THEODOLITE SURVEYING
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1.1 INTRODUCTION

The theodolite is the most accurate instrument used mainly for measuring horizontal and
vertical angles. It can also be used for locating points on a line, prolonging survey lines, finding
he differences in elevations, setting out grades, ranging curves, etc. Theodolites enable the surveyor
to measure angles to an accuracy ranging from 1'to 0.1".

1.2 TYPES OF THEODOLITE

Theodlite primarily classified as
a) Non-Transit theodolite.
b) Transit theodolite

a) Non-Transit theodolite
In case of Non-transit theodolite, the telescope cannot be revolved round the horizontal axis
in a vertical plane. These instruments are compact in nature. Such theodolites are obsolete
nowadays. Examples are the Y -theodolite and Everest theodolite.

b) Transit theodolite
In case of transit theodolite, the telescope can transit i.e. make complete rotation about its
horizontal axis in a vertical plane by 180°.
All modern theodolites are transit types only, hence transit theodolite name may be replaced
by theodolite.
Depending upon the facilities provided for reading of observations the theodolites may be
classified as
| Vernier transit theodolite
Optical (glass arc) theodolite
3 Electronic theodolite
All the modern theodolites are of the optical or electronic digital type. A modern theodolite is
compact, light in weight and simple in design .All the movable parts and scales are fully enclosed
and virtually dust and moisture proof.
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Fig. 1.1 : Sectional view of a Theodolite

Brief description of various parts of a theodolite : u
P
1. Levelling Head
It is the lowermost part of a theodolite. It consists of two parallel horizontal plates separated
by three levelling screws.
The lower plate with a | hre in its : : ' vides Y
plate with a large threaded hole in its centre is called trivet or foot plate. It provi
a means to place the instrument on (tripod) stand and get it screwed. Its central aperture pro
a way for suspending a plumb bob.
The upper plate of the levelling head is called the tribrach. It contains tapered bearing at the b

centre. It has three P ! . S
s oamai arms each carrying a levelling screw. It provides a support for the upper pnﬂﬂ‘

The levelling head su o
: _ pports the entire instrument at its upper part. It also serves to mount=
instrument on a tripod stand and for levelling the instmmcm.p |




e
5. Shifting Head
Ihe shifting head is used for exact centring of the instrument after levelling has been completed.
It is a self centering device placed below the lower plate to centre the instrument quickly and
sccurately. It consists of two plates one sliding over the other by a small area of about 10 mm
radius. The two plates can be tightened in the required position. When this device is loosened, the
whole instrument can be shifted horizontally within a circle of about 10 mm diameter. The instrument
s first approximately centered over the station by moving the tripod legs. Then, exact centering 15

done by using the shifting head.
’ ad.

3. Lower Plate

[t is a graduated horizontal circular plate attached to the outer hollow spindle. It is known as
a scale plate or main plate. It is graduated in clockwise direction from 0° to 360° with graduations
at 20'. Each fifth degree is numbered. The horizontal circle reading is taken by means of verniers
A and B. The least count of the vernier is 20".

The lower plate is provided with the lower clamp screw and a tangent screw. When the lower
clamp screw is tightened, the outer hollow spindle is fixed to the tribrach and the lower plate is
fixed in position. Finer movement of lower plate is done by turning the lower tangent screw after

tightening lower clamp screw.
The diameter of the lower plate (scale plate) varies from 100mm to 150mm. The size of a
theodolite is designated by diameter of this plate. Example: 100mm theodolite, 130mm theodolite,

etc.

4. Upper Plate (or vernier plate)

Upper plate is attached to the inner solid spindle. It carries two verniers designated as Vernier
A and Vernier B at its two extremities diametrically opposite to each other at 180° apart with
magnifiers to magnify the readings. The upper plate supports the standard at its upper surface. The
upper plate is provided with the upper clamp screw and a tangent screw for fixing the upper plate
to the lower plate. When the upper clamp is clamped, both the upper and lower plates move
together as one unit and Vernier readings do not change. When upper clamp is loosened, upper
plate rotates with respect to lower plate and vernier readings change.

5. Plate Levels

Pair of level tubes are placed at right angles on the upper plate. The plate bubble is used to
make the vertical axis of the instrument truly vertical i.e., for levelling of the instrument.

6. Standard (or A Frame)
_NostmdadsmbﬁngtbekuaAmanacbedmthcuppaphm.Thueprwi&&c

bwmgsofthcpivotsofd:enlwcopeaﬂowingittorotateonitstrunjonaxisinvmph.
The vernier frame and arm of vertical circle clamp are also attached to it.
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8. Telescope ‘ : th

orizontal axis or trunnion axis. Thel Ui

rizontal spindle called h
ds in bearings carried on standards. The telescope can bej| 2

rtical plane. The telescope may be of internal focussing | 5P
ed in most of the transits.

The telescope is mounted on a ho
trunnion axis 1s supported at its two en

either rotated horizontal plane or in ve
or external focussing type. Internal focussing telescope 1S US

9. Vertical Circle
Vertical circle is rigidly connected to the telescope and moves with it when the telescope is
rotated about the horizontal axis. The vertical circle is graduated in degree_s, wFth gradmuom :
20'". The graduations in each quadrant are numbered from 0° to 90° in opposite directions from the
two zeros placed at the horizontal diameter of the circle. When the telescope is horizontal, the line

joining the two zeros is horizontal.
Vertical angles on the vertical circle are measured by means of a pair of stationary ve niers

called C and D verniers, fixed diametrically opposite to each other. The least count of vernier is
20". With the help of a vertical circle clamp screw and its corresponding slow motion or tangent
screw, the telescope can be set in any desired position accurately in vertical plane.
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10. Altitude Bubble

: A scnsit‘ive level tube placed on vernier frame is called altitude bubble. It is used to make
hotizontal.axis truly horizontal. For measuring vertical angles transit is levelled with reference to
altitude bubble. ence 0

<l < T~ — |

11. Screws

A theodolite instrument has numbe : e
o r of screws as its com L
into different types depending on their functions. poncnt pasts. TGS

a) Levelling Screws

b) Clamp Screws

¢) Tangent Screws
a) Levelling Screws

These screws are used for levelling the i make
the instrument i evel axi
The lower part of the foot screws are secur::t‘l.e.’ Nsacs
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p) Clamp screws

Ihese are used to fix the parts of a theodolif
e

) ‘ : with which these are attached.
» Lower Plate Clamp Screw
» Upper Plate Clamp Screw

» Vertical plate Clamp Screw

| ver plate Clamp Screw ; : i
| Lowerp P The clamp screw attached to the lower plate of a theodolite is called

i . — E
lower plate clamp screw. thn_lt 1s tightened., the outer spindle gets fixed with the tribrach. and.
| thus. the lower plate gets fixed in position.

Upper plate Clamp Screw : The clam
called upper plate clamp screw. When i
spindle and, thus, the upper plate gets fi

P screw attached with the upper plate of a theodolite is
t1s tightened, the inner spindle gets fixed with the outer
xed in position.

I'he manipulation of the upper plate and lower plate clamp screws provide three conditions:

When both the upper plate clamp screw and

the lower plate clamp screw are tightened, the
instrument gets fully fixed.

. When the upper plate clamp screw is tightened and the lower plate clamp screw is opened,
the mstru.ment rotates on its outer axis, there is no relative motion between the two plate and the
readings in the horizontal vernier scales do not change.

When the lower plate clamp screw is tightened, and the upper plate is opened, the instrument
rotates on the inner axis with outer axis fixed. The readings in the horizontal vernier scales change.
Vertical plate Clamp Screw : It is present on a frame fixed with standard and above the shaft of
trunnion axis. It is used to clamp the telescope in any plane and hence at any desired vertical angle.

c) Tangent Screws

With each clamping screw, there is a tangent screw present in the instrument to provide fine
movement. The tangent screws work only after its clamping screws get tightened. Thus when the
upper clamp screw has been tightened, small movement of the upper plate can be made by the
upper tangent screw, when the lower clamp screw has been tightened, small movement of the
lower plate can be made by the lower tangent screw and similarly for vertical clamp screw.

12. Spindles

There are two spindles one inside the other. The inner spindle is conical solid and fits into
the outer spindle which is hollow. The inner spindle is called upper axis since it carries th_e: upper
or vernier plate. The outer spindle is called lower axis, since it carries the lower or main scale
plate. Both the axes have a common axis which forms the vertical axis of the instrument.

13. Tripod Stand

The theodolite is mounted on a strong tripod when being used in the field. The legs of the
inpod are sohd or framed. At the lower ends of the legs, pointed steel shoes are provided to gct
them pushed mto ground. The tripod head has external screw to which the trivet of the levelling

head 15 screwed
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4. Horizontal axis
It is an axis aboul which the lclcsco' :
It is also known as trunnion axis, elevation axis or transvers
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e axis. Plane.
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e Axis of plate level

5. Axis of telescope
Itis the imaginary line joining the optical centre ] eyepiece.

of object glass and the 1
6. Line of sight or line of collimation pow |

It is the imaginary line joini ! 1
: Joming the intersecti
optical centre of the object glass and its conlinuati(:;
7. Axis of plate level

It is the straight line tangenti
o gential itudi
is horizontal when the bubble js ccntteredo o+ longitudinal curve of the plate level tube at its centre.
8. Axis of the altitude level
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5 Transiting

Iy 15 the process of rotating qram
’ i ng the telescope over the horizontal axis through 1807 in the vertical

—————————————
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. 1t is also known as plunging or reversing

AN

i
6 Swinging the telescope
It s the process o s
. ILI Ii ) “‘l of turning the telescope about the vertical axis in a horizontal plane The
g 15 calle zht sv . e
swing 15 called nght swing when the telescope is turned clockwise and the swing 1 called left

«amg when the telescope 1s turmed counter-clockwise

-

7. Face left observation

It is an observation of horizontal or vertical angle when the vertical circle is fo the lefi of the
observer
8. Face right observation

It is an observation of horizontal or vertical angle when the vertical circle is to the right of the
observer.
9. Telescope normal

A telescope is said to be normal or direct when the vertical circle is to the le
up’ if it is provided on the telescope.
10. Telescope inverted

A telescope is said to be inverted or reversed when the vertical circle 1s to
‘bubble down’.

