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ABSTRACT

A series or tests were curried out on three types of geotextiles to investigate

the effects of biaxial tensile loading on their permeability and filtration

opening sizes. A woven slit-t~lm and two nonwoven needle punched

geotextiles were tensioned either equally in both directions or unequally, The

tensile forces exerted Wl!I'C small. less than 10% of the geotcxtiles' tensile

strength. And a tensile loading frame was designed for this purpose. An

attempt to measure the effect on the permeability was made using a large

diameter permeamcter that was subjected to un upward water now. A

hvdrodvnamic sieving mechanism mSM) was used to investigate the effect on" ... '- ....

the opening sizes ofthe geotextiles. Certain aspects of the hydrodynamic test

method were also investigated.

The most significant results \\(CI'C obtained with the HSM. Th\W~ was a marked

decrease in the flltrntlon opening size (FOS) with progressively larger loads.

For the woven geotextilc, a 28~() reduction occurred in FOS under a load equal

to gq/o of the minimum tensile strength. A 43% reduction in its permeability

also occurred when the I ISrvl was used as a falling head permeameter, The

results Ior the nonwoven gcotcxtile showed a 9% reduction in FOS for a load

equal to 10% of the multldlrcctlonal tensile strength.

When considering gcotextilc filter design. these reductions would probably

result in an improvement in ll~c retention charnctcristlcs of gcotextile filters.

However, the combination or II reduction in permeability and FOS will

increase the possibility 01' clogging and thus failure ofthe gcotextile filter.
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The mercury intrusion pOl'Osiml..!u'ymerhod i" outlined in the dmt't Stanclmd

Test Method I'm' Dcterminutlon or POl'I.! Volume (ASTI\/[) and Pore Volume

Distributlon of Geotextlles by Mercury Intrusion Pomsimetery. M I.!t'CU 1')'

Intrusion porosimetry is based on the llll.!Ol'y or the Washburn equation. which

relates the pressure required to force a non wetting Iluld (mercury) into the

pores of n geotextllo to the I'Uditls of the pores intrudcu. As a result, the pore-

sizc distribution nf thc geotcxtilc can be evaluated,

lmuge analysis (Rollin et al., \ l)77: l-uure et al .. I t)l){): Bhatia et ni .. ,t)()3.

1l)t)4) is a technique used rot' ,11~ dircc; 111CtlSllI'I.!I11unt of'pore spaces within H

cross-sectional plane of a gl.!otextill!. This is done by mcnsurlng pore sizes

Irom enlnrgc« scannlng electron microscope (SErv!) photographs, In

determining POI'I! sizes, assuruptions (l1'1.! !1I.!Cl.!ss(I!'Y regarding how the pore

between fibres will he defined, I~H'instance equivalent circle, smnllest

dimension. HVCI'41gl.! recumculnr dimension. etc.

A few attempts have been ruude ut dl,)\ eloping u pwthl.!ll1atit:nl model or the

structure 01' u gcotcxtilc. Gourc and Fuurc ( [9tJ2) expand on the theoretlcal

modo I cu III.'d uic convcx-gtuln BOl)]l.)tU1 scheme (Rollin 1t)7R), Considenuion

is given to the circle or dtUI)1I.!!r,:t' d that can hI.' inscribed in the pore nnd the

distribution oCinscl'ibl.ld circles between tlbrcs is determined (assuming (hI.)

fibres to be arranged uniformly and parullcl to thl.! sheet plane I, l'hc (,'"".

whlch is the conduit diameter chnructorisinu the maximum diameters 0[' the
,

conduus, is cuicululud and can he cOl1shkl'ud as a thcoreticul upprouch to the
tiluntion ll!11.!lling sizl,),

III



The Cunndi(1H limit standard Filtru; ion Upelling Size ()~gr.!o/c.ttih's

(CAN/( '(iSB-I..J.lt 11 ) gives a,description of the hydrodynamic sieving

method, This method also lISI.!S a mixture \)1' glass beads. Four tests arc usually

1'1111 at thl! same time. Tile appunuus consists o f four cylinders that arc uuuched

to u trumc which is in turn connected to II pneumatic device. The geotuxtile

samples are <lunched to the bottom of the cylindcre and lhe mixture of gluss

beads is placed upon them , I'he cylinders (lilt! geotextilcs HI'l) then immersed

and wnhdrawr, from the water puns, I'hls action allows the glass beads to be

forced through the openings of the gcotextlles when the water flows from thu

eylindets. AileI' a speci fled 111.1111be1'or cycles, the glass beads thm have passed

through the gcott.:xtile are collected and oven (Ided, l'h,!il' distribution is
,

determined um! the ()".\ is culculated, l lydrodynumlc sicvill~t evuluates the so
called liIl~l' opcl1ing size IFOS) of u gcotcxtilc,

The bubble point tes: is \-utllncd in Method B 0 rThe Sttlndal'd TI.!!'ItMethod»

Jhl' Pore size ChtU'llctcl'islics orMernbrunc Filtet's by Bubble Point and Mean

\o'!mv Pore rests (ASTlVl F·~ I (1), It combines the measurement of capillary

pressure with measurements or ail' 11m\' tlmmgh the specimen and it is based

( I ) a dry pm'otls mutcriul will pass nit' through uti its pores when uny nmount

or nit' pressure is applied to oi1l.~side or tlw nnueriul: and

(~) 1I sununted porous mutcriat will only allow u fluid to pass when the

pressure upplicd exceeds the r.:npillt\l'~·uttructton of the fluid in the largest POl'I.l,

The pressure required to extmct U cerraln volume or liquid h, measured and

this provides infomuttion on tl c pOI'\!volume which in turn is I'clatcd to the

opuninl:-! sizes, Since st11(IIII.)I'und smaller pnn~~;{'HISS nil' us the ait' }1l'I.lSSUl'C is

increased. the IUl'gcst llpl.)nill!!, ()oj'" and p<ll'l.)n.sizedlstrihution of the gcotcxrlle

I)



basically the same [Ling but with a !~\\ differences. Ihe major difference is

that th~ BS measures the appurcnt pore size Ior whlch ()(}ll I) of th~ glass bends

nL'1.) 011 and within thl.) gcotcxtilc. Tl1~ 1\( )S Oil the other hand L'idetinet! us tl1l:

size of bead that has only 1\1) I) passing through the gcotextile. Another

difference is that the ASTM standard starts the sieving u!'!ing the smullest sized

bends and then 1110\'I.)S onto progressively larger sizes. TI1l' BS starts with the
,

The bask process thougll remains thl.! same. A geotcxtilc specimen is placed in

a sieve Iiumc. nnd :iO got' sized gill!'!!'!beuds(a set tlI' glu!'!s hends of a certaln

size is culled u glass head dcsignntiorn ure placed Oil the gl.!oll.!Xlill.) surface,

1'111.)gcctextllc und n"1I11i.! urc shukcn latcrully tor ten minutes so that the

jutTing motion wll' Induce the beads to puss thr!lugh the icsr speclmcn, In the

cuse ol'the A:-iTrvl test, Pl'ogl'l.)ssivl.!ly Im'gl.:t'sized glass beads ure sieved

through a geotcxtilc until u pnrticlc :;ill.! dcsignution has been found t(11' which

