment with
'? h = contour interval the following dam :
' V- capacty of ceservolr Chainage along the centre tine 0 100 200 300 400
|
| Then by iraneroidal v [ A+ Ax ] Groyad levels 220170 20290 20240 20470 206.90
y trapezoidal formulg, V=h| ———+ M+ Ayt .+ Ao Formation level ar chainage 0 is 202.30, top width is 2.00 ft side slopes are 2 to 1. The
. L B longitudinal gradient of the embarkment is 1 in 100 rising. The ground is assumed o be level
E By the prismoidal rule, V=3-[Al+4Az+2 Ay+4 As...2 Ag-2+4 An-y + 4n) all across the longitudinal section. )
f where n ig”an odd pumber. : (4} If the transverse slope of the ground at chainage 200 is assumed to be 1 in 10, find
b xample 13.10. The areas within the contour line at the site of reservoir and the area of embankment section & point
L the face of the proposed dam are as follows : 6. At every 100 fi along a piece of ground, level were taken. They were as follows :
: Contour Area (m*) Contour Area (m") Fe;t 5116'00
! 10! 1,000 106 1350,000 100 T o
103 95,200 108 2286,000 ‘ 200 T e
104 147,600 109 2512,000 400 L 240.53

05 872,500 . - : 500 . 23500
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. Acuuiggismquadeforaﬁmofu:ﬁfomgradimtpamingmrmghmeﬁ:standlast
pomgs.Whaxlsthcgmdm:?CalwlaIethcvolumeofcuﬁh:gontheassmpﬁonmmegmund
at right angles to the centre line is levelled.

Given:Bmd:hot‘formaﬁonSOfect;s!opcofﬂ:ecuﬂinginmchsidcl%tol.Useprismoidal
formmla. (U.P)
7.Acuu:ingiswbcmadedwughlhcgroundwheremecmss-slopevaricsconsid'erabl.
At 4, me_dcplhofthecutisuﬁ atthzcenne!ine.andcrossalopeisStol.AtBtge
conwpondmgﬁguresarcmfta.ndmtolanda:CMﬁandlOtoI.ABandBCarewh

100 feet, The formation width is 30 feet and the side slopes l% to 1. Calculate by the prismoidal
method the volume of the cutting in cubic yards between A and C. (U.P}

ANSWERS

5. (@) 4013 cubic yds. (}) 352.52 &q. ft.
6. 6953 cubic yds.
7. 3919 cubic yds.

14

gy

Minor Instruments

14.1, HAND LEVEL
A hand level is a simple, compact instrument used for reconnaissance and preliminary
survey, for locating comtours on the ground and for taking short cross-sections. It comsists
of a rectangular or circular tube, 10 to 15 cm long, provided with a small bubble tube
at the top. A line of sight, parallel :
to the axis of the bubble tube,
is defined by a line joining a
sin-hole at the eye end and a
borizontal wire at the object end.
In order to view the bubble tube _E,&__
at the instant the object is sighted, 5
a small opening, immediately be-
low the bubble, is provided in

the tube. The bubble is reflected :
through this opening on to 2 1. BUBBLE TUBE 3. EYE SLIT OR HOLE

mirror, which is inside the tube 3, REFLECTING MIRROR 4. CROSS-WIRE.
inclined at 45° to the axis, and
immediately under the bubble tube. The mirror occupies half the width of the tube and
the objects are sighted through the other half. The line of sight is horizontal when the
centre of the bubble appears opposite the cross-wire, or lies on a line ruled on the reflector.

To use the instrument

(i Hold the instrument in hand (preferably against a rod or staff) at the eye level
and sight the staff kept at the point to be observed.

() Raise or lower the object end of the tube till the image of the bubble seen
in the reflector is bisected by the cross-wire. .

(i) Take the staff reading against the Cross-wire.

in some of the hand levels, telescopic. line of the sipht may also be provided.

Adjustment of the hand level (Fig. 14.2) ,

To make the line of sight horizontal when the bubble is centred.

(1) Select two rigid supporis P and @ at about 20 to 30 mefres apart.

FIG. 14.1. HAND LEVEL.

337,
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(2) Hold the level at a point
A on the support at P and mark a
point D on the other support O, when
the bubble is central.

-(3) Shift the instrument to O,
hold it at the point D, centre the bubble,
and mark the point B where the line FIG. 142
of sighr strikes the first support. If
A4 and B do not coincide, the insorument requires adjustment.

(4) Select a point C midway between A and B. With the adjustment screws, raise
or lower the cross-wire Gl the line of sight bisects C.

14.2. ABNEY CLINOMETER (ABNEY LEVEL) _
Abney level is one of the various forms ‘of clinometers used for the measurement

of slopes, taking cross-sections, tracing contours, setting grades and all other rough levelling’

operations, It is a light, compact and hand instrument with low precision as compared
to engineer’s level. The abney level consists of the following (Fig. 14.3): :

(1) A square sighting tube having peep hole or eye-piece at one end and a Cross-wire
at the other -end. Near the objective end, a mirror is placed at an angle of 45° inside
the tube and occupying half the width, as in the hand level. Immediately above the mirror,
an opening is provided to receive rays from the bubble tbe placed above it. The line
of sight is defined by the line joining the peep hole and the cross-wire.

 (2) A small bubble tube, placed immediately above the openings attached to a vernier
arm, which can be rotated ecither by means of a milled headed screw or by rack and
pinion arrangement. The image of the bubble is visible in the mirror.

When the line of sight is at any inclination, the mulled-screw is operated till the
bubble is bisected by the cross-wire. The vernier is thus moved from its zero position,
the amount of movement being equal to the inclination of the line of sight.

(3) A semi-circular graduated arc is fixed in. position. The zero mark of the graduations
coincides with the zero of the vernier. The reading imcreases from 0° to 60° (or
90° ) in both the directions, ome giving the angles of elevation and the other angles of
depression. In some instru-
ments, the values of the
slopes, corresponding to
the angles, are also °
marked, The vernier is of
extended type having least
count of 5 or 10'.

If the insmument is
to be used as a hand level,
the vernier is set 10 read
zero on the graduated arc
and the level is then used
as an ordinary hand level.

FIG. 14.3. ABNEY LEVEL.
(BY COURTESY OF M/S VICKERS INSTRUMENTS LTD.}
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~The Abney level can be used for (f) measuring vertical angles, (i) measuring slope
of the ground, and (fif) tracing grade contour.

() Measurement of vertical angle

(1) Keep the instrument at eye level and direct it to the object till the line of
sight passes through it. :

(2) Since the line of sight is inclined, the bubble will go out of centre. Bring the
bubble to the cemtre of its rum by the milled-screw. When the bubble is central. the line
of sight must pass through the object.

(3) Read the angle on the arc by means of the vernier. -

() Measurement of slope of the ground ‘

(1) Take a target, having cross-masks, at observer’s eye height and keep it ar the
other end of the line.

(2) Hold the instrument at one end and direct the instrument towards the target tll
the horizontal wire coincides with the horizontal line of the target.

(3) Bring the bubble in the centre of its run.

(4) Read the angle on the arc by means of the vernier.

(fii} Tracing grade comtour : See § 10.6.

Testing and Adjustment of Abney Level :

(1) Fix two rods, having marks at equal heights & (preferably at the height of observer’s
eye), at two points P and (, about
20 to 50 metres apart.

(2) Keep the Abney level at
the point A against the rod at P
and measure the angle of elevation
a, owards the point B of the rod
Q.

(3) Shift the instrument to @,
hold it against B and sight A. Measure
the angle of depression o, _ FIG. 14.4

4 If o, and a, are equal,
the instrument is in adjustment i.e., the line of sight is parallel to the axis of the bubble
tabe when it is central and when vernier reads zero.

+
(5) If not, turn the screw so that the vernier reads the mean reading 3'_2_?_2
The bubble will o longer be central.
Bring the bubble to the centre of its run by means of its adjusting scrws. Repeat
the test tll correct.

Note. If the adjustment is oot done, the index error, equal 9‘—%-‘-!—2 . may be noted

and the comreccon may be applied to all the observed: readings.



340 SURVEYING

14.3. INDIAN PATTERN CLINOMETER (TANGENT CLINOMETER)

Indian pattern clinometer is used
for determining difference in elevation
between points and is specially adopted
to plane tabling. The clinometer is placed
on the plane table which is levelled
by estimation. The clinometer consists
of the following :

(1) A base plate carrying a small
bubble tube and a levelling screw. Thus,
the clinometer can be accurately levelled.

(2) The eye vane carrying a peep
hole. The eye vane is hinged at its
lower end to the base plate.

(3) The object vane having gradu-
ations in degrees at one side and tangent
of the angles. to the other side of the
central opening. The object vane is also
hinged at its lower end to the base
plate. A slide, provided with a small
window and horizontal wire in its middle,
can be moved up and down the object
vane by a rack and pinion fitted with .
a milled head. The line of sight is FIG. 14.5. INDIAN PATTERN CLINOMETER.
defined by the line joining the peep
hole and the horizontal wire of the stide.

When the instrument is pot in use, the vanes fold down over the base.
Tle of Indian Patfern Clinometer with Plane Table

(1) Set the plane table over the station and keep the Indian Pattern Clinometer
on it.

(2) Level the clinometer with the help of the levelling screw.

*(3) Looking through the peep hole, move the slide of the object vane till it bisects
the signal at the -other point to be sighted. It is preferable to use a signal
of the same height as that of the peep hole above the level of the plane
table station.

@) Note the reading, i.e. tangent of the angle, against the wire. Thus, the difference
in elevation between the eye and the object= distance x tangent of vertical
angle =d tana. :

The distance d between the plane table station and the object can be found from
the plan. The reduced level of the object can thus be calculated if the reduced level of
the plane table swation is known.

M1
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14.4. BUREL HAND LEVEL
(Fig. 14.6)

This cénsists of a simple frame ! FRAME
carrying a mirror and a plain glass.
The mirror extends half-way across the, > MIRROR
frame. The plain glass extends to the GLASS

other half. The frame can be suspended
vertically in gimbles. The edge of he , GmpLE

mirror forms vertical reference line. The

ins;rumem is based on the principle 5 SUPPORTING RING
that a ray of light after being reflected

back from a vertical mirror along the 6. ADJUSTING PIN
path of incidence, is horizontal. When
the instrument is suspended at eye level,
the image of the eye is visible at the
edge of the mirror, while the objects
appearing through the plain glass opposite the image of the eye are at the level of observer’s
eye. A

14.5. DE LISLE’S CLINOMETER (Fig. 14.7)

This is another form of clinometer, similar to that of ‘Burel hand level, used for
measuring the vertical angles, determining the slope of the ground, and for setting out
gradients. This consists of the following :

(1) A simple frame, similar to that of a Burel level, carrying .a mirror extending
half-way across the frame, the objects being sighted through the other half which is open.
The frame can be suspended in gimbles.

The edge of the mirror forms
a vertical reference line. 1. GIMBLE

(2) A heavy semi-circular arc is
attached to the lower end of the frame. 2. SUPPORTING RING
The arc is graduated in gradients or
sIopmfromlinStolinSO.The 3. MIRROR
arc is attached to the vertical axis so -
that it may be revolved to bring the
arc towards the observer {i.e. forward)
to measure the rising gradients or away
from the observer to measure the falling > ARM
gradients.

(3) A radial arm is fitted to the & SLIDING WEIGHT
centre of the arc. The arm consists of -
a bevelled edge which acts as index.
By moving the arm along the arc, the
mirror can be inclined to the vertical.
The inclination to the horizontal of the

FIG. 14.6. BUREL HAND LEVEL

4. GRADUATED ARC

FIG. 14.7. DB LISLE'S CLINOMETER.
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line from the eye to the point at which it appears in the mirror equals the inclination
of the mirror to the vertical. The arm also carries a sliding weight. When the weight
is' moved to the outer stop (at the end of the arm), it counter balances the weight of
the arc in horizontal position and makes the mirror vertical. To make the line of the
sight horizontal, the weight is slided to the outer slope and the radial arm is turned back
to its fullest extent. :

To measure a gradient ;

(1) Slide the weight to the inner stop of the amm. The arc should be turned forward
for rising gradients and backward for falling gradients.

(2) Suspend the jnstrument from die thumb and hold it at amn’s length in such
a position that the observer sees the reflected image of his eye at the edge of the mirror.

(3) Move the radial arm till the object sighted through the open half of the frame
is coincident with the reflection of the eye. Note the reading on the arc against the bevelled
edge of the arm. The reading obtained will be in the form of gradient which can be
converted into degrees if so required. X

For better results, a vane or taxget of height equal to the height of observer’s eye
must be placed at the object and sighted. )

A similar procedure is adopted to set a point on a given gradient. say 1 in n
The arm is set on the reading 1 in n. The arc should be turned forward for rising gradients
and backward for the falling pradients. A peg is driven at the other end of the line and
a vane, equal to the height of observer's eye: is kept there, The instrument man then
sights the vane and signals the assistant, holding the vame at the other end. to raise or
lower the vame till it is seen coincident with the reflection of the eye in the mirror. The
peg is then driven in or out till its top is at the level of the bottom of the vane.

14.6. FOOT-RULE CLINOMETER (Fig. 14.8)

A foot-rule clinometer consists of a box
wood rule having two arms hinged to each .
other at one end, with a small bubble tube : =8
on each arm. The upper arm or part also carries - g
a pair of sights through which the object can .
be sighted. A praduated arc is also attached
to the hinge. and angles of elevations and de-
pressions can be measured on it. A small compass @
is also recessed in the lower arm for taking
bearings. FIG. 14.8. FOOT-RULE CLINOMETER.

To sight an object, the instrument is held
firmly against a rod, with the bubble central in the lower arm. The upper atm is then
raised till the line of sight passes through the object. The reading is then taken on the
arc.

Another common method of using the clinometer is to keep the lower arm on a
straight edge laid on the slope to be measured. The rule is then opened untl the bubble
of the upper arm is central. The reading is then noted.

- glides along the tube by a suitable rack and
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14.7. CEYLON GHAT TRACER

(Fig. 14.9)

It is a very useful instrument for setting
out gradients. It essentialty consists of a long
circular tube having a peep hole at one end
and cross-wires at the other ends. The tube
is supported by a A-frame having a hole
at its top to fix the instrument to a straight
rod or stand. The tube is also engraved to
give readings of gradients. A heavy weight

pinion arrangement. The weight, at its top,
contains one bevelled edge which slides along
the graduations of the bar, and serves as
an index. The line of sight is defined by
the line joining the hole to the intersection
of the cross-wires and its prolongation. When
the bevelled edge of the weight is against
the zero reading, the line of sight is horizontal.
For the elevated gradients, the weight is slided
towards the observer. For falling gradients,
the weight is slided away from the observer. 1. TUBE

(a) To measure a slope " 3. SLIDING WEIGHT 4. RACK

1. Fix the instrument on to the stand 5. A-FRAME 6. SUPPORTING HOLE
and hold it to one end of the line. Keep 7. STAND 8. VANE OR TARGET.
the target at the other ead.

2. Looking through the eye hole, move the sliding weight till the line of sight passes
through the cross mark of the sight vane. :

3. The reading against the bevelled edge of the weight will give the gradient of
the line.

() To set out a gradient

1. Hold the instrument at one end.

2. Send the assistant at the other end with the target.

3. Slide the weight to set ittothe given gradient, say 1 in .

4. Direct the assistant to raise or lower the target till it is bisected.

Drive a peg at the other end so that the top of the peg is at the same level as
that the bottom of the target.
14.8. FENNEL’S CLINOMETER

It is a precise clinometer for the measurement of slopes. It consists of the following
parts (Fig. 14.11) :

1. A telescope for providing line of sight.

2. Two plate levels for checking horizontality of the holding staff.

FIG. 14.9. CEYLON GHAT TRACER.

2. GRADUATIONS



3. A vertical arc which rotates or tilts
along with the tlting of the telescope.
4. A holding staff. -

and 5. A target mounted on a holding staff B,
of the same height. g (i
This instrument is specially designed for (&) Fiekd of view b) Signat

finding the lines of highways with a predetermined

percentage inclination (i.e. percentage slope) and

for derermination of the percentage amount of

inclination of existing highways. It has.a vertical

arc allowing to read slopes upto *40% with FG. 14.10
graduation t0 0.5 % thus making sure estimation

o 0.1% ' '
The design of the telescope, when inclined, admits the sighted object, the diaphragm
with stadia lines and the first spirit level running parallel to the vertical arc can be simultaneously
seen in the telescope [Fig. 14.10 (a)]. A second spirit level likewise is parallel to 'the
tilting axis. ) ’
14.9. THE PANTAGRAFPH (Fig 14.12)

A pantagraph is an instrument
used for reproducing, enlarging or re-
ducing the maps. It is based on the
principle of similar triangles. It consists
of two long bars AB and AD hinged
together at 4 and supported on castors
or rollers at B and D. Two short
arms EF and GF are hinged together
at F and are connected to AD and
AB at E and G respectively. Thus
AGFE is a parallelogram of equal sides
for all positions of the instrument. The
long bar AD carries a movable tubular frame which can be slided along it. The sliding
frame carries an index and also a heavy weight Q which forms the vertical axis of the
instrument; the whole instrument moves about the point Q. The bar EF carries a penci
point P atiached to a carrier which can also be set to a desired reading on the bar EF,
The longer arm AB carries tracing point at the end B. For any setting of the instrument,
the point B, P and Q are in a straight line. The original map is kept at B and is traced.
Correspondingly, the pencil point P also moves, but the point Q remains fixed in position.
Thus, if B is moved straight by an amount BB’, the point P moves 10 P’ the ratio
between BB’ and PP’ being equal to the ratio of reduction. For any position of the tracing
point, the points ‘B, P'and @ are always in a straight line.

If it is desired to enlarge the map, the pencil point is kept at B, the tracing poimt
at P and the map under the point P. The moving frames at 0 and P are set to the
same reading equal to the ratio’ of enlargement. The pencil can be raised off the paper,

FIG. 14.12

" can be operated by means of a milled
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by means of a cord passing from the pencil tound the instrument to the tracing point,
if. so required.
14.10. THE SEXTANT

The distinguishing feature of the sextant is the arrangement of mirrors which enables
the observer to sight at two different objects simultaneously, and thus to measure an angle
in a single observation. A sextanf may
be used to measure horizontal angle.
It can also be used to measure vertical
angles. Essentially, therefore, a sextant
consists of fixed glass (H) which is
silvered to haif the height while the
upper helf is plain. Another glass (P)
is attached to a movable arm which

head. The movable arm also carries
a vernier at the other end. The operation
of the sextant depends on bringing the
image of one point (R), after suitable
reflection in two mirrors, into contact
with the image of a second point Ly
which is viewed direct, by moving the
movable mirror (P). Since the vernier
and the movable mirror are attached
to the.same arm, the movement of
the vernier from the zero position gives FIG. 14.13. OPTICAL DIAGRAM OF A SEXTANT.
the required angle subtended by the ‘

two objects at the instrument station.

The sextont is based on the principle that when a ray of light is reflected successively
from two mirrors, the angle between the first and last directions of ray is twice the angle
berween the planes of the two mirrors.

Thus, in Fig 14.13, H is the fixed glass (also kmown as the horizon glasg) and
P is the index glass or the movable glass. Let the angle between the planes of two glasses
be o when the image of the object R has been, after double reflection, brought in the
same vertical. line as that of the object L viewed directly through the unsilvered portion
of the glass H. Let the rays from both the objects subtend an angle B. PI is the index
arm pivoted at P.

Since the angle of incidence is equal to the angle of reflection, we have

LA=d"; £B=LF

or o¢=2A-/B {exterior angle)
p=AA+AA’—(LB+£B')=2LA—248=2(£A-£B)=2a
_B '
or a=3
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Hence the angle between the mirrors is equal to half the actual angle between two
objects. While constructing the sextant, the plane of mirror P is so adjusted that it is
parallel to the mirror H when the index reads zero. The movement of the mirror P is
equal to the movement of the vernier. The scale is rumbered in values equal to twice
the actual amgle so that actual ample between the chiecte e read directly.

Optical Requirements of the Sextant

1. The two mirrors should be perpendicular to the plane of the graduated arc.

2. When the two, mirrors are parallel, the reading on the index should be zero,

3. The optical axis should be parallel to the plane of the graduated arc and pass
through the top of the horizon mirror. If only a peep sight is provided in place of telescope,

“the peep sight should be at the same distance above the arc as the top of the mirror.

There are mainly three types of sextants :

(1) Box Sextant

(2) Nautical Sextant .

(3) Sounding Sextant.

(@) Nautical Sextant ;

A nautical sextant s specially designed for navigation and astronomical purposes
and is fairly large instrument with a graduated silver arc of about 15 to 20 cm radius
let into a gun metal casting carrying the main parts. With the help of the vernier attached
to the index mirror, readings can be taken to 20"or 10". A sounding sextani is also
very similar to the nautical sextant, with a large index glass to allow for the difficulty
of sighting an object from a small rocking boat in hydrographic survey. Fig. 14.14 shows
a nautical sextant by U.S. Navy.

(5) Box Sextant ‘

The box sextant is small pocket instrument used for measuring horizontal and vertical
angles, measuring chain angles and locating inaccessible points, By setting the vernier to
90°, it may be used as an optical square. Fig. 14.15 shows a box sextant.

A box sextant consists of the
following parts :

(1} A circular box about 8 cm
in diameter and 4 cm high.

(2) A fixed horizon glass, sil-
vered at lower half and plain at upper
half,

(3} A movable index glass fully
silvered.

(4) An index arm pivoted at
the index glass and carrying a vernier
at the other end.

(5) An adjustable magnifying
glass, to read the angle.

FIG. 14.15. BOX SEXTANT.
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(6) A milled-headed screw to rotate the index glass and Ehe indeJE a.rm

() An eye hole or peep pole or a telescope for long distance sighting.

(8) A phir of coloured glasses for use in bright sun.

(9) A slot in the side of the box for the object to be sighted.

Measurement of Horizontal Angle with Box Sextant

1. Hold the instument iw the right hand and bring the plane of the graduated arc
into the plane of the eye and the two points to be observed. .

2. Look through the eye hole at the left hand object through the lower unsilvered
portion of the horizon glass. .

3. Turn the milled-headed screw slowly so that the imape of the right-hand object,
after double reflection, is coincident with the lefi-hand object ; view directly .througtt the
upper half of the horizon glass. Clamp the vernier. If a slow motion screw is provided,
bring the images of object into exact coincidence.

The reading on the vernier gives directly the angle.

Note. The vertex (V) of an angle measured is not exactly at the eye but at the

intersection of the two lines of sight which, for small angles, is comsiderably behind the

eye. For this reason, there may be an appreciable error in the measurement of the angles
less than, say, 15°

Measurement of Vertical Angle with Sextant o

Vertical angles may be measured by holding the sextant so that its a:c_hes in a
vertical plane. If it is required to measure the vertical angle 'betwee_n two points, view
the lower object directly, and wm the milled headed screw until the image of the higher
object appears coincident with the lower one.

Permanent Adjustments of a Sextant

A sextant requires the following four adjustments :

(1) To make the index glass perpendicular to the plane of the graduated arc.

(2) To make the horizon glass perpendicular to the plane of graduated arc.

(3) To make the line of sight parallel to the plane of the graduated arc. _

(@) To make the horizon mirror parallel to the-index.mjrror when the vernier

is set at zero (f.e. to eliminate any index correction).

In a box sextant, the index glass is permanently fixed at right fmgles to the plane
of the instrument by the maker. Also, no provision is made for adjustment 3. Hence,
only adjustlilems 2 and 4 are made for a box sextan.

Adjustment 2 : Adjustment of horizon glass .

(i) Set the vernier at approximately zero and atm at some well-defined distant

point like a star, with the arc vertical. . -

(i) Move the index arm back and forth slightly. The image of the star will

move up and down. .

(i) Adjust the horizon mirror by filting it forward_ or ba_xckwarfi unt}l, _when.the

index arm is moved, the image of the swr, In passing will coincide with

the star itself.
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Adjustment 4 : Elimingtion of index error
() Bring the direct and reflected image of a distant point into coincidence.
If the vemier does mot read zero, the error is called the index error.
(i) Correct the error by turning the horizon glass around an axis perpendicular
to the plane of the graduated arc.
If the index error is not large, it is customary pot to correct the error, but to
apply the correction to the observed readings. An index error should, however, be determined
from time to time.

15

_ Trigonometrical Levelling

15.1. INTRODUCTION

Trigonometrical levelling is the process of determining the differences of elevations
of stations from observed vertical angles and known distances, which are assumed to be
either horizontal or geodetic lengths at mean sea level, The vertical angles may be measured
by means of an accurate theodolite and the horizontal distances may either be measured
(in the case of plane surveying) or computed (in the case of geodetic observations).

We shall discuss the trigonometrical levelling under two heads:

(1) Observations for heights and distances, and

(2) Geodetical observations ’

In the first case, the principles of plane surveying will be used. It is assumed that
the distances between the points observed are not large so that either the effect of curvamre
and refraction may be neglected or proper corrections may be applied linearly to the calculated
difference in elevation. Under this head fall the various methods of angular levelling for.
determining the elevations of particular points such as top of chimney, of church spire etc.

In the geodetical observations of trigonometrical levelling, the distance between the
points measured is geodetic and is large. The ordinary principles of plane surveying aré
not applicable. The corrections for curvature and refraction are applied in amgular meastre
directly to the observed angles. The geodetical observations of trigonometrical levelling have
been dealr with in the second volume.

HEIGHTS AND DISTANCES

In order to get the difference in elevation between the instrument station and the
object under observation, we shall consider the following cases :

Case 1 : Base of the object accessible.

Case 2 : Base of the object inaccessible : Instrument stations in the same vertical
plane as the elevated object.

Case 3 ; Base of the object inaccessible : Instrument stations not in the same vertical
plane as the elevated object.

15.2. BASE OF THE OBJECT ACCESSIBLE ‘

Let it be assumed that the horizontal distance between the instrument and the object

can be measured accurately. In Fig. 15.1, et ‘

(349)
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P = instrument  station

Q =point to be observed

A =centre of the instrument
¢ = projection of Q on hori-

zontal plane through A
D =AQ' = horizontal distance s

between P and Q@
h' =height of the instrument

at P B
h =00
§ =reading of staff kept at B.M., with line of sight horizontal
a =angle of elevation from A to Q.

From tiangle AQQ' ; hA=Dtna

RL. of ¢=RL. of insoument axis+ D tana

If the R.L. of P is known,

RL. of g=R.L.ofP+t¥+Dunc .

If the reading on the staff kept at the B.M. is § with the line of sight horizontal,

RL. of g=RL. of BM.+S5S+D tna

The method is usually employed when . p
the distance A is small. However, if D
is large, the combined correction for curvature
and refraction can be applied.

In order to get the sign of the combined
correction due to curvature and refraction,
consider Fig. 15.2. PP"P is the vertical (or
plumb) line through P and §Q'Q" is the vertical
line through @ P' is the projection of P
on the horizontal line through Q, while
P" is the projection of P on the level line
through Q. Similarly, ¢' and ¢ are the
projections of @ on horizontal and level lines
respectively through P, FIG. 152

If the distance between P and Q is

FIG. 15.1. BASE ACCESSIBLE

..§{15.1)

Herizontal line

not very large, we cantake PQ'=PQ"=D=0P"=0QP.

and LOQ'P= £L0P'P=90° (approximately)

Then @Q'=Dtan a

But the true difference in elevation between P and Q is QQ" Hence the combined
correction for curvature and refraction = Q'Q” which should be added to QQ' to get the tue
difference in elevation QQ”.

Similarly, if the observation is made from Q we get

Guy

T

-refraction = PP* which should be subtracted from PP’ to get the true difference in el
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PP'=Dtan B
The irue difference in elevation is PP* . The combined correction for curvature and

evation

PP"

Hence we conclude that if the combined correction for curvature ancl_ refraction is
o be applied linearly, its sign is positive for angles of elevation and negative fo'r aggles
of depression. As in levelling, the combined correction for curvarure and refraction in linear

measure is given by _
C=0.06728 D* metres, when D is in kilometres.

Thus, in Fig. 15.1, RL. of Q=RL. of BM. +S+Dunc+C .

Indirect Levelling, The above principle can be applied for rumning a line of indirect

levels between two points. P and @, whose difference of level is required (Fig. 15.3)).

PO A %B % ¢ o

- Dy it D, Dy #i4 D, pit— Ds—pie-—Dy—»l
FIG. 153

In order to find the difference in elevation
between P and ¢, the instument is set at
a mmber of places Oy, Oy, 05 efc., with points
A, B, C etc., as the mning points as shown
in Fig, 15.3. From each instrument station,
observations are taken to both the points on
either side of it, the instrument being set midway
between them. Thus, in Fig. 15.4, let Oy be
the first position of the instrument midway P
and A. If a; and [ are the angles observed
from O to P and A, we get

PP' = D] 1an o,
and AA' = Dy tan

The difference in elevation between A and P=Hy=PP" + A"A

= (PP' = P'P") + (AA" + A'4A")
=(Dhtan oy = PP ™+ (D;1an B+ AA™)

It D,=D,=D, PP and A'A" will be equal.

Hence H, =D (tana, + tan B

The instrument is then shifted to Oy, midway between A and B, and the angles
o, and B, are observed. Then the difference in elevation berween B and A 1s

Hy=D'(tana; +tanf;) where D'= D;=D,

The process is contimued €il @ is reached.
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15.3. BASE OF THE OBJECT INACCESSIBLE : INSTRUMENT STATIONS IN THE SAME

VERTICAL PLANE AS THE ELEVATED OBJECT

If the horizontal distance
between the instrument and the
object can be measured due to
obstacles etc., two instrument sta-
tions are used so that they are
in the same vertical plane as the
elevated object (Fig.. 15.5).
Procedure ’

1. Set up the theodolite
at P and level it ac-
curately with respect
to the altitude bubble.

2.  Direct the telescope to-
wards ¢ and bisect it
accurately. Clamp
both the plates. Read the vertical angle a,

FIG. 15.5. INSTRUMENT AXES AT THE SAME LEVEL

3. Transit the telescope so that the line of sight is reversed. Mark the secoml insirument
station R on the ground. Measure the distance RP accurately.

Repeat steps (2) and (3) for bath face observations. The mean values should
be adopted. :

4. With the vertical vernier set to zero reading, and the altitude bubble in the
cenre of its rum, take the reading on the staff kept ar the nearby B.M.

5. Shift the instrument to R and set up the theodolite there. Measure the vertical
angle o: to Q with both face observations.

6.  With the vertical vermier set to zero reading, and the alfitude bubble in the
centre of its run, take the reading on the staff kept at the nearby B.M.
In order to calculate the R.L. of (. we will consider three cases :

(a) when the instrument axes at A and B are at the same level.
(b) when they are at different levels but the difference is small, and
(¢) when they are at very different levels. '
(@) Instrument axes at the same level (Fig. 15.5)
Let h=0Q' :
o) = angle of elevation from 4 to @
o, =angle of elevation from B to Q.
§=staff reading on B.M., wken from both 4 and B, the reading
being the same in both the cases. '
b = horizontal distance between the instrument stations.
D = horizontal distance berween P and Q
From triangle AQQ', h=Dtano, (D

TRIGONOMETRICAL LEVELLING 253
From triangle BQQ', h=(p+ D)ytanc; (2
Equating (1) and (2), we get

* Dtanmy = (b+ D) tanaa or D(ano,~tanog)=btanc:
. btanas {152

or tam ¢ — tan o2

h=Dta;Ela. ___btanm tanoi;  bsin oy sin G2 .(15.3)

—————— T TR ——
fan o — lan &tz Sin (0 — 02)

RL. of @=RL. of BM. +S5+h .

{b) Instrument axes at different levels (Fig. 15.6 and 15.7)

Figs. 15.6 and 15.7 illusirate the cases, when the instrument axes are at different
levels, If 5, and S, are the cor-
responding staff readings on the
staff kept at B.M., the difference
in levels ‘of the instrument axes
will be either (5;-S,) if the
axis at B is higher or
(5, - 5,) if the axis at 4 is higher.
Let O be the projection of Q0
on horizontal line through A
and Q" be the projection on
horizonta! line through B. Let
us derive the expressions for Fig. 15.6 when S, is greater than S

From (riangle QAQ', h =D tan o (1)

From triangle BQQ", by =(b+D)tan oz . (2)

Subtracting (2) from (), we get

(h,—h;)=Dtana|—(b+D)tanuz
But hy - k; = difference in level of instrument axes = 8 — 8 =5 (say)
' s=D ian o) - b ian oz - D an &

FIG. 15.6. INSTRUMENT AT DIFFERENT LEVELS.

or D(Lanal-tanaz)=s+btanaz
s+btan oy _(b'I'SCOI'. oz) tanaz
“lana;—-tang;  tan o; - ta0 Q2
Now h =D tana ) )
(b+scptay)tana, tana; _ b+s a?t o) §in o sin m...[lS.S @)
tan g, — (a0 ¢y _sin (o0 — 0i2) .
Expression 15.4 (a) could also be obtained by producing the lines of sight Bg backwa{ds
to meet the line @4 in B, . Drawing B, B, as vertical to meet the horizontal line
QB in B,, it is clear that with the same angle of elevation if the instrumem. axis were
at B,, the instrument axes in both the cases would have been at the same elevation. f-ler_:ce
the distance at which the axes are at the same level is AB, = b+ BB, b+ s cot ;. Substituting
this vﬁm of the distance between the instrument stations in equation 15.2 we get

154 (d)]

or
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Do (b + 5 cot az) tana:
tan oy - tan oz
Proceeding on the same lines for the case of Fig. 15.7, where the instrument axis
at D is higher, it can be proved 7
that

which is the same as eguation [15.4 (4)).

(b — s cot oz} tanc,

D=
lan oy — tan oy
...[15.4 (b))
and - -
y = (b - 5 cot o2} sin o sin o,
sin (o - (Iz)
...[15.5 (b)]

Thus, the general expres-
sions for D and k, can be written

FIG. 15.7. INSTRUMENT AXES AT DIFFERENT ' LEVELS.

as
D=(b:l:scotu;)tana; '
G mio ...(15.4)
_ (b % 5 cot o) sin o sin 0
and h = ...(15.5)

sin (o - o)

Use + sign with scot o, when the instthment axis at A is lower and — sign when
it is higher than at B. )

RL. of 2= R.L. of BM. +8§+h

(¢} Instrument axes at very different levels

‘If 5, ~ §, or § is t0o great to be measured on a staff kept at the B.M., the following
procedure is adopted (Fig. 15.8 and 15.9):

(1) Set the instrument at P (Fig. 15.8), level it accurately with res i

. 15.8), t
bubble and measure the angle ’ PGC P e e
a. to the point Q.

(2) Transit the telescope
and establish 2 point R at a
distance b from P.

(3) Shift the instrument
to R. Ser the instrument and
level it with respect to the al-
tiude bubble, and measure the
angle o, to Q.

{(4) Keep a vane of height
r at P (or a staff) and measure -
the angle to the top of the vane
for 1o the.reading r if a staff
is used, (Fig. 15.9)].

]
FIG. 15.8. INSTRUMENT AXES AT VERY DIFFERENT LEVELS.
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Let § = Difference in level between the
two axes at A and B, With the same symbols
as earlier, we have

h1=Dt3I10.1 ...(1)
and h=(p+D e ..(2)
Subtracting (1) from (2);” we get

H'J b =_E
(hz-h.)=:=(b+D)tana;-Dtanu1 al :
or : D (tan oy — tan 02) = btanoz -5 FIG. 15.9.
D= btanoz - § ...(3)

tano — tan a2

(btano, - §) tan oy _ (B~ s cot @) 5in @, sin o
= an oy = = -
and =D ana tan oy - tanca sin (& — o)

..[15.5 ()]

From Fig. 15.9, we have
Height of station P above the axis at B=h-r=btana-T.
Height of axis at A above the axis at B=s=btana —-r+#

where. &' is the height of the instrument at P.
Substituting this value of § in (3) and equation [15.5 (5], we can get D and hy
‘Now R.L. of g=R.L. of A+ =RL. of B+s5+h
=(R.L. of B.M. + backsight taken from BY+s+h

where s=btana—-r+¥#

15.4. BASE OF THE OBJECT INACCESSIBLE : INSTRUMENT STATIONS NOT IN THE
SAME VERTICAL PLANE AS THE ELEVATED OBJECT
Let P and R be the two instrument stations not in the same vertical plane as that

of Q. The -procedure is as follows: Q

(1) Set the instrument at P
and level it accurately with respect
to the altitude bubble. Measure the
angle of elevation a«, to Q

(2) Sight the point R with read-
ing on horizontal circle as zero and
measure the angle RPQ,, le the
horizontal angle 0, at -P.

(3) Take a baksight 5 on the
staff kept at B.M.

(4) Shift the instrument to R
and measore o, and @, theye.

In Fig. 15.10, AQ' is the hori-
zontat line through 4, ' being the

FIG. 15.10 INSTRUMENT AND THE ORJECT
NOT IN THE SAME VERTICAL PLANE.

& o
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vertical projection of Q. Thus, AQQ‘ is a vertical plane. Similarly, BQQ" is a vertical
pIal'le. 0" being the vertical projection of Q on a horizontal line through B. PRO, is a
horizonsal plane, @, being the vertical projection of Q, and R vertical projection of B
-on a horizontal plane passing through P. ©, and @, are the horizontal angles, and
a, and o, are the vertical angles measured at A and B respectively. '

From miangle AQQ', 0Q' = h, = Dan o, AD)
From wiangle PRQ:,  ZPQR=180° (8, + &) == — (81 + 62) ‘
From the sine rule, = }.?Q' = ?Q‘ = RP = b
sing; sin® sinfx- (6, +6;)) sin (8 +0:)
. bsinB;
PO,=D = — e
Ql sin (9. + 91) (2)
and ) RO\ = - b sin 31
Q=& (@ +6;) ~G)
Substituting the value of D in (1), we get )
bsmezla.ll&'[-';.:‘ ‘
h=Dtmno=—7m—m-m—"—7—
| 1 o oin 6, £ 6;) ...(15.0)
RL. of @=R.L. of BM. +s5+Mh
As 2 check, i = RQ, tan iy = 252 S 0 02
.. +sin (8, + 82)

If a reading on B.M. is taken from B, the R.L..of Q can be kn in
h; to RL. of B. ¢ " foown by adce
Example 15.1. An instrument was sel up at P and the an {
ple of elevation to a
;anaen: g abovintalge foor of the staff held at Q was 9° 30" The horizonial distance between
was known to be 2000 metres. Determine the R.L. of the siaff. station ]

tha the RL. of the instrument axis was 2650.38 m. o O gher
Solution. Height of vane above the imstrument axis \
=D ian o = 2000 tan 9° 30’ = 334.68 ineires.

Cormrection for curvature and refractio =8 E
7 2R
or C=0.06728 D* metres, D is in km
_ 2000 ¥
m.oem[m) ~02691 =027 m (+ve )

Ht. of vane above inst. axis=334.68 +0.27=334.95 m
R.L. of vane =7334.95 + 2650.38 =2985.33 m
R.L. of Q =2685.33 - 4 =2981.33 m.

Example 15.2. An instrument was set {
up at P and the angle of depression 1o @
vane _2 m above the foot of the staff held at Q was 5 °36°. The horizontal distance between
};m and @ was _imown to be 3000 metres. Determine the R.L. of the staff station Q, given
that staff reading on a B.M. of-elevation 436.050 was 2.865 metres.
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Solution.
The difference in elevation between the vame and the instrument axis
L =Dtana=3000tan5°36'=294.152 m
. ' 2
Combined comrection due to curvahure and refraction:% Pﬁ

3000

1
- 2
or C=0.06728 D® metes, when D is in km =0.06728 [ﬁ] ~0.606 m

Since the observed angle is negative, combined correction due to curvature and refraction

is subtractive. .
Difference in elevation between the vane and the instrument axis
=12094.152 — 0.606 = 293.546 = h.
R.L. of instrument axis=436.050 + 2.865 =438.915 m
. RL. of the vane = R.L. of instrument axis - = 438.915 — 293.546 = 145.369
~ RL. of Q =145.369 -2 = 143,369 m

Example 15.3. In order to ascertain the elevation of the tp (@) of the signal
on a hill, observations were made from two instrument stations P and R at a horizonial
distance 100 meires apart, the siations P and R being in line with Q. The angles of
elevation of Q at P and R were 28° 42 and 18 ° 6 respectively. The staff readings upon
the bench mark of elevation 287.28 were respectively 2.870 and 3.750 when the instrument
was at P and at R, the telescope being horizontal, Determine the elevation of the Joor
of the signal if the height of the signal above its base is 3 metres. .

Solution. (Fig. 15.6)
Elevation of instrument axis at P=R.L.-of BM. + staff reading

=287.28 +2.870=290.15 m
Elevation of instrument axis at R=R.L. of BM. + staff reading
=7287.28 + 3,750 =291.03 m
Difference in leve! of the instrument axis at the two stations
=5=291.03 -290.15=0.88 m
oy =28°42 and op=18°¢6
scot oy =0.88 cot 18°6'=2.69 m
From equation [15.4 ()], we have
(b + 5 cot o) tan o2 (100 + 2.69) tan 18° &'
 Tlno - tan oz ~tan 28° 42 — tan 18° 6' =152.1 m.
hy =D tan o = 152.1 tan28° 42' = 83,264 m
s RL. of foot of signal=R.L. of inst. axis at P+ h, -ht, of signal
=200.15 + 83.264 - 3=370.414 m
Check : (b+D)=100+152.1=252.1 m
g .h2=(b+D)tanaz=252.l x tan 18° 6' = 82.356 m
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» RL. of foot of signal =R.L. of inst. axis at R+h,- height of signal
=291.03 + 82,396 - 3 = 370.426 m.
Example 154. T7he top (Q) of a chimney was sighted from two stations P and
R at very different levels, the stations P and R being in line with the top of the chimney.
The angle of elevation from P to the top of the chimmey was 38°21’ and that from
R 10 the top of the chimney was 21° 18" The angle of the elevation from R to a vane
2 m above the foor of the staff held at P was 15° 11 The heights of instrument ar

P and R were 1.87 m and 1.64 m respectively. The horizontal distance between P and
R was 127 m and the reduced level of R was 112.78 m. Find the R.L. of the top of

the chimney and the horizontal distance from P 1o the chimney.
Solutlon. (Figs. 15.8 and 15.9)
() When the observations were taken from R to P,
h=btan o =127 tan 15°11' =34.47 m
RL. of P=RL. of R+height of instrument at R+h-r
= 11278 + 1.64 + 34.47 - 2= 146,89 m
R.L. of instrument axis at P=R.L. of P+ ht. of instrument at P

=146.89 + 1.87 = 148.76 m _ o)

Difference in elevation between the instrument axes = s
=148.76 — (11278 + 1.64) =34.34 m

D= (b tana; - 5) - 127 1an 21° 18' - 34.34 L 49.52-3434
tan o ~ tan o tan 38° 21" —tan 21° 18*  0.79117 - 0.38988
=378 m
m=Dtana;=3781tan38°21'=29.92
" RL. of @=R\L. of instrument axis at P+h,
= 148.76 + 29.92 = 178.68 m
Check : RL. of @= R.L. of instrument axis at R+ h,
. =(112.78 + 1.64) + (¢ + D) tan &,
=114.42 + (127 + 37.8) tan 21° 18’ = 114.42 + 64.26 = 178.68 m.
Example 15.5. 7Tv find the elevation of the wp (Q) of a hill, a flag-staff of 2
m height was erected and observations' were made from two Stations P and R, 60 metres
apart. The horizontal angle measured at P between R and the 1op of the Jlag-staff was 60 ° 30"
ond that measured at R between the top of the flag-siaff and P was 68° 18, The angle
of elevation to the top of the flag-staff P was measured fo be 10°12° at P. The angle
of elevation o the top of the flag staff was measured to be 10° 48’ at R. Staff readings
on B.M. when the instrument was at P = 1.965 m and that with the instrument at R

= 2.055 m. Calculate the elevation of the top of the hill if that of BM. was 435.065
matres.

Solution. (Fig. 15.10)
Given b=60 m ; 6, =60°30" ; 0,=68°18" ; @, =10°12 ; o= 10° 18"
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b sin 8,
=D = e+ '
i bsin@ tan o, 60 sin 68° 18" tan10° 12 _ .5 0y o
and Mi=Dtanen = e ey | sin (60° 30 + 68° 18)
RL of @ =(RL. of instrument axis at P)+M =(435.065 + 1.965) + 12.87
=449.900 m Y
bsin 6 tanc, _ 60 5in 60° 30" tan 10° 48"\, o0 o)
Check = M=G @ vey | sim (60 30 + 65 18) .
RL. of 0= RL. of instrument axis at R+ =(435.065 +2.055)+ 12.
=445.9 m

' VATED OBJECT ABOVE THE
15.5. DETERMINATION OF HEIGHT OF AN ELELE BUT NOT ACCESSIBLE

GROUND WHEN ITS BASE AND TOP ARE VISIB

(a) Base line horizontal and in line with the object ol smgies sasasred

et A and B be the two instrument stations, b apart. Thid;:mto ooy and
at A are o, and o, and those at B are B, and P, correspo . f]strumems D ditetent
bottom (D) of the elevated object. Let us take a general case O

heights, the difference being equal to 5.

B
B8.M. s .
b I "
|' 0
FIG. 15.11
Now AB=b=C,E cot o — Cr'E cot B = CLE cot o = (CE + 5) cot By
‘b= C|E(C0t(l1-'00l|3|)-.5‘00t B
(;,'E' _b+scot b (D
or \E = e
cot o - cot ﬂg
Also AB=b=c.Dcotaz—c.'Dcotpz=c,Dcota:—(c.D+s)cmBz
or b = C,D (cot @z — cot f2) ~ s cot Bz
b+ scot B2
or C

= ot oz — cot Pz
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_ b+ scotp b+ scot P
T oot a; - cot By cot az — cot Bz
If heights of the instruments at A and B are equal, s=0

H=CE-CD ..(15.7)

_ 1 _ 1
H-b[col oy —cot By oot az—cot[h] (3.7 a)
Horizontal distance of the object from B
ECy'=Dtanp, and DC/ =D tanp;
EC' -DCi'=H= D (tan p, - tan B2)

g .

or D ——— ...{15.
= f; (157 b

where H is given by Eq. 15.7.

() Base line horizontal but not in line with the object

Let A and B be two instrument stations, distant b. Let «, and a, be the vertical
angles measured at A4, and B, and B, be the vertical angle measured at B , to the top
(E) and bottom (D) of the elevated object. Let 0 and ¢ -bé ‘the horizontal angles measured
at A and B respectively. ) . '

V- .
R e
—~Ya 1l \B
77_"I_IIIIIIIIIII’IIIIIII/I/IIIIrr/IIIIIIIII/IIII
fe b "
FAG. 15.12
AC _ BC AB

From triangle ACB, —=—=-
sing sin® sin (180° -6 ~ ¢)

o AC = b sin @ cosec (8 + ¢)
and BC = b sin 0 cosec (0 + ¢)

Now H=ED=A,C (tan o, - tan oy) = AC (tan o) ~ tan o)
or H = b sin ¢ cosec (0 + @) (tan oy — tan @) {153 a)
Similarly H=ED=BQ|'(mnﬁ1—mnB1)=BC(lanB|—tanBz)

or H = b sin 9 cosec (8 + ¢) (tan [B; ~ tan Pa) ..(15.8 b
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15.6. DETERMINATION OF ELEVATION OF AN OBJECT FROM ANGLES OF
ELEVATION FROM THREE INSTRUMENT STATIONS IN ONE LINE
Let 4, B, C be three instrument stations in ope horizontal line, with jnstrument
axes at the same height. Let E' be the projection of E on the horizontal plane through
ABC, and let EE'=h. Let ¢, f and y be the angles of elevation of the object E, measured
from instruments at 4, B and C.tespectively. Also let AB = b, and BC =b,, be the measured
horizontal distances. '

FIG. 15.13

From triangle AE'B, we have from cosine rule

# cot? o + b - &' cot’ B
W heota

B cot? o + (b + bo) - At cot’ y

cos Q= (D ...(15.9)

Also, from triangle AE'C, cos ¢ = 26 T b koot a o2}
, Booa+bi- ot p Koot o+ (b +b) - ooty
Equating (1) and (), 2bhhcoto 2+ ) hcota
or (b +by) [ (cof @ — cot’B) + 31 = by [ (cot’ @ - oo’ 1) + (& + b’}
or K [(br + by) (cot'ex - cot? B) — by (cot’ax ~ coty)] = b1 (b1 + by)? - b} (b1 + by)
or 2 _ (b1 + b) [b: (b1 + ) - B
(b1 + by) (cot® & - cot’ B) - by (cof @ - cot’ y)
i} (b + b2) b by
(B + B2) (cot® a - cot® B) - by (cot” & — cot’ 7)
172
or ;,=[ b b (b + ) ] _ ...(15.10)
b1 (cot’ y — cot® B) + b {cot” o — cot’ B)
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If b=bh=>
~ V25
" (cot* v - 2 cof B + cot® @)'”2
Example 15.6. Determine the height of a pole above the ground on the basis of
following angles of elevation from two instrument siations. A and B, in line with the pole.
Angles of elevation from A to the top and boitom of pole : 30° and 25°
Angles of elevation from B to the top and boitom of pole : 35° and 29°
Horizontal distance AB =30 m. .
The readings obtained on the stoff ot the B.M. with the two instrument setiings are
1.48 and 1.32.m respectively.
What is the horizontal distance of the pole from A ?
Solution (Refer Fig., 15.11)
5=148-132=016 m
b=30 m ; u=30° ; =25 ; Pr=35 ; B=29
Substituting the values in Eq. 15.7.
' b+scotP b+ scot Pz
=cota1—cotﬂl—pot oz —cot fiz
30 + 0.16 cot 35° 30 + 0.16 cot 29°
= ot 30° - cot 35° ' cot 25° — cot 29°
=99.47 - 88.96 = 10.51 m

‘ H 10.51
Al 0. D = = = _(I4
; tanp; ~tan P2  tan 35° - tan 29° 72 m

.. Distance of pole from A=5b+D=30+72.04 =102.04 m
Example 15.7. A, Bard Care stations on a straight level line of bearing 110° 16'48".
The distance AB is 314.12 m and BC Is 252,58 m. With instrument of constant height
of 1.40 m. vertical angles were suc-
cessively measured to an inaccessible
up station E as follows
At A 7°13'40r
At B : 10°15'00"
A € 13°12°10"
Calculate  (a) the height of station
E above the line ABC A
(b) the bearing of the ling AE
(¢} the horizontal distance between
A and E .
Solution : Refer Fig. 15.14.
Giver @ a=7°13"40" ;
B = 10° 15° 00"; FIG. 15.14

..(15.10 @)

-
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y=13° 12/ 10";

- b=314.12 m;
and ' p,=125258 m
Substimiting the values in Eq. 15.10, we get

[ by b2 (b1 + b) ]"‘
EE'=h= ) 2 v 3 7
b; (cot*y — cos® B) + b2 (cot® o — cot” B)
314.12 x 252.58 (314.12 + 252.58) ]"‘
B [ 314.12(cot® 13° 12' 10" — cot® 10° 15" 00") + 252.58 (cot® 7° 13" 40” — cot® 10° 15 00")
=104.97 m '
- Height of E above ABC=104.97 + 14 = 106.37 m
Also, From Eq. 15.9.
i (cot® & — cot® B) + b}
2biheota
(104.97) (cot? 7° 13’ 40" — cot® 10° 15' 00") + (314.12
- 2 x 314.12 x 104,97 cot 7° 13 40"
= 0.859205
or ¢ = 30° 46" 21"
Hence bearing of AE =110° 16' 48" - 30° 46" 21"
=79° 30’ 27"
Length AE' = & cot o = 104.97 cot 7° 13' 40"
=8§27.70 m

cos @ =

PROBLEMS

1. A theodolite was set up at a distance of 200 m from a tower. The angle of elevations
to the top of the parape: was 8° 18 while the angle of depression to'the foot of the wall was
2°24'. The staff reading on the B.M. of RL. 248.362 with the telescope horizontat was 1.286
m. Find the height of the tower and the R.L. of the top of the parapet,

2. To determine the elevation of the top of a flag-staff, the following observations were made:

Inst. siation Reading on BM. Angle of elevation Remarks
A 1.266 10° 48 RL. of BM.= 248362
B 1.086 7¢ 12"
StaﬁomAandBandthetopotheacrialpolearcinLhcsameverﬁcalplane.
Findtheelevaﬁonoflhewpoflheﬂag-staff.ifthcdistamebetweenAandBisSOm.
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3. Find the clevation of the top of a chimney from the following data :

Inst. stafion Reading on B.M. Angle of elevation Remarks
A 0.862 18° 3¢’ R.L. of BM.=421.380 m
B 1.2 10° 12° Distance A2 = 50 m

StationsAandBandLhetopofmecbjmngyareinthesameverﬁcalplane.

