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CE371 CHAPTER 3

Chapter 3 Theodolite Surveying

3.1 Introduction

Theodolite is a commonly used instrument for measuring horizontal and vertical
angles. It can be used for prolonging a line, leveling and even for measuring the
distances indirectly (tacheometry). See figure (3.1)

All modern theodolites can be rotated by 180° in vertical plane. The angles are read
accurately up to 20” by using verniers. With optical system the theodolites can read
angles accurately up to 1” or even less. Therefore, there are two types of theodolites:

vernier and precise.

Fig. 3.1: Types of theodolites
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3.1.1 Temporary Adjustment of A Theodolite
Temporary adjustments are the adjustments required at every setting of the
instrument. The following temporary adjustments are required for aq theodolite
before a reading is taken!:

(i) Setting up
(i)  Leveling up and
(iii) Focusing

3.1.1.1 Setting up
To set up instrument over a station point, remove the cap of the tripod
head, spread the three legs and place it over the station. Fix the instrument
over the stand. By giving radial and circumferential movement to the legs
the tripod is approximately set over the station and leveled with its
circular bubble at centre of the circle. Moving over shifting head the exact
centering is achieved.

3.1.1.2 Levelling
To make the vertical axis truly vertical, accurate levelling is made with the
help of foot screws.

Bubble

& Center Circle
circular
level

3.1.1.3 Focusing
Focusing is the process of making image of the object fall exactly on the
plane of cross hairs. If this condition is not achieved accurate sighting is
impossible. Parallax is eliminated in the following two steps:
(i) Focusing the eyepiece: for this, hold a sheet of white paper in front
of telescope and move eyepiece in or out till the cross hairs are seen
sharp.

! 5.5 Bhavikatti, (2008), “Surveying and Levelling” Vol. 1, International Publishing House Pvt. Ltd, New Delhi

Dr. SaMeH Page 19



CE371 CHAPTER 3

(i)  Focusing the objective: for this, the telescope is directed towards
the staff and the focusing screw is turned till the reading appears
clear and sharp.

3.2 Measurement of Horizontal Angle

General procedure for measuring horizontal angle PQR (Figure 3.2) is given
below:

Q
Fig. 3.2: Horizontal Angle

1. Set up the theodolite at station Q with vertical circle to the left of the line sight
and complete all temporary adjustments.

2. Release both upper and lower clamps. Lock the upper clamp and with
tangent screw give necessary movement to get exactly zero reading on
vernier A. If there is no instrumental error, vernier B should give 180°
reading.

3. Turn the telescope till the line of sight bisects the signal at P. Lock the lower
clamp. Bisect the signal at P exactly by using lower tangent screw. At this
stage vernier A still read 0°, and vernier B reads 180°, since the two plates
have been clamped by locking the upper clamp.

4. Release the upper clamp and swing the telescope to bisect at R. lock the upper
clamp and get exact bisection with the help of upper tangent screw.

5. Read both verniers A and B. the reading of vernier A gives angle PQR directly
while 180° is to be deducted from vernier B reading to get angle PQR. Usually
reading A is entered fully while only minutes and seconds of vernier B are
entered.
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6. By transiting the telescope face right readings are obtained when steps 2 to 5

are repeated.

By taking the average, angle POR is obtained. Table 3.1 gives a specimen page

for recording the observations.

3.2.1 Measuring a single horizontal angle

Table 3.2 shows an example of measuring the horizontal angle AOB using

digital theodolite.
Table 3.2: Measurement of a Single Horizontal Angle

Occ. | Target | Left hand face | Right hand face Av. Angle
Point | point

A 100 01 40 |180 01 20 00 01 30
© B 60 30 20 ]240 29 40 60 30 00 60 28 30
Occ. | Target | Left hand face | Right hand face Av. Angle
Point | point
o A 100 00 00 [179 59 20

B 100 59 40 |281 00 40 .. .. .|~ """

3.3 Measurement of Horizontal Angle by Repetition Method

If the least count of the instrument is 20" by measuring the horizontal angle n times it is

possible to get the accuracy of reading to 20/(2n), if the method of repetition is adopted.

This method of measurement is explained below with the measurement of PQR.

1.

With face left, measure angle PQR by exactly sighting P first with vernier
A reading zero and then loosing the top clamp keeping lower clamp
locked sighting station R. let the angle measured &.

Locking the reading at &, exactly bisect pole at P, lock the lower and
unlock the upper plate to sight pole at R exactly. Now the reading at
vernier A will be almost 2@ whereas it should have been exactly 2.

Step 2 is repeated 0 ntiines, usually 0 nbding equal to 3 for ordinary
works and 5 for precise works. Then next value of PQR is equal to the
angle recorded divided by 6 n(@are should be taken wherever total value
exceeds 360°.

The above procedure is repeated with face right also.

The average of face left and face right measurements are actual angle
PQR. Table 3.3 shows a typical recording with number of repetition 3.

Dr. SaMeH
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Table 3.1: Measurement of a Horizontal Angle?

