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INFLUNCE OF INSUFFICENT PERVIOUS LENGTH
DOWNSTREAM OF HYDRAHLIC STRUCTURES
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ARSTRACT

The stabilily of heading—-up hvdraulic struclures will be greally
affected by the formation of the downstream pervious length that Jies
adjacent to the end of the solid fivar. The boundary element {techuique
using linear elements, Is used to analivse the wplilft pressure umierneath
a hydraulic structure of a simple Flat floor as well as the seepage (low
and the exit gradients. Ten cases of the dawas{ream pervious puorlions
flave been considered with six (hicknesses ot the permeahble laver under
the structure., The results indicalte that substantial Jipecrease in  the
uplift pressure and exift gradients mayv devetop due o  the Jinsulficient

length of the dowmnstream perviovs portinn and {he bigger thicknesses of
the soil layer.

INTRODhCTION

To safeguard heading-up structures erecled on A jermeable soid,  (he
most important precavtion is {o use an inverled (ilter covered wilh o
vervious layer downstream of thicir solid (loors, to let the percofating
rater leave the domain safely. II the existed Jeangth of the prervioos
portion is not sufficient, subsiantianl increase in the uplift pressaree
and the exi1t gradients may develop.

Numerous analytical and experimental, studies have heen carrcied  out
tn evaluate the uplift pressure disiribufion and the exil eradienls for
different boundary condftions amd (lovr contiguralions, for inlinite
upstream (U.5) and dornstream (D.S) scepage surfores (8, {1010 For
insufficient permeable portions D.5 the structures. Lhe downsirean
seepage surface should ideally diminish and a conlimons jwpervious  hed
exists. It is very important for the designer o ftake sufficient
permeable length D.§5 the struciure o bhe sure 1hal the acling uplitd
pressure will not exceed the considercd value,
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Gary and Chawle (7] and Chawila [4} derived apafyviical soiulions
using fthe conformal mapping techaique fur a {loov founded on a permeabfe
soil of infinife and finite depths, respectively, wilth finite pervions
infef and cutlet zones and a cult-off af any =envral position alnng  the
Iloor. The anzlysis, however, did nel ~nver the rase ol very pirrorn
permeabie portieons, relative to {(he maximm acling <seepage head,  which
are considered (o bhe the proctiecal case. [ exii  rvradrenfs woere
calculated at one pornt oaly which may he dusnfficient or desian
purpose.

In the present study, the Baundary Flement Melhod (BEM) is used (o
apalyse the practical preblem of Ssecpage under a  simple lal floor
constructed on a permeable so0il, wilh ralative perviouws length (1 = {_/N

= (.25 - 5.0), and different permeahle thicknesses under [he [loor
{m = TVL1= 8.5 - 2.0}

Figure (1) shows the general layoufl of fthe considercd probiem,
The considered iength of the inlet seepage suriface (5 fwo  times the
{loor length Q .
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Fig.l— The general lavout of (he probiem.

The maximum difference belween (e V.8 spd D.X gafer levels enquals
H, the length of fthe solid fiver L . the Tenglfi of fhe downsi{ceam
pervious portion Lz‘ The permeahle soil hepeaih the floor has a thickness
T and is assumed to be homogencous and isofrvopic «ith constanl  permeos—
hility coefficient K.

In a dimensionfess fuorms, fthe considered paramclfers may he waritfen
as

L =L/ H, m =T/ L and b= h s h
wiere h4= h - I%., heis the compurted uplitl pressure al point o at the
middle of the fleor, corresponding to the considered J?, hajs the upliit

pressure at o corresponding to m and 1 equal infioity (h = H/2.).
MATHEMATICAL IDEALIZATION QF THE PRODLEM

A typical two-dimensional prohiem of [lor lhrough the tully salura-
ted porous media is shown in Fig.(2). Using principles of confinuifly of
incompressible flow and Darcy's law, lhe governing equation ol seepiage
in a two—dimensional flow domain R van be described by (he Laplace equa-
tion 1]
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rhiere h = (pfi + z), the potenlial head. pA s the pressuare liead and 7
is the clevation head,.

