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ABSTRACT : A study on the effect of having an end sheelt prie o the
proper length of the filter installed downstream heading up slruciures
15 presented in this paper. The  boundary element method s used
vetting the numerical results. wihireh are nun-dimensionallily presedted.
Ihe results show that, increasing the sheet pife depth increases the g
1i1ft pressure on the structure and the required length of the downstrean
frlter. The proper filter {enyth downstream the sfructure 15 foupd to De
ranged between 7-92 times the seepape head. Seepage low  and  exir
gradients are decreased with increasing the sheoet prle depth.

INTRODUCTION

To improve the seeparge charactersstics a2od reduce the maxionm  exif
gradient a system of sheet piles as well a5 dowustream xraded dritor
were provided. The problem of coufined {low {hrough homnyencous nd pso-=
tropic soil beneath a4 concrete dam has been solved considering fthe case
of a dam without apy rilter aud taking inte acceunt an tafinrte  down-

stream discharge face { 7.8. and 9).

A graplhtical solufien for the above mentioned prabfem {3} accordins
to Forchlhieimer's freil and error method and approximate selufion for the
problem (&), accounting for the existence of a downstream {ilter. ore
also available. Pavlpvsky (2] and Muskat [7} sofved. independent!y. the
problem of a dam with single sfieet pile. Thevy aise provided graphical

sefutions for the case of syumetrically placed pilings (51},
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The case of the proper length of the downstream Filter installed
adjacent te a heading-up sltructure with a flaft floor. ftas  been studied
numerically using the boundaryv eifement method (H.E.M)} by (Jd].

In this paper the objective [5 to [liustrate the effect of having
an end sheet pile on the downstream titter length and on the
characteristics of seepage considering confined seepage heneath a
heading~up structure shown In Fig.{l}. As a case for some designers may
use. It does not mean that fthis case (5 the opitimum design for a headiag

up work.
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Fig.!1- Lavout of the problea

The boundary element method s used In performing the caleulalions
for the problem considering T/8 = 3., $/8B = .1 - .5 and Lf/H up to 1.

GOVERNING EQUATION AND BOUNDART CONDITIONS

fn two-dimensional steady {low In homogeneous rsotropic soll. the
goversiing differential egquation is that of Laplace:

EF (v o+ 8 p85°) =0 (1}

in which K is the hydraulic conductivity of the soil and u is the
potential head.

The boundary conditions corresponding to this problem are ol tro
tyvpes
a) Essential or Direchelt condition. such as u = u on ro.
b) Natural or Numman condition, of the type 9u/fn = q onl .

The tofal! boundary is = r,»r,.



Mansoura Engineering Journal {MEJ), Vol I3 No.l Marc 1993, C. 3

APPLICATION OF THE BOUNDARY ELEMENT METHOD.

The idealization of the problem 1s showg fn Fre. (f1. in whicthi  the

domarn €1 (s bounded by a surface. T, whoese normal ix n. pesitive outward.
Using a general, two  dimensivnal cartesran svstew nof coopdinates:
(x;. i=1.2}, and for constant &, Laplace equation can by written dJs

follows, aft any point (xi) in the domain:
u (x), = a {2}

in which u = (p/y) + z , is the potential head, (ps) {5 fthe pressure
head and z is the pusition head. measured wupward frem the impervious

laver level.
The corresponding components of the flow vector V. are given by Parcy’s

law as:
Vo= - K u s (3}

The current probiem is a mixed boundary value one. with ‘the potentjal

fiead. u. or the flux, q. specified on each portion of the surface, U

Utilszing the reciprocal integral ldentity correspopnding to  the
Jifferential equation (2). the direct boundary integral equation is

written as [(.2]

Oﬂu{.\'o)-“‘fuqvldf—fqu'd/':ﬂ 4}
r F

. . - -
in which q = 8u / 0n

o =z w S o0

[
n

raternal angle of the surface at point (xo).

3
i

{ at any point. x. in the domain Q, apd

4 = potential generated at a field point X, by oa unit source applied at

& surcharge point xj

To make use of eguation (d4). the surface. C. of the domain is
discretized to (N) linear boundary efements. The values of u and q are
essumed to be changed linearly on each element. then eguation (4) is
written at each nodal point. For all values of i=j. the intepgrals given
bv equation (J4) were calculated using a 4- point GCauss quadrant rule.
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whereas for i=p the vafoue of these ipfegrals aie given by (3} 7in efosed

form., Then equatiog {4} becomes!

(Hij + ;s”_ } i - -‘.?Lj g, = U te
wllere 61.] F5 the Aronecker della fooviron
6, =f var ) (7
r
N, =fada (4)
r

The phvsical situation outlined in Fip. 01} (5 Jetfined as:
~ The potential n alopy the /5 and D/5 surtaces has the values
u=H + T and u=T For the case of drv dowvustream. respectivefy,

- The flux g nermal te the fmperitious bountaries ix equal o zZero.

