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Nonlinear Analysis of Earthquake Hydrodynamic Pressure on
Gravity Dam Body.via. The Solution of Navier Stokes Equations
Using The Finite Volume Method
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Civil Eng. Dept., Faculty of Engineering, Shahid Chamran University

Abstract

In this paper a nonlinear analysis of the earthquake hydrodynamic pressure on dam bodies using the Navier
Stokes equations is used. The finite volume method SIMPLEC scheme for discretization of the Navier Stokes
and continuity equations are utilized. Boundary conditions on the dam body and reservoir bed were applied. The
nonlinear discretized equations were solved using Thomas algorithm by an iterative scheme. The hydrodynamic
force exerted on the dam body was obtained by the integration of the calculated pressures. This Force is a
function of time and hence it can be determined at any time interval. A computer program using the visual basic
language was developed for the analysis to determine velocity components, pressures at nodal points of the
reservoir grid including the face of the dam body, and reservoir water surface profile as a function of time due to
an earthquake considering surface waves and nonlinear convective terms. Results were compared to those
obtained by other researchers. The comparison indicates that the accuracy and convergence are quite
satisfactory. The results were also compared with an analytical solution to investigate influences of surface
waves and nonlinear convective terms.
Key words: Hydrodynamic force, Thomas algorithm, Finite volume method, Grid generation
and boundary conditions.






[]

L] : [ ]

. (Ritz)
\ [ ]

[1]

L]

L]

[ ]

www.SD.ir



yX

veq
ueq

>
en =
¥ rh? AR (D A
x-/
>
[
SN—r
—~ —_
Q ~ ~
= S
— ! —~ Ve
~ 1 ~— =) -
S
™
S
=}
=
o] o a
° o
I M__ u__ y nw
R nO_qW, Q| T 3



v,u,p

M

11 —cell

w - cell

|
17 k- 1 1
et —— -
[
1+ I [
1w (I 1 n
- D
I : 1+
F [ P ] P
] ] 1 - 1
- ¥
- a g---- T Tk .-i---“.---lﬁ .....
- I
I
7 I
L] |
I Gy 1 JFT|
— . T
5 e
1 Ly |
- [
. I
- : I
¥ = |
——1 Mllll ||||| r-————-F---
b I
= |
1 “
7 . - !
- Jl&
0 - (] |
r 1 - = 1~ [
(- ) (-
1 I )
- I I 1
+ I ” I ] I
T e e e oG e e - A== F-————-F---
L] I ™ I - I
. I I i I
I I I
I I I
I I I
I I I
I I I
I I I
I I I
— — . — ]
+ + : _ _
v— — — — — —

I+I

v,u,p



Uy .
]‘ Ve—l,,l-ﬂ 1 [ 'T/:.,w ]l 'T’G+J‘\;"+I
g v s I,
R, @R, |- e SEEsY P, |
{7,
'Vz'—I.j B : [ 'Vz'+z‘\;l'
* Sxa_l - -
Ue. = PJ-J"" Uz'+1\;"—1
T IV;’J—I I
V. _u P -
u v,u,p
J.J- —dtdxdy +J. Iju—dxdydt +
o cv ey
”J'v—dxdydwr ” —dxdydt—O ()

S cv

4, U” B, Ul #C Ui =D, ()

i

(U n+l + 2U n+1 )5t

A _ i-1,j

i 4(0x;_y + Sxi)

Bu,_j =1

1 1

e (UL +2U0[7)6t )

Ui, 4(0x;_1 + Ox;)
Du,‘,- = 85)1 (VnH + V;”;jl + Vn] ,j+l + Vli;r,lj)(Uln;rll _Uanrl) u

ot
(Vinfl + VI + Vn1,+1 + Vﬁflj () "

Bav, St



4, P +B, P +C, P =D, ()
2515y,
" p(Sx,, +6x,)
L S B A .
T p\ Gy, O +ox Sy, +0y, O+,
2010y,
" - p(é‘xl +5xi+l)

251k,
DPi/ = —xl P[f’jtll +
S| Py +8ya)

2§t5xi 1 ~n+l ~n+l
OO\ O -0 )y,
{P((syjﬂ +5yj):| T v B

+ =V )e ()

