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Assume that A and B are two end stations of a chain line, where two ranging
rods are already fixed. Suppose it is required to fix a ranging rod at the intermediate
point P on the chain line in such a way that the points A, P and B are in the same
straight line. The surveyor stands about 2 m behind the ranging rod at A by
looking towards the line AB. The assistant holds a ranging rod at P vertically at
arm'’s length. The rod should be held lightly by the thumb and forefinger. Now,
the surveyor directs the assistant to move the ranging rod to the left or right until
the three ranging rods come exactly in the same straight line. To check the non-
verticality of the rods, the surveyor bends down and looks through the bottom of
the rods. The ranging will be perfect, when the three ranging rods coincide and
appear as a single rod. When the surveyor is satisfied that the ranging is perfect,
he signals the assistant to fix the ranging rod on the ground by waving both his
hands up and down. Following the same procedure, the other ranging rods may

be fixed on the line (Fig. 1.6).

!__

Fig. 1.6 Direct Ranging

‘ﬂd"nnl - - T
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Suppose A and B are two end stations which are not intervisible due to high
ground existing between them. Suppose it is required to fix intermediate points
between A and B. Two chain men take up positions at Ry and S; with ranging
rds in their hands. The chainman at R, stands with his face towards B so that
he can see the ranging rods at S| and B. Again, the chainman at S, stands with
his fzce towards A so that he can see the ranging rods at R; and A. Then the chainmen
proceed to range the line by directing each other alternately. The chainman at R,
directs the chainman at S; to come to the position S; so that R, S, and B are in
the same straight line. Again, the chainman at S, directs the chainman at R; to
move to the position at R, so that Sy, R; and A are in the same straight,line. By
directing each other alternately in this manner, they change their positions every
time until they finally come to the positions R and S, which are in the straight line
AB. This means the points A, R, S and B are in the same straight line (Fig. 1.7).
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/ S. No. Object Symbol Colour
1. North line @ Black
2. Main stations N - Red or crimson
or lake
triangulation stations Zg
3. Traverse stations '\_' - Red or crimson
or ' -1 lake
m substations
2d
4.  Chain line o demcs me . e Red or crimson
lake
)}
1: 5. "River M \._.,O Prussian blue
! /_\_-/_\
g 6 Canal T T T T T T T = Prussian blue
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64 Surveying and Levelling
Colour

Q “"/’T’—/——\
S. No, Object %

. O Prussian bly,
7. Lake or pon

S
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& w
/’ TN
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0.  Tube well
)

-
-
-
-

8. Open well

- il Black |

10.  Footpath - |
P al——— ]

\

Burnt zienna |

{1. Metalled road % _
12.  Unmetalled road i T ST o Burnt sienna

—

\

—

13. Railway line (single) Black

14. Railway line (double) / Black |

15. Road bridge or N Black
culvert —
—
16. Railway bridge or II-:-I\-—————/ Black |
culvert s
—
17.  Level-crossing Black and but
sienna |

18.  Wall with gate —_— <t Black

19. Bound i
ndary fine ) : : Black

”

- ‘ -

|
—
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Chain Surveying 65

S. No. Object

Colour
20. Hedge Jeaeatsiaaana’n'nzssnm) Green
) i i » "
21.  Wire fencing x * Black
n . ,
22 Pipe fencing —O—0—0—0— Prussian blue
23.  Wood fencing —_— — 0o Yellow
24.  Building (Pukka) | Crimson lake
25.  Building (katcha) Umber
26. Huts Yellow '
27.  Temple Crimson lake
28.  Church Crfmson lake
29.  Mosque Crimson lake
30. Benchmark Black
t ‘ "
31.  Tree Green
32.  Jungle Green
33.  Orchard Green
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66 Surveying and Levelling

I T~
_ | Colour
S. No.  Object Symbol 0 _
' LY N M ¥ I 1
o | | O 1
Black and gree
34,  Cultivated land jw a green
0 9 0!
o2 0 Black
35.  Barren land LTl e
i A1/ My,
RS UL Black
t Y
36. Rough pasture W, S,
wbic anlu "
37. Marsh or swamp il aab ac
il
/‘\
RUNIRTATRIA R AN
38. Embankment Black
RN IV
39.  Cutting WW% Black
ool feleted
40. | (a) Telegraph line O O Black
(b) Telegraph post Ij;l Black
41. 1 (a) Electric line ———@- Black
(b) Electric post ._%, Black
42.  Burial ground

or

cemetery
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1. Radlation  This method is suitable for locating the objects from a single station.
In this method, rays are drawn from the station to the objects, and the distances

 from the station to the objects are measured and plotted to any suitable scale
along the respective rays. ! ; :

Procedure  (a) Suppose P is a station on the ground from where the objects A,
B, C and D are visible.