5n () {II' less, by muss. pas!'!cs tl\wugh, Ihe BS l~st continues until the

~h.!signati(lll and mean {lilt'tkll.! size are reached rill' which more than 95() I) of

the bends pass through the (I.)stspecimen,

rill! we: sk\'in.!! technique (Saathnrr lind Kohlhuse 1t)R{~)is \'\')1')' similar tn dry

sieving. but with two tundnmcmu! dHTul'c!1cl.)S, '·il'sLly. u eontinuous water

spl'U~' is npplic.:d while the sieving tukes place, Secondly. a gln:;s bead rnlxnue,

as opposed to •.\ number or desiunmcd !lIas!'! beud :-;1/1.):" is used, The gluss

beads that pass through the ueotcxtlle ure collected and 0\'1,)11 dried, A particle

~~izcdlstrihutlou :lnalysi:; is carried out on these beuds lind the ()"., is then

cvuluntcd by ~:ah:u!i\lill!.! the q~f) I) Ii11I.!l' h~' mass point 011 the CLlI'W,



l.Iydmdynamk sicvlng using soil particles -

France

l lydrodynamic sieving using soil particles ..

Intcrnmional l tnion ol'Tl.!stit1g and Research

l.aborutorics for Materials and Structures

(RICH"I)

SW 64(}550~R3 Wet sieving with soil pnrticlcs • Switzerland

CNR··1qR6 Wet sieving vV'ithsoil particles ~n dmfl standard

in Ituly

HAW~FOSV 6,1: t 1I·'II \Vel sieving with soil particles - recommended

in (kl'I1HIl1~'

I Iydl'odYllnmk sieving lIsing suil particlus - in

devclopmont

2.3 Descriptions of Available Techniques tcr MCllsllrhq~Ol)~

l'hc standard methods arc thus nil based on the ll..'cc types ol' sieving l.e. wet,

dry and bydnulynmuic, Many ol'thc other techniques are in the developmcm

stage and u description of' all ihc available methods ure dcsctibcd below,

The t initl.)d States und Britain [1;1l11use dt'Y sieving with glass bl.!uds to

determine the (lpl.)lling ~ilI.!S lll' gcotextilc», The t rsl\. hus the '''''fancial'd Test

"''''hod [or D<'h'l'lIliJl,II,:~ 1//t','ll'l'tII'('i1f 0/'t'!1/Jlg Si::L'(AU,)', otu C;l.'ot~'.'\(ilL'

(A~;TM })u,~,7~I·Rn The Brilish on tbc other hand. haw the Brttisl: Standan!

Methods n/h'st/ol' (;nHt,,\'{I!t's Pun .;, Dvtcrmtnutu»: ottl« "ppal'('I1( P(}I't' ,\'1::,'

cliol'/rihulioll ".1' drv stcvit»; (ns (,llO():Pnt't':': 1l)R9), These ure both describing



l'hc uifficulty in measuring the opening sizes or gcotextiles is [101'l1C out by the

fact that there [lI'C so many different methods used, SOlJ1C methods tU'1.! uble to

111CaSlIl'\!the entire POl'C size distribution. while other» ~<l , only measure the

largest effective opening size: thc nl~'Numerous mcusurcincnt t echniques

have been developed. There nre the indirect methods such us dry sieving

(Culholll1. 197::!: (jerry and Raymond. 1983). hydrodynamic sieving (Fuyoux,

1977). wet sieving (Saathotf and Kohlhnse. 1(86). the bubble point method

(Andrei ct al., 19R2: Dennis and Davies 1984: Miller et al., [986: AST'M F·
316: Vermcersch and Mlynurek [99(}). and mcrcurv intrusion porosimetry

(Prupuhnrnn ct ul., 1989: ASTt-v1DM·~4()·~),There are ulsu the direct methods

such Hi; lmagc unulysis (lbllin et ul .. IlJi7: Faure l!l ul., 1990; Bhatia ct ul.,

1993. 1(94). und muthcrmuicnl models (Rollin et, til. [978 and It)H2: Goure

1t)X:!: Wllll1Ul111 19K:!: Gourc und Faure 1l)l)2),

2.... St'nruhu'dilCd Mcthods

Some 0 r the (lbo\ l! merhods have become stntllimtiizl!ti:

:\STM J) .t751·X7

BS·()t)()()·1 ()X9

NBN S 29{)() 1

(''\Nil'( iSH.1 ~X,l.1 ()

I)I'y sievlng t1sin!! glass beads " {rSi\

Dt'Y sieving using glm;s bonds ~ t lK

I))'y sil!vinllllsing. naturul soil purticlcs ..

I~dgilllll

I Iydrndynamlc sieving lIsinp. glass bends"
( 'anadn

(1



CHAPTER 2

LITEHATURE SURVEY

2.1 Introductlou

Gcntcxriles tire used 1111IlllllQI0t1S Illuutlon appllcntlons, such us in lnndfill

lcuchnte collection systems. in pipe underdrains. behind l'igid retaining walls,

in earth dams. and bQl1euth erosion control structures. When gcotextilcs nrc

used as filters, proper design is csscntlul, Three bush; tiltct· criteria arc llsl)d for

dosign: u retention criterion. u IJcl'tnl!ubility criterion und u dogging criterion.

Jltc ability ora geotextilc to I11Cl!l cxisting design criteria is considered to be a

functlon ol'the effective POI'I! openings ol'u geotcxtilc. Dencuding on thc

design technique. one lIstlully uses either thl.!0'1, 01' the ()'q. These nrc defined

as the measure of the c n~·l.!tivepore openings of a gcotextilc, The

classlflcntlon is slmilnr to that of soll, The 0", is the value which has 95% of

the geotcxtilc openings smuller than it. Simililrly. till) ()'ti is the opening size

that has ~()I) () of the gcotcxtilc pOl'~s smaller than it. This op"ming size is then

related to n pnrticuler sill! on the partlcle size distribution curve 01' the soil that

is in contact with the geotextilc, Note thut the O'lS is usually referred to us the

Inq.test effective l)1'l.!ning size 01' the flltrntion opening size. while the 01110 is

obviowily the lurgest effective opening size, Due to the lheL tha; this value is

dlfllcul: to 1l11.!1lSlIl\). ptll'tltnl.!tl.!l'S thut Hl'1.! closely related to it me measured lind

arc used as upproximnte values nl' Ollll!' Such typical purametcrs are OliO' 011,



the sn.allcst silcd bends. each bead size was uudcd as the test progressed. Ihe

hydrodynamic sieving mcchunism was also used Ior a test or the through flow

l:ilpadty \)1' permeubllity orthe gcotcxules.



calculated, The two gcotextllcs that were tested were subjected to n total of

four tests each, Apart from till untensioncd test, they were also subjected to

one equally loaded and two unequally loaded tests,

There arc presentlv many different methods to measure the POl'C sizes of

geotcxtiles. Some methods tH'C able to measure the entire P()I'\!size

distributio», whik others can only measure the lal'ge~t effective opening size.

which is usually called till! 0'1';' It was decided to lise one ol'thcse methods,

namelv hydrodynamic sieving. to I11l!HSurC till) change in the largest apparent

opening size, Hydrodynamlc sleving uses a glass bend mixture which is sieved

through a gcotcxtile by the force 0[' nltemuting water 110\\', A particle size

unulysis lust is pUl'lhl'l11l:d on the bends that have passed through the geotextile

and in this way the filter opening size is dctennincd. The upparatus was

modified to enable the testing of protcnsioncd geotextllcs, Once again

relatively small loads were used und a series of'cquully und unequally

tensioned tests were performed Oil a woven slit-Illm and two nonwoven needle

punched gcotcxti lcs.