+1 +1
T rA + 20! hat
" 4(ox;_q + ox;)
1 1
(UL +2U )6 -y
Ao, +og) |

89y

ot n+l n+l n+l n+l n+l
- l:_(Vi,j Vi Vi Vi) Uit

ot n+l n+l1 n+l n+l n+1 n
—— Vi Vi a+Vii Vi Ui o +U
8oy

()

n+l n+l
Tl _ | Ui+2,j + 2Ui+1,j )9t U™
i+, i+2,]
4(dx; +x,,,)

i+l,j

4(Jx; + X .p)

n+l n
Ui+2,j +Ui+l,j

ooy )5:}

_ i (V.nﬂ. + Vn+l + V.nﬂ + Vlnj+l ):l Un+1

85)/ i+, i+, j+1 i,j+1 i+, j+1
L J

é‘t n+l n+l n+l n+l n+l
+ (VHL/' +Vi+l,j+1 + Vi,j+l +Vi,j ) Ui+1,j—1
|89,

+1 +1
I}n+l _ V’:'l/ + 2V’:1/ )6t Vn+1
ihjo T Lj-1 =
4y +;)

2 1 1 1 1
|:%C(Uin++l,j +UN + Uir,l}rll +UR @ + &) [V
i

1 1
_ (Vifljtrl * 21/1",7; )ot V_ngfl1 _
]+
4y + ;1) "

ot %

v

”'[@dtdxdw”juﬁdxdydnjJ'J'vﬁdxdydw
ot ox oy

ey ey S cv
“ ia—pdxdydt+'|.'”gdxdydt:0

2 p oy

S cv S cv

1 +1 n+1
A, V'TowB, VviIRNyC, VAT =D
Vi iti=lj Vi i"ig Vi titlj Vi

ot " + -+ +
AV :_S;T [Ji':-llj +l]i”j] +Uinj11 +U"’11]f’1
B, =1

ot

C, =5 Wi, +UL + U + U

5t(V.nill 4 2Vn+1)
DV _ ij ij Vin;ll —_

4(5yi+5y1‘*1) )

i, j+1 i,

StV 21 ]
5] 5 J Vn+ + V’I _
4(5yj + 5yj_1)
20t

_ (Pn+1 —PW‘H )
pBy, +8y.,)

ij i,j-1

g0t

1 (a—u+@)dxdy =1 a—dealy+ ff &dxdy =
<V ox ay <V Ox v ay

g dudy + ) dvdx ={[u] dy+i[V] dx=0

(Un+l _ U:;I )5)/, + (Vn+l _ I/Ij1/+l )é‘xl — O

i+l,j i,j+1

()

()

()



ot o
{786):» (Ui’l:l}j + Ui',l}rl +Ui’f]+'ll +Ui’l++l,lj—1)(oyj + @’j-l)é"}/iﬁ,lj +V - gt
i

g _| SO AW | | SO+ ) |
net | SO D50 s | ST 4 V) e,
() CALR T N A T IT

ot

n n+l n+l n+l n+l n+l

+Vijn — &0t +| — Ui + Ui + Ui + Ui ) Vit
86x,;

ot n+l n+l n+l n+l n+l
_Lﬁx( L UL U UR ) e ()
1




A :——(U"+1 +20]" Ty ot

u; ; i-1,j

Bu,_,:fwxl-ﬁ&xf)&yj <Vl";l e+ 20 @y + )

C, ——(U”“ +207" Moy ot

u;, i+l,j

Ui, j

= {——( Vv 2 S + o )5t}U,";il

l n n n
[g VI v v 6 +dx,~)5t}veq“
l n n+
[5 l+5x)éjvj} @jaz(P -pmt
1
A, =0,By =1,Cy =00, =Vy ()
Syior
AB/ = -
. Py
yiot i 26,6t
BP-- = P + +
Moooply o ply PGV +Y))
Sy 3ot
AT

v p(@’jﬂ +((’j’j)

1 1 1 patl
B+ U e vt v e ()

Ut = {I(Uﬁl 20!y jé‘t}Uﬁl ;

L% W +20 ey Jc?t}Ufﬂ:]l ;

_LM W+ v+ 20 (S + o )5t}U,”ﬂr1
{ VL v 2 Y + é'xl-)é't}Ué’qH

{i(&i_l + 86) j}u,-’j ; ()