11. Changing face

It is an operation of bringing the face of th
face right condition, from face right condition to
the telescope and then swinging it through 180°.
12. Double sighting or double centring
tion of measuring an angle twice, once with telescope in the normal condition

ft and the ‘bubble

the right and the

e vertical circle, from (or) face left condition to
face left condition. This is achieved by transiting

It is the opera
and another in the reverse condition.

~ 13. A measure
It is the determination of the number of degrees, minutes and seconds or grades contained in

an angle.

14. A Set of Observation
Finding horizontal angles once with face left observations and another with face right

‘observations are called one set of observations.
.‘ 15. Temporary adjustment

The setting of the theodolite
adjustment. This adjustment is necessary

over a station at the time of taking any observation is called
for every set up of the instrument.
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1. Setting

he seiting operation
approximate levelling

the theodolite with the tripod stand along wi
¢ -

gtation.

consists of fixing
and centring over the
tripod 18 placed over
ad lies above the stal

tati ith its legs widely

the station with 1 $pread
For setting up the instrument, the ion point and its head approximately
< that the centre of the tripod he

level (by eye estimation).

, serewing through trivet.
3 The instrument is then fixed with the tripod by screwing hroug

: cerver can see through tele
The height of the instrument should be such that observer € gh SCope

conveniently : on
4. After this, a plumb bob is suspended from the bottom of the mnstrum

that plumb bob should point near to the station mark.

t and it should be such

2. Centring | |
|. The operation involved in placing the vertical axis of the instrument exactly over the station

mark is known as centring.

For centering the instrument over a station, lift the instrument bodily without disturbing the
relative positions of legs and move it until the plumb bob is approximately over the station
peg. Then move the legs radially and circumferentially. (Radial movement helps in centering
and circumferential movement helps in approximate levelling). Thus bring the plumb bob
with in a circle of diameter 10mm over the station point.

- Unscrew the clamping ring of the shifting head, slide the instrument until the plumb bobis -

exactly over the station mark and tighten the clamping ring of the shifting head
3. Levelling | |
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" 4 Tum the instrument back to its oniginal position by ot
bubble to the centre by turning screws (1) and (2)

7. Repeat steps (3) and (4) till the bubble remains central in both positions

% Turn the instrument through 180° so that it is again parallel to the line joInIng the foot screws
(1) and (2). If‘thc instrument is in adjustment the bubble will remain central. If not, it needs
permanent adjustments.

ating back through 90°. Bring the

' Fig. 1.3 : Levelling

4. Focussing
It consists of focussing the eyepiece and the objective.

yepiece: This operation is done to make the cross-hairs appear clearly visible. The

Focussing the e
following steps are involved:

I. The telescope is directed towards theskyoras
il the cross-hairs appear clear and distinct.

e-sight of observer and so for each observer it needs to

heet of white paper held in front of the objective.

. 2. The eyepiece is moved in or out unt
Focusing of eye-piece depends on the ey
adjusted accordingly.

Focussing the objective:
object in the plane of cross hairs.

The following steps are involved:
|. The telescope is directed towards the object.
2. The focussing screw is turned until the image appears clear and sharp.

If focusing has been done properly. there will be no parallax i.c., there will be no apparent movement
of the image relative to the csross hairs, if the observer moves his eye from one side to the other

from top to bottom.

1.12 MEASUREMENT OF DIRECTION USING THEODOLITE
direcﬁmcfalineisdepictedinsurvcyingmcanpuwd

It is done for each independent observation to bring the image of the

The different ways by which the
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7. Read both lh‘c' verniers A and B and record the readings. The reading of the vernier A is the
angle l‘t_i() The VNG, B gives the value of angle POQ after deducting from it 180°. The
mean of two values of the angles obtained from the verniers A and B is the required angle
POQ

8 Change the face of the instrument to the face right by transiting the telescope and swinging it
by 180°.

9. Repeat steps 3 to 8 and determine another value of the angle POQ.

10. The mean of the face left and face right observations is the final required angle POQ. Fig. 1.4
shows typical horizontal angle measurement.

b) Repetition method

This method is used to measure small horizontal angles accurately. In this method, the
horizontal angle is measured several times and the value is added mechanically. The horizontal
angle is obtained by dividing the accumulated value by the number of repetitions. Usually 3
repetitions with face left and 3 repetitions with face right are adopted. The precision thus attained
is to a much finer degree than the least count of the vernier.

P R P
Number of

Q Q
PAR = 120 _ 40
3
Fig. (a) Fig. (b)

Fig. 1.5 : Repetition method
The steps involved in the measurement of the horizontal angle, say PQR (fig.1.5 (a)) by
thod of repetition are as follows

1. Set up the instrument over the station Q and do all temporary adjustments. Keep the vertical
circle to the left.

2. Set the vernier A to zero with the help of upper clamp and tangent screws. Note the readings
of vernier A and B.

3. Loosen the lower clamp and turn the telescope towards the left signal at P. Clamp the lower
clamp and bisect the point P exactly using lower tangent screw.

4 L«mﬁewg&mmdmmeimmtclmkwisembmmesignalm& Clamp
ﬁewchmpndbisectkcncﬂy using upper tangent screw.

. Read both verniers 1o get approximate value of the angle PQR.
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¢) Reiteration method
Ihis method is suitable when several angles are measured from a single station. > rai

angles are measured successively from the initial station. The angle between last and first statior
< also measured and thus horizon is closed

'he process of measuring angles at an instrument station around the point to obtain a ~heck

on their sum which should be equal to 360° is called closing the horizon When the horizon 1s
closed, the final reading should be the same as initial reading. If there is any error within permissible
limit. it can be distributed equally among all the angles. If the error 1s large, the whole field work

will be repeated.

S P
360°
R
Fig. (a) Fig. (b) 2
fop
BOA = 110°
POQ = 155°—110°=45°
QOR = 229°—155°=T74°
ROS = 360°-229°=131°

Fig. 1.6 :. Reiteration method

Fig.1.6(a) shows the instrument station O where the angles POQ, QOR, ROS and SOP have
to be measured by reiteration. The following procedure is used.
l. Set up the instrument over the station O and do all temporary adjustments. Keep the vertical
circle to the left.
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W hile measuring vertical angles, the following precau

bjects, it 15 essentl
depression. Therefo |
for angles of depression:

uting the reduced levels ofthe o

For comp ‘
angle of elevation or

vertical angle is the

.ve sign for angles of elevation and -ve sign 1.

Both the verniers must be read to obtain the mean vertical angle.

To eliminate or minimise the errors due to non adjustments of the instrument, both face readings -

should be taken. l
1.45 MEASUREMENT OF DEFLECTION ANGLE :

- Adeflection angle is the angle, made by the prolongation of the preceding line with the following ¢
line. When the angleis measured clockwise it is called right deflection angle whereas when measured 4
anticlockwise it is the left deflection angle. The angle may vary between 0° to 180°. This method of :

meas ey ey - - : .
easuring angles is very useful in open traversing, e.g., in the alignment of highways and railways.
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26 vembenr st line of sight is in direction of AB produced (BA"). Ensure that
Unclamp the upper plate, swi

: » SWing the telese ; :

The mean of the tw Scope clockwise to sight station ¢ :
! g O readings gives the approximate vnlucg:f ::l::ﬂ(ecﬁ:\d a::lt[:cgmm
oosen the lower clamp and a : :
unchanged Bain sight back on A. The readings on the verniers will be

Transit the telescope, Unclamp the y

the mean value. pper plate and sight C. Read both the verniers and find

The deflection angle thus measured is doubl

value of the deflection angle at B, ed. One half value of this average value is the

1.16 ERRORS IN THEODOLITE WORK

1. Instrumental errors
~ 2. Personal errors

3. Natural errors

4. Mistakes

1. Instrumental Errors

Errors due to imperfections and/or non-adjustment of instrument are all systematic, and these
1 either be eliminated or reduced to a negligible amount by adopting appropriate methods. The
sstrumental errors involved in theodolite surveying are

a) Errors due to imperfect adjustments of plate level

Due to this error, vertical axis of the instrument will not be tn.xly vertical even if the plate
subble is brought to the centre. Consequently, the horizontal and vertical angles measured will not

)¢ correct.

Toeliminncthism.themumcntanbelevelledwithrefamoctoalﬁndcmmvidcd







25

mm—

gighting and reading errors

a Inaccurate vernier reading
This error occurs when the vernier readings are not taken accurately This error is ehminated
by using the method of repetition

~ b) Inaccurate sighting
This error occurs if the station mark is not bisected accurately by vertical cross hair
This error can be eliminated by sighting the lowest point of the ranging rod or arrow at the
station point

- ¢) Parallax
This error occurs if eyepiece and objective are not focussed properly. To avoid this error,
eyepiece and objective are properly focussed while sighting.

