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Let. k= height of the instrument at B

} = height of object (Q) above hor

In the tnangle B'Q'C,

sontal line of sight B'(

H =D lan

Therefore,
R.L. of Q = R.L. of instrument axis + H
-R.L. of B+ h(or) R.L. of BM. + S

R.L. of instrument axis = :
ature and refraction should be appligg

If the distance D is large, combined correction for curv
to the calculated height.
The combined corr

Where. D is the horizontal distance in kilometers. Its sign is (+)ve fo

ection for curvature and refraction, C = 0.06735Dr
r angle of elevation ang

(—) ve for angle of depression.
Then, R.L. of O = R.L. of instrument axis + H+6

2.4 ELEVATION OF AN OBJECT WHEN IT’S BASE IS INACCESSIBLE

If the base of a high object such as chimney is not accessible, the horizontal distance between
the base of the object and the instrument station cannot be measured. In this case, two instrumest
stations are chosen on a fairly level ground. ¢

The distance between the two instrument stations is measured by a tape and the verticll
angles are observed from the two stations to determine the elevation of top of the object. If the two
instrument stations so chosen lie in the same vertical plane passing through the elevated objeet. i
is known as “single plane method” or “same plane method™. If the chosen two instrument stations
do not lie in the vertical plane passing through the elevated object, it is known as “Double plane
method” or “Not in the same plane method”.

Single plane method (same plane method)
~ LetA and B be the two chosen instrument stations. O be the elevated object whose elevation
is required. 4, B and Q lie in the same vertical plane.

The following procedure is used to determine the elevation of O

1. Set up the theodolite over the station 4 and |e
bubble.

2. Direct the telescope with left face towards

vel it accurately with respect to the altitude

the top of the object Q. Bi
. Bisect Q accurately and
clamp both plates. Read verniers C and D and determine the vertical : y
C

3 Plugge the telescope. Mark the second station B in the
vertical plane. Measure the distance () between 4 an

4. Change the face to right and measure the verti
two vertical angles. ¢ vertical angle a, again. Obtain the average value of

—

angle a;.
line so that O, 4 and B are in the sam®
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rcle vernier to zero and bring altitude bubble central. Take a reading on the
th . adie e .
¢ B M. Take both face staff readings on B.M. to get average staff reading. Let

11 the nstrument to B. Set up and level it with reference to altitude bubble. Measure the
| angle @, to Q with both face observations by repeating steps (3) and (4)
-neat the step 5 and take the staffs reading S, on B.M. (if instruments axes at A & B are same
then 3§, ,\?)
)epending upon the levels of instrument axes at P and R, the following cases are considered
culate the R.L. of Q'
Case | - Instrument axes at 4 and B are at the same level.
Case 2 - Instrement axis at B is higher than that at 4.
Case 3 : Instrument axis at 4 is higher than that at B.

Case 1 : When the instrument axes at A and B are at the same level
Q
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Fig. 2.2: Instrument axes at the same level

Let, / be the height of O above the horizontal line of sight A'Q’

o, = angle of elevation at 4,
a, = angle of elevation at B,

S, = staff reading on B.M.

d = horizental distance between A and B,
D = horizontal distance between A and Q.

From triangle A'Q'O,



h (d+ 1)) tan

.iLnlIu!’,'

) tand (d+ D) tan o1

d tan o,
D
tan o, — tan o,

Substitute the value of D in equation (1)

dtano, tan o,

tano, - land,

Iherefore, RLof Q =RL.of BM.+ S +h
Case 2 : When the instrument axis at B is higher than that at A

a i
,
|
|
: h, |
B oL, | |
By - =l G | 8% [}
_______ | ==
S |ls T ‘
f < I - R Q =
B.M! B

Let, S = Staff reading on BM. from t
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h (d+ D) tano, - (