The two nonwoven ge(ll\,)xtilus were identical in 1111.)ir llHll1111hctul'ing process,

but the one was thicker than the other. l'hc thicker ucotcxtilc \V(lS used in only

two tests in order to see the effect of'thlckness on I;OS, rill) woven and the

thinner l) I' the two nonwovvn gcotextiles were subjected to the same louding

patterns i.c, six equally tensioned te~lts and three unequally tensioned tests,

A variatlon (If the standard hydrodynumlc sieving test wus also r(lL'lll1'l11l)d,

lnsteud ()f add lug tile beads as a IIIixture at ine start ()I' tlte test, the beads wert)

divided up accordlng to till.! Sl\!\\! sib,,' ihut they were retained on, Starting with



The growth in the lise or ueorextlles led to the Intcrnatlonal Conference Ol1 the~ . ~

Use of Fabrics in Gcotechnlcs hetd in Paris ill 1977, This resulted in u grout

deal ot'rescarch into this rapidly expanding technology,

The (lim of this dissertution was to investigate one particular aspect of

gcotextile behaviour. The topic under investigation was the effect of biaxial

tensile loading 011 the permeability and opening sizes of geotextiles,

In certain applications. gcorextilcs can be subjected to In-plane tensile strain.

For example they are used us filters or drains in leachate collection layers

below landfllls and as reinforcing layers beneath 111lsconstructed on soft soils,

It should be noted that the gectextilcs arc not in danger oftltiling in terms of

their strength in these nppllcutlons, but it is possible that u realignment of the

fibres 11:H\V OCCUl' and this in turn will affect the behaviour of the aeotextlle.. ~,

A method was thus developed in u previous study to investigate the effect of

relatlvcly small loads (less than 10% o r the tensile strength of the geotoxtlle)

on the permeability und the largcsr apparent opening slze or gcotcxtlles. To

slmulnte biaxiul loading. a louding frame WUH built that enabled the geotcxtiles

to be prctensioned either equally 0[' unequally in two directions, The frame

allowed u maximum loud of 2.5 kN/m, To measure the effec; of these tensile

loads 011 the permeability of the gcotextilc. a large diameter constnn; head

pCl'I11CnmCtl!1' was used. The gcotcxtilc was placed in direct contact with a fine

grained surul and the design wns such that tt prctensloncd geotextilc could be

clamped into the pcrmcnrnetcr without uny loss in the strain, The flowrate or
water through the permcumeter was monitored by measuring the amount of

water tlcwing out otthe outlet spout lind the pcrrneability was subsequently



CHAPTER 1

INTRODUCTION

Geotextiles are defined as thin. flexible, permeable sheets usually of synthetic

material used to stabilise and improve the performance of soil associated with

civil engineering works, Correctly designed and installed. geotextiles have the

ability to filter, drain, reinforce and sepnrate soil. In many applications.

gcotextilcs may be designed ant! selected to perform a combination of'these

functions.

Although there were some wry early isolated applications of geotextiles

dating back as far us 1926 (Bell ct. al. 1977). it is only since the early 1970s

that their impact has become signlflcuut, The first polymer-bused geotextiles

\VCl'C woven industrial thhl'ks used beneath concrete block revetments in the

late [950s. Gcotcxtile nets became cstabllshcd around 196R. but the

development of the Ilrst nonwoven gcotcxtilc in France in 1968 widened the

range o f gcotcxtilcs and their applications. rill! first lise of u gcorcxtilc filter in

un earth dam was at Vulcros Dam in France in 1970 (Oil'Oud et, til. 1(77). By

1971 three other lines o C geotcxtile applications firs; appeared. i.e. tin drains.

woven gcotcxtile bnsal rein Iorccmcut beneath embunkrncnrs und gcotextilc

reinforced soil walls (John 1(87). Improvements in munufacturlng techniques

have resulted in gcotcxtiles being widely used us they ()Iten have an economic

udvuntagc OWl' some of'the traditional methods. c.g. geotcxtile filters nrc Dilen

cheaper than stint! Illters,
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particles are smaller than d, (111)
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Table 2.1 Retention criteria lor geotcxtile Illters () iroud, 19R2),

j
or soll

Relative Linl.!tIl·l.!od't1dl.!l1t of uni!i.mnity of thu soil

density
I' C,i' ••3

The 11l'il1ltU'Y objective or these criteria is to ensure retention of the soil tbat is

being filtered, l.e. to prevent migration or fine particles Irom the soil. Some of

the above proposed design criteria IH1'''c been incorporated into the design

standards of various countries.

2.5.3 Permeability crltertou

The penncobllity or'u gcotcxtilc filter is addressed by considcmtions of

relative permcubillty of tllu soil and the geotextile, Current dmiunge criteria

require that the pcrmcubllity oj' a gcotextilc should be SOl11\! percentage of that

orthe retained soil. with suuucstcd val'll.!s vnrvinu between 10 and lOOO!l·ij'" .... .. "
(Fischl.!l' ut til. 19t)()), Giroud (19~2) points out that the thickness of a

gcotextlle filter is typicully less lhan 1/1 OOth that or u granular filter. The heud

loss across these [\\'0 types or Iilters would t!lI.!I'(,!!lH'1.! he of' n similar magnitude
il'thc permeability ol'thc gcotextilc was 1 lOOth thut ot'thc nltcrnativc

granular filter. S ince the normul criterion Ior the COl.) Illcicnt of permcnblllty or
u grunulur Ii[tl.!l'is:

,,



the d~.;.which is the diameter such thut X51l
1l of the soil particles are smaller

than that diameter. (:\s in soils. the ( )", is used as opposed to the ()JIII)' thl.!

largest opening size, This is because the measurement ol' the () 101) is likely to

fluctuate significantly from one sample to thl! next if'therc arc only a few

openings which may be present in one sample ant! not the other. The Oq<, is

less IIkl.!i), to Iluctunte due to the IUl'&H.!t' number of openings that have the O,'S

size in u geotextilc sumplc.) The rclutionshlp b usuully in the form:

(2)

, WIWl'C x varies accordlng to the uesign methud. Typical values arc 2~3

(Currol Il)R3) ami I ..~ (Chl'istophcl' and IIoltz 1t)~5). Luudlere und Fuyoux

(19R2) relate the o., to the d';j)with x O,H. Ileertcn (1982) the ()'HI to the d'lIl

whh x J, ()gink ( J 975), ulso relatcs lhl~ ()'),j to the d'll) with x 1 for woven

~I!(ltl,)xtih:s and .'\ 1,8 1'01' 110I1WOVI!!1 /Jt.mtcxLill.!s,

l'he 11 (.!l1 complete Nltlliol1shi}1 has been established hy Giroud (1982), (SI.!I.!