‘3. Natural Errors

Errors due to natural causes are as given below:

| a) Temperature Effect
Temperature effect causes unequal expansion of various components of theodolite. The unequal
exposure of different parts to sun may be avoided by using surveyor’s umbrella.

b) Wind Effect .
Vibration of different parts due to wind will also cause errors. Best way to minimize such

“ errors will be to suspend the work when the wind is strong.

1?:) Refraction Effect _
Bright sunlight & refraction effects causes accurate sighting difficult. To avoid refraction
effect of line of sights, the sights very close to ground, close to bushes, etc., should be avoided.

Unequal Settlement of Tripod
If the ground is soft, unequal settlement of tripod causes error. To avoid it select firm ground
for setting the instrument, press the tripod legs sufficiently before completing temporary

adjustment or use triangular frame.

. Mistakes
Mistakes occur during reading or laying direction of line due to carelessness of the observer.

Some of them are:
» Forgetting to level the instrument.
» Reading the wrong vernier scale.
» Misreading the vernier.
» Dropping one division of the main scale reading say 20'.
» Reading the vernier in the wrong direction.
» Turning the wrong tangent screws.
»> Failing to tighten the clamp screw.
> Reading the numbers on the horizontal scale from the wrong row.

fy—
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, Linear measurements and % F*\'cf'& M ¢ W‘F Wu(hl: -

» Angular measurements,

inear measurements

The If:nglh of traverse sides are measured by direct method using tape or EDM or by indirect

ngular measurements

The direction of traverse sides are measured by deflection angles, interior angles, azimuth
.« Immediately after completion of a set of observation, an arithmetical check on the angular

or of closure is required to be performed in the field itself to detect any blunder or excessively
ge error in angular measurement.

omputations

he traverse computations involve

» Calculation of consecutive coordinates of traverse stations,
Checking in error of closure,

v

» Determination of the amount of closing error,

Y

Adjustment of traverse by balancing of consecutive coordinates,
Calculation of independent coordinates and

v

» Determination of corrected distances and azimuth of sides.

22 LINEAR AND ANGULAR MEASUREMENTS

After fixing the traverse stations, the measurement of length of the traverse lines and angles
directions proceeds simultaneously. The choice of instrument for making measurements depends
»n the traversing method employed.
near measurements

The distance between two adjacent traverse stations can be measured by one of the following
thods

» Taping or chaiming.

» Stadia or Tacheometric method.

# EDM method.
measurements

Tht!dbwuxgmdrmmmauwMMdmmhﬁwﬁ-d
ey hines

| Dwrect measurement of angles between successive lines
2 Fast needie method
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Traversing by included angles |
s« method is suitable for land surveying. The method 15 preferred for a closed traverse,

sthod. included angle between two SUCCESSIVE lines are measured. The included angles

asured may be interior or exterior angle accordingly as the traverse l'i run .m C(?untcrcl
kwise direction. Generally the traverse is run in a counter-clockwise direction. When great

Lt

racy is required angles may be measured by repetition method.

1c
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(52 0/’0
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0\( N &
T Q"e,.
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S
R
Anti clockwise traverse Clockwise traverse
(Interior angles) (Exterior angles)
Fig. 1.12

he following procedure is used (Refer fig, 1.12)

I Set up the instrument over th ;
. € starting station P an .
2. Orient the telescope in the Aol temporary adjustments.

: Mmagnetic idian direct: ;
bearing of the initial line PQ. : menidian direction and then determine the mm |

3. Set the vernier A to Zero usj ,
sight lowper clamp and tangent screw. (Keep face left). Take a bak

on last station T usj
using lower clamp ang tangent screw. Vernier A still reads zero.
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Loosen the upper clamp. Tumn the telescope clockwise and take a foresight on (). Clamp the

upper plate and bisect Q exactly using upper tangent screw. Read both verniers, The mean of
the two verniers is the required included angle TPQ

Change the face and again measure angle TP( )
T'he average of the two included angles in steps 4 and 5 is the better included angle TPQ).
Note: For greater accuracy, measure the angle by repetition method

Shift the instrument to second station Q. Measure the included angle POR by taking a back
sight on P and a foresight on R as done in steps (3) and (4),

Similarly, measure included angles at R, § and T,

Measure the lengths of traverse lines PQ, QR, RS, ST and TP using a tape or chain.

Locate the details such as inaccessible objects, roads, buildings, etc., using theodolite or tape
only or using both theodolite and tape.

‘raversing by deflection angles

Deflection angle is the angle which a survey line makes with the prolongation of the previous

ine. It is designated Right (R) or Left (L) accordingly as it is measured clockwise or counter-
lockwise from the prolongation of previous line. Its value varies from 0° to 180°.

l.
2.
3,

This method is used for open traverse conducted for the survey of roads, railways, canals,

tc., where the traverse lines make small deflection angles.

Fig. 1.13 : Traverse with deflection angles
'he following procedure is used (Refer fig. 1.13).

Set up the instrument over the starting station P and do all temporary adjustments.
Measure the magnetic bearing of the line PQ.

Shift the instrument to station Q. Set vernier A to zero using upper clamp and its tangent
screw.

4. Take a back sight on P using lower clamp and tangent screws. The vernier A still reads zero.

Transit the telescope. Now the line of sight is in the direction of PQ produced.

. Loosen the upper clamp and turn the telescope clockwise to take a foresight on R. Read both

verniers. Find the mean of the two verniers (a, ). Also note the direction of deflection angles
which is to the right, i.e., a, = R.

. Change the face and again measure the deflection angle at Q.
- Average of two values in steps 6 and 7 is the required deflection angle at Q. (i.e. &, = R).
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9 Repeal the above prix edure at all station

10, Measure the lengths ol traverse lines and locate the details

1.23 FIELD CHECKS IN THEODOLITE TRAVERSE

Checks In a closed traverse
A closed traverse should be checked for errors in linear and angular measurements. The

following are the checks for lincar and angular measurements done in the field.

1. Checks for linear measurements
I'o avoid errors in linear measurements, the measurements should be carried out by differey
parties on different dates in both the directions. Then checks for latitudes and departures should be

apphed, 1e., ZI.urumlc: 0 and Zl)cparmrc:() Any closing error indicates error in linear
measurements which should be balanced.
2. Checks for angular measurements
a) Traversing by included angles
» Sum of measured interior angles should be equal to (2n - 4) right angles, where, n is Number
of sides of the traverse.

» Sum of measured exterior angles should be equal to (2n + 4) right angles.
» Error if any should not exceed least count of theodolite x /5, .

If the error is within this limit it should be distributed equally among all the angles to satisfy
the above conditions.

b) Traversing by deflection angles

Sum of deflection angles should be equal to 360°, considering right deflection angles as
positive and left deflection angles as negative.

¢) Traversing by direct observation of bearings _
The difference between fore bearing and back bearing of the same line should be 180°.

Checks in an open traverse

Angul’ar a_nd ?inear measurements in an open traverse cannot be checked as a whole directly.
The following indirect methods are commonly used to check an open traverse in parts -7

1. Running cut off lines
In this method, cut off lines are run between

open traverse PQRSTUV having cut off lines PS ideri a
: : and SV. Considerin RS and STUV as s
closed traverses, fore and back bearings of lines PS and SV may begchPScked By measuril “

; .
ength of cut off lines PS and SV, apply checks for closed traverse, ie., Y
ZDcpa-m=0-

certain intermediate stations. Fig.1.14 shows a0
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Fig. 1.14 : Running cut off lines
2. Sighting a prominent object
[n this method, 1f there is any prominent object on either side of the traverse, it can be sighted
tor checking the open traverse. Fig.1.15 shows an open traverse PQRSTUV with two prominent

pomts M and N. The bearings and lengths of PM, QM, RM, SM and SN, TN, UN, VN may be
observed in the field to check the open traverse.

Fig. 1.15 : Sighting a prominet object
3. Astronomical observations

Open traverse can also be checked by astronomical observations. Here. true bearing of certain

lines determined by astronomical observation are compared with the observed true bearings to
check the accuracy of the traverse.

1.24 CONSECUTIVE CO-ORDINATES: LATITUDE AND DEPARTURE

The theodolite traverse is not plotted according to interior angles or bearings. It is plotted by

computing the latitudes and departures of the points (consecutive co-ordinates) and then finding
the independent coordinates of the points.

The latitude of a line is the distance measured parallel to the North-South line and the departure
of a line is measured parallel to the East-West line.

The latitude of a survey line may be defined as its co-ordinate length measured parallel to an
assumed meridian direction (i.e. true north or magnetic north or any other reference direction-

f’_arallel to N-S axis). In other words, latitude is the projection of a survey line on the North-South
Ine.

Latitude, L = IcosO

Where, /and gare the lengths and R.B. of survey lines.

~ When the latitude of a lin
IS positive.

e 1s measured northward (or upward) it is termed as ‘Northing’ and

‘Southing” and
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» —————— | as its l-_“-ufdlﬂﬂ'c lcngth measured at

_ sfinec ‘ 1 rig
h'c' :I; W axis). In other words, departure is the proje e
|

The departure of survey line mml
. ¢
angles to the mendian direction. (1.€ , paral
of a survey line on the East-West line

Departure, D = /s0 0

When the departure of a line is measur

When the departure of a line 1s measured wes
sign of Latitude and Departure will depend upo

N

od eastward, it is termed as “liasting 'and 1S POsitiv
rward it is termed as ‘Westing an'd IS negative.
n the quadrant in which a line lies.

