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Abstract:

A dam is a structure constructed across river which stores water and supplies water for various
purposes.In this project, karjan dam is selected which are located near Jitgadh village in the
NanodTaluka of Gujarat’'s Narmada District. The project area lies between 73.5" and 73.40’ longitude
east and 21.31’ & 22.0’ latitude north. In this paper, carry out a stability evaluation by manually, Matlab
and Comsol 6.0 method. Dam break analysis and Dam sliding is done by comsol 6.0.Getting a negligible
variation. The outcome will be getting such that the dam is safe next up to 70-90 years.
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Introduction:

Dam is barrier constructed across the river to store the water. This stored water is useful for
Domestic, Irrigation, Industrial, hydro electricity generation etc. Floods occur due to dam failure
always dangerous for so it is necessary to analyse flood wave propagation at the downstream
side of dam.

In manually method, found out a principle stress, shear stress, pressure force, Momentum, F.0.S
against overturning, sliding and shear friction, Resultant vertical force, resultant horizontal force,

Comsol 6.0 is a finite element analysis, solver & simulation software or Finite Element Analysis
software package for various physics and engineering applications.It is a powerful finite element,
partial differential equation solution engine.

There are many modules that expand in the following application areas such as a AC/DC module
(For computational electromagnetics Modeling), Acoustics Module (For acoustics & vibrations
analysis), Chemical Engg.(For modeling mass & energy balances & chemical reactions), Heat
Transfer (For general purpose modeling of heat transfer in solids & fluids.),RF (For microwave &
RF Design), MEMS (Micro Electromechanical Systems), Structural Mechanics, Plasma Module,
Pipe flow Module, Battery Design Module.

In project work, analysis of dam in 2D file as per solid mechanics from physics property.

In this software, dam break analysis (Boundary condition) & dam sliding based on FEM method.
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» There are two analysis to be carried out:

(1) Dam Break Analysis (Boundary Condition) (2) Dam Sliding
* In Dam Break Analysis (Boundary Condition), Found out a velocity Magnitude, Total height,

pressure.

* In Dam sliding, Found out a stress, displacement (Solid), Volume loads (Solid), boundary loads
(Solid), Contact forces (Solid).

»= Matlabis C++ & JAVA language codding related work. In this software, any type of structure
cannot draw. It is a FEM related software. Can not a detailing design for any type of structure.

» Using matlab, found out a Principle stress, shear stress, sliding value with diagram and chart.

Objectives:

e To check out a stability of Karjan Dam using different techniques.
e To be carried out a dam break analysis using comsol 6.0.
e To be carried out a dam sliding using comsol 6.0.

Study area:

e The Karjan Reservoir Project is located near Jitagadh village in the NandodTaluka of Gujarat's
Narmada District. River Karjan is left bank tributary of river Narmada. It is down stream of
SardarSarovar Project. Through a left and right bank canal system, the project covers 51000
hectares of CCA. The project area lies on the western coast of the Indian continent, between 73.5’
and 73.40’ longitude east and 21.30" and 22.0’ latitude north. The elevation of the project area
varies between 18m to 120m above MSL.

Table-1: Salient features of Karjan Dam

Type Masonry and Concrete RS S e

Maximum Height 100 m E §

Length at the Top of the dam 903 m i i

Top width of dam 7.77 m % %

Full Reservoir Level 115.25m ; i

Maximum Reservoir Level 116.10 m § é

Area at Full Reservoir Level 36.77 Km? Z )'\T 3 Z

Gross Storage Capacity 630 Mm3 H . \ :\ ":/' \-\ t;'::'r“: é

Effective Storage Capacity 581 Mm? .
Mean annual rainfall 1209 mm Figure-1: Study Area
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Dam Geometry:
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Figure-3: Uplift pressure head Diagram

Data collection and Analysis:

1. Manually

From government irrigation department, there are collected data related to dam and to be analyzed
manually method. There are following analyzing table.