5y’
.C, __ 9y,
‘ o\ 4

5);25t 4 | +1 +1 1+
l)}.’, = ’Lﬁ ’ilﬁl _( i+l +U:q )§y1 (I/:",H Vﬂ’i )5x’ ( )
1

T+l 1 1 1
Ul'n:i,j = 8],1 I:(Uzn++2 J + 2Uln+4i ])@jﬁt]Uln+B J

o L v vy + S a U

1
[(U"*l AL 0+ BT + VT + 20 N + b Uy

+—[(5x,~ +5x,~+1)5yj]Uf'+1,j ()
24

I}iflﬁl :|: 16 ﬂ (Uzn++11]+1 + Uln:il] + 2U"+1)(§,Vj + @’j+1)§tj|Vi:l—Jlr,lj+l

{2ﬂ 8% (641 +5)’1)5I}

. - "
J{gﬂ (U1+1 L+ +Ux+1 J +2U”+l)(é}’j *é}’jﬂ)éf*ﬁ(l/w +2V"f+1)é’f ()f}VTI

i,j+2 i,j+] i,j+2

1

_ (Vn+] +2Vn+ll)5xi5t Vn+l

85,
| ()
‘{ﬁ(é'yj +0Y,,)0x, } il
|
B :%(5}{/” + 3y ;)d; "o (U1+1 L UL #2008 (0 + 00 )
A :%(5’6‘ + 5Xi+1)5}’j 1o (g Vin/trll + 2Ver¢1]+1)(5xi + A1)

()



_ @/jé‘t (Pn+1 n+l )
pﬂ:; i, ’ Lj
1
A3 = _(5xi—1 + §xi)5yjt

+ —(VI”T,‘J+1 + 3V 2t (Sx, ) + Ox;)ot

vV, u
A“r./ =0, B“w‘ =1, Cu” =O,Auw =0
AV~_0

1
By, :5(5)’]‘ +0y )0k +
ot
T @ & WU + UL+ 2080

ot 1 1 1
Cy = T — (&, +& UL + Ul +20g0)

L

Dy,

i

Otox;
g T

(V1n+1 Vn+1 ):|sz11+—11 4
1 1 1 1
|: (@] + @] 1)(U1Tij lr-li—-‘i,j—l + 2Uen(; ):|Ve}21+

—P (V"*l1+2V"“>}V"+h+[ ’@ﬁ@j_o}vgy

——gax (S + )0t — -B")

a st a2,

Ap =0, Bp = i SR — A -
i ! X; + 0

Voop By P
s 2%
" PO + 0y
_o 5"1’2 prtl ot 5)‘ prtl
B, = b t———F ot
P B P Ba
W =0 & + 0 =V D

D

n+ 1 n+ n+ n+
UHII/ = |:8£,' (Ul l U'+1lj )@/ &:|Uf’jl
2

8/1’ i+2,] i+l,j i+2,j

(Un+1 LU )@}j&:|Un+l

_ 1 (V-’Hl- + Vn:ll + 2Vn+l )(&X + é‘le)é‘t:|Un+1

p Nl i+, j+1
| 164;

+

M,Mﬁp KTHJVMx&wdmmﬂvy

()

5 n+1 n+l n+l n+l n+l n+l
Vi,j+1 = { (Uz+1,j+1 +U .+ U +U ):|V 1,41

85 i,j+1 i+l j
|:85x (Uzr:,ljﬂ U”/+1 + UZH Un;lrl ):|szrlj+l
L2V
4+ @) |7
Vn+l + 2Vn+1 5t
% V}"+1 Vl” . —got
4 +)) !

()

1 . -
A== iy + &) + —(V/’j& + VI = 2V Sy + ot

L1
A = (& + &) + WJI,H VL = 20 (S + S ot

()

v, u
u v u
uy, = —W(U,"ﬁl/ +20 "oy ot
n+l _
By, = §yj§tU Cy,, =0
ey :{ 161/1 Vi + 3V + & )&}Uﬁil

1
+ |:Z(&i—l +3%;)y :|Ulnj

1
[8/1 W+ 3V +§xl-)5t}qu”



(Un+l + 2Un+1 )5[

i-l,j

AU .=

B 4(5){'1‘_1 + 5)6,»)

U ot

By =l+————

B 4(5)6,»_1 + 5)6,-)
CUi,j = 0

n+l n+ n
Dy, , = 8@;] @Vt v v 1,)}
1 1 20t

Urja =Ul) + U —(—)[P”*l P,”T]]]

p(dx;_; +0x;)

Ap,=-1, Bp =1, Cp =0,Dp =0 ()
vV, u
(6y)
4,,=0, B, =1, G =0, 4, =0 ()
AV :0

1 1
By,, =5 & Q&I+ Foj)+ o Usy UL RIS+,

Cy, . = —(U”+1 + UM Q! + &, )t

1,

1
DV f _ |:Z (U;Hl Un ] )(2@/}14—1 +@/j—l )&}Ve’:;l

- %&i&}w"*ﬁl)