I'ahll.! 1,1), It 1'1.)1111.1.):;thl,) ()'I'" the lineur cnetflclcnt of'uuifonulty l\i und the d"11

while takinu into considcrntlon the relutlvc deusitv of the mnterlul. For~ . *

Illtrutku; upplicatlons, the ccutrni iinenr portion of Ihe pal'tidl.!~sizt.) dlstrlbutkm

is extrapolntcd and used tll dctcrtninc the llncur coctflcicm of'unif'm'll1ity, t,',',

,~,1



Figul'c 2,1 Filtet' opening slzc us a function or~(lillll:nsiIY,

•It therefore uppcnrs lhut. tn tho case uf'u loose soil. the filter openings must be

just smallcr tbnn the sill! ul'the purilclc that th\;' Illter is intended to retain.

whereas. in Ihl! (':'\S\! Dr thl.! SH()1\! soil in a dense suuc. the Illter openings can be

twice as larue as IIlI.!pnrlkh.:s Ihl! tlltet is intended to retain, This conclusion

can be consi.lcred conservative. bccuusc sllil punlclcs tII\! not spherical and it

,~\.'l!Ill.'i lonicall!) expect non spherical particle» to bl.) less mobile. hence more

stable, llHIn splwllI,;ul pnrtiele«.

2.5,2 Rcl<"llti()lll'I'itl'l'joll

I'hc dcsiun or !!l!lllI.!Xlil(.'S accordlnu to lill.! rctentlon criterton usually involves

rclutinu the (I"" to SUIlIl! characteristic dkuncter of'the soil to he rctuincd, ¥,U,'. . . \

,:()



particle size analysis curve ol'the soil and the subscripts are the relevant

percentage values,

If a soil has u coefficient of'uniformitv uretuer than three. there arc not enough
J • ~ . \;..:

of the largest particles to form u matrix where smaller particles are

interlocked. It is only at a lower level of particle size that a matrix or particles

exists where smaller particles are Interlocked. If till! t'll of the soil is three or

less. a geotcxtile fllter that just retains the largest soil particles is ndequare: it

retaius nIl ~hc soil because all particles are entrapped in the mntrix formed by

till.' largest soil particles. If the CII is L!l'eatcl' tbun three, u gcotextile that just

retnins the largesr soil puniclcs docs not retain all the soil: the smaller panicles

nrc not entrapped within u matrix 1'01'1111.)(.[ by 1he largest purricles und they pass

through the gcotcxtilc nlt~l' j l' they nrc tll'aggl.:t1 by the flowing water, Thus

when the ('\I of the soil is lanier than three, the geotcxrllc filter 111l1St be

designed to rcuiln the particles that Corm u matrix where the smullcr pat'tk~lcs
Hl'C entrapped.

The relative density of till.' soil must also be taken into consideratlo» when

designing u geotcxtilc filter. Figure 2,1 a shows sci1el1mlieully that. in thl.!case

01' a hnse soil represented by a cubic urrangcment or spheres. if one partlclc

goes throuuh the Iiltel' opening. then all other particles can follow it. In

contrast, in the case of a dense soil represented by a hexagonal nrrangement or

SphCl'CS. the soil structure remains stuble if l'l1:Y one pnrticle goes through the

fllter llrcning tl-igurc 1.1 b): the structure becomes unsmblc only if'two

particles can pass simlIJt(\nc(}tlsl~' through a Illter opcning (Figure :!,l C).



2.5 Design of Geotcxtile FiltCl'S

2.S.1 Introd ucrlor,

,\ geotcxtile tlltcr, as any ~iltcl" must 1'ul111twu criteriu:

<'.:t\!IHillP criterion. .\ geOl!J,'Lik tiller musr han: npl.:nings small enough to

'Iii migrntton \lCSll ! punlclcs:

" pr ltlH.·uhility criterion A gcorcxtllc Illtcr must he permeable enough to not

slow dow n the now or qllt.:I' across the plaJl\.! of the geotcxti lc,

In critlcul ,Ipplkatlons. un uddililllHlI sufcty murgin agninst clogglng may

sometimes be lncorporntcd by adopting nn illlti-c!ogging crltction. i\

gcotcxulc flltor can 11111y PI'I.:Vl:I1l(\ signltlcunt amount of !inc particles

migl'Htin)Z. llndcl' the action pl'dmg forces exerted by the ilow. if the soil is

inteuutlly stable. When ",hl." Idl1J.!\\l1l.)ll1el' a soil is intcrnnlly smble, it is not

sufflelcnt t\l assume thal it will he stable if rhe pnrtlcle !'liz\!dlstriburlon CUI'VI.!

is continuous. l'tlntinllil~ of'tuc particle Sill.! distrlbutlon "lL'\~ is (\ necessary,

but not sul'lidelH. GOlldith1l1 to \!I1Stll'0 the intcmul stability of u cohesionlcss

soil, h11' a 1.:11h\!sillnll.!ss soil I\) he luternully stable, partlclcs 01'(111)' given size

must be cntrnppcd in till! muufx (\ll'l\1l.!d by purticlcs or It IHl'~\!I'size, As
lndicatcd hy (iil'l1ud (ll)~2). this is only possibll.! lt'the purticlc size distribution

ot'thc sell has (I coctflclcnt of'uniformhy (C,,) of'thrcc 01' less, e,\ is defined us:

( ,
II
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tilth designation. We thus need to plot these values on a log-normal paper,

The two values will bl..!the 212·micron size which has 6()(!il passing and the

30()·micron size which has I ()()Oil passing, To find the Apparent Opening Size

(AOS) we extrapolate between these two values. The AOS was calculated to

be 2~() ii111.

The hydrodynamic !'lic\'ing technique requires a mixture of bends be sieved

through the gcotextile by imrncrsion and withdrnwnl from water. Assume that

the mixture consists of seven dlfferent sized beads which nre retained on the

til'SI SCV\!l1 sieve sizes (from 75 to H50·micl'on sieves) and that there is 30 g of

each slze. The totn I muss ot'thc mixture is thus 350 g and the coefficient of

unilbrmity is appruximutcly 3.5. Ir exactly the same distribution of bends

passes through the gcotcxtilc u» in the above discussion of the AOS procedure.

then u totul of IgO g have passed through the gcotextile. '1'0 lind the Filter

Opening Size! F()S). we must plot the dlstributlon of bends that have passed

lhl'Ough the geotcxtile. \Ve thus have (, graph \,1' the percentage finer by mass

vs. purticlc size. The value corresponding to the 212-mil;wll sieve is H3%

(since. cur ora total of l~() g. ISO g are finer thun the 212·l11icl'Ol1sieve, the

O(I1Cl' 30 g rcrnaincd on this sieve. The calculation is thus 15011gO x l()()(!'o).