The following data are collected from Irrigation Department. Using following data, There are doing
Stability check and various analysis. Matlab and Comsol software used for data collection analysis.
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Given Data:-
1| Top widthW2{al) 177 M
2|Bottom widthW2({a2) .77 M
3| Total heizgth (H) 119.70 M
4| Baservoire water(hw) 41525 M
3|Frze bord(fb) 445 M
6(hl 36.30 M
7|z 315 M
8[ware) 66.58 M
9| Total base width (b) 7550 M
1041 12.00 M
11| Cosfficient of shear friction. U { vsval loading) 7
2|Cpafficiznt of shear friction, |1 (axtrame loading) 0.83
13| shear strensth at concrate-rock contact, C 150106 Mim"2
14 |weight density of water Ix10"4 Mim"3
153 |weight density of concrate 24x10"4 MNim*3
16 |weight density of sediment 1 36x10"4 MNim*4
T |Excess material density 1.925x10"4 Mim*3
18| Gallery distant 0.30 m
181P= Se0000 Nim™*2
i SO0 Nim™*2
21 ah 0.1
22|ow 0.03
23 | w3(d) 077 M
24 | Tail water depthih tail) 10 M
23| Veloeity hagnitude 0.77 m's
26 Contact Force 2.0x 105 M/m*2
27 resistant force 6.0x 104 M/m*2
Table:-2 FOS against various safety factor
Sr.No |Factor of Safety, 90 Remarks 95 Remarks 100 Remarks 105 Remarks 110 Remarks | 115.25 | Remarks | 119.7 | Remarks
mt As pz_ar_IS mt As p_er_IS mt Aspfar_IS mt As pn_ar_ IS mt As pz_ar_IS mt Aspfar_IS mt Aspfar_IS
condition condition condition condition condition condition condition
1 2 3 4 5 6 7 8 9 10 11 14 15 16 17
(A) Usual loading
i Overturning 2.62 Safe 2.36 Safe 2.12 Safe 1.92 Safe 1.74 Safe 1.57 Safe 1.56 safe
ii Sliding 1.72 Safe 1.52 Safe 1.36 Safe 1.22 Safe 1.10 Safe 1.00 Safe 1 safe
iii Shear Friction | 4.82 Safe 4.30 Safe 3.85 Safe 3.47 Safe 3.15 Safe 3 Safe 3 safe
(B) Extreme loading
i Overturning 2.10 Safe 1.93 Safe 1.78 Safe 1.64 Safe 1.51 Safe 1.75 Safe 15 safe
ii Sliding 1.77 Safe 1.61 Safe 148 Safe 135 Safe 1.24 Safe 144 Safe 12 safe
iii Shear Friction | 3.18 Safe 4.41 Safe 4.05 Safe 3.72 Safe 3.44 Safe 3.31 Safe 3.10 Safe
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2. Analysed Using Matlab

Stability Analysis of Low Dam Portion

i
| —

Inputs
Height of low gravity dam 118.70

Top width of the dam 7.77
éése Width of the dam 79.50
%J;%stream Projection 12 Farth quake
‘E'nt‘er Freeboard 445 ]m::_‘?m
Enter tan 0.14187
Er;er Horizontal Earthquake 0.1
Enter Vertical Earthquake 0.05 v h f .