M1
+ gé'x 5@(1/””) +E5x5x (V””1+2Vi”l)} v

+ —§x (Z(S‘y"+1 + 6yj_1)}Vif’j ——§x 5t(25y"+1

g | Wed +2UEINS | | U8+ 208508 |
nit _ | Peg Tivt, ) | 2 T )T e
4(0x; +x;11) “ 4(0x; + ) e

n+1 n+1 n+l1 n+l
I: @} (l+1j +lj+1+Vlj+ V )}

1
(Uln-:i] 17 U+l j+1)+Ul+lj ( )

At ot 5)('
it

Ly 2V”Jf'l)}l/,-f’;'_ll +
ot n+l n+l n+l n+l
8ﬁ4 (@} +@}j 1)(Ul+1j i+l,j— 1+2Uq ) Veq

~ { S,
86,

(Vn]+1 4 2Vr%+1):| 1n/+11

1 1 1
{16/34 &+, WU +US o+ 208 )} Vi

+[L5x,-<5y,-+5y,-1)}v,{’,-— g (@ + oot ()
484

L
284

7 n+l
Vt L+l

112,
_|: 8ﬂ)fz (Vn+1 +2V1nj++ll ):|Vl:zj+l +
4

{ (o1 + UL + U + 2U”“)}V£;‘

~ {5:5):
804

i 2 s -
L o Vi EDULL o + UL, + 205 }V,’Hbﬂ
|:7 (é‘y,n 5.)}, ):| V:I;‘l _7 g5x (5y,+1 +§yj )5t
4 4
()
1 Ol
Pa= 3@+ )8 4o (@ + 80, UL + UL+ 202

1
Bi == (1 + ;) T3 (ﬁy,+1+éy,)( L Ut ool

()



5[(Un+l + 2U n+1 )

_ i-1,j
g 4(Sx;_y + 5xi)
U]
B, =l+—————,(C, =0
i 4(dx;_y + x;) b
26t

BT T e+ ony)
n+1 n+l
i,j n+1 @25*1 J Pn+1

+1 Lj-17 n+l i-1,j-1
2@/’7 +@/i,j—l @}l 1]+®lj 1

1

AVi,/‘ =0 y Bvi,j =1 ) Cvi, =0 R Dvi,/ Vlnj-:l
()
Ap =0, Bp =1, Cp =0 ,Dp =0 ()

vV ou p
[ J'SIMPLE
v,u,p -
v,u,p -
(01)

vV U -

+5y1 1)g+;5x 5tPlnj+11 (

5I(U n+l +2U n+1)

4 i=1,/ -1
“ig 4(6x,  +ox;)
o - StUAY +20]h
iy 4(8x;_y + Ox;)
D, :Ul.”/. _L
ST (B + )
+1 +1
Lp"ﬂl _Lp’“{l. |
i,j- i-l,j-
2§yi,j +5yj—l 25yl 1/+5y] 1
ot n+l n+l
4, :_Kxi(ui’ +Uin, ) o By =1,
_ n+1 n+l
G, _F(U +Uji1,5)
1 1
_ at( ln;rl)+2ViflJfr Vn+1
Vii T e o Vit
428!+ 8y o)
n+l n+l
o - st po
1] lj+
4281 + o) 28015 + vy
+Vi - got +—n+215t B (
plyi; +;1)
4dp =0, Bp =1, Cp =0, (



P u
v
P Y
[]
() vu,p
v,u,p
() V,u,p
100
—e— WANG & HUNG
0 —&— CHEN
—{3}— CHEN & YUAN & LEE
‘\ —e— FINITE VOLUME

80 -

70 —

60

50 —

30 ,

20

10

0 + + + + + + +

0 50 700 150 200 250 300 350 400
(KPa )

a,=0.5g « ) « ) )



50%50

meJJ/

700m

s ——ANALYTIC
90+

80+

——FINITE VOLUM

70+

60+
50+
40+
30+
20+

10+
0:“"1““1““1““1““1““1 ““““

0 50 100 150 200 250 300 350

JL..’.'..I (KPa

400

(H=100, L=300) a,=0.5g

1.8 GHz P4

(p=45")

a,=0.5g

N.M

%

0.001



)
MxN Pressure (Pa) Time(sec) % error
5%5 387641 37 6.6
6Xx6 379426 60 44
77 374834 96 3.1
8x8 372024 145 2.3
9x9 370183 194 1.8
10x10 368910 246 1.5
12x12 367310 355 1
30%30 363608 2234 0
50%50 363605 5836 0

