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Abstract - A gravity dam is an obstruction usually built across a river in which all the major forces if acting on it including the
water pressure, uplift pressure, earthquake forces, silt pressure, ice pressure, wave pressure are resisted by the self weight of the
dam itself. This implies that concrete (type, grade, etc) is the factor playing the most important role in maintaining the stability
and safety of the dam. Researchers have spentyears in finding theories to design a dam which will stand the test of time. The goal
of this paper is to compare, whether a dam designed solely on the basis of theoretical concepts stand safe in the practical field. A
study area has been considered for comparison of the theoretical design of dam with the practical values. Kangsabati Dam is a dam
located in the Mukutmanipur district of Bankura whose prime values such as design flood level, R.L of the top and bottom of dam,
unit weight of material used have been considered.
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1. INTRODUCTION

A gravity dam relies mostly on concrete for providing resistance to external forces. A gravity dam has to be designed in such a
way it is safe in tension, compression, sliding, overturning and in shear friction factor. An elementary dam profile differs from a
practical profile in certain ways. A practical dam profile considers a certain top width for construction of road over the dam, as
well as a freeboard to prevent spilling of water over the maximum waterlevel (M.W.L). Both the freeboard, and the top width
are assumed, and checked if it holds true for the safety of the dam. A certain slope is provided on the upstream side and
downstream side, as the direct water pressure is always greater than the inclined water pressure which gets divided into
vertical and horizontal water pressure components. A trial and error method is used to check whether the upstream and
downstream slope provided makes the dam stable. The main criteria of dam design is to check that tension is developed at any
pointin the dam, and the resultant remains near the outer-third point for full reservoir condition and near the inner-third point
for the empty reservoir condition.

The data collected from Kangsabati Dam is used to design a dam in the most practical way possible using these theoretical
concepts and an optimum dam section is found out. The stability of the dam section is further examined. Finally, the main aim
of this paper is served to compare the dam so designed with the existing practical values of Kangsabati Dam.

2. OBJECTIVE AND SCOPE OF WORK

The main objective is to design a concrete gravity dam considering all the design parameters involved, using data collected for
Kangsabati Dam and check it’s stability. The dam so designed on the basis of theoretical concepts, the theoretical results so
obtained are compared with the practical design of Kangsabati Dam.

3. LITERATURE SURVEY

As stated before, study of dam has covered a vast area of research in the field of civil engineering. The design of dam, the failure
modes of dam, the seismic effect on dam, the effect of uplift pressure on dam, have been a matter of concern for researchers.

An experimental study was conducted by Pina et.al for the study of failure of a gravity dam on a jointed rock foundation to
compare the experimental results with the analytical or theoritical ones.[1]

Ghanaat investigated the “Failure Modes Approach To Safety Evaluation Of Dams”. He evaluated the seismic performance of
gravity dams with the help of analysis-both linear elastic and non-linear, of the different failure modes that are formed in a
dam. This method outstripped the conventional method of conducting the stress checks alone where the magnitude of stress
used to be the base for the measurements.[2]

A study was conducted by A.M and H.M on the position of drainage gallery of a dam by finite element method and found the
optimal position of the drainage gallery to be at 0.167 times the base width of the dam. Finding the optimal position helps to
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find the maximum drainage reduction factor and as a result the position where the seepage discharge entering the gallery is
highest. [3]

Mansouri et.al. conducted a fracture analysis of concrete gravity dam under earthquake induced loads and made it clear thatas
stress increases, inelastic strains come into play and concrete becomes soft.[4]

Salmasi found the procedure to design a dam with the help of genetic algorithm. He found in his procedure that an optimum
dam section has base width to height ratio of 0.85 and the ratio of top width to height as 0.13. [5]

4. PROBLEM DEFINITION

Data collected about Kangsabati Dam:

Design flood level= 135.63m

Height of the dam=41.15m

R.L of bottom of the dam= 135.63-41.15=94.48m

Unit Weight of concrete= 24KN/m? (P.C.C)

Assuming free board to be 3m, since we do not have the wave height and other factors for calculation of free board.
R.L of top of dam= 135.63+3=138.63m

In order to find out whether Kangsabati dam is a low gravity or high gravity dam, we use the formula :

__f
ROy

3000

=——— =3857m >=41.15m
10(25+1)

Therefore,

Since H; is greater than the height of Kangsabati Dam, we can state that it is a low gravity dam.

Top Width required =a = 1.."|'H_1 =+41.15=6.41m

41.15

. . H‘_ — —
Base Width required = = 3477mor

Projection on the upstream side from the vertical face = 2.6m (assumption)
Total Base Width provided = 34.77+2.6=37.37m

The upstream sloping starts at a depth of
2a4/5,—1=2x641%X+24—-1=1517m
from below the M.W.L.