4, The top (Q) of a chimsey was sighted from two stations P and R at very different levels, .

thestationsPandeeinginlinewimLhetopofthechimney.Thea.ngleofelevationﬁom?
tolhempofchimneywasiiﬁ"lrandd:atﬁomRtolhetopofthcchimneywas16°48’.The
angleofelcvaﬁonfromRtoavanclmabove the foot of the staff held at P was 8°24'. The
heights of instrument at P and R were 1.85 m and 1.65 m respectively. The horizontal distance
between P and R was 100 m and the RL. of R was 248260 m. Find tke R.L. of the top of
thechhnneyandthehorimntaldjstancefromPtolhcchhnncy.

ANSWERS

37558 m ; 278824 m
267796 m

442,347 m

290336 ; 339 m

e

Permanent Adjustments of Levels

d

16.1. INTRODUCTION

Permanent adjustments consist in setting essential paris into their true positions relatively
{0 each other. Accurate work can often be dome with an instrument out of adustment,
provided certain special methods eliminating the errors are followed. Such special methods
involve more time and exira labour. Almost all surveying
instruments, therefore, require certain field adjustments from
time to- time.

Method of Reversion

The principle of reversion is very much used in all
adjustments. By reversing the instrument or part of it, the
error becomes apparent, The magnitude of apparent error
is double the true error because reversion simply places
the error as much to ome side as it was to the opposite
side before reversion. Example may be taken of a set square,
the two sides of which have an error e in perpendicularity
(Fig. 16.1). By reversing the set square, the apparent error
becomes 2e.

16.2. ADUSTMENTS OF DUMPY LEVEL
(@) The Principal lines. The principal lines in a dumpy level are :
() The line of sight joining the centre of the objective to the intersection
of the cross-hair,

() Axis of the level tube.
(fif) The vertical axis.
(b) Conditions of Adjustments. The requirements that are to be established are:

() ~ The axis of ‘the bubble tube should be perpendicular to the vertical axis
(Adjustment of the level tube).

(i) The horizontal cross-hair should lie in a plane perpendicular to the vertical
axis (Adjustment of cross-hair ring). :

(i) The line of collimation of the telescope should be parallel to the axis of
the bubble tube (Adjustment of line of sight). '

{365)
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(¢) Adjustments
(D Adjustment of Level Tube

(1) Desired Relation : The axis of the bubble tube i
) ; ; should be ndi
the vertical axis when the bubble is central. perpendiesir o

(2) Object : The object of the adjustment is to make the vertical axis truly vertical
S0 35 lo emsure .lbat once the instrument is levelled up (see temporary adjustments) the

bubble will remain central in all directions of sighting. ' : '
or au{SLirggcessityf: Once thefrequirement is accomplished the bubble will remain central
ons of pointing of telescope. This is m i i
ity the Iovel : pe ecessary merely for convenience in

@) Test :
(H Set Fhe instrument on firm ground. Level the instrument in the two positions
at right angles to each other as the temporary adjustment.

(i) 'When the telescope is on third foot screw, ‘turn the telescope through 180°.

- (i) If the bubble remains ceniral, the adjustment i : i i
adjustment, Jus n 3 correct. -If not, it requires

@) Adjustment :
() Bring the bubble half way back by the third foot screw.

(it Bring the bubble through the remaining distance to centre by turning the
capston nuts at the end of the level tube.

o }(:;?; R;E)eat the test and adjustment until correct. :

inciple involved : This is the case of single reversion in which the
! apparent
error is double the true error. Referring to Fig. 16.2, (90° -¢) is the anglé betwep; the

(a) First position of bubble tube -

{b} Position after reversal

FIG. 16.2.

ve}'ﬁcal a:m and gﬂlle axis of the bubble tube. When the bubble is centred, the vertical
axis makes an angle ¢ with the true vertical. When the bubble i " ad
bubble tube is displaced by an angle 2e. o s revessed, axis of fe

Fig. 16.3 explains clearly how the principal of reversion ha i
. ! s been applied to the
adjustment, In Fig. 16.3 (g), the bubble tube is attached to the plate AB p\frith unequal

PERMANENT ADJUSTMENTS OF LEVELS 1

y Horizonted ) u - h u h
SEL L e St o ph &FIIRIIIC
Y L e ﬁf v
A A Al B A i B
H i i
B i i
-El' y>X E:y:.;( -E ax
=i EI __:y
i i i
(@ ) ©
u w,%h U .- p==--wh

FIG. 16.3

supports x and y 50 that the bubble is in the centre even when the plate AB is inclined
and, therefore, the vertical axis of the instrument is also inclined. uw represents the axis
of the bubble tube which coincides with the horizontal wh. v Tepresents a line parallel
to AB, making an angle e with the axis of the bubble tube. If the plate AB is kept
stationary and the bubbel tube is lifted off and tumed end for end, as shown in Fig.
16.3 (b), the bubble will go to the left hand end of the tube. In this position, the axis
of the” bubble tube uw still makes an angle e with the line uv, but in the downward
direction. The axis of the bubble tube has, therefore, been turned through an angle
(e + €)= 2¢ from uh. In order to coincide the axis uw of the bubble tube with line uv,
bring the bubble half way towards the centre by making the supports ¥ and x equal (by
capstan screws). The axis of the bubble has thus been made parallel to the plate AB,
but the bubble is not yet in the centre and the line AB is still inclined to the horizontal
[Fig. 16.3 (9. In order to make AB horizontal {and 1o make the vertical axis wuly vertical),
use the foot screw till the bubble comes in the cente. Fig. 16.3 (d) shows this condition
in which x and y are of equal lengths, the bubble is central and the vertical axis is
truly vertical.

Note. (1) For ordnary work, this adjustment i3 Dot an essential Tequirment, but is
made merely for the sake of convenience in using the level. If adjustment No. Ir is
perfect, the line of sight will be truly horizontal when the bubble is central, even when
the plate AB is inclined as shown in Fig. 16.3 (@). Now when the line of sight is directed
towards the staff in any other direction, the bubble will go out of centre, which may
be brought to centre by foot scrwes and the line of sight will be truly horizontal. The
change in eclevation of the line of sight so produced will be negligible for ordinary work.
For subsequent pointings also, the bubble may be brought to centre similarly, at the expense
of time and labour. Thus the adjustment is not at all essential, but is desirable for speedy

work and convenience.
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(2) In Fig. 16.3 (¢), it has been shown that if the bubble is brought half-way towards
the cemtre by foot screws, the plate AB will be horizontal , but the axis of the bubble
tubewilibeiuclincda.ndthelineofsightwilla]sobe'-inclinediflheinsﬂumentispthemise
correct. The vertical axis will, of course, be wuly vertical.

- (D Adjustment of Cross-Hair Ring

() Desired Relation : The horizontal cross-hair should lie in 2 plane perpendicular
to the vertical axis.

() Object : The object of the adjustment is to ensure that the horizontal cross-hair
lie in a plane perpendicular to the vertical axis.

(iti) Necessity : Once the desired relation is accomplished, the horizontal cross-hair .

will lie in horizontal plane, the bubble’ being in the centre.

(v) Test : (1) Sight a well defined object A (about 60 m away) at ope of the
horizontal hair. (2) Rotate the end level slowly about its spindle until the point A is traced
from one end of the hair to the other hair. (3) If the point does not deviate from the
hair, the adjusament is comrect. If it deviates, the adjustment is out.

() Adjustment : Loose the capstan screws of e
the diaphragm and tumn it slightly until by further trial
the point appears to travel along the horizontal hair.

Refer Fig. 16.4.

Note, It i3 not necessary to level the instrument * Horizomtal
when the test is carried out.

(It Adjustment of Line of Collimation : (Two-peg

Vertical
halr

0°

Test)

(@) Desired Relation : The line of collimation
of the telescope should be parallel to the axis of the
bubble tube.

(i) Necessity : Once the desired relation is ac-
complished, line of sight will be horizontal when the )
bubble is in the centre, regardless of the direction in FIG. 16.4.
which the telescope is pointed. This adjustment is very necessary, and is of prime importance,
gince the whole function of the level is to provide horizontal line of sight.

(i) Test and Adjustment :

Two-peg Test : Method A (Refer Fig. 16.5.)

(1) Choose two points 4 and B on fairly level ground at a distance of about 100

or 120 metres. Set the instrument at a point C, very mear to 4, in such a way that
the eye-piece almost touches the staff kept at A.

(2) With the staff kept at A, take the reading through the objective. The cross-hairs
will not be visible, but the field of view will be very small so that its centre may be
determined keeping a pencil point on the staff. The reading so obtained may be called
true rod reading with sufficient precision. Sight the rod kept at the point B and take the
staff reading. Take the difference of the two staff readings, which will give the apparent
difference in elevation.

FIG. 16.5. TWO PEG TEST (METHOD 4).

Apparent difference in elevation=h = he— I, LD

(S)Movemeinsmm_ennoapoimb, veryneartoBandsetitsothatmeeye-piwe
almost touches the staff kept at B. . -

(4) Sighting ‘through the objective, take the reading on the staff kept at B. Read
the staff kept at the point A. Find the difference of the two readings, thus getting another
apparent difference in elevation. '

K = Apparent differences  in elevation = Ao’ — hy'. B v

(5) If the two apparent differences in elevation, calculated in steps (3) and (4) are
the same, the instrument is in adjustment. If not, it requires adjustment.

(6) Calculate the correct difference in elevation, as in the case of reciprocal levelling.

H= Correct fifference in clevation = 22 J’z("‘,' ) o)

(f H comes out positive, point B is higher than point A and if H comes negative,
point B is lower than point _A}.

(7) Knowing the correct difference in elevation between the points, calculate the correct
staﬁreadingsatthepoiﬂswhentheinsnumentisatpointDifizwereinacﬁusmm.

Correct staff reading at A = (H + #y)

[Use proper algebraic sign for H from Eq. (3)]

(S)Keepﬂ:estaﬁatAandsighIitthmugh:heinsuumemsetupatD.Lnose
the capstan screws of diaphragm and raise or lower diaphragm so as to get the same
staff reading as calculated in (7). The test is repeated for checking.

The line of sight will thus be perfectly horizontal.

Two-peg Test : Method B (Ref. Fig. 16.6) .

(1) Choose two points 4 and B on fairly level ground at a distance - of about 90
or 100 metres, Set the instrument at a point C, exactly midway between A and B.

(2) Keep the staff, in turn at A and B, and take the staff readings when the bubble
is exactly centred.

(3) Calculate the difference in elevation between the two points. It is to be noted
that sincé point C is midway, the difference in the two staff readings will give the correct
difference in elevation even if the line of sight is inclined. ,

Correct difference in elevation H=ha~hs .




FlG 16.6 TWO-PEG TEST (METHOD B).

(4) Move the level and set it on a poi
o . 1 a point D, about 20 to 25 metres from 4
in lm.‘:' with the pegs. Take the readings on the staff kept at A and B ol.ilo;:t tisepreﬁn'zbty
be k' and hy respectively. : ‘ e
s 1(;)— ggculafe difference in elevation between A and B, by the sbove staff readings
Thy -'-,,—k,,.Ifthednfferencecom&stobethesameasfoundin(&)) theinslrumen;
is in adjusement. If not, it requires adjustment. . ‘ '
(6) The inclination of the line of sight in the net! distance AB will be given by
o = Ao H _ ha= o) = G = ) |
The ) AB AB
errors in the rod reading at A and B will be given mumerically, by
_H-),_ - H~ ’
. ) Xa= Y] DA and xb=( ABH)(DA + AB).
is to be noted that, for positive values of H and H' 1
o , , the line of si i
;:’er :::han;d upwards or downwards according as H' is lesser or greater than I{ S;f:;;’;”
g vg va!ues. of H and K, the line of sight will be inclined upwards or downwa a:s
according as H' is greater or lesser than H. "

(7) Calculate the correct reading at B, by the relation
h=hy' % x.
o us[else + sign. with Lhe‘ atithmetic value x, if the live of sight is inclined downwards
- sign with the arithmetic values of x, if the line of sight is inclined upwards

Loose the capstan screws of the dia ;
phragm to raise. or lower it-
be) to get the comrect reading £ on the rod kept at B lower it- (as the case may

‘For the- purpose .of chick, the correct reading ‘at 4 can be calculated -equal to- i’ + X,
a a

and mh;m; lthe same staff reading is obtained after the adjustment
ple 16.Y. A Dumpy level was set up at C exactly midway b .'
: ay berween two pegs
g fv!:rie"; 21503 wmsre; ogga;téspiii; a;adz;i: on the siaff when held on the pegs A pa:fd
we R E 2. ectively. instrumerd was then moved and set
;;m; Da”;thh:’elmej ?;5 p‘:zguced. and 20 metres from 'A. The respective :mﬁ’lq:eajin;
re 1. 1.670. Caleular ) n Aand B 1o gi
a.hmzoma[ e of ik e the siaff readings on A and' B 10 give
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Solustion. (Fig. 16.6)
When the instrument is at C.
The differerice in elevation between A and B
= H=2250-2.025=0225 m, B being higher.

When the instrument is at D
Apparent difference in elevation between A and B
= H'=1875 - 1.670 =0.205, B being higher.
Since the apparent difference of Jevel is mot equal to the true difference, the line

of collimation is out of adjustment.
. The inclination of the line of sight in the net distance AB will be

H-H'_ 0.225 - 0.205 _ 0.020

tan & =" o0 100
Since H' is lesser than H, the line of sight iS inclined upwards.
. 0.
. Correct staff reading at A=1.875—ADmna=l.875-22110—()92=1.871
B =1.670 - DB tan « = 1.670 -E'L:o%@= 1.646.

and correct staff reading at

Check : True difference in elevation = 1.871 - 1.646 =0.225 m.
Example 16.2. The following observations were made during the testing of a dumpy level:

Instrument at Staff reading on
A B
A L1702 2244
B 2146 3.044

Distance AB=150 metres.
Is the instrument in adjusmment ? To what reading should the line of collimation
= 432.052 m, what should

be adjusted when the instrument was a B?IRL of 4

SF bethe RL.of B?

Solution. (Fig. 16.5)
When the instrument was Gt A .
Apparent difference in clevation between A and B
=244 - 1,702 = 0.542, B being lower.
When the instrument was af B : : ‘
Apparent difference in elevation berween A and B
=3.044 - 2.146 = 0.898, B being lower
. True difference in elevation between A aud B

=9ﬁ2—;i3£-=0.720 m, B being lower.
When the instrument is at B, the apparent difference in elevation is 0.898 amd is

more than the true difference. Hence in this case, the reading obtained at A is lesser
ihan the true reading. The line of sight is therefore inclined downards by an amount 0.898 - 0.720

=0.178 m in a distance of 150 m.

P
)
et




Staff reading at A for collimation adjustment=2.146 +0.178 =2.324 m 1
Check : True difference in clevation = 3.044 - 2,324 = 0.720 '

» RL. of B=432.052 - 0.720 = 431.332 m.
I.Example 16.3. In a two peg test of a dumpy level, the following readings were

|

(i} The Instrument near A ]

taken

{)) Theinstrument at C
midway between A and B
AB=100m

The siaff reading on A = 1,682
The staff reading on B = 1.320

The staff reading on A = 1.528
The staff reading on B = 1,178
Is the line of collimation inclined upwards or downwards and how
. much 7 With
the instrument of A, what should be the readin i ine
of collimarion truly horizontal ? r gon B "’def. 0 place the Tue
" Solution, ) |
When the instrument is ot C ‘
True differnce in level 4 and B=1.682 - 1.320 =0.362 m, A being higher.
When the instrument is near A -
Apparent difference in elevation = 1.528 - 1.178 = 0.350, B being higher
Since the apparent difference in level is lesser than the . ‘
‘ e true one, the staff readin
at B is greater than the true one for this instrument positi i ight i ;
ctined spmards. fo position. The line of sight is, therefore
The amount of inclination=0.362 - 0.350 =002 m in 100 m
Correct staff reading at B for collimation to be truly horizomal
. =1.178 - 0.012 =1.166 m
Check : True difference in level=1.528 - 1.166 =0.362 m
16.3. ADJUSTMENT OF TILTING LEVEL
.(a) Principal Lines. The principal lines in a iiliing level are:
() The Line of sight and (i) The axis of the level tube.
(%) The Conditions of Adjustments
The dlting level has greatest advanta j ;
Iting ley _ ; ge over other levels as far as adjustments are
concerned Since it is prov!dg with a tilting screw below the objective end of .r'.he telescope,
it is. rfot mecessary o’ bring the bubble exactly in the centre of ils run with the fool
sf;n':w : th.? t}lnng screw may be used to bring the bubble in the cenre for each sight.
Thlertefcl:;e. it is not essential far tilting level that the vertical axds should be truly vertical.
R only condition of the adjustment is that the line of collimation of the telescope should ]
_parallel to the axis of bubble mbe (adjustment of line of sight). o
() Adjustment of line of Sight
() Desired Relation. The line of collimation of
e o) o ed Reaton. T of the telescope should be parallel to

S FERMANENT ADJUSTMENTS OF LEVELS

L corvect stff reading s calculated and the
S of the titing screw to read the calculated read
B of centre. The adjustable end of the bubble is,

e of these should be in the same vertical

mn

(i) Object. The object of the test is to ensure that the line of sight rotates in horizontal

f plane when the bubble is central.

. (i) Necessity. The same as for dumpy level.
(i) Test and Adjustment. (See Fig. 16.5 and 16.6),

The same methods are applied as for. Dumpy level. In either of the methods, the
fine of sight is raised or lowered with the help

ing. By doing so, the bubble will go out
then, lifted or lowered dll the bubble
comes in the centre of the run.

The test is repeated till correct.

£ 16.4. ADJUSTMENTS OF WYE LEVEL

The principal lines to be considered are:

(o) Principle Lines.
(i) The axis of the collars.

@) The line of sight.
(i) The axis of the level tube.
(iv) The vertical axis through the spindle of the level.
() Conditions of Adjustment

Case A. When the level tube is attached to the telesocpe, the following are the

& conditions of adjustment :

() The live of sight should coincide with axis of the collars (adjustment of line

~of sight).

() The axis of the level tube showld be parallel to the line of sight and both
plane (Adjustment of level tube).
(i) The axis of the level tube should be perpendicular to the vestical axis.
Case B. When the level tube is on the stage under telescope
() The lice of sight should coincide with the axis of the collars (adjustment of
line of sight). )

(i) Thé axis of the level tube should- be perpendicular to the vertical axis.

(i) The line of sight should be parallel to the axis of the level tube.

(6) Adjustments of Wye Level
CASE A

© Adjustment of line of Sight o

() Desired Relation : The line of sight should coincide with the axis of the collars.

(i) Necessity : The fulfilment of this condition of the adjustment is of prime importance.
If the line of collimation does not coincide with the axis of the collars (or axis of wyes),
when the telescope is rotated about its longitudinal axis, the live of sight will generate
a cone and, therefore, the line of sight will be parallel to the axis of the bubble tube
only in one particular position of the telescope in the wye.

(i) Test :

1. Set the instrument and carefully

focus a well-defined point at a distance of 50
to 100 metres. J
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2. Loose the clips and rotate the telescope through 180° ebout its longitudinal axis.
Fasten the clips. .

3. Sight the point again. If the line of sight strikes the same point, the instrument 3

is in adjustment. If not, it requires adjustment.
(iv) Adjustment :

1. If both the hairs are off the ‘point, adjust each by bringing it halfway back by -

the diaphragm screws,
2. Repeat the test on a different point tll in the final test the intersection of the
cross-hairs remains on- the point rhroughout a complete revolution of the telescope.

() Principle Involved : The principle of single reversion has been used. Refer o -
Fig. 16.7 (a). The line of sight is inclined by ¢ wpwards to the axis of the collars before =

the reversion. After the reversiom, it is inclined by the same amount e downwards to the
axis of the collars. The apparent error is, therefore, twice the actual error. Similar discussion
will also hold good when the vertical hair is also either to the left or to the right. of
the true posidon [Fig. 16.7 (b))

‘/mhm\ M

AShEofﬁoolan w

\l

Adjusted
position

(a)
FIG. 16.7

(vi) Notes

(1) It is poi necessary io level the instrument so long as the wyes remain in the
fixed position. : )

(2) In a well made instrument, the optical axis of the instrument coincides with the
axis of the collars. If it is not coincident, the defect can be remedied only by the makers.

(3) Since both the hairs are to be adjusted in one single operation, the adjustment
is to be done by trial-and-error so that error in both ways is adjusted by half the amount.

(4) In order to test the accuracy of the objective focusing slide, the test should
be repeated on a point very near the instrument, say 5 to 6 metres away. If the instrument
is out of adjustment for this second point, either (4) the objective slide does not move
parallel to the axis of the collars or (b) the optical axis does not coincide with the axis
of collars. The objective slide should be adjusted if it is adjustable.

(i) Adjustment of Level Tube '

() Desired Relation. The axis of the level tube should be parallel to the line of
sight and both of these should be in the same vertical “plane.

§  PERMANENT ADJUSTMENTS OF LEVELS

" horizontal when the bubble is in the centre, regar

- correct, It is to be noted that since 1o reversion is made, the whole
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(@ ; desired relation is accomplished, the ling of sight wil
O voem e s dless of the direction in which the telescope
is pointed. This adjustnient is very necessary, and of prime importance, since the whole
function of the level is to provide horizontal line of sight. .
(i) Test and Adjustment. For both the axes to be in the same vertical plane
(1) Level the instrument carefully keeping the telescope parallel to Ewo foot screws.
(2) Tumn the telescope slightly in the wyes about its longitudinal axis. If the bubble
remains central, the instrument is in adjustment. If not, bring the bubble cenn'allh by t;:ea;sl
- 4 3 . e
of a small horizontal screw which controls the level tube laterally. Repeztn e e
adjusted by the horizontal screw. - .
() Test and Adjustment. For both the axis to be parallel:

(1) Level the instrument by keeping the telescope over two foot screws. Clamp the

horizontal motion of the telescope. . .
(2) Loose the clips, take out the telescope gently and replace it end for end.

(3) If the bubble remains in the centre, it is in adjustment. If not, it requires adjustment.

i ; to raise or lower it
4} To adjust it, loose the capstan screws of the level tbe
@ as thej case may be till the bubble comes halfway towards the cenre.

(5) Repeat the test and adjustment Il correct.

(v) Principle involved. Single reversion is done and, therefore, the apparent errot

is twice the actual error.
(v) Note. The reversion is made -with reference to ‘tl}e wyes and, th;reéore, t:;e
axis of the bubble tube is made parailel to the axis which joins the bot'tom o ltl:' w;{!i :;
However, the axis of the bubble tube may not be set pa:allel. to.t.he line of g ima aﬁ)el
by this test due to the following reasons : (@) The line of colhm_anon_ may oot .pa’rmd !
to the axis of wyes if adjustment () is Dot correct. .(b) Even nf ad_wsu:n_neutth (Defg'e e
first, the collars may not be true circles of equal diameter. This test 15, Cher ‘ ; o
suitable in such cases. The tesi and adjustment can then be made b}_f two-peg testhm o
as in the case of dumpy level and the correction, if necessary, 18 made by the
tube adjusting screws. ]
(i) Adjustment for Perpendicularity of Vertical Axis amsl Ax:s ct:' Le::alﬁe
() Desired Relation. The axis of the level tube should be perpendiculat t(.) e vert ml
(f) Necessity. Once the reqiiirement is accomplished, the bubble will remain cen
for all directions of pointing of the telescope.
(i) Test

(1) Centre the bubble in the usual manner.
(2) Tum the telescope through 180° in horizontal plane. If the bubble does not
remain central, the instrument requires adjustment.
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(@) Adfustment

(1) Bring the bubble halfway back by foot screws and half by raising-or lowering

one wye relative to the P .
e stage. other by means of screws which join the base of the wye to

(2) Repeat the test and adjustment till correct.

CASE B :
(I:) Adjustment of Line of Sight : Same as for case A. f
(i) Adjustment for the Perpendicularity of the Vertical Axis and Level Tube  §

The test i s .
e test is dope in the same way as adjustment (i} for case A4, but the error

is adjusted half by means
bubble fube. y of foot screws and half by means of capstan screws of the 3

f

(1) Level the instrument carefully b i '

Clamp e waton. bout vertea mi v keeping the telescope parallel to two foot screws.
@) Keep 2 level rod in the line of sight and ‘éake the reading | t
(3) Reverse the telescope end for end in the wyes and again sight the .staﬂ’. 3

(4) If the reading is ; AR
adjustment, g is the same, the instrument is in adjustment. If not, it requires

(@) Adjustment
Bring the line of sight to th ) ;
screws under ome wye. s e mean reading on the staff by means of adjusting

Precise Levelling

17.1. INTRODUCTION )

Precise levelling is used for es blishing bench marks with greal accuracy at widely
distributed points. The precise levelling differs from the ordinary levelling in the following
points : ‘

() High grade levels and stedia rods are used in precise levelling.

(i) Length of sight is {imited to 100 m in length.

(i) Rod readings are taken against the three horizontal hairs of the diaphragm.

(iv) Backsight and foresight distances -are precisely kept equal, the distances being

calculated from stadia hair readings. ’

() Two rodmen are employed and backsight and foresight are taken in quick succession.

(vi) The adjustments of the precise level are tested daily and the correction applied

to the rod readings, The rod is standardized frequently. .

The precise levelling can be classified under the following three heads, depending
upon the permissible errors :

First order : permissible error =4 mm NK or 0017 ft M

Second order : permissible error = 8.4 mm VK or 0.035 ft M

Third "order : permissible error =12 mm VK or 005 ft M.

For most of the engineering surveys, permissible error of clogure of a level circuit
is 0.1 VM or 24 mm VK. The construction engineer, therefore, is accustomed to refer

o any of the three higher orders as precise levelling,

17.2. THE PRECISE LEVEL

The precise levelling instrument has, generally, a telescope of greater magnifying power
(40 to 50 D). It is provided with three parallel plate screws and a very sensitive bubble
which s brought to the centre for each reading by a fine tilting drum placed under the
eyepiece. Thus, the line of sight can be made horizontal even when the instrument 23
2 whole is not exactly level.

The bubble can be seen from the eyepiece end of the telescope by reflection in
the small prism above the bubble tube. Coincidence system is used for centring the bubble,

T
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as shown in Fig. 17.1. An adjustable mirror placed im-

the bubble is central, the reflection of the two halves
makes one curve as shown in Fig. 17.1(F). The bubble
tibe generally has sensitiveness of 10 seconds of arc
per 2 mm graduation. '

17.3. WILD N-3 PRECISION LEVEL

Fig. 17.2 shows the photograph of Wild N-3 precision level for geodetic levelling
of highest precision, comstruction of bridges, measurements of deformation and deflection,
determination of the sinking of dams, mounting of large machinery etc. Apart from the
main telescope, the level contains two optical imicrometers plated to the left of the eyepiece—one

FIG. 17.1

is meant for viewing the coincidence level and the other is for taking the micrometer - . . the amount of the ingerval.
reading (Borth the auxiliary telescopes are not visible in the photograph since right-hand %58 () calibrated to give directly

view has been shown). The tilting screw (2) has fine pitch and is placed below the eyepiece
and for fine movement in azimuth, it also contains a horizontal tangent screw (4). The
micrometer knob (6) is used for bringing the image of the particular staff division line -
accurately between the V-line of the graticule plate. , _

The centring of the bubble is done by means of prism-system in which the bubble-ends :
are brought to coincidence (Fig. 17.1). The optical micrometer is used for reading the '
staff. Fig. 17.3 shows the field of view through all three eyepieces. The graticule has
a horizontal hair to the right half and has two inclived hairs, forming V-sbape, to the
left hair. After having focused the objective, the approximate reading of the staff may :
be seen. The optical micrometer is used for fine reading of staff. By turning the knob

Left : notin colncidenca, right : colncidence 3

mediately below the bubble tube illuminates the bubble. 2
One-half of each extremity of the bubble is reflected
by the prism in the fong rectangular casing immediately
above the bubble tube into the small prism box. When
the bubble is not perfectly cemtral, the reflections of
the two halves appear as shown in Fig. 17.1 (a}. When
@) ®)

(6) for micrometer, the plane parallel glass plate mounted in front of the objective is tilted TR

and the image of the particular staff division line is thus brought accurately between the
Vlines of the graticule plate. This displacement of the-line of sight, to a maximum of

10 mm, is read on-a bright scale in the measuring eyepiece to T(% mm. Thus, the staff 33

reading (Fig. 17.3) is 148+0.653 = 148.653 cm. An invar rod (Fig. 17.6) is used with

this level. The manufacturers claim an accuracy of +0.001 inch in a mile of single levelling. 28

17.4. THE COOKE S-550 PRECISE LEVEL

Fig. 17.4 shows the photograph of the Cooke S-550 precise level manufactured by

M/s Vickers Instruments Ltd. used for geodetic levelling, determimation of dam settlement
and ground subsidence, machinery installation, and large scale meteorology. The telescope
spirit vial is illuminated by a light diffusing window. The vial is read through the telescope
eyepiece by an optical coincidence system. The telescope is fitted with a calibrated fine
levelling screw, one revolution tilting the telescope through a vertical angle corresponding
to 1 : 1000. The micrometer head is sub-divided into fifty parts,’ one division, therefore,

' _PRECISE LEVELLING

being equal to 1 in 50,000. The extent
E of calibration is twenty revolutions, cor-
" responding to an’ angle of 1 in 50. The

' The manufacturers claim an accuracy of

reticule has vertical line, stadia lines, hori-
zontal ling and micrometer setting V. The
level vial has a sensitivity of 12" per 2 mm.

+0.02 inch/mile or 0.3 mm/km of single
levelling. :
For taking accurate staff reading, the
micrometer screw is turned till the particular
staff division line is brought in coincidence

FIG. 17.5

: with the V of the reticule. This is accomplished by a parallel plate micrometer (Fig. 17.5)

which measures the interval between the reticule line and the mearest division on the staff

. to an accuracy of 0.001 fi.

ass which may be fitted to displace the

i i f parallel plate of gl
The device consists of Di P 2 controlled by a micrometer Screw

rays of light entering the objective. The displacement is

17.5. ENGINEER’S PRECISE LEVEL (FENNEL) . '

Fig. 17.6 shows the photograph of Fennel’s A 0026 precis-e Engineer’s l'evle: \:vrlhth
optical micrometer. It is equipped with a tilting screw'and a horizontal ‘glass circle. The
coincidence of the bubble ends can be directly seen o lht? field of'wew of telescope.
This assures exact cemtering of the bubble, when the rod is read. Fig. 17.7 (@) shotzs
the telescope field of view when spirit level is mot horizontal. Flg... }7.7 (b) shows - .t:
telescope field of view when the spirit level is horizontal. The sensittvity of tul_:uulaf; s%m
level is 2 per 2 mm. The optical micrometer is used for fine rt‘aadmg of staff. Fig.
17.7 (c) shows the field of view of optical micrometer_for fine r_eadmg o‘f the stat:f. ‘tIi'he
telescope has magnification of 32 dia. The horizontal glass circle—teading 10 minutes, estimation
1 minute—renders the instrument excellent for levelling tacheometry when used in conjuction
with the Reichenback stadia hairs.

17.6. FENNEL’S FINE PRECISION LEVEL . .
. Fig. 17.8 shows Fennel's 0036 fine precision level with optical micrometer. The length

. . 1 - .
of the telescope, including optical micrometer is 15 inches, with 27 inch aperture of obp?ct
glass and a magnifying power of 50 x. The sensitivity of circular spirit level is 6' while

that of the tubular spirit levef 10" per 2 mm. .
The bubble ends of the main spirit level are idnematically supported in the geig
of view, where they are read in coincidence (Fig. 1_7..8). A scale, arranged in the zm
of view, provides the reading of differences of van.auon of the bubble. The ms?humhalf
is provided with wooden precision rod as well as invar tape rod, 3 m lm:]hg w:
centimetre graduated. Centimetre reading is directly read in the field of view of the te cscog
Fine reading of the staff is read through separate microscope mounted a'djacen:- tﬁt; O%yep'l{h .
A scale permits direct readings of 1/10 of the rod interval and estimations © . .



380

in Fig. 17.9, the rod reading is =
244 +0.395 = 244395, A mean
error of 0.3 to +0.5 mm per kil-
ometre of double levelling is well

obtainable with this instrament, if all -

precautions of precise levelling work

are complied with.

17.7. PRECISE LEVELLING
STAFF

For levelling of the highest pre-
cision, an lavar rod is used. Fig.
17.10 shows invar rod by M/s. Wild
Heerbrugg Ltd. An invar band bearing
the graduadon is fitted to a wooden
staff, tighly fastened at the lower
end and by a spring at the upper
end. Thus any extension of the staff
has no influence on the invar band.
The therma! expansion of the invar
is practically nil. The graduations are
of 1 cm. Two graduations mutually
are displaced against each other to
afford a check against gross errors.
The length of graduations is 3 m.
For measuring, the rod is always
setup onan iron base plate. Detachable
stays are provided for accurately and
securely mounting the invar levelling
staff. Once the rod is approximately
vertical, the ends of stays are clamped
tight. By means of the slow motion
screw, the spherical level of the rod
can be centred accurately.

17.8. FIELD PROCEDURE FOR
PRECISE LEVELLING

Two rod men are used ; they
may be designated rod man 4 and
rod man B. The rod A is called
the B.M. rod. The rod 4 is held

on the benchmark aud the B rod on the turning point, Afier setting the level, micrometer
is set at the reversing point. The longitudinal bubble is brought to its centre by micrometer
screw bf:fore taking any reading, The first reading is taken on A rod and the second
reading is taken on B rod placed at the turning point such that the backsight and foresight

FIG. 17.10 INVAR PRECISION LEVELLING ROD
(BY COURTESY OF M/S. WILD HEERBRUGG LTD.)

QS ‘PRECISE LEVELLING

¥ distances are approximately equel. For each
k| reading, all the three wires are read. When
’the instrument is moved, the B rod is
S left at the first wming point and the 4
¥ . rod is moved to the second turning point.
} At the second set up the level man reads
e rod A (foresight) first and then the Tod
E: g (backsight). When the instrument jsmoved
. again, the A rod is held where it is and
t the B tod is moved. At third set up
| of the level, the level man reads rod 4
. (backsight) first and the rod B (foresight)

. ser up the A rod is

L. the rod.

rod at all readings.
17.9. FIELD NOTES

may be. The sum of total backsight di
of total foresight distance at any turning
level book. ‘

" are taken on the A rod. This procedure

and refraction, each section is to be chec
:  forward running may be in the morning and b
 in elevation obtained by these two rums should
desired. The length of a section should

If the work proceeds without interruption and no sudden change in temperature ocours,
es at the beginning and ‘end of the section.

A rod level must be used to plumb the

top and bottom-wire readings {or the sum o

the first backsight, the distance reading o
the distance reading of each successive foresight is also added. Thus,

the sum thus formed gives the foral of dis

A
(]
BM

A
g
BM

. next. Thus, at alfemate set up the foresight is
read firss and B rod next. The procedure neutralizes the effect of

' changing conditions like sinking of the level or changing refraction.

“that the B rod normally comes t0 the B.M. at
. used. Instead, the A rod is moved to the B.M. Thus, both sights at this instrument position
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B A :] A
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TP TP. TP BM.
B A B A A
® ® ® ) O
B.M

T.P. T.P. TP TP

FIG. 17.11

read before the backsight and at every

If it should happen

the end of 'a section of levels, it is not

eliminates any difference in index correction of

In order to eliminate serious systematic errors due to the variations in temperature
ked by a forward and a backward running—the
ackward in the afternoon. The difference
be checked within the limits-of accuracy

not be more than 1200 metres.

it is sufficient to record the two rod temperafur
The level should be protected from the sun.

The arrangement of level notes is almost s
that all the thiee cross-wire readings are taken and recorded. A line is drawn after three
readings and average is found. This average
the point. The intervals between the top and cen
readings are computed. The difference between these two imterval readings should not be
more than 0.005 ft or another set of readings must be taken. The difference between the
f the above calculated intervals) is a measure
of the distance from the level to the rod and is cailed the distance reading. Starting with
f each successive backsight is added. Similarly,

imilar to that of ordinary levelling, except

gives the backsight or foresight reading at
tral-wire and between bottom and central-wire

at any turning point,

tances of backsights or foresights, as the case
istances must approximately be equal to the sum
point. The table below shows a page from precise

f
CE
B

i

I B
B

i

i

v
i1
B

TIEETE
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A PAGE FROM PRECISE LEVEL BOOK :
Disiance
Station B.S. Al F.8. Eiv. B.S. - F.5. Remarks
2.623
BM. 3.346 0.723
4.070 , 0.724
3.346 528.125° 51719’ 1.447
3.825 3.986
TP 1 4.506 -] 406 0.681 0.720
5.189 5.428 : 0.693 0.722
4.507  |s;mse 4707 523.418° 2.811 1444
4.685 3.628 _ _
5.2 5.610 4.280 | oses 0.652
6.53% 4.530 | o094 0.650
5.610 529.256 4279 523.646° 4.660 2.746
* 4.960
BM. 5.8% 0.930
6822 0.932
sgol | 23365 4.608
13.463 ' 14.877 524779
Check 13.463 523.365
Fall L414 1.414 Fall

17.50. DAILY ADJUSTMENTS OF PRECISE LEVEL

The adjustments of a precise level should be rested daily. If the adjusments are
out by permissible amount, corrections are applied to the observations of the day’s work.
If, however, the adjustments are out by appreciable amount, they are adjusted. The fotlowing
adjustments: are made :

() Adjvstment for circular bubble,

(i) Adjustment for prism mirror,

(i) Adjustment for the size of the bubble tbe,

() Adjustment for the line sight, and

(v  Adjustment for the reversing point,

() Adjustment for circular -bubble

Centre the circular bubble by means of foot screws. Reverse the telescope. If the
bubble moves from the centre, bring it half way back by means of the adjusting screws.

& PRECISE LEVELLING

383

(i) Adjustment of the prism mirror ) .

With the right eye in position at the eyepiece, sight the Prism mirror with the 'leﬁ
eye. Swing the mirror until the bubble appears to be evenly simated to the centre line.

(i) Adjustment for the size of the bubble tube _

This adjustment can be made only if the level vial has an adju.";talb_le air chamber.
If it has air chamber, the length of the bubble can be changed by dlting the chamber.
Thus, to enlarge the bubble, tilt the eyepiece and upward and to decrease it, furm the
eyepiece end downward.

(iv) Adjustment for the line of sight

The test of the parallelism of the line of sight and the axis of the bubble mbe
isofprim&importanoeandshallbemadedaily.Itmaynotb?new'ssarytomakeﬂle
adjustment daily. However, the error is determined and correction is applied to the _observed

readings.

FIG. 17.12

To test the adjusment, two points A and B are selected about 120 m apart. The
fevel is first set at P, npear to A, ata distance d; from 4 and D from B. Let the reading
obtained at A be R, and that at B be Ry, , the suffix n and f being used to denote
the readings on near and far points. The instrument js then moved to a point Q, near
to B, at distance d, from B and D, from 4. Let the reading obtained- at A-be Ry, and
at B be Rp Let ¢ = slope of the line of sight = tan .

When the instrument is ot P

True difference in elevation between A and B=®-cD)-Rm—

When the instrument is at Q@

The difference in elevation between A and B =(Rm - cds)— (Rr2 = cDi)

Equating these two and solving for ¢, we get

edy) (1)

()

(Bm + Ru) - (Rr1 + Ry2) _ Sum of near rod readings — Sum of far rod readings
= D.¥D)-(d +4) Sumof far distances— Sum of near distances
Knowing ¢, the correction to any rod reading can be calculated. o
The Line of sight will be inclined downwards if ¢ has plus sign and will be inclined
upwards if ¢ has minus sign. If the value of ¢ comes out to be more than 9.00005
(i.e. 0.005 m in 100 m), adjustments should be made by calculating the correction for
a staff kept at 90 m distance from the instrument. B
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() Adjustment of the reversing point
the - . ] » - ) -. )
bubble wm'f:ﬁl'fi;?";: a’fiefre"fﬂ” J;f“t.?g on the micrometer sorew at which the

) 1 4 , W e vertical axis of the level is trul i

To find the reversing point, the bubble tube i et readin
: olnt, be is centred exactly and the mi i
is noted, The telescope is then reversed, the b in coniro ' e et
L _ len 1 , the bubble again centred and the micrometer reading :
is noted. The reversing point is then half-way between the two micrometer readings. The :

o . . .
justment is mot essensial but is merely necessary for quick centring of the bubble :

18

Permanent Adjustments of Theodolite

18.1. GENERAL

The fundamental lines .of a transit are as follows :

(1) The vemical axis

(2) The horizontal axis

(3) The line of collimation (or line of sight)

) Axis of plate level

(5) Axis of altimde level

(6t Axis of the striding level, if provided.

The following desired  relations should exist between these lines :

(1) The axis of the plate level must Jie in a plane perpendicular to the vertical

[ this condition exists, the vertical axis will be muly vertical when the bubble is
in the centre of its Tun.

(2) The line of collimation must be perpendicular 1o the horizontal axis at its intersection
with the vertical axis. Also, if the telescope is éxternal focusing Ope. the optical axis,
the axis of the objective slide and the line of collimation must coincide.

If this condition exists, the fine of sight will generate a vertical plane when the
telescope is rotated about the horizontal axis.

(3) The horizontal ads must be perpendicular 10 the vertical axis.

If this condition exists, the line of sight will gemerae a vertical plane when the
tefescope is plunged.

. {4) The axis of the altitude level (or telescope level) must be parallel 1o the line
of collimation. :

f the condition exists, the vertical angles will be free from index error due O lack
of parallelism. ‘

(5) The vertical circle yernier musi read zero when the line of collimation is horizoniel.

If this condition exists, the vertical angles will be free from index error due 10
displacement of the vernier. ‘ o
(6) The axis of the striding level (if provided) must be parallel to the horizontal

axis.
' (385)
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If this condition exists, the line of sight (if in adjustment) will generate a vertical

plane when the telescope is plunged, the bubble of striding level being in the centre of 3

its rum.

The permanent adjustments of a tramsit are as follows :

(1) Adjustment of plate level

(2) Adjustment of line of sight

(3) Adjustment of the horizontal axis

{(4) Adjustment of altitude bubble and vertical index frame.

18.2. ADJUSTMENT OF PLATE LEVEL

(i) Desired Relation. The axis of .the plate bubble should be perpendicular to the.
vertical axis when the bubble is Central. S

(ify Object. The object of the adjustment is to make the vertical axis truly vertical;
to ensure that, once the instrument is”levelled up, the bubble will remain cenwral for all
directions of sighting.

(ifi) Necessity. Once the requirement is accomplished, the horizontal circle and also
the horizontal axis of the telescope will be truly horizontal;* provided both of these are
perpendicular to the vertical axis. : :

(iv) Test. (1) Set the instrument on firm ground. Level the instrument in the two
posions at right angles to each other as in temporary adjustment.

(2) When the telescope is on the third foot screw, swing it through 180°.

If the bubble remains central, adjustment is correct.

(v) Adjustment. (1) If not, level the instrument with respect to the altiude bubble
till it remains central in two positions at right angles to each other.

(2) Swing the telescope through 180°. If the bubble moves from its centre, bring
it back halfway with the levelling screw and half with the clip screw.

(3) Repeat till the altiude bubble remains central in all positions. The vertical axis
is now truly vertical. _ ‘

(4) Centralize the plate levels(s) of the horizontal plate with capstan headed screw.

It is assumed that the altitude bubble is fixed on the index frame.

(vi) Principle involved. This is the case of single reversion in which the apparent
_ error is double the true error. See also permanent adjustment (1) of a dumpy level, chapter
16. :

18.3, ADJUSTMENT OF LINE OF SIGHT

(D Desired Relation. The line of sight should coincide with the optical axis of the
telescope. ’ .

(i} Object. The object of the adjustment is to place the intersection of the cross-hair
in the optical axis. Thus, both horizontal as well as vertical hair are to be adjusted.

(iif) Necessity. {a) Horizontal hair. This adjustment is of importance only in the
case of external focusing telescope in which the directon of line of sight will change
"while focusing if the horizontal hair does not intersect the vertical hair in the same point
in which the optical axis does.
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(b) Vertical hair. If the adjustment is accomplished, thc line of collimation wm

icular to the horizontal axis (since the optical axis is placed perm.?nenﬂy_perpcndl
to the horizontal axis by the manufacturers) and hence the line of sight will sweep out
R el plunfedt;rﬁcality of hairs., Before the adjustment is made

or horizontality and v . . . \
it is Ifm tl;rsee if Lh::ah\f:rtical and hori:w_mal biairs are'truly vertical and lmnzom‘.adlI
when the instrument is levelled up. To see this, level the imstrument ca:efuﬂ%‘.: wlf
a plumb bob at some distance and sight it through the telescope by careful fo usu:nri_.cal
the image of the plumb bob string is paraltet to the vemf:al‘han, the ‘Iatter is Vti:m ld%
If not, loose the capstan SCIEWS of the diaphragm and n?tate jt Gl the vacal bair co
with thé image of the string. The horizontal hair will then be horizontal.

Adjustment of Horizontal Hair (Fig. 18.1)

(v) Test. (1) Level the instrument carefully
with all clamps fixed. Take a reading on a staff
placed some distance apart (say 100 m). Note also
the reading on the verticat circle.

(2) Unclamp the lower clamp, transit the tele-
scope and swing it through 180° . Set the same
reading on the vertical circle and see the staf_f.
If the same reading is obtained, the horizonal hair
is in adjustment. FIG. 18.1

(vi) Adjustment. (1) If not, adjust the horizontal

hair by top and bottom capstan SCrEws of the diaphragm uotil the reading on the staff

ijs the mean of the two.

(?) Repeat the test till the adjustment
is correct.

Adjustment of Vertical Hair (Fig.
18.2)

(viiy Test. (1} Set the instrument on
a level ground so that a lengt of abo_ut
100 m is available to either side of it
Level it

(2) Sight a point A about 100 m A
away. Clamp the horizontal .movement. i

- (3) Transit the telescope and establish . i
a point B to the other side at the same
level as A, such that OA=0B (approx).
(4) Unclamp the horizontal movement ! :ﬁﬁ_" -

a)

and torn the telescope to sight A agaifl.

(5) Transit the teléscope. If it intersects % !
B, the line of sight is perpendicular to i
the horizontal axis. -

i
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(vii) Adjustment. (1) If not, mark the point-C in the line of sight and.at the
same distance as that of B.
(@) Join C and B and establish a point D towards B such that CD = CB. [Fig.

182 ().
(3) Using the side capstan screws of the diaphragm bring the vertical bair to “the
image of D.

(4) Repeat till there is no error on changing the face, as illustr;\ted in Fig. 18.2 .

(©). o

(u:) Principle involved. This is double application of the principle of reversion.
Transiting the' selescope once doubles the error transiting a second time (after changing
the face) again doubles the error on the opposite side, so that total apparemt erfor is
four tmes the frue error.
18.4. ADJUSTMENT OF THE HORIZONTAL AXIS

() Desired Relation. The horizontal axis should be

perpendicular to the vertical axis. - c": ?D A
(i) Object. The object of the adjustment is to make SR
¥he_ horizontal axis perpendicular to the vertical axis so that 4 i
it is perfectly horizontal when the instrument is levelled. Trunnion axis 0} 3 ¢ f Trunnion axis (M)

(4}
2t

. (z:i:) Necessity. If adjustment (2) is dome the line of
s:g-ht will move in plane when the telescope is plunged; this
adJ};st!nent ensures that this plane will be a vertical plane.
Thls is essential when it is mecessary to move the telescope
in the vertical plane while sighting the objects.

(iv) Test. The test is known as the spire fest :

(!) Set up the instrument near 2 high building or any
other high well-defined point such as the final of a steeple B
etc. Level it. o ’

(2) Sight the well-defined high point A. Clamp the
horizontal plates. :

(3) Depress the telescope. and sight a point B on the
_ground as close to the instrument as possible.

(4) Change face and againsight B. Clamp the horizontal plates. .

. .(5) If, on raising telescope to sight A, an imaginary point C is sighted, the horizontal
axis is not perpendicular to the vertical axis.

(v) Adjustment. (1) By means of the adjusting screws at the trunmion support on

%ne standard, bring the line of sight to an. imaginary point D half way between A and

T
i
P
i
i
i
i
i

FIG. 18.3. SPIRE TEST.

(2) Repeat until C coincides with A when the telscope is raised after backsighting B.
18.5. ADJUSTMENT OF ALTITUDE LEVEL AND VERTICAL INDEX FRAME

Gener?l. Tl_le procedure for this adjustment depends upon whether the clip screw -
anf.i the vertical circle tangent screw are provided on the same arm or on different arms,

A
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and also upon whether the altitude bubble is provided on the index frame or on telescope.
There are, therefore, the following cases :
" {a) Clip)and tangent screws on separate arms
() alfiude level on index arm.
(i) altiude level on telescope.
() Clip ond tangent screws on the same arm
() altinde level on index arm.
(i) altitode level on telescope.