(b) The plane table is set up over the station P. A drawing sheet is fixed on
the table, which is then levelled and centered. A point p is selected on the sheet
to represent the station P.

(c) The north line is marked on the right-hand top corner of the sheet with
trough compass or circular box compass. .

(d) With the alidade touching p, the ranging rods at A, B, C and D are bisected
and the rays drawn. | |

(e) The distances PA, PB, PC, and PD are measured and plotted to any suitable
. scale to obtain the points a, b, ¢, and d, representing the objects A, B, C and D

(Fig. 4.10), on paper.

A B
\\ J/
N
\a A
N2
/(
d N\
/S C\
v N\
/ P \\"
2 C
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2. The Intersection method This method is suitable for locating inaccessible points
by the-intersection of the rays drawn from two instrument stations.

Procedure (a) Suppose A and B are two stations and P is an object on the far
bank of a river. Now it is required to fix the position of P on the sheet by the
intersection of rays, drawn from A and B. | |

(b) The table is set up at A. It is levelled and centred so that a point @ on the

sheet is just over the station A. The north line is marked on the right-hand top
corner. The table is then clamped. .

(c) With the alidade touching a, the object P and the ranging rod at B are
bisected, and rays are drawn through the fiducial edge of the alidade.
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(d) The distance AB is measured and
point b.

(e) The table is shifted and centred over B and levelled properly. Now the
alidade is placed along the line ba and orientation is done by backsighting. At this
time it should be remembered that the centring, levelling and orientation must be
perfect simultaneously. ‘

(f) With the alidade touching b, the object P is bisected and a ray is drawn,

Suppose this ray intersects the previous ray at a point p. This point p is the required,
plotted position of P (Fig. 4.11).

plotted to any suitable scale to obtain the

P
B A
::———;Z:\t‘__‘ -
. - \ TR
/ \ > RIVER
/

,,,,, A e . Y TR
— = [ - M
/ N

s P
a b a b
: 1
I l
A B

Fig.4.11
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3. The trave'rsing method This method is suitable for connecting the traverse
stations. This is similar to compass traversing or theodolite traversing. But here

‘ﬁelding and plotting are done simultaneously with the help of the radiation and
Intersection methods. |

Procedure  (a) Suppose A, B, C and D are the traverse stations.
| (b)_The table is set up at the station A. A suitable point a is selected on the
sheet in such a way that the whole area may be plotted in the sheet. The table is
centred, levelled and clamped. The north line is marked on the right-hand top
corner of the sheet. ‘ -
(c) With the alidade touching point a the ranging rod at B is bisected and a ray
is drawn. The distance AB is measured and plotted to any suitable scale.
(d) The table is shifted and centred over B. It is then levelled, oriented by
back-sighting and clamnped.
(e) With the alidade touching point b, the ranging rod at C is bisected and a
ray is drawn. The distance BC is measured and plotted to the same scale.
(f) The table is shifted and set up at C and the same procedure is repeated.
(g) In this manner, all stations of the traverse are connected.
(h) At the end, the finishing point may not coincide with the starting point and
there may be some closing error. This error is adjusted graphically by Bowditch’s

rule (given in Sec. 3.13).
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(i) After making the corrections for closing error, the table is again set up at
| A. After (centering, levelling and orientation, the surrounding details are located

' by radiation.

* (j) The table is then shifted and set up at all the stations of the traverse and
after proper adjustments the details are located by the radiation and intersection

methods (Fig. 4.12).

d c
ey
\ T
b T
D
-
~
a._ b
I

Fig.4.12
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Procedure (a) Suppose it is requ1red to establish a station at posmon P. Let us
select two points A and B on the ground. The distance AB is measured and
- plotted to any suitable scale. This line AB is known as the “base line”.

(b) The table is set up at A. It is levelled, centred and oriented by bisecting the
ranging rod at B. The table. is then clamped.

(c) With the alidade touchmg point a, the rangmg rod at P is bisected and a
-ray is drawn. Then a point P; is marked on this ray by estimating with the eye.

(d) The table is shifted and centred in such a way that Pl is just over P. It is
then oriented by backsighting the ranging rod at A.