. i . . . . . Average
Inst Sighted Face: Left Swing Right Face: Right Swing: Right &
at to HZ
A B Mean HZ Angle A B Mean HZ Angle Angle
(o} ‘ v (o} ‘ v [0} ‘ v [0} ‘ v v (0] ‘ v (0] ‘ v (0] ‘ v
Q P 00 00 00 |00 00 00 00 00 00 00 00 00 00 |00 00 00
R 66 42 20 |42 20 66 42 20 66 42 20 |66 42 40 42 40 | 66 42 40 |66 42 40 66 42 30
Table 3.3: Measurement of a Horizontal Angle by Repetition Method
. i . . . . . Average
Lrj[st zlghte Face: Left Swing Right Face: Right Swing: Right Hzg
to A B Mean No. of HZ Angle A B Mean No. HZ Angle Angle
Repetit of
ion Repe
tition
[0} [0} [o] [o] o] o] (o]
Q P 00 00 00 |OO OO |00 00 00 00 00 00 |00 OO {00 00 00 66 42 30
R 66 42 20 |42 20 |66 42 20 1 66 42 40 |66 42 40 |42 40 | 66 42 40 1 66 42 40 66 42 38
R 200 07 40 | 07 40 | 200 07 40 |3 66 42 33 | 200 08 20 | 08 20 | 66 42 43 3 66 42 43 66 42 38

2

S.S Bhavikatti, (2008), “Surveying and Levelling” Vol. 1, International Publishing House Pvt. Ltd, New Delhi
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3.4 Measurement of Horizontal Angle by Reiteration Method

This method is useful for measuring precisely a number of horizontal angles from a
station point. Suppose from point ‘O’" angles POQ, QOR, ROS and SOP are to be
measured. See figure 3.3.

o1
04

Se

62
63

R
Fig. 3.3: Horizontal Angles

Steps:

1. After temporary adjustments completed, face left set up, start from point P with
vernier A reading zeros, then open and move to record at points Q, R, S and then
to P.

2. While taking observations upper clamp is locked and precise bisection is made
by opining upper tangent screw.

3. Face right readings are taken first to station P and then to S, R, Q and P.

Table 3.4 illustrates the method of recording.

Calculate all the 4 angles by using face left and face right readings separately and then
average of the two values obtained for each angle is found. The angles so calculated are
added to check whether it will be 360°. If the error is small it is distributed equally
among all the angles and the corrected angles for the set are obtained.
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Table 3.4: Measurement of a Horizontal Angle by Reiteration Method?

Inst. Sighted . . . . . Average
g Face: Left Swing Right Face: Right Swing: Right &
at to HZ
A B Mean HZ Angle A B Mean HZ Angle Angle
0 7 7 o 7 o) 7 0 7 7 7 0 — 0 — ) g 7
P 00 00 00 |00 00 00 00 00 00 00 00 00 00 |00 00 00
0 Q 118 30 20 |30 20 118 30 20 118 30 20 | 118 30 00 30 00 | 118 30 00 118 30 00 | 118 30 10
R 200 20 20 |20 20 200 20 20 81 50 00 | 200 20 40 20 40 | 200 20 40 81 49 40 |81 49 50
S 315 36 00 36 00 315 36 00 115 15 40 | 315 35 40 35 40 315 35 40 115 15 00 | 115 15 20
P 360 00 00 | 00 00 360 00 00 44 24 00 | 360 00 00 00 00 | 360 00 00 44 24 20 |44 24 10
* 5.5 Bhavikatti, (2008), “Surveying and Levelling” Vol. 1, International Publishing House Pvt. Ltd, New Delhi
Page 24
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3.5 Measurement of Vertical Angles

Vertical angles are measured from the horizontal level whatever it is a rise angle
(upward) or fall angle (downward). One should differentiate between the reading of the
vertical circle and the value of the vertical angle using the following relationships:

Face (1): VI_Angle = 90° d reading
Face (2): V1_Angle = reading & 270°

Example:

Calculate the value of the vertical angle at point A. what the correction factor for this
instrument is?

Occ. | Target | Left hand Right hand Av. Remark
Point | point face V1. face V1.
A 83 26 40 |276 33 10 06 33 15 | There is a correction
o +ve |06 33 20 06 33 10 factor equals 5 that
should be subtracted
from the left face
Exercise:
Calculate the value of the vertical angle at point B.
Occ. | Target | Left hand Right hand Av. Remark
Point | point face V1. face V1.
o B 95 23 30 [264 36 10 |... ...
Dr. SaMeH Page 25
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3.6 Bearings

For a line AB, bearing taken from A to B is called fore bearing or forward bearing.
For the same line bearing taken from B to A is called back bearing of line AB.

Fore bearing and back bearing differ by 1809, in whole circle bearing.

BB = FB + 180°

Use (+) if FB is less than 180°, and (-) if FB is more than 180° see Figure 3.4

6+180°

Fig. 3.4: Fore and Back Bearings

In quadrennial bearing system to get back bearing from fore bearing, interchange N and
S at the same time E and W, Thus: some of these situation are shown in Figure 3.5.

FB=NOE | Then | BB=SO6 W
FB=SOW | Then | BB=N6OE
FB=NOW |Then | BB=S6OE
FB=SOE | Then |[BB=NOW

Fig. 3.5: Convert from Fore to Back Bearing
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Example:

Convert the following quadrennial bearings into whole circle bearing and find their

back bearings: N 67 E, S31 E, N26 W and S 43 W.

Solution
See the table below
S.No. | QB WCB BB
1 N 67 E 670 670 + 1800 = 247¢
2 S31E 180 - 31 =149° | 1490 + 180° = 3290
3 N26 W 360 -26 = 334° 3340 - 1800 = 154¢
4 S43 W 180 + 43 = 2230 | 2230 - 1800 = 43¢
N
B
< T\ A » E
31
N
67 S
A »
> E A / >
1
N
w_ A
N 43
S
W <
B
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