Horizontal (Earhquake record)

i
B
SLS] (sec)
Vertical (Earthquake record )
7

0.8

0.6

0,41\ -———= -———= --—t+r--—---- {\» 77777
: il A A
i, \/ al /
>

-0.4 +

_0.6 A

-0.8

o) (sec)




—a— Time=0.71sec —o— Time=0.2 sec

—o—Time=0.6 sec ~—e— Time=0.7 sec

—a— Time=0.3 sec

—o— Time=0.8 sec
700,

—a—Time=0.4sec —e— Time=0.5 sec

—+—Time=1.0 sec

—x — Time=0.9 sec
+

-30E+5  -25E+5 -20E+5  -1.5E+5

-10E+5

00E+0 20E+5|

-50E+4 S0E+4 10E+5 15E+5
X (Pa)

—&—Time=0.71sec —O— Time=0.2 sec

—a&— Time=0.3sec —&— Time=0.4 sec
—O0—Time=0.55sec —&— Time=0.86 86— Time=0.88 sec —X%— Time=0.9 sec

—e— Time=0.5sec

—+—Time=1.0sec

20E+5 -16E+5 -1.0E+5 -50E+4 O00E+0 G50E+d 1.0E+5 15E+5 20E+5 25E+5 J.0E+5 35E+5
S kpg)

—&— Time=0.71sec —— Time=0.2sec
—o—Time=0.6sec —— Time=0.7 sec

—a—Time=0.3sec —&—Time=0.4sec —®&— Time=0.5sec
— Ti;gg=0, 8sec —x—Time=0.9sec —+—Time=1.0sec

-4.0E+5

-3.0E+5

4.0E+5




[1] Bustamante, J. I. and Flores, A., (1966), “Water
pressure on dams subjected to earthquakes”.
Journal of engineering mechanics, ASCE, 93,
EMS5: 115-127.

[2] Chakrabarti, P. ,and Chopra, A. K., (1973),
“Earthquake analysis of gravity dams including
hydrodynamic interaction. ”  Earthquake
Engineering & Structural Dynamics, 2: 143-160.

[3] Chen, B. F., (1994), “Nonlinear hydrodynamic
pressure on dam faces with arbitrary reservoir
shapes”, Journal of Hydraulic Research, Vol. 32,
No. 3, PP. 401-413.

[4] Chen, B. F., (1996),“Nonlinear hydrodynamic
effects on concrete dam”, Engrg. Str., 18 (3), PP.
201-212.

[5] Chen, B. F. and Yuan, Y. S., (1999), “Nonlinear
hydrodynamic pressures on rigid arch dams
during earthquakes,” in reviewing, J. Hydraulic
Engineering.

[6] Chen, B. F., Yuan, Y. S. and Lee, J. F. ,(1999),
“Three dimensional nonlinear hydrodynamic
pressures by earthquake on dam faces with
arbitrary reservoir shapes. “Journal of Hydraulic
Research, Vol. 37, No. 2, PP. 163-187.

[7] Chopra, A. K., (1967). “Hydrodynamic pressures
on dams during earthquakes. “Journal of
Engineering Mechanics Division Proceeding of
the ASCE, Vol. 93, No. 6, PP. 205-223.

[8] Chopra, A. K. and . Fenves, G.. (1984),
“Earthquake analysis of concrete gravity dams
including reservoir bottem absorption and dam —
water - foundation rock interaction”, Earthq.
Engrg. Struc. Dyn,, Vol. 12;PP. 663-680.

[9] Chopra, A. K. and Fok, K. L. (1986),”
Earthquake analysis of arch dams including dam-
water interaction, reservoir boundary absorption
and foundation flexibility”, Earthg. Engrg Struc.
Dyn., 14(2), PP.155-184.

[10]Chopra, A. K. and Hall, J. F., (1982),”
Hydrodynamic effects in the dynamic response
of concrete gravity dams.” Earthquake
Engineering and Structural Dynamics, Vol. 10,
PP. 333-345.

[11]Chopra, A. K., and Chakrabarti, P. (1981),
“Earthquake analysis of concrete gravity dams
including dam-water-foundation rock
interaction”. Earthquake Eng. Struct. Dyn., Vol.

19.