* P
v ! or
(+ L -D) (+L, +D)
gl =!8
g :
Ny 40
W 5 -
EL, D (-L, +D) Latitude of line PQ = /cos 0
Departure of line PQ = /sin 0
S

Fig. 1.16 : Latitude and Depature

l\_‘ote: While calculating latitude and departure by using calculator, if @is in W.C.B, signs are
displayed by calculator itself. If g is in Q.B, the sign of latitude and departure should l::e properl

considered depending upon quadrant.T: ble- . : _
OA, OB, OC and OD pong able-1.1 gives the signs of latitudes and departures of i

Table-1.1
Line | Quadrant | w.CR RB Signs of o
Latitude | Departure erence sketch
N el E + +
S6,E _ o
S0, w e -
._-_-‘-'--.._
Now | . - -
Y e
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Fig. 1.17 : Consecutive Co-ordinates
Refer fig.1.17. Latitude and departurc of lines PQ, QR, RS, ST and TP are shown In dotted
lines, which are known as co-ordinates of PQ, QR, RS, ST and TP.

As per the definition of Consecutive co-ordinates, to find the Consecutive co-ordinate of P,
the proceeding point T 1s taken as reference point. Hence, consecutive co-ordinates of P is the

latitude and departure of TP.
i.e., Consecutive co-ordinates O

Consecutive co-ordinates of P are 1.€., 1

Similarly, Consecutive co-ordinates of Q,

Consecutive co-ordinates of Q = Latitude and departure of PQ.

' Consecutive co-ordinates of R = Latitude and departure of QR.
Consecutive co-ordinates of S = Latitude and departure of RS.
Consecutive co-ordinates of T = Latitude and departure of ST.

1.25 |NDEPENDENT CO-ORDlNATES

mmon origin are

with reference 10 @ co known as “Independent
alled “Total latitude” and “Total departure” of that

£ P = Latitude and departure w.r.t. preceding point T.

atitude and departure of TP.
R, Sand T can be calculated as below:

The co-ordinates of 2 point

co-ordinates”. These co-ordinates are also ¢

point.

- The total Jatitude (Y) of any point is
lines between that point and the origin. Thus

+ algebraic sum of latitudes ©

obtained by algebraically adding the lgtitudes of the

. total latitude of any point =Y <o-ordinate of origin
f all the lines UP to that point.
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36 CLOSING ERROR
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Fig. (a) Fig. ()

PP'— closing error

Fig. 1.19 : Closing error

If the survey work of a closed traverse is correct, the conditions of the closed traverse
N Latitude = 0 and zl)epur:m-e =0 shou ' *
)) ¢ 1d be satisfied. If the above conditions are not satisfied,

there 1s an error of closure.

If the traverse is plotted using field measurements, the end point will not coincide with the
starting point due to errors in field measurements. The distance by which the end point falls short
to coincide with starting point is called ‘closing error’.

In fig. 1.19, PP' is the closing error.

Closing error, ¢ = PP' = J (2 Departure)” + (E‘Latimde)2

Z Departure

Direction of closing error = tan0 = _
z Latitude

Where, 0is the Reduced bearing of closing error.

Errorof closure e 1
Perimeter of traverse p P/
peile

Relative error of closure =

1.27 ADJUSTMENT OF ERRORS IN ANGLES AND BEARINGS

Adjustment of angular error
The error in the sum of interior or exterior angles is distributed equally to each angle of the

traverse if it is within the permissible limit.

Adjustment of errors in Bearings
Let '¢' be the closing error in fore and back bearings of the same line (say last line) of a closed

traverse. Let n be the number of sides. *
Then, corrections to bearings of various lines are as follows:
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[
Correction to third line 3
e
Correction to fourth line . u
Ne p
Correction to last line =€ 1
n
1.28 BALANCING THE TRAVERSE A
The process of applying correction to latitudes and departures so as to make a{gebra:c sum of
latitudes and departures are equal to zero is known as ‘Balancing the traverse’. By applying
corrections, the traverse is made to close geometrically.
The sign of correction is opposite to that of error. This process is applied for a closed traverse
only. The following methods are commonly used.
I. Bowditch’s rule
(]

2. Transit rule
3. Graphical method

Bowditch’s rule

th B‘;Wdit(;h; rule also called *Compass rule’ is generally used for adjusting a traverse in which
¢ angles and distances are measured with equal precisi s , :
e ey precision. In this rule, the total error i
and departure is distributed in proportion to The ength of the sides. e

Thus,

Correction to latitude of any line = Total error in latitude x Length of that line
Perimeter of the traverse

Correction to departure of ne =
any line = Total error in departure x Length of that line

 ——— Perimeter of the traverse

Transit rule is used to bal
, : ANce a traverse in which the
than the linear measurements l angular Mmeasurements se
_*‘-__—\—“_'H_- n - are - ‘
- - - k I}
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According to this rule, the tota) error in |
the latitude and departure of the sides

Thus,

atitude and departure is distributed in proportion to

Correction to latitude of any line = Total error in latitude x— Latitude of that line
Arithmetic sum of latitudes
departure of that hine

Correction to departure of any line = Total error in departure x
Arithmetic sum of departures

wdi i 1 _

Th‘fj BObld!lCh rule ;ls particularly USfiﬁJl for a compass traverse where the angles are susceptible

to cqn'sl- c'ra € error whereas the. transit rule is more suited for a theodolite traverse where the
posslblln) of error is more in the linear rather than in the angular measurements.

1.29 AREA OF A CLOSED TRAVERSE

Area of closed traverse can be computed by the following methods:
1. Independent co-ordinates method.
2. Latitude and double meridian distance method.
3. Departures and total latitudes method.

1. Independent co-ordinates method
Let PQRST be a closed traverse whose area is to be computed by Independent co-ordinates.

(Ref. fig.1.20).

Fig. 1.20 : Area from Coordinates

Following procedure 1s used to compute the area.
1. Calculate the latitude and departurc of lines PQ, QR, RS, ST and TP from their lengths and
reduced beanngs.
2 th(‘mmvcco-admalcsofpoinm. PQR Sand T
alculate Independent 5 3
5 WofpoMP.Q.R.hmd |
" s points have positive Values

umMmhﬁforthcmgmdeIm




10

—————
—

‘2 — - d V : - -
s . R Sand | r:'spmltwly -
dinates of P, Q ant - Y >
4 Lety v.y.y andy, be Y co-ordmall s ;7.
¢ Leti. X X, X, and X, be X co-ordmalcs of P, Q. RS and T respectively
‘  dele : two rows as
6 Armange the independent €O ordinates in the dete rminant form in ) shown heloy, B
.f‘:
. \ \ \ \ \ L,
o
ies m(hm!ul by thick lines L
i

Find the sum of the prndml of co-ordin:

1.C.. EP:\.-‘? . ‘\,}\! 4 _\-‘1‘5 .\"X‘ [ .\‘\

Find the sum of the product of co-ordinates indic

1.L., ZQ: XY, + XY, T XYY XY T XY
Then. twice area, 2A = Difference between ZPand EQ . ZP ZQ

Wi

ated by dotted lines

Therefore, Area of the traverse, A = Sq units
4

—

Latitude and Double Meridian Distance Method (DMD) "
A ,
3.

MD - Meridian distance

Fig. 1.21 : Lany,
3 ude and
.W MM
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rhe omitted elements of 5 "
raverse

| Bearing and Distance of O
o ved for are an follows

i Distance of two Lines

4 Bearing of two Lines

1.31

» Deflection angle calculation

> ('pm.puli"g Latitude and departure,

» Closing error, Bowditch & Transit ryle
» Area of traverse. |

WORKED ExamPLES

» Omitted measurements.

1.31.1 DEFLECTION ANGLE CALCULATION

1. An open traverse is run from A to G & deflection angles are as foll
OwsS:

Station | Deflection
angle

32°16' (L) ~
18°34' (R) -t
22°12' (L) -
42°24' (R)
52°42' (R) -

il ii-Aell--

Bearing of the first line is 110°6', calculate the bearing of all other lines.

Solution:
Bearing of AB = 110°6' (Given)
Bearing of BC = 110°6' - 32°16" = 77°50" .
Bearing of CD = 77°50' + 18°34' = 96°24' -
Bearing of DE = 96°24' — 22012'="74°12" -
Bearing of EF = 74°12' + 42924' = 11636’
Bearing of FG = 116°36' + 52042' = 169°18' .

2. Reduce the following interior angles of closed
°l4',AD—62°10',LE—214“20',4}7'—83“20'

traverse ABCDEF to deflection angles.