Enter Unit Wt. of Concre 24

Output for Without Water Cases
Case 1 : Earhquake Force

acting Downward : Get Resuts
Case 2 : Earhquake Force ’ %
acting Upward : Get Resutts S R W W /1 :
1 1
EER « 5
(L 1
Check for With Water Cas F N
5 b i
Figure:4 Stability analysis using matlab
4. Reservoir Empty - Vertical Earthquake Force acting Downward = X
Output Results
Downward weight of the dam ( R s
Tension at 292682 safe Results about eccentricity (e)
w1 1218.02 o g = Eccentricity -15.4197
w2 2315.15 Lt - ey
Conclusi
w3 10789.4 Avg. Ver. 151.493 safe onclusio
Principal
V1 143226 F;fres:at 15.3945 safe Resultant is near heel & tension will develope at toe
Moments about Toe (N.m) Principal
=M 876055 Stress at 298.573 safe
. Shear Stress
(#)M2 58480.2 S T T
(M3 43802.8
Shear Stress
M 978338 at Heel A1:5225 Ei
Dimensions of Assumed Diagram
Earthquake forces (g) Height of Dam (h) : 1197 Front height | 113.096
Ver. 716.128 {
¥ Complete Height of Dam | 124.15 d1: 11.0536
Hor.(H) 1432.26
Top Width of a dam 7.77 tan@| 0.14187
V1+v2=V 15038.7
Base Width 795 Freeboard Level 4.45
kh.w1
Vertical Upstream Projection to 12 121.802
- kh.w2 1.51
Complete Base Width 99.27 St
Height of Small Triangle | 845845 kh.w3| 1078.94 Open Diagram
Front slope tan 0.70294 kh.w| 143226

Figure:5 Stability analysis with reservoir empty condition and upward force using matlab
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4\ Reservoir Empty - Vertical Earthquake Force acting Upward = X
Output Results
Downward weight of the dam | e
) Tension at 268.199 safe Results about eccentricity (e)
= et Tension at 5.93105 safe Ecconmichy Sk
w2 2315.15 " : (e}
oz 10789.4 Avg. Ver. 137.065 safe Conclusio
Principal
V1 143226 g’mksﬂ' 8.86172 safe Resultant is near heel & tension will develope at toe
Moments about Toe (N.m) Principal -
()1 876055 Sfress at 213597 safe
2 Shear Stress
(2 564502 il 416917 safe
(-)M3 43802.8
Shear Stress 28,0494 RIS

M 890733 at Heel

Dimensions of Assumed Diagram

Earthquake forces (g) Height of Dam (h) : 1197 Front height 113.096

Ver. 716.128 J
5 Complete Height of Dam | 124.15 d1: 11.0538

Hor.(H) 1432.26 tan@| 0.14187

: Top Width of a dam 777
V1-v2=v 13606.4
Base Width 795 Freeboard Level 445
kh.w1
Vertical Upstream Projection to 12 121.802

kh.w2 | 231515
Complete Base Width 99.27

kw3 i
Height of Small Triangle | 34,5845 kL 107854 pess Blgen

h.
Front slope tan 0.70294 kh.w| 143226

Figure:6 Stability analysis with reservoir empty condition and downward force using matlab

4 with_water

= X
| '
Inputs i a |
o o —
Enter unit wt. of 1 e e R R SN ot
% of area of 017
" 3 d1
Tail water height 10
Coefficient of 0.70 4
e e N\
Shear strength of 150 b
With Uplift e h
khW2
Without Uplift w —
1
NN 1 ’ ] S
U,