{ g ]

ung equation (2) from (1)
h~h, =D tana, - (d+ I))‘form(.l_

D(tana, - tana,) - d tan @,

But, hI h_. = difference in levels of instrument axes

- S_, i S} — S
therefore, D (tan o, — tana, )~ d tana,= S

orD(t22w, — tana,) = S+d tan

dtana, +S

or|D =

Qubstitute the value of D in eqgns. (1) and (2) to find h,and h,

h, = D tano,
h, = (d+ D) tano,

Now. R.L.of @=RLof BM.+5,+h,

RL.of 0=RLof BM. +8,%

As a check,
higher than that at B

Case 3 : When the instrument axisat Ais

4 : Instrument axis at A is higher than B

Fig. 2.

Refer fig.2.4,
From triangle 4'Q'Q

h = D tanal i (l)
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of top of Nlag pole fro
_ m the fol .
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Vertical Angle to Top of Pole
10" 200207

h

am. % A |= D = 30m -|

A be the instrument station.

Let, O be the top of flag pole.

Angle of elevation, o = 30°20'20", D = 30m, § = 2.05m
R L. of instrument axis = R.L. of BM. +8=215.00+ 2.05 = 217.05m

h = D tan o. = 30X tan 30°20'20"=17.56m
R.L. of top of flag pole = R_L. of instrument axis * h=217.05+17.56 = 234.61m

3. A theodolite was set up at a distance of 500m from a tower and the angle of elevation to
the top was 9939'while the angle of depression to the foot of tower was 2°52". The staff
reading on a B.M. of R.L. 86.600 was 7.480m. What is the height of tower and R.L. of

it’s top and it’s foot.

Solution:

Tower —

- -
—---————

P X
j-——D= 500 m——=|
Fig. 2.14

Let, P be the instrument station and O be the top of Tower

Angle of elevation, 0, = 9”39’




)
N = ) 4N8n

A - SN Q0"19'=KR5.02n

# HMan Q SO0 < tan 2752'= 25.04m

Hu.‘*_{!"'f of tower A + h RS 024+ 25.04m = 110.06m

' ' A& (K00 + 2 480 = 89.080n
R.L. of instrument axis = R.L. of BM. + 5= 86.600 sl i

) S ?,
R.L. of top of tower = R.L. of instrument axis = h = 89.080 + 85.02 = 174.100m

R.L. of bottom of tower = R.L. of instrument axis — h,= 89.080 25.040 = 64.040m

4. To determine the Elevation of the top of the chimney, the following observations
were made:

Inst. Station | Reading on B.M. |Angle of elevation to Aerial Pole | Remarks

A 0.860 18"36' R.L. of B.M.
B 1.220 10"12 =420.500m

Station 4 & B and the top of the chimney are in the same vertical plane. Find the
Elevations of the top of the chimney, if the distance between 4 & B is 50.00m.

Solution:

§,=0.860m, S,= 1.220m, o, =18°36', o, =10°12', 4= 50m.

Instrument axis at B is higher than 4 (S > S,).













- astrument axis through 5

15 93m

—

na. =(2]+40
o f the top of a lightening conductor = R_L. ot instrument axis at
] $1 634+ 1593 = 167.564m

9. Determine the top of a tower from the following observations and also the distance

from B :
| Inst. Station Reading on B.M. Vertical angle of R.L. of BM.
Tower
B 3.525 16° 30" 325.00 m
A 2.000 10" 30"

Distance between B and A4 = 50m.

Solution:

§ =3.525m, S,=2.000m, o, =16"30', ot, =10"30', d = 50m.
Instrument axis at B 1s higher than 4 (S, > S ),
R.L. of instrument axis at B = R.L. of B.M. + S,=325.00 + 3.525 = 328.525m

R.L. of instrument axis at A = R.L. of BM. + § = 325.00 + 2.000 = 327 000m

2.000 = 1.525m
tano, —tanc, tan16°30-tan10°30°  0.11] 0 MM

Difference in level of instrument axis =S=5 - § =3 5§25
Distance, D

Height of top of the tower above instrument axis through B
h, = Dtano, =69.74x1an16"30'= 20.66m