/4-68°30'. ZB—208"26',£C—83

Solution: e |
Deflection angle at A = 180°— 6830' = 111°30'R
_180°=28°26'L -

Deflection angle at B i208°26' 3

¥-3
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Deflection angle at C = |8(0F - R1°14' = 96°46' R
Deflection angle at D = 180°- 62710 117°50" R
Deflection angle at E = 214°20' - 180° = 34°20'L
Deflection angle at F = 180°~ 83°20' = 96°40'R
Sum of deflection angles to Right = 111730"* 06°46' + 117°50' + 96°40" = 422°46
Sum of deflection angles to Left = 28726 34220 = 62°46'
Check : For closed traverse algebraic sum deflection angle must be equal to 360"

422%46' - 62°46' = 360°
3. The following interior angles of closed traverse ABCDEF. Calculate the deflection angle

ZA-60°40". 2B -201°38',£C-93"19', 4D - 69°48' ZE -210"13", £F - 8422

Solution:
Deflection angle at A = 180°— 60°40" = 11 9°40' R
Deflection angle at B = 201°38' - 180°=2 1938' L
Deflection angle at C = 180°—93°19' = 86°41' R
Deflection angle at D = 180°— 69°48' = 110°12'R
Deflection angle at E =210°13'— 180°=30"13'L
Deflection angle at F = 180°— 84°22' = 95°38'R
Sum of deflection angles to Right = 95°38' + 110°12' + 86°41" + 1 19°20' = 411°51"
Sum of deflection angles to Left = 30°13' + 21°38' = 51°51'
Check: For closed traverse algebraic sum deflection angle must be equal to 360°
411°51' - 51°51"' = 360°

1.30.2 COMPUTING LATITUDE AND DEPARTURE

1. Following are the bearings of a traverse. Calculate its latitude and departure of a lin¢

Line | Length in m | Bearing |
AB 202.1 N3031'E
BC 101.6 N4220'w
CD 98.5 S60°F
DE 75.5 S25"25'w
Solution:
Latitude = /cos

Latitude of AB = 202.1c0s 30°31'= +174.10m (+ve — 1* quadrant)
Latitude of BC = 101.6¢0s 42°20 = +75.1m (+ve — 4* quadrant)
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e
[ atitade of CD = 9% Scos 60" 49 24m i -
[ atitude of DI 75,9008 29°3%" o <68 10 ve ~ ™ quadrant)
Departure [sm® il
Departure of AB = 202.1sin 10311 = 4102 62m
Departure of BC = 101.65in 42°20 = -68.42m

Departure of CD = 98.5sin 60° = +85.30m

Departure DE = 75.5sin 25925 =-32.40m

Followi
ollowing are the bearings of a traverse. Calculate its latitude and departure of a line

!J

Line | Length in m | Bearing |
AB 70 83’
BC 110 120"
CD 90 190°
DE 343 255"
EA 212 31

Solution:

Latitude = lcos©
Latitude of AB = 70co0s83° =+8.53m
_ 110cos120° =—55m

Latitude of BC

Latitude of CD = 90¢0S 190° = —88.63m

Latitude of DE = 343cos 255° =—88.77m

Latitude of EA = 212¢c0s315° = +149.90m

Departure = Isin®

Departure of AB = 70sin 83° = +69.47m

Departure of BC = 110sin120° = +95.26m
0 __15.62m
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theodolite:
3. Following are the readings observed in traversing with a

Line | Bearings | Length in m
AB | 343°50' 370
BC | 87'50° 54()
Cp | 172°%0' | 340
DA | 265°10° 490

DA.
Calculate the latitude and departure of sides of the traverse ABC

Solution:

Latitude = /cos 0

Latitude of AB = 370cos 343°50'= +355.36m
Latitude of BC = 540c0s87"50'= +20.41m
Latitude of CD = 340co0s172"40'= -337.21m

Latitude of DA = 490cos 265"10'= —41.28m

Departure = /sin 6

Departure of AB = 370sin 343°50"= ~103.02m
Departure of BC = 540sin87°50'= +539.6 1m
Departure of CD = 340sin172"40'= +43.39m
Departure of DA = 490sin 265°10'= -488 26m

4. The coordinates of two points C & D are as follows. Find the length and bearing of C, D.

Co-ordinates
Point :
N E
C | 980 | 820
D 1192 | 567.3
Nolunion:

Latstude of CD = Difference between north coordinates

ofpoints D& C = 1192 <980 = &
Departare of CD

Drfference between cast Coordinates of D & C = 567 3 - 820 =
[cng‘(hnll“ \[JIIM"“[VMM(' —‘-\’l"¢"ﬁ“—

e -52 7 -‘29"3.
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. Departury 2527
Latitude - 212 s
nce, latin .
o e + ve and departure - ve Ohesin 1v
NSO"020m = e

W OB =360 - 50°% 20 . 09°59 44

S. The coordinates of two POINtS A & B are a Mlows

Co-o
Poini rdinates

N | P
e
A 4815 3242

B 607.6 734

Find the length and bearing of line AB.
lution:

Latitude of AB = 607.5 — 481.5 = + 126m
Departure of AB = 73.4 - 324.2 = — 250.8m

Length of AB=y/ Latitude® + Departure® =\126? + 250.8° = 280.67m

D
St epcjrrture — tap) 250.8 - 63"1 937"
Latitude 126

since, latitude + ve and departure - ve, 8 lies in IV qudrant (i.e, NW)
0=N63"1932'W
W.C.B=360"-631932" =296"4028"

A man travels from ‘A’ towards west and reaches the point *B’. The distance between A
& B = 140m. Calculate the latitude and departure of the line AB.

) N
fion: f
W.C.B of AB =270°

Latitude of AB = /cos8=140cos270° =0

Departure of AB = Isin 6 = 140sin 270° = —140m

140m
Fig. 1.23
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7. The bearings of PQ and QR are 19°22' and 60°20' respectively.
ends of P and R are

The CO—OI‘dlI‘Iﬂtes of the

Point Co-ordinates
N E
P 200.00 300.00
R 1332.80 1157.20

Find the length of PQ and QR.
Solution:

Latitude of PR = 1332.8 — 200 - 1132.8m

Departure of PR = 1157.2 - 300 = 857.2m

Length of PR =/ Latitude + Departure® =J1132.8% +857.2° =1420.57m

. : . : . 8572 :
Magnetic bearing of PR = 0 - tan o ook ] tan =37'6'S5"
Latitude 1132.8
0= N37"6'SS"E

W.CB=37"5s

In tnangle POR

Bearing of QP = +180° + 19722 = 1997

Angle Q = Bearing of QP Bearing of QR = 199" 60°20° = | Yooy
Angle P = Beaning of PR - Bearing of PQ = 17%'54" 1922 = | s 9"

Fe L.
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: 51
wngle R = 180% = (139%2" 4 1 7044155 _

r.‘,x\‘l

3ll| "S"
\pplying sine rule in triangle POR
SinQ SinP
sin O sin13g%y - 060:53m

PR _ PQ
Sin Q Sin R
e PRxsinR _ 1420.57 xsin 23°13'5"

. sin O sin139°2' =2

8. The coordinates of two points A & B are as follows:

Point Co-ordinates
N E
A 982.5 825.2
B 1198.6 576.4

Find the length and bearing of line AB.
Solution:

Latitude of AB = 1198.6 — 982.5 =+ 216.1m
Departure of AB = 576.4 —825.2 =~ 248.8m

2 2 e
Length of AB = | Laritude® + Departure’ =V216.1" +248.8" =329.54m

 Departure _ can™ 248.8 _ 49°125"
Latitude 216.1
6= N49"125 W
W.C.B =360° — 49125 =310°5835
-658.7, +468.2 with respect to the magnetic meridian.
magnetic declination is

0 =tan

9. Co-ordinates of line AB ml h respect tru ridian, if
Calculate the co-ordinates » .

10"12'E.
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. BCD. The beariy
ed traverse A
sides of rln‘;”“ is 5°30'W. Convert the helrlng‘

——— —

2. Following are the length and bearings of ;
given are with respect to magnetic meridian & declinat
10 true bearing and find relative ervor of closure.

ine | Length in m | Bearing
,'\Il;" ‘;03 343'52'
BC | 635 87‘20'
CD | 1130 [ 17240
DA | 563 265"12'
Solution:
Line | Lengthinm [ Bearing | True bearing of | Latitude =/cos6 | Departure=/sing
o 17327 5
AB 470 343"52' 338722 +436.89 :
BC 635 87°50" 82720 +84.715 +629.32
CD 1130 172%0 167°10' -1101.77 +5255;).99;) A
DA 563 265712 259"42' -100.66 st o
_ -680.83 +153.12
| g K

Note: True bearing of line = Magnetic bearing — Declination for west

e= /(Y Latitude)® + (D, Departure)® =./(~680.83) +(153.12)" = 697.84m

Perimeter P = 470 + 635 + 1130+563 =2798m

I 1

P/ 2798, .
‘e 769784 4

Relative error of closure =

3. The following are the lengths and bearings of the sides of traverse ABCD. Find the
closing error and its direction.

Line | Length in m Bearings
AB | 470 343°52"
BC | 635 172°40"
CD | 430 172°40'
DA | 563 | 26512

Solution:

Latitude =1 cos©

Y Latitude=470c0s 343°52"+ 635 cos | 72°40'+430c0s172°40' + 563 €0s265°12'
=451.49-629.80 - 426.48 — 47 11

Zmamz-ﬁsn_q
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f\'pﬂ"!ll'l (fsme

L!’i;'l‘”’:lrl I-I‘\”i“l: (5 & 1 :

SINL 72 Ay 4 W i0sin 7

1306 + 8] 0% + &

L l NN
z“"pm’mn 558 /0

561.02

e= ."(zl.:mmdv)' \ 2 Dartur
\ ( D Departure) V(=651.9)" +(-555.69)