[12]Chopra, A. K. and Chakrabarti, P., (1973),
“Hydrodynamic pressures and response of
gravity dams to  vertical earthquake



[24]Saini, S. S., Bettess, P. and Zienkiewicz, O. C.,
(1978), “Coupled hydrodynamic response of
concrete gravity dams using finite and infinte
elements.”  Earthquake Engineering and
structural dynamics, Vol.6, PP. 363-374.

[25]Tsai, C. S. and Lee, G. C., (1990), “Method for
transient analysis of three dimensional dam
reservoir interactions”, J. Engrg Mech., Vol.
116, No. 10, 2151-2172.

[26]Van Doormal, J. P. and Raithby, G. D. (1984),
“Enhancements of the SIMPLE method for
Predicting incompressible fluid flow.”, Numer.
Heat Transfer, Vol. 7, PP. 147-163.

[27]Versteeg, H. K. and Malalasekera, W. (1995),
“An introduction to computational fluid
dynamics: the finite volume method”, Longman,
Malaysia, TCP.

[28]Wang, M. H. and Hung, T. K.,(1990). “Three
dimensional analysis of Pressure on dams”,
Journal of Engineering Mechanics, ASCE, Vol.
116, No. 6, PP. 1290-1304.

[29]Westergard, H. M., (1933). “Water pressures on
dams during earthquakes.” Trans., ASCE, New
York, N.Y., 98, 418-433.

[30]Zangar, C. N., (1953), “Hydrodynamic
Pressures on dams due to horizontal
earthquake.”, Proc. Soc. Of Experimental stress
analysis, Vol. 10, PP. 93-102.

[31]Zienkiewicz, O. C., (1964).. “Hydrodynamic
Pressure Due to earthquakes”, “International
Journal for Numerical Methods in Engineering.,
PP. 215-227.

[32]Zienkiewicz, O. C. and Bettess, P., (1978),
“Fluid- Structure‘dynamic interaction and wave
forces” International .. Journal for Numerical
methods in Engineering,Vol.13, PP. 1-16.

[33]Zienkiewicz, Q. C. , Bando, K. , Bettess, P. ,
Emson, C. and Chiam, T. C. , (1985), “Mapped
infinite elements for exterior wave problems”.
Int. Jour. Num. Methods Engng. Vol. 21, 1229-
1251.

components”.  Earthquake Engineering &
Structural Dynamics, 1: 325-335.

[13]Chwang, A. T., (1978),” Hydrodynamic
pressure on sloping dam during earthquakes:
Part 2, Exact theroy”, J. Fluid Mech., 87, 342-
348.

[14]Chwang, A. T., (1983), “Nonlinear
hydrodynamic pressure on an accelerating plate”
J. Physics Fluids, 26(2), PP. 383-387.

[15]Humar, J. L. and Chandrashaker, R., (1993).
“Fluid- Foundation interaction in the siemic
response of _gravity dams.” Earthquake
Engineering and Structural Dynamics, Vol. 22,
PP. 1067-1084.

[16]Hung, T. K. and Chen, B. F., (1990), “Nonlinear
hydrodynamic pressures on dams”, Journal of
Engineering Mechanics, ASCE, Vol. 116, No. 6,
PP. 1372-1391.

[17]Hung, T¢{ K. and Wang, M. H., (1987),
“Nonlinear hydrodynamic pressure on rigid dam
motion,” J. Engrg Mech., 113(4), PP. 482-499.

[18]Kotsubo, S. (1959), “Dynamic water pressures
on dams due to irregular earthquakes”, Mem.
Faculty of Engineering, Kyushu University, 18,4
: 119-1209.

[19]Lee, G. C., Tsai, C. S. and Yang, R., (1993),
“Explicit time domain transmitting boundary for
dam- reservoir interaction analysis.”
International Journal for Numerical Method in
Engineering, Vol. 36, PP. 1789-1804.

[20]Liu, P. L. F., (1986), “Hydrodynamic pressure
on rigid dams during earthquakes”, J. Fluid
Mech., 165, 131-145.

[21]Lotfi, V., Roesset, J. M. and Tassoulas, J. L.,
(1987), “A Technige for the analysis of the
response of dams to earthquake.” Earthquake
Engineering and structural dynamic, Vol.15, PP.
463-490.

[22]Patankar, S. V. (1980), “Numerical heat transfer
and fluid flow”, Hemisphere Publishing
Corporation, Taylor & Francis Group, New
York.

[23]Rosenblueth, E., (1968), “Presion hidrodinamica
en presas debida a la acceleration vertical con
refraccion en el fondo”, II Congress National de
Ingenieria Sismica, Veracruz, Mexico.