Introducing these boundary conditions fute cquation {8). prives the
following upknown boundary valfues:
- The flux g aleng the fgle! and outle! surtfaces.

= The potential u afoag the impervioas boupdaries.

VERITICATION OF THE I(JDEL

I aprder te verisy tlie Doumdary efement mode! . wesnfts oo Lhe  case
it N/B = Y. 3. /8 = 30 and !.r/h’ =f., have beew compared welh o whose Tuised
o e Fipgite Blement wodel osing the three-poded triangle and tle Tour
pende rRQparanelrre efewenls a5 Sftean a0 tHe Fiofte edement disore-

fization., Fig.(21).

Fig.2- Figtte elewent wesh vusing 197 efements

with 197 podal poiots.
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In Fig.(3) the computed uplift pressure on the strucfure uwsing the
B.E. mode! and the F.E. technique huas been Iiilusirated to exhilbiil  the
accuracy of the present model .
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Fig.3~ Comparison between the present solution
and that obtained using F.E. M.

Fron the computed potentiats for the considered cases (5/8B= 0.1+ 0.4)
Figs.(4a, b.c, and c) have been illustrated te show the effect of [he

downstream filter length eon the acting uplift pressure ovn the structure,

The computed uplift pressure at thie end of the solid floor and just
before fthe end sheet pile. point b in Fig.(5). has  been illustrated
in a percenlage form of the final value that obtained when the down-
stream filter length has o effect on the vcowputed pressures. These
pressures have been plotted versus the relative length of the duwnstieam
filter LI/H. From this figure it Is clear that the relative length Lf/H
rauged from 7+ 9 {s enough to be ingtalled D/5 the structure.

Considering the relative depth of the end sheet pile with respect to
the permeable sofl thickmess, S§/T. from (.033 to 067, Fip.(6}
{{{ustrates the refatioushiplbefweeu LE/H arwd by sH, wheve B is the apfirt
pressitre alb point b and H is the seepage head. From this Figure ovne can
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observe that the downstream filter lengith has no intivence in the uplifi
pressure especially at point b for Lr JH greater than 9,

Equipotentials for one of the compuled cases considerrng S/B= 0.2
/B = 3. and L, /H ={., have been illustrated as shown in Fig. (7).
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Fig.d4- The uplift pressure beneath the structure
for different valuves of S/78 and L /1
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Fig.5~ Variaftion of the relalive upliflft pressure at b

with L /H for S$/B I'rom 0. (o 0.4. .
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Fig.6~ Variation of hb/.‘{ wilfy IF st for differenl valves of §/T.
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Fig.7- EFquipotentials for one of the considered cases
(S/B= .3, T/B= 3. and Lf/H =, {2

To illustrate the relation belwmeen secpage flow, {, and the down-
stream filter fength, L., for different sheet pile depths, §, Frg.(8)
shows the obtained resulls in the form of dimensionless paramelers,

From this figure i€ is clear that the scepage flow dvoes nol change IF
the downstream filter length is aboul 7» 9 limes lhe seepage head.

Alsgo, increasing sheel pifle depth decreases the seepage {low.
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Fig.8- Variation of Q/k. M with L /If For diffcrent values of S/IL

Finally, the computed ex:t gradicnls for Lhe considPréd cases  have
heen illustrated with the variatiovn of the dowastream ilter length as
shown in Figs.{(%, 10, 11, and [2). From these Figures oune can ohserve
that the domnstream Fllter length and the s,egefl pile depih have a  preel

effect on the exit gradicnts at the vutlet surface.
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CONCLUSIONS

The ifnfiluence ofF end sheeft pile on Aeepuig e cllaracterisiics
underneath heading-up structures and on fhe proper jength nf  dowvostream
Filter has been numerically analyzed using boundary element wmodel. The
mpdel las been verified using finite element technrque. The present
study clearly indicates that:
f= Increasing the sheet pile depth i(ncreases the requitred downstream
Filter lenzth that installed adjacent to the floor of the structure.

2- The proper length of the filter in the presents of end sheet pile s

about 79 times the seepage head for sheet pile depth not more than halfr

of the floor length.

3= Increasing the sheet pile depth consequently decreases the seepage

flow and eXit gradients at exit, and Iincreases the uplift pressure on

the structure.

J— Substantial increase in the uplift pressures on the structure mayr

result from filter length if it Is followed with an impervious boundary.

§- This case dues not indicate an optimum design schame for heading-up

work. It requires a larger Tength of filter., and the use of ne DN,

sheet pilling may net require this length of filter,
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