BR56.61m
Departure
8= tan lz' i = tan 1 335.69 40"76'47"
z Latitude 651 9 26'42
0=S40"2642"w
4. Adjust the following traverse by Bowditch Rule
Line | Length in m | Bearing
AB 89.31 4510
BC 219.76 72°05'
CD 151.18 161"52'
DE 159.10 228"43"
EA 232.26 300"42'
Solution:
Line Length | Bearing | Latitude | Departure | Correction | Correction | Corrected | Corrected
Inm to latitude | to latitude departure
departure |
AB 89.31 | 4510 162.97 +63.34 |  -0.055 [-0.023 +62.915 | +63.317
BC 219.76 | 72°05' +67.61 | +209.10 | -0.134 | -0.057 +67.476 | +209.043 |
CD 151.18 | 161°52' | -143.67 +47.05 | -0.092 [-0039 | -143.762 | +47.011
DE 159.10 | 228%43' | -104.97 | -119.56| -0.097 | -0.041 -105.067 | -119.601
EA 232.26 | 300°42' | +118.58 219971 -0.142 | -0.060 +118.438 | -199.770 |
Total= | 851.61 +0.52 +022| -052 |-0.22 0 0

Perimeter = 851.61m
Total error in latitude = +0.52
Total error in departure = +0.22
Correction to latitude or departure of any line =

Length of that line
Total error in latitude or departure> e o of the traverse

Correction to latitude of line
8931

P =—0.055
AB 0.52x 251,61
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u‘lpl
9 TH i
H( 0.5 01\ ¥
851 .61 v
g A
D 05) 15118 O
851 .61 #
59
DI 0.52 x Lt 0.097
851,61 (’
232.26
EA 0.52x = (), 142
851.61 ﬂ
Correction departure of line
39 .31
AB 0.22x =-(.023 .
851.61 §
219.76
BC= -022x=—>2 _ _0.057
851.61
151.18
CD=-0.22x——=-0.039
851.61
159.10
DE = —-0.22Xx——— =—0.041
851.61
232.26
EA =-0.22x =—0.060
851.6

/s

Calculate the error of closure and adjust the following traverse by using transit rule.

Line | Length in m | Bearing |
PQ 130 SS8'E
QR 158 S6'E
RS 145 S40"W
ST 308 N81'W
P | 337 N48'E
Solution:
Line | Length | Bearing | Latitude |Dr:panure Correction | Correction
In m to latitude to
departure
PQ 130 | S88°E 454 |  +12992| -0.008 +0.087
QR 158 | S6'E -157.13 | +16.52] -0.268 0.011
RS 145 | S40°'W -m.ox‘”f-gs.:l‘-u.@_q +0.062
'g?ﬁ 308 | N8I'W +48.18 -304.21 | -0.082 +0.203
TP | 337 | N4SE +225.50 | +250.44 | -0.383 +0.167
] Total= +0.93 | -0.53 -0.93 +0.53
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Error of closure, ¢ N 1o
\ BY Willide) \ ™
I~

1 54

.-\rilhmclu' sum of \ll'l\.llhlh 129 " LAL i
] ’ !,‘

Correction to latitude o departure

Arithmetic sum of latitudes

Ilj any i]“:_

Total error in latitude or departyre »

| alitude or de parture of that lin
Arithmetic sum of latitudes or departur
Correction to latitude of line

4.54
PQ=—0.93x -=—0.008

546.43
QR = —0.93% 15:(]):3 =—-0.268
RS = —-0.93 f“'ii =—0.189
ST=-0.9 448618 =—0.082
1= 09322550 o35

Correction departure of line

PQ = +0.53x ‘7333 _ 40,087
QR = +0.53x 7‘54’229 _ +0.011
RS = +0.53% :;f; =+0.062
ST = +0.53X ;2‘:; _ +0.203
TP = +0.53x ?_;Zg.;: =+40.167
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6. Calculate the error of closure and adjust the following (raverse by using transit rule
(units in m),
Line | Latitude | Departure
PQ | 123.35 35.68
QR| 9382| 20586
RS | -177.44|  70.11 |
SP -39.21 -312.25
Solution:
Line | Latitude | Departure | Correction Correction Cfor!'ected Corrected
to latitude | to departure | latitude departure |
PQ 123.35 35.68 -0.148 0.034 123.202 35.714
QR 93.82 | 205.86 -0.112 |  0.198 93.708 206.058
RS -177.44 70.11 -0.213 0.067 -177.653 70.177
SP -39.21 -312.25 -0.047 0.300 -39.257 -311.950
Total= 0.52 -0.6 -0.520 0.600 0.000 0.000

Error of closure, e = ‘ﬁZLatimde)z + (ZDeparture)z - \/(()_52)2 + (—0_(50)2 =0.793 m
Arithmetic sum of latitudes = 123.35 + 93.82 + 177.44 + 39.21 = 433.82
Arithmetic sum of departure = 35.68 + 205.86 + 70.11 + 312.25 = 623.9

Specimen calculation:
Correction to latitude or departure of any line =

Latitude or departure of that line
Arithmetic sum of latitudes or departures

Total error in latitude or departure x

123.35
e tion to latitude of line PQ = —0.52x ~=-0.148 “
- Q 433 .82
35.68 /

Correction departure of line PQ = +0.60x = =+0.034

- .

7. The following table gives the details of the closed traverse ABCP. Find the
a) Closing error and relative error of closure,

b) Adjust the traverse by Bowditch rule.
¢) Independent coordinates of all the points.
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Station N S 3 W | Length
on

AB | 131 o | |
e 07 | 51,99 141
2541 | 188,82 190.5

D | 12579 | 28.656 129
DA 30.15 16587 | 168

n’u":(?":
Y Latitude =131.07 + 25.41~125.79 ~30,15 = 0 54
Y Departure =~51.99 + 188.82 + 28,656 — 165.87 = 0,384

Closing error

e= J(Z Latitude)® + (Z Departure)’ = \/(0.54)2 +(—0.384)° =0.662m

Departure
i Z : = tan1 2384 _ 35°251"
Latitude 0.54

9 - N35(125|1||W

0 =tan

Perimeter =141+190.54+ 129+ 168 = 628.5m

: | 1 1 .
Relative error of closure = % =58, ? 6_662 = 949,30 say 11n 950
wditch rule :
ine Length | Latitude | Departure | Correction | Correction | Corrected | Corrected
to latitude | to latitude departure
departure
AB 141.0 131.07 -51.99 -0.121 0.086 130.949 -51.904
C 190.5 2541 188.82 -0.164 0.116 25.246 188.936
D 129.0 | -125.79 28.656 -0.111 0.079 -125.901 28.735
A 168.0 | -30.15| -165.87 | -0.144 0.103 -30.294 | -165.767
oal= | 6285 +0.54| -0.384| -0.54 +0.384 0 0
Pernmeter = 628.5m
Total error in latitude = +0.54
Total error in departure = - 0.384




e

s“”.yw .”
Specimen caleulation: -
Correction 10 latitude o departure of any line »
Total error in latitude or departure » S uf i
Perimeter of the traverse
. Correctio ‘ " 141
on to latitude of line AB 0.54x 0121
628.5
Correction d oy : 41
chon departure of line AB ~ + 0.384 x +0 086
628.5
Let the independent co-ordinates of A be (100,100)
[ Point Total latitude Total departure e
L NGOR . N § -
2 | 100+130.949-230.949 | 100-51.904=48.096 |
e 230.949425.246-256.195 | 48.096+188.936=237.032
D 256.195-125.901=130.294 | 237.032+28.735=265.767
A( Check) | 130.294-30.294=100 | 265.767-165.767=100

8. Balance the given traverse in Bowditch rule & Transit rule. Calculate closing error and
relative error of closure.

Line | Length (m) Ll atitude(m) | Departure(m)
AB 200 | 1732 | 0o
» BC 130 | ¥ . 130
co | w0 | ses | s
el W | am ] &
EA 320 -154.9 -280
.}'ohm'on.;
Line | Length I Latitude [ Departure | Bowditch rule Transit rule
inm | Correction | Corrected | Correction | Corrected
J | | _to lautude latitude | 1o latitude latitude
AB 200 | -1732] 100 -1.70 -174.9 221 |  -17541
BC 130 0| H" -1.11 -1.11 0 0
CD 100 866 s0] -0.85 | 85.75 -1.11 85.49
DE 250 | 20| o] 212 247.88 -3.20 | 246.80
—EA 20 | -1549| - 280 | 272 |  -157.62 -198 | -156.88
Total= | 1000 | ‘8.5 : - 0 -8.50 L]
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Perimeter, P 1000m
lTotal error in latitude +8.5
Total error in departure 0

('|"qing error

¢ (zl.mrmﬁ ) (zﬂcpwmrc J(X 5)° +(0) =8.5m

0
f=tan o= Al s
Z[.umudc 5 0 (North)

Relative error of closure = PL = ! -

/1000,

e 85 117.64

Specimen calculation:

Bowditch rule:
Perimeter, P =1000m
Correction to latitude of any line =

Length of that line

Total error in latitude X ——
Perimeter of the traverse

Correction to latitude of line AB =

Transit rule:
Arithmetic sum of latitudes = 173.2 + 0+ 86.6 +250 + 1549 = 664.70

Correction to latitude of any line =

Latitude of that line

Total error in latitude X _-————-——————_'_‘_-
Arithmetic sum of latitudes

173.2

664.70
o-ordinates of points forming a closed traverse

2.21

—-8.5%

Correction to latitude of line AB =

TQ. The following table gives the consecutive ¢

ABCDE.
Station | N S | E W
B 20025 29925
= 1 7299 | 199.73
—p | |200 1
= | 300.5
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11.4 AREA OF TRAVERSE
-1‘ v

. Find ”;v area of the Cloesd traveres having the following data, by the coordinate
method. J

Side | Latitude Departure
AB_ | 42255 | 41205
BC | -2450 | 42100
CD | -1505 [-1105

| DA | +170.0 | -220.0

‘ .
_5,,{:;!:;»:1:

The consecutive coordinates are arranged in independent coordinate form as follows:
|

l __'_]'hfvmdl‘i“‘ 1dent pnnrdinnleq of IhP mnemnwwm_mlmﬁm
' | Consecutive _
e coordinates Independent coordinates
| Station | Side '
| Latitude | Departure North (¥) East(x)
S +200.0 +100.0
B | AB | +225.5 | +120.5 +200.0+225.55 = +425.5 | +100.0+120.5= +220.5
C BC |-245.0 | +210.0 +425.5-245.0= +180.5 +220.5+210.0= +430.5
| D CD |-150.5 |-110.5 +180.5-150.5= +30.0 +430.5-110.5= +320.0
| A DA | +170.0 | -220.0 +30.0+170.0= +200.0 +320.0-220.0=+100.0

Thus, the independent coordinates of all the stations become positive ( i.e., they come to the
first quadrant).