Figure:7 Stability analysis with water using matlab
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4 with_water_uplift == X
Weight of Dam M t
1 o;;;gsss 'Ver. Forces Average Ver. 135.752
w1 1218.02 VI 143228 =
M2 877352 Tension at 15.8813
w2 [ 231515 v2| 96404 S
M3 .
W3: 10789.4 - E96354 V3: 1094.4 Iensnon at 255622 safe
14 - S
43802.8 Principal stress at 376.99 safe
Weight of Water on slope| M5 | _285679 V4| -T6.128 o
Principal stress at 136312 safe
W1 | 421.386 M6 | -34186.2 v 13476.1 S
W2 | 507.507 M7 | _58480.2 Sfastesss bl
w3 35.147 M: 472007 ?h_ea stess o 158604
; Sliding Safety 1.02097 safe
Uplift Forces Hor. Forces b
ut: | -1687s9 H1: | 711408 Shear Bracion 25220 S
u2: -925.643 H2: -693.202
Dimensions of Assumed Diagram
| 143226 Height of 19.7 Heigth of small 84.5845 fetwater 10
+ve(H eSS " TE X:| 7.0294
5 ( 9239.5 Complete height of 124.15 Front slop 0.70294
e EASS IS Pe | 593.202
Eccentricity( 14.6094 Top width of a 777 Front 113.096 -
7 FELTSE Coieansan. P'(dash 10
Base Freeboard 4.45 2
) ) ) oot PR Pl 1197
Resultant is near toe & tension will develope Vertical upstream projection 12 tan@ | 0.14187
Complete base 99.27 d1|11.0536 Open Diagram
Figure:8 Stability analysis with water uplift using matlab
4\ with_water_without_uplift s X
Weight of Dam &} t
o oronis sVer Forces Average Ver. 146.776
wi:|  1218.02 Vi 143226 o
M2 7735. T i t 36.2303
w2 2315.15 BrA2 V2 964.04 ..e_rf’un = saje
M 2
W3: 10789.4 "3 Absent V3: Absant Iensnon at 257.322 safe
4 2 TR
43802.8 Principal stress at 379.53 safe b
Weight of Water on slope, M5 | _285579 May 716128 e ]
Principal stress at 34.3897 safe
w1 421.386 M6 | -341862 Vi 14570.5 e h
"o 507.507 W7 584302 ‘S.hfar stress at 173.853
w3 35.147 M: 541643 ?T_e..a it 429735
; Sliding Safety 1.10388 safe
Uplift Forces Hor. Forces et
Ut: | Absent H1: | 711405 Shoafa = safe
uz: Absent H2: -693.202
Dimensions of Assumed Diagram
Hag| 145226 Height of 19.7 Heigth of small 84.5845 Tail water 10
e(H 5 [ PR i PO R 'X: 7.0294
Fve 9239. Complete height of 12415 Front slop 070294
e Sy Pe | 693.202
Eccentricity( 12.461 Top width of a 7.77 Front 113.096 5
> SR Cotan s, P'(dash 10
Ba_se 795 Freeboard 4.45 p 19T
Resultant is near toe & tension will develope Vertical upstream projection 12 {;}{ém{)j 4187 g :
Complete base 99.27 d1| 11.0536 Open Disgram

Figure:9 Stability analysis with water without uplift using matlab

Using comsol 6.0, there are carried out a two analysis. (1) Dam break analysis (2) Dam sliding.

In Dam break Analysis, there are found out a velocity magnitude, Total Height and Time vs Pressure
force diagram. This chart show max velocity magnitude seems on which portion of Dam.
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Figure:10 Velocity Magnitude

Using following equation, found out a velocity magnitude:

oh
—+V.ITh=0,h=nh
ot

dhu
W+V.Fq = —ghVhb + F,hu = q

'h = hu

hZ
I'q = hu®Qu +9.51

= .
Lrapnics v
BRIR eQ@-H L-lkzk ¢- - EDe-BES-@
(=]

Time=0.75 s Surface: Total height (m) Surface: Bottom height (m) o

Figure:11 Total Height (SWE)

This chart show effect of water on different heights of dam at u/s.

Using following equation, found out a Total Height:
un=20

—Th.n=0

hZ
—I'gq.n= 9~
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Figure:12 Time vs Pressure force diagram

From chart, max pressure force act on u/s portion of dam in beginning time. After that, pressure force
gradually decreasing.

In Dam sliding, there are found out a Boundary loads, Contact forces, Displacement (Solid), Stress
(Solid), Volume loads.

Graphics  Preview - R

ETR ! B aa@a~-@ v BSy@ad

para(1)=0.001 Boundary Loads (solid) o
m T T T T T T T T T
2
1t il N/m?
x10
0.9 -
0.8k i 2.5
0.7+ -
2
0.6 - -
0.5 i 1.5
0.4} -
0.3 - 1
0.2+ =1
0.5
0.1 2
o} -
1 1 1 1 1 1 1 1 1 0
0.2 (¢] 0.2 0.4 0.6 0.8 g 1.2 1.4 m

Figure:13 Boundary loads

Using following equation, found out a boundary load (Solid).