1-'01' the 300·micron sieve, the value is WOo II (since all the bends are smnllcr

than this). I':xtl'Upolatil1!! between these two points to lind the point where 95°()

is finer by muss. the 1"0:-1 is found to be 22R f('"

Thus there hi n decrease or I(jill) Irom the AOS to the FOS. It obviously vanes
Ihr each example. but it docs serve (IS a good illustl.·uti0I10f the difference in

culculation method,

\7



The results showed thul in general. the image analysis. mercury intrusion. and

dry sieving methods showed larger pore openings than the other methods. The

hydrodynamic sieving. wet sieving, and bubble point methods showed smaller

geotextilc POI'l! openings within a relatively narrow range. with the bubble

point results generally on the lower end of this runge, The hydrodynnmlc and

wet sieving methods produced very similar results rOt' ull geotcxtilcs.

The hydrodynamic sieving test generally gives smaller pore opening values

(FOS) compared with the dry sieving AOS. This can be attributed to the lise of

n glass t'·".ld mixture as opposed to glass bead designations and there is also an

important methcmuticul difference between calculating FOS <IntiAOS, The

culeulatlon of AOS hi based upon the percentage of bends. which have passed

through the geotextile. of each individual dcslgnatlon. The calculation or this
percentage value, is done separately for each deslgnation. The value is thus

calculated without using the results 0 ['nny other bead size designation, The

calcularion of the FOS on the other hand takes account or <til the beads that

have passed through the gcorcxtlle, The FOS is the l)50if) nne!' by mass point of
,

the mixture thnt has passed through the geotcxtlle.

Ihis nmthcnuuicul difference is host illustrntcil by lin example. Assume that 110

beads rcmuln in tL1<Jplane 0[' the IllSl specimen dming testing. Consider the

following results 1i.1I' u lIt'Y sieving test: ull 50 g of glnss beads passed through

the t::. otexiilc Ior the flrsr three glass beud designntions (i.o, beads rctnincd 011

the 75. I (){)and 150-mkt'oll sieves). btlt only Jll g ol'thl.1 fourth designation

passed through tbeuds retnincd on the ~ 12~Jl1lt:t'on sieve) and 0 g or the filth

dcsignutlon pusscd thl'OHgh (b\.!ads rctnincd on the 300-111it:l'Otl slcve). Thus the

point where ~1I11 \11' the bends j1t1SS through is somewhere between founh and



Mercury intrusion po['Osimell'Y and the bubble point test shared a common

problem (Bhatia und Smith 1(95). Both methods showed little difference in

the results for gcotextiles or various thicknesses or the same manufacturing.
process. Particles passing through a thicker gcotcxtilc have a I011ger path to

travel and there is a greater possibility that the particle may become trapped,

Thus thicker gcotcxtlles made with the same rnanutacturiug process gencrallv

have smaller opening sizes, Mercury intrusion poroslmetry results were also

affected by mercury (which is heavy) displacing fibres in the pore structure of

the geotextlle during the tests and this mny lead to errors in the measured 110l'e

sizes.

The bubble point tests were furthermore found to be dependent on the method

of Interpretutiou of results, i~cct)rding to Vermeersch and Mlynarek (1996).

the method can only be applied to geotcxtile products with the maximum POI'C

size of 1()() mlcrons, although research is in progress to widen the technique to

measure POl'C sizes up to JO() «rn, This observation seems to be in

contradiction ol'Bhatlu ct, (\1. (1994) who were able to measure opening sizes

ol'up to 200 t<111 with this method, The staple tibre, mcchnnically-bondcd

gcotextiles showed thl.!least varlutlon in thelr results and the hear-bonded

Wntes anti Wittstock ( 1qg6) concluded tluu image nnalysls provided the most

rellable information 011 the pore size distribution of gcotcxtilcs, However, it is

tirne consuming, involves specialized equipment and Is expensive. In addition.

there is 110 standard method COl' evnluming image unnlysis results. Results 1'01'
thl.) gcotextilc» tested were Cnirly repeutnblc,

15



or the original glass bead mixture. For dry and wet sieving. the effects 0['

clectrostutlc forces cause the smaller beads to ugglomerntc and thus prevents

them from passing through the gcotextilc.

Each method WUR found to perform better with some types of geotextiles than

others. For hydrodynamic sieving. the heat-bonded geotextlles snowed the

least variation in results and mechanlcully-bondcd, continuous filamcnr

gcotextllcs showed the greatest, The heat-bonded geotcxtilcs performed best

with dey sieving. while the staph: fibre and the continuous Illament

mechanically bonded had luirly high vnriabllity in the results, For wet sieving,

the 11011WOVl.!I1 continuous filament, rucehanlcnlly-bonded gcotextiles showed

the least variutlon in results and the nonwoven, continuous filament, heat-

bonded geotextlles showed thl.! greatest,

Giroud ( 1996) states that dry sieving should ollly he used in vet)' lew

circumstances. Dry sieving should not be used with gluss beads because glass

beads arc clucuosratlcully auractcd by synthctlc fibres, It sbould also not be

used with needle punched 11011WOVl!11 geotextiles because it gives incorrect

values or lilll"ltion opl.!lling sL~cs (typically too large). Dry sieving with sand

partlclc» may be used with gcotextilcs tha: meet the l'olltl\\'ing conditions:

gcotcxtilcs which nrc very thin twhcrc vibration cnctgy docs not therefore

dissipate) and where fibres (or filaments: are tightly tixed and. consequently

do not move duriuu sicvinu, Glroud ( 19(6) concludes that wet sievinu and
a ~. ~

hydrodynamic sieving are the preferred methods and tl1l!Ygive similar results,

However, the results 0['\\,1.)( sieving tests may depend on the operator and the

resultant vuriation on the application otrhe wale,' lind thus he believes that

hydrodynamic sieving is the 1110st reliable of thu sh:ving methods.

).+



woven tape. woven monotllmncnt, heat bonded and two nonwoven needle

punched gcotcxtilcs. The results showed that the coefficient of vadati 011

depended greatly on the nmurc 0[' the products. The values recorded were 4u·il
,

and l3(l() for the two nonwoven needle punched gcotcxtlles. l)O{) for the W()Vt.!1l

monotllter. l4Uo for the WO\,1.!11 tnpe, and 27°() 1'01' the 11011WnV\!11 heat bonded

geotextllc, The Ilucuuuion between values reported by dlfferent laboratories

can easily be explained because the appanuuses used in the laboratories varied

greatly, The types of testing particles WCl'C different. the HlIl'JiWC area tested

and the number of cycles also varied. Despite this. the vulucs for the

coctflcicnrs (1 r variation arc quite low,

Bhnrlu ct. ill ( ll)l)4) and Bhntln and Smith ( 1(95) made a number of interesting

observutions about the various testing methods. The three sieving techniques

nil have their problems. Dry sieving tests were hindered by glass beads

becoming truppcd within the geotcxtilcs und by electrostatic forces which

caused aggln111el'atiol1l)l'the glass beads below u diameter of 0.09 mm, Wet

sieving tests were hindered by glnss beads clumping together dul'ing the test,

which prevented the pnrticles from passing through the geotextile, The

dil1kulty ol'pnsslnu water through low-permeability gcotcxtiles was also a

problem. The use or il gluss bend mixture j()l' both the ~VL'1 and hydrodynamic

sicvlng tests caused problems, When particles 0 f many sizes arc allowed to

interact. particle blocking und bridge formation UI"!.! very likely to occur, This

I'CS1111~i in line beads. which are smaller than the pores of the geotcxtile, being

prevented Irom passing through lhl.! gcorcxtile by the courser glass bead

particles, l'hc complete pore-size distribution curve obtained by all three

methods is of lillie lise, In the case of hydrodynamic sieving. lit n certain point

in the test. the glass bends passing through the gcotextilc are only n reflection



particle shape has an influence on tlltrnti.m opcning size meusurcment. the

measured filtration opening size will be more representative of actunl field

situations if sand/silt particles arc used in the test rather than glass beads.