Inn general, for a confiped seepare fFlow domain lhere are (wa types of
boundaries;
I) A prescribed head on  the upsiream apd downsiream  permenable  heds
{ A=-B and C"D),
2) A prescrihbed flux on boundarics 3-C. D=E. -7, F~il, and G-4.
The houndary condifions on A= and (=0 can be deseribhed by the followins
set of equations:
H on A-B f2-3)
{ on C=D (If P.X is (dry) f2-h)

f
i

i/ ']

The boundary conditions for the [impervious boundaries can  he deseribed
)
dh J dp = 4§ . 1)

shere dh A9 ds the hvdraulic gradiept in the direction perpendicular to
the boundary surface,

BOUNDARY ELEMENT FORMUILATION

In the boundary celement meliind, the boundarvy of A Flow  region  is
discretized into several lincar seemernls connecfed Dby srda]  poinis as
shown in Fig.(2}). The heads and the sradfients on Uie houndary gqodes ape
denolted as (h) and (hy/dn), respeclivefy. The vialue of bhead aor wradicot
at any point on a line segment helwecn vy pedes can be  ohlained
using interponlation funclion <N> and (M} as falices

ho=<h i ()

ahifdn = M {dh/dr) (32
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where < > and { } represent a raw veclor and a columyr veclor, respecti-
vely. In this presentation, <M is chosen (o be as <My, bolh  bheiog
lincar functions.

Wsing Green’'s lheorem, the voinme inlegral ol the Lapilace  cqualion
van be reduced te a boundary integral:

¥
afe) Bhx) [ GR.x)SE &) - ¥ &) e @) ()

e

fifx}) = the potential head at x [ 6@ .x) and F .x) vrepresent (he
potential head and gradient at Field point & due o a unit concentrated
source af sodrce poinl x (i.e, lthe rundamental salution), respectively.
For ftwe-dimensional problems:

6R %) =~ Lo (—L): =2 - x| ' (7)
FE,z) = 21 ‘;—ﬁ (5}
Using the rigid-body analogy {1}, the value of » can he evaluated by
l; x in R
a(x) = - J Ft¢ ,x) dri€); xovnl (9)

0.5 xonTU and U js smooti
Substitufing the interpolation tunctions info Fq.(6). the relation—
ship hetween heads and gradienls al (he houndary nodal points of a riven
domain is given by

[H {1 =16 {9han (i)

I'n the above, the matrices [H} amd () arve obtarncd {rom

LH =081 {a X ~ [ AR .8 ANig )y d g} (i)
(Gl =] 1G(x &) KNE ) dr @) (12)

r
where 6 = the Kronecker delta ; x'= (he point of node m; &= the (ield

point vn the boundary surface U and <NE )= (he inierpolalion funclion,

In a boundary value problem, either gradienf or poelential fhead 15
knorn for a given node on lthe boundary. Therefore. fg.{{0) gives a sel
of simultanecus equations fthat can be solved for tlte unknown vaciahles.
The boundary element methnd that has bren outlined for a homegeneous
flow domain is fairly standard and can be found fn the [fileratures [1.2.
%, and [I1I].
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Using linear elements on the howndary tend (o oo peobdtem  af eornter
haints, which can have two valucs or the pormal derivalive D/ dopepg-
ding en the side under consideratiun. AL fhese points, It s essenlral
to select which of the two variables I opr vhfdng i1} he  preseribed. As
Ih/in can not be uniquely defiped. one generally will choose (o prescribe
ft., This however, does nol prueduce a2 very aconrale cowmpyled value (or e
derivaltives at the cerners. This prablem doees nel  occur ip Dinile
eiements due to the way in wrhich the natural boundary comdilinns  are
prescribed and the fact that the selulion is #lso  approxsipaled o fhe
domain, i.e, errors tend to be more disicibuted.

A simple way to aveoid fhe coruce prafifem is lo assuwme  that, there
are fwo points very near to each other bult which helong to different
sides (Fig.2). This empirical solutiaon appesars to give good reszulils  as
shown in Fig.(Jd}. At one node the h cvondition is prescrihed and at  the
atlhier the dh/ 2n.

RESULTS AND DISCUSSION

To illustrate the influence of {(he dewnstream pervious porlion
adfacent to tha end of the f(loor, {he relative length 10 has  heen
considered from (.25 to 5. aod the refalive (hickness aof  the permeable
taver m from 0.5 Lo 2.(.