In case a(i), a(i) and b (), both the adjustments, i.e., adjustment of altitude level
and adjustment of vertical index frame, are done togther. In case b (i), the adjustment
of altitade level is done first by two-peg test (see § 16.2) and then the vertical index
frame is adjusted. However, in most of the modern theodotites, with the object of securing
better balance, the vertical circle clamp and tangent screw are placed on one gide of the
telescope and the clip screw on the other. It is, therefore, intended to discuss case @
only, which is the most usval case.

(@) CLIP AND TANGENT SCREWS ON SEPARATE ARMS )

Oject. To make the line of sight horizontal when the pubble is central and the vertical
circle reading is zero.

Necessity. If this is not achieved, the vertical circle reading will mot be zero when
the bubble is central and the line of sight is horizontal. The reading on the vernier. when
the line of sight is horizontal, is kmown as index error, which will have to be added
to or subtracted from the observed readings if the  adjustment is not made.

{a) ALTITUDE BUBBLE ON INDEX FRAME

Test. (1) Level the instrument with respect to plate levels.

(2) Bring the altitude bubble in its centre by using the clip screw.

(3) Set the vertical circle reading to zero by vertical circle clamp and tangent SCIEW.

(4) Observe a levelling staff held 75 or 100 m away and pote the reading.

(5) Release the vertical circle clamp, transit the telescope and swing by 180°. Re-level
the bubble by clip screw, if necessary.

(6) Set the vertical circle reading to zero.

(7) Again tead the staff held on the same point. If the reading is unchanged, the
adjustment is correct.

Adjustment. (1) If not, bring the line of collimation on to the mean reading by
turning the vertical circle tangent SCICW. :

(2) Return the vernier index to zero by means of clip screw.

(3) Bring the bubble of the altitude level central by means of its adjusting capstan
SCIEW.

(ai) ALTITUDE BUBBLE ON THE TELESCOPE

Test. (1) Level the instrument with reference to the plate levels, set the vertical
circle to read zero by means of vertical ' circle clamp and tangent screw.
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(2) Bring the telescope level central by the foot screws. Observe a levelling staff
about 100 m away and note the reading.
. (3) Loose the vertical circle clamp, wansit the telescope and again set the vertical
circle to read zero. Swing through 180° . Re-level if necessary and again read the staff
held on the same point. If the reading is unchanged, the adjustment is correct.

Adjustment : (1) If not, bring the line of collimation on to the mean 'reading by -

turning the vertical tangent screw.

(2) Return the vernier index to zero by means of clip screw.
) (3) Bring the bubble of the level tube central by means of adjusting screws attaching
it to the telescope. :

(4) Repeat till no error is discovered.

PROBLEMS

1. Give a list of the permanent adjustments of a wransit theodolite and state the obj :
: . ect of
ﬁp of the adjustment, Describe bow you would make the trunpion axis perpendicular to the {'eiﬁcal

2. What is spire test 7 Mow is it carried 7

3. Explain the ar:lju‘sunsm for making the axis of the spirit level over T-frame of the i
circle perpendicular to the vertical axis of the theodolite, ? ° e verieal

0

Precise Theodolites

19.1.. INTRODUCTION

The instruments for geodetic survey require great degree of refinement. In earlier
days of geodetic surveys, the required degree of refinement was obtained by making greater
diameter of the horizontal circles. The great theodolite of Ordinance Survey had a diameter
of 36". These large diameter theodolites were replaced by the micrometer theodolites (similar
in principle to the old 36" and 24" instruments) such as the Troughton and Simm’s 12" or
the Parkhurst 9”. However, more recently the tendency has been to replace the micrometer
theodolites by others of the double reading type (glass arc) such as the Wild, Zeiss and
Tavistock having diameters of 5%" and 5" rtespectively. The distinguishing features of the
double reading theodolite with optical micrometers are as follows : :

() . They are small and light.

(i) The graduations are on glass circle, and are much finer.

(fi) The mean of the two readings on opposite  sides of the circle is read
directly in an auxiliary eye-piece generally besides the "telescope. This saves
the observing time, and also saves disturbance of the instrument.

(iv) No adjustments for micrometer rup are Necessary.

(v} It is completely water-proof and dust proof.

(i) It is electrically illuminated.

There are two types of instruments used in the triangulation of high precision.

1. The repeating theodolite. 2. The direction theodolite.

(1) The Repeating Theodolite
The characteristic feature of the repeating theodolite is that it has a domble vertical

axis (two centres and two clamps). It has two or more verniers to read to 20, 10 or
5 seconds. The ordinary tramsit is the repeating theodolite. The vernier theodolite by M/s.
Vickers Instruments Ltd. and the Watts Microptic Theodolite No. 1, fall under this category.

(2) The Direction Theodolite
The direction theodolite has only one vertical axis, and a singte horizontal clamp-and-tangent
screw which controls the rotation about the vertical axis. Optical micrometers are used to
read fractional parts of the smallest divisions of the graduated circle. The direction theodolite
is used for very precise work needed in the first order or second order triangulation survey.
wild T-2, T-3 and T4 theodolites fall under this category, and will be discussed here.
(391)

T L TR
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19.2. WATTS MICROPTIC THEODOLITE NO.1. :

Messers Hilger and Watts Ltd. manufacture three models of optical microptic theodolites
No.1, No.?2 and No. 5. Out of the three, No. 1 is most precise having a least count
- of 1” while in No. 2, the reading can be taken directly to 20" and by estimation 10
5*. Fig. 19.1 shows Wats Microptic Theodolite No. 1.

The Theodolite has horizontal and vertical circles of plass and images of both are
brought together with that of the micrometer scale, info the field of view of the reading
eyepiece. Both circles are divided directly to 20 mimtes and are figured at each degree.
Finer sub-livisions are read from the lowest scale (Fig. 19.2) which gives the micrometer
reading. It is divided at 20 second intervals and figured at every 5 mimutes. The two
circle scales are read against patented indexes which facilitate precise setting. They take
the form of hollow triangular pointers which indicate light displacements of the lines beneath
them. A small lateral displacement of a line result in a relatively large asymmetry of small
triangles of light beneath the pointer on either side of it. Estimated readings may easily
be made to 5 seconds. o

In use, the micrometer is adjusted untl the nearest division of the circle being observed
is brought into coincidence with the index. -

The reading of the micrometer scale is | 'S 1% o i%0
then added to that of the circle to give |||L\||[ |||*||l
the instrument reading. Fig. 19.2 (@) shows " v v v
the field of view when coincidence has H||T|||H H,IH]HH
been made for the horizontal circle reading, 24 2 A 23 .
using the optical micrometer screw. The

reading on the horizontal circle is U LI TTHT[ENI
23° 20" and that on the micrometer is 10 15 5 10

12’ 30". The total reading on the korizontal @) )

circle is, therefore, 23°20'+12'30"  Coincldance for horizontal Coincidence for vertical
=73° 32 30", Fig 19.2 (b) shows the circle reading 23°32'30" circle reading 190°47°30"

same field of view when coincidence has
been made for the vertical circle reading.
The reading on the vertical circle is 190° 40'
and that on micrometer is 7 30". The total reading on the vertical circle is, therefore,
190° 40" + 7' 30 = 190° 47" 30".
19.3. FENNEL'S PRECISE THEODOLITE
Fig. 19.3. shows the photograph of Fennel's precise theodolite ‘Themi”. The instrument
has following specifications : '
1. Horizontal circle
Diameter : 5 in.
Graduation 360° to 1/6° .
Reading by micrometer microscopes ensuring easy -estimation o ...... 2",
2. Vertical circle
Diameter : 4 in

FiG. 19.2 VIEW iN MICROMETER OF WATTS
MICROPTIC THEODOLITE NO. 1

39
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Graduation : 360° 10 1/12°

Reading by vernier microscopes to 30"

3 Tel'@scope
Length of telescope : 8% in.
Aperture of object -glass 1%"&- in.
Focusing : Internal
Min, Focus ;8¢ f

: Magnification : 26 dia.

The horizontal circle is read with the help of micrometer microscopes. Fig. 194

{a) shows the image after the target
has been aimed at. This position
is shown as ‘zero position’. In
the lower half of the field of view
the graduation is seen while
the secondary graduation appears
at the upper half. Double-line index
(lower half of figure) is used for
setting of graduation, while sin-
gle-line index is used for setting
of secondary graduation. Fig. 19.4
() marks the field of VieWw 2 G, 19.4. EXAMPLE OF HORIZONTAL CIRCLE READING.
it is seen when the graduation line ‘
which may originally appear at the left of the firm double-line
index has been placed keenly amidst the double-line index
by means of the micrometer screw on the microscope. By
this arrangement, the secondary graduation has been posed auto- . :
matically and mark in the figure 3’ 167 (“= double seconds). 1 1%; 12
Reading as per figure thus is found to be 38° 23 167 or 38° 237 32" : """‘:'l'i i';';"""
The vertical circle is read by simple vernier microscope. -
Fig. 19.5. shows the example of verdcal circle reading. The
reading after setting to réading position is 129° 34° 00"

(b) READING POSITION

(2) ZERO POSITION
(38° 23 327)

. FIG. 19.5. VERTICAL CIRCLE
19.4. WILD T-2 THEODOLITE . READING.

Fig. 19.6 shows the photograph of Wild T-2 theodolite. Both circles are made of
glass. The diameter of horizontal circle is 90 mm and that of vertical circle is 70 mm
and both are ifluminated through adjustable mirrors. The artificial illumination required at
night or in tunmels is supplied by an electric lamp replacing the mirror, The telescope
is of internal focusing type having an over-all length of 143 mm. The vertical axis system
consists of the axle bush and the vertical axis turning therein on ball bearings, which
is antomatically centred by the weight of the instrument. The glass circle is mounted oB
the outer side of the axle bush and is oriented as desired by drive knob. Since there
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is only one set of clamp and tangent
screw for the motion about the ver- 6l - o6t 51 v8Y 51
tical axis, the angles are measwred {1 1 t 1 1 11 [ I
by direction method only. This is, ! '
therefore a  direction theodolite,
The readings are made with
the microscope mounted adjacent to 7 M
the telescope eyepiece. In the field @
of view of the micrometer appear
the circle graduations from two parts G S
of the circle 180° apart. The circle b EEENE 1]
is divided in 20-minute intervals. | | I 1 | 1
The appearance of field of view 20 | 21

is shown in each of the rectangles
@

of Fig. 19.7.
Coincidence system is used

FIG. 19.1.”VTF..WS N MICROMETER OF WILD T-2

THEODOLITE.

2n

230
(") 50
MW

{d) 230°26°46"

to take the readings. Fig. 19.4(a)
shows the field of view before co-
incidence. The rectangle shows the
scale reading, while the micrometer
scale, scen undermeath the rectangle, shows single second graduation over a range from
0 to 10 minutes. The lower numbers in the micrometer scale js thus rotated, the positions
of the circles that appear in the rectangle are moved optically simultaneously by equal
amounts in opposite directions till coincidence occurs, as shown in Fig. 19.7 (b) where
the reading is 13° 54' 32". Fig. 19.7 (¢) shows another illustration before coincidence and
Fig. 19.7 (@ shows the .same after coincidence where the final reading is
230° 26' 46". :

Since both sides of the circle are moved simultaneously, a coincidence occurs every
time they are moved 11 minutes. The micrometer scale, therefore, has a range of only
10 minutes to ensure reaching a coincidence. When coincidence occurs, the index line will
either be against a 20 minute line or half-way between two 20 minute lines.

19.5. THE TAVISTOCK THEODOLITE

The Tavistock theodolite is a precision theodolite and derives its name from the fact
that it was the outcome of a conference held in 1926 at Tavistock in Devon between
instrument makers and British Government survey officers. Fig. 19.8 shows the Cooke’s
Tavistock theodolite manufactured by Messrs Vickers Instruments Ltd., England.

The horizontal and vertical circles are graduated every 20 minutes on the glass annuli.
A single optical micrometer is provided for both circles, the circle reading eyepiece being
. simated parallel to the main telescope. A control on the standard of the instrument enables
the observer to select which circle is to be viewed. Both circles are illuminated by a
single mirror, *
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3 The images of divisions, diametrically oppositc each other, are made to coincide when
setting- the micrometer. The reading can be taken direct to one second and be estimated t0
025" or 0.5" 4
An optical plummet for centring over a ground mark is incorporated. The horizontal
circle is rotated by level pinion, the engagement being controlled in an impersonal manner
by cam connected to the cover over the control screw. A single slow motion screw is
provided in azimuth. ’ )
Fig. 19.9 shows the field of view of the
reading microroeter at coincidence. The coincidence [ ]
_is made by the micrometer setting theodolite. — 1T |
Coincidence takes place at intervals of 10 minutes,
the coarse and fine readings always being additive,
provided the observer notes whether the coincidence
¥ takes place opposite the reading mark or sym-
E . metrically on either side of the reading mark
F  (as illustrated) in which case 10 mimites must be added to the coarse reading, short of
the reading mark, in addition to the micrometer reading, Thus, the reading illustrated is
- 78° 56" 21°.5 ‘
g In another model of Geodetic Tavistock theodolite mamufactured by Messers Vickers
Instruments 11d., the reading can be taken direct fo 0.5 second of arc on the horizontal
circle and 1 second on the vertical circle.
19.6. THE WILD T-3 PRECISION THEODOLITE .
Fig. 19.11 shows the Wild T-3 precision theodolite meant for primary triangulation.
Both the horizontal and vertical circles are made of glass. The graduation interval of horizontal
circle is 4' and that of the vertical is 8 . The readings can be taken on the optical
micrometer direct to 0.2" and by estimation to 0.02% The following is the technical data:
Magnification 24, 30 or 40 x
Clear diameter 2.36 in. (60 mm)
Shortest focusing distance 15 ft (4.5 m) .
Normal range 20 w 60 miles (32 km to 96 km
Field of view at 1000 fi 29 ft (8.834 m)
ol Length of telescope 10.2 in. (260 mm)
E Sensitivity of alidade level, 7" per 2 mm
= Semsitivity of collimation level 12° per 2 mm
Coincidence adjustment of vertical circle level to 0.2"
Diameter to horizontal circle- 5.5 in. (140 mm)
Graduation interval of horizontal circle 4’
Diameter of vertical circle 3.8 in. (97 mm)
Graduation interval of vertical circle 8
Graduation interval of micrometer drum 0.2".

FIG. 19.9 VIEW IN THE MICROMETER
OF COOKE TAVISTOCK THEODOLITE.
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The vertical axis system consists of the axle bush and the vertical axis wurning therein
on ball bearings, which is automatically centred by the weight of the instrument. The glass
circle is mounted on the outer side of the axle busk and is oriented as desired by drive
knob. Since there is only one set of clamp and tangent sCrews for the motion about vertical
axis, the angles are measured by direction method only. This is, therefore, a direction
theodolire.
" The micrometers for reading the horizontal and vertical circles aré both viewed in
the same eyepiece which lies at the side of the telescope. In the field of view of the
micrometer appear the circle graduations from two parts
of circle 180° apari, separated by a horizontal line.
The horizontal circle is divided in 4' interval. The ap-
pearance of field of view is shown in Fig. 19.10 in
which the top window shows the circle readings. A
vertical line in the bottom half of the window serves
as an index from which the coarse readings are taken.
The lower window is graduated to seconds readings ' .-
and carries a poimter. Coincidence system is used to
take the readings. To read the micrometer, micrometer
knob is turmed so that the two sets of graduations in
the upper window appear to coincide one another, and  Cicle reading
finally coincide. The seconds readings will then be given st drum reading 39°3
by the scale and pointer in the lower window. The 2nd drumreading ¥4
reading on the seconds scale in the bottom window FIG. 10.10 166°41° 1877
is one-half of the proper reading. Hence, the number

of seconds which are read on this scale must either be doubled, or opposite graduations °

in the upper window should be brought into coincidence twice and the two readings on
the seconds scale added together, as illustrated in Fig. 19.10.

, To view the horizomtal circle reading, an inverted knob is turned in a clockwise
direction : to view the vertical circle reading, the knob is turned in the reverse direction.
Thus, the same eyepiece can be used for taking Lhe readings of both the circles.
19.7. THE WILD T-4 UNIVERSAL THEODOLITE (Fig. 19.12) '

The Wild T-4 is a theodolite of utmost precision for first order triangulation, the
determination of geographic positions and taking astronomical observations. ‘The instrument
has a horizontal circle of 250 mm (9.84”) which is almost double the diameter of that
of T-3 model. The reading can thus be taken with greater accuracy. The theodolite iS
of the ‘broken telescope’ type ; that is, the image formed in the telescope is viewed through
an eyepiece placed at one end of the trunuion axis which is made hollow. The graduation
interval on horizontal circle is 2 with direct reading to 0.1 om optical micrometer. The
other technical data is as follows : i

Telescope power : 65 x
Clear objective glass apertute : 60 mm (2.36")
Azimuth (horizontal) circle on glass : 360°

PRECISE THEODOLITES

Diameter of scale : 250 mm (9.84")

Interval between divisions : 2'

Direct feadings to : 0.1
Elevation (vertical) circle on glass, 360°

Diameter of scale : 145 mm 5.71"

Interval between divisions : 47

Direct readings to : 0".2
Setting circle, for telescope angle of sight

Interval of divisions : I°

Scale reading microscope interval : 10°

Angles can be estimated to : '
Sensitivity of - suspension level : 1°

of elevaton circle level : 5"

of Horebow level (both) : 1"-2"

The vertical and azimuth circles are both
equipped with a reading micrometer which gives
automatically the arithmetic mean of two dia-
metrically opposed readings. Fig. 19. 13 shows
the example of circle readings.

The eyepiece is equipped with the so-called
longitude micrometer for accurate recording of
a star's tramsit. The reversal of the horizontal
axis and telescope is carried out by a special
hydraulic arrangement which ensures freedom from
vibration. Electrical lighting, to illuminate both
circle and field, is built into the body.

97

Example of a vertical
circle reading’
34° 25 26.9

Example of a horizontal
drcle reading
46° 27' 19, 27

FIG. 19.13
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Setting Out Works

20.1. INTRODUCTION _
Whereas surveying is the process of producing a plan or map of a particular area,
setting out begins with the plan and ends with some particular engineering structure correctly

positioned in the area. Most of the techniques and equipment used in surveying are also

used in setting .out. It is important to realise that setting out is simply ome application
of surveying. In many cases, insufficient importance is  attached to the process of seting
out, and it tends to be rushed to save time. This attitude’ may result in errors, causing
delays which leave construction machinery and plant idle, resulting in additional" costs.

There are two aims when underaking setting out operations : ‘

1. The structure to be constructed must be set out correctly in all three dimensions—both
relatively and absolutely, so that it is of correct size, in the correct plan position and
at correct level.

2. The setting out process, once begun, must proceed quickly, without ' causing any
delay in construction programme. :
20.2. CONTROLS FOR SETTING OUT

The setting out of work requires the following two controls:

(a) Horizontal control

() Vertical control.

20.3. HORIZONTAL CONTROL

Horizontal control points/stations
must be established within or mear the
construction area. The horizontal control
consists of reference marks of known plan
position, from which salient points of the \
designated structure may be set out. For
big structures of major importance, primary
and secondary control poiats may be used “ Eodnr::w contrl
(Fig. 20.1). The primary control points e Sscondary control pointa
may be the tiiangulation stations. The sec-
ondary control points are referred to these

FIG. 20.1 PRIMARY AND SECONDARY CONTROL
POINTS.
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primary control stations, The co-or-
dinates of secondary points may be
found by traversing methods. These sec-
ondary control points provide major
control at the site. Hence, it should
be located as near to the construction,
but sufficiently away so that these points
are not disturbed during construction
operations. In the process of establishing
these control poimts, the well known
principle of ‘working from whole 1o
part' is applied.

Base line, The control points can
also be used to establish a base line
on which the setting out is based, as
shown in Fig. 20.2. In order to increase
the accuracy at the site, two base lines,
mutually perpendicular to each other , B c
are some times used. a B Y

Reference grids. Reference grids S L
are used for accurate setting out of
works of large magnitude. The following /

/

types of reference grids are used :
()  Survey grid.

o E L, ="

(iv) Secondary grid. mer p

Survey grid is the one which
is drawn on the survey plan, from
the original traverse. Original traverse
stations form the control points of this
grid. The site grid, used by the designer,
is the one with the help of which
actual setting out is done. As far as .
possible, the site grid should be actvally the survey grid. All the design positions (points)
are related in terms of site grid co-ordinates (Fig. 20.3). The points of .the site grid are
marked with wooden or steel pegs set in concrete. These grid points may be in sufficient
number, so that each design point is set out with reference to atleast two, and preferably
three, grid points.

The structural grid is used when the structural components of the building {such
as column etc.) are large in number and are so positioned that these components cannot
be set out from the site grid with sufficient accuracy. The structural grid is set out from
the site-grid points. The secondary grid is established inside the structural, to establish
internat details of building, which are otherwise not visible directly from the structural grid.

FIG. 20.3. SITE GRID.
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--Coustruction and protection of
control points
The control points of any grid
has to be so constructed and protected
that they are not disturbed during the
course of comstruction. For non-per-
manent stations, wooden pegs may be
used. However, for longer life, steel
bolts, embeded in concrete block 600
mm x 600 mm may be used. The station
may be etched on the top of the bolt.

20.4. VERTICAL CONTROL _

The vertical control comsists of establishment of reference marks of known height
relative to some specified datam. All levels at the site are normally reduced to a nearby
bench mark, usually known as master bench mark (MBM). This master bench mark is
used to establish a number of transferred bench marks ot temporary bench marks (TBM)
with an accuracy of levelling within +0.010 'm. The position of TBM's should be fixed
during the initial site reconnaissance. Wherever possible, permanent existing feat:res should 7
be used as TBM. Each TBM is referenced by a mumber or letter on the site plan, apd
should be properly related to the agreed” MBM. All TBM's should be checked, properly
protected, and should be re-checked at regular intervals. The distance between any two
adjacent TBM’s should mot exceed 100 m.

20.5. SETTING OUT IN VERTICAL DIRECTION

The setting out of points -in vertical direction is usually done with the help of following
rods : i

() DBoning rods and travellers (i) Sight rails
(i) Slope rails or batter boards () Profile boards.
Boning rods. A boming rod comsists of an upright pole baving a horizonial board
at its top, forming a T-shaped rod. Boning rods are made in sets of three, and may
consist of three T-shaped rods, each of equal size and shape, or two rods indentical 0
each other and a third one consisting of 2 longer rod with a detachable or ‘movable T-piece.
The third one is called a fravelling rod or a traveller. ' ,

Traveller. A traveller is a special type of boning rod in' which the horizontal piece
can be moved along a graduated vertical staff, and can be conveniently clamped at any -z E
desired height (Fig. 20.6) a '

Sight rails. A sight rail consists of a horizontal cross-piece nailed to a single upright
or pair of uprights driven into the ground. The upper edge of the cross-piece is set to
a convemient height above the required plane of the structure, and should be at a height
above the ground to emable a man to conveniently align his eye with the upper edge.
Various forms of sight rails are shown in Fig. 20.7. The single sight rail shown in Fig.
20.7 (@) is used for road works, footings and small diameter pipes, while at corners of g
buildings, sight rail shown in Fig. 20.7 (b) is used. For trenches and large diameter pipes. - R

FIG. 204. CONTROL POINTS.
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Boring 2
@ roda e Flxing screw
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FIG 20.5. (o) THREE BONING RODS. {5y TWO BONING RODS FIG. 20.6. TRAVELLING ROD.
. WITH A TRAVELLING ROD.

Reference height

01

(a) (5] © td)
FIG. 20.7. VARIOUS FORMS OF SIGHT RAILS.

sight rail shown in Fig. 20.7 (0) is used. A stepped sight rail or double sight rail, shown
in Fig. 20.7 (d) is used in highly undulating or 'falling ground.

Slope rails or batter boards. These are used for controlling the side slopes in embagiments
and in cuitings. These consists of two vertical poles with a sloping board nailed near their
top. Fig. 20.8 -(a) shows the use of slope rails for comstruction of an embankment. The
slope rails define a plane parallel to the proposed slope of the embankment, but at some
suitable vertical distance sbove it. Travellers are used to control the slope during filling
operations. However, the slope rails are set at some distance x from the toe of the slope.
to prevent it from disturbance during the earth work operations. Fig. 20.8 (b) shows the

.use of slope rails in._cuttiug.
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FIG. 20.8. USE OF SLOPE RAILS

‘ Profile boax‘-ds. These are similar to sight rails, but are used to define the cormers
or sides of a building. A profile board is erccted near each comer peg. Each unit of
profile !Joa:d consists of two verticals, one horizontai board and two cross-boards Fig. [20.9
(@)]. Fig. 20.9 {b) shows the alternative arrangement. Nails or saw cuts are plaloed ;1t
the tops of profile boards to define the width of foundation and the line of the outside

Set lo some
ralerence lavel

Piglila Yoard

Line of outer
face of wall

FIG. 20.9. USE OF PROFILE BOARDS.
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facc of the wall, A spring or piano-wire may be stretched between the marks of opposite
profile boards to guide the width of cut. A waveller is used w© control the depth of the cut.

20.6. POSITIONING OF STRUCTURE

After having established the horizontal and vertical control points, the next operation
is to locate the design points of the structurc to be constructed. Following are some of

“the commonly used methods : ..

1. From existing detail 2. From co-ordinates.

When a single building is to be
constructed, its cormers (or salient design
points) may be fixed by running a line
between corners of existing building and
offetting from this. However, where
an existing building or features are oot
available, the design points aré Co-0r-
dinated in terms of site grid or base N\ ¥f57
line, This can be achieved by the fol-
lowing:

() Setting out by polar co-or-
dinates. In this, the distance and bearing
of each design point is calculated from
atleast three site grid points, as illustrated
in Fig: 20.10 {a).

(i) By intersection with two theo-
dolites stationed at two stations of site
grid, using bearings and checking the
intersection from a third station.

(iiy By offsetting from the base

-

-

. (b) Intarsection from two theodolites
lime. FIG. 20.10. POSITIONING OF DESIGN POINTS.

Offset pegs : It has been illustrated
in Fig. 20.3 that the corners of a building
can be set out by polar measurements
from the stations of site grid. Corner
pegs can then be driven in the ground.
However, during the excavation of the
foundations, these corner pegs get dis-
located. To avoid the tabour of relocation
of these corner points, extra pegs, known
as offser pegs are located on the lines
of the sides of the building but offset _
back from true corner points, as shown R W
in Fig. 20.11. The offset distance should S [»e-Oftsat
be sufficient so that offset pegs are not ST ped
disturbed during earth work operations.

FIG. 20.11. OFESET PEGS.
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20.7. SETTING OUT FOUNDATION TRENCHES OF BUILDINGS :
The setting out or ground tracing is the process of laying down the excavation

lines and centre lines etc., on the ground, before excavation is started. After the foundation
" design is dome, a seming oul plan, sometimes also known as foundation layout plan, is

prepared to some suitable scale (usually 1 : 50). The plan is fully dimensioned.
For setting out the foundations of vy
small buildings, the centre line of the P
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marked on the ground by streching a 3+ i
string between wooden or mild steel pegs '
driven at the ends. This line serves as E
reference line. For accurate work, nails E

1

may be fixed at the centre of the pegs,
Two pegs, one on either side of the e---4

central pegs, are driven at each end of ,___
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[ PR —————

-

i
i

———
———t

the central peg, and the distance between 3

the outer pegs correspond to the width EFjg. 20.12. SETTING OUT WITH THE HELP OF PEGS.

of the foundation trench to be excavated.

Each peg may project about 25 to 50 02 m,_??:: .f Masonry
mm above the ground level and may T 14 i 5 P
be driven at a distance of about 2 m tmil i iq_Excavation
from the edge of excavation so that they l i i "“931
are pot disturbed. i EI..'- ..... {32
i )
1

When string is stretched joining
the corresponding pegs (say 2-2) at the ),[ !
extremities of the line, the boundary of / _________ 5
the trench to be excavated can be marked ——r_ (743 N 3
on the ground with dry lime powder. : Plinth i #] P
The centre lines of other walls, which line L /

T,

are perpendicular to the long wall, are
then marked by setting out right angles.
A right angle can be set out by forming
a wiangle with 3, 4 and 5 units long g 25,13 SEPTING OUT USING MASONRY PILLARS.
sides. These dimensions should be meas-

ured with the help of a steel tape. Alternatively, a theodolite or prismatic compass may
be used for setting out right angles. Similarly, other lines of the foundation tremch of
each cross-wall can be set out, as shown in Fig. 20.12.

For big project, reference pillars of masonry may be constructed, as shown in Fig.
20.13. These pillars may be 20 cm thick, about 15 cm wider than the width of the
foundation trench. The top of the pillars is plastered, and is set at the same level, preferably
at the plinth level. Pegs are embeded in these pillars and nails are then driven in the
pegs to represent the cenire line and outer lines of the trench., Sometimes, additional nails

" are provided to represent plinth lines.

m

Special Instruments

21.1. INTRODUCTION o - o
In the earlier chapters, we have gtudied some routine instruments which serve no!

i ial i ailable to conduct surveys
i atiops. However, some special instruments ar¢ DOW &V ;
;g:v esg:s ggial purpose or special operations. In this chapter, we shall study the following
special instruments : .

P 1 Site square 2.  Automatic level

3. Convertible transit level 4, Special_Compasszs '
5. Brunton universal pocket transit 6. Mountain compass-transit.

21.2. THE SITE SQUARE

As indicated in chapter 4, a site s
to each other. Fig. 21.1 (g) shows t.h_e 8 o
i hic view. Basically, it consists of a C :
i;sepltilszg;;psight of which are mutually set at right angles to each or.her. bgrd th]:. m:::amtlﬁl::t1(1)1;:r;l
The site square is fixed to steel pin set on the top of a _me_tal trip yt s
clamp arm  and a clamp Screw. The instrument is levelled” with reference to

quare can be used to set tWo lines at right angles
ketch of a site square while Fig. 21.1 (b) shows
indrical metal case comtaining two telescopes

5. Fine Setting Screw

1. Telescopas A
2. Cleamp Pe 8. Knurled Ring
3. Tripod 7. Datum Rod
4. Cylindrical Metal Gase 8. Clamp Arm
@ e
FIG. 21.1. THE SITE 5Q .
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bubble, using this clamp screw. By this arrangement, the instrument is so mounted that
it is some distance away from the tripod. A datum rod is screwed into the base of the
instrument. This datem rod contains a spiked extension at the bottom.

Setting up the Site Square : Let datam rod of the site square be set on a datm
peg (known as the instrument station), by placing the clamp of the damm arm over the
tripod pin kept at upper most position. The arm is so positioned that it is nearly horizontal,
with the clamp about mid-distance along the arm. The tripod is placed in such 2 position
that the datum rod is approximately over the datum peg. The site square is then placed
on the top of the datum rod, The imstrument is secured by turning the knurled screw
in clockwise direction. Thus, the instrument has been set on the datmm rod. However,
it is capable of being rotated. The instrument is now levelled with reference to the circular
bubble, by holding the instrument- with one hand, releasing the clamp screw, and moving
the instrument slightly. tll the bubble is in centre. The clamp screw is then secured.

Setfing out a right angle : Let it be required to set a line AC at.right angles
10 a given datum line AB, at the .
damm station A (Fig. 21.2)

The tripod is so set mear peg
A ‘that the datum red is cxactly over
the datum peg A. Line AB is the
building line or datum line, The in-
strument is so rotated that one telescope
is on the datumn line AB. The instrument
is locked in position, and the fine
setting screw is rotated so that the
line of sight bisects the station mark
onpeg B. A sight is now made through
the other telescope and a ranging rod
i1s held as near as possible at the
right angles to line AB. The observer Peg
now signals the person holding the
ranging rod so that the line of sight
exactly bisects the ranging rod. A peg is now inserted at the base C of the ranging rod.

21.3. AUTOMATIC OR AUTOSET | el |

FIG. 21.2. SETTING OUT A RIGHT ANGLE.

LEVEL 'ﬂ-‘ .
] . N Horizontal W »

An automatic level or autoset level " : AN g
con_tau!s an Optlc.al °°mp"'“,5 atolr which {a} Horizontal line of sight (Bubble cantral)
maintains a level line of collimation even
though the instrument may be tilted as " =] '
much as 15 minutes of ar¢. In conventional oclined ‘ :
levelling instrument, the line of collimation _"Iﬂ """""""""""""""" X """"""" > |
js made herizontal by means of lomg
bubble fube. This is 2 time consuming {b) Inclingd fina of sight (Bubble out of contre)

Job. In such a conventonal jnstrument FIG. 21.3. CONVENTIONAL LEVEL.
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i i i ;eal axis will not be truly vertical,
i bubble is not in the centre of its run, the vertui ] _
:afndmemeuline of collimzation will be tilted instead of bemg‘hopmnlal- _Flg- 21.3 shows a
conventional levelling instrument showing both (¢) horizontal line of sight as well as (&)

inclined line of sight. . -
kel g ubble is no longer required (0 set a horizontal line of

an autoset level, spirit b oDge
co]]imalgon In such a level, the line of collimation is directed through a system of compensators

which ensure that the line of sight viewed through the telescope. is borizontal even if the
optical axis of the telescope tube itself is mot horizontal. A cut;ulaﬂr b:t;ble flsfusetl to
i i ! ical, either wi e help of footscrew
the instrument approximately 15 of the vertical, ! -
;er:::lge;ems or a quickest device. An automatic or autoset level is also sometimes kuown
] . _
as a self-levelling level or pendulum  leve .
Fig. 21.4. shows the principle of the compensators. The small angle 3( < 15"} betwee

the standing axis and vertical axis
tilts the telescope by the same amount ngﬂtgcﬂl axs : i.;_______’__
5 . Point P is the point of rotation -} _-Srla_s_c_o-p-a--" ________ A

of the telescope. The compensator \L'\Hmm ay —
located at € deviate all horizontal \‘

rays of light entering the telescope
tube (at the same heightasP)through

|
T
I
1
1
]
1
1
1
el

: i True vertica)

the centre of cross-hairs D. mﬁ\gms »

The compensating systems ."I
may be of two types (@) free sus- ! |
pension compensaiors, sxd () Me. FIG. 21.4. PRINCIPLE OF COMPENSATOR.
chanical compensators. The former - e
type consists of two prisms on a e aotmiem
suspended mount within the telescope vertical

rube. If the autoset level is tilted,
the compensating system hangs like
a plumb bob and keeps the horizontal —
ray on the cross-hairs automaticall'y. Liae of sight
The mechanical compensators consist
of a fixed roof prism above two
swinging prisms supported on fgur
metallic tapes forming a cross Spring
flexure pivot. The ingenuity of design
ensures a frictionless suspension hav-
ing a repetition of setting better than
1 second of arc. Both the systems
use air damping system, in which
the compensator is attached to pris[.n
moving in a closed cylinder. This ol
will reduce the oscillation of the (o) Standing axis ncined
light-weight compensator.

Horizontal ray >

]
[\“'" :E:d-mg vertically

FIG. 21.5. THE COMPENSATOR SYSTEM.
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The commercially available autoset levels use different forms of compensators. Fig
21.6 (a) shows an’ autoset level Ni2 by Zeiss. Fig. 21.6 (b) shows the photograph of
the compensator used in Zeiss Ni2 level.

Wild NA2 and NAK2 Automatic- Levels : Wild NA2 automatic level is useful for
levelling of all types and all orders of accuracy. The advantages of the automatic level
is that as soon as the circular bubble is central, the line of sight is horizontal- for. all
pointings of the telescope. Eliminaion of the traditional tubular level speed up work and
improves accuracy. Fig. 21.7 () shows the cut section of the compensator, which is essentially
a pendulum with prism. The suspension system comprises four flexed tapes made of special
alloy 10 ensure faultless functioning. Pneumatic damping insulates the pendulum from the
influence of strong winds, traffic vibraions etc. and ensures great stability of the line of
sight. .
The model NAK2 incorporates a horizontal circle for angle measurements. Tacheometric
levelling can be done by combining stadia and angular. measurements with height readings.
A reading microscope is provided near the main eyepiece, for circle reading. Fig. 21.7
(b) shows the photograph of Wild NAK2 automatic level. ;

‘In both NAZ? as well as NAK? levels, a press button is provided just below the
eyepiece for compensator control. Pressing this button gives the compensator a igental tap,
so that the observer sees the staff image swing smoothly away and ther float gently back
to give the horizontal line of sight. This check, which takes less than a second, is technically
perfect, as the pendulum itself is activated and swings through its full range. It is also
immediately apparent if the circular bubble is not centred.

21.4. TRANSIT-LEVEL

A transit level combines the major characteristics of both a level as well as a transit,
used extensively for building layouts, road and highway works, excavation measurements
and foundation works. Fig. 21.8 shows Fennel’s convertible transit level. For measuring
or layout of angles, clamps and tapgent screws provide exact sighting. Horizontal circle
and vertical arc have verniers reading to 5 minutes. Fig. 21.9 shows the photograph of
builder’s transit level manufactured by Keuffe! and Esser Co.

21.5. SPECIAL COMPASSES

In chapter 5, we have smdied two types of compasses for the measurement of bearings:
() surveyors compass, and (if) prismatic compass. We shall now consider the following
special purpose compasses :

()  Geologist compass (i) Mining compass

(fify Suspension mining compass with clinometer

(iv) Brunton compass (v} Mountain compass transit.

1. Geologist compass : Fig. 21.10 shows the photograph of geologist's compass.
it is very suitable for the determination of magmetic bearings and slopes of layers. The
angle between the layer direction and magnetic north is measured by means of the compass
dial, the knife-edged ground plate being set horizomtally and rectangular to the gradient
line. For measuring the inclivation angle, the edge of the ground plate is set upon the
gradient line of the layer. The compass taken upright, the clinometer hinge indicates the
slope angle. :
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. Mining com . For works below ground level, the mining compass 1§ more
suitabI:, instead of thep::logism compass. Fig. 21.11 shows the p_hotograph of a mmmtﬁ
compass. String: hooks are provided as finder sights and for bearing measurements Wi
the aid of the string. _ .

3. Suspension mining COMPAsS with clinometer : It basically consists of a compass
box connected with a suspension frame. The siring of the suspepsion fr.ame is sc'et along
the dip of the strata, and its slope is measured with the help of a large dlameter-clmq:eter
with plumb bob. Fennel Kassel manufactures two variations : (i) Kassel type, and (ii) Freiberg
W. .

Fig. 21.12 shows the photograph of
the Kassel type mining compass. The cOmpass
is connected by hinges with suspension irawe
which has the advantage of easy packing and
taking less space in the container. The clampin.g
screw of the knife-edged magnetic needle is
placed on the brim of the compass ring. The
horizontal circle is divided at intervals of 1
degree and figured every 10 degrees. The
clinometer, made from light metal, has a di-
ameter of 9.4 inch and is graduated to

1/3 degree.
Freiberg type compass with clinometer FIG. 21.13. FREIBERG TYP}(E:L%IONING %Uspsl_qsmﬂ
is shown in Fig. 21.13. The. functions of COMPASS WITH METER.

the mining compass of Freiberg type are exactly ' )
the samegas with Kassel type. Its mechanical features depart in two things from the Kassel

type. viz, the rigid connection of the compass suspension with the frame and the clamping
screw to be placed centrically, under the compass box.

21.6. BRUNTON UNIVERSAL POCKET TRANSIT

Brunton‘s Universal pocket transit is one of the most com*epient and versatile instrument
for preliminary surveying on the surface or underground. It is suitable for ‘fowsuy, geological
and mining purposes, and for simple contour and tracing work. The main part Qf l?nmton
Pocket Transit is the magnetic compass with a 5 cm long magnetic needle pivoting oD
an agate cap. Special pinion arrangement provides for the adp_;sunent of the lof:al vanau.o.n
of the declination with a range of +30°. For accurate centring purposes a circular spirt
bubble is built in. A clinometer connected with 2 mbular spiric bubble covers measurement
of vertical angles within a range of +90° . Fig. 21.14 shows the p.hotograph of Brunton
Universal pocket transit along with box containing various access?ne-s.. o

‘The Brumon pocket transit comprises a wide field of application for which it 1
equipped with the following gpecial accessories : -

1. Camera tripod for measurement of horizontal and vertical angles.

2. Plane table for using the compass as On alidade.

3, Protractor base plate for protracting work in the

field or in the office.
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4. Suspension plate for use of the instrument as a mining compass.

5. Brackets for suspension plate _
Measurement of horizontal angles .. Horizontal and vertical angles can be measured by
using the camera tripod with the ball joint. For measuring horizontal angles, the compass
box has to be screwed on the ball joint until the locking pin will fit into the socket
which is imbedded in the compass case. For more precise centring, a plumb bob can
be fastened at the plumb hook of the tripod. Accurate setting of the instrument is accomplished
with a circular spirit bubble. The north end of the needle indicates magnetic bearing on
the compass graduation.

Measurement of vertical, angle : For measuring vertical angles, the compass has to be
fitted in the ball joint. The observations have to be carried out with completely opened
mirror by sighting through the hole of the diopter ring and the pointer. Before readings
can be taken, the tubular bubble which is connected with the clinometer arm has to be
centered by turning. the small handle mounted at the back of the compass, Using the instrument
in this vertical position, it is necessary to lock the needle to prevent the agate cap'and
theé pivot from being damaged. . , ;
Use as a mining compass : Brunton compass can be fitted on the suspension plate and
be used as mining compass. The compass is correctly positioned on the plate when the
locking pin fits into the socket. Then, the North-South line of the compass is "parallel
to the longitudinal axis of the suspension plate. :

. For vertical angle measurements, the hook hinges have be fitted. The brackets prevent
the suspension outfit from sliding along the rope. Before readings of vertical circle can
be taken, accurate centring of the clinometer arm bubble is necessary. ‘

Use with plane table : The compass in conmection with the protector base plate
can be used for protecting work in the field or in the office. . The parallelism of the
base plate edges and the line of sight of the compass is secured when the locking pin
on the plate fits accurately into the socket. This combination gives the possibility to employ
the compass as an alidade for miror plane table surveys.

21.7. MOUNTAIN COMPASS-TRANSIT

A mountain compass-transit (also known as compass theodolite) basically consists of
a compass with a telescope. Both these are mounted on a levelling head which can be
mounted or a tripod. For movement of the instrument about vertical axis, a clamp and
tangent screw is used. For measurement of vertical angles, the telescope can rotate about
the trumnion axis, provided with a clamp and slow motion screw. The instrument is levelled
with respect to a circular bubble mounted on the upper plate, and a longitudinal bubble
tube mounted on the telescope. Fig. 21.15 shows the photograph of a compass transit by
Breithaupt Kassel. The instrument is suitable for compass traversing, reconnaissance, contour
works, and for the purposes of forest departments. The eccemtric telescope admits steep
sights (in mountainous area), being provided with stadia hairs for optical distance measurings
{tacheometric surveying). A telescope reversion spirit level suits the determination of the

“station-height as well as auxillary levelling. The vertical circle is graduated to 1° and reading

with vernier can be taken upto 6'. The compass ring is graduated to 1° and reading can
be estimated to 6. '

B

Tacheometric SurVeying

22.1. GENERAL

Tacheometry (or Tachemetry of Telemetry) is a branch of angqlar surveying in which
the horizontal and vertical distances. of points are obtained by optical means as O

bain. The method is very

i slower process of measurements by tape or €
to the ordmarzﬁiem Alﬂi:ough the accuracy of Tacheometry in general compares unfavourab‘liy
rapid and conv! - es such as steep and broken ground,

. - . ¥ - bsmcl

ith that of chaining, it is best adapted in o _ 1 2 Broe

:nutzh ravines, stretches of water or swamp and so on, which make chzunmﬂg1 dlm?: -
- ible The accuracy attained is such that under favourable conditions the € L

nl?;ro:sx‘ceed 1/1000 , and if the purpose of a survey does Dot require preater acC Y,

the method is unexcelled. The primary object of tachecmetry is the preplarai?n ot;) :o:;n:re;:
iring. i 11 as vertical control. Also.

aps or plans requiring both the horizontal as we . '

f)nfphigherp accuracy, it provides a check on distances measured with the tape

22.2. INSTRUMENTS

. An ordinary transit
tacheometric survey. The s
the other an equal distance below the

theodolite fitted with a stadia diaphragm is g_enerallly used af::;
tadia diaphragm essentially consists of one stadlg hau_' above "
horizontal cross-hair, .lhe stadia haus.bemg mo;::itrs
in the same ring and in the same vertical pla.ne as the homontaloslnd ::cr:cal Cross .
Fig. 22.1 shows the different forms of stadia diaphragm comm y .

used in stadia surveying
The telescope ﬁj}
=
N

are of three kinds ¢
{c)

{1} the simple external-focusing teleslcope.
(2) the external-focusing  anallactic
telescope  (Porro’s telescope) (a) ©)

(3) the internal-focusing telescope. )
]

Thie first type is known as stadia theodol:‘re’.
while the second type is known as ‘facheomefer .
(e} ®
|. VARIOUS PATTERNS OF STADIA
nG. 2 DIAPHRAGM. ‘

The ‘tacheomster’ (as such) has the advantage
over the first and the third type d_ue to the
fact that the additive constant of the instrumest
is zero. However, the internal focusing telescope

is becoming more popular, though it has a
(411)
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very small additive constant. Some of the latest patterns of internal focusing
telescope may be regarded as strictly amallactic (see § 22.7).

A facheometer must essentially incorporate the following features :

() The multiplying constant should have a nominal value of 100
and the error contsined in this value should not exceed 1 in 1000.

(i) The axial horizontal line should be exactly midway between the
other two lines.

(i) The telescope should be truly amallactic.

(iv) The telescope should be powerful having a magnification of 20
to 30 diameters.

The aperture of the objective should be 35 to 45 mm in diameter
in order to have a sufficiently bright image.

For small distances (say upto 100 metres), ordinary levelling staff
may be used. For greater distances a stadia rod may be used. A stadia
rod is usually of ome piece, having 3 to 5 meters length. The patiern
of graduations should be bold and simple. Fig. 22.2 shows two typical
patterns of graduations. For smaller distances, a stadia rod graduated in
5 mm (ie. 0.005 m) may be used, while for longer distances, the rod
may be graduated in 1 em (i.e. 0.01 m}

22.3. DIFFERENT SYSTEMS OF TACHEOMETRIC MEASUREMENT
The various . systems of tacheometric survey may be classified as follows :
(1) The stadia system
" (@) Fixed Hair method or Stadia method
() Mcvable Hair method, or Subtense method.
(2) The tangential system,
(3) Measurements by means of special instruments.

The principle common to all the systems is to calculate the horizontal distance between
wo points A and A and their differencé in elevation, by observing (f) the angle at the

FIG. 22.2.
STADIA RODS

instrument at A subtended by a known short distance along a staff kept at B, and (i)

the vertical angle to B from A.

(@) Fixed hair method. In this method, observation ({) mentioned above is made
with the help of a stadia diaphragm having stadia wires at fixed or constant distance apart.
The readings on the staff corresponding to all the three wires are taken. The staff intercept,
i.e. the difference of the readings corresponding to top and bottom stadia wires will therfore,
depend on the distance of the staff from the instrument. When the staff intercept is more
than the length of the staff, only half intercept is read. For inclined sights, readings may
be taken by keeping the staff either vertical or mormal to the line of sight. This is the
most common method in tacheometry and the name ‘stadia method® generally bears reference
to this method.

() Subtense method. This method is similar to the fixed hair method except that
the stadia interval is vasiable. Suitable arrangement is made to vary the distance between

T

e e
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the stadia hair so as to set them against the two targets on the slaff kept at the point
under observation, Thus, in this case, the staff intercept, i.e., the distance between the

‘two targets is kept fixed while the stadia interval, ie. the distance between the stadia

hairs is variable. As in the case of fixed hair method, inclined sights may also be tal::en.

The tangential method. In this method, the stadia hairs are not used, the re'ad}ugs
being taken against the horizontal cross-hair. To measure the staff intercept, two pointings
of the instruments are. therefore, Decessary. This necessitates measurement of vertical angles
twice for one single observation.

THE STADIA METHOD

23.4. PRINCIPLE OF STADIA METHOD ‘

The stadia method is based on the principle that the ratio of the perpendicular to

the base is constant in similar isosceles friangles.
In Fig. 22.3 (a), let two rays OA and OB be equally inclined to the central 1ay

OC. Let A4, B,, A B, and 4B be the staff intercepts. Evidently,

0C, _ 0C, _ 0C A
A8, AB 4B
= constant k=%wt-§-. O

This constant k entirely de-
pends upon the magnitude of the
angle p. If p is made equal to @
34' 227,64, the constant
k=1 cot 17 11,32 = 100. In this
case, the distance between the staff
and the point O will be 100 times
the staff intercept. In actual prac-
tice, observations may be made
with either horizontal line of sight
or with inclined line of sight. In
the latter case, the staff may be 5 A}
kept either vertically or normat v b
to the line of sight. We shall first
derive the distance-elevation for-
mulae for the horizontal sights.

Hotizontal Sight. Consider L _
Fig. 22.3 (b) in which O is the optical centre of the objective of an external focusing
telesope. . . .

Let 4, C and B=The poins cut by the three lines of sight corresponding to the
three wires.

b, ¢ and a = Top, axial and bottom hairs of the diaphra.gm.
ab =i = interval between the stadia hairs (stadia interval)
AB = 5 = staff intercept.

)]
FIG. 22.3. PRINCIPLE OF STADIA METHOD.
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f=focal length of the objective:

# = Horizonta! distance of the staff from the optical centre of the objective.

f: = Horizontal distance of the cross-wires from O.

d = Distance of the vertical axis of the imstrument from O.
D = Horizontat distance of the staff from the veriical axis of the instrumenr.
M = Centre of the instrament, corresponding to the vertical axis. '

Since the rays BOb and AOa pass through the optical centre. they are straight so

that AsAOB and aOb are similar. Hence

h_s

PR ‘ )
Again, since f; and f; are comjugate focal distances, we have from lens formula,

TRt ‘ ...

Multiplying throughout by ff, we get f'=,)f:; f+f.

Substituting the values of ‘-;_l=£ in the above, we gef
2 !

