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Water pressure on a broken dam during earthquakes 

A CHAKRABARTI  AND V N NAL.IN! 
DcpanmcnL of Appl~rd Mathemarm l n d m  liirtltute of Sacncr. i%nguloie 560 012. lndya 

R ~ C O V C ~  on \fay 10, 1983. Rerlsed on February X. 1984 

4n eraa method based on two-drmensiowl potent~al-flow theory has been applied for solving the pblem 01 
detcrm~narron d t h c  hydrodynam8cpresaure cxenedduringeanhquakesimadam whose uprrreamfacc a brakcn 
in the sense thar 11 m a k e  dlffcrent angles wlth the honrontalat dlffercot heights The pressure cneffls~ent h a r k e n  
rvaluared numenuilly and the rcrulti; nhtalncd haw been compared wtth those determlncd e~per~mcntaily by 
rarlrr workers 
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1. Introduction 

A detailed study of the problem associated withthe determmation of hydrodynamkcpressure 
exerted, durmg earthquakes, on a stra~ght dam with a vertical upstream face by an mcom- 
oressible fluid was first made bv Westereaard' In the case of dams with inclined unstream 
faces of constant and compound slopes, zangar2 determned the hydrodynanuc pressure 
experimentally by using an electnul analogue. An exact analytical solut~on of the problem 
based on t e o d ~ m e n s ~ o n a l  potmtial-flow theory has been denved by chwangJ.m the 
particular case when the mchned upstream face of the dam has a constant slope 

In the present paper, we present aiurtherappllcztlon oftheexact method, due to Chwang. 
based on two-dimenstonal potcnt~al-flow theory to solw the hydrodynamic pressure prob- 
lem w~th a more general cunfiguratmn of a dam a h o x  upstream face tr brokee a l a  known 
helght. Our generali\arion ~n esscnce assumes the fact that the upstteam iace of the darn 
makes two dlfkrent anglcs wlth the honrontal, one at the bottom of the reaemolr and the 
other at a known level ahove the bottom The mcthod of solutlon reaulres. as In the workof 
Chwang, the use of a Srhnav-Chrrataftcl type of traasformat~on and we have ~olved the 
problem by usmg Poisson's mtegral formula for an analyt~c function In a half-plane wdh 
k n o w  boundary values The pressorecoefficients have heenevaluated numer~caliyfrom the 
final soiut~on and the results have been compared w ~ t h  those observed experimentally by 
Zartgar 

2. Method of solution 

Aslndicated in fig I, theupstream faceofthe dam makes angles 01 = errand 02 = yr with 
the horizontal up to and above a known level hi Rectangular Cartealan coordinates (WZ) 
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are employed throughout. The still water surface occup~esthe plane y = h, thex-axastaken 
along the bonom of the reservoir and the z-ax>% u assumed to be perpendlcuiar to the 
(x.y)-plane 

Weassume that thedamundergoes a uniform, horizontal accelerat~on ao m the x-direction 
for a short duration of tme, and that the result~ng flow has all the requirements for the 
two-dimensional flow theory to be apphcable4, The mathematical problem then reduces to 
that of solving Laplace's equation 

whcnp(x,y) represents the hydrodynamic pressure at a point ( z y )  exerted by the mcom- 
presible inviscld Enid in the reservoir. Equation (1) is required to be solved under the 
following boundary conditions 

when ii 1 and ?I z denote the inward normal vectors to the two portions of the dam face 
iochtdsd between O S y  Shi and hl S y  5 hrespcctively, with 81 =cot 8, and pz =cot 8 ( P  
 the wnatant dmsity of the fluid). 