The coordinates are now arran ed‘i'n determinant form as follows:
R ;

v v
y, >3y, Y, >y, >y,
1\'1 X J(.3 Xd " XI
3 p
200 \: 425.5 \{ 180.5 \ 30.0 \ 200

100 220.5 430.5 320.0 100
Sum of the product of co-ordinates indicated by thick lines.

L&, 2P=}';-"~: Yy, Xt ¥.X, T Y.X
=288037.75
z P=200x220.5 +425.5x430.5+ 180.5%320.0+ 30.0x100=28

Sum of the product of co-ordinates indicated by dotted lines
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[ution: .

- Co-ordinate method pl""rnb vJe It OS5 O 7

Origin 1s SO chosen that all the points lie in North-East quadrant ;

et the co-ordinates of point be 200,100
r/'" Consecutive

| Sids coordinates Independent coordinates
Station Latitude | Departure | North (y) East(x) o
(A 200.0 | 100.0
B AB 214.8 124.0 | 200.0+214.8 =414.8 | 100+124 =224
c | BC | -245.10 205.7 | 414.8-245.10 =169.7 | 224+205.7 =429.7
D | CD | -155.90 -90.0 | 169.7-155.90 =13.80 | 429.7-90 =339.7
"A(Check) | DA | 186.20 | -239.70 [ 13.80+186.20-200.0 | 339.7-239.7 =100.0

The coordinates are now arranged in determinant form as follows:
Y,

X Y, Y, b 7 :

13.8 ~_.w 200

200 w 4148 \\: 169.7 4 :
0 ™ 24 7 4297 < A 3397 -7 A 100

ZIP=ylx2 Y%, FY XY

3 P=200x224+ 414.8x429.7+169.7x339.7+13.8x100 = 282066.65

ZQ= By, + Xy, Xy,

ZQ#OOX4I4.8+ 224 x169.7 + 429.7x13.8+339.7x200=153362.66

%‘-ZP‘ZQ’

i

Area of closed traverse

(282066.65-153362.66)

:

64351.995 m’

]
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4. Compute the area of the traverse whose details are as under:

Line | Length in m | Bearing
AB | 204 ‘ 87”30'
BC | | 20 20
CD | 137 zsn“oo'
DE | 192 ' 210"30"
EA | 8785 | 180"28'

Solution:

The consecutive coordinates are arranged in independent coordinate form as follows:
The independent coordinates of A are assumed to be (+200,+100)

Co"se?mwe Independent coordinates
Coordinates
Station | Side | Latitude | Departur North (y) East (x)
[cos@ €
/sin@

A 200.0 100.0
B AB 8.89 203.80 | 200+8.89 =208.89 100+203.80 =303.80
C BC 211.91 78.53 | 208.89+211.91=420.8 | 303.80+78.53 =382.33
D CD 3247 | -184.15 | 420.8+32.47 =453.27 | 382.33-184.15 =198.18
E DE | -165.43 -97.45 | 453.27-165.43=287.84 | 198.18-97 45 =100.73
A(check) | EA -87.84 -0.73 | 287.84-87.84 =200.0 | 100.73-0.73 =100.0

Thus , the independent coordinates of all the stations become positive ( i.e., they come to the
first quadrant).

The coordinates are now arranged in determinant form as follows:

y y y} Y.u Y
‘l \‘ % \‘ . \ \ 5 X Y,

X, X, X

1
200 208.89 v 4208 453.27 287 84 200
100 X 303.8 < 38233 > 198.18 > 100.73 >\ 100
Sum of the product of co-ordinates indicated by thick lines.

W ZP=)'|:(3 T, X T Y X TYX TYX

Z P =200x303.8+208.89x382.33+420.8x198.18+ 453.27x 100.73 + 287 84 x 100 = 298460.94
Sum of the product of co-ordinates indicated by dotted lines

e, Y Q=XY, + XY, P XY, T Xy +xy,

3,
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() x 20K XY 4 o —————
100x 20889+ 303 8% 4208 . VB2 33w 441 69
Sy 270]9,,‘”“

\ J
—
2R7.84 4 100,73 % 200 = 1997 16 %9

[herelore Area of the raverse, A ZI' ZQ oL
2 = £28460,94 - 399216.89

3 50377 98m’

< The following are the latitudes and de
g, Partures of the |
nes of

a closed traverse ABCDA,

Line | Latity

AB i_.f.;l‘Lgfi(""L —eparture(m)
BC Lo #08 T e
CD 80.5 "‘T,—:z*"——«
DA Tsw———m_«

Compute ate area of the traverse by Co-ordinate method

lution’
The consecutive coordinates are arranged in independent coordinate form as follows:
[he independent coordinates of A are assumed to be (+200.+ 100)

Consecutive
bion Side coordinates Independent coordinates
Latitude | Departure North (y) East (x)
g 200.0 100.0
AB -116.1 -44.4 | +200.0-116.1 =83.90 | +100.0-444 =556
| BC +6.8 +58.2 | +83.9+6.8 =907 | +55.6+58.2  =113.8
CD 80.5 17.2 | +90.7+80.5 =171.2 | +113.8+17.2 =131.0
(check) | DA 28.8 31.0 | #171.2+28.8 =200.0 | +131.0-31.0  =100.0

I'hus. the independent coordinates of all the stations become positive ( i.e., they come to the

st quadrant).

The coordinates are now arranged in determinant form as follows:

y Yy sogw Fagr e Fes g
. PR x a1, > x 2% x
200 5 8390y 07 e 1712 g 20
00 DX 556 7% 11387 131070 100

- indi ick lines.
Sum of the product of co-ordinates indicated by thick |

e, Y P=yX, + Y% FYASYS

Y P =200%55.6+83.9x1 13.8.+90.7x131.0+171.2X100=49669.52

—

: indi dotted lines
Sum of the product of co-ordinates indicated by

Y 0= xy, + xRV A

——
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L“ 49669 52 - 59115 48

4722 98m
”"I'H’UH Area of 1y Iraverse .‘

6. Find the area of the closed traverse having the following dats by the co-ordinate Method

Line | Latitude(m) = Departure(m)
\B | 2255 | 1205
BC | 245 | 210
CD | -1505 | -110.5
DA | 170 | 220

Assume the independent co-ordinate of point A as X-100, Y-200.
Solution:

I'he consecutive coordinates are arranged in independent coordinate form as follows:

I'he independent coordinates of A are assumed to be (+200, +100)

§ SR ULV Independent coordinates
Station | Side coordinates _
Latitude | Departure North (y) East (x)

A 200.0 100.0 2
B AB 225.5 120.5 | +200.0+225.5=425.5 | +100.0+120.5 =220.5

C BC -245 210 | +425.5-245 =180.5 | +220.5+210 =430.5 |

D CD -150.5 ~-110.5 | +180-150.5 =30 +430.5-110.5 = 320

A(check) | DA 170 220 | +30+170  =200.0 | +320-220 =100.0

Thus, the independent coordinates of all the stations be

come positive (i.e., they come to the
first quadrant).

The coordinates are now arranged in determinant form as follows:

Y3 Y, ..’ Y, vy Y
\ ‘ > | > X, > x:

4

) S L5 X

200 425. 180.5 3 .
100 > 220, \ > Zs

43052 329 ~
Sum of the product of co-ordmales indicated by thick lines.

5 ZP:)’;": T Y, X, +y;x-s+y4x4 +ysxr

ZP=ZUU><2;'U.5+425.Sx430.5+180.5x320+30xl(){)=283037_75 —
g,a, Thg+-%xa ¥zt XYy + T PO+ Ay,

(omftﬂf f +@1u Eﬂgof) (430 §x30).,( )
E= ’g"&bg "’S_‘/' ve AAao :?«’ S.‘.ﬁ

= 64386, zg‘m
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1.30.5 omiTTED MEASURFMENTS

» '
] 'ﬂ-"ﬂﬂllg Are the lemgthe and bearings of traverse PORS

Line  Length in m - Bearings

PO 0 0 W
OR 120.0 140°

| U]
I RS 180.0 210

Calculate the length and bearing of SP.
Solurion

Let 7 be the length and 6 be the bearing of line SP. Then,

E Latitude =)
248¢cos 30" 4 320cos140" +180cos210° + [cosB =10

S AcosB=18624m

z Departure =0
248sin 30" +320sin140° +180sin 210" +/sin® =0

SAsinB=-239.69m

Latitude +ve and departure —ve. Hence . the bearing is in 4 quadrant.