5
f=51+f .G
The horizontal distance between the axis and the staff is
D=fi+d
or L -
D-l_ s+{f+d)y=k.s+C 221 )]

e quuz:]tlion 2:;1 is known as the distance equation. In order to get the horizontal distance
efore, the staff intercept s is to be found by subtracting the staff .readings co: ing
to the top and bottom stadia hairs, i | e comespondine
The constant k= £ /i is known as the multiplying constant or stadia interval facto
and the _consmm (Ff+d)y=C is known as the additive constant of the instrument.

o Allemau}re Mv.;ethod. Equation 22.1 can also be derived alternatively, with reference
t: b;gc 22.4 u:u v.lrhlch the rays Bb' and Aa’' passing through the exterior principal focus
. become parallel 10 the optical axis. The A i
ey p rays Aa and Bp pass through O and remau}
Since the stadia ingerval @b is ¢ * N h- y

fixed in magnitude, the points
a'and b’ are fixed . Again, since F ;
is also fixed, being the exterior principal k

focus of the objective, the angle AFB
is fixed in magnitude. ' p-¢

() PE——— -

From similar triangles AFB and D | T
a'Fp' we have M -

FIG. 22.4. PRINCIPLE OF STADIA METHOD.
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vt A Ml B
Distance from the axis to the staff is given by _
D'=FC+(f+d)=—iLs+(f+d)=ks+C ...(22.1)

Note. Since point F is the vertex of the measuring triangle, i1 is also sometimes
called the anaflactic point. ‘

Elevation of the Staff Station. Since the line of sight is horizontal, the elevation
of the staff station can be found out exactly in the same manner as the levelling. Thus.

Elevation of staff station = Elevation of instrument axis — Central bair reading
Determination of constants k and C : _

The values of the multiplying constant k and the additive constant C can be computed
by the following methods :

Ist Method. In this method, the additive constant C'={f+d) is measured from the
instrument while the multiplying constant k is computed from field observations

1. Focus the inrument to a distant object and measure along the telescope the distance
berween the objective and cross-hairs.

1 1,1
FER

Since f, is very large in this case, f is approximately equal to  fi, e, equal
o the distance of the diaphragm from the objective.

2. The distance d between the instrument axis and the objective is variable in the
case of external focusing telescope, being greater for shom sights and smaller for long
sights. It should, therefore be measured for average sight. Thus, the additive constant (f+d)
is known. ‘

3. To calculate the multiplying constant k. measure a known distance D, and take
the intercept s, on the staff kept at that point, the line of sight being horizontal. Using
equation 22.1, D=k +C or k=D';C

For average value, staff intercepts, s;.s; efc., can be measured corresponding to
distance D, , D, etc.,, and mean value can be calculated. ]

Note. In the case of some external focusing Instruments, the eye-piece~diaphragm unit
moves during focusing. For such instruments d is constant and does not vary while focusing.

Ind Method. In this method, both the constants are determined by field observations
as under :

1. Measure a line, about 200 m long, on fairly level ground and drive pegs at
some interval, say S50 metres. )

2. Keep the staff on the pegs and cbserve the corresponding staff intercepts with
horizontal sight. ‘

3. Knowing the values of D and s for different points, a number of simultaneous
equations can be formed by substituting the values of D and s in equation 22.1. The

B e e Ay Ty T S s s

B et
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simultaneous solution of successive pairs of equations will give the values of k¥ and C,
and the average of these can be found.

For example, if 5, is the staff intercept corresponding to distance D and s, correésponding
to D, we have

D=k +C ..() ad  Di=kn+C i)
Subtracting () from (ii), we get k=2’"f (222
2 — 3l

Substituting the values of k in (i), we gel
' - -D 5~ +D
C=DI—D’ D's,=D’s" i si-Dhsi+ D
$1— 5 5H-5
a D —
or c=lis-bs (223)
52— 5 .

Thus, equations- 22,2 and 22.3 give the values of k and C.
. DISTANCE AND ELEVATION FORMULAE FOR STAFF % ]NCL]NED

SIGHT :
Let P=Instrument station Q =.Staff station
M = Position of instruments axis; O =Optical centre of the objective
A, C, B="Points corresponding to the readings of the three hairs
s=AB= Stff imercept ; i=Stadia interval
0 = Inclination of the line of sight from the hotizontal
L=Length MC measured along the line of sight
D =MQ ' =Horizontal distance between the instrument and the staff
V= Vertical intercept, at' {, between the line of sight and the horizontal line.
h = Height of the instrument
r=Central hair reading
f = Angle between the two extreme rays correspondmo to stadia hairs.
Draw a line A'CB’ (Fig. 22.5)
normal to the line of sight OC.

Z AA‘C=90°+-g-, being the

exterior angle of the ACOA'.
Similarly, from A COB', ZOB'C

_ pme—ope B
=ZBB'C=%0 5
Since —g— is very small (its value

being equal to 1711" for
k=100), £ AA'C and Z BB'C may
be approximately taken equal to 90°,

FIG. 22.5. ELEVATED SIGHT : VERTICAL HOLDING.

L
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Z AA'C = £LBB'C = H°

" AACA', AC=ACcos @ or AB =ABcos@=5-cosB D)

From 22.1 is directly

Since the line A' B is perpendicular to the line of sight OC, equation

licable. Hence, we have .
w MC=L=k.AB+C=ks cos 0+ C .0

The horizomal distance
D=LcosB=(ks cos 0+ C)cos O,

D= lr.scos 6+ Ccos® ...(22.4)
V=Lsind=(ks cosB+C’)sm8 ks cos 8 .sin®+ Csinb

...{22.5)

or
Similarly,

or

Thus, equations, 22.4 and 22.5

are the distance and elevation formulae
for inclined line of sight.

() Elevation of the staff sta-

tion for angle of elevat_lon_. . i 'f
If the line of sight has an h s vy A feV
angle of elevation 8, as shown 1 7 T b4
Fig. 22.5, we have : / e
wElev. of staff station = Elev. 518 T
of msuument  station +h+ V=rg ‘ -l J'_
&) Elevaﬂon ol' the ‘staff sta- . "o
tion for the angle of depmon" DEPRESSED SIGHT VERTICAL HOLDING.

Fig. 22.6, FIG. 22.6.
»FElevaton of @= Elevation of P+h V—r

22.6. DISTANCE AND ELEVATION FORMULAE FOR STAFF NORMAL

Fig. 22.7 shows the case
when the staff is held normal to
the line of sight.

Case () Line of sight at an angle
of elevation © (Fig. 22.7)
Let AB = 5 = Staff intercept;
CQ = r=Axial hair reading

With the same notations as

in the previous case, Wwe have
MC=L=ks+C

The horizontal distance be-

tween P and Q is given by

rsin B

X
Q

FIG. 20.7. ELEVATED SIGHT : NORMAL HOLDING.

R 10 23T
e =

f=
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e
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SD=MC'+C'Q=LcosO+r sin@=(ks+ ) cos O +r sih 9 .. 422.6)
Similarly, o}_/= Lsin®=(ks+ C)sin0 : (227

Elev. of @=Elev. of P+h+V-rcos®

Case (b) Line of sight at an angle
of depression 0
When the line of sight is
depressed downwards (Fig. 22.8)
MC=L=ks+C i
D=MQ'=MC*'-QC" |
=Lcosf~r sinb t
={ks+ C)cos 6 - rsin@ '
.--{22.8) - D
V=Lsin@=(ks+C)sind ¢ Lecosd
..(22.9)

rein

FIG. 22.8. DEPRESSED SIGHT : NORMAL HOLDING. '
Elev. of Q=Elev. of P+h-V-rcos®

22.7. THE ANALLACTIC LENS
In the distance formula D =ks+ C, the staff intercept s is proportional to (D - C)
which is the distance berween the staff and the exterior principal focus of the objective
(see Fig. 22.4). This is because the vertex of ‘the measuring triangle (or anallactic point)
falls at the exterior principal focus of the objective and mor at the vertical axis of the
jostrument. In 1840, Porro devised the extermal focusing anallactic telescope, the special
fearure of which is an additional (convex) lens, called an anallactic lens (or anallatic lens),
placed between the diaphragm and -
the objective at a fixed distance
from the latter. Fig. 22.9 (@) shows
the lines of sight with an ordinary
telescope, and Fig. 22.9 (I} shows E
the lines of sight with an anallactic
lens.

Inclination 1 : k

G p— 1 —
—C »id ke
The word ‘enallactic’ means * D=ka+C -
‘unalterable’ or ‘invariable’; by the {a} Lines of eight with ordinary telescopa
provision of anallactic lens, the ver-
tex is formed at the vertical axis
and its position is always fixed ir- E LYY o s —
respective of the staff position. The
.anallactic lens is generally provided iva.
in ‘external focusing telescope only "
and pot in jnternal focusing telescope —
since the latter is virtwally aallactic
due to very small addifive constant,

_Inclination 1 : k

D=ks |
{b) Lines of sight with anaflactic lens

FIG. 22.9.

Ly
¥
i

o
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Theory of Anallactic Lens : Horizontal Sights
Fig. 22.10 shows the optical diagram of an external focusing anallactic telescope.
Let 0=0Optical centre of the objective
N=Optical centre of the anallactic lens
M = Position of the vertical axis of the instrument
F'=Exerior principal focus of the apallactic lens
A, B=Poims on the staff corresponding to e stadia wires
a, bl=coi-mponding points on objective
a3, by = Corresponding points on anallatic lens
a, b=Position of swadia wires _
&, b, = Corresponding points if there were 10 anallactic lens
f; and f=The conjugate focal length of the objective
D=distance of the staff from the vertical axis
d = distance of the vertical axis from the objective
n = distance of the diaphragm from the objective
n=distance of the anallactic lens from the objective
f=focal length of object glass
f'=focal length of the anallactic lens
i=Stadia interval
s=AB=staff imercept.
The rays emanating from b
A and B (corresponding to stadia T
4

Inclination 1: | Kk

wires) along AM and BM are re-
fracted by the object glass and

re——

meet at a point F ', The distance B2 A I

between the anallactic lens and the | P I D=ks

objective glass i so fixed that . *! 1 . .
&= 2 e

the point F' happens to- be the
exterior principal focus of the angl-
i ays passil, .
ﬁg\‘igll:nsf; }{'?i}le' ::e;gz }.Jﬂ a %li:ection parallel to the aJus of the telescope after be;:;g
refracted by the analiactic lens. Then ab is the imte_rtc.:d image of the le.ugth AB of et
staff ; the points o and b correspond to the.stadia. wires, If the anal‘lacuc lens f:vas 1{1;:&
interposed, the rays would have formed a virual image b4 at 2 distance f; from

FIG. 22.10. THEORY QF ANALLACTIC LENS.

object glass. .
From the conjugate refationship for the objective
.L_—..‘.L-I-l (1)
fhh

Since. the length of AB and &by are proportional to  their distance from O,
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e

% ()

For the anallactic lems, ab and a, b, are conjugate, and their distances (f;-n) and
(n-n) from N are connected by the conjugate relationship :
1 i 1
—_— +
- 7 T A— (3
The minus *izz2 with (f - n) has been used since both ab and a4, b, are 10 the same
side of N
Since the length of ab and g, b, are proportional to their distances from N, we get

-1
..-(4)

m-n
_In order to obtain an expression for D, let us eliminate f;, mand i from the above
equations. Muliiplying (2) and (4), we get

l‘l'
i

s 4 hon
i ﬁ ) m-~n .
But Ji=)i:_1f = '
57 and f; ﬁ_f,from(l)
and h-n _fl"""'f'
o T from (3)
' i/ Y
Hence s fi-f fg—n+f‘=f1—f{[f'_fJ " ]
i f f f!
S+ G-DE =) [+ -n  fla-f)
i g r
PRSI A (L)
P f+f'-n f+f'-n 7
The distance between the intsrument axis and the staff is given by
PP A | .1t & NP
.(_f+d) (f+f’—n)is f+f,_n+d—ks+c ...{22.10)
here 1 fln-i:
where k Frf-mi -.[22.10 (@) and C=d_f_+f'_{3: ...[2_2.10 )
In order that D should be proportional to s, the additive costant € shoufd vanish.
Hence f@-f) =
f+f'-n
which is secured by placing the anallactic lens, such that
' gy Jd
n=f +(f+d) ..(22.11)

Thus, if equation 22.11 is satisfied, the apex of the tacheometric angle will be situated
at the centre of the trunnion axis. .

Do o e
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The value of f' and i must be so arranged that the multiplier F—I_-fi_—_ﬂi—l is a

suitable numbep, say 100. If all these conditions are fulfilled, equation 22.10 reduces to
..(22.12)

D=ks=100s.

Anallactic Telescope : Inclined Sight

It has been shown in Fig.-22.10

that if the conditions of equation 22.11

are satisfied, the vertex of the anallactic

angle will be formed at the centre of

instrument (M). Fig. 22.11 shows the

case of an inclined sight, from which

the distance-elevation formulae can be
directly derived.

D —p!

With the same notations as that ~ "¢ »

of Fig. 22.5, we have FIG. 22.11. ANALLACTIC LENS : INCLINED SIGHT.
MC=L=k.AB'=kscos B (D

D=Lcos®=kscos 6 (D

and V=Lsine=kmsesine=-‘;‘-sinza )

RL. of Q= RL of P+th+V-r

Comparative Merits of Anallactic Telescope and the Simple External Focusing Telescope

The following are the merits of a telescope fitted with an anallactic lems :

(1) In the ordinary external focusing telescope, the additive constant is a muisance
since it increases the labour of reduction and necessitates the use of special computation
tables or charts. Due to anallactic lens, the additive constant vanishes and the computations
are made quicker. '

(2) As a rule, the anallactic lens is sealed against moisture or dust.

(3) The loss of light may be compensated by the use of slighy larger object glass.

The following are the arguments in favour of simple external focusing telescope:

() It is simple and reliable.

(2) The anallactic lens absorbs much of the incident light.

(3) The anallactic lens cannot be easily cleaned. :

(4) If the apallactic lensis adjustable, it is a potential source of error unless

proper field check is made from time to time.

The Internal Focusing Telescope

We have seen in the principle of stadia method that the staff intercept s is mnot
directdy proportional to D, because the additive constant C comes in picture, By the introduction
of an apallactic lens in an external focusing telescope, however, this additive constant can

. be reduced to zero. It should be remembered that an anallactic Iens is fitted to external

focusing telescope only and not in internal focusing telescope since the additive constant
in the latter is extremely small (varying between 5 cm to 15 cm only). In some of the



422 SURVEYING

modern theodolites, the imternal focusing telescopes have zero additive comstant. Thus, an
internal focusing telescope is virually anmailactic.

Since the focal length of the ‘objective system’ (i.e., object lens and sliding leas)
varies with the distance of the object focused, the theory of internal focusing stadia telescope
is rather complicated. In general, the standard formulae developed for an anallactic telescope
may be used in reducing the readings taken with an internal focusing telescope.

Example 22.1. A tacheometer was set up at a station A and the readings on a
vertically held staff at B were 2.255, 2.605 and 2.955, the line of sight being @ an
inclination of + 8 ° 24", Another observation on the vertically held staff at B.M. gave the
readings 1,640, 1.920 and 2.200, the inclination of the line of sight being + I ° 6" Calculate
the horizontal distance between A and B , and the elevation of B if the RL. of BM.
is 418.685 metres. The constants of the instruments were 100 and 0.3.

Solution.
(@) -Observation to B.M. : V=rs %22 4 Csin 0
Here, k=100; $=2.200-1.640=0.560 m ; C=03 m
y V= ;— x 100 x0.56 sin2° 12" + 0.3 sin 1° 6'= 1.075 + 0.006 = 1.08]1 m

Etevation of collimation at the instrument = 418.685 + 1.920 - 1.081 = 419.524 m
(b) Observation to B :
5=2.955-2.255=0700m;0=38°2¢
D =kscos® 0+ Ccos 8 = 100 x 0.7 cos® 8° 24" + 0.3 x cos 8° 24’
= 68.5006 + 0.2968 =~ 68.80 m
V=ks1sin 28+ Csin 0 =7 x 100 x 0.7 sin 16° 48’ + 0.3 sin 8° 24’
= 10.116 + 0.044 = 10.160
R.L. of B=419.524 + 10. 160 2. 605 427079 m
\/émmple 22.2. The elevation of a point P is to be determined by observations from
two adjacent stations of a tacheomeiric survey. The siaff was held vertically upon the poini,
and the insirument is fited within an anallactic lens, the constant of the instrument being
100. Compute the elevation of the point P fram the following data, taking both the observations
as equally trustworthy : (-0
Inst, CD\) Height of axis Staffpoirs  Vertical angle Staff readings Elevation
Station . g T of station )
A" 1.42 P 422, 1.230, 2.055, 2.880 77.750m

‘ —_—

B 1.40 P - -3°36, 10785 1.800, 2.815 97.135m

Also, calculate the distance of A and B from P.

Solution. (@) Observation from A to P : :
§=2880-1230=165 m

D = ks cos® = 100 x 1.65 cos’” 2° 24' = 164.7 m
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: stB_l
V=ks 2

y 84018
RL. of R= 77750+l420+6903 2.055 = m

(b) Observation from Bto P:
5=2815-0.785=2.03m

D= ks cos? 6 = 100 x 2.03 cos® 3° 36' = 202.2 m.
V= ks%sin 20 =1 x 100 x 2.03 in 7° 12' = 12.721 m
RL. of ' _P=97.135 + 1.40 ~12.721 - 1.800 = 84.014

Average elevation of  P=3(84.018 +84.014) =84.016 m

w-Example 22.3. Determine the gradient from a point A to a point B from the following
observations made with a tacheometer fitted with an anallactic lens. The constant of the

x 100 x 1,65 sin 4° 48’ = 6903

instrument was 100 and the staff was held vertically :  C=O _
Inst. station Staff point Bearing Vertical angle  Staff refzduczgs
P A 134° +10° 32’ 1.360, ?.915,_ 2.470
| B 224° . +5°6 1,065, 1.885, 2.705
Solution.

(@) Observation from P to A
s—2470—-1360-111 m

f"‘FD ksoos 8=100 x 1,11 cos” 10° 32" = 107.3 m
V= ks sm29——x 100 x 1.11 sm21°4'—1995 m
Difference in elevation between A and instrument ‘aJus
=19.95-1915=18.035 m

(%) Observation from P to B :
§=2705-1065=1.64 m
'1‘_71) ks cos? B=100x1.64 xcos*5° 6 =1627 m

V= ks—sm29-—x100x1645m 10° 122 =14.521' m

(A being higher)
!

Difference in elevation between B and instrument axis
=14.521 - 1.885 = 12.636 m

(c)GradieutfmmA!oB: ‘
Distance AP=1073 m ; Distance BP=1827 m

£ APB =224° - 134° = %0°
2 2 _ 2 * _ 194,
a8 =V 4P+ BP* =V (107.37 + (1627 = 149 m
Difference in elevation between A and B
- = 18.035 - 12.636 =5.399_

Gradient from A to B-?;;gg l in 36.1 (falling).

(B being higher)

(4 being higher)
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Example 22.4. Following observations were taken from wo traverse stations by means
of a tacheometer fited with an anallactic lens. The constant of the instruments is 100.

Inst. Staff  Heightof Bearing Vertical angle  Staff readings
station  siation Inst.
A () 1.38 22¢° 307 +10°12° 0.763, I.%S, 2.425
B D L42 340 45° - 12° 30" 0.820, 1.840, 2.860

Co-ordinates of station A 2123 N 186.8 W
Co-ordinates of station B 102.8 N, 9.4 W
Compute the length,and gradien -of - the i
Solution. (@) Observation

), if B is 6.50 m higher than A.

§=2425-0765=1.66 m

Distance \¥ AC= .5 cos? 0 = 100 x 1.66 cos’ 10° 12’ = 160.8 m
V=k.ssm29 _ 100 x 1.66 ¢in 20° 24’ = 28.931 m

2 2
Let the elevation of 4=100.00 m :
- R.L. of C=100+ 1.38 +28.931 - 1.595 = 128.716 m.
(8) Observation from B to D : s=2860-0820=2.040 m
sDistance BD =k . 5 cos’ B = 100 x 2.04 cos” 12° 30" = 1944 m
V=ks sm229 L "22‘040 §in 25° =43.107 m
R.L. of B=100+6.50=106.50 m
R.L. of D=106.50 +1.42 -43.107 - 1.84 =62.973 m
(c) Length and gradient of CD :
&l Length of AC=160.8 m ; R.B. of AC= S46°3Y W,
Hence AC is in the third quadrant,
Latinde of AC=- 160.8 cos 46° 30" =~ 110.7
Departure of AC = - 160.8 sin 46° 30" = - 116.6
o Length of BD. =1944 m ; R.B. of BD=N84°45'E
Hence BD is in the first quadrant.
Latitude of BD =194.4 cos 84° 45" = +17.8
Departure of BD =194.4 sin 84° 45" = +193.6

Now, total latitude of 4 = +212.3 Total departure of A= - 186.8
Add latitude of AC = -110.7 Add deparure of AC = - 116.6

Total latimde of C = +101.6 Total departure of C = -303.4
Similarly, Total latitude of B = +102.8 Total departure of B =-96.4
Add latiude of BD =+ 17.8 Add departure of BD = +193.6
—

Total latiude of D=+ 120.6 Total departure of D=+ 97.2
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Thus, the total co-ordinates of the points C and D are known.
Latitude of line €D =Total latitude of D - Total latitude of C
’ = 1206 -101.6= +19.0 -
and Departure of line CD = Total departure of D~ Total deparmre of C
_‘.=97.2—(-303.4)= +400.6

The line CD is, therefore, in the fourth quadrant.

Length CcD =Y (19.0 + (400.6)* = 401.1 m

». ,Gradient of CD = (128,716 - 62.973) + 401.1 =1 in 6.1 [falling].

‘/éample 2.5 A tacheometer is set up at an intermedigte point on 4 traverse
course PQ and the following observaiions are made on a vertically held saff :

Staff station Vertical angle Staff intercept Axial hai
' readings

P +8°36° 2.350 2.105

Q +6°6° 2.055 1.895

The instrument is fited with an anallactic lens and the constant is 100. Compute
the length of PQ and reduced level of O, that of P being 321.50 meters.
Solution. .
(@) Observation from the instrument to P
$=2.350;0=28°3¢
Distance to P=k.sco519=100x2.350xcos28° 36'=22975 m
smzze _100%2350 i 170 12 = 34.745
Difference in elevation between P and the instrument axis
=34.745 - 2.105 =32.640 m (P being higher).
(5) Observation from the instrument o o:
§=2055:8=6°¢
Distance to Q=F . scos’ 8 = 100 x 2.055 cos® 6° 6'.=203.18 m
sin 26 100 x 2.053
V=Fk.s 3 =
Difference in elevation between Q and the instrument axis
=21.713 - 1.895 = 19.818 (Q being higher)
Since the tacheometer is set up at an intermediate point on the line PQ, the distance
R PQ=220.75 +203.18 = 432.93 m.
Difference in elevation of P and @
=32.640 - 19.818 = 12.822 (P being higher)
_R‘R.L. of 0= RL. of P-12.822
=321.50 - 12.822 = 308.678 m.

V=k.s

sin 12°12'=21.713 m
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observations were taken on a staff held vertically at distance, measured from the instrument:

Observation Horizonta! distance in Vertical angle Staff intercept
metres : '
1 . 50 +3°48 0.500m .
2 100 - +1°06 L0000 m
3 150 +0° 36" 1.500m

_The focal length of the object glass is 20 cm and the distance from the object glass
to trunnion axis is 10 cm. The staff is. held vertically at all these points. Find the multiplying
constani. b

Solution.

(i) First cobservation :

C=(f+d)=020+0.10 =0.30 m
D_= k.s‘co-szﬂ + Ccos 0
- 50 = k x 0.500 cos? 3° 48’ + 0.30 cos 3°48' ; or k=99.84.
(i) Second observation : o 7
100 = k x 1 cos® 1° 6' + 0.3 cos 1° 6" ; oF
(¢f) Third observation :

150 =kx 1.5¢c0s*0°36’+0.3c0s0°36' ; or
. Average value of k= % (59.84 +'9§.74 +99.81) = 99.8
\/Example 22.7. Two distances of 20 and 100 metres were accurately measured owl

k=99.74.

k=99.81.

and the intercepts on the staff between the outer stadia webs were 0.196 m at the former

distance and 0.996 at the later. Calculate the tacheometric constants.
Solution. Let the con'stants be k and C
For the first observation
For the second observation 100=kx0.996+C
Subtracting () from (i), we get k(0.996 - 0.196) =100 -20
From which k=100
Substitutirig in (), we get C=20-0.196 x 100 = 0.4 m.
xample 22.8. Two sets of tacheometric readings were taken from an instrument station
A, the reduced level of which was 100.06 m to a staff station B.
(a) Instrument P — multiplying constant 100, additive constant 0.06 m, sigff held vertical.
(b) Instrument Q — multiplying constant 90, additive constant 0.06 m, siaff held normal
fo the line of sight. ’

Instrument At To Ht of Inst. Vertical Stadia readings (m)
angle
P A B 15m 26° 0.755, 1.005, 1.255
[#) A B 1.45m 26° ?

What should be the stadia readings with instrument @ ?

D= bsH€ . fonn , ol-te &@ , j
5;, & sURVEYING I

tw!x/ample 22.6. To determine the mm%&ﬂam of a tachec;\mefer. the following

W=ks+ C=kx0.196 +C 3
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Solution.
(i) Observations with instrument P : Staff vertical
? AB =kscos? 8+ Ccos®
£=1255-0.755=0.5 ; k=100;C=0.06 m
AB = 100 x 0.5 cos? 26° + 0.06 cos 26° = 40.45 m
V=ABtan 8 = 40.45 tan 26° = 19.73
& R.L. of B=100.06 +1.5+19.73 - 1.005 = 120.285.
(i) Observations with instrument 0 : Staff normal
Let the stadia readings be ry,r and r
s=n-rn=2%n-7)
AB=kscos @+ Ccos @+ rsind
or 40.45 = 90 5 cos 26° + 0.06 cos 26° + r sin 26°
or 80.89 s + 0.4384 r=40.4 - (1)
Also V=kssin 0+ C sin © =90 s sin 26° + 0.06 sin 26° = (39.46 5 + 0.03}

R.L. of B=100.06 + 145+ V - rcos 26°= 101.51 + (39.46 5 + 0.03) - 0.8988 r

=101.54 + 39,46 s — 0.8988 r
But R.L. of B=120.285

120.285 = 101,54 + 39.46 s + 0.8988 r _
(2

or  39.46 s - 0.8988 r=18.745

Solving equations (1) and (2), we get

§5=049 m ; r=063 m
s=2n-n
or = 9%‘-9— +r=0.245 +0.63 = 0.875
and y2= 11 - 5= 0.875 — 0.49 = 0.385

He the readings are 0.385, 0.63, 0.875. .
\/Ef:ple 22.9. With a tacheometer siationed at P, sights were taken on three potms

A B and C as follows :

Inst. at To Vertical angle Stadia readings Remarks
P A —4°30" .- 2.405, 2.705, 3.005 RL. ofA=107.08m
Staff held normal
B 0° 00’ 0.765, 1.070, 1.375 RL.ofB=113.4Im
Staff held vertical
C +2° 30 0.720, 1.700, 2.680 Staff held vertical

the object glass

The telescope was of the draw tube type and the focal length of
the distance of

was 25 c¢m. For the sights to A and B, which were of equal length,
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the object glass from the vertical axis' was 12 cm. For sight to C. the distance of object
glass from the vertical axis was Il cm. o
Calculamte (a) the spacing of the cross-kairs in the diaphragm and (b) the reduced
fevel 10 C.
Solution.
() Observation from P to A : (Ref. Fig. 22.8)
5=3.005-2405=06 m

L=J;-.s+(f+.d)=15-ii°;6j-5£.+2=l}+o.37
V=L sin @ =L sin 4° 30' = 0.0785 L = 0.0785 ($+o.37]=1—'1{_1§+ 0.029
7 cos 0 = 2.705 cos 4° 30 = 2.7
R.L. of instrnment collimation ‘
= 107.08 + rcos 0+ V = 107.08 +2.7 + [—1—1;?2 +0.029 ] = 109.78 +L!l_-"i (1)

(&) Observation from P fo B :
Since the lipe of collimation is horizontal, its level = 113.41 + 1.07 = 11448 ...(2)

Equating (1) and (2}, we get

1.175

169,78 + e 11448 or i=0.25cm =25 mm

25
k= {-: =100
(i) Observation from P to C :
25 +11
160

V=ks}sin 20 + Cssin 0 = 100 x 1.96 x ; sin 5° + 0.36 sin 2.5° = 8.555
RL. of C=11448 +8.555~-1.70=121.333 m ’ :
2= Example 22.10. A theodolite is fitted with an ordinary telescope in which the eye -
piece end moves in focusing, the gemeral description being as follows : 3
Focal length of objective f=23 cm. Fixed distance d between the objective and vertical

axis 11.5 cm ; diaphragm : lines on glass in cell which may be withdrawn.
It is desired to convert the instrument into an anallactic tacheometer by inserting an ad-
ditional positive lens in a tube and ruling a new diaphragm so as to give a muiiplier
of 100 for imercepts on a vertical staff ; and in this connection it is found that 19 cm

will be a convenient value for the fixed distance between the objective and the anallactic
lens.

C= =036 ; 5=2.68-0.72=19 m

Determine : {a) a suitable value of the focal length f' of the anallactic lens, and " _‘

() the exact spacing of the lines on the diaphragm. '
Solution.

With our potations, we have d=11.5cm; f=23cm ; n=19cm; k=100.
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From equation 2%.11, we have n=f'+
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It is required to determine f' amd i

fa
f+d

..(22.11

fran-di 19 Bx13 g 7651135 cm.
F+d B+IL5
. c g
From equation 22.10 a, k_—_—-U+f'-n)i
or i= ﬁr = 2 % 11.35 =017 cm.
‘ KG+f-m 10023+ 1135 - 19)

Example 22.11. An anallactic iacheometer in use on a remoie survey was damaged
and it was decided to use a glass diaphragm not originglly designed for the instrumen.
The spacing to the outer lines of the new diaphragm was 1.25 mm, focal lengths of the
object glass and anallactic lens 75 mm, fixed distance beiween object glass and mmnic_m
axis 75 mm, and the anallactic lens could be moved by an adjusting screw between ifs
limiting positions 75 mm and 100 mm from the object glass. In order lo make the multiplier
100, it was decided to adjust the position of the anallactic lens, or if this proved inadeguare,
1o graduate a special staff for use with the instrument. Make calculation to determine which
course was necessary and if a special staff is required, determine the correct calibration
and the additive constant (if any).

Solution

The optical diagram is shown in
Fig. 22.12 . Since the telescape is no
longer anallactic, the apex (M) of the
tacheometric angle does not form at
the trunnion axis (M) of the instrument, 1.25) |
but slightly away from it. mm

Considering one ray {4q) through g
the object glass, we have

o Diaphragm

t.rlllﬂ.'”.l’l"f'r/’.

LN

1 1,1 i
}‘j«;*ﬁ ; 24-—75mm—-|4—0———a——.-:
't n

f=Focal len gth of FIG. 22.12. DESIGN OF ANALLACTIC TELESCOPE.

objective =7.5¢m
fi = Objective distance =M'O= -y ; fi= image distance =FO=x

o _15(=)) _ 15y D)
Substituting the values, we get ¥ =TT T e gLy

where

From similar triangles M'a, b, and M'AB
mb _ 4B __5 D)
y d+y d+y
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From similar triangles F'a, b, and F'a by
ab _ab 0125

- L
x f' 15 60
Eliminating a\ & from (i) and (i), we get

sy X
) )

d+y 60

Substimting the value of x from (1), we get
sy L[ TS5y].
d+y'60{7.5+y]—8(7.5+y)

from which d=8(75+y)s-y

Hence D=d+7.5=8(7.5 +y)s—y+7_5 ) : 3

For the multiplier to be 100, we have 8(7.5 +yy=100; or y=%—7.5=50m.

Substituting the value of y in (1), we get
75xy 75x5
rse————=——=
T5+y 7545 o

Hence the anallactic lens should be placed at a distance of 3 +7.5=10.5 cm from

Fhe object glass. Bu't s_ince the maximum distance through which the lens can be moved
is 10.0 cm only, this is not possible. Placing it at a distance of 10 cm from the object
glass, we have '
x=10-75=25 om= o
7.5+y
o ¥y=375 m
Substituting the values of x and y in (3), we get the tacheometric formula,
D=8(75+375)s-3754+75=90s+ 3.75 (cm)
=90 5 + 0.0375 (metres). .
. If it is desired to have the multiplier consian! as 100, a specially graduated staff
having its graduarions longer in the ratio of l} will have to be used.

Example 22.12. Find upto what vertical angle, sloping distances may be taken a5

harizamal_ distance ir_i stadia work, so that the error may not exceed 1 in 400. Assume
that the instrument is fitted with an anallactic lens and that the siaff is held vertically.
Solution. Let the angle be 0.
True horizontal distance =D = ks cos’ @ ;
Sloping distance L __ ks 2
Horizontal distance D ks cos* @ sec” )

Sloping distance = L = ks

If the error is 1 in 400, we have
L_40+1 401 @
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In thc limiting case, “equating (1) and (2), we get

secze=% ot 6=sec"[ %]:2"51'45%2"52'.

E

Example 22.13. State the error that would occur in horizontal distance with an ordinary

 stadia telescope in which the focal lengih is 25 cm, the multiplier constant 100, and the
. gdditive constant 35 cm, when an-error of 0.0025 cm exists in the interval beiween the

. stadia lines.
Solution. The horizontal distance is given by D ={,—s+ c ‘
If sD=emor in distance and §i = error” in the stadia interval, we get.
sD=-sL .si A1) :_
: B
L. ot .5 ‘ !'
Now , - 100 or i=700"700 0.25 cm. 1

Substituting the valu&slof %.iand 5i in (1), we pet

1 1
8D=—-s.-'iL.T.8:=-s(100)(075-}(0.0025)=-s.

Thus, the error in the distance is numerically equal to the staff intercept.
THE SUBTENSE METHOD

228. PRINCIPLE OF SUBTENSE (OR MOVABLE HAIR) METHOD :
VERTICAL BASE OBSERVATIONS

In the stadia principle, we have seen that whatever may be the distance between
the staff amd the tacheometer, the tacheometric angle is always a constant for a given
telescope. The staff intercept, which forms the base of stadia measurement, varies with
the distance of the staff from the mstrument. The principle of subtense method i just
the reverse of it. In this case, as illustrated in Fig. 22.13, the staff intercept 5 forms
the fived base while the tacheometric angle § changes with the staff position. This can I
be attained by sighting a graduated staff having the targets at some fixed distance apart
(say 3 metres or 10 ft) and changing the interval i between the stadia wires iill the lines
of sights corresponding to the stadia wires bisect the targets. If the staff position is mow
changed, the value of i is changed. In subtense measurement, the base may be kept either
horizontal or vertical. If the base is
vertical, the method is known as ‘ver-
tical base subtense method’ and the
angle at F can be measured with the
help of special diaphragm. If the base
is horizontal, the method is kmown
as ‘horizontal base subtense method
and the angle at F can be measured
with the horizontal circle of the theo-
dolite by the method of repetition.

FIG. 22.13. PRINCIPLE OF SUBSTENSE METHOD.
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Fig. 22.14 shows the optical
diagram for observations through
a substense theodolite. For the staff
at point P, the rays da’ and BY',
passing through the exterior focus
F of the objective, become parallel
to the principal axis after refraction.
The points ¢ and & correspond
1o the positions of stadia wires
for this observation so that the
lines of sight intersect the targeis
at A and B. Similarly, the dashed
lines show the corresponding optical
diagram for another staff position at @, the staff imtercept being the same.
Let AB = 5 = Staff intercept = distance between the targels

ab =i = Stadia interval measured at the diaphragm
F=Exterior principal focus of the objective
M = Cenmre of the instrument
a' . b' =Points on the objective corresponding to 4 and B.
Other notations are same as earlier.
From Asa'#F and FAB

FIG. 22.14. VERTICAL BASE SUBTENSE METHOD.

— =5 = or FC=—I,.—5

D=FC+MF=—';is+(f+d)
Thus, the expression for the subtense measurement is the same as for the siadia
method. The only difference is that in this expression, s is fixed quantity while i is variable.

Due 1o this reason, the multiplying factor —‘F— varies with the staff position and is no longer

constant. The stadia interval i is measured with the help of micrometer screws (Fig. 22.15)
having a pich p.

Let m be the total number of the revolutions of the micrometer screws for the staff j -

intercept 5. Then i=mp. Substituting the value of [, we get
Ks

D=%S+(f+d) or =—I—J’I_+ C (2213)
where K =-§= constant for an instument and C =additive consiant.
If, however, ¢ is the index error, expression 22.13 reduces to '
ks
D-m_e+c ..[22.13 (a)]

Expression 22.13 can be extended for inclined sights also exactly in the same manuer
as for stadia method. Thus, for inclination 6 and staff vertical, we have

* directly visible in the field of view, and the fractions
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K.s 2
D=m_ cos*8+ Ccos 0 .--[22.13 (&)
! yoK.s 02, ni0=D wne. L2213 ()]
m-e 2

THE SUBTENSE DIAPHRAGM

Since the accuracy of subtense method mainly
depends upon the measurement of the stadia interval
i, the theodolite must have arragements formeasuring [20 30 40 _ S0
it with accuracy and speed. Fig. 22.13 (a) shows I
diagrammatically the form of a stadia diaphragm
for this purpose.

Each hair of the stadia diaphragm can be -
moved by a separate sliding frame actuated by
a micrometer screw with a large graduated head.
The number of complete turns on the screw are

b}

AR AN

Ero
Pt
-

are read on the graduated head. When both the
hairs coincide with the central mark of the comb
they are w the plane of the line of sight and L
the reading on edch graduated head should be (a) Subtense diaphragm
zero. When an observation i made, both the
heads are rotated till each hair bisects its target.
Fig. 22.15 (b) shows one form of the rod fitted with three targets.
DETERMINATION OF CONSTANTS K AND C
The instrumental constants K and C can best be determined by measuring the additive
constant € along the telescope (as in the case of stadia method) and observing the micrometer
readings corresponding to staff kepr at some measured distance.
Let D, and D,=Measured distances from the instrument
¢ = Fixed distance berween the two targets
m, = Sum of the two micrometer readings when the suaff is kept at distance D,

m, = Sum - of two micrometer readings when the staff is kept al distance D»

(b) Red will-l targels

AG. 22.15

¢ = Index error.
Substituting the corresponding values in equation 22.13 (a), we get

DI=K"+C or K.s=(D1-O)m-e) O
m-e
ad p=ES e o K.s=(Di-Cm-o) ... (i)
M=
Equating () and (i), we get (Dy- C)om — €)= (D2~ OYma—¢)
_ (- Om- (D - Om (22.14)
From which e= (D2~ Dy)

Substituting the vaipe of e in (), we get




_Dh-C (D -Om - (D - m
K== {”" .- D) }
or K=%(mlbzr—-mlDl-szz+m1C+m;D,—m|C)
_{B = YDy - O — mi)
or K-= . (22.15)

Merits and Demerits of Movable Hair Method.

The ‘movable hair method® or the veriical base subtense method, though more accurate,
has become almost obsolete due to lack in the speed in the field. Moreover, since the
variable m comes in the denomimator (equation 22.13), the computations are mot quicker.
Long sights can be taken with greater accuracy than in stadia method, since only targets
are t0 be bisected, but this advantage may be neutralised unless i is measured very accurately.
The term ‘subtense method’ Is now more or less exclusively applied to horizontal base
subtense method. ‘

@. HORIZONTAL BASE SUBTENSE MEASUREMENTS

In this method, the base AB is kept
in a horizontal plane and the angle AOB
is measured with the help of the horizontal
circle of the theodolite.

Thus, in Fig. 22,16, let AB be the
horizontal base of a length s and let O
be the position of the intrument meant for
measuring the horizontal angle AOB. If the
line AB is perpendicular to the line OC,
where C is midway betweecn A and B, we
have from AQAC,

*
[w ]
x

bar
FIG. 22.16. HORIZONTAL BASE SUBTENSE METHOD. g

B_ 5
2= T /2 ...(22.16)

Equation 22.16 is the standard expression for the horizonlal distance between O and
C. If B is small, we get

_1
D-iscot

tan %=%ﬂ, where P is in radians
_1_B . - . o
=7 306265" if pis in seconds (since 1 radian = 206265 seconds)
Substituting in Equ. 22.16, we get
D=fx—236265~ where p is in seconds. (2217

The accuracy of the expression 22.17 depends wpon the size of anmgle. For similar

angles (say upto 1°), expression 22.17 may be taken as exact emough for all practical

purposes. The angle at O is generally measured with the help of a theodolite, while a
subtense bar is used to provide the base A4B.
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THE SUBTENSE BAR

For measurements of comparatively short lines in a traverse, a subtense'bar may
be used 8s the subtense base. Fig. 22.7 shows a subtense bar mounted on a tripod. The .
length of the base is generally 2. mewes (6 fi) or 3 mewes (10 ft), The distance be[t‘]:w;'
the two targets is exactly equal to the length of th.e .base. In order that the leng tl‘i)
base may not vary due to température and other varations, t!ae vanes are attached to the
invar tod, The invar rod is supported at a mumber of points in a duralumin tube provided

with a spirit level.

FIG. 22.17. SUBTENSE BAR (KERN INSTRUMENTS). _
The bar is centrally supported on a levelling head for accurate centring and levelling,

A clamp and slow motion screw is also provided o rotate the bar about its vertical :15
Either a pair of sights or a small telescope is provided at the centte of the batf :1? blgn
it perpendicular to the line OC joining the theodolite station and the .cen_n:e of the :;é
It should be moted that in order that equation 22,17 is valid, the longitudinal axis of :
subtense bar must be perpendicular to the line OC. . _
The angle AOB at O is usually measured with a theodolite, _preferably by metl:od
of repetition. It should be noted here that the difference in ele.vauon between theodolite
station O and subtense bar station C does mot affect the mag_mtude of the angle AOB,
since the angle AOB is always measured on the horizontal cu"cle .of the theodol::i. clef&
however, the angle AOB is measured with the help of a-sextent, it will have to be redu
to horizontal.
Effect of Angular Error on Horizontal Distance.
It is evident from equation 22.17 that for a given length (s) of the subtense base,
D is inversely proportional to the angle p. Hence the negative errar 1.n the measurement
of the angle will produce a positive error in the distance D and vice versa.

Let the angular eror be 58 (negative), and the resulting linear error be 8D (positive), _

Then, we have
s=Dp=(D+ED)p - oB)
p+sD B (D+8D)~D _ - (B-5B)
b CG-® D B- 58
' 8D _ 8B - ; __D8_ 218 a)
or -3-=i3—_-—8—|3 From which, 8D ) (

Similarly, if 8B is positive, it can be shown that the resulting error 5D (negative)

is given by
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_ D&p

p+ep

If, however, 5B is very small in comparison to B, we have
Dsp

5D=T

Long Non-rigid Subtense Bases : For the measurement of comparatively long lines, the

oD

subtense base must also be correspondingly long to preserve a suitable D/s ratio. The non-rigid 3

base may vary in length from 20 metres to 150 metres. For traversing on large scale,
a compact well-designed -subtense base outfit is very much useful. ‘Humrer's Short Base’
designed by Dr. de Graaf-Hunter is a typical wype of outfit used by Survey of India.
If consists of four lengths of stée} ‘fape each of 66’ length, commected by swivel joints.
The base is supported on two low-end tripods and three intermediate bipods, ome at the ;
end of each tape. Targets are ingepiously mounted on the terminal tripods where correct :
amount of tension is applied by attaching a weight to 2 lever arm connected to ome of :
the end targets. The whole base outfit weighs only 20 1b and can be set up in a few |
minutes. If a shorter length is required, the intermediate supports and tape lemgths may
be dispensed with. An effective base apparatus like this goes a long way towards solving
the main difficulty of subtense measurements on a large scale.

Example 22.14. The stadia imtercept read by means of a fixed hair instrumen! on 7
a vertically held staff is 1.05 metres, the angle of elevation being 5° 36" The instrument ;
constants are 100 and 0.3. What would be the total number of turns registered on @ 7§
movable hair instrument @ the same station for a 1.75 metres intercept on . a staff held
on the same point, the vertical angle in this case being 5°24° and the constanis 1000
and 0.5 ?

Solution.  (a) Observations by means of fixed hair instrument :

D = ks cos™ 8 + Ccos 9 = 100 x 1.05 cos® 5° 36" + 0.3 cos 5° 36"
=104.29 m.

(b) Observations by means of movable hair instrument :
D=%s cos’8 + Ccos 0

1000

104.29 = S 1.75 cos® 5° 24* + (1.5 cos 5° 24'
1734.5 _ _ 17345
—===1038 or n= 1035 " 1671

Example 22.15. The constant for an instrument is 850, the value of C=05 m,
and intercept s = 3 m. Calculate the distance from the insirument to the siaff when the °
micrometer reading are 4,628 and 4.626 and the line of sight is inclined at + 10 ° 36" The
staff was held vertical.

Solution, Sum of micrometer readings = n = 4.628 + 4.626 = 9.254

D=% €05 B+ € cos B = S99 %3 05? 10° 36" + 0.5 cos 10° 36"

7 9254
=226,7 m.
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3 with vanes 3 m apart is 12°33". Calculate the horizontal c?istrmce berween tile msm;nezienr: . i L
ke ™ 1 e bar. Also find (@) the error of horizontal distance if the bar was 3 fn’:::_ g
; normal to the line joining the instrument and bar stations ; (b) the error of the honzo

. distance if there is an error of
£ instrument  station.

{o the line joining the instrument and bar station. If, however, the bar js not normal, : 1
I the correct horizontal distance is givem by ;
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Example 22.16. The Rorizontal angle subtended at a theodolite by a sublense bar

I" in the measurement of the horizontal angle at the

Solution. B = 12 33" = 753" i i

206265 206265 .
From equation 22.17, D =—_I3_s =753 % 3=821.77Tm.

(@) The above distance was calculated on the assumption that the bar was normal ] i

D'=D cos p=821.77 cos 3° = 820.64 m
Frror=D' - D =821.77 - 820.64 = 1.13 m

e 1.13 :
i =L =——=—=1in726.
Ratio of error o = 520.64

(b) If there is an error of 1" in the measurement of the angle at the instrument.

Dop 82177 x1_ 1.09 m. E

we have 5D=—B—= 753 1
22.10. HOLDING THE STAFF ﬁ

There are two methods of holding the staff rod in the stadia method : {
() Vertical holding. (i) Normal holding. . o |
() Vertical holding. In order o keep the errors of vemc?hty within very narmow 1
limits, the staff should be held strictly vertical. Since the margm of -allc_;wabl;: ;rror o;s |
Very DAarTow, some sort of device must be used to ascertain the verticality of the rmé !n
The plummets and pendulums, if used for this purpose, are ¢lumsy _aglcl tco much at e
mercy of the wind. A neater method is to fit a small circular spirt level or a sing
level mbe with its axis perpendicufar to the face of the staff, .

Fig. 22.18 shows (wo patterns of circutar levels. Thf: folding ‘pattemth[Fl%I.]I Ziwlfsf
(@) is attached to the rear side of the staff and perpendicular to it so that : 2 - .
is vertical when the bubble is cetral. It must be screwed on very firmly and adequately |
guarded so that it does mot catch-in things or get broken 7 . )
by " ,

|

at the hinges. Fig. 22.18 (b} shows a circular level
mounted on a strong bracket. Circular levels are_useﬁ:l
in indicating whether the staff is out of plumb in any
direction, However, since slight deviation of the staff
in lateral digections is not much important, a single level
tube rigidly attached to the staff may be used with advantage.

The method of vertical holding of the staff is most
commonly adopted for the following reasons : {a} The

b easily. and (b) The reduction g 718 LEVELS FOR HOLDING _w:
staff can be held plum y ( ¥G. 2 LEVELS FO




of stadia notes are less laborious and greatly simplified by the use of stadia tables or
charts,

(#) Normal Holding. The staff can be held normal to the line of sight either with
the help of a peep sight or with the help of a detector. A peep sight enables the staffman
to ascertain the correct position himself, and may be in the form of either a pair of
open sights on a metal bar for short sights or a telescope for very long sights. The line

of sighis provided by a deep sight must be perpendicular to the face of the staff.
Staff

Fig. 22.19 (a) shows an ordinary
peep sight comsisting of a metal tube
fitting in a metal socket machined for
this purpose. At 4, a small hole is
provided while a pair of cross-hairs
is provided at B. The staff is inclined
slowly, either towards the instrument
or away from it as the case may be,
till the line of sight bisects the telescope.
The reading is then taken. Fig. 22.19
(b) illustrates how a peep sight is used.
The tube may also be fitted with lenses
forming a small telescope to assist the
staffman in setting the rod for long sights. Strictly, the peep sight should be attached to

)
FIG. 22.19. THE PEEP SIGHT.

“the rod at the reading of the central hair, but it is sufficient to place it at the height

of eye of the staffman. The advantages of normal holding are :

() For a given amount of error in the direction, the errors caused in the distances
and elevations are less serious in the mormal holding than in the vertical holding, In cases
where accuracy is essential, angles are large, and the staff has no reliable plumbing device,
the only way out of the difficulty is to observe the normal staff.

(i) The accuracy in the direction of the staff can also be judged by transit man.
22.11. METHODS OF READING THE STAFF '

There are three methods of observing the staff for distance and altitude : () the
conventional three-hair method ; (i) the height of instrument method ; and (i) the even-angle
method. The observations consist of the staff intercept (s), the middle hair readimg (v},
and the vertical angie (9).

(@) The Conventional Three-Hair Method :

Steps : : .

() Sight the staff and using the vertical circle tangent screw, bring the apparent
lower hair to bear exactly on some convenient reading (say 0.5 m or 1 m).

(ify Read the apparent upper hair.

(i) Read the middle (or- axial) hair.

{(iv) Read the vertical angle to the nearest minute or closer in important observations.

The advantages of this method are that staff is easier to be read (since only fwo
readings are uneven values) and the subtractions for finding s and checking its accuracy
are easier.
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(5} The Height of Instrument Method :

(Sit)epssight the staff and bring the middle hair to the reading equal to the height of
the instrument, thus making r equal to h.

(i) Read the two stadia hairs.

e Read e ot anglethls method is to facilitate in calculating the elevation
of theTl;:affm:i-;:cgu?ois: ;qfuallls ll:f h. However, the disadvantages of this method are :

() all the three readings are umeven

(i insomecascsrcannotbemadeequaltoh; _ .
Eil%) it adds to the difficulty of the field work and has nothing to offer in returs.

() The Even-angle Method :

P i i bring the

() Sight the staff and with the help of the vertical cu:cl-e'tangem screw, bring
zero of the vernier into exact coincidence with the nearest division on the vertical circle.
The even angles generally employed are multiples of 20".

(i) Read the stadia hairs.

(i) Read the middle hair. '

The main advantages of this method are : () since the even angl'w are mpluples
of 20', the trouble of measuring a vertical angle is saved ; (/i) the computations are simpler.