(e) With the alidade touching point b, the rangmg rod at B is blsected and a
ray is drawn. Suppose this ray intersects the previous ray at a point P. This point
represents the position of the station P on the sheet. Then the actual position of
the station P is marked on the ground by U-fork and nlumb bob (Fig. 4.13). —
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A. Repetition Method

In this method, the angle is added a number of times. The total is divided by the
number of readings to get the angle. The angle should be measured clockwise in
the lface left and face right positions, with three repetition at each face. The final
reading of the first observation will be the initial reading of the second observation,
and so on. The following procedure should be adopted:

Procedure

1. Suppose the angle ZAOB (Fig. 9.8) is to be measured by the repetition
process. The -theodolite is set up at O. The instrument is centred and
levelled properly. Vernier A is set to 0° and vernier B to 180°.

2. The upper clamp is fixed, and the lower one loosened. By turning the
telescope, the ranging rod at A is perfectly bisected with the help of the
lower clamp screw and the lower tangent screw. Here the initial reading
of vernier A is 0°.

3. The upper clamp is ;o0sened and the telescope is turned clockwise to
perfectly bisect the ranging rod at B. The upper clamp is clamped.
Suppose the reading on vernier A is 30°.

4. The lower clamp is loosened and the telescope turned anticlockwise to
exactly bisect the ranging rod at A. Here, the initial reading is 30° for the

second observation.
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Theodolite Traversing 271

5. The lower clamp is tightened.
The upper one is loosened and
the telescope is turned clockwise
to exactly bisect the ranging rod
at B. Let the reading on vernier
A be 60°.

6. The initial reading for the third
observation is set to 60°. ZAOB
1s again measured. Let the final
reading on the vernier A be 90°,
which is the accumulated angle.

B

accumulated angle
no. of reading
_ 90°
3
7. The face of the instrument is changed and the previous procedure is followed.

8. The mean of the two observations gives the actual angle ZAOB. The result
is shown in Table 9.2.

ZAOB =

= 30°
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First set

|. The theodolite is perfectly centred over O (Fig. 9.9) and levelled properly |

in the usual manner. Suppose, the observation is taken in the face left position and
the telescope is turned clockwise (right swing).

2. Vernier A is set to 0° (i.e. 360°) and vernier B to 180°.

3. The upper clamp is fixed and the lower one loosened. The ranging rod at
A is perfectly bisected. Now, the lower clamp is tightened.

4. The upper clamp is loosened, and the ranging rod or object at B is bisected
properly by turning the telescope clockwise. The readings on both the verniers are
taken. ZAOB is noted.

5. Similarly, the object C is bisected properly, and the readings on the verniers
are noted. ZBOC 1is recorded.

6. Now the horizon is closed, i.e. the last angle ZCOA is measured. The position
of the leading vernier is noted. The leading vernier should show the initial reading
on which it was set. If it does not, the amount of discrepancy is noted. If it is
small, the error is distributed among the angles. If the discrepancy large, the
observation should be taken again.

."’—\

N\
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Theodolite Traversing 273

HORIZON 0
CLOSED
C Fig. 9.9

second set

1. The face of the instrument is changed. Again the verniers are set at their
initial positions. This time the angles are measured anticlockwise (left swing).

2. The upper clamp is fixed, and the lower one loosened. Then the object A
is perfectly bisected.

3. The lower clamp is tightened. The telescope is turned anticiockwise, and the
object C bisected by loosening the upper clamp screw. The readings on both the
verniers are taken. ZCOA is noted.

4. Then the object B is bisected by turning the telescope anticlockwise, and the
readings on the verniers are taken. ZBOC is recorded.

5. Finally, the horizon is closed i.e. the object A is bisected. Here, the leading

vernier A should show a reading of 0° (since it was initially set to 0°). The last
angle ZAOB is noted.

The mean angles of the two sets give the actual values of the angles. If some
error is found after arithmetical check, it should be equally distributed among the
angles. The observations are noted as shown in Table 9.3.
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9.9 MEASURING VERTICAL ANGLE

The vertical angle is the one between the horizontal line (i.e. line of collimation)
and the inclined line of sight. When it is above the horizontal line, it is known
as the angle of elevation. When this angle is below the horizontal line, it is called

the angle of depression. ' .
Consider Fig. 9.10. Suppose the angle of elevation ZAOC and that of depression

ZBOC are to be measured. The following procedure is adopted:

1. The theodolite is set up at O. It is centred and levelled properly. The zeros
of the verniers (generally C and D) are set at the 0°—=0° mark of the vertical
circle (which is fixed to the telescope). The telescope is then clamped.