S.n=Fa
Ftot
=
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Figure:14 Contact force.

1.2 14 m

Using following equation, found out a boundary load (Solid).

Tn =if (gn < 0, -pn.gn, 0)

pn=f
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Using following equation, found out a Volume loads(Solid).

Volume Loads (solid)

S-@a

Figure:15 Volume loads

N/m?
x10°
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-3

N/m?
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rinciple Stress

Using following equation, found out a principle (Solid).

0=V.(FS)T +Fv, F=1+Vu

_Ftot
v

Fv

Results:

In manually, After analysed and checked, getting a value is a safe against overturning, sliding and shear

friction.

In Dam break analysis:

Asper |s Code 6512 1984 Pg no 14

Usual loading

Overturning 1.5

Sliding 1
Shear Friction =3 0 to =50

Extre me loading

Owverturning 1.5

Sliding 1.2
Shear Friction =3 0to=5.0

» Velocity magnitude is found out by linear langrage method. Getting maximum value is 0.35 m/s.

and minimum value is 0.05 m/s.
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» Total height is found out by Range kutta method. There are getting a maximum height 0.25778 m.
and minimum height 0.13850 m. which are effecting on body of dam at u/s above F.S.L.
» There are found out a pressure force by Rangekutta method. Getting a maximum, middle,
minimum value are 6.78 x 107-15N, 1.75 x 10*-16 N and 7.79 x 10”-17 N respectively.
In Dam Sliding:
» Boundary loads is found out by quadratic serendipity method. In this chart, getting a dam
resistance effect which is 3.0 x 104 N/m”"2.
» Contact force is found out by quadratic serendipity method. Getting a maximum value is 1 x 10">
N/m”2.Which show resistance force of dam.
» Principle stress is found out by quadratic serendipity method. Getting a maximum and minimum
value are 1.917 x 10"> N/m"*2and1 x 10*5 N/m”2 respectively.
» Volume load is found out by quadratic serendipity method. Its value is obtained a 3 x 10”5 N/m?3

Conclusion

e As perls code: 6512-1984 limitation, There are analyzed of overturning, sliding and shear
friction at 90m to 115.25m (FSL) & 119.70m (full height of Dam) with 5 m interval in case
of usual load & Extreme load. As per analyzed results, Karjan dam is safe.

e As per Finite Element Method, using comsol 6.0 version, it has been analyzed of dam
break analysis (Boundary condition for 2-D) with visualization effects such as velocity
magnitude, Pressure force (time vs. pressure force for 3 second), Total height. As per
obtained results, dam is seem to safe.

e As per Finite Element Method, using comsol 6.0 version, it has been analyzed of dam
sliding analysis (2-D) with visualization effects such as boundary load (Resisting force),
contact force, displacement, principal stress. As per obtained results, dam is seem to safe.

o After stability analysis of dam using Matlab, Dam is seems to safe for case-1 without water
(Usual load) and case-2 with water (Extreme load).

e Finally, after all analysis of Dam with respect to stability and flood, Karjan Dam is appear
safe up to next 70 to 90 years. But, in order to proper stability of dam, it is necessary to

carry out periodic maintenance as per the required guidance of government.
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Evaluation of Stability Analysis of Karjan Dam by manually and software

0.778 2.0x 1075 6.0 x 1004
Manual 3.48 x 10™ 1.0 1.28 x 10™8 1.52x10"6 4.32 x 10"5
(As per Gov.data) (As per Gov.data) (As per Gov.data)
Matlab 3.76 x 10" (10 2 e I 1.72x 1076  4.72X 10A5 —eeeeeeee-
Comsol 3.46 x 10™ 1.0 1.05 x 10™ 0.6336 1.81*10A5 e e 5.43x 104
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