22.12, STADIA FIELD WORK

General Arrangement of Field Work. The tacheometric survey can be put (o a
great variety of uses, the principal being. the follo_wmg:_

1. Plane surveying involving location of points in plan, .
g elevations of points and their location

but no elevations.
2. Rapid sectioning on steep ground, involvin

along a line. . o
Topography, involving elevations of points as well as their location in plan.
d surveying of level contour

4. Contouring, involving the location or setting out an

lines, . . ‘

When stadia methods are to be used for filling in detail, adequate fzonn'ol are highly

irable. It is advisable to carry out the following preliminary operations : )

desu‘ab{? ITo establish a sufficient number of well-selected stations fo; exercising horizontal

control.
_ To determine the reduced level of these stations.
i iti int with respect to some
. To determine the position of at least one cpntrol point with

? wg.ll established statIif))n (e.g. 2 nearby trig-station) whose co-ordinates are lmo.wn.

For vast surveys, horizomtal control points are as a rule fixed by a _tnangulauox;.

but occasionally, a combination of triangulation and traversing may be eml:_uloyed with aflvant_augm.]

When the tract to be surveyed is sufficiently narrow that half of its breadth is WIcrsc

the sighting range of the instrument, the survey can be controfled by an open m:vma

approximately along the centre line of the strip. For moderate areas, the arrangement may
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should be measured with the vertical vernier set to zero and the aititude bubble central.
. This observation is very important since 2ll chservations for altitude are practicaily worthless

* unless the height of axis is recorded.
(3) Orienting the instrument : Since a number of rays or directions of sight may
emerge from one station, the instrument should be properly oriented when zero is clamped
eference line passing through the instrument may be a true

on the horizontal circle. The 1
meridian or magnetic meridian of arbitrary meridian. If the reference line is a trye meridian
or maguetic meridian, reading on the horizontal circle should be zero when the line of
sight along that meridian and the angles to different rays or directions will direcdy be
their whole circle bearings. If, however, the instrument is oriented with reference to another

circle should read the bearing of this station when the line

station of the survey, the
of sight is directed to it. Once an instrument has been correctly oriented, the position
on are completed.

of the circle should not be disturbed until all the readings at the stati

(4 Observing staff held on bench mark : In order to know the elevation of the
centre of the instrument, the staff should be kept on the nearest B.M. and tacheometric
observations should be taken 1o the staff. If the B.M. is not nearby, the staff should
be observed on a point of known elevation, or fiying levels may be run from the B.M.

to establish onme near the area. ‘
(5) Observations of distance and alfitude : Tn order to know the horizontal distance
ions are made on the staff:

and elevation of the representative points, the following observath

() Stadia hair readings

(i) Axial hair readings

(in Angle of elevation or depression of line of sight.

The staff may be held either vertical or normal to the line of sight. The three
methods of observing the staff have already been discussed.

The observations to various points are known as Side Shois. Observations can be
taken more quickly and systematically if all the stations are along the radial lines through

(s:z:vsist .oft a l:ing:le main traverse from which rumerous circuits are projected. When the
ey is too broad on a single traverse, the control may be furnished ei i i
. , ith
or by a series of traverse. g o by 8 rngulaion
) Triangulation, If _triangulation .is used to fix the horizoptal control points (or tacheometer
stations) ll;e first step is the establishment of a suitable base. This may be accomplished:
1. ~ By making use of major control points such as trig-stations.
2. By measurement with a steel tape. '
3. By subtense measurement.

o The first method is . the most suitable and accurate if a pair of convenient trig-stations
wrthu.: early 'reach of the area to be surveyed, since the length of the line joining them
and I.E bearing are kmown precisely. Second method may he used if such stations are
not simated nearby. The third method of establishing the base by subtense measurement
can belemployed in any sort of difficult country.

Traversing. The lengths of the traverse courses ma i
or tacheome.tr_ically. Similarly, the elevations of the insnnmgntb:ta?if::ucr::x ;::h?il;:t.etl"ymhtlae]c}le
enhe.r by spirit levelling or by tacheometrical levelling, dépending upon the degree of ai:curac'
requlrf:d. The tacheometric methods for determining the lengths of traverse line and thy
elevations of stations can be used only in small-scale work. i

Tacheometer Stations, It is desirable that main stations shoul
before the techeometric detail work is pursued. The best tacheozle?erbestaﬁt;::erf |asn inseur\‘:f?i(:g
commands a cle.ar view of the 17ea to be surveyed within the range of observations. With
regard to elev_an?n, it should be :o suited that the use of large vertical angles is a\-roid;d
The gwn-t majority of tacheometer stations are generally the stadia ftraverse station Skili
in selecting the best stations is largely the result of observations and experience..
. t‘liield Party. For surveys of. small extents, a surveyor and a staffman are sufﬁéiem'
ut for surveys of large extent in a rough country, the field party may consist of :'

1. The Surveyor or Chief of the f
2. The instrument man {0 fake mepa:cqt,ualmo?;;:;;ﬁl control of the survey. e station 2t some comstant angular interval. For general work, the bearings should be
1 The repardar #n rocnrd the readings taken by the },,,,,,,m,n, man observed to 5 and the vertical anples read to the nearest 1'.

g. Two or four staffmen, depending wpon the e;cpEMEss of the insu-u:ﬁam man Field Dook. ibe Tebie below i the usual form of hooking the field notes.

. Labourers for clearing and transport. ] STADIA FIELD BOOK

'I;acheon_letric Observations. The following are the usual operations : |

@ SE(il)ﬂgseu{J the m:vtrumem : This consists of : Ins. | Bt of | Staff |Bearing|Vertical S‘fﬁ: Axial | Stadic ] D 14 o Remaks

ting the instrument exactly over the station mark, and Station | Instru- | Statlon angie |Reading| Helr | [0 -
@) Levelling it carefully. - ment N e .
with r;’he :nigut:en;l s_hould first be levelled up with respect to the plate levels and then Bottom pust. | Siaff
division%icm e altitude bubble. In general if the altiude bubble deviates only by one Seaan | Seaton
may be regar?:l e::! c:sm?:etel rc;_\lrolunon o; the instrument about its vertical axis, the instrument 1 2 3 4 5 4 7 8 4 10 B
vel. However, for all important ob i ] ) ]

cemral when the middle bair s read. p servanon;, the bubble should be P lazm 4 3o |+2024] 2.880 | 2.055 165 | 1647 | 6.903 | 77.750 ] 843

(2) Measuring the height of the ins i .__Lm |
) _ . trument. The height of the instrument (H.L)
is the vertical distance from the top of the peg to the centre of the object glass and B |y f{:l: o | 2 | 1) 87 | -
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@ THE TANGENTIAL METHOD

In the tangential method, the horizontal and vertical distances from the instrument
to the staff station are computed from the observed vertical angles to the vanes fixed at
a constant distance apart upon the staff. The stadia hairs are, therefore, not used and
the vane is bisected every tine with the axial hair. Thus, two vertical angles are to be
measured—one corresponding to each vane. There may be three cases of the vertical angles:

() Both angles are angles of elevation. '

(i) Both angles are angles of depression.

(iiiy One angle of elevation and the\other of depression.

Case 1. Both Angles are Angles of Elevation :

Let  P=Position -of the instrument o
Q = Staff station
M = Position of instrument axis
A , B=Position of vanes
s =Distance between the vanes—staff intercept,
o= Angle of elevation corresponding to 4
a:= Angle of elevation corresponding to B
D =Horizontal distance between P and Q = M{'

V= Vertical intercept between the lower vane and the horizomtal line of sight.

h = Height of the instrument = MP
r=Height of the lower vaoe above the foot of the staff
= Staff reading at lower vane = BQ
From A MBQ',
From AAMQ', V+s=Dtana, ; (i)
Subtacting (i) from (i), we get
=D tanoy-D wana;

DI N _mi9

_ 508 & €03 @7 o ‘
sin (ot — oz) ~{22.19 a) ;V
ail
LN -
J’Z ’
"5 c08 @, sin & R i
= ,,(22.200) I D !
sin (o ~ oz}
FIG. 22.20. TANGENTIAL METHOD :
ANGLES OF ELEVATION °
Both Angles are Angles of Depression :
With the same notations as earlier
V=Dtamea, ..()+ and V-s=Dana )]

V=Dt a, )

e
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Subtracting (i)} from (i), we get
S=D(BD‘U.1-D1&D )

tan ¢; — tan ot
& -l ¥ £ COs i:t:
si.n(o.z-o.x)

..(22.21)

D §tan Q2
=D AN = e - tan o

D

FIG. 22.21. TANGENTIAL METHOD :
= ANGLES OF DEPRESSION .

sin (02 — o) .

evation of Q= (Elevation of P+Hh)- V-r.
Case II. One e of Elevation and other of Depression:
V=Dtanay ...(i} ’

and s-V=Dtaney ...

Adding () and (i), we get
s§=Dlana; +Dtan

LR 5
5 08 01y COS 0Oz 22.23) l'.r _
T sin (o + a2) -
FIG. 22.22. ONE ANGLE OF ELEVATION AND THE

§ cos o sin da (22.22)

and
v stano: _scos oy sin a2
v =££E—f-‘-’: tan o + tanog sin (on + o2)

Flevation of Q= Elevation of P+h-V-r. e
lication, The principie of fangenial measurement czi appti
pracﬁc:l ;t;oiseagn:g pt.he angles o, l:nd a, subtended with the horizontal. by .the twow:;a);s:
of the measuring triangle MAB. The tangential measurement can be applied in two 'yb;
() The base AB may be of constant length s.aml the.angl&s ay and;, ::an)‘rﬂm
measured for each position of the staff. The method is sometimes kmown as the
base tangential measurement.
(iz)g The angles o, and o, may be spe":?al ‘pre-selected” angles m:zldi;th:o u;b::;;
may be of variable length depending upon the position of the staff. The me
known as the variable base tangenfial measurement.
Constant-Base Tangential measurement ! Airy’s Methof!. et
Tn this method, a staff having two fargets at contant distance § agmm“ugAi”'s
.every station and the angle ci and o; measured. The method i3 s?metlmw o A tondh
method, Equation 22.19 to 22.24 are used, depending upon the signs of a 2.

(22.24)
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the observations in this case are simpler than the variable base method, the computations
are more tedious. '

Variable Base Tangentlal Measurements : System of Percemtage Angles

In the above method, the angles o, and o are to be measured accurately and the
reduction is rather tedious. A better method is to use selected values o of o and and
measure the variable base (i.e., staff intercept) on a uniformly graduated staff. The variable
base method using the system of percentage angles was devised by Barcenmas, a Spanish
surveyor. The method consists in making use of angles whose tangents are simple fracttons
of 100, like 0.03 or 3%, 0.12 or 12% etc. These angles can be laid off accurately with
the aid of an appropriate scale on the vertical circle and the computations are easier. If
oy and o are consecutive angles’ whose tangents differ by 1%, we get

D“tanal-tag,a;_m_loos' ,

Thus, the method enables reductions to be performed mentally. By reference to trigonometric

tables, a list of the required angles may be prepared as follows !

Tangent Angle to nearest second Tangent Angle to nearest second
0.01 0 % 24 0.06 3 26 o1
0.02 1 08 45 0.07 4 00 I5
0.03 1 43 06 008 4 k7] 26
0.04 2 17 26 0.09 5 08 34
0.05 2 51 45 0.10 5 a2 " 38

~ Fergusson’s Percentage Unit System. The only difficulty in using the percentage
system is that the amgles shown in the above table cannot be set out accurately on the
vertical circle of an ordinary theodolite. Mr. 1.D.
Fergusson, however, has devised a system for
the divisica of the circle 56 a8 fo got the purcentage
angles directly.

Fig, 22,23 illustrates the method of division
devised by Fergussom. A circle, inscribed in a
square is divided into eight octants. Each of
the eight octanis is of length equal to the radius
of the circle and is divided into 100 equal parts.
Lines are then drawn from the centre to (hese
points, thus dividing each octant into 100 uregual
parts, The points of division on circle are then
marked from O to 100 as shown. Since vernier
cannot be used to subdivide these unequal parts,
a spiral drum micrometer is used to take the
readings to 0.01 of a unit.

FIG. 22.23. FERGUSSON'S PERCENTAGE
UNIT SYSTEM. ’

k1 ACHEOMETRIC SURVEYING
E Effect of Angular Exror in T

{0 the measurement;of o and ¢
of these angles is 20". Let dou=

of 40".

e ot - izontal di due to error
esulting error in the measured horizo mance _

In omer X0 TN i letgus assume that the probable error i measuring each
+720” and bop = — 20" giving 3 combined angular error

3
-

Let D|=con'esp0nding_‘_horizomal distance; s = staff intercept=3 M (say)

D = correct horizontal distance.

s
'111115_. D, = tan {a; + 20") — tan (2 — 207

where o and o, are the correct angies.
Now tan (a; +20m) =tan o + & and tan {op —207) =1an a;.- az o
where a, and a, are the tangent difference corresponding to a difference o .
| : 2 ..{22.25)
=(tana1—lana1)+(a1+ci;)
If will be noticed from the trigonometric tables that the difference between & and
a, is slight. Let ai=a@ =4 and tam o —~tan o2 =@

Dy

Then s=D (tana; —tan o) = Dij(tan ¢ — tan az) +2a)
or s=Dg=Di{g+29)
-D 2a
_l)_ = Ei-yi or 9_—-‘- = —Dq— = —
Dy q Dy v 4
e _¢
£ =L (very closely)
But ) (very
r=%-= 2 2aD : where r= ratio of error. ...(22.26)
D ¢ § :
As an example, let D=60 m ; =5ads=3 m
Then tan 5° = 00874887 ; @ =0.0000978
Taking uy = a = G.O00G97E, we get from Eq 22.26

2aD 2 x0.0000978 x60 _ 1 '

=0 75 3 256 _ i

this system of tacheometry, the angles mus.t be measured i
exceed 1/500, the permissible angular 3

and for base of 3 meters. b

i and 3 m above she fool

17. The vertical angles 10 Vanes fixed at I m : :

. at a station A were +2°30 and + 5 ° 48’ respectively. Find

e o g 7o 7 .
duced level of A if the height of the instrument, derermined i
mark is 438.556 metres above datum.

It is evident, therefore, that in S syske
very accypdfely. It can be shown that if r is not 0
error i¢ about * 57 for rays of about 125 metres

Example 22
of the staff held vertically
the horizontal distance and the r;l

m observation on to a ben
e Solution. (Fig. 22.20). From equation 22.19 {a), v:e t‘:ave
§COS u.cosa;_?.oos5°48' cos 2° 30 ~34.53 m.
D==m (o1 - 7)) sin (5°48'-2° 309
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V=D tanay = 34.53 tan 2° 30' = 1-508 m am . V= (6.27 x 1‘5)+0_02 =9.43 m.
.L. = 438.556 + 1.508 ~ 1 = 439, :
RL. of 4 556 . 150.8 064 m. . : STADIA REDUCTION TABLE
Jéample 22.18. An observation with a percentage theodolite gave siaff readings of 1 ‘ .
1.052 and 2.502 for angles of elevation of 5% and 6% respectively. On sighting the graduation ' o - ] 2 r
corresponding to the height of the instrument axis above the ground, the vertical angle ‘ : : -
was 5.25%. Compute the horizontal distance and the elevation of the staff station if the Minutes Hor. . Hor. Dif Hor. g&iﬂ' g:r’r gg
instrument station has an elevation of 942.552 mefres. _ Corr. Eler. Corr. Elov. Corr, v, .} .
Solution. tan oy =0.06 and tan o =0.05 ] 0 0.00 0.00 0.0 1.74 0.12 3.49 0.27 5.23
' s 2.502 - 1.052 2 0.00 0.06 0.03 1.50 0.13 3,55 0.28 528
= =6 _00; " Wm = a | om 0.12 0.03 1.86 0.13 2.60 0.29 5.34
tana, — tan o, .06 - 0. i p 0.00 0.7 0.04 1.2 0.13 3.66 0.29 5.40
V=Duna,=145x 0.05="7.25 m ) i 8 0.00 05 0.04 1.98 0.14 .72 0.30 5.46
Let the angles to the graduation corresponding to the height of the instrument be s 10 . 0.00 029 0.04 204 0.4 3.78 0.3 5.52
o, so that tan a;=0.0525. If s' is the corresponding staff intercept, we have. 2 oo | 038 0.04 200 0.15 . 3.84 031 5.57
' D= s = 5 o 1 0.00 0.41 0.05 2.15 0.15 3.89 0.32 5.63
: tan oy —tangy  0.06 - 0.0525 3 16 0.00 0.47 0.05 221 0.16 395 0.32 569
or s = D (0.06 — 0.0525) = 145 x 0.0075 = 1.088 m 18 0.00 0.52 0.05 221 0.16 4.01 0.33 515
i i i ight of i ' 0 0.00 0.58 0.05 2.3 0.17 4.07 0.34 5.8
If r is the staff reading corresponding to the height of the instrument, we have A ’
r=2502-1.088=1414 m ye 0.00 0.64 0.06 238 0.17 4.13 0.34 5.86
R.L. of staff=R.L. of LA.+ V- 1.052 = (942.552 + 1.414) + 7.250 - 1.032 = 950.164 m. 24 0.00 0.7 0.06 244 0.18 4.18 0.35 -5.92
26 0.01 0.76 0.06 2.50 0.18 424 0.36 598
22.14. REDUCTION OF STADIA NOTES 28 o 0.81 0.07 .2.56 0.19 4.30 0.37 6.04
After having taken the field observations, the distance and elevations of the points 30 0.01 0.57 0.07 2.62 0.19 4.36 0.37 6.09
can be calculated by the use of various tacheometric formulae developed earlier. If the 0 0.01 0.93 0.07 2.67 0.20 442 0.38 6.15
number of points observed is less, 2 log table may be used to solve the tacheometric 4 o0 0:99 0.07 2.7 0.20 4.47 0.38 6.21
formulac. However, for surveys of large extent where the number of points observed is 5 0.01 1.05 0.02 79 021 4.53 0.39 6.27
much more, calculation or reduction of stadia notes is done quickly either with the help 38 0.01 111 0.08 285 1 o2 4.59 0.40 g:;
of tacheometric tables, charts, diagrams or by mechanical means. 40 0.01 116 0.08 291 0.2 4.65 0.41 :
Tacheometric Tables. If distances are required only to the mearest quarter of metre, o 0.0l 12 0.09 297 0 | 47 0.41 6.44
the value C cos 8 may be iaken either as C or simply as ym. [t can be shown that 4 0.02 128 0.09 3.02 0.23 :.;g g-ﬁ ::‘;
for distances not exceeding 100 m, the distance reading may be taken as the borizontal : g'g :% g':g :_?3 g.u 4.88 0.44 6.61
distance for vertical angles upto 3°. If the additive constant C is ignored altogether in F 50 0.02 1.45 0.10 3,20 024 4.94 0.44 6.67
conjuction with the above approximation, the two efrors tend to compensate. Various forms 045 6T
of tacheometric. tables are available, a simple form being given on next page. A complete : 52 0.02 1.51 ol 3.26 3-3 _ :-90': : 0-46 e
set of stadia tables (in slighdy different form) for angle of elevation upto 30°, is. given E 34 g-gﬁ :-g g'}i ::_l’ b.26 511 0.47 6.84
in the Appendix. 3 :: 0.03 169 012 343 0.27 517 0.48 6.9
Example. Ler s=15m; §=3°36'; C=0.3m. 60 0.03 174 0.12 3.49 0.27 5.23 0.49 6.96
th =10 34!
From the wble, f.or 6 =13°36', we get. . o ml om 000 0.00 0.0L 0.00 0.0 0.00 o.g;
Hor. correction Diff. Elev. C=03 m| 000 0.00 0.00 0.0l 0.00 0.01 0.00 g'oz
0.39 6.27 C=04 m| 000 0.00 0.00 0.01 0.00 0.02 0.00 2
C-N.00 0.02 ! . :
. - - son di ailable, a simple
Distance reading —100x1.5=150m ‘ Reduction Diagrams, Various forms of reduction diagrams aré av _
Horizontal distance =150 - (0.39 x 1.5) + (0.3 — 0.00y = 140.71 m form being suggested below :




—_—
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Reduction diagram for horizonial
correction : a00

For inclined sights, the horizontal <o
distance is given by D =kscos’ 6. NIk AL

If the line of sight is assumed 250 AV
to be horizontal, the horizontal distance |
is given by D'=ks. - 1
Horizontal correction
=D'—D=ks~kscos’® = ks sin’ 0

“The value k.s is known as distance
reading. Fig. 22.24 shows the reduction
disgram for horizontal correction for a
tacheometer having k= 100.

To prepare the diagram (Fig.
22.24), the scale of distance reading upto A
300 metres is set out along the vertical
line. On the horizontal kine at 300 m
reading, the values of horizontal correction
(=kssin® 6 = 300 sin’ @) is marked off
for vertical angle increasing by a suitable 0
interval (say by 10 or 5%). These points '
are joined to the origin to get various
radial lines. Since the horizontal cor-
rection is directly proportional to the distance reading for a given angle, these radial lines
give horizontal correction for other distance readings on the scale.

For example : If s = 1.5 m, the distance reading = 100 x }.5 = 150 m. From the diagram
(Fig. 22.24), the horizontal comrection (for 8 =13°)=7.6 m.

Hence the correct horizontal distance =150 - 7.6 =142.4 m.

Reduction diegram of vertical component :

To construct the reduction diagram for the vertical component (V=ks%sin 29), the
disuuce reading (= ks) is set off on the horizontal scale and the vertical component upto
a maximum value of 30 metres on the vertical scale as shown in Fig. 22.25. Upto 6 = 5°46'
the values of V are calculated when the distance reading is 300 m. These calculated values
of V are marked off on the vertical scale and joined to the origin by straight lines. ' Beyond
0 = 5° 46', the values of horizontal correction to give V=30 m are calculated for various
angles. The calculated values of distance reading are marked off on the top horizontal
line and joined to the origin by straight lines. The radial lines may be drawn for angles
at interval of every 5 or 10’ depending upon the size of diagram.

To use thc diagram, let s=1.5 m, distance reading = ks=100x1,5=150. If
§=4° we get V=10.5 m from the diagram. Thus, the observations may be reduced stilf
more rapidly by the use of the reduction diagram. '

Horizontal corraction {metres)
10 15 20 25

5
T
1

¥y
i

v

g

Distanca reading {metres)
g

3

FIG. 22.24. REDUCTION DIAGRAM FOR HORIZONTAL
CORRECTION.

T
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FIG. 22.25. REDUCTION DIAGRAM FOR‘ VERTICAL COMPONENT.

Reduction by Mechanical Means, Various forms of slide rules are available with
the help of which the observation may be reduced mechanically.

22,15, SPECIAL INSTRUMENTS

1. BEAMAN STADIA ARC

Beamzn stadia arc is a special device fitted to tacheometer and plane table alidades.
Its use facilitates the determination of differences of elevation and horizontal distance without
the use of siadia alive vi SiaGia snue fuie. The &L carries two scales M and V having
their cenmiral points marked O and 50 respectively. A common index is used fo read both
the scales.

The Beaman siadia arc is designed on the fact that reductions are simplified” if the

only values of 8 used were those for which %s'm 29 is a convenient figure. The following
is the list of angles.

;mza & fo nearest second Lsin 20 . 8 fo ruare}s! second -
0.01 0 34 2 0.06 3 26 %
0.02 1 08 46 0.07 4 o 26
0.0 1 4 12 0.08 4 " 36 12
0.04 2 1 39 0.09 5 1 06

0.5 2 ) 1L 0.10 5 46 o7
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The divisions of the V scale are of such magni '

) magnitude that 1 s i
is a magnitude of 0.01. When the index o020 e cuh pudietn
reads 51 (or 49), the line of sight is

inclined by an angle corresponding to
the first division on the arc, or

7 §in 26 = 0.01, which gives 6 = 34’ 23",
Hence

V= ks §sin 2 = 100 5 x 0.01
or V=g,

when k=100and C=0. -
'I:hs second djvision {pumbered 52
or 48) is positioned at an angular value
of 6 = 1°8' 46" so that }sin 20 =0.02
and. hence V=100 5(0.02) =2 5.
Similarly._ the third division (num-
b:]red 53 or 47) is positioned at an angular
value of 8=1°43'12" and V=35 and s0 on Sixce the central graduation of V scale

is marki i indi
ed 50, a reading of less than 50 indicates that the telescope is inclined downward

while reading greater than it is incli ]
by 50 shows it is inclined upward. The value of V is then given

’

FIG. 22.26. BEAMAN STADIA ARC.

V=sx (Reading on V scale - 50
‘N’l] . N . : - ) )
. Wlmleen11 utll;lie staff 1; sighted, the staff intercept 5 is noted. If the index is not agail
. c1r reading of t_he' V-scale the tapgent screw is used to bring th neal'esgmlJSt
mmnow t’akeng:aﬁduaﬂ?:n ex?ctly coincident with the stadia index. The middle wir: nwdjnt
e e of st sl h:;ad}:f ;:;S V-scale is noted. It should be remembered that by riitingg:
o operation, there is no appreciable change in the value
On the horizontal or H-scale, the divisi
r - , the divisions are.of such values
g;r:;;t;t:ge;yoghlch thedsobserved stadia reading is to be reduced to obtaiaj tltlz gﬂﬁ;ﬁmﬁg
ance. er words, the H-scale reading mmltipli i t gi
horizontal correction to be subtracted from ?he mgiﬁ ?gadlih:; SIIF Tercept gives the

Example,
Central wire reading =1425 m
Reading on V-scale =58
Reading on H-scale =4
Staff intercept =1.280 m
Elevation of 1A. = 100.00

V=1280 x (58 - 50} = +10.24 m
Elevation of staff = 100 + 10.24 - 1.425 = 108.815 m
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Horizontal corvection = 1.28 x 4=512
Horizontal distance = {1.28 x 100} - 512=122.88 m.
(assyming & =100 and C=0)

3. THE JEFFCOTT DIRECT READING TACHEOMETER

This instrument, invented by the late Dr. H.H. Jeffcott,
enables the horizontal and vertical components (more OF less) []
directly on the staff, thus saving the labour of calculation. J
The diaphragm of the instrument carries three pointers, the ]
middle one being fixed and the other two movable (Fig.
2227 : o

The intercept between the fixed pointer and the distance
pointer (right hand moveble pointer) multiplied by 100 gives .
the horizontal distance D. Similarly, the intercept between
the fixed pointer and the elevation pointer (feft hand movable
pointer) multiplied- by 10, gives the vertical component V. PG 2.27. THE JEFFCOTT
'The telescope of the instrument is anallactic. The staff readings DIRECT READING TACHEOMETER.
are taken by first setting the fixed pointer at a whole foot
mark and then reading the otber Iwo pointers. ,

Each movable pointer is mounted on one end of a lever. The other ends of these
levers ride on respective cams (i.e. distance cam and elevation cam). The cams. are fixed
in altiude and so shaped that the interval between the pointer is adjusted automatically

to correspond to the angle of the tel .
The Jeffcots direct reading tacheometer could mot be entirely a success due to the

following defects :

(1) Pointers are inconvenient to read with.

(2) Half intercepts cannmot be measured.

(3) Effect of parallax is unavoidable.

3, THE SZEPESSY DIRECT READING TACHEOMETER
ngarian has the distinction of being the most successful
of those in the tangential group, and use the percentage amgles. A scale of wngenss of
vertical angles is engraved on a glass arc which is fixed to the vertical circle cover. The
scale is divided to 0.005 and numbered ai every 0.01. Thus the graduation 10 corresponds
(o the angle whose tangent is 0,10 or 10%. By meaps of
prisms, this scale i3 reflected in the view of the eye-piece,
and when the staff is’ sighted, the image.of the staff is 13
seen along side that of the scale (Fig. 22.28).

Procedure for reading the staff :

(1) Sight the staff and clamp the vertical circle at
some convenient position.

(2) Using the vertical circle tangeot SCrew, bring a
whole number division, say 14, opposite thg horizontal cross-hair.
Note the axial reading. . S

ENRAFISIARITR]

T IIITLITY

1

The instrument, invented by a Hu

14

15

FIG. 22.28. THE SZEPESSY DIRECT
READING TACHEOMETER.

e tin e
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(3) Read the staff intercept between 14 and 13 (or 14 and 15) numbered divisions, E8
The staff imercept multiplied by 100 gives the horizontal distance D. Alternatively,

intercept between 13 and 15 may, be measured and multiplied by SO to get D.
(4) The vertical component V is obtained by multiplyin'g the intercept by the mumbered
division brought opposite the axial hair, ' '
For example, if s=148 m and the mumber against the axial hair = 14. Then,
D=148x100=148 m and V=148x14=20.70 m

22.16. THE AUTO-REDUCTION TACHECMETER (HAMMER-FENNEL)

This instrument (Fig. 22.33) permits both the distance and the difference of altitude
to be read by a single reading of a vertically held staff — thus reducing tacheometric operation
to the simplicity of ordinary levelling.

Special auto-reduction device

Looking through the telescope the
field of view is found to be divided
into 2 halves one of which is designed
for the vision of the swaff while the
second half shows the very diagram of
a special type shown in Fig. 22.29.

In Fig. 22.29, there are four curves
marked by the letters N, E, D and d.
N is the zero curve. E means the curve
for reading distances. D illustrates the- :
double curve to be applied for elevation angles upto t14°. d is the double curve for
greater elevation angles upto :47°. The curve lines for elevation angles are ‘marked

+, apd the curve lines to depth angles are marked -

FIG. 22.29. SPECIAL AUTO-REDUCTION DEVICE
(HAMMER-FENNEL)

By tilting the telescope up and down, the diagram appears. (0 pass across its field :

of view. The multiplications to be applied are :

100 for reading the distance f{curve B

10 for reading the difference of altitude (curve D)

20 for reading the difference of altitude (curve 4)

The' zero-curve appears to touch the zeroline comtinuously at point of intersection
with the vertical edge of the prisms. In taking a reading of the staff, the perpendicular
edge of the prism should be brought into line with the staff in such a way that the
zero curve bisects the speciaily tarked zero-point of the rod, the 2ero point being 1.40
m above the ground. Then reading is effected with the distance curve and the respective
height curve. .

The reading, now taken on the staff with the distance-curve multiplied by 100 gives
the distance between instrument and staff, while the reading taken on the. staff with the
height curve multiplied by 20 or 10 respectively gives the diference in height between
the staff position and the instrument station. No other observations or calculations are mecessary.

Figs. 22.30 to 22.32 illustrate how readings are taken.

1. Telescope depressed (Fig. 22.30)
Reading of distance curve : 0.126
Reading of height curve : - 0.095
(with — 10 mark)
Horizontal distance
=0.126 x 100 =12.6 m-
and difference in height
=—0.095%x10=-095 m
2. Telescope horizontal (Fig. 2230
Reading of distance curve : 0.134
Reading of height curve 100
(with + 10 mark)
-, Horizontal distance
=0.134 x 100 =134 m
and difference in height
=+00x10=100 m
3, Telescope elevated (Fig. 22.32)
Reading of distance curve : 0.113

Reading of height curve : + 0.175
(with +20 mark)

Horizontal distance
=0.113x100=113 m

Difference in height
=+ 0.175 x 20=+3.50 m.

22.17. WILD’S RDS REDUCTION TACHEOMETER
(Figs. 22.3¢ and 22.35)

This is also an auto-reduction instrument with a set
of curves designed -for use with a vertical staff. The credit
for the principle of the reducing device goes to Hammer. . '

In the first telescope position, which is the standard position for- distance and height
measurements, the vertical circle is on the left hand side and the curve plate on the right
hand side of the telescope. The focusing imob is mounted on the right in the telescope
trunnion axis. The curves are etched on the glass circle which revolves about the trunnion
axis and is located to the right of the telescope. A prism, inside the telescope, projec:s
the image on the plane of the disgram circle and at the same Hme, rotates it by 9?11 .
Other prism and lenses transfer this image into the retic_ule plate ‘mouuted ahead dic;f e
telescope. ‘This plate has a vertical centre line and a honz:_mtal line. Thus, 'thcr gr;;l;l
lies fulling in the field of vision appear free of parallax in the plane of hair lines
the image is erect again, although the path of light rays has been broken.

DEPRESSED.

FIG. 22.31. TELESCOPE
HORIZONTAL.

FIG. 22.32. TELESCOPE
BLEVATED.
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as read on the centering rod, in order to simplify subsequent height computation,
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constants are chosen;
10 from 0t 5~ ; 20 from 4°w 10°
50 from 9°w023° ; 100 from 22°10 44°
By this device, the lines used for measuring height always remain between the zero

line and the range reading line, which practically rules out any confusion. In order to 3

simplify the mental computations, the height lines have not besn marked with the multiplication

constants 10, 20 etc. but with the figures + 0.1, + 0.2, 3, + 1, when the telescope is aimed up,

and - 0.1 .—0.2.—%andf1 when aimed down. The observer reads heights in the same

way as he does distances and multiplies the readings by factors given.

Heights are always referred to the point on the rod which coincides with the zero

Iir-ze. The one metre mark can conmvenienily be taken as zero. The stadia rod, equipped
with a telescope leg, allows for the setting of the metre mark at the instrument height

Figs. 22.36 to 22,39 ilusirate how the readings ‘are taken.

FIG. 22.36. ;. 2237
DISTANCE=41.3 & HEIGHT 2+ 0.3 » 207 = v 20,7 o T
3@ HEIGHT=v0.4 ~2i7=r2k7m  DISTANCE=35.5 m HEIGHT=+1x218 =+ 10.9m

FIG. 22.38.
DISTANCE=57.2 m HEIGHT=+0.2x40.! =+8.02m DISTANCE=48.5m HEIGHT=-1x21.7=-2L7Tm

FIG. 22.39.

§- TACHEOMETRIC SURYEYING

interval is ome minute. Fig. 22.40 shows the examples
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The vertical circle image appears on top and the
horizontal circle image at the bottom of the field of
vigion, in both telescope positions. The mimute graduations
of the micrometer scales increase from left to right, in
the same manner as when reading, The smallest graduation
0 10 20 0 40 60 &
of reading, as appearing in the field of view.

The vertical circle reading is 86° 32'.5 while the
horizontal circle reading (47) is 265° 28'.5.

22.18. THE EWING STADI-ALTIMETER (WATTS) :

(Fig. 22.41)

This ingenious device, designed by Mr. Alistair
Ewing, an experienced Australian surveyor, converis a
normal theodolite easily and quickly to a direct reading
tacheometer, withoutinterfering with its normal function
in any way.

The construction of ‘the altimeter is in two parts—the cylindrical scale unit, which
is mounted on one of the theodolite uprights and the optical reader, mounted on the telescope
or transit axis (Fig 22.41 and 22.42). The index of the reader is bright pinpoint of light
which appears superimposed on the scale of the drum. The scale comprises two sets
of curves, reproduced upon the surface of the cylinders. The two sets of curves, called
intercept lines are formed at sufficiently frequent intervals for accurate reading and are
distinpuished by a difference in colour. They represent the reduction equations :

Difference in level = 100 s ; sin 20

0 W 2D M %N K

h.l.n.l.-llu.l-l-l-ﬂ

265

Az

FIG. 22.40. VERTICAL AND
HORIZONTAL CIRCLE READINGS
IN WILD RDS TACHEOMETER.

Horizontal distance cofrection = 100 s sin” 6.

Methods of use. After the usual adjustment of the theodolite, the stadi-altimeter is
set to zero, the telescope is directed on to the staff, and the stadia intercept s is read.
The cylinder is rotated until the curve equal to 100 s is in coincidence with the reader
index. The difference of level may then be read directly from the external circular scale.

To obtain the reduced level of ihe staff base, the stadi-altimeter is set in the first
instance to the reduced height of the theodolite, instead of zero. The telescope is directed
on to the staff, and the intercept is read ; i is then pointed so that the centre web
cuts the staff reading equal to the height of the theodolite. The height scale reading then
gives the reduced level of the staff base.

22.19. ERRORS IN STADIA SURVEYING
The various sources of errors which arise in tacheometry may be divided into three
heads : :
() Instrumental errors.
(i) Errors due to manipulation and sighiting.
(iiiy Ermrors due to natural causes,
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() Instrumental Errors : They comsists of :

1. Errors due to imperfect adfustment of the tacheometer

The effects of inadjustments of various parts on the accuracy have already been discussed
in the chapter on thodolite. However, with reference to tacheometric observations, the accuracy
in the determination of distances and elevations are dependent upon : (a) the adjustment
of sltitude level, (b) the elimination or determination of index etror, and (¢) accuracy of
reading to the vertical circle. Since all these three have serious effects on the elevations,
proper care should be taken to adjust the altitude bubble and to see that the altitede bubble
is in centre of its rum when observations are taken.

2. Errors due to erroneous divisions on the stadia rod

Since the accuracy in the detepndination of staff intercept depends on the graduations,
the latter should be bold, uniform and free of errors. The stadia rod should be standardised
and. corrections for erroneous length,-should be applied if necessary.

3. Erors due to incorrect value of multiplying and additive constants

To eliminate the errors due to this, the constants should be determined from time
to time, under the same conditions that occur in the field.

(i) Errors due to manipolation and sighting

They comsist of errors due to :
Inaccurate ceptering and bisection.
Inaccurate levelling of the instrument.
Inaccurate reading to the horizontal and vertical circles.
Focusing (or parallax).
Inaccurate estimation of the staff intercept.
Incorrect position of the staff.

(i) Errors due to Natvral Causes

They comprise efrors due to :

1. Wind.

2. Unequal refraction.

3. Unpequal expansioi.,

4.  Bad visibility.
22.20. EFFECT OF ERRORS IN STADIA TACHEOMETRY, DUE TO MANIPULATION

AND SIGHTING.*
1. Error due to siaff tilted from normal

In Fig. 22.43, AB is the correct normal holding while A8, is the incorrect normal
holding, the angle of tilt being o. Line A4,B, is parallel to AB. If the angle of ilt o
is small, we have

A:B[HAB =¥

Let 5 (=4:B) be the observed staff intercept, because of incorrect holding, while
actual staff intercept would be s5(=AB) if there is no angle of tilt.

Now AB1=ABycos a
or s=s5co8a N {}]

N AR

4,
TACHEOMETRIC SURVEYING =

Error in distance OC=ksni-ks

io of ermor e—ks'—“—l--f-
Ratio of ermor, &= B
or e=l-cost WD (22.20)

This shows that the error is independent of
the inclination (6) of line of sight.

2. Error due fo angle of clevation 8 : normal
holding of staff

Let there be an error 5@ in the measurement
of angle of elevation 8. From Eq. 22.6, we have

D=Lcos B+ rsin®.

Differentiating this, we get

%% =-Lsin@+rcos@

o 8D = (- L sin 8 + r cos 0) 50
3.'Errorduetostaffﬁltedh1)mvertiml .

In Fig. 22.44, 4, C, B show the stadia readings when the stz!ff is truly verical,
while line A’CB' is the corresponding line normal to the line of sight OC.

However, let the staff be inclined by an angle a from vertical, away jrom the obsenfer.
so that 4,,C, and B,, are the points corresponding to the readings of the three hairs,
and A4'B/ is the corresponding line normal to the line of sight O C, Then £ ACAY
=0 +a. Also, since angle p/2 is very small, lines
A'B' and A/B; may be taken perpendicular to 044,
and OBB,.

Also, A'B'=ABcosB=5 cosb ()]

ArBy = A\B: cos (8 + a) = 51 cos (8 + a) (i)
Asauming A'H =~ 4By, we have

FIG. 22.43.

..(22.28)

scos 0= 5 co8 (0 +a)

5 co8 (8 + )
S—-—Es'e—"" ...(22.29 a)
Similarly, if the staff is inclined by a from

vertical towards the observer, £ 4,2 4, =0 - and

FG. 2.4
(2229 b)

_ 51008 (6 -a)
T cos@
Eqs. 22.29 (@) and 22.29 (b) are for the angle of elevation 8. Similarly, for the
angle of depression 6, the corresponding  expressions will be
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sin[$0°-(@+p/2) _ cos(B+B/2)= coseoosB/Z-si.nB'sinBlﬂ

_§ic08 (0 -a)
§= ——a.;e— ..(2229 C) A'C=3 o (% Y ﬂ/Z) =5 005 B/z 1 COS B/2
51 cos (9 + o) 3
T a— ..(22.29 From A CH'B, - .
and cos 8 ( ? sn[90°-(8-0/2) _cos(®-Pr2 _  cos8cos p/2 + sin O sin B/2
for the Klt away from the observer and towards the observer respectively. CB' =5 50 (90 ° - B/2) =8 s B2 5 cos B2
s1c0s (8 £ a) _einBgnB/2  cos O cos p/2 +sin O sio p/2
Rt el , cos 8 cos /2 —sin O sin B
In general, therefore, we have s 05 0 ..(22.29) AC+CB =5 ) +5 /2

where 5, is the observed imtercept while s is the true intercept for staff truly vertical. = 51 (cos @ — sin 6 tan B/2) + 52 {cos O + sin 8 tan B/2)

For an anallactic telescope, . 'b o+ - A'B' = (s, + 5;) co8 8 + (52 — 1) sin 8 tan /2 ...(22.;1' 3:3
True distance - D=H‘60329=%—ul.coszﬁ o) or A'B’ = AB vos 0 + (81— 1) sin 6 tan §/2 e ftt;"(sec:ond
+ : pr 3 to the ma: of the
Incorrect distance Dy=ksicos'® ‘ i) Hence the error in assuming A'B' = 4B cos © is equal gui
g cos (6 £ @) : term (5, — §,) sin @ tan f/2.
. Error e=D-D=ks cos’0 T 1} ...(22.30 a) §. Error due to vertical angle measnren_lent - ) anallactic. telescope
cos ©+a) For vertical holding of staff, the horizontal distance, using an g
D-D ks.coszﬁ[—e——l] is given by
Error e expressed as a ratio= 5 L= °08 D=kscos’®
ot l Fanoor® . 8D =-2kscos 0 sin6 36
ot e= %ﬁ'ﬂl -1 -.-(22.30 b) where 86 is the error in the measurement of vertical angle 6.
3D 2kscosBsind (2232
in 0 sit o - i o e e . §6=2.1an8 50
or eJ"”“‘””;:g“‘““ 058 _ cos o £1an 0 sim ot 1 (22300 Now raio  5="""" 7% e Sice
If o is small (sually<5°) e=%otam® (22.30) Normally, the staff is graduated to 10 mm, capable of estimation o

the multiplying factor (&) is usually 100, this would represent + 100 mm.

4. Error due to stadia intercept assumption Let us assume an overall accuracy of 1 in 1000 (representing 100 mm in 100 m).

In Fig. 22.5, we have assumed that for p/2 to be small, angles A4'C and B B'C will

be each equal to 90 °, and consequently, A'B'=ABcos® =scos0. %:—1610—0
Actually, ZAA'C=90°+p/2 and Substituting ﬂ_ g M3 we have
£ BB'C=90° - p/2, 1 1 ..(22.33)
L -2tn0e.50 or 80=o-coth
as shown in Fig. 22.45 1000 2000
Also, ZAAC=20°-0+p/2) For 0 =30° 56 = —-——ngggs cot 30° seconds = 178 seconds = 3'.
and <BBC=90°-(@-p/2) Hence in order to conform to an overail accuracy of 1 in 1000, the angle 8 need
For k=100, be measured to an accuracy of 3'. _
B -1 6. Error due to reading the staff : We have seen above f.hat_ for d staff El‘ag“ﬂf-tig
Pllas [50_0] t 10 mm, estimation can be made to £ 1 mm. As both stadia lies need be read,
206265 o grr 1 qn error in the stadia intercept would be V2 mm, ie 14 mm.
== ——g3ec. =0°1711"35 .
200 Thus bs = 1.4 mm.
Let AC=5 and CB=45 2
Now from A CA'A Now D=kscos 0. 239
ow o ' FIG. 2245 8D = kot 0 . s (&
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Similarly V=4kssin28
- 8V=1ksin20 . 8 ' ' .(22.35)
Taking k=100 and 8s=1.4 mm, we have
k.85=100x 1.4 mm = 0.14 m.
i SD=0.14 cos* @ {2234 a)
and 5V = 0.07 sin 20 .{22.35 a)

The value of 8D and 8V, for various values of inclination 6 are as under

6 - 5D 5V

0° .77 0140 m 0.000 m

1e ' 0.140 m 0.002 m

2° < 0,140 m 0.005 m

3° 0.140 m 0.007 m

4° 0.139 m 0.010 m

5¢ 0.139 m 0012 m

75° 0.138 m 0.018 m

10° 0.136 m 0.024 m

15° 0.131 m 0,035 m

20° 0.124 m 0.045 m_

25° 0.115 m 0.054 m

30° 0.105 m 0.061 m

From the above table, we conclude that unless the angles are less than 4 °, the
horizontal distance should mot be quoted better than 0.1 m while the levels should mot
be quoted better than 0.01 m.

Example 22.19. Observations were
taken with a tacheomster having additive
constant equal to zero and multiplying con-
stant equal to 100, and an intercept of
0.685 m with a vertical angle of 12 ° was
recorded on a staff believed to be vertical.
Actually, the staff which was 3.5 m long,
was 100 mm out of plumb leaning backwards
away from the instrument. Compute the error
in the horizontal distance.

Solution.

Angle of dlt,

3.

=tan ~10°38 17"
a 5 1°38 12

From Eq. 22.29 (@)

FIG. 22.46
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cos (12° 00'00"+1° 38" 127)

cos@+a) o5y e (07 005

=0.681

§ =5

Now, D=kstos’0
8D =kcos* 0 . 8s = 100 cos® 12 ° x (0.685 - 0.681) = 0.425 m

Alternatively, from Eqg. 22._'3_0 (@)

8D=kscosze[oos(e+u)—l]
cos O

oL 1978 19"
=100 x 0.685 cos’ 12°[°°s (1260::2 ..38 )
Example 22.20. A theodolite has a tacheomeiric multiplying constant of 100 and
an additive constant of zero. The centre reading on a vertical staff held at point B was
2.292 m when sighted from A. If the vertical angle was + 25 ° and the horizontal distance
AB 190.326 m, calculate the other staff readings and show that the two intercept intervals
are not equal. _
Using these values, calculate the level of B if A is 37.950 m A.0.D. and the height
of the instrument 1.35 m. ‘ (U.L)
Solution. From Eq. 224,
D=kscos' 0
- D _ 190.326 =237 m
kcos*® 100 cos® 25 °

] =0.425 m

s

Refer Fig. 22.45.
MC =L =D sec 0 =190.326 sec 25 ° =210.002 m

Inclined distance
L . _ L 0002 _
Now 2.5'0—'@ N So—‘——zm———"‘zm =1.050 m
. socos f/2 B ,
m— Z=0° n35.
By sine rule, 5 o0s ( i3/2),wh¢=:n32 0°17'11°35

0530w €T 11738) _
_ s (5 1T T35 e
Similarly, by sine rule,
socos B/2 1,050 cos (0 ° 17" 11":35)
= = =1.1
B s @-p/2)  cos (24 ° 42 48 "65) 1136 m

Alternatively
5= D [tan (8 + p/2) - tan 8]

— 190.326 [tan 25 ° 17 1135 — 1an 25 °] = 1.16] m, as above
and =D [tan @ — tan (® - B/2)]
= 190,326 (tan 25 ° - tan 24 © 42 48".65] = 1.156 m, as above.

(We note that s, and s, are not equal }
Check s+ 5H=1161+1156=231Tm

e NN | T = T R T e [T T

T e
i A ey

S lpgiI Ui __

e T -t
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Hence the staff readings are :

Upper : 2.292 + 1.161 = 3.453
Lower 2.292 - 1.156 = 1,136
Check : §=2.317
Now V=D tan 9 = 190.326 tan 25 ° = 88.750 m

R.L. of B=37.950 + 88.750 + 1.350 - 2.292 = 125,758 m

PROBLEMS

1. Describe the conditions under which tacheometrde surveying is edvantageous. Explain how
you would obtain in the field the constants of a tacheometer. Upto what \.rertit:alg angle mxfy dloping
dlsu_mccbytakena.shonzontaldlstancewithouttheemrexoceding1in200.thesr.aﬂ'beingheld
vertically and the instrument having an anallactic lens ? U.L)

2. Sighted horizontlly, 2 tacheometer reads 1.645 and 2.840 corresponding to the stadia if
§ , . . wires,
on a vertical staff 120 m away. The focal length af the object glasssi%omgcm and the distance
from the object glass to the trunmion axis is 15 cm. Calculate the stadia interval. '

3. Two distances of 50 and 80 metres were accuratel i
y measured out, and the intercepts on
the staff berween the outer stadia webs were 0.496 at the f i
e e e o Ny e former distance and 0.796 at the latier.
4. An external focusing theodolite with stadia bairs 2 mm apdrt and object glass of 15
: cm
focal length is used as a tacheometer. If the .object glass is fixed at a disr.a{we of 25 cm from
the tunnion axis, determine the tacheometric formula for distance in terms of staff intercept.

5. A tacheometer was set at statdon A th i i i
ertically s ol up and the following readings were obtained on a

Station Staff Station Vertical Angle .Har'r Reodings Remarks
B.M. -2 18 3.225, 3.550, 3.875 R.L. of
4 B.M.= 437655 m
o ' B + 0 26 1.650. 2.515. 1.3%0

Calculate the horizontal dismnce.from AwB i
o rate the Rorizottal and the R.L. of B, if the constams of the

6. To determine the distance between two points € and D, and their i i

] ; , elevations, the followin;
observations were taken upon a vertically held staff from two traverse stations A4 and B. The tac.heometef'
was fitted with an anallactic lens, the constant of the instrument being 100 :

T | M e S| e ||
N E
A 1.58 218.3 164.7 c 330°20° | +12°12' | 1.255, 1.860, 2.463
B 1.50 518.2 2076 b w036 | +10°3 | 1.300, 1.885, 2.470
Calculate : () The distance CD; -

PR
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() The R.L.'s of Cand D, ifthose of 4 and B were 432,550 m and 436.865 m

respectively ;
(ii) The gradient from C to D. ‘
7. A line was levelled tacheometrically with a tacheometer fitted with an anallactic lens, the
value of the comstant being 100. The following observations were made, the staff having been held

vertically :

Instrument Heighs of Staff at Vertical angle Staff Reading Remarks
Stations axis
A 1.38 BM. —1os# 102, 1720, 2.420 RL.
4 1.38 B +2036 1220, 1.835, 243 | 63835 @
B 140 c +3°6 0.785, 1.610, 2.435

Compute the elevations of 4, B and C.

8. Two scts of techeometric readings were taken from an instrument station A, the reduced

level of which was 15.05 ft to a swff saton B. .
(6) Instrumént P—multiplying constant 100, additive constant 14.4 in., staff held vertical.
() Instrument Q—-mmltiplying constant 05, additive comstamt 15.5 im., staff held normal W

the line of sight. )

Instrument a ! To | Hi. of Insirument | Verticol angle | Sadin Readings
P 4 B 452 30° 2.353.31/4.27
0 4 B 4.47 300
(U.L)

What should be the stadia readings with instrument ¢ ?

