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ABSTRACT - In t his pa pe r , the effect of t h e sco ur ed beds on the 
characteristics of seepage undernea t h h eadi ng up struc tures , has 
been studied n umer ica l ly us i ng Fin ite E l ement techn i q ue. Five 
a5su~ptions of t he er oded beds have bee n co ns i d e r e d t o ac hi eve the 
behaviour of flow unde r the structu r e . The th ree a nd four node 
isoparametri c el ements have been used. F rom the obtained r es ults a 
complete comparative study has bee n i l lus tr ated . I t i s o bse rved 
that the depression of the dow nstream be d decre ases t h e uplift 
pressure a c ting on the floor o f the structur e whi l e t he rate of 
seepage flow increases. Th e f l o or cree p ve l oc i t ie s a nd exit 
gradients for the s tudied c a ses h a v e be e n i ll ustrated. 

I NTRODUCTI ON 

The sti ll ing basin of a weir is designed to d issipate t he 

energy of the wa ter f l o ~ing ove r it . Ho we v e r , i n sp i te of a l l care 

take n in d e sig n i ng the s til lin g bas in, there i s a 

eros ion oc c ur ri ng d ow n s t rea m of the structure . 

poss i bi l i t y of , 
The shape and 

extent of sco ur d~pend upon th e Froude nu~ber of flow over t he 

we ir [2~.3>41. 
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The tall e rosi on c ha nge s the bo undar y o f the domain a nd 

resu l t s in redistr i.but i on of pressur es under t he apron o f the 

we ir and the exi t gradient i n t he downstre am . Analysi s of seepage 

und e r hyd r au lIc struc tures laid on pours me d ium , ..,hich has be en 

subsequently subj ect ed to sc our , has not previously been done. 

The problem of fl o\ol und e r a fl at bottom .... elr wit h a ver tical 

s heet pile at the downstream end, founded on a h omogene o us a nd 

isotropic soi l of infin i te depth, has been t reated nu me ri cally 

using Finite Element te c hnique. Fi ve di ffe rent shape s commencing 

fr om the t oe of t he weir have been consid~ red . The case of maximum 

difference between water levels in the b o th s ides of t he struct ur e 

has been c ons ider ed in the pr~ sen t study. 

THEORETICAL BACKGROUND 

Th e theory of seepage ha~ its o rigins in c l a s s i ca l hydro-dyna

mics as the flo~ of an ideal ~ luld. Expresse d as po te n tia l flow in 

an Isotrop i c region , under th~ s::;o nditions of a fully satu rated 

po rO Us me d ia, a~suming that bbth pore fluid and soil grains are 

incompress ible, t he defO[roabl ~ ity of t h e soil 5 k el~ ton can be 

ne g lected and Dar cy' s law hplds, u nde r thes e c onditions, the 

general continui ty equation in a tw o dime nsional fl ow is as 

fo11 o""s; 

av. 
ax + 

avy 
oy > 0 

which gives the conventional La place equation . 

'Whe[e h : y + P/~ 

(1) 

(2) 

FOt po tent ial floy in an isot rop ic homogeneous seepage domain 

.... he n Datey's 1.1 .... 

v = 
n 

is incorporated. Strictly, in mote gene ra l case , 

(3 ) 
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(4) 

allows for arblttary variation of the permeability coeffi c ients in 

both s pac e and dlrect~on. 

Finite Ele ment s o lutIon to th is equation s ubject to con ve n

tional boundary c o nditions 1n tvo and three dimens ions 15 t r i vi al 

and th e basic techniqoes are at least 20 yea r s o ld 161 . The 

solutI on to this eq uatIon I s by _eans of fai rl y comple x mathematics 

(1 J whlch ls o nly possible in si mpl e seepage domains; b y finite 

dI fference numer ica l Methods, o r by f lov net ske t ch ing. Although 

i t I s possi b le to t ackle co~p le x shaped problems ~ith t he latter 

tvo, nonhomogeneous per meabi lit y pr e s ents the analys t v i th major 

probl ems. 

Th e Fini te E l eme n t method, In con t r a s t, takes an enel::gy app

r oach, lead i ng to t he f o ll o wlng int egral: 

, 
= f Ky C Ky COhNy) d vol. (5 ) 

vo l . or SO QP Qge d om Q \ .... 

which must be a minimum fo r A valid solution to the seepage 

pattern. SubdIvision of the see page domain into ele me n ts of finite 

size Fig. (1), enables the in te g-

ration to b.e carried out s imp l y , 

and the unknowns evalua ted at 

key pOints or nodes whe r e th e 

elements "connect". 

Fi g . 1 - Dl v lsion of regi o n into 
fi n i te e l e me nt s 

The background to thi s is ~idely unders t ood in s tructural a nd 

continuum me c hanics (e.g. 7) a nd will not be furt her pursued here. 

For each element, the total head i s a pproximated by a trai l fu nc

tion rSI: 
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Fig.B Variation of exIt gradlents according 

to the eroded beds 
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The floor c~eep ve locitie s under the considered structure 

ha v e been illustrated in Fig.(1). From this figu re, i t is observed 

that increasing the depression of the eroded bed increases the 

creep velocIty. These velocities ha ve i nfinite va lues ~t the 

points of singularity such as A, B, and C (s ee Fig.7). 

Finally, the influence of the eroded beds on the hydrau li c 

gradients at exit face have been illustrated graphIcally in Fig.tS). 

It is cl ear that 1ncr easing the eroded bed depres5ion increases 

the value o f the exit gradie~t, c onsequently th e seepage flow rate 

increase d from 2.33 rna/sec for the first case to about 4.0 m9
/sec , 

for th e last case of the er oJ:led beds tK :< = K y z 1m/day ). 

CONCLUSIONS: -

In this s tudy the infl~ence of the eroded bed s on the 

char acter istIcs of seepage underneath a weir ha s been accomplished 

numerically using the finite element technique, From the obtained 

results it is observed that, incr e asing the depression of the 

er oded beds incr eases the r~te of seepage flo~ that · seeps under

nea th the headi ng up struct~res, while decrease s the 

pressure. Consequently, creep velocity and e x it 

acting uplift 

are 

increased caus ing a suitable cond i tions t o the 

gradi ents 

failure o f the 

$ truc tore by the action of ~he piping phenomena. 
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NOTATIONS 

The foll o wing symbol s hav e been ad o pted for use In this paper : 

go/ = unit veight of the fluid I n the pours 

h = total head 

p - fluid pressure 

the permeab ilit y coefficients in x and y directions 

v~, Vy = the ve locity comppnents in x and y d I recti o ns, 

ti ve l y 

v" = ve loc i ty n o rmal to the bounda r y 

{h} = ve cto~ of nodal heads 

[Ki • total flov matrix 

[ NJ = matrix conta ins the elenent s ha pe f unc ti on 

<Q> ~ vecto r of n oda l heads . 

respec-