2. The plate bubble is brought to the centre with the help of foot screws (in
the usual manner). Then the altitude bubble is brought to the centre by
means of a clip screw. At this position the line of collimation is exactly
horizontal. |

3. To measure the angle of elevation, the telescope is raised slowly to bisect
the point A accurately. The readings on both the verniers are noted, and

the angle of elevation recorded.
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Fig.9.10
4. The face of the Instrument is changed and the point A is again bisected.
The readings on the verniers are noted. The mean of the angles of the
observed is assumed to be the correct angle of elevation.
5. To measure the angle of depre

ssion, the telescope is lowered slowly and
the point B is bisected. The re

adings on the verniers are noted for the two
observations (face left and face right). The mean angle of the observation

1s taken to be the correct angle of depression. The result is tabulated as
shown in Table 9.4. -
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9.11 MEASUREMENT OF MAGNETIC BEARING

Consider Fig. 9.12. Suppose the magnetic bearing of the line AB is to be measured.
The procedure is as follow:

1. The theodolite is set up at A,

and centred and levelled properly.
Vernier A is set at 0° and vernier
B at 180°. The upper clamp is B
fixed.

2. Now a trough compass or tubular 0
compass is fixed on the left hand
standard (A-frame) with a fixing
screw. In some theodolites, a A
circular compass is provided over
the vernier scale between the Fig. 9.12
standards. However, the needle.
of the compass is released..

3. By loosening the lower clamp, the telescope is rotated until it points to the
north (i.e. the magnetic needle coincides with the ‘0-0’ mark). At this
time, the position of the telescope is said to be perfectly oriented along the
magnetic meridian.

4. The lower clamp is fixed and the upper clamp loosened. Then by turning

the telescope clockwise, the ranging rod at B is bisected W1tn the help of
the upper tangent screw.

5. The readings on both the verniers are taken. The mean of these readings
is the magnetic bearing of AB.

. The face of the instrument is changed, and the magnetic bearing of AB is
measured in a Similar manner.

N
A
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7. The mean of the two observations will give the correct magnetic bearin,
of the line.
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910 MEASUREMENT OF DEFLECTION ANGLE

The deflection angle is the angle by which a line is deflected from its original

direction. In other words, it is the angle which a survey line make_s with the
e towards the right or the

extension of the preceding line. The deflection may b _ i :
left, depending upon whether the angle is measured in the clockwise or anticlockwise
direction from the extension of the preceding line. Deflection ;i_{l_g_]es are measured

for designing horizontal curves in railways, highways, etc. .
Consider Fig. 9.11. Let AB be the general direction of survey. Suppose it 18

deflected in the direction BC. The line AB is extended up to P. Then ZPBC .(¢)
is known as the angle of deflection, and has to be measured. The following

procedure is adopted:
1. The theodolite is set up at B, and centred and levelled properly. Vernier

A is set at 0° and B at 180°. |
The upper clamp is tightened and the lower one loosened. By turning the
telescope, the ranging rod at A is perfectly bisected. The lower clamp is

then fixed.
2. The telescope is transited and a ranging rod at P is fixed along the

prolongation of AB.
3. The upper clamp is loosened. By turning the telescope clockwise, the
ranging rod at C is properly bisected. The readings on both the verniers are

taken. The upper clamp is then tightened. Now, the verniers give the
deflection angle ¢.
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4. The lower clamp is loosened, and

by turning the telescope clock- »r
wise the ranging rod at A is again B _~—~ P
bisected. (At this time the vernier 0)
readings are left undisturbed.)

The lower clamp is fixed.

. The telescope is transited. The A
upper clamp is loosened and by
turning the telescope clockwise
the ranging rod at C is bisected

C
once more. The readings on the Fig. 9.11
vernier are taken. |

Thus the deflection angle‘is doubled. The average of the two verniers is

taken. One-half of this average value will give the correct value of the
deflection angle.

The deflection angle is doubled in order to eliminate errors owing to wrong
adjustment of the instrument, and those due to eccentricity of the centre.
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A. Ranging a Line |
Ranging is the process of establishing intermediate points on a straight }ine betw:een
the terminal points. Let AB (Fig. 9.14) be the straight line on which intermediate
points are to be fixed by theodolite. The procedure is as follows:
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. The theodolite is centred over A and levelled properly. The upper clarnp
is fixed, and the lower clamp loosened. By turning the telescope the ranging
rod at B is perfectly bisected with the help of the lower tangent screw. The
lower clamp is now tightened.