9. An ordinary theodolite is to be converted into an apallactic tacheometer with a multiplier
of 100 by an inserfion of a new glass stadia diaphragm and an additional conmvex lens. Focal length
of object glass is 15 cm, fixed at a distance of 10 cm from the trunnion axis. A focusing slide
carries the eye-piece. If a suitable lens of 10 cm focal length is available for the anailactic lens,
calculate the fixed distance at which this must be placed from the objective and the spacing of
the stadia hairs on the diaphragm.

10, The stadia intercept read by means of a fixed hair instrument on a vertically held staff
is 2.250 metres, the angle of elevation being 3° 42". The instrument constants are 100 and 0.4 m.
What would be the total mumber of tums registered on a movable hair instrument at the same station
for 2 2.0 metres intercept om a staff held on the same point ? The vertical angle in this case
is 5°30' and the constants 1000 and 0.4 m ?

11. The constant for an instrument is 1200 and the value of additive consmant is 0.4 mefes,
Calculate the distance from the instrument to the staff when the micrometer readings are 6.262 and
6.258, the siaff intercept is 2.5 m and the line of sight is inclined ar +6°30', the staff being
held vertically. :

12. The vertical angles to vanes fixed at 0.5 m and 3.5 m above the foot of the staff held
vertically at a point were — 0° 30' and +1° 12* respectively. Find the horizontal distance and the reduced
level of the point, if the level of the instrument axis is 125.380 memes above damm.

13. Explain how a subtense bar is used with a theodolite to determine the horizontal distance

between two points,
The horizontal angle subtended at a theodolite by a subtense bar with vanes 3 m apart is
I5" 40", Compute the borizontal distance between the instrument and the bar.

Deducclhemorofhorizontaldistanceiflhebarwereffrombcingnormaltothcline
joining the instrument and bar station,
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14. What are the different methods employed in tacheometric survey ? i

ey ? Describe the method most

commonly used g {(A.M.LE)
15. Explain how you would determine the confants of a tacheometer. What are the advamtages

16. Describe any one form of sublense micrometer, and show clearl i

: any i y how you would determine
the value of the qddn_weconstammthemseofa subtense micrometer in which there may be
anmmal{mqmgofmcmmgterhwdwhenﬂmﬁxedanﬂthemoviuglinwmimide, the focal length
of the objective and the pitch of the mircometer scréw being known. (U.L)

17. Show the amrangement of the lenses in an ordinary anallactic telescope.

Inatelﬁcupcoflhistypc.mefomllengthsofdwob" i
r . jective and anallactic lenses are 24 cm
and 12 cm respectively and the constant distance between this is 19.5 cm for a rmltiplier of 100.

Determine the error that would occur in horizomtal distance D when the reading intercep
?_m:eues.wilhanermrofonemindfedthofamminthel.‘ISmmintervanetwecnlhesubccusI:
18. In the event of a broken diaphragm in an anallactic tel " ipli
. . ] ) escope with a multiplier of 100,
;t:smanedtochgmmelhcexactspacmgofmelimonglamfotanewdiaphra'tgn.me.foml
engthsofthc.objgcuveandanallacﬁclensubeing30cmand15cmrespecﬁvelyandﬂledistanu
betweendxcobjecuvemdrhemmnionaﬁsuun.Alsodete:minethedismncebetweenthema]lacﬁc

lens and the objective.

19.Ananallacticteﬂcopebasamxlﬁplyingconstan10f100Thefocs.ll e obj
. . engths of the object
glﬂmandaml{mnclensarellmnand9cmrespecﬁvcly.lfthestadiaimervaliisl.52m
cnﬂatemeismncebemeenmcmolenmandthedismmes-bcmeenmeverﬁcalaﬁsmdmé

object glass.
ANSWERS

1. 4¢3
2, 2 mm
3 k=100; C=04 m
4, D=75s+ 04 metres
5, D=1695 ; RL. of B=466.95
6. () 3358 m
(i RL. of C=45127
(@ 1 in 959.2
7. 643,528, 648.567, 657.267
8. 195 ; 2.82 ; 3.68
9, 16' cm ; % cm
10, 8.844
11. 2369 m ‘
12. 1011 m ; 1 in 123998 m
13. 658.29 m ; 1 i 1688
17. 1.14 m
18. 23.57 ¢cm ; 2.1 mm
19, 134 cm ; 7.33 cm.

RL. of D=457.62

e harod m o

Electronic Theodolites

23.1. INTRODUCTION
Theodolites, used for angular measurements, can be classifed under three

(h  Vernier theodolites
(i) Microptic theodolites (optical theodolites)

and (i) Electronic theodolites
Vemier theodolites (such as Vicker's theodolite) use verniers which have a least count
tical micrometers, which may have least

of 10" to 20". However, microptic theodolites use op
and T4 and other forms of Tavistock

count of as small as 0.1% wild T-1 T-16, T-2, T-3

theodolites fall under this category. Thus the optical theodolites are the most accurate instruments
micrometers. However in electronic

where in the readings are taken with the help of optical

theodolites, absolute angle measurement is provided by a

scanning. The electronic theodolites are provided with control panels with key boards and
liquid crystal displays. The LCDs with points and symbols present the measured data. clearly
and unambiguously. The key board contains multi-function keys. The main operations require
only a single key-stroke. The electronic theodolites work with electronic speed and efficiency.
They measure electronically and open the way to elctronic data aquisition and data processing.

We shall consider here the following two models of electronic theodolites manufactured by

M/s Wild Heerbrugg Lid.
0 Wild T-1000 electronic theodolite
(iy Witd T-2000 and T-2000 S electronic theodolite

23.2. WILD T-1000 ‘THEOMAT’

Wild electronic theodolites are kmown as “Theomat’. Fig 23.1 shows the photograph
of Wild T-1000 electronic theodolite. Although it resembles 2 conventional theodolite (i.e.,
optical theodolite) in size and weight, the T-1000 works with electronic speed and efficiency.
It measures electronically and opens the way to electronic data aquisition and data processing.

It has 30 x telescope which gives 2 bright, high-contrast, erect image. The coarse and
clear. Pointing is fast and precise.

fine focusing ensures that the target is seen sharp and
even in poor observing conditions. The displays and reficle plate can be illuminated for

works in mines and tunnels and at night.

categories:

(465).

dynamic system with opto-electronic

R ——— ST I
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The theodolite has two contro} pamels, each with key-board and two liquidecrystal
displays. It can be used easily and quickly in both positions. Fig. 23.2 shows the control
panel of T-1000. The LCDs with points and symbols present the measured data clearly
and unambiguously. The key-board has just six multifunction keys. The main operations
require only a single keystroke. Accepted keyswrokes are acknowledged by a beep. Colour—oding
and easy-to-follow key sequences and commands make the instrument remarkably easy to
use.

The theodolite has an absolute electronic-reading system with position-coded circles.
There is no initialization procedure. Simply switch on and read the results. Circle reading
is instantaneous. The readings up-date continuously as the instrumen: is mmed. Readings
are displayed to 17. The standard deviation of a direction measured in fate left and face
right is 3", -

The theodolite has prac-

tice-tested automatic index. A Distance measurement
well-damped pendulium com- Recording
pensator with 1~ setting accuracy

IEEE Maasurament and rd
provides the reference for T- ) af‘ recored
1000 vertical circle readings. The [t ] Display Hz-circle and Hz-distance

compensator is built on the same  [SET | Tracking

principles as the compensator ; .

used in Wild automatic levels [ser | [ser] bz ]  Sethorizontacirloreacingtszero
and optical theodolites. Thus  FIG. 23.3, TYPICAL COMMANDS IN T-1000 ELECTRONIC-
with T-1000, one need not rely THEODOLITE (WILD HEERBRUGG)

on a plate level alone. Integrated .

circuits and microprocessors ensure a high level to performance and operating comfort. Automatic
self-checks and diagonostic routines makes the instrument easy to use.

T-1000 theodolite has electronic clamp for circle setting and repetiion measurements.
Using simple commands, one can set the horizontal circle reading to zero or to amy value.
The theodolite can be operated like a conventional theodolite using any observing procedure,
inctuding the repetition method. Tn addition to the conventiona! clockwise measurements,
horizontal circle readings can

be taken counter-clock-wise. He ' v Hortzontal circle
Horizontal-collimation and 1373452 813756 and
LR, T - vertical circle

" vertical index errors can be

determined and stored perma- v Horizontal circle
nently. The displayedpci:cle :gg,zmm distanca
readings are corrected auto- :
matically. Displayed heights A 3375 g:fca’cm
are corrected for earth cur- * = . height differences
vatre and mean refraction. Vertical circle

As stated earlier, the and
whole instrument is controlled slope distance
from the key-board. Fig. 23.3

. X . FIG. 23.4. TYPICAL-DISPLAYS ON THE PANELS OF T-1000
gives details of typical com- )
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mands obtdined by pressing corresponding keys. Fig. 23.4 gives:, ty;l:ical dis_play values obtained
by pressing different keys. The power for T-1000 .Lheodohte is o‘qtamed frpm a sM.
rechargeable 0.45,;Ah Ni Cd battery which plugs into the theodolite standards. ‘

Wild T-1000 theodolite is fully compatible. It is perfectly modular, having the following
uses :

@) Tt can be used alome for angle measurement only.

(i) It combines with wild Distomat for angle and distance mea.st‘lfemem.

i) It connects to GRE 3 dala terminal for automatic data aquisicion.

(v) 1t is compatible with Wild theodolite accessories.

o) It commects to computers with RS 232 interface.

Fig. 23.5 depicts diagrammatically, all these functions. o :

‘Distomat’ is 2 registered trade name used by Wild for their electro-magnefic distance
measurement (EDM) instruments (see chapter 24). Various models of distomats, such as
DI-1000, DI-5, DI-5S, DI-<4/4L etc. are available, which can be fitted on the top_of the
telescope of T-1000 theodotite, The telescope can tramsit for gngle measu.rements in bqth
the positions. No special interface is required. With a Distqmat ﬁtt._ed to it, the. theodolite
takes both angle and distance measurements, wild DI-1000 distomat is 2 miniaturized EPM.
specially designed for T-1000. It integrates perfecdy with the theodolite to form. the ideal
combination for all day-to-day work. Its range is 500 m on to 1 prism and 800. m o
3 prisms, with a standard deviation of 5 mm+ 5 ppm. For larger distances, DI-SS. distomat
can be fitted, which has a range of 2.5 Im o 1 prism and 5 km to 11 prisms. For
very lopg distances, latest long-range Di-3000 distomat, P.avmg a range of 6 km to.l
prism and maximum raoge of 14 km in favourable conditions can be fitted. Thus, with
a distomat, T-1000 becomes electronic fotal station. . .

The T-1000 theodolite attains its full potential with the GRE 3 data terminal. This
versatile unit connects directly to the T-1000. Circle readings and slope distances are transferred
from the theodolite. Point mmbering, codes and information are controlled from the GRE 3.

23.3. WILD T-2000 THEOMAT , .
Wild T-2000 Theomat (Fig. 23.6 ) is 2 high pracision elentronic ﬁtngle measuring
instrument. It has micro-processor controlled angle measurement system of hlghes.t accuracy.
Absolute angle measurement is provided by a dyx.namic system with opto-electronic scanpmli
(Fig. 23.7). As the graduations around the full circle are scm for every reading, cmtch
graduation error canmot OCCUr. Scanning at diametrically opposite positions eliminates t;
effect of eccentricity. Circle readings are corrected antomatically for mde?c_error and horizont
collimation error. Thus angle measurements can be taken in one position to a .far higher
accuracy than with conventional theodolites. For many ap;_)licanons. operator will settth;
displays for circle reading to 17, but for the highest precision the display can De sé

read to 0.017, For less precise work, circle readings can be displayed (o 10", Distances

are displayed to 1 mm and 0.01 ft. With good targets, the standard deviation ot"' the:al miﬂ
of a face-left and a face-right observations is better than 0.5 for both the horizonl

vertical circles.
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The theodolite has self-indexing maintenance free liquid compensator. The compensator
provides the reference for vertical angle measurements, It combines excellent damping with
high precision and allows accurate measurements unaffected by strong winds, vibrations etc.

FIG. 23.7. MICROPROCESSOR CONTROLLED ANGLE MEASUREMENT SYSTEM

The insoument has two angle measuring modes :
is used for angle measurements of highest accuracy. Hz and/or circle readings are displayed
at the touch of a key. Tracking provides comtinuous single measurement with displays
updated as the theodolite is tumed. Tracking is used for rapid measurements, turning the

dolite to set a bearing or following a moving target. The horizontai circle reading
cen be set to zero or amy value by means of the key-board.

The whole instrument is operated from a
central panel comprising a water-proof key-board
and three liquid-crystal displays, shown in Fig. 23.8.
The key need only the slightest touch. One display
guides the operator, the other two contain data.
The displays and telescope reticle can be illuminated
for work in the dark. Fig. 23.9 illustrates typical
commands alang with rorresnending kev to he ugerd

Various parameters such as a circle orientation
station co-ordinates and height scale comection and
additive constant can be entered and stored. All
are retained until over-written by new values. They
cannot be lost even when the instrument is switched

off. As circle readings are corrected for index error and horizontal collimation error, one
control panel is in position. It is perfectly sufficient for many operations. However, for

" SURVEYING

single and tracking. Single mode

To measure angles, touch @
To measura and record angles, I——I
touch REC
To measure anglas, distances

helghts and coordinates, l_J
touch DIST
Tomeasure and record

angles, distancas, heights and

coordinates, touich ALL |

That's all there Is to its a single
Keystroke for the main operations.

FIG 23.9. TYPICAL COMMANDS

maximum convenience, particularly when measurements in both positions are required, the
instrument is available with a control panel on each side.

The instrument uses rechargeable plug-in internal battery (NiCd, 2 Ah, 12 V DC)
which is sufficient for about 1500 angle measurements or about 550 angle and distance
measurements. The instrument switches off automatically after commmands and key sequences.
The user can select a switch off time of 20 seconds or three minutes. This important

FLECTRONIC THEODOLITES

power saving featore is made possible by the pon-volatile

emeory. There is no loss of stored information when

the instrument switches off. .

élamps am‘iy1 drives are coa:ual _The dnvefscr;\;:
have two speeds @ fast for guick aiming, slev:;ﬂl or -
pointing. Telescope focusing is also _two—speed.. (lﬁndl !
plummet js built into the alidade. The .carrymg. o
folds back to allow the telescope t0 transit \nzn‘:h Diston
fitted. Horizontal and vertical setting circles facilitate turming
into a target apd simplify setting-out work.

Modular Approach .

The T-2000 offers all the benefits of the modulls;
approach. It can be used as a theodolite combu}ed v:n .
apy distomat and connects to GRE.B data tcnmnal_ e s
computers. Fig. 23.10 illustrates diagrammetrically
modular approach which provides for easy upgrading
at any time at minimum cost. _

' yWild théodolite accessories fit the T-2000 : optional
eye-pieces, filters, eye-piece prism, dlag.onal eye-pleci:
auto-collimation, eye-piece, parallel-plate mlcro!neter_s. pehs
taprism, solar prism, auxiliary lenses etc. wild t:'lba;:J ar.
targets, distomat reflectors, target lamps, subt.ence eas:
optical plummets and equipment for deformation m
urements are fully compatible with the T-2000..

Two way data communication

Often, in industry and construction, ope O mMOfE
instruments have to be connected on line 0 3 _compufer:
Comi:utaﬁon is in real time. R&sultf; are available :,:rls
mediately. To facilitate connection, interface parame!
of the T-20C0 instrumentt can be set
to match those of the computer. Com-
munication is two-way. The instrument
can be controlled from the computer.
Prompt messages and information cai
be transferred to the T-2000 displa}.rs.

Of particular interest is the possibil.xty
of measuring objects by intersection
from two theodolites (Fig. 23.11).

Two T 2000 type instruments
can be connected to the Wild GRF-

3 Data Terminal. Using the Mini-
RMS program, co-ordinates of inter-

sected points are computed and re- FIG. 23.11.

S
R TERSECTION METHOD.

Precise angle
measurement with
T2000

measurement with
T2000 and Distomat

Aungle measurement
with T2000
Automatic recording
with GRE3

Angle and distanc®
measurement with
T2000 and Distomat

Automatic recording
with GRE3

FG. 23.10, T-2000 : MODULAR
APPROACH.

(REMOTE MEASURING SYSTEM)

—-f—*M
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;(;l:led.m ’fhe disua.nce. bet- ween any pair of object points can be calculated and displayed.
g: plex apphcauons and special computations, two or more T 2000 or T 2000 §
can used with the Wild-Leiiz RMS 2000 Remote Measuring System.

23.4. WILD T 2000 S ‘THEOMAT’

it m‘:iﬂ:iec'}"IZOOO S [Fig. 23.6 ‘(b)]. combines the pointing accuracy of 2 special telescope
i hjp ision of T 2000 dynamic cgcle measuring system. This results in angle measurement
g hgjhest accuracy. The telescope is panfocal with a 52 mm obejctive for an exceptionally

ight, gh contrast image. It focuses to object 0.5 m from the telscope. The focusi
drive has coarse and fine movements. . "
. e‘sM:hgmgcaﬁo-n and field of view vary with focusing distance. For observations to distant
miens' an;maeld‘ is reduced and magr.iiﬁcation increased. At close range, the field of view
widons anc. gmﬁcat_:on is reduced. This unique system provides ideal conditions for observation
" e Iy stance.. With the. standard eye-piece, mapnification is 43 x with telescope focused

mﬁmstaql; 'Optlonal eye-pieces for higher and lower magnification can also be fitted.
T 2000 Slhtg of the lm.e of sight .with change in focusing is a spec{al feature of the
oting i tr?scoge.zoléo lssa true alignment telescope for metrology, industry and optical
o targets.. can also be fitted with a special target designed for poinfing
d v ;{ is;:]ecial target can also'be_ built into the telescope at the intersection of the horizontal
e e cal axes. ‘?'he target is. invaluable for bringing the lines of sight of two T 2000
. y into coincidence. This is the usual preliminary procedure prior to measuring objects
y the RMS infersection method. =

For fatigue-free, maximum-precisi insati

. X s (! -precision auto-collimation measurements, the telescope is

avaﬂab}l_:sz? 2&(:)100 auto-collimation eye-piece with negative reticle {(green cross). >
e , the T 2000 S i i

e GRE 3 Dot Tormnl takes all Wild Distomats. It can also be connected

3
o
3
e
i
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Electro-Magnetic Distance
Measurement (EDM)

24.1. INTRODUCTION
There are three methods of measuring distance between any two given points :

1. Direct distance measurement (DDM), such as the one by chaining or taping.

2. Optical distance measurement (ODM), such as the one by tacheometry, horizontal
subtense method or telemetric method using optical wedge attachments.

3. Electro-magnetic distance measurement (EDM) such as the one by geodimeter,

tellurometer or distomat etc.
The method of direct distance measurement is unsuitable in difficult terrain, and some

times impossible when obstructions occur. The problem was overcome after the development
of optical distance measuring methods. But in ODM method also, the range is limited
to 150 to 150 m and the accuracy obtained is 1 in 1000 to 1 in 10000. Electromagnetic
distance measurement (EDM) enables the accuracies upto 1 in 10°, over ranges upto 100 km.
EDM is a general term embracing the measurement of distance usiog electronic methods.
In electro-magnetic {(or electronic) methed, distances are measured with instruments that rely
on propagation, reflection and subsequent teception of either radio, visible light or infra-red
waves. There are in excess of fifty different EDM systems available. However, we will
discuss here the following instruments :
)  Geodimettt
24.2. ELECTROMAGNETIC WAVES
The EDM method is based on generation, propagation, reflection and subsequent reception
of electromagnetic waves. The type of electromagnetic waves generated depends on many

factors but principally, on the nature of the electrical sipnal used to pemerate the waves.
The evolution and use of radar in the 193945 war resulted in the application of radio
defence purposes, since it could

waves to surveying. However, this was suitable oniy for
not give the requisite accuracy for geodetic surveying. E. Bergestrand of the Swedish Geographical
Survey, in collaboration with!the manufacturers, Messrs AGA of Sweden, developed 2 method
based on the propagation of modulated light waves using instrument called geodimeter. Another
instroment, called tellurometer was developed, using radio waves. Modern short and medium

(i Tellurometer (fiy Distomats.
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range EDM instraments (such as Distomats) commonly used in surveying use modulated
infra-red waves. ‘

Properties of electromagnetic waves

Electromagnetic waves, though extremely complex in nature, can be represented in
the form of periodic sinusoidal waves shown in Fig. 24.1. It has the following properties:

1. The waves completes a cycle in moving from identical points 4 to E or B to
Fo D i H

2. The number of times the wave com- . 2 2 E:Vfom -
pletes a cycle in one second is termed as
frequency of the wave. The frequency is rep~ A c G
resented by f hertz (Hz) where 1 hertz (Hz) E

is one cycle per second. Thus, if the frequency

fis equal to 10° Hz, it means that the waves -

completes 10° cycles per second. r————
3, The length traversed in ome cycle or cycle

by the wave is termed as wave length and _' IDAL WAVES.

is denoted by A (metres). Thus the. wave FIG 24.1 PERIODIC SINUSO )

length of a wave is the distance between two identical points (such as 4 and E or B
and F) on the wave,

4. The period is the time taken by the wave to travel through one cycle or onme
wavelength. It is represented by T seconds.

5. The velocity (v) of the wave is the distance travelled by in ome second.

The frequency, wavelength and period can all vary according to the wave producing
source. However, the velocity v of an electromagnetic wave depends upon the medium
through which it is travelling. The velocity of wave in a vacuum is termed as speed of
light, denoted by symbol ¢, the value of which is presently kmown to be 299792.5 km's.
For simple calculations, it may be assumed to be 3 x10° m/s.

The above properties of an electromagnetic wave can be represented by the relation,

f= (24.1)

Another property of the wave, known as phase of the wave, and denoted by symbol
@, is a very convenient method of identifying fraction of a wavelength or cycle, in EDM.
One cycle or wavelength has a .phase ranging from 0° to 360°. Various points 4, B
C etc. of Fig. 24.1 has the following phase values :

*~In
|-

Point - A B C D E F G "H
Phase ¢° O %0 180 270 360 90 180 270
(for O

Fig. 24.2 gives the electromagnetic spectrum. The type of electromagnetic wave is
known by its wavelength or its frequency. However, all these travel with a velocity approximaely
equal to 3x10° m/s. This velocity forms the basis of all electromagnetic measurements.
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Measurement of transit times o -
Fig. 24.3 (a) shows a survey line AB, the length D of h:fh;c;hmmattoAtz :::;i ga:e'
using EDM equipment placedatendsAandB. be_tatransmlﬂer P A s e
:c waves towards B, and let a receiver be placed at B, ulong m
electromflgnema:t B starts ot the instant of transmission of wave from A, and stops at e
ilis:;l u:?e:eception of incoming wave at B, the fransit time for the wave fro;n A

B in known.
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[G. 24.3. MEASUREMENT OF TRANSIT TIME.

it ity of propagation of the wave,
i it time, and from the known velocity o ( the wave
the di::;zzle tgsbeut:rn:en A and B can be easily computed. However, this transit time 18

i i ics, Also it is extremely
of the order of 1x 10°%s which requires very advanced electronics

difficult to sart the timer at B when the wave is transmitied at A, Hence a reflector
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is placed at B instead of a receiver. This reflector reflects the waves back towards A,
where they are received (Fig. 24.3 (b)). Thus the equipment at A acts both as a transmitter
as well as receiver. The double transit time can be easily measured at 4. This will require
EDM timing devices with an accuracy of +1x107s. ' '
Phase Comparison
Generally, the various commercial EDM systems available do not measure the transit

. time directly. Instead, the distance is determined by measuring the phase difference between

the transmitted and reflected sigmals, This phase difference can be expressed as fraction
of a cycle which can be converted into units of time when the frequency of wave is

known. Modern techniques can easily measure upto ﬁ- part of a wavelength.

In Fig. 24.3 (b), the wave transmitted from A towards B is instantly reflected from
B towards A, and is then received at A, as shown by dotted lines. The same sequence
is shown in Fig. 24.3 (c) by opening out the wave, wherein 4 and A’ are the same.
The distance covered by the wave is
, 2D = nh + AM - (24.2)
where d = distance between 4 and B
A = wavelength
n=whole number of wavelengths maveiled by the wave
AA = fraction of wavelength travelled by the wave.
The measurement of compoment Ak is known as phase comparison which can be
achieved by electrical phase detectors.
Let ¢: = phase of the wave as it is transmitted at A

¢, = phase of the wave as it is received at 4’
Then - Bl Oflretce ndegrees 3 o g @200 4
The determination of other compoment nA of equation 24.2 is referred to as resolving
the ambiguity of the phase comparison, and this can be achieved by any one of the following
methods.
(i) by increasing the wavelength manually in multiples of 10, so that a coarse measurement
of D is made, enabling n to be deduced.
(i) by measuring thé line AB using three different (but closely relatest) wavelengths,
50 as to form three simultaneous equations of the form
W=mh+ak ; W=mhlha+Ak ; 2D =y My + A
The solution of these may give the value of D.
In the latest EDM equipment, this problem is solved antomatically, and the distance
D is displayed.
For example, let A for the wave of Fig. 24.3 (¢) be 20 m. From the diagram,
n=6, p, =0 and ¢, = 180°, -

P2~ ¢

360° <

WM=nr+Ar=nh+
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180 -0
or 2D =(6x20)+ 360 x 20

o 3 D=65 m.
This measurement of distance b
taping. wherein

y EDM is analogous to the measurement of AB by

D=ml+Al
I=length of tpe =20 m -(say)
m=whole No. of tapes =3
' A I =remaining length of the tape in the end bay
Hence the recording in the case of taping will be D=3mx20+5=65 m.

24.3. MODULATION
As stated above, EDM measureme:
cycle.- Modern phase comparison techmiques are capable ©

. part of a wavelength. Assume % 10 mm to be the accuracy requirement for surveying

1000 .
equipment, this must represent 1_0'16—0 of the measuring wavelength. This means that
% = 10 x 1000 mm = 10 m, which is a maximum value. However, by use of modem circuitory,

% can be increased to 40 m, which comesponds to f=17.5x10° Hz. Thus, t.he. lowest
value of _f that can be used is 7.5x 10¢ Hz. At present, the range of irequencmi that
can be used in the measuring process is limited to approximately 7.5 x 10°to 5 x 10° Hz.

In order to increase the ac- /\/\/\/‘\ [\/\/\/\

curacy, it is desirable to use an

where

nts invblve the measurement of fraction- Ax of the
f resolving to better than

extremely high frequency of propa- Measuring wave Measuring wave
gation. However, the available phase
comparison techniques cannot be used
" at frequencies greater than
5% 10° Hz which corresponds © a
wavelength A = 0.6 m. On the other
hand, the lower frequency value in Modutated carrier wave Modulated carrier wave
the range of 7.5 » 10°to 5 x 10® Hz (a) Amplitude moduiation {b) Frequency motulation

is not suitable for direct transmission FIG. 24.4. MODULATION

through atmosphere because of the . :

the effects of interference, reflection, fading and scatter. ‘ _ _
The problem cam be overcome by the technique of.madulauon whereu_J the fTea:eu:cng
wave used for phase comparison is superimposed on a carrier wave of much higher frequency.

EDM uses two methods of modulating the carrier wave : .
i i Frequency modulation.
(@) Amplitude modulation. (] _
In) amplitude modulation, the carrier wave has constant freguency and the l_nodula‘trl:‘g
wave (the measuring wave) information is conveyed by the ampllt_ude of tl]:; c?;nefll'. \!::mcy
In the frequency modulation, the carrier wave has constant amplitude, while 1 eq

[
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varies in proportion to the amplitude of the modulating wave. Frequency moduigtion is
used in all microwave EDM instruments while amplitude modulation is done in visible light
instruments and infrared instruments using higher carrier frequencies.

24.4. TYPES OF EDM INSTRUMENTS

Depending upon the type of carrier wave employed, EDM instruments can be classified
under the following three heads :

(g} Microwave instruments

(b) Visible light instruments

(c) Infrared instruments.”

For the corresponding frequencies of carrier waves, reader may refer back to Fig.
24.2. It is seen that all the above three categories of EDM instruments use short wavelengths
and hence higher frequencies.

1. Microwave instruments -

These instruments come under the category of long range instruments, where in the
carrier frequencies of the range of 3 to 30 GHz (1 GHz= 10°) enable distance measurements
upto 100 km range. Tellurometer come under this category. ,

Phase comparison technique is used for distance measurement. This necessitates the
erection of some form of reflector at the remote end of the line. If passive reflector
is placed at the other end, a weak signal would be available for phase comparison. Hence
an electronic signal is required to be erected at the reflecting end of the line. This instrument,
known as remote instrument is identical to the master instrument placed at the measuring
end. The remote instruwment receives the transmitted signal, amplifies it and trapsmits it
back to the master in exactly the phase at which it was received. This means that microwave
EDM instruments require two instruments and two operators. Frequency modulation is used
in most of the microwave instuments. The method of varying the measuring wavelength
in multiplies of 10 is used to obtain an unambiguious measurement of distance. The microwave
signals are radiated from small aerials (called dipoles) mounted in fromt of each instrument,
producing directional signal with a beam of width varying from 2° to 20°. Hence the
alignment of master and remote units is not critical. Typical maximum ranges for microwave
instruments are from 30 to 80 km, with an accuracy of +15 mmto + 5 mm/km.

2. Visible light instruments

These instruments use visible light as Glass cubo Prism mounted
carrier wave, with a higher frequency, of the fn housing
order of 5x 10" Hz, Since the transmitting
power of carrier wave of such high frequency
falls off repidly with the distance, the range

of such EDM instruments is lesser than those
of microwave units. A geodimeter comes under
this category of EDM instruments,

The carrier, transmitted as light beam, g:n“;ng‘i:: prism
is concentrated on a signal using lens or mirror
system, so that signal loss does not take place.

/
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Reflected ray emerges
parallel to incldent ray

FIG. 24.5. CORNER CUBE PRISM
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Since the beam divergence is less than 1°, accurate alignment of the instrument IS :deces;hage

Corner-cube prisms, shown in Fig. 24.5 are used as reﬂect:ors at the reuu::tuﬂt ea w;y e

prisms are congtructed from the cOmErs of glass cubes which have been

plane making an angle of 45° with the faces of the cube. . . ‘ e
The light wave, directed into the cut-face is lreﬂected by highly snlvetet: m:t;r %I'lns >

of the prism, resuking in the reflection of the light beam along a parallel pat.

obtainable over a range of angles of incidence of about 20° to the normal of the front

face of the prism. Hence the aligment of the reflecting prism towards the main EDM instrument

at the receiver (or transmitting) end is not critical. _ '

The advantage of visible light EDM instruments, over the: microwave E?hI:l _msmm;:ir:s;
is that only ome instrument is required, which work In con;_uncuon with o ::llzgpﬁcal
corger cube reflector. Amplitude modulation is employed, using 2 form of € A
shutter. The line is measured using three different wavelengths, using the s::;ne e
each case. The' EDM instrument in this category have a range of 25 km, wil a:n : hig!:d;
of +10 mm to +2 mm/km. The recent instruments use pulsed light sourceshj i
specialised modulation and phase comparison tfaclmiquﬁ, and produce a k:]ery gh degr
of accuracy of +0.2 mm ®© +1 mm/km with a range of 2 to 3 km

. Infrared instruments

1hc EDM instruments in this group use near infrared fadiation Pa.ud owaa\rzlfe;ng;l;
about 0.9 jp m as carrier wave which is easily obtained fron? gallium arsenide (Qi f:-? 1enzi:es
emitting diode. These diodes can be very easily directly amphrftde modulated at hig e 5f[!lmsc‘l:l.
Thus, modulated carrier wave js obtained by an inexpc-enswq method. Duedto o cmgon.’
there is predominance of infrared instruments in EDM. Wild Distomats fall under
f EDM instraments. o .
’ The power output of the diodes is low. Hence' the range of mesc.l?lszgm;rel: n::;
limited to 2 to 5 km. However, this Tange is quite sufﬁc1ent' for most of the cIv ) t%esé -
works. The EDM instruments of this category are very light and compact, am e ly
be theodolite mounted. This enables angles and dlscances to be mcasurrsd :’ni]ld pas
at the site. A typical combination is Wild DI. 1000‘m1:ra-red EDN: a.“:lrt\hmm 4 e
electroni¢ theodolite (* Theomat'). The accwracy vbialuavle £ ;-‘; the apder of 4 i !

istance in most cases.
) memd:t?:narﬁer wavelength in this group is close to the visiblfa_light'spectmrt:. Huzl};e
infrared source can be trapsmitted in a similar manner to the v-mble hgt‘lt .z; :ieam ogf
geometric optics, a tens/mirror system being used m_ radiate a highly c:ol.llrt:llm':e o
angular divergence of less than 15, Corner cube prisms are used at the ¥ .
reflect the signal. .

Elecuofic tacheometer, such as Wild TC 2000 'Tacl:_nymat’ is a lﬁlrthe; %gﬁopﬁgt
of the infrared (and laser) distance measurer, which com!:mes theodolite an . enabliné
Microprocessor controlied angle measurement give very l:ugl.l degree. of acc]l:; al{t‘omatically
horizontal and vertical angles, and the distances (horizontal, vertical, inclined) 10

displaced and recorded.
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24.5. THE GEODIMETER

The method, based on the propagation of modulated Iight'waves was d -l
E. Bergestrand of the Swedish Geographi i ion wit ey
M/s. AGA of Sweden, Of the several ﬁtll;cal Survey in coliboraton will fe menBemT
of the geodimeter manufacured by them,
model 2-A can be used only for observations
made at night while model-4 can be used 3
for limited day time observations.

Fig. 24.6 shows the schematic.diagram
of the geodimeter. Fig. 24.7 shows the
photograph of the front panel of médel-4 = 1
geodimeter mounted on the tripod. The main
iflsn'nment is stationed at ome end of the ?
line (to be measured) with its back facing °
the other end of the line, while a reflector
(consisting either of a spherical mirror or
a reflex prism system) is placed at the
other end of the line.

) The light from an incandescent lamp
(1) is focused by means of an achromatic

L)
., To reffactor

-
- [ —

3 v "

1, Incandescent lamp 5. Variable slectricat delay unit

condenser and passed through a Kerr cell 2, Kerr coll 6. Nuli Indlcator
' - 3. Nicol's prisms 7. Crystal controlled oso
(). The Kerr cell consist of two closely 4 Phototube 8. v;y'ri}mle Iighld:gy unl'ri:mr

spa_ced t':onducting plates, the space between . .. . :
wiich is filled with miobenzene. When "o 2% SCHEMATIC DIAGRAM OF THE GEODIMETER.

E;ghr :olﬁges 11s _?pplled to the plates of .the cell and a ray of light is focused on it,
% a:: lsmpdjlt mto.thmo parts, each moving with different velocity. Two Nicol's prisms
0) 4 p ~on either §1de ?f the' K.err cell. The light leaving the first Nicol's prisms
mupane pol.ansed. The light is split into two (having a phase difference) by the Kerr
:::e. On'!lteavu:‘gn the -Kerr f:el-l, the light is recombined. However, because of phase difference,
o fresn:ing hoam fc allindinally noloriced  Diverging light fom the second polariser can

?cus to a paraliel beam by the transmitter objective, and can then be reflected from
a mirror lens to a large spherical concave mirror.

.On the other end of the line being measured is put a reflex pri
spherical mirror, which reflects the beam of light back l:o the gec>dinl:€:‘lt:s:rl.1 %s;e TeceO;\re:
system of the geodimeter consists of spherical concave mirror, mirror lens and receiver
objective, The light of variable intensity after reflection, impinges on the cathode of the
photo !ube (4). In the photo tube, the light photons impinge on the cathode causing 2
few primary electrons to leave and travel, accelerated by a high frequency voltage, to the
ﬁ_:st dynode, where the secondary emission takes place. This is repeated through a' further
eight dynodes, The final electron current at the anode is some hundreds of thousand times
greater than that at the cathode. The sensitivity of the photo tube is varied by applying
the high frt?quel?cy-Kerr cell voltage between the cathode and the first dynode. The low
frequency vxb.ratlons are eliminated by a series of electrical chokes and condensers The
passages of this modulating voltage through the instrument is delayed by means of an adjl.;stable

L
irrmmrem Y
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electrical delay uait (5). The difference between the photo fube currents during the positive
and negative bias period is measured on the null indicator (6) which is a sensitive D.C.
moving coil micfo-ammeter. n order to make both the negative and positive current intensities
equal (l.e. in order 10 obtain null-point), the phase of the high frequency voliage from,

the Kerr cell must be adjusted +50° with respect to the voltage generated by light-at

the cathode.
Thus, the light which is focused to a narow beam from the geodimeter stationed

at one end to the reflector stationed at the other end of the line, is reflected back to
the photo multiplier. The variation in the intensity of this reflected light causes the current
from the photo multiplier to vary where the current is already being - varied by the direct
signal from the crystal controlled oscillater (7). The phase difference between the two pulses
reccived by the cell are a measure of the distance between geodimeter and the reflector
(i.e., length of the line).

The distance can be measured at different frequencies. On Model-2A of the geodimeter,
three frequencies are available. Model-4 has four frequencies. Four phase positions are available
on the phase position indicalor. Changing phase indicates that the polarity of the Kerr
cell terminals of high and low tension are reversed in turn. The ‘fine’ and ‘coarse’ delay
awitches control the setting of the electrical delay between the Kerr cell and the photo
multiplier. The power required is obtained from a mobile gasoline generator. Model-4 has
a night range of 15 meters t0 15 km, a daylight range of 15 10 800 metres and an
average error of £ 10 mm % five millionth of the distance. It weighs about 36 kg without

the generator.

24.6. THE TELLUROMETER

In the Tellurometer, high frequency radio waves (or microwaves) are used intead
of light waves. It can be worked with a Light weight 12 or 24 volt batery. Hence the
instrument is highly portable. Observations can be taken both during day as well as might,
while in ‘the geodimeter, observations are normally restricted in the night. However, two
such Tellurometres are required, one to be stationed at each end of the line, with two
highly skilled persons, to take ubservations, One instrument is used as the master sef or
conirol set  while the other instrument is used as the remote set or slave set. In Mudel
MRA-2? (manufactured by M/s. Cooke, Troughton and Simms Ltd), each set can either
be used as the master set Of remote set by switching at ‘master’ and ‘remote’ positions
respectively. Fig. 24,8 shows the photograph of Tellurometer (Model MRA-2).

Fig. 24.9 shows the block diagram of the Tellurometer, first designed by Mr. T.L.
Wadley of the South African Council for Scientific and Industrial Research. Radio waves

are emitted Dy the master instrument at 2 frequency of 3000 Me.s. (3 x 10° ¢.p.s.) from
a klystron and have superimposed on them 2 crystal controlled frequency of 10 Mc.s. The
high frequency wave is termed as carrier wave, Waves at high frequexncies can be propagated
in straight line paths other than long distance much more readily, The low frequency wave
is known as the pattern wave and is used for making accurate measurements. The light
frequency pattern wave is thus said to be frequency modulated (F.M.) by low frequency

odulated signal is received at the remote station where a second Klysoron

pattern wave. This m
is generating another carrier wave at 3033 Mc.s. The difference between the two high
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FIG. 24.9 BLOCK DIAGRAM OF THE TELLUROMETER SYSTEM.

:rneq:le::cm::;l r.;.ﬁx 30?3—30Q0=33 Mc.s. (lcflown as intermediate frequency) is obtained by
an electical "o ; t;u:lud is used to provide sufficient sensitivity in the internal detector
el ent. In addition to the carrier wave of 3033 Mc.s., a crystal at
coming 10 Mes togenera.t:ing a frequency ot: 9.999 Me.s. This is heterodyred with the
o is.amp“mée. modﬁi-:t:d eb; 11 1:(cci:‘p;,'s. s;.:l T’;’he 331Mc.s. intermediate frequency
0 ) .p.s. signal. The amplitude modulated si 25565
::o 1rctltlxlet a?ph;lu;c df:t:]::odulam_r,_ _wlnch detects the 1 k c.p.s. frequency. At the pulgs:alfogming
appﬁeci 2 g] e w;o a IGEIEHOD frequency of 1 k c.p.s. is obtained. This pulse is then
P 95 Me sys m;l aucllS frequency modulates Lhe signal emitted, i.e., 3033 Mc.s. modulated
" fm-:her con.l. e hpu e:)d of 1 k c.p.s. This signal is received at the master station.
roquencies subgoa t et' yne process takes .place here also, where by the two carrier
oonciss ot 1; ;zdg;r;g EseM:oS a::ﬂslgtem;ii;ate frequency of 33 Mc.s. The two pattern
i nd 9. 5. subtract to provide 1 k c.p.s reference fre
:jsg ;Ifnp;:m:emt:gdutljtmn.h:he_ change in the phase between this an'dpthe f‘femare 'Iﬁkq::‘f:.f
slgnal : af th d:smr.:ce . The value of phase delay is expressed in time units
l;pea: as a reak.m a circular trace on the oscilloscope cathode ray tube.
oo m;g;;loztfr;quencles (A4, B C and D) of values 10.00, 9.99,9.90 and 9.00 Mc.p.s.
foginacingntin :r eglazt:r uslt:ug:ém?io the v:ll:;s of phase delays corresponding to each
. pe cathode ray tbe. The phase delay of B, C
:;led ;J ére I;u?;‘:cted fr.om A in tum The A values are termed ag, ‘fine reZdings' and
o w ,1 es as ‘coarse readings’. The oscilloscope scale is divided into 100 paris.
avelength of 10 Mc.s. pattern wave as approximately 100 ft. (30 m) and hence
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epch di\_rﬁioii of the scale :epraems 1 foot on the two-way journey of the waves or approximately
0.5 foot on the length of the line. The final readings of 4, 4 B A-Cad A-D readings

are recorded in ‘millimicro seconds (10 seconds) and are converted into distance readings

by assuming that the velocity of wave propagations as 299,792.5 km/sec. It should be

poted that the success of the system depends on a property of the heterodyne process,
is maintained in the signal that

that the phase difference between two heterodyne signal
results from the mixing.
24.7. WILD ‘DISTOMATS’
Wild Heerbrugg mamfacture EDM equipment under the trade name
the following popular models :
1. Distomat DI 1000
4. Distomat DIOR 3002
1. Distomat DI 1000
Wild Distomat DI 1000 is very gmall, compact EDM, particularly useful in building
construction, civil engineering construction, cadastral and detail survey, pasticularly in populated
areas where 99% of distance measurements are Jess than 500 m. It is an EDM that makes
the tape redundant. it has a range of 500 m to a single prism and 800 m to three prisms
(1000 m in favourable conditions), with an accuracy of 5 mm +5 ppm. It can be fitted

o all Wild theodolites, such as T 2000, T 2000 S, T2 e,

The infra-red measuring beam is reflected by a prism at the other end of the ' line.
In the five seconds that it takes, the DI 1000 adjusts the signal strength to optimum level,
makes 2048 measurements on two frequencies, carries out a full internaf calibration, computes
and displays the result. In the acking mode 0.3 second updates follow the initial 3- second
measnrement. The whole sequence is automatic. One has to simply point to the reflector,
touch a key and read the result.

The Wild modular system €nsures full compatibility berween theodolites and Distomats.
The DI 1000 fis T 1, T 16 and T 2 optical theodolites, as shown in Fig. 24.10 (@)
An optional key board can be used. It also combines with Wild T 1000 electronic theodolite
and te Wild T 2000 informatics theedotite to form fully electronic fofal station {Fig. 24.10
(b)]. Measusements, reductions and calculations are carried out automatically. The Di 1000
also comnects to the GRE 3 data terminal [Fig. 24.10 ()l If the GRE 3 is connected
to an electronic theodolite with DI 1000, afl information is transferred and recorded at
the touch of a single key. The GRE can be programmed to carry Out field checks and
computations. o

When DI 1000 distomat is used separately, it can be controlled from its own key
board. There are omly threc keys on the DI 1000, each with three functions, as shown

Fig. 24.11. Colour coding and a logical operating sequence €nsure that the instroment is
ntrol all the functions. There are no mechanpical switches, The

easy to use. The keys cO:
liquid-crystal display is unusually large for a miniaturized EDM. Measured distances are

presented cléarly and unambiguously with appropriate symbols for slope, horizontal distance,
height and setting out. Tn test mode, a full check is provided of: the display, battery power
aid return signal strength, An audible tone can be activated to indicate remrn of signal.
Scale (ppm) and additive constant (mm) seftings are displayed at the start of each measurement.

‘Distomat’, having

2. Distomat DI 58 3. Distomat DI 3000
5. Tachymat TC 2000 (Electronic tacheometer)
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ut i
ge ?: m}:gm mtak&e care of any atmospheric cormection, reduction to sea level and projection
pemmnﬂy. e n;;n u;g:t co:rer.:ls for the prism type being used. The micropro'msor
t o mm values and applies them t 1
heights are corrected for earth curvature andppmean refragﬁg;ery messurement. Diplye
DI 1000 is designed for use as th ing. T
) ) : : e standard measuring tool in short
A;Loosullge ;)n;:;leereﬂgtor uzf.l sufficient for most tasks. For occasional longer dlstanc'mngee ‘:3;1:0
s rism reflec i i
ooy p tor can be used. The power is fed from NiCd rechargeable
2. Distomat DI 58
Wi ] : .
s mmggu?;:si 1; ; 1;l:[eleu]:n range infra-red EDM controlled by-a small powerful microprocessor
W is mlcpupos M. The 2.5 km range to gingle prism covers all short-range requirements:
g 5, o range, :eongﬁaengg, togograMc survey, setting out, mining, tunnelling etc Witlln
: : prisms, it is ideal for medinm-range control surv ersi
» . 3 - e : u‘
:égo;oi:;?mﬁlngglghung, photogrammetnc control, breakdown of triangulation ang GPS ?:Z:wm;i
evaljuam )trh : rmu]opto-elet:n'omcs._ a stable oscillator, and a microprocessor that coptinuously
e (1o - ts-, ensurfzl the high measuring accuracy of 3 mm + 2 ppm standard deviation
easuring mo iation i
oy g e and 10m+2 ppm standard deviation in tracking measuring

ﬁmcﬁo]:f. Tﬁ}? ail;o‘:: the view of I_)I 58. It has three control keys, each with three
55 Sty toueh the DI ;ec::mcal switches. A powerful microprocessor controls the DI
i i 1 4 secands Iny to measure. Signal attenuation is fully automatic. Typical
measuring oo 5 & > . _trackmg mode, the measurement repeats automatically every
g, i oxysa d.e measuring beam due to traffic etc., does mot affect the accuracy
o enr_'i:e measr:ﬂ“ ' 1l_sailagr sh;)ws tht_e measured distance clearly and unambiguously t.hroughoult
I e Slgmw ghq the ipstrument. Symbols indicate the displayed .values. A
s 5 the progress of the measuring cycle. A prism constant from
rom 150 o t:a ialns be input for th.e prism type being used. Similarly, ppm values
conitons, bt sbo. 0 ppm can be 1-nput for automatic compensation for atmospheric
Foplaced b ve sea level.and vroiection scale factor. These values are stored until
o ;{s new values. The microprocessor COrrects every measurement automatically.
213 () or c;n “b{qi:ldalso_ﬁtted o w;ld electronic theodolites T 1000 and T 2000 [Fig.
measuring beam s (;ﬁtlca! theodol.ltes T 1, T 16, T 2, [Fig. 24.13 (b)]. The infra-red
ot o o dis t;;a:'e el to the line of signal. Only a single pointing is needed for
oy boncd g, 24.13 & measurements. W_'hen fited to an optical theodolite, an optiomal
s ot . b . i} covert it to efficient low cost effective fofal station. The following
e directly obtained for the corresponding input values (Fig. 24.14):
(@) Ioput the vertical angle for B
Ei) Horizontal distance
if) Hei i
(b) Inp?n megh]tlogﬁii:lncgn ;l:m:;;od for earth curvature and mean refraction.
() Coordinate differences AE and A N.
(¢) lnpnt the distance to be set out for
6] AD_, the amount by which the reflector has to be moved forward or back.

Frei AT AR

FIG. 24.14
theodolite (T 1000 or T 2000) DI 5§ transfers

electronic
to the theodolite. The following

reductions (Fig. 24.15) are carried out in the theodolite
microprocessor.
E N H

When fitted to an

the slope distance
TIOND: = & I

T2000 2 & 2

The DI 5S can also be connected to GRE
3 data terminal for automatic data acquisition. The
EDM is powered from a NiCd rechargeahle battery.
When used on a Wild electronic theodolite, DI 38
is powered from the theodolites’ internal battery.
3. Distomats DI 3000 and DI 3002

wild DI 3000 distomat is a long range

beam is emirted from a laser diode. Class I laser products are

permissible exposure cannot be exceeded under any condition,

Electrotechnical Commission.
The DI 3000 is a time-pulsed EDM. The time needed for a pulse of infra-red light

to travel from the instrument to the reflector and back is measured. The displayed result

is the mean of hundreds or even thousands of time-pulsed measurements. The pulse technique

has the following important advantages :

(/) Rapid measurement. It provides 0.8 second rapid measurement for detail surveys,
tacheometry, setting out efc. \{ IS AQVAMagovus U wunp sdlipe _oamprcente in mrhnlent
atmospheric conditions.

(ify Long range. Its range is
w 11 prisms in excellent conditions.

(i High accaracy. Accuracy is 5 mm +1 ppm
quartz crystal emsures 1 ppm frequency stability throughout the temperatur
~120° C to +60°-C. In tracking mode, accuracy is 10 mm +1 ppm.
oving targets. For measuring to moving targets, the times-pulse
are practically me limits to the speed at
a reflector should be suitably attached to
be made. The distomat can be (@)
ata terminal for automatic recording

Setting-out AD

FIG. 24.15

infra-red EDM in which infra-red measuring
inhereptly safe ; maximum
as defined by lnternational

6 Xm to 1 prism in average conditions and 14 km

standard deviaton. A calibrated
e range

(iv) Measurement to m
measuring technique is very advantageous. There
which an object may move For this purpose,
the object or vehicle to which measurements ‘bave t0
manually controlled, (») connecled to Wild GRE 3 d
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setworks, cadastral, detail and topogtaphic SUIVEYS: settmg out etc. It combinm*: with Wild
optical and electronic theodolites. It can also fit in 2 yoke 23 stand-alone instrument.

