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Influence of Scoured Beds on Lhe Characlerlistiins nf Seepage

Undernealth Water Struclures

AT ) PSS | PESRC RSNG| AT EVY Sl POt | D BT

By

Adel A. EL-Masry

Department of Irrigation and Hydraulics, Faculty of Engineexring

Mansoura University, El-Mansoura, Egypt.

u_‘,UI&LL‘..‘.J]\_LI) -J | J1 -~ ) _« L seadl lan _Li.._‘.t.o)l;Jl
ALl .-J,Nl,iﬁl; _wr’f.ifiv R T DT PO N (Y B &
PP TS AN DY K TERNONY AT AP EO oy () P ol
LT ST Ui, LVt AT 50 1 LI L ELE YT 25 0wl
5__~J,£1,.1)Jw>ts;_‘.l -“Q?Ji sopl o 1 2l N c LLSY e LY
Al s ebna e oty T i

ABSTRACT - In this paper, the effect of the scoured beds on the
characteristics of seepage underneath heading up structures, has
pbeen studied numerlically using Finite Element technlique. Five
assumptions of the ercded beds have been considered to achieve the
behaviour of flow under the structure. The three and four node
isoparametric elements have been used. From the obtained results a
conplete comparative study bas been illustrated. It is observed
that the depression of the downstream bed decreases the uplift
pressure acting on the floor of the structure while the rate of

seepage flow {ncreases. The floor creep velocities and exit
gradients for the studied casez have been illustrated.
INTRODUCTION

The stilling basin of a weir 1s designed to disslipate the
t

energy of the water flowing over it. However, In spite of all care
taken in designing the stilling basin, there is a possibil{ty of
erosion occurrlng downstream of the skructure. The shape and
extent of scour depend upon the Froude numher of flow over the

weit [2,3,41.
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The tafl erosion changes the boundarxy of the domain and
resulte in redistribution of pressures under the apron of the
veir and the exit gradient in the downstream. Analysis of seepage
under Hydraullc structures laid on pours medium, which hag been

subsequently subjected to scour, has not previously been done.

The problem of flow under a flat bottom welr with a vertical
sheet pile at the downstream end, founded on a homogenecous and
Isotropic 20il of infinite depth, has been treated npumerically
using Finlte Element technique. Five different shapes commencing
from the toe of the wveir have been considered. The case of maximunm
difference between water levels in the both sldes of the structure
has been considered in the présent study.

THEORETICAL BACKGROUND

The theory of seepage hag its origins in classical hydro-dyna-
mics as the flow of an idea) §lufd. Expressed as potential Elow !n
an lsotropic reqglon, under thp ronditions of a fully saturated
porous media, assuming that bbth pore fluld and soll grains axe
incompressible, the deformablﬁity of the soil skeleton can be
neglected and Clarcy's law hplds, under these condltions, the
general continnjty equation in a two dlimensional £flow 1is as
follows;

OVx SVy _
I t ¥y 0 (1)

which gives the conventional Laplace eqguation.

(8*n ox*+ °hrex” )= 0 (2)

where h = y + P/w
For potential flow in an isotropic homogeneocus seepage domain
when Darcy's law

3h

Vot T Xy am (3)

is {ncorporated. Strictly, In meore general case,
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d,0% (K, dh/ax)+ 3/dy( K, 3h/3y)= 0 (4)

allovs for arpitrary varfation of the permeability coefficients in

both space and directton.

Finite Element solutlon to this equation subject E&o conven-
tional boundaxy conditions {n twa and three dimensions is Etrivial
and the baslc techniques are at least 20 years o0ld (61. The
solutlion to thls equatlon is by msesans of fairly complex mathematics
(1) which i3 only possible in simple seepage domains; by finite
difference numerlical methads, or by flovw net sketching. Although
it Is posslible to tackle complex shaped problems with Lthe 1latter
twvo, nonhomogeneous permesbility presents the analyst with majot
problems .

The Finite Element method, in contrast, btakes an enexgy app-
recach, leading to the following integral:
k2 z

] = J KX[Oh/Ox) + Ky[ Ky(ah/ay) 3 vol. (5)

vel. ol Sespaga domain

vhich must be a minimum for a wvalid soluvtion to the seepage
pattern. Subdivision of the seepage domaln into elements of finite
size Flg. (1), enables the integ-
ration to be carried ouvt simply,
and the unknowns evaluated at
key points or nodes where the

elements “connect*.

Fig. 1- Dlvision of reglon into

finite elements
The background to this is widely understecod in structural and
continuum mechanics {e.g. 7) and will not be Further pursued here.

For each element, the total head is approximated by a trall func-
tion [81:
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Fig.7 Illustration of the creep veloclties
according to the deformed beds
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Fig.8 Variation of exit gradlents according
to the eroded beds
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The floor creep velocitles wunder the considered structure
have been 3llustrated in Fig.(7). From this figure, it is observed
that increasing the depression of the eroded bed Increases the
creep veloclty. These velocitles have 1infinite wvaluves at the
points of singularity such as A, B, and C (see Fig.7).

Finally, the (nfluence of the eroded beds on the hydraulic
gradients at exit face have been illustrated graphically in Flg.(8}.
It is clear that increasing the eroded bed depression increases
the value of the exi{t gradiept, conseguently the seepage flow rate
increased from 2.33 m°/sec for the first case to about 4.0 n’/sec
Eor the last case of the ezobed beds (Kx = Ky = lm/day}.

CONCLUSTONS: -

In this study the Iinfluence of the eroded beds on the
characteristics of seepage underneath a veir has been accompllished
numerlcally using the finite element technigue. From the obtained
results it is obsexrved that, increasing the depression of the
eroded beds increases the rate of seepage Elow that' seeps wunder-
neath the heading up structyres, while decreases the acting uplift
pressure. Conseguently, creep velocity and exit gradients are
Increased causing a sultabld conditlons to the failure of the
structvre by the action of ghe piplng phenomnena.
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NOTATIONS

The following symbols have been adopted for use in this paper:

g% = unit weight of the fluid in the pours

h = total head

p = fluld pressure

Kx, Ky = the permeablllity coefficlents in x and y directlons

Ux, Vy = the velocity comppnents in x and y dlrections, respec-

tively

Vn = velocity normal to the boondary

{h) = vector of nodal heads

[KI = total flow matrix

[N) = matrlx contalns the element shape Eunction

(@ = vector of nodal heads.