. Looking through the telescope, the observer directs the assistant to move
the ranging rod to the left or right until it is on the straight line AB. Then
the assistant fixes the ranging rod at Pj.

. Then by lowering the telescope the observer finds the exact point 2; on the
ground which is marked by a nail or stake.

. Similarly, the other points P,, Ps, etc. are fixed and marked on the line.
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Level and types of level

® | evel:- The instrument used to furnish horizontal line
qf sight ﬁr ubserring stgﬁ' rcudfngs and derfrmining
R.L.s

® Iypes

® Dumpy level
® Tilting level
® [Wye level

® Automatic level
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Dumpy level

® The Dumpy level is a simple, compact and stable
instrument. The telescope is rigidly fixed to its suppor@

Hence it cannot be rotated about horizontal axis.

Tilting level
® It is also known as 1. O.P. level (Indian office Pattern). In

this level the tefescape tilts about its horizontal axis

hence it is called tilting level

A\

Scanned with CamScanner



Wye level

® The essential djﬂ'erence between wye level and other levels is
that in wye level the tefe.scapc is carried b_y two vertical wye

supports. The telescope can be rotated, moved or even raised in

wyes. fm' .

N\

Automatic level

® [t is also known as sey affgning level. It is a recent development.
The fundamenmf dﬂerenca between auto level and other levels
is that the levelling is not manually but it is levelled

automaﬁmf{y, It is achieved Igy inclination compensating device,

N1
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Description of Dumpy Level

Longitudinal Bubble Cross Bubble
Diaphragm = 1 - 4—Slladc
¥ C ’ : 5 @
T
<—— Object
Glass

I —

Eyepiece / ' ' T Circular Compass
Focussing
Screw @

<———Tribrach

% Foot Screw
N\ \../’

chclhng Head (Trivet)

U %Tﬁpﬁd Stand

Fig. 5.5 Dumpy Level
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Example Tbe following consecutive readings were taken with a dumpy level

along a chain line at a common interval of 15 m. The first reading was at a

chainage of 165 m where the RL is 98.085. The instrument was shifted after the

fourth and ninth readings. ".
3.150, 2.245, 1.125, 0.860, 3.125, 2.760, 1.835, 1.470, 1.965, 1.225, 2.390, and ll
Mark rules on a page of your notebook in the form of a level book page and |

enter on it the above readings and find the RL of all the points by:
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Problem 4 In f1

y levelling from a BM of RL 140.605, the following readings
were observed:

Backsight—1.545, 2.695, 1.415, 2.925
Foresight—0.575, 1.235, 0.595

From the last position of the instrument, six pegs at 20 m intervals are to be

set out on a upiformly rising gradient of 1 in 50, the first peg is to have an RL
of 144.000. Find the staff readings and RLs of the pegs.
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Problem 6  The following is the page of a level book, where some readings were
missing. Fill in the missing readings and calculate the reduced levels of all the

points.
Station BS IS FS Rise Fall RLL Remark
] (+) -)

1 3.250 - 249260 BM
2 1.755 ? 0.750 CpP
3 1.950
4 ? 1.920 CP
5 2.340 1.500
6 ? 1.000
7 1.850 '2.185 CP
8 1.575
9 ?
10 ? 1.895 1.650 CP
11 1.350 0.750
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Problem 2 A lamp at the top of a lighthouse is visible just above the horizon
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152 Surveying and Levelling

from a station at sea level. The distance of the lamp from the station is 30 km_
Find the height of the lighthouse.
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Problem 4 A man on the deck of a ship oberves a luminous object, which is

50 m above sea level. If the man’s eye-level is 10 m above sea level, find the
distance between him and the object.
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5.10 PROBLEMS ON RECIPROCAL LEVELLING

Problem I In an operation involving reciprocal levelling, two points A and B
are taken on opposite banks of a river. When the level was set up near A, the staff
readings on A and B were 2.245 and 3.375 respectively. When the 1(.3‘/61 was set
up near B, the respective staff readings were 1.955 and 3.055. Fll:ld the true
difference of level between A and B. What is the RL of B, if that of A 1s 125.550?
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Levelling 157

Problem 2 The following records refer to an operation involving reCinoca]

levelling.
Instrument at Staff reading on Remarks
A B
A 1.155 2.595 Distance AB = 500 m
B 0.985 2415 RL of A = 525.500

Find:

(a) The true RL.of B,

(b) The combined correction for curvature and refraction,
(c) The collimation error, and
(d) Whether the line of collimation is inclined upwards or downwards.
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pequingd Area = 3 ¥ Dooble Area =1y w1299 = 206995
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Heg, g - 2 @ b= 10 m n=725mMm

SO oNno Aneo. = bxl’?+2><-’ix5hxh
— bh+ Sp-
— h (bté&h)
— 02-5(1042x2:5)
- 375 m*
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Problem 1 An embankment of width 10 m and side slopes 1 '/, : 1 is requi-red
to be made on a ground which is level in a direction transverse to the centre line.
The central heights at 40 m intervals are as follows:

0.90, 1.25, 2.15, 2.50, 1.85, 1.35, and 0.85

Calculate the volume of earth work according to (i) the trapezoidal formula,
and (ii) the prismoidal formula.
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pos BECHON ARLY (4) = pyp o)
(07 3 XShyh
= h{b+sh)

e hi(o13h,) = 09(lo+1'sx0:9) = 1922 m2

= M (b+5h2) = 125( 04105 X1425) = [Y+§Y m2

by = hy(btShs) = 2:15(10 +1'SX 2:15) = 28,43 m2
. . .‘
py = 4 (b15Shy) = 250010415 x2.50) = 3y+38 Mm%

o = s (b1She) = 1485 (104 5 x 1:85) = 23763 m

4 =he (b She) —1:35¢ 10415 1435) 2 1623 mZ

b= hy (b15hs) = 085(10FI-5X0FS)=q. 5g

A- voluME by Trelzo(ded ru(@ !~

. f\/_“-/_\/ T T~ N s =

v= g )(éﬂ,'{- Aq + 2( As t Az Aq"f-AS'*Ae)j
A

I

10 x§10-22 +@:58 +2(184 2843393842363+ }eozg)j

)1

5096:4 Mm>

B~ Volume by prismordod V€ -

N /v’\f~—/

V:%XEAL FA, + 4 Aathuths) < 2(“3%‘"5)}

= ‘%nglo-m q-58 + (148 Y +34-38416:23)
+2 (28-U3+ 23-63) E

251429 3

Scanne d with CamScanner

NI I IRUUNR NN Rl

T ——

I ——————



Problem 3 The ground level along the centre line of a road is given below:

Chainage (m)— 0 50 100 150 200 250 300
GL (m)— 117.50 116.25 115.95 116.65 117.20 117.85 115.75

It is proposed that the formation level of RL 115.(.)0 should be kel?t gonstant
of starting from the chainage ‘zero’. The formation width of the I'Of.:ld is 8 m and
the side slope 1 : 1. The ground is level transverse to the centre line.

c‘ﬂ’-.‘:n“
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her¢ ; b=8m  g=| =50
Chainad¢ | Gyl PL corting | FILing

0 17-50 | 115-00 250

50 G-2S 15 00 1:25

100 | 11595 | s-00 0-45_
) NG 6S [15.00 - 6S

| 200 [17+20 16-00 2:20
L 250 17.-85 15+ 00 2+ 85
300 11575 (1500 075

. = R\ hy=:075

G

Cls AreOflle brh +2xLxshxh = bht Sh™ = h(btSh)

A= h.cb+-5h,) = 2:5(8+ IX2:S) = 26425 me

A2 =ha (btShy) = 125 (81 1xk25) = 11+ 56 m*

A3 = 3 (b45hy) = 0-95(8+1xD:45) = §.S0 M2

| Aq = hu(b+Shy)= 1"65(8+I%x1165) = 15:Q2 m¥

/ A5 = hs (bths)=2:20(§41%220) = 22-44 ME

Ag =g (b+Sh,) = 2-85(8+¥2:85) = 30-42 m2

¢+ A2 207(p+Sh,) =0 TS(§+IX0TIS) = 6156 M

\

|
|

|
| |
)’ A-volume@ bY Trapezoided rULE |-~

N T T

S

V= %XéA;+A7+ lCA2_+A3+ Ay +As + Aé) j
_ 5o ) . : . .
— ﬁa_xzze 2516 S6i~2(1|56+8 S0+15-92 ¢ 21-uq+eo,qz)§
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V= —%——x § AitAg+ U (A2t AutAe) T2 ( AytAs) ¢

= %ng%,zﬁ 656+ U (11756 1 15:92.4 30:92)
| +2 (850 + zzwm)}

nd 5%7)6 mB
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