Fig. 24.20 shows a view of DI 3000 distomat, with its control pane!, mounted on
a Wild theodolite. The large easy to read LCD shows measured values with appropngte
ledges key entries and measurement. With

signs and symbols. An acoustic signal acknowiedss o

mgensm 3oooy::l. an optical theodolite, reductions &1¢ V12 the built in key board. For cadastral,
detil, engineering and topographic surveys.. simply key in the ver cal circle reading. Th;
DI 3000 displays slope and horizontal distance and height difference. For traversing w
long-range measurements, instrument and reflector heights can be input the required horizontal
distance.  The DI 3000 displays the amount by which the reﬂectqr has to be moved fqnp'ard
or back. All correction parameters are stored in the non-volatile memory and applied 10
every measurements. Displayed heights are corrected for earths curvature and mean refraction.

4 at DIOR 3002 the DI 3000. It is designed .specifically
The DIOR 3002 is a special version of - It is designec . Spoc
for distance measurement without reflector. Basically, DIOR 3002065 also un;; Opulsednllnfra:f::
EDM. When used without reflectors, its rauge varies from 100 m 10 250 m ony.
a standard deviation of 5 mm to 10 mm. Th interruptions of beam should be avoided.
However, DIOR 3002, when used with reflectors have a range of 4 km to 1 prism, 3
km to 3'prisms and 6 km to 11 prisms. ) ) ]
Although, the DIOR 3002 can fired on 2y of (e B~ Wild theodolites, the T
1000 electronic theodolite is the most suitable. WheA used without reflectors, it can Carry
the following operation. . . .
24.21). DIOR 3002 with an electronic theodolite, .

- { Profile and cross-sections (Fig. ‘ . ) ;
can be used for measuring tunnel profiles and cross-gections, surveylng S(opes, caverss,

interior of storage , domes eic.

or (o) connected on-line to a computer for remote control and real-time processing tesults,
The following important operations can be achieved on moving objects:
N ship(sa) d(i?hore a::rvays. DI 3000 can be mounted on electronic theodolite for measuring
0. . gers pipe laying barges, positioning oil rigs, controlling docking manoeu
ete. (Fig. 24.16). ® ® docine i
(6) Controlling objects on rails. DI 3000 can be connected on-line to
: ny A computer for
controlling the position of crames, gantries, vehicles, machine i i
e et ry on rails, tracked equipments

FIG. 24.16. ' FG. 24.17

oRE ;c) Monitoring govemem in deformation surveys. DI 3000 can be connected with
F or computer for contimious measurement to rapidly deforming struct
bridges undergoing Icad tests (Fig. 24.18). e siuoties, ek
(&) Positioning moving machinery. DI 3000 can be m i
. ing _ . ounted on a theodolite for-
continuous determination of the position of mobile equipment. (Fig. 24.19).

SRR DR i e U
FIG. 24.21. FIG. 24.22

; ; P o1 bjects quarries, rock Jaces, slock
@) Surveying and monitoring buildings, lorge 0 .

ig. 24.22). 002 wi theodolite and data recorder can be used_ fc_n' measuring
piles (Fig. 24.22). DIOR > with 2 .o difficult, such as bridges, buildings, cooling

and monitoring large objects, to which access ¥ 50
stock piles etc.

FIQ, 24.18. FIG. 24.19

- The D.I 30?0 is also ideal all-round EDM for conventional measurements in surveying
engmeenug : control surveys, traversing, trigonometrical heighting, breakdown of GPS

towers, ' pylons, roofs, rock faces, towers,
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” 23)(!:;';[ ((;’lhlec::gg _Hquid. levels, measuring to dangerous or touch sensitive surfaces (Fig,
UL, onl_u!etoa-computercanbeusedforconu'éuingmelevelofﬁqtﬁds
f_ragetanks. dt_aterg:mmgwaterlevelindocksmdharboum,measurmgmeampﬁm
o_.wavaaroundcﬂngsch‘:.,alsoformasuﬁnémdmgeroussmfacessuchasfurnacé
linings, hot tubes, pipes and rdds. ’
@) Landing and docking manoeuvres (Fi
) . ; g. 24.24). It can be used for measurin
from _hchcoptgrs. to .landing pads and.from ships to piers and dock walls. ’

. FIG. 4.3

5. WILD ‘TACHYMAT’ TC 2000 ‘
e mm'm 2:_)00 (Fig. 24.25_) isa fu‘]]y integrated instrument. It.combines in one instrument
the adve diit.: of the T 2000 informatics theodolite with the distance measuring capabilities
of W _mats.. Fer apphcapcng where distances and angles are always required, and’
tost e with built-in EDM. is particularly useful. Wild TC 2000 having built-in ' EDM
s s single package total station which can be connected to Wild GRE 3 daia terminal,
same telescope i3 used for observing and distance measurement, The infra-red mmsuring.

- beam coincides with the telescope line of sight.

The te.:lescopc is panfocal, magnification and field of view vary with focusin distance
;Jell;:n focusmagl]d tot_hedmam -tm'ge‘ls. the magnification i 30 x. Over shorter dlstinc; the
fild wldensm ond ﬁnemafocusgmﬁca' tion is reduced for easy pointing to the prism. the telescope

. ing is used for both angle and distant measurement.
- dhﬁe@c:hcﬂ:n m;:. Iheodolite.and built-in EDM, is operated from the key board. Angles
e ﬂmm:?;red'm both telw.cope positions. Single attenuation and distance
; riition of g matic. Normal dlst.ance measurement takes 6.5 seconds with a
immmrdm i mn i? ppm. In tracking mode, the display updates at 2.5 seconds
B sovers alles;md deviation is }O-mm to 20 mm., The 2 km range to a single
oo ort range work. Maximum range i3 about 4 km in average atmospheric

Key board control. The entire equipment—angle and distance measuring and recordmg—-ls
cs:?:;gedforfm:;n ot:f :;r tl;::d. The multifonctional capability of the instrument makes it
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Pair of displayed values. The pinel directly displays angles, distances, heights and

co-ordinates of the observed point where the signal (reflector prism) is kept (Fig. 24.26).
Height above datum and station co-ordinates can be entered and stored. .

|
2 C /
E N
i Yo /
E
H,
FIG. 24.26.

The- following pairs are displayed :
() Bz circle V circle
(i) Hz circle Horizontal distance

(jii) Height difference Height - above dawum '

(iv) Slope distance V circle :

(v) Easting Northing.

Remote object height (ROH). The direct
height readings of inaccessible objects, sich as towers
and power lines, the height difference and height
ahove datum changes with telescope. However, both

_ the pairs of values are displayed automatically.
The microprocessor applies the correction for earth
curvature and mean refraction. Corrected heights
are displayed.

‘Traversing program. The coordinates of the
ceflector and the bearing on the reftector can be . )
stored for recall at the next set-up. Thus, traverse FIG. 24.27. DETERMINATION OF ROH
point coordinates are available in the field and
closures can be verified immediately.

Setting out for direction, distance and height.
The required direction and horizontal distance can
ve entered. The instrument displays:

() The angle through which the theodolite | ’,]
has to be turned. \ 2

(i) The amount by which the reflector has ‘\\ : ,
to be moved. .

And by means of remote object height (ROH)
capability, markers can be placed at the required
height above datum. '

ROH

FIG. 24.29. SETTING QUT.
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Setting out can be fully automated with GRE 3 data terminal. The bearings and

dimmmtoﬂ:epohnstoheaetMmcomputedﬁomthemredmordMand
) : transferred
automatically to the TC 2000 total station.
Dlﬂerencu in Hz-and V. For locating targets and for real time comparisons of
measurements in &bmu and monitoring surveys, it is advaniageous to display angular
differences in the horizontal and vertical planes between a required direction and the actual
telescope  pointing. ‘
24.8. TOTAL STATION

- A tolal station is a combination of an electronic theodolite and an electronic: &

- . - - c‘ mame
meter.(EPM). 'I‘Ins combination makes jt possible to determine the coordimates of a reflector
by _al;gnmg t.he' instrumenis _cross-hairs on the reflector and simultaneously measuring the
vertical and hommnml a_ngles and slope distances. A micro-processor in the instrument takes
care of recording, re_admgs and the necessary computations, The data is easily transferred
P) a compuu?r where_ it can be used to generate a map, Wild, ‘Tachymat’ TC 2000, described
in the previous article is ome such total station manufactured by M/s Wild Heerbruge.

As a lezchmg tool, a total station fulfills several purposes. Learning how to propérly
use a tofa]. station mvolv.a the physics of making measurements, the geometry of calculations,
and statistics for analysing the results of a traverse. In the field, it requires team work,
Plannmg, _and careful observations. If the total station is equipped with data-logger it also
m'vtﬁlvtis l:;terfacmg the data-logger with a computer, transferring the data, and w"orking
wil e data on a computer. The more the user understands how a total stati
the better they will be able to use it o works
Fundamenial measurements : When aimed at an appropriate tar i

its : et, a fotal stal
thrée parameters (Fig. 24.31) PRIOP ’ Fiion Toessues

L. :I'he rotation of the instrument’s optical axis from the instrument north in a horizontal
plane : ie. horizonial angle ' ‘

2. The inclination of the optical axis from the local vertical i.e. vertical angle.

v

4
‘ it On SKdiu
=
E
) A Target
é & \jt}// (Reflector, )
3 &&9 &g@“m
Sl & o
I
1 1 Instrument
! north

instrurnent
U]

Horlzontal ~

angle (Hag) ~ t ____390’*

FIG. 24.31. FUNDAMENTAL MEASUREMENTS MADE BY A TOTAL STATION
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3, The distance between the instrument and the target i.e. slope distance
All the numbers that may be provided by the total station are derived from these

three fundamentgl measurements
1. Borizontal Angle

The horizontal angle is measured from the zero direction on the horizontal scale

{or horizontal circle). When the user first scts up the instrument the choice of the zero
direction is made — this is Instrument North. The user may decide to set zero (North)
in the direction of the long axis of the map area, or choose o orient the instrument
approximately to True, Magnetic or Grid North. The zero direction should be set so that
it can be rtecovered if the instrument was set up at the same location at some later
date. This is usually done by sighting to another benchmark, or to a distance recognizable
object. Using a magnetic compass o determine the orentation of the instrument is not
recommended and can be very inaccurate. Most total stations can measure angle to at least
5 seconds, or 0.0013888°, The best procedure when using a Total Station is to set a
convenient "morth” and carry this through fhe survey by using backsights when the instrument
is moved. -
2. Vertical Angle : The vertical angle is measured relative to the local vertical (plumb)
direction. The vertical angle is usually measured as a zenith angle (0° is vertically up,
90° is horizontal, and 180° is vertically down), although one is also given the option of
making 0° horizontal. The zenith angle is genmerally easier to work with. The telescope
will be pointing downward for zenith angles greater than 90 ° and upward for angles less
than 90 °.

Measuring vertical angles requires that the instrument be exactly vertical. It is very
difficult to level an instrument to the degree of accuracy of the instrument. Total stations
contain an internal semsor (the vertical compensator) that can detect small deviations of
the instument from vertical. Electronics in the instrument then adjust the horizontal and

ector

=
i

Ry

Vp = Spcos Za

L

Tatal station

Iy Ho=5p sin Z,
Iz

| = Ingtrumant ; R = Reflector
Sp = slope disiance; Vp= Vertical dismnce between telescope and reflector; Hp = Horizontal
distance; Z4 = Zenith angle; Jn= Insrument height; Ry = Reflecior height; :
= Ground elevation of toial station; Rz= Ground elevation of reflector.

_F[G 24.32 GEOMETRY OF THE INSTRUMENT (TOTAL STATION) AND REFLECTOR.
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vertical angles accordingly. The compensator can only make small adjustments, so the instrament .
still has to be well leveled. If it is too far out of level, the instrument will give some

kind of "tilt" error message.

Because of the compensator, the instrument has to be pointing exactly at the target

in order to make an accurate vertical angle measurement. If the instrument is not perfectly
leveled then as you turn the instrument about the vertical axis (i.e., change the horizontal
angle) the vertical angle displayed will also change.
3. Slope Distance : The instrument to reflector distance is measured using an Electronic
Distance Meter (EDM). Most EDM’s use 2 Gallium Aresnide Diode to emit an infrared
light beam. This beam is usually modulated to two or more different frequencies. The
infrared beam is emitted from the total station, reflected by the reflector and received and
amplified by the total station. The received signal is then compared with a reference signal
generated by the instrument (the same signal generator that trapsmits the microwave pulse)
and the phase-shift s determined. This phase shift is a measure of the travel time and
thus the distance between the total station and the reflector. “
This method of distance measirement is not sensitive to phase shifts larger than ope

wavelength, so it cannot detect instrument-refiector distances greater than 1/2 the wave length . ;

(the instrument measures the two-way travel distance). For example, if the wavelength of
the infrared beam was 4000 m then if the reflector was 2500 m away the instrument
will retum a distance of 500 m.

Since measurement to the pearest millimeter would require very precise measurements
of the phase difference, EDM’s send out two (or more) wavelengths of light. One wavelength
may be 4000 m, and the other 20 m. The longer wavelength can read distances from
1 m to 2000 m to the nearest meter, and then the second wavelength can be used to
measure distances of 1 mm to 9.999 m. Combining the two results gives a distance accurate
to millimeters. Since there is overlap in the readings, the meter value from each reading
can be used as a check.

For example, if the wavelengths are A= 1000 m and 2, =10 m, and a target i
placed 15151 metres away, the distance returned by the A, wavelength would be 151
metres, the A, wavelength wouwid remrn a distance of 1.51 m. Combining the (wo resulis
would give a distance of 151.51 m.

Basic calculations

Total Stations only measure three parameters : Horizomtal Angle, Vertical Angle, and
Siope Distance. All of these measurements have some error associated with them, however
for demonstrating the geometric calculations, we will assume the readings are without error.
Horizontal distance

Let us use Symbol 7 for instrument (total station) and symbol R for the reflector.
In order to calculate coordinates or elevations it is first mecessary to convert the slope
distance to a horizontal distance. From inspection of Fig. 24.32 the horizontal distance (FHp) i5

HD=SDCOS (900--24)=Sp sin Zy . (1) (244)
where S, is the slope distance and Z, is the zenith angle. The horizontal distance

‘will "be ‘used in the coordinate - calculations.

7 ELECI'RO'MAGNE“C DISTANCE MEASUREMENT (BDM)
E Vertical distance

" the two points on the ground. Th ;
! uxis of the instrument and the tilting axis O
we need to know the height of
| of the center of the telescope,

E  ypder the instrument (Fig. 24.32).
¥ 10 a vertical line passing through the
E (V) to the reflector, and then down to the gro
difference dZ between the two points on the gro

- We have chosen to group the instrume

451

ical distances. One is the Elevation Difference (dZ) betwwn

r'tIx'hcael other is the Vertical Difference ( V) between the uln_ng
f the reflector. For elevation difference calculaflpn
the tilting-axis of the instrument (1), that is the height
and the height of the center of the reflector (R,‘,)omld

: iht is to imagi that you are on the gr
T o e, ca]culaltfw;o:u:;g\?; ::p the msg::ce 1, . then wavel horizontally
reflector then up (or down) the vertical distm.:ce
- und (Ry) you will have the elevation

und. This can be “written as ;
dZ = Vp + {In~ Re) ...-(2) :--(24-5)
are measured and recorded in the field. The vemcal' dlfference
cal angle and thé slope distance (see Fig. 24.32)

We can consider two ve

The quantities Iy and Ry

v, is calculated from the vert
’ Vp = Sp sin (90° ~Z4) =Spmz,|. 3 ...(24.6)
Substituting this result (3) into equation (D) gives @ ._.(%4.7)

dZ =Sp'cos Za+ (n— R} |
on with respect to the ground under the total Station.
ot and reflector heights. Note that if.they a:ehatzz
same then this part of the equation drops out. If you have to do c:tl:t:ul;:i:g: by

it is convenient to set the reflector height the same as the mstrum um

' If the instrument is at & known elevation, I, , then the elevation of the ground bensath

the reflector, Rz, Is

v;'ﬁere #Z is the change in elevati

(5) . (24.9)

Re=k+ Sp cos z,q'f'(ln"RH)

rdinate calculations - .
- So far we have only used the vertical, angle and slope distance to0 calculate the elevation

Bf the ground under the reflector, This is the 7.coordinate (or elevation) qf a point. We

TR
dE o Hp sinHypn 2
ET e —¥ Refioctor
(HEI HN' RZ)
I dE=Hp sinHug
8 e "~Han
P H
:E L ° :|:5 Total station
4 g (g e 1) »
Total station {Ig, lw. '2) £ f East
0
— :]
East Z
Reflactor
(Rz P B2

®)

(e '
NORTH COODINATES OF THE' REFLCTOR

FIG. 24.33. COMPUTATION OF EAST AND

J—
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now want to calculate the X- {or East) and Y- (or North) coordinates. The zero direction
set on the instrument is instrument morth. This may not have any relation on the ground
to true, magoetic or grid morth. The relationship must be determined by the user. Fig,
24.33 shows the geometry for two different cases, ome where the horizontal angle is less
than 180° and the other where the horizontal angle is greater than 180°. The sign of
the coordinate change [positive in Figure 24.33 (a) and negative in Fig. 2433 (b)) is
taken care of by the trigomometric functions, so the same formula can be used in all
cases. Let us use symbol E for easting and N for northing, and symbol [ for the instrument
(i.e total station) and R for the reflector. Let R and R, be the easting and mnorthing
.of the reflector and J; and 7, be the easting and northing of the instument (i.e. total
station)

From inspection of Fig. 24.33 the coordinates of the relector relative to the total
station are

dE =" Change in Easting =H,sin Hy

dN = Change in Northing = Hj, cos He

where H, is the horizontal distance and H,; is -the horizontal angle measured in
a clockwise sense from instrument north. In terms of fundamental measurments (i.e. equation
1) this is the same as '

dE = Sp sin Z, sin Hgn (2449)
dN = 8p cos (90° - ZA)COS H,uz =5p sin Z, cos Har (2410)

If the easting and northing coordinates of the instrument station are known (in grid
whose north direction is the same as instrument north) then we simply add the instrument
coordinates to the change in easting and northing to get the coordinates of the reflector.
The coordinates of the ground under the reflector, in terms of fundamental measurments
are : :

R =Ig + Sp sin Z, sin Hyr . (24.11)
Ry=In+ Sp sin Z, cos Hur e (24.12)
2oLt Scos it (- R (24.13)

where I, Iy, and I, are the coordinates of the total station and Rz, Ry, Ry are
the coordinates of the ground under the reflector. These calculations can be easily done
in a spreadsheet "program.

All of these calculations can be made within a total station, or in an attached electronic
notebook, Although it is tempting to let the total station do all the calculations, it is wise
to tecord the three fundamental measurements. This allows calculations to be checked, and
provides the basic data that is needed for a more sophisticated error analysis.

Appendix.

Example Af-l Given : A base line is measured with a steel tape. It is approximaiely

. . length of the base line at M.S.L. when the pull at
:1?30 s;;nndfr':igi;mgﬁct?uzlsm; C(l)cge_cf'he ,guli gpplx'ed is 23 kg crass-secriogaiz;rejasoo;; rrf:
tape is 0.0645 em?, E=211 x 16 kg /cm’, Temperasures T, and Tp baz;e 3{; nd 17C
spectively. The difference of level between the two ends of the base line .0 m.
radius of earth R = 6400 km.

Elevation of base line above M.S.
Required : The correct length of
()  Temperaure correction

(iif) Slope correction

L. is 1000. =12 x107"
the line after applying the following corrections.
i Pull correction

vy M.S.L Correction .
(Engg. Services, 1981)

Solution

(35 - =0.240m{+
() Temperature correction, Cr=a (Tm- ToL=12x10 (35 - 15) 1000 m{+)

-15

=.____-—-—-—1—0;x 1000 = 0.0588 m (+)
0.0645 x 2.11

. P-P
(i) Pull correcton, Cp= —E

. L r _
(fif) Slope correction Cu L 3L Fe m =0.0020m(-)
- . Lh 1000 x 1000 _
v M.S.L. correction, Crma = _ﬁ— = WDDU =0.1563(-)
0 -0.1563 =+ 0.1405 m

Total correction = 0.2400 + 0.0588 - 0.002

. Comected length of base line = 1000 +0.1405 = 10001405 m

Exam Iotted to a scale of 10 mw I cm

le A-2. The plan of an old survey P .

carried a n;e stating that ‘the chain was 0.8 links {16 cm) t;aa short .9 gyw:; algeﬁ::::z

has line originally 10 cm long was = .
al e P the S o wa : Whal 5 ilie wwricdd 2TEQ
iable plan was found to be 58.2 sg.cm. i

g ;!epfl;uo?n I;::a:::; ? g (U.P.S.C. Engg- Services Exam, 1986)
Solution Present aréa 0
This area is on the shrunk plan. .
Now 9.77 c¢cm on shrunk plan= 10 cm of original plan

©.77% = 10y

f the plot on the survey plan = 58.2 sq. cm.

(10)1 " = 7 3 2
.. Cortect area of un-shrunk plan=.(_§.-_’T)z-x58.2 60.9725 cm

Let us now take into a.c.coum the faulty length of the ch:x'm. R
Let us assuine that the chain used for the survey was of 30 m designa .

493)
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Actual (or erroneous) length (L) of chain =30-0.16=29.84 m

L 29.84 } .
Now True area on plan = A x measured area = 30 x 60.9725 = 60.3238 cm

Scale of plan : 1 cm=10 m. or }cm®=(10fm’
. Field area of the plot=60.3238 (10)’ = 6032.38 m® = 0.603238 hectares

Example A-3. (a) The length of an offset is 16 m. The maximum error in its length
is 6.5 cm and scale used is I cm = 20 m. What is the maximuim permissible error
in the laying of the direction of the offset so that the maximum displacement dos not

exceed 0.5 mm ?

() A road 1557 m long was found, when n.wasured by a defective 30 m chain,
to be 1550 m. How much correction does the chain need ?

() To find the width of a river flowing from West to East, two points A and B
are fixed along the bank 500 m apart. The bearing on the ranging rod {(point C} on
the other bank of the river os observed from A and B are 43° and 330° respectively.
Determine the width of the river. : -

{d) If the magnetic bearing of a line AB is 312° 45" and the declination of the

place is 2° 32' W, find the true_bearing of the line BA and express it in quadrantal system.
(U.P.S.C. Asst. Engg. C.P.W.D. Exam, 1939)

Solution Refer Fig. 4.10

(@) Let ¢= maximum permissible angular error.

Length of offset, /=16 m ; e=6.5cm=0065m; s:lem=20m

Maximum displacement = 0.5 mm = 0.05 cm

Displacement of point due to incorrect direction= P, P, =Isina = 16sin o

Max. error in the length of the offset = PP, =0.065 m

. Max. displacement due to both errors = PP, = ¥ (16 sin @)’ + (0.065)°

N o) + (0. 3
. Max, displacement on paper - (16 sin a?).O(O 065 o

nao< om (given)

(16 sin &0)? + (0.065) = (0.05 x 20)°
or 256 sin® a = 0.995775
which gives o =3°.576 = 3° 35
(#) Let the correction to the chain length be AL
.. Incorrect length of chain, L'=L+AL=30+4 L

L
N ="'l —
oW o (L)

-
L=g7L

1557
or 30+AL—1550x30—30.135 m

AL=30.135-30=0.135 m=13.5 em

¥ APPENDIX

Applying sine formula for A ACB,

Now CD=ACsin4d5°= 448.29 sin 45°

- and corrected B.B. of (D

R

495 -

(© See Fig. A-l
/CAB = 45° ; ZCBA = 60°
LACB = 180° - (45° + 60°) = 75°

sin 60° 500 - 448.29 m
sin 75°
s =04 500 = 366.03

sin 75°

AC=

=316.99 m .
Alematively, CD = BC sin 60° = 366.03 sin 60° =316.99 m
() See Fig. A-2. \

True bearing of AB =312°45 - 2°32' = 310°1%’
 True bearing of BA =310°13" - 180° =130°1¥'
Quadrantal T.B. of B4 = S (180° ~ 130°13) E
~§549°4T E

Example A-4. Following is the data regarding a _ciosed
compass iraverse ABCD taken it a clockwise direction.

(i) Fore bearing and pack bearing at siation A =50 and 130° -

(if) {Fore bearing and back bearing of line CD =206° and 26° respectively

(iii) Included angles /B = 100° and £C = 105°

(iv) Local anraction al station C=2W '

All the observations were free from all the errors -except local attraction.

- From the above daa, calculate (a) local + ;
attraction at stations A and D and () corrected ‘Bl :
bearings of all the lines

Solution -

The F.B. and B.B. of line CD differ exactly
by 180°. Hence either both stations C and D __}
are free from local attraction, or are equally affected ™
by local attraction. Since station C has a local
atiraction of 2° W, station D also has a local
attraction of -2° W, Due © this, all the recorded
bearings at C and D are 9° more than the correct
values.

- Corrected F.B. of CD
=206° - 2° = 204° D}

FIG. A2

=26° - 20 = A°
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Let us first calculate the included angles. Line 1 ___Mugnstic bearing Trtie bearing ;
£BAD = 130° - 50° = 80°. _EB. . B.B. F.B. B.B. !
ZADC = 360° - (80°+ 100° + 105°) = 75°. -AB 140°30° : 220°30 138°10' 318°10 s
Now B.B. of line CD=24° BC 20030 200°30° 18°10° 198°10
B, CA 260°30° 80°30° 258°10° 78°10"

E.B. of line DA =24° +(360° - 75°) = 309°
- B.B. of line DA =309° - 130°=129°
F.B. of line AB=129°- 80° =49°
B.B. of line BA =49°+ 180° =229°
F.B. of line BC=229° - 100° = 129°
B.B. of line CB =129°+ 180° =390°
. F.B. of line CD=309°-105°=204°
Local atraction at A = Observed F.B. of AB - comrected F.B. of AB
=50°-49° =1°W
Answer : Local attraction at A=1°W
Local attraction at D=2"W
Example A-5. In an anticlockwise traverse ABCA, all the sides were equal. Magnetic
fore bearing of side BC was obtained as 20° 30", The bearing of sun was also observed
1o be 182° 20" at the local noon, with a prismatic compass. Calculate the magnetic bearings
and true bearings of all the sides of the traverse. Tabulate the results and draw a nedl
sketch to show the bearings.
Solution
(@) Computation of magnetic bearings
ZLABC= ZBCA - £CAB = 60°
Now F.B. of BC=20"30
- B.B. of BC=20°30 + 180° =200° 30’
F.B. of &a =it 307+ 607 = 2667 3¢
B.B. of CA=260°30" - 180° = 80° 30
E.B. of AR =80°30"+ 60° = 140° 30

Example A-6. Three ships A, B and C started sailing fram a harb?ur at the same
jime in three directions. The speed of all the three ships was the same, ie. 40 km/hour.
Their bearings were measured {0 be N6s° 30°E, S6¢° 30’E and § 14° 30°E. After an hour,

the captain of ship B determined the bearings of the other two ships w::th respect: fo his
own ship. Afier that he found out the distances. Calculate the value of bearings and distances
which might have been determined by the captain of ship B.
Solution (@) Consider triangle OCB
£ COB = 64° 30’ ~ 14° 30" = 50°
£0CB = LOBC =3 (180° - 50°) = 65°
Now B.B. of OB=N64°30 W = 295° 30" (W.C.B.)
. FB. of BC=295°3( -65°= 230° 30
‘ =550°30W
Distance BC =2 x 40 cos 65° = 33.809 km
(b). Consider triangle OAB
ZAOB = 180° — (65° 30" + 64° 30" = 50°
ZOBA = LOAB = 3 (180° ~ 50) = 65°
Now B.B. of OB =295°30" (found earlier)

F.B. of B4=1295°30"+65°
=360°30'=0°30'=N0°30E

Distance BA =2 x 40 cos 65° = 33.809 km “Vﬁ‘. .
Example A-7. The measured : i
lengths and bearings of the sides of
a closed traverse ABCDE, run in the s
counier-clockwise direction are tabu- !

B.B. of AB=140° 30’ + 180° = 320° 30'. 8 tated below. Calculate the lengths of -2
EB. of BC=320°30° + 60° — 360° = 20° 30/ e as CD and DE st
' Hence OK. T Line Length (m}  Bearings
(b) Computation of true bearings AB 239 NOP 0O)'E ‘
True bearing of sun at local noon= 180° BC 164 N25° 12'W
Measured magnetic bearing of sun=182° 20 cD 3 - §75° 06°E
i . Declination = 182° 20’ - 180°=2° 20" W . DE ? §56° 24’E h
The true bearings of various lines can be calculated by subtracting 2° 20° from the EA 170 N 35° 30°E !

corresponding magnetic bearings, and the results can be tabulated as shown below. F'[G At
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Sofution : The traverse in shownin Fi A
. g.A-6. Let the unknown lengths of .€D and
DE be I, and I, respectively. The bearings of all the i oV :
. ] e lines are kmown.
traverse, zL=0 anod D=0. . -me e
239 cos 0° + 164 cos 25° 12' - I cos 75° 06' — k cos 56° 24' + 170 cos 35° 36" =0

or 0.2571 1, + 0,5534 [, = 525.62 _ L)

.Also. 239 sin 0° - 164 sin 25° 12" — {, 5in 75° 06" + h sin 56° 24" + 170 sin 35°36°=0
or . 0.9664 & - 0.8329 L =29:13 ' ()
Solving Egs. (1) and" (2), we get '
. I, = 606,10 and }=668.22 m
Example A-8. Using the data of a closed
traverse given below, calculate the lengths of
the lines BC and CD. '

Line Length (m) "W.C.B.
AB 275.2 4317
BC - 3i9° 427
D - ur
DE 240.0 5° 16’
EA 1566.4 | ]68° 127

Also, sketch the iraverse
Solntion:
The traverse is shown in Fig. A-7. Let
Lh.e lengths of BC and CD be [, and J, respectively.
Since Lhc; traverse is closed, we have
- TL=0
and D=0

275.2 cos 14° 31" + I cos 319° 42' + L cos 347° 15

+ 240 cos 5° 16" + 1566.4 cos 168° 12" =0~
or 07627 I, +0.9753 hh = 1027.90 . (1)

and
275.2 sin 14° 31 + [, 5in 319° 42 + L, sin 347° 15

+ 240 sin 5° 16" + 1566.4 sin 168° 12'=0
or  0.6468 [, +0.2207 L =411.33 ¢

Solving égs (1) and (2),-
we get i,=37_6.96 m and [,=75%.14 m

FIG. A-7
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Example A9 From a common point A, ftraverses are conducted on either’ side of
E o harbour as follows . -

Traverse Line Length (m) WCB. .
I AB. 240 85° 26"
BC 120 125° 117
2 AD 270 175° 50’
DE 600 . 85° 07°

Calculate (a) distance from c
to a point F on DE due south of
C, and {b) distance EF.

Solution :

The two traverses ae shown
in Fig. A-8. The combined {raverse
ABCFDA is a closed one, in which
the sides CF (= 1) and FD (=1) are
not known. However, these can be
determined from the fact that for the
composite traverse, £L=0 and FIG. A

D=0

240 cos 85° 26" + 120 cos 125° 117 = I + b cos 265° 07" + 270 cos 355° 50' =0.
(1)

or L +0.085l k= 219.25

+ 0+ b sin 265° 07" + 270 sin 355°50'=0

amd 240 sin 85° 26' + 120 sin 125° 11°

or 0.5964 I, = 317.70 o)
From (2} L=318.85 Substituting the value of hin (1)

we get L=192.12 m

Distance EF = 600 - I, = 600 - 318.85 = 281.15 m ;

Example A-10. A clockwise traverse
ABCDEA was surveyed willt the following results.
AB = 161.62 m; BC = 224.38 m; CD = 158.83 m
ZBAE = 128° 10° 20" ; ZDCB = 84° 18" 10"}

/CBA = 1020 047 30" ; LEDC = 121° 30°30°

The angle AED and the sides DE and EA
could not be measured direct. ]

Assuming no error in e survey, find the
missing lepgths and their bearings if AB is due
norih.

Solution )

Fig. A-9. shows the sketch of the traverse.

Total interior angles

= (2 N - 4) 90°= 540°
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£AED = 540° — (128° 10° 207 + 102° 04° 307 + 84° 18" 10" + 1217 30" 307)
= 103° 56' 3¢~
Tiking the W.C.B. of AB as 0°0'0", the bearing of other lines are :
BC : 180°0'00" - 102°04'30" = 77°55'30"
CD : (77°55'30" + 180°) - 84°18'10" = 173°3720"
DE & (173°3720" + 180°) - 121°30'30" = 232°06'50"
EA- @ (233°06'50" - 180°) - (360° - 103° 56'30") = 308°10°20"
AB : (308°10°20" — 180°) — 128°10'20" = 0°0°0" (check)
Now, let the lengths of DE and EA be }, and .
For the whole traverse, we have TL=0 and ED=0
161.62 cos 0° 0 0" + 224.38 cos 77° 55" 30" + 158.33 cos 173° 37" 207
+ & sin 232° 06'-50” + I cos 308° 107 20" =0
or 0.6141 1 — 0.618 h=51.37 (1)
and  161.62 sin 0°:00" 00” + 224.38 sin 77° 55 30" + 158.33 sin 173° 37" 20" ‘
+ I, sin 232° 06 50" + L, sin 308° 10" 20" = 0
or  0.7892 h + 0,786 /; = 237.00 2
Solving (1) and (2), we get [, =19255m and },=108.21 m’

Example A-11. ABCD is a closed traverse in which the bearing of AD has ,_nat-
been observed and the length of BC has been missed to be recorded. The rest of the
field record is as Jfollows "

Line Bearing  Length (m)

AB 181° 18* 335

BC 90° 00" ? '.‘

€D 357 % 408 '

DA ? . 828 '|. ‘:2024‘
Calculate the bearing of AD and  __ ? .-

the length of BC Broer Ci

] {Engg. Services, 1973) FIG. A-10

Solution

(@) Semi-Analytical solution In order to bring the affected sides adjacent, draw DA
parallel to CB and BA' parallel to CD, both meeting at A’. Let I be the length and 8
he the bearings of the closing line A" A4.

For the closed traverse .ABA', .
¥ L =335 cos 181° 18' + 408 cos 357° 36" +1 cosB=0
or  -334.91+407.64 +lcos6=0
or leos8=-72.73 ()

APPENDIX L)

Also, £ D = 335 sin 181° 18'+408's'm357°36'+lsin9=0
or _7.60- 17,09 +1sin@=0

’ I sin @ = + 2469 (D)
From (1) and (@), we get =V (273 + @6 =7681 m

Since the latimde is — ve and departure is positive; 4’4 lies in the second quadrant.

. W.CB. of A'A=161°15"

L B89 _ e 45
g=tan” 250218745,
JAA' D=y= Bearing of A'4-bearing of A'D=161° 15" - 90° = 71° 15'

Adr A'D _ 4D 828

Now sina=sin[3=§n_f='sin71° 15
76.81 sin 71° 15')] |
O Pl
a=sm. [ 828
@ =180° - (71° 15" +5° 2) = 103° 4%
sin 103° 43'
—AD=828 ———=840.49 m
BC=4D =828 =
Bearing of DA = Bearing of DA’ — & = 270° - 5° 2 = 264° 58’

() Analytical method
Let us use suffixes 1,2, 3, 4, for lines AB, BC, CD and DA.
. ¥ L=0=335cos 181° 18’ + r cos 00° + 408 cos 357° 36" -+ 828 cos 64

or —134.91 + 0+ 407.64 + B24 cos 8,=0
. - T2.73 ,
From which 8¢=cos™’ o5 - 264° 58
Also, £ D=0=335sin181° 18+ 4 sin 90° + 408 sin 357° 36' + 828 sin 264° 58’
From which 4h=84949m . . .
Example A-12. An open traverse was run from A 10 E in order to obtain the length
and bearing of the line AE which coultd not be ,
measured direct, with_the following results:
Line Length W.C.B.
AB 82m 261° 41’
BC 87 m 906’
CcD 74m 282° 22’
-DE - 100m’ 71° 30"

Find by calculation the required information.
Solitlon Refer Fig. A-11 )
The length and bearing of line AE is required.
Sin¢e' ABCDEA is a closed traverse,

we “have TL =0 ad ZD=0
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) Lea=—Z2L' and Dy =-ED'
or Lie=XIL and Due=ID’

where IL' and ED' are for the four lines AB, BC, CD and DE.

The computations are done in a tabular form below,

503
APPENDIX :

Correction to departure of AB = +%§% «239 = +0.30
Hence corrected comsecutive co-ordinates of B are :
N : 160 - 0.2=159.80 '
E : 239+03=23930
Independent coordinates of staton B
N : 80+ 159.80 = 239.80

E : 80+ 230.30 =319.30 N
‘Example A-14. In a traverse ABCDEFG, the line BA is {aken as the reference meridian.

Line Length (m). w.C.5. Latitude Departure
AB 82 261° 41" -11.85 - 8l.14
BC 87 9° 06" + 8591 + 13.76
o 74 282° 22 +15.85 ~72.28
DE 100 71°30* +33.38 + 94.26
I =+123.28 D' =-45.40

& Le=ZL' =+123.28 and Dyr=ZID'=-45.40
Since latiude is -+ ve and departure is negative, line AB is in fourth quadrant.
hie = V (123.28) + (45.40) = 131.37m

2 4540 oo i \ a0 4
B2 =2°13; W.CB. of 4E=36 20° 13" = 339° 4T

Example A-13. The following table gives dota of consecutive coordinates in respect

8 =tan

The latitudes and depariures of the sides

AB, BC. CD, DE and EF are :

Line AB BC c0 | DE _EF
Latitude — 95.20 —45.22 +47.24 + 48.55 +87.78
Departures 0.00 +58.91 +63.74 - 37.44 +29.63

If. the bearing of FG &5 N 75°47" W and its length is 71.68 m. find the lengih

and beaving of GA.

of a closed theodolite traverse ABCDA

From the above daia, calcularé

Station N S E W
A 240 160
B 160 239 '
C 239 160 -

D 160 240

Bearing of FG=N75°4T W
Length of FG=71.68 m
Latiude of FG=+ 71.68 cos 75° 4T =+ 17.60
Departure of FG = - 71.68 sin 7547 =~ 69_.48 .
The traverse is shown diagrammatically in Fig. A-12. Since traverse ABCDEFG is
a closed one, we have : :
La= -LL and Du=-3D

The computations 2ré arranged in the tabular form

_Snlution

(i) Magnitude and direction of closing error

{ii) Corrected consecutive coordinaies of station B, using transit rule

{iii) Independent coordinates of station B, if those of A are (80, 80)

Solution

Error in latitude, AL=TEL = 240 + 160 - 239 - 160 = 1

Ertor in departwre,  AD =D =- 160 +239 + 160 - 240 =1

. Closing emor=V (+ 1) + (1) = 1414 m.

Since AL is positive and, AD is negative, the line of closure is in 4th quadrant

e=m-'-i-'%=45°. W.C.B. of closing emmor =360° ~45° = 315°

" Arithmetic suim of latitudes =240 + 160 + 239 + 160 = 799
Arithmetic sum of departures =100 + 239 + 160 + 240 = 799

. Correction to latiude of AB=— -~ x 160 - 0.20

1
799.

below.
Ling Laitude l Departure
AB -95.20 0.00
BC -45.22 + 35891
D +41.24 +63.74
DE + 48.55 -4 |
EF +§7.78 +23.9
| FG +17.60 a8
L =+ 6075 D =ta56

) L= —-LL =-60.75
and Dey= - ED' = - 45.66
‘Hence the line GA is in the th_lrd guadrant,
" ga =V (60.75F +(45.66) »76.00 m
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9=tan"—4£%=36° 56' Example A-16. The Jollowing measuremenss were obtained when surveying a closed
Bearing of GA =8 36°56' W traverse ABCDEA.‘
Example A:15. Calculate latitudes, departures and closin : Line EA AB BC
‘ Calce latitudes, g error for the foliowing
traverse and adjust using Bowditch’s nde. ‘ Length (m} 95,24 181.45 103.64
Line Length (m) Whole circle bearing £DEA = 93°14’ ZEAB = 122°36’ ZABC = 131°42° ZBCD = 95° 43'
4B 89.31 45° 10’ It is not possible to occupy D, bus i
BC 219,76 720 05 could be observed from both C and E. Calculate
@ 15108 e the angle CDE and the lengths CD and DE,
. 161° 52 taking DE as the datum and assuming oll ob-
DE 159.10 228° 437 servations fo be correct.
EA 232.26 300° 42° Solution : Refer. Fig. A-14. .
Solutl . ) (Enge. Services, 1984) (a) Computauon Of ZCDE and bearing 1A
on : The computations are arranged in tabular form below : of all lines
Line |Length(mj| W.C.B. Laitade (m) : ' Theoretical sum of interior angles
{m) . Dej {m, o £
calculated | correction | corrected | calculated | correction corrected . = (2N - 4 90° = 40° ?i:_
AB Il | 410 | +6297 | -006 | +629 | +@3% | -002 | +@n /CDE = 540° - (93° 14" + 122° 36/ &
BC 21'9.76 72° 05 + 67,61 -0.13 +67.48 | +209.10 | -0.06 + 209.04 + 131942 + 95° 43) =
@ | 15118 | 16152 | -14367 | -009 | -143.7 | +4205 | -004 | +4201 =96° 45
DE - | 15900 | 28043 | -t0497 | -0.10 | -105.07 | - 1195 -0.04 | -119.60 Let us take the W.C.B. bearing of DE FIG. A-l4
4 p226 | 300042 | +usss [ 004 | +ug34 | -19971 | -006 | -1 as 90° .
sm | 85161 +0.52 | -052 0.00 | o0z Tom | om . Bearing of ED=90° +180°=210°
Comection for latitude of amy li 052 . Bearng of EA=270°+53" ¥~ 3007 =37 14
y lme =- BSL61 X Length of that line . Bearmg of ‘A.E=3° 14 + 180° = 183° 14’ ‘
Bearing ‘of AB = 183° 14’ +122°36'= 305° 50'

Correction for departure of

: -0.22°
any line = gy > lengh of

[
that line.
closing error

=V (0.527 + (0.22 = 0.565 m

Bearing of BA = 305° 50' - 180° = 125° 500

Bearing of BC=125°50"+131°42'= 257° 32

Bearing ot CB =257° 32/~ 180° = 17" 32

Bearing of CD=77°32' +95°4¥ = 173° 15"

Bearing of DC=173°15'+ 180° = 353° 15

of DB =353° 15 + 96° 45" — 360° = 90° 00’ (check)

) Angle of error of closure Bearing
is given by
9~tan"0'22 . cer Let the lengths of €D and DE be I, and I respectively.
=t ey =120 56 For the closed traverse DEABCDA BL=0 and XD =0
05.24 cos 3° 14’ + 181.45 cos 305° 50" + 103.64 cos 257° 32

Relative accuracy
+ 1, cos 173° 15" + [ Cos 90 =0

or 95.09 + 106.23 - 22.37 - 09931 H+0=0
From which h=CD = 180.19'm

Similarly, 95.24 sin 3° 14' + 181.45 sin 305° 50 + 103.64 sin 257° 32
+ 180,19 sin 173° 15' + hsin 90° =0

_ 0.565
B gy 1 in 1507

The traverse is shown in
Fig. A-13.
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5.37 - 147.11 - 101.20 + 21.18 + =0

From which L=DE=221.76m
Example A-17. The bearings of two_indccessible stati '
] . ! stations A and B, taken from stati
C, were 220° and 148° 30" respectively. The coordinates of A and B were.f;s wm'eroirl

Station Eqsting Northing
4 180 120
B 240

Calcidate the independent coordinates of C
Sohufion : In order to calculate the in dependent
;ogrﬁnam.of C, we need either the length AC or

Length AB=" (240 - 180)" + (90 - 120)°

.=67.08 m
. ~1240-180
0=’ g gy = 63433 = 63°26

. W.C.B.of 4B=180°-63°26'=116°34
W.CB. of AC=220° - 180° =40°
ZCAB = 116° 34" - 40° = 76° 34'

AACB=220°—148° 30'=7l° 30r FIG. A-15
ZABC = 180° - (76° 34" + 71° 307 = 31° 5¢'
From sine rale, — A4S - BC __ AB 6708
sin 31° 35" sin 76° 34" sin 71° 30" sin 7i° 30
67.08
AC= —————si =
w715 30 O 31° 56’ = 37.46 m

iNuw latiuie of AC= 5740 wos 407 = 28.40 m
departure of AC=37.46 sin 40°=24.08 m
Hence the independent coordinates of C are
Easting = 180 -+ 24,08 = 204.08
Northing = 120 + 28.70 = 148.70

o djExample A-18. It is not ppssible to measure the length and fix: the direction of
rectly on account of an obstruction between the stations A and B. A traverse ACDB
was, therefore, run and the following data were obiained.

Line Length (m) Reduced bearing
AC 63 N3S*E
€D 92 S65°E.
DB- 84 §25°E

H
g
F

| £ e
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Fird the length and direction of line BA. It was also required 10 fix a station E
on line BA such that 'DE will be perpendicular to BA. If there is no obstruction between
B and E, calculate the daia required for fixing the station as required.
Solution : Fig. A-16 shows the (raversc.

The computations are done in a tabular form below,
where W.C.B. of the lines have been entered for

convenience.

Line Length W.C.B. Latitude | De re
AC 63 55° + 35.14 + 51.61
cD 92 115° - 38.88 +83.38
DB 4 155° -76.13 + 35.50
sum -78.87 + 170.49
. Lm=-IL=+7887
and Da =~ ED = - 170.49 6. Al6

Hence BA is in the fourth quadrant.
L 17049 ooy 4 = 294° 50
= 7887 =65° 1, and W.CB. B

Length of BA =Y (78.87+ (170.49)° = 187.85 m
Now in iriangle DEB, LDEB=90° and (EBD =65 10"~ 250 = 40° 10/
DE = DB sin EBD = 8 sin 40° 10’ = 54.18 m

BE = DB cos EBD =84 cos 40° 10' = 64,19 m
60°. Find the variation.
(Engg. Services, 1971}

Now

Example A-19. The magnetic bearing of the sun at noon is I

Solution : This question is based on Example 5.8.
At noon, the sun is exactiy .on the geographical meridian.
True bearing of sun=I80° '
Magnetic bearing of sun=460°
Now, True bearing =Magnetic bearing
180° = 160° + Declination

+ Declination.

i Declination = 180° — 160° = 20°

As the sign is positive, the wvariation is east.

Variation = 20° E

Example A-20. Select the correct answer in each
calculations made in arriving al the answer : ' . )

(@) A uniform slope was measured by the method of stepping. If the difference in
level between two poinis is 1.8 m. and the slope distance between them is 15 m, the

error is approximately equal 1o
()  Cumulative, +011 m (i)

of the following and show Ihe

Compensasing, o1 m
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(i) Cumulative, - 3.11 m (ivy None of these
{b) A standard steel tape of length 30 m and cross section 15 x 1.0 mm was standardised
at 25° C and ar 30 kg pull. While measuring a base line af the same temperature, the
pull applied was 40 kg. If the modules of elasticity of the steel.tape is 2.2 x 10° kg/cm?,
the correction to be applied is
()] - 0.000909 m @iy +00%9m
iy  +0.000909 m (iv) Nome of these
- i(;:) The_bearing of .AB is. 190° and that of CB is 260° 30". The included angle
@ 8030’ T @ 9w
(:':;’) ¢ 306" (V) None of these
d A Jevel was set [ i
and the ﬂqﬂ’dfe?zﬁngs were 1.32 !ﬁrdati.?éu.i I;;:Z; ?Iewmizelp‘:f:s Ase:mfp Bt;t ‘ZO ;:;p%
m from A on BA produced, the staff readings obtained at A and B were 1.11 and 1.39
The correct staff reading from this set up, at B should be: .
B 1.435 (i 1.345
Eii)i) Nifs' y (iv) None of these
2 i L , e ,
o e busbl ::; " sﬁ.:z:gf:;z:y of a bubble @e with 2 mm division is 30°. The radius
O 1375 m i) 344 m

i 1375 m " (@) None of these
(U.P.S.C. Asst. Engg. C.P.W.D., Exam, 1979)
Solution /‘h
{(a) Horizontal distance D =(2-p)"?
D .
, FIG. A-17
,L(i _]?f)lig.r.(l '_}12\
(o) T )
i LS 1.8y
Error e=1-D=1-1 +ET&%T =—;——(l—)-=0,108&0.11 m

(b) Correction for tenmsion or pull
PO (e 1
: AE

Here, P=40 kg ; Py=30 kg,
A=15x101cm’; E=22x 10°kg/em*; L=30m
__ (40-30)30
T 15 x0.1x22x10°
Hence answer (i) is corTect. FIG. A8

= 0,000909 m.

P

APPENDIX

\(c) Bearing of AB=190°
. Bearing of BA=190°-180°=10°
_ Also, Bearing of CB=260°30"
. Bearing” of BC=260° 30" - 180° = 80° 30'
- Included angle ABC=Bearing of BC ~ Bearing of BA
= 80° 30’ — 10° = 70° 30", Hence correct answer is (iib)

(d) Instrument ot mid-point
The collimation error is balanced.

. True difference in level between Aad B =156-132=024 m

(B being lower)

IIIIII4!IIIIII

o0m————H

IIII’IAI}III/IIIIIIIIIIIIIIIIIIIIIJBflI_f_
- Serome 80 m— +
by
FIG. A-19

Instrument at 10 m from A on BA produced
- Apparent difference in elevation =1.39-1.11=028m (B being lower). If the

lie of collimation were horizontal, the correct reading at B would be
= Reading at A+ Tme difference in level between A and B

=il Gi4=133 m
Since the acmual reading at B is 1.39 m,
(Fig. A-19 b)
- Collimation error in 80 m= 1.39-1.35=0.04
20 _ )
30 =0.045 m

the line of collimation is elevated upwards

Hence collimation ermror in 90 m= 0.04 x
. Correct staff reading on B=139 - 0045=1345m
!-Ience correct answer is (iD).
(€) Semsitivity, a'=-‘%x 206265 seconds
Here . a'=30" aed /=2 mm
R =% 206265 = % < 206265 = 13751 mm=~13.75m

Hence correct answer is ().




o SURVEYING

Example A-21. Calculate the
latitudes, departures and closing er-
ror for the following traverse and
adjust the using Bowditch's nde.

: 161°52

Line | Length {m) | Whole circle
Bearing
AB 8§9.31 45° 10
BC 219.76 720 05°
€D 15118 161° 52°
DE 159.10 225° 43°
Eq 232.26 300° 42*

(U.P.S.C. Engg. Services
Exam. 1981)

Solution Fig. A-20 shows the
traverse ABCDE4', im which
AA' is the closing error. Table below
shows the computations for latitude and departure of various lines of the traverse.