(Jinmd ( 1(96) concludes that both glass beads lind sand particles can be used

in sieving tests Cor thl.! determination of geotcxtile nitration opening size,

2.4 Comparison Between Methods

A number of attempts at comparing the different methods have been made. A

special working group of the ISO Committee. chaired by B. Myles, undertook

iutcr-luboratory tests in (090 (ISO TC 38ISC21). Five participating

laboratories evaluated the FOS values Dr live different geotextiles using the

hydrodynamic sieving technique and the results arc discussed below.

Comparisons have also been discussed by Wates ( 1980). Fame ct. al. (1986).

Miller ct. nl, ( 19R6). Dicrickx ant! \ an del' Sluys ( 19(0). unci (lome and Faure

(199()). Bhntla and Smith ( 19~)S) compare the results ofO,,~ for dry.

hydrodynamic, and wet sieving. lor twenty-eight woven and nonwoven

georextilcs. Bhntiu, Smith lind Christopher ( 19(}4). compare the 0", and pore

size distribution COl' twenty- two !10I1WOVCI1 gcotexti lcs usino ~:.. different

techniques (dry. 'vet. and hydrodynamic sievinc, bubble P\I rcury

intrusion and lrnuge unalysis). Fi~chcr ct. ul, ( 1993) discuss the types of pore

sizes and distributions obtained !i'o111 current lest methods. the sintllaritlcs and

LiiJ.'fl:l'GI1CeSbetween the methods and the unccnnintics in the use ot these pore

sizes ill gcotextile filter design.

The aeotcxtiles tested timing the ISO TC 3R/SC21 intcrluhoratorv trials were u~~. .

12



Small variations 011 these basic methods have also b,·":l1 presented in order to

measure the opening sizes under compression. i.e. under real operating

conditions. Denis and Davies' ( 19R4) present a variation of the bubble point

method under simulated soil loading conditions. De Wit (1985) developed a

variation of the hydrodynamic sieving technique which allowed the filtration

opening size to be measured while the geotextile was subjected to various

stresses. To apply the stress, glass beads. that were large enough to allow free

passage of the sand particles to he sieved and small enough to apply a rather

uniform stress. were used.

It is interesting to note that Canada. lISA and the UK usc glass beads in their

standard sieving tests, while most European countries usc natural soil

particles. Both have their merits, Rigo et ttl. (1990) state that in selecting

particles to perform these tests. Ilvc parameters must be considered: -

chemical composition. relative density. particle shape, their size distribution

and the total amouut of particles used for the test, The usc or glass beads

erases the influence ol'the first three parameters in the tests (Rollin et al.

[9(0), Since they are very regular spheres, agglomerations nrc impeded. Their

mineruloglcul churacteristice are similar to those of natural soils. and their

relative density is comparable to sand and silica particles (between J..-t and

2.6 )(Rollin ct al. 1(90). These observations are confirmed in a comparative

study performed on the two types of particles. namely silica and glass beads.

by Rollin et al, (1990). The silica particles tended to ngglomerute, which made

the interpretation 0 C the results very difficult, The use 0 r natural soil has the

added dlsudvuntuge that very strict procedures have to be applied to ensure

that lahornrories p01'1'o1'111 the tests with particles having identical density.

chemical nature and shape. On the other hand, it may be argued that. if indeed

II



l'igul'c 3.2 lhe Ioudinu frame \\ ith ~I..'otl.)xlil~ specimen iust utter II!t1sionir1t!

mote the (our t.:~ linders trom thl.! h~ dl'\)d) numic sil.!\ in~! mechunisru on top (If

the I.!l!llll.!,\ttll.!)'

lhc permcamcter nlto\\ ed I'llI' the uP" ard Illl\\ ot \\ all'\', lt \\ as mnde from 11

mm thick mild steel and hud <I rubber liniN! nil the inner surface which
prevented the corrosion ut'the steel 1!1.l11.(t had an inside diameter of:2S0 mm

and it lowl hl.!lght or:9;; 111m. It consisted ul' twn htll\ es \\ith a clumping ring

and a rubber ()·rinu liltin!! in between. 1'01' a photo and schematic diagram. SI!I!

Iluures .~Jaml.~,t



Ih.: lour .:d~!\.''ipI lillo'~L'(ll.:\tik \\ ere clamped ill loudinu ~ll!,.':'i, lhe ~okes

held the l.!l.!lll~\l1k in PlhUlll11 durinu loadinu and thl.!~ trunstcrrcd the loud

trom the load stand to the ee II t I.!\1 ilI.! , I hl!~ had the sallll.;' ll:ngth us th~ rollers,

i.c 1.1 111, and l:llllSbll.!d Ill' (\\ II stl!l.!l hal's \\ hich had .\ \\ ldth of 50 111m und

thickness o":U mill. 1-:1\.:11bar had ~l~\ 1.;'1\ 1.;'\ I.!nly spaced holt holes. A sU'ip of

1'1Ihbl.!I'\\ us glued to till! ilbld\! lIt' each lIt' the hal's to increase the grip onto thl.!

geotcxtilc. l'hc gl.!l)!I.)\lih.: \HIS held between the bars hv means of shnrp \!dgIJd

hults (\\ ilh a d ium I.!ter 1lI}\ mm: tluu WI!I'I.! driven through the fabric nnd the

~ lkl.!S and then bl\ltl.!d, l 'ndcmcath each clamp there was a central hook from

\\ hich a hInd srundcould lte hLlI1~,\\'uights were placed onto the stunt! until

the l'l.!quil'cd tensile loud \\ ,1:'1 du\ dl1PI.!d I SI.!I! figure 1: l.

FI~UI'c 3.1 The loudinu trnme.