1=+/186.24 +239.69? =303.54m
239.69

tan ="

186.24

B = 52“91] “ul: ;NSZ{'QII O"’V

0=360"+52"9'10"=307°50'56"

2. From the following data of closed traverse, calculate the length and bearing of the lint

SP.
Line | Length in m Bearing
PQ 85 N83"36'E
QR 137 N42°15'E
RS 67 N63"48'W
| SP ? ?
Solution:

Let / be the length and @ be the bearing of line SP. Then,
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<" Latitude =0
—
< oos §3°36'+137 cos 42°1 54
5008 | *5701‘!5(\3‘}48'}[‘;058: 1]

140.46 + [ cos 0=0

. JcosB=—-140.46

N Departure =0

A

g5sin 83°36'+137sin 42°15'675in 63°48'+/sin 6 = 0
11647 +Isin@=0

- ]sin@=-116.47

Both latitude and departure are —ve. Hence , the bearing is in 3" quadrant.

1 =140.46% +116.47* =182.46m

tan0 =
140.46

9 =139°39'57"= §39°39'57"W
9=180" +39"39'57"=219"39'57"

‘ 3. The following are the lengths and bearings of the sides of closed traverse ABCD.

Line | Length in m | Bearings
AB 78.2 140°12'
BC 198.0 36"24'
cD 37.8 338"48'
DA ? ?

Calculate the length and bearing of DA.
ution:

Let /be the length and @ the bearing of line DA. Then

YL=0

782 cos140°12 +198.0cos36"24 + 37 8cos338"48 +/cosf =0
13453+ /cosB=0
~loos@ =-134.531
300

7% 2 sin 140°12 +198.0sin 3624 +37 8sin338°48 +/sinf =0
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rded in running a Traverse ABCDE S
4. The following length and bearings were recore
kn:ﬂ:and I:aring of EA have been omitted. Calculate the length and bell‘!n.otg_‘\

Line Length in m A Bearings
AB | 2175 | 12015
BC | 3180 | 62°30
cp | 3750 | 3
DE | 2835 335"18'
EA | ? ?

Solution:
Let / be the length and 6 be the bearing of line EA. Then,
Z Latitude =0
217.5¢c0s120°15'+318¢0s 62304375 c0s322°24'+283.5¢c0s 335"18'+/ cos 0 = 0
591.62+/cosB=0
~.lcos®=-591.62

Z Departure =0

217.5sin120°15'+318sin 62°30'+375sin 322°24'+283 5 sin 335°1 8'+/sin 6 = 0
122.68+/sin® =0

= Isin@ = —122.68
Both latitude and departure are —ve. Hence, the bearing is in 3rd quadrant.

1=/591.62% +122.68? = 604.49m
Length of EA = 604.49m
122.68
591.62
0=11°42'54"= §11°42'54" W
0=180"+11°42'54"=191°42'54"

=0.207

tan O =
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V‘ paring * theodalite varvey, fol} -t
R Aetalle are nated
Line e
\R ":: W | Bearing
H ' '
o 1200 Y,
(N , -
DA | 10% e |
( slculate the length and bearing of the line ( '
ne )
piuion |
the length and 8 be the bearing of line CD. T}
- ' hen
\- : 'fc.’.l "'

cos60” +1200c0s1 15" +1cosB+ 1050¢c0s310" =0

' $4). /84 Jr\:\."'iﬂ-l)

-.n‘\*“, = '—4427|\\I

E Departure =()
550sin 60" +1200sin | 15° + /sin®+1050sin310° =0
75953+ /sin©

~.1sin®=-759.53
Both latitude and departure are —Ve. Hence, the bearing is in 3 quadrant

I
| = 442787 +759.53" =879.17m
N -
4 tan B = -739'53
442.78
0 =59°4533"= §59°4533"W

. 0=180" +59"45'33"= 239745'33"

=1.71

6. The following data was recorded in running a traverse in counter clockwise direction,

~ the length CD and bearing DE have been omitted.

—- [ Line Length inm Bearing

.‘ AB 281.4 110"49'

|AB | ——— 1519 |

pc | 1294 |21

? 340°26'

ol
DE 144.5 2

168.7 254"24'

EA

Determine the omitted quantities.
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Z Departure =0 S

-
,5in 3345 4 3004in 8623 + /,8in 16923 + 450sin 243°54'+268sin 31730 =0
0.56/, + 299 4¢ 0K/, ~404.11-181.06 =0

From equation |

0.83/, =0.98/, - 18.54

, 0981, 1854
0.83 083

=118 -22.34

Substituting it in equation 2

0.56(1.18/, —22.34)+ 0.1 81, =285.77
0.66/, —12.51+0.18/, =285.77

0.66/, +0.18, = 285.77+12.51 = 298.28
0.84/, =298.28

I, =355m

, =1.18x355-22.34 =396.56m

V8. F ollowing are details of closed traverse. Find the missing quantities.

Line | Length in m Bearing
AB 298.7 0°

BC 205.7 N25"12'w
CD ? S75%'w
DE ? S56"24'W
EA 213.4 N35"36'E

Solution:
Let length of CD be the /, and that of DE be the l,. Then,

Y Latitude =0

298.7c050° +205.7¢05 2512’ -, cos 75%6'1, cos 56°24'4213.4¢c0535°36 =
298.7 +186.12-0.26/, - 0.551, +173.51 =0

-0.26/, —0.55/, =—658 33

0.26/, +0.55/, =658.33 - ————— ]

by \y
















7—w

8%
\ 7} {)
— . . 0
3 . () ) t,f,!n”!
- : + 80.255m 40 30 n
74 Sqin M0 15 :
IR03+52.11-65274 dep p 4
n’ll'.f'.- -‘J '\-‘”I

= 2 vt =+132 74 +24.87° =41.11m
Length of BA =/ Latitude” + Departure” =~ 32.) 47+ 24.

B e 2 L
Latitude  32.74

0=37°1316"= N37°1316"W
W.C.B=360"-37"1316"=322"46'44"

tanB =

IMPORTANT POINTS

——

1. Various parts of vernier theodolite are Levelling Head, Shifting Head, Lower Plate, Upper
Plate, Plate Levels, Standard (or a Frame), Vernier Frame, Telescope, Vertical Circle, Altituge
Bubble, Screws, Tripod Stand.

2. Theodolite is basically used to measure horizontal angle and vertical angle.

3. The process of rotating the telescope over the horizontal axis through 180° in the vertiy
plane is known as transiting or plunging or reversing.

4. Thf: process of turning the telescope about the vertical axis in a horizontal plane is knowna
swinging.

5. The setting of the theodolite over a station at the time of taking any observation is calkl
temporary adjustment.

6. Temporary adjustment of a vernier theodolite consists of Setting, Centring, Levelling a
Focussing. ’ 2

of the signal.
9. Sources of errors in theodolite sury
€ying are .
sprors and Ntk g are Instrumental errors Personal errors, Natu®

10. A traverse consists of a series of

11.
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yeflection is the angle between forw \rd line of 4 ¢ L

LS na l|'.|| i .

aming the teles - nd prolongation
process OF TURTRILE THE 1€ lescope in horizontal plan | e oiprugpdioy
! ' Pl C 18 ( a I‘lf Ir .
weothod of reiteration of me ' weiing
rhe ‘11\”11 { measuring |!Hl|.1um 1 e
e : ali €S 18 pene .
gles are to be measured at a particular station ' 15 generally preferred when o ara

! “ - .|' |"\l]lll1|l|1l‘ll ”\l.“t 'L I"‘Il'l ‘I
s | L8 ¢ Lo 1{III“‘ h“‘/'”l 1XI8

p w9 s L] ¥
o The distance by which the last point of the traverse '

a
aoInts 18 called the closing error, alls short to comncide with the starting
:

vi Match the list type questions

j) Match the list | (Operation) and List || (Purpose)

List | i .
A C:::ler(i:l)f fl:«::l(::lli)lc 1 | Turni Lil (Purpose)
B Tramitin‘tg theodolite 2 N:lm'mg telescope in Vertical i
s oving telescope about vertical
=1 axis C-
C | Swinging theodolite 3 | Keeping vertical circle to the left D
D | Telescope normal 4 | Brining vertical axis over the
ground A
ii) Match the list | (Errors) and List || (Remedial measures)
List I (Errors) List I1 ( Remedial measures)
A | Error due to 1 | By focussing the eye piece and b
eccentricity of verniers objective properly
B | Error due to non- 2 | By taking both face observations
adjustment of line of
sight
C | Error due to non- 3 | By reading both verniers and taking A
uniform graduations the mean of two
D | Error due to parallax | 4 | By taking mean of the several
of telescope readings distributed over different | ¢,
portions of the graduated circle.

VIl Theodolite Surveying and Traversing Quiz . Mulké ple chogle —

l. Theodolite is an instrument used for measuring = th wtLows .
(@) Horizontal angles (b) Vertical angles
(¢) Both horizontal and vertical angles  (d) distances

2 The Process of turning the telescope about the horizontal axis in a vertical plane by 180°
Tevolution is known as

@) Reversing  (b) Transiting (c) Plunging (d) All of the above

—