FIG. A-20

L

Line Length (m) Ww.C.B. Redaced bearing Latitude Departure

AB 89.31 45° 10" N45* 10'E + 62.97 + 63.34

BC 219.76 72° 05" NT72¢05'E + 67.61 + 19.10

cD 151.18 161° 52' 518°08'E - 143.67 + 47,05

DE 159.10 228° 43* S48°43' W - 10497 - 119.56

{QI 232.26 300° 42° N 59° 18" W + 118.58 -199.71

; | ! Sum £ 1) 52 . L N7

Clossing eror, ¢ =Y (0.52) + (0.22)* = 0.565 m
) 0.
§=tan"' 022 _ 57032 =220 55' 56"

0.52
Total correction for latinide = - 0.52; Total correction for deparmre =-0.22

% ! = Perimeter of traverse = 89.31 + 219.76 + 151.18 + 159.10 + 232.26 = 851.61
According to the Bowditch rule :

. . ! i
f =EL—=-0. =-6. -4
Correction for latiude, C. ELEI 0.52 x 5161 6.106 x 107" ] Lafl)
. ! 1 ) '
C tion for departure, Cp = —=-0 =— ‘ (2
orrection eparture, Cp EDEI 02x851.61 23485 x 10°° 1 (2

The computations for the corrections for latitude and departure of each line;, along’

with the - corrected latitude and departure are arranged in a tabular form below.
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Line Latitude :
i i Correction Corrected

Latitude Correction Corrected Departure Lomee

AB + 62.97 -0.05 +62.92 + 6334 0w | + e
BC + 6761 - 0.13 +67.48 + 209.10 —0.06 + 209.04

Ja7 — 143.67 -0.09 Z 14176 + 47.05 _0.04 + 4701

DE —104.97 - 0.10 - 105.07 - 119.56 —0.04 — 119.60

Ed +118.58 ~0.15 +118.43 - 199.71 -0.06 - 199.;

Sum —0.52 0.00 o 0.

Example A-22. For a railway project, a straight tunnel is to be run between Iwo

points P and Q whose co-ordinates aré given below :

Point Co-ordinates
N E
- 0
P 0
Q 4020 300
R 2110 1900

It is desired 1o sink a shaft at S, the mid point of PQ. S is to be fixed from

R, the third kmown point.

Calculate (i) the coordingles of S, (ii} Length of RS, (iii) the bearing of RS.

(U.P.S.C. Engg. Services Exam. 1986) Q&I\IIE = g%aot;
Solutton
(i) Coordinates of S
Northing = or ;020 =2010 m
Easti 0+ 800 400 ™ :(N=129‘%:§
I v 700
(i) Length RS , S o
AN between R and §=172110 - 2010 = 100 m : ;
AE between R and § = 1900 — 400 = 1500 : 1:
RS = ¥ 100% + 1500° = 1503.33 m ‘. .1
Let the reduced bearing of RS be 6 ' l.
AE 1500 _ P i :
me:A_N= 100 =15 (N=0.E=0)
FIG. A-21

§=tan-'.15=586° 11 09" W
W.CB. of RS=180°+8 = 180°+86° 117 09" = 266 11 09"

Example A-23. (a) The following perpendicular offsets were taken ol 30 m intervals

i i boundary line :
from a base line of an irregular _
5.8 122, 170, 16.2, 18.4, 16.3, 24.6, 22.2, 184 and 17.2
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_ ing of VU=35°12 . '
Bat observed b%ﬂ;l;or at V=35° 12' - 35° 36' = - 24" and cortection a V=124
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Calculate the area enclosed between the base line, the irregular boundory line and
the second and the last offseits by average ordinate rule.

() The following are the “bearings of the sides of a closed traverse PQRSTUVW.
Compute the corrected bearings for the local attraction.

VW = 287° 24" + 24" = 287° 48'

- od pearing of ,
Camrected bea”® 287° 48" - 180° = 107° 48’

and correct bearing of WV=

pearing of WV =107° 0 . N
Line Foreward Bearing Backward Bearing But observed Exror at W= 107° 00 - 107° 48 = — 48" and correction at W=+43
PQ 39° 00’ 215° 30° ed ing of WP=347°42'+48'= 348° 30"
R =22 LR 4 Cocr:?:rect pearing of PW =348°30- 180° = 168° 30'
RS 127° 06 ' 308° 36° 1o of PW = 170° 00’
t ObS'eIVEd beamg r -} LI s
ST .145° 18° 325° 18 ],3"- Brror at P=170° 00" - 168° 30 = +1°30
v 160° 127 339° 12 aﬁd correction at P=—1°30' -
w 214° 36° . - 35012 commected bearing of PQ=39°00' -1 30" = 37° ?y
144 287° 24” 107° 00" and - correct bearing of QP =37° 030'0'+ 180° =217° 3
WP 347 427 170° 00" But observed M;mg of ugg= 12.::., 330. 217°30' =—2° 0 and correstion at 0= +2°0'
. R mr - i -
O S T T AT ”Corrected pearing. of OQR=75°12+ 20 =77° 12
B.S. ES. H.I R.L Remarks and iréct bearing of RQ=T7® 12 +180°=25T° 12!
cO
1.605 : * 400.50 Change point - : ing of RQ = 255° 42’ .
bserved bearins o any . 41030
—1.0I5 * Bench mark Buto Error at R=255° 42 -257°12' =~ 1 30’ and correction at R =+ 1° 30

(U.P.S.C. Asst Engineers, CPWD Exam. 1989)
Solntion (a) See Fig. A-22. Average ordinate is given by
Om = % (122+170+162+ 184+ 163 +24.6 +222 + 184 +17.2)=18.056 m
Length=8 x 30 =240 m
Area= O x length = 18.056 x 240 = 4333.33 m* -

£Averagsordmale
W """" L YA X
M e e b s VA h R
e 8x30=240m |

FG. A2

" (B) By inspection, we find that ST is the only line whose fore-bearing and back
bearing differ exaclly by 180°. Hence both S and T are free from local attraction. Hence
the bearing of TU and SR are correct.

Thus, correct bearing of TU = 160° 12’
Correct bearing of UT =160° 12 + 180° = 340° 12
But observed bearing of UI'=339°12
Emmor at U/=339°12'-340°12"=-]°
. Correction at [/=+ 1° '
an'ected bearing of UV =214%36"+ I° =215° 36
and correct bearing of VU =215° 36’ - 180° = 35° 3¢’

FG. A2
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. Corrected bearing of RS=127°06'+ 1° 30" = 128° 36
Correct bearing of SR = 128° 36’ + 180° = 308° 36'
But observed bearing of SR =308°36'
' Hence error at $=0°0" (as expected). This is a check on computations. The corrected
bearings of various sides of the traverse are shown in Fig. A-23.
{¢) Computation of missing data : In the tabular form below.

B.S. F.S. H.I R.L Remarks
1.605 . 402.105 400.500 Change poimt
- 1.015 ) 403.120 Benchmark

H.L =R.L. of change point + B.S. reading =400.50 + 1.605 = 402.105 m
R.L. of BM.=H.L.- ES. reading =402.105 - (- 1.015) = 403.120 m

.Example A-24_. To determine the distance between two points X and Y and their
etl‘;e;anam;? rahgalls‘lomz;g observations were taken upon vertically held staves from two traverse
stations . The tachometer was fitted with { instrume,
R fi an anallagrc lens and the instrument

Traverse| RL | Htof | Co-ontinates ;
station Instrument mﬂqﬂ; Bearing V:;gf,d Staff Readings
{m) L D

R |i02060| 150 800 | le X 150040 ) vgeer | 110 | L85 | 260

§ (122|153 950 | 2500 Y | 3e8| +w3c| 132 | 191 | 250

Compute the distance XY, the gradient from X to Y and the bearing of XY.

. (U.P.S.C. Engg. Services Exam. 1989}
Solution {a) Observation from R to X .

Horizontal distance RX =£. 5 cos? 0 +0
{

Here f: 100 : 5=260-110=150 m : 6, =89 : r =185
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RX = 100 x 1.5 cos® 8° 9' = 146:99 m

) v, =L, SN2 JI0xLS 16018722105 m
i 2 2
RL. of X=R.L. of R+HL +¥-n
=1020.60 + 1.5+ 21.05 - 1.85= 104130 m
Latitude of RX = 146.99 cos 15° 14’ = 141.83 m

Department of RX = 146.99 sin 15° 14'=38.62m
Easting of X = Easting of R+ Departure of RX=1800 + 38.62 = 1838.62 m

Northing of X = Northing of R+ Latitude of RX =300 + 141.83 =641.83 m
(b) Observations from S to ¥
Horizontal distence SY=§51 cos® 0, = 100.(2.50 ~ 1.32) cos’ 2° 3 = 117.85 m

Also, V;:{s, S“‘: 82 _ 100 2.50 - 1.32) 5‘“‘2‘ 8422 m

- RL of Y=RL.of S+HI +V2-n=1021.21 +1.53+4.22-191 = 1025.05
Latitude of SY=117.85 cos (360° - 340° 18} =110.95 m
Departure of S§Y=- 117.85 sin (360° - 340° 18") = - 3973 m
. Easting of Y¥=Easting of §- Departure of S¥=2500-39.73 =2460.27 m
Northing of Y= Northing of §- Latitude of SY =950 + 110.95 = 1060.95 m
" (¢) Computations of line Xy
AN= Northing of Y- Northing of X=1060.95 - 941.83 =119.12 m
AE = Easting of ¥- Easting of X =2460.27 - 1838.62 = 621.65 m
. Distance X¥=VAN+AE? =V (119.12) + (621.65) = 632.96 m

) LAE _) 621.65 °Qro"
.B. \ = —= a2 < 79°.153 = 79°99
If 9 is the R.B. of XY, we have §=tan AN tanh 11512 9°.1

. AR 1041.30 - 1025.05 I . . .
Gradjem of XY——I—- $33.96 = 3805 jie. 1 in 38.95 (Falling)

Example A-25. A closed traverse
has the following lengths and bearings

Line Length Bearing
AB 200.0m Roughly East
BC 98.0m 178°
CD | Not obrained 270°
DA 86.4m 1°
27&'*/

The length CD could not be measured D,
dug to some obstruction to chaining. The
bearing of AB could not be taken as station. FIG. A-25
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A is badly affected by local atraction. Find the exact bearing of the side AB anid calculate.

the length CD. | {Engg. Services, 2000)
- ;olution : The above question is based on example 8.3 of the book, with change
in .

Let us use sufﬁ.u.x 1, 2, 3 and 4 for lipes AB, BC, CD and DA respectively.
Thus the bearing 8, of line AB and length 4, of line CD are .unknowns. The computations
for latimde (L) and deparmm‘ (D) of each line are dope in the tabular form below.

S.N. Line Length (m) Bearing Latitude (L) m Departure (D) (m)
1 A8 W0 Roughly east 200 cos & 200 sin )
2 BC 98 . 178° -91.94 3.420
3 D I e 0 -5
4 DA 86,4 - 1® 86.387 1.508
I | 200coa@ ~11.553 | 200sin0; +4.928-08

Since the traverse' in closed, we have
IL = 200 cos-0, — 11.553 = 0~ from which 8 = 86°.6885 = §6° 41’

Also, ZD=200sin9 +4923-5H=0

Iy =200 5in 6, +4.923 = 200 sin 86°.6885 + 4.923 = 204.59 m
il :I;:xamp!e A-26. In order to determine the elevation of top Q of a signal on a

| observations were made from two stations P and R. The stati

e stations P, R and Q were
- IY the. anogtes'af elew_:tian of the top O of the signal measured at P and R were
5' 35 and 15° 05’ respectively, determine the elevation of the foot of the signal if the
height of the signal above its base was 4 m.

The staff readings upon.
the bench mark (RL 105.42) were
respectively 2.755 and 3.855 m

when the instrument was a1 P
and at R The Ajctance potnpon

P ad R was 120 m.
(Engg. "Services, 2001)
Solution
Let D be the horizontal B.M. R

distance between the base of, the

signal and instrument at P.

By=D1an25°35 and hp=(120+ D) tan 15° 5'
. hi — b2 =D tan 25° 35' - (120 + D) tan 15° 5
But hy-h,=3.855~2.755="1.1 m
D (tan 25° 35 ~ tan 15° 5°) — 120 tan 15° 5’ = 1.1
_ L1+120wn 1505
T1an 25°35 —tan 15° §

From geometry,

From which D =159.811 m
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#, = D 1an 25° 35' = 159.811 tan 25° 35' = 76.512 m

Elevation of @ =Elev. of inst. axis at P+ M
' = (105.42 + 2.753) + 76.512 = 184,687 m

- Elevation of foot of signal=184.687 —4.0= 180.657 m

Now

Check : "= (b +D)tan 15° 5" = (120 + 159.811) tan 15¢ ' = 75411
Elevation of { =105.42 +3.855+75.411 = 184.686
and Flevation of (' =184.686 -4= 180.686
Example A-27. The following readings were noted in a closed traverse
Line F.B. B.B.
AB J2° 2]2¢
BC 7 262°
D 112° 287
DE 122° 302°
EA 265° 85°

At which station do you suspect local atiraction ? Find correct bearings of lines.
What will be the true fore bearings (as reduced bearings} of lines, if the magnetic declination
was 12° W. - (Engg. Services, 2002)

Solutlon : From the given data, we observe that the difference between F.B. and
B.B. of lines AB, DE and EA are 180°. Hence stations A, B, D and E are free from
local atiraction. Onmly station C suffer from local attraction.

Let us start with staton B which is free from local attraction.

Hence bearing of BC=77° which is corfect.
Henée bearing of CB=77°+180°=257°
But - observed bearing of CB=262°

Emor at C=262°-257°=+5°

and Correction at C=-35°
~ ~ Corrected bearing of CD = 112¢ - 5% = 107°
and corrected bearing of  DC=107°+ 180° = 287° = observed bearing of DC.

Also, True bearing = Magpetic bearing - declination = magnetic bearing — 12°
The results are. presented in the tabular form below
Line F.B. B.B. Difference between Corrected Bearing True Fore
F.B, and B.B, F.B B.B. Bea.rblg
AB 32° 212¢ 180° 32° 212° N 20°E
BC " 262° . l1gse T° 257° N 65°E
D 1z° 287° 175° 107° 287° S 85°E
DE 1220 30° 180° 122° L 5 T0°E
E4 265° 85 180° 265° 85° §73°W
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Example A-28. The following readings were token with a level and a 4 m staj’
Draw up a level book page and reduce the levels by
(a) the rise and fall method
(b} the height of collimation method
0.683, 1.109, 1.838, 3.399, (3.877 and 0.451) C.P., 1.405, 1.896, 2.676
BM. (31.126 A,0.D.), 3.478, (3.999 and 1.834) C.P., 0.649, 1.706
{0  Highlight fundamental mistakes in the above levelling operation
{d) What error would occur in the final level if the staff has been wrongly extended
and a plain gap of 0.012 has occurred at the 2 m section joint ? (U.L)
Solution  (a) Booking by Rise and Jall method
Steps (i) The first reading is back sight while the next three readings -are intermediate
sights. The fifth reading a fore sight while the sixth reading is a back sight on a change
point. Seventh to tength readings are intermediate sights, including the one on the B.M.
Eleventh readings is a fore sight and 12th reading is a back sight on the change point.
13th reading is an intermediaste sight while the last mdmg is a fore sjght. Enter these
readings in appropriate columns,
(i) Find rise and fall of each staff statiom.

(it) Starting with the B.M., reduce levels below by normal method and above by
reversing falls for rises and vice-versa.

(iv) Apply normal checks.

B.S. LS. F.S. Rise Fall RL Remarks
0.683 36.545
1.109 0426 | 36119
1.338 0.729 35.390
1.399 ‘ 1.561 33.529
0.451 3.877 0.478 33.351 Change point
CcP. 1
1.405 0.954 32.397
1.89 0.491 31.906
2.676 0,780 31.126 BM. 31.126
A.O.D.
3.478 0802 30.324
1.834 3.999 0.521 29.803 C.P. 2
0.649 1.185 30.988
1.706 1.057 29.931
Sum 2.968 9.582 1.185 7.799 29.93; Checked
{-) 9.582 91799 (=) 36.545
—6.614 —6.614 Z6.614

(b) Booking by height of collimation method

Steps (i) Book all- the readings in appropriate columns, as explained in (af) above

(in Helght of collimation for second semng R.L. of BM. + LS. readmg on B.M.
=31.126 + 2.676 = 33.802

above 2 m ar¢ Wrong.
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CP.1=HIL-BS. on CP. 1=33.802- 0.451 = 33.351

gy R.L.of E.S. on CP.1

(iv) Height of collimation of first setting =R.L. of CP1 +
3 =133.351 + 3.877 = 37. 228 .
) RL. of CP. 2= HI in second setting - F.8. on cp2
=133.802 -3.999 = 29.830 ¢ o cr2

(vz) Height of collimation of third setting = R.L. of CP2 +BS. .P.

= 79.830 + 1.834 = 31.637

ertings of the level are koown.
The R(vlil-)sT:: Sﬁ:l;lgil:: ﬂg;?:wozlgﬂs l::dﬂ};if ;mnt gzaul be computed as usual.

(viify Apply the normal checks. .
s F.S. Height of RL marks
B.S. LS. ght of
(er H.L)}
37.228 16.545
Bt 36.119
I
o ) 35.390
. 12:; 33.826
: 3. . —
__.____-—______._.—3-377 ____312*12__.—____3}_351__.—____0_?_.__—
= 32.397
I [ D - Ly,
e 31,906 .
v 31.126 BM. 31.126m
2676 AOD.
_______.__-___,_._._____._____._______.
30.324
2 9.803 CF2
3.999 31.637 29,
1.834 80
2 1.706 29.931
-______——-_' ______.———-—____._.———'____.__—-——-'—_'—
9.582 25.931 Checked
Sum : 2.968 . 36545
[ 9.58%2 .
T | 3 | | “661 j
~6.61

] istakes
¢) Fundamental levelling mis
SI‘he question high lights three fundamental levelling mistakes T
() The most jmportant sight on the B.M. should mot be an interm
i

t be checked. ‘ dngs
e C*:‘i) n'?‘he staff has not been correctly assembled, with the result that all the rea I

i work.
(it}) Since there is 1o circuit closure, there 15 10 check on field

e o wrong extension of staff o
E\dl)l f:admgor ‘:" greater than 2 m will be 0012 mm to;aﬁ sm:xh}l ;lzwe;:raa::ﬂ e
S. reading afer the
be affected only by B. 8. and F. -y
1:&:: ;ilulez‘swmthough 1S. on B.M. will be treated as B.S. for booking puwop
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() B.S. (1.S) of 2.676 should be 2.664 | (i) F.S. of 3.999 should be 3087/ ¥

B.S. of 1.834 will remain as 1.834 F.S. of 1,706 will remain as 1.706

sum 4.498 m

Difference : B.S.~F.S. =4.498 - 5.693 = - 1.195
. RL. of last point=31.126 - 1.195 = 29.731
Existing R.L. of last point, with faulty staff reading =29.931
Hence the B.S. and F.S. are affected in the same manner and' the final value is
not altered,
Example A-29. The following readings were observed with a level
1.143 (B.M. 34.223), 1.765, 2.566, 3.819 (C.P.), 1.390, 2.262, 0.664, (.433 (CP), 3.722,
2.886, 1.618, 0.616 (T.B.M. value thought to be 35.290 m),
{a) 'Reduce' the levels by rise and fall method
(b) Calculate the level of the T.B.M. if the line of collimation was tilted upwards
ar an angle of 6 min. and each back sight length was- 90 m and the foresight length
30 'm. ‘
(¢) Calculate the level of the T.B.M. if the staff was not held upright but leaning

backwards at 5° to the vertical in all cases. " (U.L)
Solution
(@) Reduction of levels by rise and fall method : See Table below
B.5. LS. F.5. Rise Fall R.L. Remarks
1.143 ) 4.223 B.M. 34.223
1.765 0.622 33600 |
2.566 ‘ 0.801 32.800
1.3%0 3.819 ‘ 1.253 31.547 C.P.
2.262 0.872 30.675
oeet | | s | [T R
£ 0.433 0.231 32.504 C.P.
2,886 0.836 33,340
1.618 . 1.268 34.608 .
_ . 0.616 1,002 35610 |T.B.M. 35290
6.225 4.868 4.935 3.548 35.610 Checked
(5 4.868 (9 3.548 {234,213
T1.387 1.387 1387
(b) Effect of tilting of line of collimation (See Fig. A-27 (a)
Error=e=30.0n.1(ﬁﬁﬁ><6]=0.0524 m per 30 m

If b and f are back sight and for sight readings, true difference in level per set-up
=(b-3)-{f-e)=b-H-2¢

52

APPENDIX

FIG. A-27

Total length of B.S.’s=3x90= 270 m
Total length of F.8.’s=3x30= 60 m

Effective difference in length =3 x 60 = 180 m
Error = 0'2?4 x 180 =0.314 m

Hence sum of B.S. is effectively too large by 0.314 m.

. True difference in level= 1.387 - 0.314 = 1.073
" RL. of TBM. =34223 +1.073=35206m
[Check : 35.610 -0314 = 35296 m)
" (¢) Effect of tilting of staff (See Fig. A-27D)
If the saff is tilted, all the readings will be too lorge.
True reading = observed reading X cos 5

Apparent difference in level = £ B.S. - ZF.S, = 1.387

’ o
ifference in level=(Z B.S.)cos 5° - F.5.)cos §
True dife =(LB.S.~ZF.8)cos 5= 1.387 cos 5° = 1.382

RL. of T.B.M.=34.223 +1.382 = 3_5.605 m .
Example A-30 The following observations were taken during the lesting of a dumpy

level. .
Instrument at Staff reading on
A B
A 1.275 2.005
B 1.040 1.660

Is the instrumemts in adjustment ? To what reading should the line of collimation

ji / at B ?
be adjused when fhe fmne ¥ (U.P.S.C. Engg. Services Exam. 1981)

Solution ) .
When the level is at A, apparent difference is level =2.005 - 1.275 = (()}7632 i ﬁﬁi

higher. When the level is at B, apparent difference in %evel = 1.669 - 1.04;]1 -ad..m;mm.

higher. Since both these values are mot equal, the instrumeni IS not in adj
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0.73 + 0.62

True dif_ference in level = =0,675 m

When the level is at B, the line of collimation should adjust to read on, A = 1.660 - 0.675
=0.985 m.

Example A-3L. The following readings have been taken Srom a page of an old level
book. It is required to reconstruct the page. Fill up the missing guantities and apply the
usual checks. Also, calculate the corrected level of the TBM if the instrumens is known
to have an elevated collimation error of 30° and back sight, fore sight distances averaged
40 m and 90 m respectively. -

Point B.S. LS. . FES. Rise Fall RL Remarks
1 3.125 X BM.
2 x Cox 1.325 125505 | TP
3 2.320 0.055
4 X 125.850
5 X 2.655 TP
6 1.620 ' 3.205 2.165 TP
7 3.625
8 X 123.090 T.B.M.

(Engg. Services 1982)
Solution : The solution is done is the following steps.

1. F.S. of point 2 =B.S. of point 1-Rise of point 2=3.125 - 1.325 = 1.800

2. RL. of point 1 =R.L. of point 2-Rise of point 2=125.505 - 1.325 = 124.180
3. B.S.of station 2 =LS. of point 3 - Fall of point 3 =2.320 - 0.055 = 2.265

4.  RL. of point 3 =RL. of point 2 - Fall of point 3 =125.505 -0.055 = 125.450
5. Rise of point 4 =RL. of point 4-R.L.of point 3=125850 - 125.450 = 0.400
6. 1S. of point 4 =1§. of point 3 -Rise of poimt 3 =2.320 -0.400-=1.920

7.  Fall of point 5 =F.S. of point 5-1S. of point 4=2.655~1.920 =0.735

8. R.L. of point 5 =R.L. of point 4 -Fall of point 5=125.830 ~0.735 = 125.115
9. BS. of point 5 =F.S. of point 6~ Fali of point 6=3.205 -2.165 =1.040

10. R.L. of point 6 =R.L. of point 5-Fall of point 6=125.115 -2.165= 122.950
11. Fall of point 7 =LS. of point 7-B.S. of point 6=3.625 - 1.620 = 2.005

12 R.L. of point 7 =R.L of point 6-Fall of point 7= 122.950 — 2.005 = 120.945
13. Rise of .point 8 =R.L. of point 8- R.L. of point 7=123.000 - 120.945 = 2.145
_14. F.S. of point 8 =1S. of point 7-Rise of point 8=3.625 - 2.145 = 1.480
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The computations are arxanged in tabular form below along with the missing d
pnderlined. -
Point ;5 S LS. F.S. Rise Fall RL marks
- B.M.
1 3.125 124,180
1325 25505 | TR |
2 2265 1.800 ____-__________________50___
3 2.320 0.055 125450 | ]
4 1920 0.400 125.850 _
s | Lo ) 2.655 0.7135
§ 1.620 1,205 2,165
2.005
7 3.625
] 1480 2.145
Sum 8.050 9.140, 1.870 4,960
thnatc ks L. - First R.L.

ise — =Last R.
£B.S. -ZFE.S. =ZRise T Fall _
8,050 — 9.140 = 3.870 — 4.960 = 123.090 — 124.180 = 1.090 (Checked)

or
b) Value of corrected T.B.M. . ) ding vl
(Sizu:e the cc.;limation lie is elevated, each back sight and fore sight readiid
be too great. . .
Error is each back sight reading =40 tan 30
i fore sight reading =901an 30" . 7
Bror B e s atont S and F.S. readings = 50 tan30 = 0.007

- Difference is errors of one set of B.
Since there are four sets of readings, total' crr.or =

Treating the B.S. readings to be corfeci,

4 x 0.00727 = 0.029 m -
o i e of the F.S. reading

LTIl T aadwm =S =0029 m

. Corrected . sum of F.S. readings = 9.140 -0.020 =9.111

- Corrected difference in the level of B.M. and T.B.M._

- Corrected R.L. of T.B.M. = 124.180 - 1.061 =123,119 m - .y

Example A-32 The following consecutive readings were raker:_n::;tv o 5+ melreS
metre levelling staff an continuously slopping ground ai a common

4.483
0.450, 1.120, 1.875, 2.905, 3.685, 4.500, 0.520, 2,150, 3.205 and

=9.111 - 8050 = 1.06

Given ' The reduced level of the change point “:’3 isgaﬁrﬂeadings
above : ,
Rule ous a page of level field book e method and also the gradie™

points by rise and fall

last point.
(UPSC Asst. Engineers c.P.W.D. Exam,

Calculate the reduced levels of the

of the line joining the first and the 1989
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observations taken from two stations A and B, 50 m apar.
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SN, B.S. LS. FS. Rlse Fal RL | Remarks 2
1 0.450 254.050
2 1.120 0.670 253.380
3 1.875 0.755 | 252.625
4 2905 1,030 amises | 1 B/ N g L
5 3.685 0.780 Py e T - N T O L
6 0.520 4.500 0.815 25000 |Chengepoit] HE /Y0 TIN ¥l redmrvon .
1 2.1m 1.630 . m-sm T ARGy TrNerry M TLL AN r BN\ ELLANL (74
8 3.205 1.055 247.315 (b) Section along AB
9 7 4.485 1280 246.035 HG. A28
£ 0.970 . 8.985 £.000 8.015 _ 0
Arithmetic checks ’ AC = _AB ~ x sin 50° = —_S%F gin 50°'=40.76 m; BC= 70 sin 60° = 46.08 m_
EBS. -TF.S. =E Rise-TFall=R.L. of last point — R.L. of first point “ ;}b .s‘:::ou o As':, c
or 0.970 — 8,985 = 0.000 - 8.015 = 246.035 — 254.050 a Serve . o
or 015 =-8.015=-8015 (checked) " RL. of C= RL. of BM. + B.S. :wdqng + AC tan 30
254050 - 246,035 1 25,00 ++ 2.50 +40.76 tan 30° = 51.033 m

R f tine = _
Gradient of line . 2578 35

Example A-33. In-levelling between two points A and B on opposite banks .of river,

the level was set up near A and the staff readings on A and B were 1.570 and 2.873

respectively. The level was then moved and set up near B and the respective staff readings
on B and A were 2.055 and 0.850. Find the difference of level between A ond B.

(U.PS.C., C.P.W.D. Asst. Engineers Exam. 1983)

{(by Observations fmm Bt C . :
- RL. of C= RL. of BM. + B.S. reading +BCt§n 29s.

© = 25.00 + 0.50 + 46,08 t2n 29° = 51.043 m

51.033 + 51.043
Average elevation of C=———F5—"" — % §1.038 m

Example A-35. 4 railway embankment is 16 m wide with side slopes 2 to 1. Assume

the ground to be level in direction transverse 1o -the cenire line. Calculate the voluyme

i i ] intervals being in m: 2.0,
contained in a length of 100 m, the cenre height at 20 m infe .
45 40, 3.5 25 15 Us trapezoidal rule. (U.P.S.C. Engg. Services Exam. _1987)

.Soltlon : Given b=16 m ; n=12
A=(+nh}h
A1=(16+2x2)2=40m2
Ay = (16 +2 x 4.5) 4.5 =112.5 o’
A= (16+2x440=96m
A= (16 +2x3.5)3.5=80.5 m’
As=(16+2x25)25=523 m’
As=(16+2x1.5)15=285
Volume, from trapezoidal formula, is given by Eq.
At 4
2

Solution ‘

Instrument near A .
Apparent difference in level between 4 and B = 2.875 - 1.570 = 1.305 m, A being higher.
Instrument near B

Apparent difference in level between A and -B = 2.055 - 0.805 = 1.205 m, A being higher

. 1.305 + 1.
-~ Tre difference in level between A and B=M=l.2§5 m,

2
A being higher.
Example A-34. Determine the reduced level of a church spire ar C from the following

Angle BAC = 60° and angle ABC =350°

Angle .of elevation from A to the top of spire=30°

Angle of elevation from B to the top of spire = 29°

Staff reading from A on bench mark of reduced level 25.00=2.500m
Staff reading from B on the same bench mark =0.50m

FIG. - A-29
13.23

(13.23)

V=d +Aht At An-1’

(Engg. Services, 1992)

' 40+28.5 _ s
Solution : Let C be the church spire (Fig. A-28) zo[ : +llI.5+96+BO_.5+52.5]71515m

From triangle ACB, ZACB =180° — (60° + 50°) = 70°
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Example A-36. To determine the gradient between two points 4 and B, a tacheometer
was set up at another station C and the following observations were taken keeping the

staff vertical.
Staff at Vertical angle Stadia Readings
A +4°2000° 1.300, I_.610, 1.920
B +0°10°40" 1.100, 1.410, 1.720

If the horizontal angle ACB is 35° 20', determine the average gradient between A
and B. Take K=100 and C=00

(Engg. Services, 1993)
Solution

(@) Observations from C to A @ 5=1920 - 1.300 = 0.620 - m
D = Ks cos® 9 + C cos € = 100 x 0.620 cos? {4° 20'-00")

©61.65 m .

V=Ks£n22—e=100x0.620£—8—;£: 1
a8
=4.671 m

.. Difference in level between 4 and C c 2= 35y

= 4671 - 1.610 =3.061 (A being higher)

(b) Observations from C to B : 62m
§=1.720-1.100 = 0.620 m 5
D = 100 x (:620 cos® (0° 10" 40") = 62 m

sin 0’ 21207 FIG. A-30

V=100 x 0.60 ————=0.186 m

. Difference in level between B and C=0.186 - 1.410=~1.224 m (B being lower)
(¢} Distamce AB and grodient from A to B :

Fig. A-30 shows the plan, in which ZACB=a=35°20,AC=61.6 m and
BC =62 m.

By cosine formula, AB*=c'=a"+b' -2abcosC’

or AB® = (62)° + (61.65)" - 2 x 62 x 61,65 cos35°20"
From which AB=3753 m
Difference in elevation between A and B =3.061 - (- 1.224)=4.285 m’
: 4285 1 . \ .
nt = — ——— (L&, .
Gradient from 4 to B 3.5 8758 {(i.e. 1 in 8.758 falling)

Example A-37. An observer standing on the deck of a ship just sees a light house.
The tap of the light house in 49 m above the sea level and the height of observer’s
eye is 9 on above the sea level. Find the distance of the observer from the light house.
’ ' (UPSC Engg. Services Exam, 1998)
Solution : Refer Example 9.12 and Fig. 9.40.

L)
APPENDIX
Let A be the position of thé top of light bouse and B be the position of observer's
eye. Let AB be fangential to water surfece at O.
The distances d, and &, are giveo by
4,=3.8553 Y C, km =3.8553 V49 =26.987 km
and 4,=38553 VC; dam =3.8553 V9 = 11.566 km
. Distance between A and B=d,+41=26.987+11.566 =38.§53lnn 7
Example A-38. The following observations Were made in running fly levels from @
pench mark of RL 60.65
Back sight @ 0.964, 1.632, 1105, 0.850
ioht : 0.948, 1.153, 1.984 .
ﬁ:: ;:lit.‘s atozz m interval are to be set on _falling gradient qgo 1 in 100 m, from
the last position of the instrument. The first peg is 10 be at RL 60. e of
Work owt the staff readings required for semting the pegs and prepare thg page

the level book. (U.P.S.C. Engg. Services Exam, 19%9)

Solution —
Re
1 B.S. LS. ES. H.L RL
S-:\' ' e 0.964 61614 60.650
2 1,632 0.948 62.298 60.666
3 1.105 1.153 62.250 61.145
0.850 1.984 61.116 60,266
p 0 . 1.116 60.000 Peg 1
2 20 1,316 $9.800 Peg 2
T 40 1,516 59.600 Peg 3
8 60 1.716 59,400 Peg 4
9 80 . 1.916 59.200 Peg 5
60.650
Cheek | T | 455 _g.gg: RS
1.450 | 1.450_ | Checked
Example A-39. The field level -book readings from a fly level are as Jollows !
| Staff sigtion | R.L: B.S. F.S. . | Remarks _
B.M.-1 100.000 3.635 -
A x x 2.375
B 104150 . | 4220 o0 |
C 106.650 3.990 X _
B.M.-2 108.00 - %

_ : wrked and perform the arithmetic check.
Find out the missing vollies e ¢ (Engg. Services, 2003)
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Solution :
"The .solution is done in the tabular form below :
Suff Seaxion BS. ES. Beight of RL Remazks
Instrument
BM.-1 3.635 " 103.635 100.00 BM.1
A (x) 392 2,375 105180 | (x) 101.26 C.P.
B 4.220 1.030 108.370 104.150 C.P.
c 3.990 (x) 172 110.64 106.650 C.P
B.M.2. (x) 2.64 108.00 BM.2
E 15.765 7.765
Steps 1. Height of imstrument in-the first setting = 100,000 + 3.635 = 103.635
2. RL. of A= HI- F.S. =103.635-2375=101.26 m
3. H.IL for second semting =R.L. of B+F.S. on B=104.150 + 1.030 = 105.18
4. BS. on A=HIL-RL. of A=105.18 - 101.26 =3.92 o
5. H1 for third setting= R.L. of B.+B.S. on B=104.150 +4.220 = 108.370
6. F.S. on C=HIL in third setting— R.L. of C=108.370 — 106.650 = 1.72
7. HL in the 4th setting= RL. of C+B.S. on C=106.650 +3.990 = {10.64
8: FS.onBM2 = H.I in 4th setting-R.L. of B.M.2=110.64 - 108.00 = 2.64

Check : LBS. ~EF.S. =15.765 - 7,765 = 8.0 = Last RL. - First R.L.= 108.00 - 100.00

Example A-40. Levelling was done between stations A and F, starting with back:

sight-at A. Various back sights taken were in the following sequence : 2.3, 2.3, - 1.6
and X, The sum of all the fore sights was found to be 3.00. Also, it was known that
F is 0.6 m_ higher than A. Find the value of X. How many fore sights do you expect?

_Solutlon :
Since F ois' 0.6 w higher dat A,
We have @ RL. of F - RL. of 4=06 m’ o))

Also, we have LB, -EFE.S.=LastR.L. - First R.L.
. ZBS.-ZFS8.=06 m .
IBS.=0.6+ZFS. =06+30=36 .2)
But IBS. =23 +23+(-16)+X=3.0+X
10+X=36 '
or X=36-30=06m

Since each instrument setting consists of one B.S. and ome F.S., the number of
fore sights are always equal to number pf backsights. Hence number of fore sights=4.

Example A4l. The readings below were obtained from an instrument station B using

' an anailatic tachgometer having the following constanis : focal length ‘of the pbject glass

5
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203 mm, focal length of anallatic lens 114 mm, disiance between object glass and ‘anallatic
fens 178 mm, spacings of ower cross-hairs 1.664 mm.
Instrument at | Height of To Bearing | Vertical angle Stadia readings
- a
B 1.503m A 69°3000" | +5°00007 | 0.658/1.055/1 451
C 159°30000 | 0°0000" 2.231/2.847/3.463

The staff was held vertical for

Bore holes were sunk a@ Ay B}
surface being respectively 11.918 m,
thar the reduced level of B was 36.582 m,
to the direction AB.

Solution

both observations. .
and C to expose a plane bed of rock, the grot
0.266 m and 5.624 m above the rock plane, Gtv.en
determine the line of steepest rock slope relative

(@ Mmﬁmﬁm of multiplying constant

The multiplying comstant k is given by :

» Obser_'vutiom oA

. Horizontal Distance BA = ks cos’
5in26 _ 100 x 0.793 <in 10° 00 00" = 6.885 m
2

. RL. of
(d) Determination of line: of steepest rock slope:

203 x 114

k=rfomi (03 + 114 178)1.664

8=5°00'00" ;

=1.451 - 0.658 =0.793 m

Vi=ks 3

R.L. of 4=36.582 + 1.503 + 6.885
(© Observation o C : 6=0°00 00"
- Horizontai distance BC=ks cos* 0

Va=ks

=1 AP
g
2

~1.055=43915 m
1 5=73.463 -2231=1232 m
=100 'x 1.232 cos? 0° = 123.20 m

C=136.582 + 1.503 + 0 - 2.847 = 35238 m

Let us first find the tevels of rock at 4, B and C.
At A, G.L.=43.915; Depth of rock =11918 m
Rock level at 4 =43.915 - 11.918 =31.997 m

At B :

At C : G.L.=35238; Rock depth = 5.624m
- Rock level =35.238 - 5.624 = 29.614

Gradient of rock along AB =

31.997 - 26.316 _

G.L.=36.582 m ; Depth of rock = 10.266 m

Rock level at B=36.582 ~10.266 = 26.316 m

1

78.698 -

13.853

(U.L)

Given : f=203 mm; f =114 mm; n=178 mm ; {=1.664 mm

= 100.05 = 100

= 100 x 0.793 cos” 5° 00" 00" = 78.698 m

Refer Fig. A-31.
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Let D the point on AB where the rock level is equal
to the rock level at C (i.e. 29.614 m)

Length AD = (31.997 - 29.614) x Efﬂ: 33.012 m

Length BD = 78.698 — 33.012 =45.686 m
Line CD is thus a level line (or strikey-i.e. a line of

zero slope . Hence the line of steepest slope (or full “dip) i.e.
line AE, will be at 90° 0o CD.

Now Let ZBCD =a ; ZABC = 159° 30' 00" — 69° 30° 00" = 90°

Hence the line AE of the steepest slope is also inclined
at angle o to AB.
Now, from triangle ABC,
. BD -1 45.686
a=tan ‘=x= '
BC- "™ 1B®
Bearing of full dip.=bearing of AE =bearing of AB+a

= (67° 30" + 180°) + 20° 21' = 269° 51'

=20°21

L. Lavelling (strike)

A
Aberration, chromatic,
spherical,
Abney level,

Accuracy of chaining,
of compass traversing,
of peodetic levelling,
of ordinary levelling,
of theodolite (raversing,
Accuracy and e€rTors,
Achromatic lens,
Achromatism,
Adjustments, of Abney level,
of bearings,
of box sextant,
of chain,
,of compass lraverse,
of dumpy level,
of optical square,
of precise level,
of prismatic compass,
of surveyor's compass,
of theodolite,
of tiling level,
of travetse,
of Wye level,
Agonic lines,
Alidade, plain,
Telescopic,
Adtwds, ievel,
Amsler's polar planimeter,
Aogle measurement
with Abney level,
with box sextant,
with theodolite,
Angles, direct,
deflection,
_ vertical,

Angles, booking of,
summation test for,
Angular emor in traversing.

Aplanatism,

-

R

338

70
133
37
243
177

27
210

339
172
7

42
172
365

382
120
123
385
m
172
73
125
m
272
138
308

338
345

164
164
150
150
167
169

(331)

Index

Area computation of,
of closed traverse.
unils of,

Arrows,

Astignation,

Attraction, local,

Average end area rule,

Average ordinate ne,

Axis of level tube,
of telescope,

Back bearing,
Back sight,
Balancing backsight and foresight,
Balancing in,
Balancing traverse,
Band chaim,
Barometer, aneroid,
mercury,
Barometric levelling,

-Bearing, arbitrary,

adjustment of,

back,

fore,

magnetic,

quadrantal,

reduced,

true,

“whole circle,
Bench mark,
Booking, angular measurements,

chain surveys,

field notes,
levels,

seclions,
Bowditch's mle,
Box sextant,
Brightness of image.
Bubble tube,

Burel hand level,

291
198

38
210
127
kr)|
293
155
155

112
214
22
153
1712

41
249
248
248
11C
172
12 !
112 |
110 ‘
11
111 ;
110 i
110 !
196

150

92

47}
216 _
237 ,
172
346
211
244
341

]
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Cc

Capacity of reservoirs,

Capstan nuts,

Centring emror of,
theodolite,
plane table,

Chain,
adjustment of,
engineer’s,

Gunter's,
meire,
revenue,

Chain angle,

Chain surveying, field work,
problems in,
principles of,

Chaining a "line,
on sloping ground,

Change point,

Characteristic of contours,

Check lines,

Checks on closed traverse,

Circle of correction,
area of, ]

Clamp and tangent screw,

Classification of surveys,
of levelling,

Clinometers

Closed traverse

Closing error, in leveiling
in traversing,

Collimation, line of
method of reducing levels,

Combined correction

Compass, prismatic,
surveyor's,
traverse,
trough,

Compass nule,

Computation of area,
of volume, "~~~

Contour drawing,
gradieat,
interval,

269
366

159

42
41
41
39

SE8REZE

214

Contouring, methods of,
Contours, characteristics of,
interpolation of,

uses of,
Conventional signs,
Coordinates, area from,
consecutive,
independent,
Correction, for absolute length,
for atignment,
for curvamre,
for refraction,
for reduction to m.s.l.,
for sag,
for slope,
for temperature,
for tension or pull,
prismoidal,
Cross hairs,
Cross-staff survey

D

Datum,

Declination, magnetic,
Defects, of lenses,
Definition of telescope,
Deflection angles,

De Lisle’s Clinometer,
Departure,

Designation of bearing,
Diagonal eyepiece,
Diaphragm

Dip of compass needle,
Direct angles,

Direct method ' of comouring,
Distance to visible horizon,
Distribution of angular error,

- Diurnal variation,

Drop atrow, .

Dumpy level,

Banth work cakulations,
from cross-section,
. from borrow _pits,

SURVEYING

110

iy
151

n7
172
127

197,

315
315
m

INDEX

from comntours,
Easting and Westings,
Eccentricity of ci;'clas,
of verniers,
Elevation
End areas, volume by
Enlarging plans,
Errors,
accidental,
probable,
Error of closure,
relative,
Eror due to incorrect ranging,
Error, sources of, in chaining,
in compass obscrvation
in levelling
in plane tabling
in theodolite work
Eye piece,
erecting,
Ramsden,

F

Face left and right,
Fast needle method,
Field book,

Field work,

Focusing of telescope,
Folded staff,

Folded vemnier,

Toot rile clinomorer
Fore bearing,

Fore sight,

Four screw levelling head,
Free ngedie method,
French cross-staff,

Geodetic  surveying,

Ghat tracer,

Grade contour,

Graphical adjustment of traverse,
Gravat level,

Gunter’s chain,

332
169

158

158
195
321
344

27

1
mn
57
57
133

287

156

142
162

SER

15
342
2
214

“212

162

343

)
197
41

Hachures,
Half breadths,
Hand level,
Hejpht of instrument,
method of reducing levels,
Horizomtal angle,
Herizontal line,
plane,
Hypsometry,
Hypotenusal  allowance,

I

Tliumination,
Included angles, traversing by,
Index error, box sextant,
theodolite,
Indian Pattern clinometer,
Indirect ranging,
Instruments,
for measuring angles,
for setting out right angles,
Intetpolation of contours,

Intermediate sight,
Internal focusing telescope,
Invar tape.
Isogonic lines,

L
Laths,

Latitudes and departures,
Laying off horizontal angle,
by repetition,
Lehmann’s riles,
Level, Abney,
surface,
tilting,
types of,
Levelling,
differential
difficulties,
Jprecise,
profile,
reciprocal

533

257
15
7
214
216
144
195

195

252
55

2il

348
158

25

109
95

214
208

125

179
154
154

338
195

197

195
215

233

—
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534
. SURVEYING
saff, ' 201 Obstacles in chaining, 100 Quanities of earthwork, 315 Side widths, 315
. trigonometrical, 349 Odomerer, 138 : Simpson's rule, 321
Line of collimation, 204 Offsct 1od, 45 R Size of field, m
of sight, 204 Offsets » siope, chaining om, 34
. y 87 " . Y _
{5 Linen tape, 36 limiting | Radiation, , 25 correction for, 64
i Links ting length of, 89 Ramsden cye picce 206 -
i ' ) 3B oblique, 88 Random- i ’ 153 Solid. type dumpy level, 19]:
Local aurzction, 127 swing, 88 . om (;f‘e' 46 Sopwith staff, 0%
Locating buildings, 87 Optical square, 96 m?:dir::tm' P Spherical aberration, w9
m‘_"m- 260 Orientation in plane tabling, m poles ' a5 Southing, 169
il deals, - Omitted measuremest, 179 " reciprocat a7 Speedometcts >
I Locarion sketch, 9 T 5 . Stadia hairs,
15 Longitudinal section, 233 P Lo a1 Suff, cross, S
i Loose needle method, 162 _ Roclpmcfl rRnging folding, 27
it Pacing, 13 Recoonaissance, 94 fevelling, M1
f M :::Sph ’ 34 :z:z:d bm;mg. . ig Standardising, correction for, 60
eli: . _— . 212 on of bearings, L. - &
Magnetic declination, 125 . ) " Standardising chains,
1 eedle Parallel, seding out, 9 Reducing and enlarging maps, 344 Sations, schection of, 85
' ' 17 - Passometer, 18 Reference skeich, 94 4
! Magnification e - Steel band, 1
E : o, 2 Permissible error, 30 Refraction, 226 . . 3
I, Magnetic dip 7 : -, - Chain, 8
i " ) 11 in chaining, 70 Reileration, 148 ape 4
s merndian, 110 in geodetic levelling, LYr) Repetition, method of, 145 Stepping ) 54
il . storros, 126 in ordinary levelling, 243 Representative fraction, ) Surveiving, chains 3
g easurement, of area, 291 in traversing 177 Resection 278 eymg-- !
| offsets ' ' classification of, 4
; e § Plane wble, m Reservoir capacity, 132 e ]
f Mecidinn b 315 Plane tabling, m Retrograde vernier, 14 o ,
cridian, ar itrary, 110 advantages of, 289 Reversible level, 200 planc. able m
i 10 disadvantages of. 29 Reversal, principle of 365 :ﬁmipm - ;
Mezalli e 10 method of, 275 Requirements of magnetic needle 118 el 24
eatlic @pe. 43 Planimeter, 305 Right aogles, setting out 95 pe 106
Micrometer Microscope, 18 Plumb bob 4 Rice and fafl method 217 - Symbals, conventional .
xf“ﬂdmﬁm wie, % Plumbing fork, 271 Rods, offsets 45 Systematic. €ITors, 7
istakes in ch.anrungE 57 Poles, ranging, a5 ranging 45 T
" compass surveying, 133 Precise levelling, I 7
Z;f ?ev.gllmg, ) 243 Principle, of sextant, 145 S Tapes, invar, “
4 - plane - abling, 287 . or reversal, 365 o _ linen, 4
i theodolite observations, 156 of surveying, 4 _Sas. corfection for, 62; metallic 4
JEi N Prism square, 57 Ssﬁes 237 steel, 4
ﬂ Prismatic compass, 118 10R5, crc;s:aj 3 Tape corrections, 60
i Needle, magnetic | Prismoid, 319 longioudital, Target staff, wm
it ; ot 17 L - Secular variation, 125 . . 94
: Normal tension, & Prismoidal correction, 320 Selecti £ . ation . Tavistock theodolite
Northings, aod southings, 169 formula, 120 ool i Ty s o Telesoope, _ 24
North, magnetic, 110 Prolonging a line, 152 r "g ¢ " | wbe 244 external focussing, 08
Pull, correction for, 61 Sensitiveness of level A5, : ioternal focussing, 08
(0] Setting out g.l'dde contour, 2?; characteristics of, 210
: . : Q perpendicular, Telescopic. alidade, m
. Object glass, 205 Seing up plane table, 273 aff 201
Observation with box sextani, 347 Quadrantal bearing, 10 Shifting head, m Temperature, cotrection for. &
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‘Temporary adjustments,
of level,
of theodolite,

Tension, correction for,
Terms used in levelling,
Testing of Abney level,
of box sextam,
of chain,
Theodolite, transit,
. Tavistock,
Watts microplic,
. Wild T-2,

Three point problem, .

Tie line, .

Topographical survey,

Total " fatitude,

‘Transit

Trapezoidal rule,
for area,
for volume,

Traverse surveying,
area of closed,
balancing,
calculations,
closed,
compautations,
error of closure,
open,

Traversing, by chain
fast needle method,
free needle method;
fouse e iicildad,

Triangle, of error,
well conditioned,

Trigonometrical levelling,

Trough compass,

True meridian,

Turning, point,

Two peg method,

Two poiot problem,

211
142
61
195

338
345

38
137
394
392

392

279

257
165
137

1
161
98
172
169
161

17
161
161
162
162
ibZ
279

349
273
110
213
368

U-frame,
Unclosed - traverse,
field checks on,
Unfolding chain,
Units of angular measure,
a"'ﬁl
linear measure,

Y

SURVEYING

Variation of magpetic. declination 125

Verniers,
direct,
double folded,
extended,
‘regrograde,

Vertical, angle,
axis,
line,

Yolume of earth work,
from contour lines,
from cross-sections,
from spot levels,
of reservoirs,

W

Well conditioned triangles
Westings and eastings
Whites

Whole circic ceaitngs
Wild T-2 theodolite

Wye level.

Y
Y-level

z
Zero circle

141
195
s
n
315

R

169, 179

199

308

Hitr
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s

FIG. 5.17. PRISMATIC COMPASS

FIG. 5.18. WILD B3 TRIPOD COMPASS