.,, ,



3.2 Loading Frame

Fm all the tests. till! ueotextiles were first tensioned in the loudinn Inunc (Sl!C
I.e. •

figure 3.1 ). The Irume had (l) be large enough to accommodate both the

permcnmtcr und the cylinders Irom the hydrodynnmic sil.)ving mechunism. The

four cylinders were the limiting factor hccnusc they had tin external diameter

of 340 111111 and were ail to be Llsl.!dtogethe!', The funue was thus designed so

that it allowed all urea or gcotcxtile approximntcl; 1.15111 by 1.15111 to work
with,

The lending Iramc consisted \)1' three purls, There wus the Irumc itself which

was made !l'om hollow rcctunguhn' mild steel tubing. the ibm rollers that sat

on top or the trnmc and the four hludillg yokes that cnabled the gcotcxtile to be
,

clumped l11'iol' to it bdng pltll.:\!d l111 the rollers. lhe outside dimensions of the

frame were IJ5:.:1.3~:'\{U 111 high, It I:onsisted otu squore base with clgh:

vertical stand:-; on tll which the rollers were placed. There were thus two stands

per roller, Ihey ,VCI'\! pnsitinl1Jd at the corners of the Ih\1111.! (t\VO per comer: at

right ungles to ~~\I'l1(\!I1~I'und hud spedalJy cut \ll'Om ~)S at the top that allowed

thl! l'OUCI'S to rotate but I\!su'ktl,'d \\!1)' kuornl movcrnent. The mild steel tubing

\VUS 50 111m wide. 1S 111111thick and has it wal! thickness or I j mm.

l'he Ibm rollers \Vl!\'1!1,1 111 in length and 110 mm in diumetcr. Thl!Y had
extension» nt euch end which'conslstcd or n steel bur. ~() mm long und Hmm

thick, The rollers \Vt!!'1!plucl..!dnt right ungles to each 01111.)1'with the extensions

Ilttinu into thc Ut'OO\I!S of1i11.! Ihlll1t.:, Since the [hunt! and roller» were 30n 111m
\... . 'I..:_

high. the cntiro tnadi:1)! !hun!.! \V(lS plnced (In two trestles, lhis allowed the

yokes .md 111ud suuuls til hnug trom the side ot'thc trumc,



CHAI>TKR3

DESCRIPTION OF EQUIPMENT

3.1 Iutroductlou

One of the topics under lnvesrlgadon in the research conducted, was the effect

of binxlul tensile loading on the permeability of geotcxtiles, The potential

change in the permeability was studied with the aid of a large diameter

permcumeter. This permcameter was used previously (us discussed in section

2..7) and was ready thr usc. To study the potentia! change in the pore openings,

one of the many uvnilable techniques for measuring the ()I)~ of'n gcotextile, the

hydrodynamic sieving technique. wn» used.

To tension the gcotcxtile, a loading Ihune was designed that enabled

tensioning eithcr' equally in two directions or unequally in two directions. The,
design needed to be strong enough to allow louding of up to :;,5 kN/m, The

louding frame t\11l1 the sieving. mechanism were designed together. The Irume

had to be large enough to nccommodate the tour cylinders of tilt!

hydrodynutule sieving mechanism. while the sieving mechanism had to have

detuchublc cylinders rhut \vCI'1.) nhle LO maintain the tension in u prctensioncd

.11



2.8 Conclusion

T111.:following conclusions can hI.!'drawn tron: the above litcruture survey, [11

certain situations. gcotcxtilcs are subjected to biaxial tensile louding, It is

probable that the hiaxiullouding wlll deform the POl'I.!npl..:t1ings of tile

geotextlles. This dcthl'l11Hlioll'may change certain properties of the gcotextile

such as the pcrmeahility lind the lurgesr apparent opening size (0.,,,),

The Importance of the o, in the design of geotextilc fllters was discussed,

The different methods used fhl' determining the 0." WI..)I'C outlined and

compurcd. II ,\S decided to lise one ot'mcsc methods to study the effects of

tensile lnadlng on the n.,; of geotcxtilcs. Possible improvements and uu

expansion 0 C it previous study 011 the permcubillty or uniaxially tcnsioucd
geotcxtill.!s \V1.!l'1.! ulsn suggested.

.~o



A 111i1'1ydramatic decrease appears to occur in both the WOVl!11 and the

nonwoven gcotextile. The initial decrease in flowrate followed by relatively

constant now, can be ascribed to the formation of a filter zone upstream of the

geotextlle, It corresponds well with nrevious studies of tong term filtration

behaviour by (1'01' example) Van del' Merwe und IIorak (1989).

This topic thus obviously required further investlgatlon. A few possible

improvements were also considered. Firstly, there is the problem of biological

clogging. The effects of this were discussed by Chin et, al ( 19(4). The growth

of l11i~1'() organisms 011 a geotextilc severely reduced its permeability and was

the main cause 1'01' surface clogging, Alter inserting a disinfectant i11tO the

water supply. they recorded a distinct increase in the p .rmenbllity after a short
time lag, Secondly, the geotextilc was tensioned in only one direction. As n

result of tile specimen being relatively narrow (1,0 m wide), SCVt!l'C necking

occurred, For the woven ecotcxtile, there was a i0% reduction 111the width,..
and u 2(Jl) 0 reduction was recorded for the non woven geotextlle, It is easy to

imuginc thut such a change in a specimen's dimensions would change the

shape of'thc opening sizes drnmnticnlly and thus reduce till! permeablllty. This

situation is also unlikely to occur in-si'». For geotcxtiies used as reinforcing

IUVCl's beneath nils constructed on soft .ills. there is likelv to be straining in. . .." . . ~.
the direction perpcndlcular to lh{! [\xi, p1' till.' embankment. while parallel to the

axis there \',0111<.1 be very l'ttle . t1,10I1, btl. UP indue-d stress due to the resisting

of necking, Thus the sltuotion \) I.' u ~1.'\lt!.!xtilebeing stressed in one dlrection
only is llnlikuly to hnppc»,
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monitoring results reported by Schimeltcnyg et ttl. ( 1(90), \'iI1') instrumented a

gcotextilc reinforced coruainmcnt dike constructed on son soil deposits. They

reported dilfcrcntlul strains 0 ['up to 3u iI, Furthor examples of geotextiles that

can be subjected to In-plane tensile strain arc their lise us tillers or drains iii

leachate collection layers below landfllls 01' mine tailings' dumps, where

dlfferentinl settlements arc possible,

2.7 A Previous Study of The Effects of Tensile Loading on Gcotextiles

Kuchennt 19(4) studied the effects of a uninxiallv tensioned aeotcxtile on the.. ~.

permcabll itl' of gcotcxtilcs, The work curried out for this dissertation is partly

a continuation of Kuchcna's wt)l'k with a few refinements, Three types of

geotextlle were tested. Two woven slit film gcotextiles anti one nonwoven

needle punched geotcxrilc. /\ piece of geotextile with dimensions of 1 m wide

lind IA m long was tensioned ill u specially constructed loading frame. This

trume allowed the geotcxtik., to be tensioned in one direction only,

Tile gcotextilcs were cltunpud ill a specially constructed permeametcr and

subjected tl) an upward water now, For a more detai.ed descriprlon of the

permenmeter, see the dcset'ip\ion of npparutus lchapter 3), The decrease in

permeability i;; illustrutcd by figures 1,:; & ;2.3, The loads and percentage of
tensile strcugth ure given in the legend.

17



rise in the gradient ratio, whereas intcrna! erosion is detected by a continuous

fall in the gradient ratio.

2.6 'Tensile Straining of Gcotextiles

Althougl: the effect of n compressive force pcrpenrl: ular to the plane of the

geotextilc has long been recognised (Giroud 1983). the importance of tensile

strains in the plane of the gcotcxtilc appears to have been ignored, Giroud

( (980) and Genre und Faure (1990) have alluded to the problem. but little

experimental work on the effect of tensile strains appears to have been carried

out.