Slope on downstream side = 28.36(H):33.57(V) = 0.84:1

Slope on upstream side = 2.6(H):25.99(V) = 0.10:1
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Fig 5.4: Side view of the dam designed
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Fig 5.5: Front View of the dam
Force Calculations

Weight of Dam Calculation

Name of force | Weight Calculation(KN) | Lever Arm(m) | Moment(KNm)
6.41 % 44,15 ¥ 24

A 31.57 2,14,424.57

=6,792.036
W, 1 18.91 2,16,038.09

E ® 2836 X 33.57 x 24

=11,424.54

W 1 35.64 28,899.76
E ® 2.6 % 2599 ¥ 24
=810.88
(+)3.V1=19,027.46 (+)3:M;=4,59,362.83
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Water Pressure Calculation

Name of forcd Designation | Force Calculation(KN) | Lever Arm(nmiMoment(KNm)
Vertical Water Pyv1 1 36.50 12,332.26
Pressure =X 2599 X 2.6 X 10
=337.87
Py, 15.16 X 2.6 X 10 36.07 14,217.35
=394.16
(+)XV,-732.03 (+)¥M,=26,549.61
Horizontal
Hydrostatic Pu 1 13.72 116161.88
Pressure =X 10 X 41.15 X 41.15
=8466.61
(1) H:=8466.61 ()X My:=116161.88

Uplift Pressure when there is no drainage gallery

37.37m

411.5KN/m?

Fig 5.6: Uplift pressure diagram when no drainage gallery is provided

Uplift pressure= = X 37.37 X 41.15 X 10 = 7688.88KN/m?

Uplift Pressure with drainage gallery

37.37m

411.5KN/m? 2 3

1

=n+§x 10 X 41.15

=137.17KN/m?
Fig 5.7: Uplift pressure diagram when drainage gallery is provided

It has been found from experience and observation that drainage gallery should be towards the left, with optimum
position at % = 0.167.
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Hence the optimum position of drainage gallery for Kangsabati dam is approximately found to be

x = 0,167 ¥ 3737 = 6.24m

Uplift Pressure Calculation

Designation Force Calculation{KN) Lever Arm(m) Moment(KNm)
Uy 1 35.29 30,205.06
3 X 6.24 % 27433
=855.91
Uz 137.17 X 6.24 34.25 29,315.95
=855.94
Us 1 20.75 44,302.28
3 ® 3113 X 137.17
=2,135.05
(-)3V3=3846.9 (-)YM3=1,03,823.29

Earthquake Forces

Horizontal acceleration (ay) is assumed as 0.1g and vertical acceleration (ay) as 0.05g.

Horizontal Earthquake Forces

Designation Force Calculation(KN) Lever Arm(m) Moment(KNm)
Pw1 0.1W; 22.075 14993.34
=0.1x6,792.036
=679.20
Pw2 0.1W; 11.19 12,784.02
=0.1x11,424.54
=1,142.45
Pws 0.1W3 8.66 709.254
=0.1x810.88
=81.09
(-)XH,=1902.74 (-)X:Mu,=28,486.614
Vertical Earthquake Forces
Designation Force(KN) Moment(KNm)
Pey 0.05x)V¢ 0.05xY:M1
=0.05x19,027.46 =0.05x4,59,362.83
=951.37 =22,968.14
(-)XV4=951.37 (-)XM4=22,968.14
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Horizontal Hydrodynamic Pressure

P, = 0.726p_H
P = CmKhTuH
41.15

tand = —— ;8 = 86.38°
2.6

g
€, =0735——=0.705
90°

p, =0.705x0.1Xx10x 4115 =29.01
P, =0.726 x 29.01 ¥ 41.15 = 8B66.67KN

M,=0412P.H = 0412 X 866.67 X 41.15 = 14693.35KNm

[ P. | ()XH3=866.67 | (1)XMnu3=14,693.35

When the self weight, water pressure, uplift and earthquake force is considered.
V=V1+V,-V3-V,
=19,027.46+732.03-3846.9-951.37=14,961.22KN
YH=H;+Hz+H3

=-8466.61-1902.74-866.67=-11,236.02KN
Y M=M;+M2-Mu1-M3 - My2—M4-Mpy
=4,59,362.83+26,549.61-1,16,161.88-1,03,823.29-28,486.614-22,968.14-14,693.35

=1,99,779.17KNm

XM 1,999,779
= = =13.35m
¥V 1496122

B B
e=——% =534 < —(622m);
2 6

Resultant is nearer the toe,Hence safe in tension.