The accuracy of the sritten program can he  veriiied as  shoen  an
Frez. 3}, This figure ifiustrales the comparicon betaeocn fhe elosea—os

sofultion obtained by Pavievsky [5). finite elemen! results foi.
cxperimental dala obtained by other<. aod the pre<sent solulion using [V,
[{ js clear that the present resulis considering w and {0 equal 2. oond
S0 respeclively, are in a good agreement widh {he oloscd—torm  solution

for m and 1 equal infinity.
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Figures (4, 5 and 6) show lhe effect of the relaltive leugih of fhe
pervious porfion ! on the uplift pressare for three dittferenl values of
the relative thickness m. From {hese figures il 1s ofear that the upliid
pressure increases as a result of decreasing (he relative fength | dawn-—
slream of the structure, and fur the higeer vatues of m. Also. il i«
ohserved that smaller values of | pive 2 higger apls ! pressure  in the
rear parl! of the floor than fhe froenft part.
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Figure (7} staws the varialion of the relafive tenelh of  [he doewn-
<lream permeable porfion wiflhh the correspondine »tfecf  in he uplift
pressure at the middle of fthe fluor. pwanf o fn Pis. ). For three values
of m (m = 0.5, . and 2.).

In this figure the effect on the uptift pressuce is (lfustrated in o
percentage form where hafs the excess in the uplitl pressure al fhe
middle of the floor corresponding Lo (he c¢nosidered 10 aml  h
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Fig.7—- Var /ation of the relaljve error of {(he wplifl
pressure atl the middie of lhe Floer witlh !

(ne can observe that, Ff the existing ltengllh ol {he permeables
portion szs about trmo times the seepage head . {he ecorresspouding
excess pressure will pot exceed 0.2, [.K and 2.6 % for m aquals 1.5, i.
and 2., respectively, of fhe pressure for I_:= . :

These values gre 0.2, 0.8 and 1.6 for L - 1L

range hetween ! =2.- 3.,
Limes

This weans fhat. i e

the excess pressure ffor @ egnals 2 is aboul two
the corresponding pressure for m equals |.

To illustrafte the influence of (he relafive {onelh . and (he reia-

{ive thickness of the soil faver m. on the cxit croadicont I bizures A,
9 and f0) show (he variativn of | rith [ /8 for m = 0.3

= LA, oy e 200
respectively.
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From these figures, it is clear that the retalive fenglh |oand  the
rejative thickness m have a very significant infiucnce on o Che  oxid
gradients. For example, for m= [|., the relative exil eradienl I /11 has
heen decreased ®ith about 78% due to rpncreasine | from .5 (o 2
alse., the refafive exit gradient s been cdeereased av A resuli of
tdecreasing the relative thickness of the =ofl faver a,

Finally, to fliustrale the ettect af the relative lepath toand  he
refative thickness m on (he seepage Flow. Fig. 1) <sbors  fhe varialion
of I with Q/K.H for fthrec different values of wm ¢ .5 [ and 2.), rwhere
K is fhe permeabilily of the so0il iayver.

It is clear that the relalive ifength 1 apd the vefalive Lhickness m
have a significant effect on lhe serpage flow. The relative lepgii |
flas no effect on the seepage flow tfor | greater than 2.5. The rate ol
secpage increases with about 48% due to focreasing wm {rom 0.5 (o (.00}
and 34% for the change from [.0 to 2.0
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Fig. tI—- Variation ot 38 0 wilhh | For three
cases of e relative thickness m.

CONCLUSIONS

i'he effect of the relative length of the permeabie porfion existing
dornstream a hydraulic struclture willhh simple flat fleor rests an o oa
finite permeable layer has Dbeen numericafly anafysed. e  boundary
clement method has bLeen applied to sindy fFhe carse under vonsideraiion. A
FORTRAN -IV computer program has been wriltlen and calibrated through a
comparison wilth other results. The prescnl study clearly radicales that:

- Substantial increase (n the uplifit pressures on the floor way  resull
Arom short permeable portions in the downstream side of {(he structore.
2- The maximum increase of the uplift pressure, at  (he middfe of  (he
floor is abovut 3.6% if the existed length of the D.S  permeable  poriion
cauials tro times the seepage head, amd 1.6 Jor {hree fimes of  Lhe  <ame
firad corresponding to the relalive (hictuess of (e sofd taver eguals 2.
3= Both the uplift pressure, exit sgradients. A meppave flam are
reduced for smaller thicknesses of (he poermenhle  layer  woderaealh e
slructure.
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4- Increasing the thickness of the permeahie laver increases the rale of
seepage Flow with 48. and 34% due to increasing (his thickness From .3
o one and from one to two limes of the Hloor lengilh. respeciively.

5- The effect of increasing the Jlength of (he dosnstream pervious
portion on the seepage flow s complelely vanished for the Joeugihs
greater fthan 2.5 of the secepage head.
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