R.L. of the top of the tower = R_L. of instrun : _
eute : entaxis atB + 4 = ,
Check: h=328.525 + 20.66 = 349.185m
Height of top of the tower above‘instrument axis through 4
X1 gh «

h, = (d+ D)tana, =(50+69.74) x tan 10" 3(y

_ =221 9
R.L. of the top of tower = R.L. of instrumen;

axis at 4 + p -
.P

-327.000 + 22.19 = 349.19m
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QUESTIONS FOR SELF EXAMINATION

¢ Fill up the blanks type questions

| TR
| L

somplest figure in a triangulation network 1s
Ihe most precise horizontal control i1s obtained by

he first order triangulation 18 of the order

1 The best shape of well-conditioned triangle is isosceles with base angle equal to

Il True or false type questions

| In trigonometric leveling, If the distances are small, the effect of curvature and refraction is

neglected.

In trigonometric survey, the vertical angles are usually measured with a dumpy level and the
horizontal distances are measured with a tape or chain or calculated indirectly.

LS

If the two instrument stations so chosen li¢ in the same vertical plane passing through the
clevated object, it is known as "single plane method".

4. The basic figures used in triangulation networks are the triangle, braced or geodetic quadrilateral,
and the polygon.

h

" The first order triangulation consists of a number of points fixed within the framework of
primary triangulation.

IV Trignometrical levelling Quiz

|. The process of determining the difference of elevations of stations from vertical angles and
known distances is known as
(a)Trignometric levelling (b)Geodetic surveying (¢c)Field astronomy (d)Topographic surveying

Triangulation surveys are carried out for locating

o

(a)Control points for surveys of large areas
(b)Control points for photogrammelric surveys
(c)Engineering works. i.e., terminal points of long tunnels, bridge, abutments, etc.
(d)All of the above
3. Trigonometrical levelling the cases encountered are :
(a)Base of the object accessible (b) Base of the object inaccessible (¢) Both (a) & (b)
(d)none of these |
4. 1f it is possible to measure the horizontal distance from the instrumentation [0 the
object method preferred.
(a)Direct method (b) Single plane method (¢)Double plane method (d)Any one of these




V Problems for practice

As senmt nt W

| e b otal d

the 1o f the tow et

the {Cicw = hor

A hovuh

b

1 The theodolite was st up at a distance
the top of the parapet was 8°| 8
¢ o4 The stafl reading on the BM_ of R |
Find the height of the tower and R |

4 1o determine the Fley alion

the anglc { _}(1’1!‘“*“'!’1 b mg I

ws 501 up 8t 4 and 1

stance AN B

wronital

while the

7-" '

: RN e s

s v 2 eeond e

< with hase .ln_\zh‘ 658" | ¥

anegulations are
1) SM) el 1S

vork can be reduced, yet maintaning the

ograms  (d) polygons

ngle of elevation of the top of a tower BC was 26°13

ag the foot of the tower, was 715 m. Determine the R.L. of

il the stafl res

ling held on a station 2 of R_L. 100.00 m was 2.455 with

e was set up on the top of a ull 3000m aw ay from the base of a tower, down hull
A
BM of RL 2175250 was 2.665m. Calculate the R |

I'he height of the theodolite as read on a staff held on
of base of the tower.

200m away from a tower. The angle of elevation ¥
angle of depression to the foot of the tower W

5 |
248.360 with the telescope horizontal was 1.2
oF'top of the parapet.

q ’ 1 . n g
' the top of the chimney, the following observations were mad

Em, Reading on B M Angle of elevation to Remarks
Pution || Aeria Poe o~
2 T EXT '
0 1.510 4% Ri:i)‘::(x?::d.

Station F & Q) and the top of the chimne
of the top of the chimney, if the distance

Y are in the same
between p & ()

vertical plane. Find the Elevati
I8 50.00m.