E_v[l + 5_&] _ 14.961.22 [1 + £ 5.34

+ + ] = 400.35[1 + 0.86]
E 37.37 37.37

Pmax/min=

P, at toe=744.65KN/m2<3000(safe)
P, at heel=56.05KN/m?2<3000(safe)
The allowable compressive stresses are not exceeded, hence safe in compression.

Principal stress at toe=P, . &) sec? «
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= 744.65 X (1 +0.7056); where tana=0.84
=1270.07KN/m2<3000 (Safe)

Principal stress at heel=F,, (hesl) sec?@

= 56.05 X (1 + 0.01); where tan@=0.1

=56.61KN/m2<420 (Safe)

Shear stress at toe=F,, ,,.ytan o= 744.65 x 0.84

=625.51KN/m?

Shear stress at heel=F, ;.. tan® = 56.05 X 0.1

=5.61KN/m?
Checks
M+
Factor of safety against overturning = gu .:—i

4,85,512.44

FOS=
0S 2,86,133.27

1.69 (safe)

. L HEV
Factor of safety against sliding = TH

_ D.7%14,361.22
T 11,236.02

FOS 21(Safe)

pEV+Eg
¥H

Shear friction factor =

0.7 14,961.22+37.37 x1200
11.236.02

S.F.F=0.7x

=5.5>3(Hence, safe)
Pile foundation :
From the above design analysis

Length of base width = 37.37 m
Total vertical weight of gravity dam = 2, W = 19047.46 per metre lenth of dam

Total vertical uplift pressure on dam = 2, V = 3846.9 per metre length of dam
Total vertical Earthquake force on dam = 2 E = 1902.75 per metre length of dam

Now , the total vertical force applied by the dam on the base of foundation

-19047.46 — 3846.9 4+ 1902.75 = 17104 ( approx)

To avoid the settlement of soil or base failure in dam we use pile foundation.
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Design of pile foundation

Taking F.0.S=2

Designload = 2 x 17,104 = 34206.62KN (approx)
Kangsabati Dam built over the soil, whose the soil properties are -

Adhesion factor (4) = 0.75

Cohesion factor (¢) = 145 kpa
Ultimate bearing capacity of single pile (@,; ) = @, + O
Where,

Qb =c Nc Ab

and, Q= acA;
For group piling ultimate bearing capacity = n (Q,,) = n( cN. A, + a CA; )

Taking the diameter of pile (D) =2m

w ¥
And,ﬂ=8}€3=24,ﬂb: — 'Af =2nD1

3

Ultimate load bearing of group = nu (1-’-1-5 X9 x 314 % ‘T +0.74 x 145 x 2 x 3.14 =

B3| B2
—
f

= 24 ( 4097.7+673.8441)
Therefore, design load = 34206.62 x 10 per 10m length of dam = 24( 4097.7 + 673.844 1)
1=15.07 m = 15.1m ( approx) length of pile
For group pile failure check:
Qur = min{ Qu+ Qg }
A, ={10m (length of dam) — D } x { 37.37m (' base width of dam) — D}
=(10—-2) % (37.37—-2)
= 282.96 m*
B, = 2{(10—2)+(3737—2)} =86.74m
Q, =145 x 9 x 28296 +0.75 x 86.74 x 145 = 378695.775KN
Therefore, Q s = Qy = 342066.2 < Q, (safe)

Thus, we take 24 piles of diameter 2m and length 15.1m for each pile.
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5. RESULTS AND DISCUSSIONS

iy

2)

3)

After certain trials, it has been found that the base width that has been obtained is nearly equal to 38m, which is the
actual base width of Kangsabati Dam.

In the dam section that has finally been designed, the ratio of base width to height of dam is nearly equal to 0.85 as
should be in an optimum dam section. Also, the ratio of top width to height of dam is also nearly equal to 0.13. Thus,

we can safely assume that the upstream side slope can be 1 in 10.

For practical considerations, the downstream slope has not been reduced.

6. CONCLUSION

The main aim of the project was to compare the values obtained by the theories provided by researchers to design a dam with a
dam existing in real life proven to stable. This particular dam section designed above, not only proves that a dam designed on
the basis of theoretical considerations can be used in the practical field, but it also stands stable against tension, compression,
sliding, overturning and shear friction. It can be concluded that an optimum dam section has ratio of base width to height of
dam nearly about 0.85 and ratio of top width to height about 0.13. Also, the best position for the drainage gallery in a gravity
damis at0.167 times the base width of the gravity dam. To prevent settlement of the dam, a pile foundation has been designed

as well.
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