WtIatruet an annlytic functionflz) of the wmplwr variable Z = x + iy as given by 

AR = P(X.Y) + i d r y )  (3 
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&y) denotes the harmonic conlugate o f p ( r y ) .  

 he boundary conditions (Zb) and ( 2 ~ )  on using Cauchy-Riemann equations give rise to 
$he following conditrons for the function q(x,y). 

we shall utdrre the Schwan-Chrntoffel tranformat~on' to transform the glven region in 
be Z-plane on to the upper half-plane of another complex variable 5 (= f +iq) and shall 
detewne the transformed analytic functlon F(J),fromwh~chthe orlginalfunctionflZ) will 
bcrecovered by back transformation. The approprmte transformat~on to be utilized is given 

when the constant A and the real number-ft(ei > 0) are to be determined such that the 
pants - f l ,  0 and 1 of the [-plane are mapped on t o  the points 21, ZZ and 0 of the Zplane 
(figs I and 2) The determrnation of the constants A and 61 1s bynomeansaslmpleproblem 
and we have shown In the last sectlon of the present paper how these quantities were 
determmed apfioxlrnately 

l'smg conditions (2a) and (4), the transformed boundary conditions are obtarned as 

allh~'(O bc~ngdc~ermmcd irom Ihc ~raniformatmn tormula (5). If uc  now ure~hcfactrhat 
~hcanalpucfuncuon F(il behates lllct ( -  (. I .  'a1 ihc oolnt .f>. ucarcablcIodef~ncanew ~. . . 
analytic functron 

mnsldering only the positive branch ~ f ( ~ + & ) " ~ ~ ,  and then fromequatlon(7) the boundary 
mnditms (6) take the unified form 



4 stra~ghrforward application of Poisson'sintegralformulafor ananalytlcfu~ctloninah~lf 
plane ilnally determmes the function g(T), and hence F([) ,  in the form. 

The real part of F ( i )  obtained from equatlon 0)  for -6 < 4< 1, q = O ,  ultlmalely gives the 
expressJon for pit) as 

from which we also derive that 

The singular integrals occurring in equation ( 1 1 )  are next converted into computable 
non-singular integrals by a standard contour integration procedurei and the alternate 
"rpressions for dp(F)l df In the two cases: (t) - l, < f 5  0 and ( i ~ )  0 2  [< 1 are respect~vefY 
given by 
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me expressions (12a) and (12b) are  Integrated with respect to ( assummg that p ( % )  is 
continuous at [ = 0 and we obtain the foilowmg computable expressions for p ( f ) ,  

P(,q = A p no [2 /n  f, ( , - P O ~ . I  P ( r +  IT' dt 
 ti)''^ 

The conntantp(0) appearing in equation (13b) is the value ofp( t )  at ( = O .  asobtairiedfrom 
equation (13a). 

The pressure coeffment defined by 

P = C, p aah (14) 

can now be computed fromthe expressions (13a) and (13b) in the range - f~ < f< I and the 
results so obtamd are represented graphically in figs.3 and 4 vrhere, for the purpose of 
earnpanson, we have also shown the graphs drawn by using results expermentally detcr- 
mined by Zangar. 

We find that there is fine agreement between the results obtained by the present approach 
and those obtarned by Zangar. 

3. Determination of A and g, 

Using the fact that the points - &  and 0 of the 6- plane are mapped on to thepolnts 21 and ZI 
of the Z-plane we have the relations that 

and (1.5) 
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Also, from equations (15) we obtain the following relation: 

h - X S h = O ,  

where 

Exprcsaing the integrals In equations (17) in terms of hypergeometricfunctions' and employ 
iog standard transformations6 to the hypergeometric functions, equation (16) can be written 
as 
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where 

r(z) and B @ , q )  denoting the gamma and the beta funct~ons respectlvely. 

using the serles representations of the hypergeometric funct~onr, equation (19) can be 
approximated to a polynomial equation in 6 ,  which can then be solved numerically. The 
value of A can next be determined for a known r; through any one o i t h e  equations (15). 
Using thls approach, the numerical values of 6 and A have been obtained and these are 
iabulated (Table I)  for d~fferent Sets of values of a and hl and for y = 1 :2. 

Table I 

Numerical values of El and A 
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