The effect of an in-plane tensile load is likely to be to reduce the geotextilc

openings, thus accelerating dogging or blinding problems. This woulo be

particularly true if tensile strains occurred within the plane of the gcotextile,

and more strain occurred in one orthogonal dlroction than the other. An

example of this is the lISI.! 0 I'geotcxtiles as reinforcing layers beneath tills

constructed Oil sntt soils where proper flltrution is essential in allowing

drainage and disslpnrion of'porc pressure in sMt soils. In this type of

application. as discussed by Rowe lind MyUeville ( [l)I.)O). the gcotextile strain

in the direction perpcndiculur W tltc axis 0 t' the emhunkrucnt mny be us much
as IOU II. In the dlrectiou ot'thc cmbaukmcnt axis little 01' no dltfcrcntlu!

settlement or the cmbunkmcnt occurs. lind fhl.! strniuing or the geotcxtll« will

he solelv tU u result or the ucotextile rcsistinu the induced necking that would• . ,,< . 1_'..·· '. '\0.

result Irorn the strain. It is unlike lv that these two onhouonnl strains will be
I ~ \0.

equal, and dH1i!l'entiu[ in-plane ~itl'nil1is thus likely, This is sLJppnl'ted b:' the



should be designed to accommodate these particles. If the particles displaced

by water do not pass through the filter, they interact with the filter, i.e, they

interact in three tli ffercnt ways:

-Soil particles may form a thin layer (often called cake) at the surface ofthe

til tel', This mechanism is sometimes referred to as "blinding" of the filter.

..Individual soil particles may obstruct geotextile tiller openings, This is

possible in the case of filters with individual openings such as woven

geotcxtiles. This mechanism is SOL11!.!til11l!s referred to as "blocking" of'thc

filter,

..Soil particles may become entrapped within the filter. This is possible in the

case of thick 1i1tCl'S, such us needle punched nonwoven geotextiles, This

mechanism is sometimes referred to as "clogging' of the Iiltcr, However. the

term "clogging" is also tlSl.!lI io encompass the three mechanisms described

above.

[11 general. u geotextile filter will fall due to clogging because the geotextile

was not placed in good contnct with the soil, No simple design criterion exists

to determine potential cloggi1\f'. r uboratory tests that determine the geotextilc-

soil compatibility (such as the grudlcnt ratio t st) nrc the easiest WHY to

explore this potential problem (Shl ct, ul. 1994). The gradient ratio test

involves placing the geotcxtlle and the soil sample in a special form of,
constant head permeumcter. called a Calhoun permeamcter, uno monitoring

the head loss as the wntl.!l' flows through the soil and the gcotextilc, The

gradient rutlo is detlned as the rutio of head loss lWl'OSS the geotextile and the

adjacent 25 nun of soil to the head loss in the next 50 111111 of the soil, This

ratio should stnbllize with time as u naruru! soil Illter becomes established

within the soil adjuccut to the gcotcxtilc, Clogging is detected by a continuous



the geotcxtile (units of S·I), The permittivity must be larger than ten times the

coefficient otpcrmcability ofthe soil (umts ofm/s). This relationshlp can be

used for ull types of gcotextiles because permittivity is easy to measure lor all

gcotextilcs. The coefficient of permeability should only be used with

zcotcxtiles whose thickness is sufficient to allow the accurate measurement or...,

the coefficient,

2.5.4 Geotextlle filter clogging

A geotextile Iiltcr cun successfully l'I!Wil111 so i, If the following conditions are

met:

-The soil has a continuous particle size distribution and it is in u dense state,

which ensures maximum interlocking of the soil particles,

-The gcotextilc filter openings are properly selected. as discussed above.

-The sell is in close contact with the gcotcxtile fllter, so there is no open space

between the soil and the gcotcxrile where particles could move or accumulate.

Even when the above conditions ure met. some soil panicles move when water

110\\'s towards the filter: those few S111U!! panicles that are at the surface of the

soil. next to the 11It\.)I'. and therefore. ure not entrapped in the soil structure.

More soil purticles nrc displaced by the now of'water when the above

conditions arc not met,

S(liI particles that are displaced by water flow muy pass through the gcotcxtile

nll\.)!' au! migrate into the drain, e.g, gcotcxtilcs used in lin drains. trench

drains. nighwny shoulder drnins etc. If this is expected to happen, the drain



(3)

Then, for a gcotextile flltcr it should be:

(4)

Such a low value for the geotextile permeability however. does not allow for

any long-term clogging 01' blocking of the geotextile. Tests conducted by

Heertcn ( 198:2) on thick mechanically bonded nonwoven geotextiles recovered

after about 10 years of SCI'vice. indicated that dogging of tile geotextile while

in usc. reduced the permeability to between ()O% and 5% of the original value.

Most authorlries therefore recommend that the coefficient of permeability of

the gcotextile should not be less than that or the soil (John 1987), Thus. the

most widely used permeability criterion is:

(5)

A thcoreticul relatlonship between void distribution (opening size and

porosity) and the permeubiiity or gcotcxtiles bas also been established (Glroud

1(82), A similar relntionship wus already known for soils, Comparing these

two relationships led to a chart being created that gives the minimum value for

the openings C),() of the gcotextilc as a function of'the density of the soil. the,
porosiry of the gcotcxtllc und the ratio between the coefficients of

permeability of the gcotcxtllcs and the soil: this must not be smaller than one,

A value 0 f ten is recommended for this ratlo,

The permcuhility criterion can also he expressed in term" ot'the permittivity of



4•.L3 Pnrtlcle size dlstrlhution of the snnd

The particle sizl.! distl'ibutioll of tbe river sand wns determined in accordance

witl: BS 1.\77, The results are presented Ilrapllil!nlly ill Flgurc -l.l , Note that

the lilllJst siz~~partielc« (!I'I.! rcralncd on the 7~·micl'(ln sieve. '\11), other
particles Iincr thun this WI.!I'I.! \vash\!d out, The initial tes: in the permeumetcr

showed that there was a possibility lhallhc finer particles could be dogging

the needle punched geotcxtilc. Since tilt! \!f1b.:t o['t\!!1S;[1.! strnining 011 the

g\!olcxtik was In be monitoreil. the sand was made as permeable as possible

hy wushlnu out [1m'liclus ilncr thu» '/~ 11m aud so potl:ntial clogging was also

cllmlnatcd.
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which is much smaller than rhc vulue given in table 4.1 of JxlO' m.s, Thus it

is likely that tho p~':'dh':.:~ilty is 1l111~h higher Ill}' the woven g~lltl!Xlilc and thus

thl.! pcrmcubility critcr: L would be satisfied. lnitlul tests llsillg Ihe woven

gl.!otl.!xtik in the pcrmeumutcr, showed thm the Ihm rntc \\tIS derornuned by tlil..)

soil und not the gcotcxtilc which indicates that till! pl.!t'l11l!ubiliLy critcrlon was

sntrsllcd,

4.4.2 Retention crlrerlou

Since thl,) Pl!l'l11l.!'uhility criterion hml been sutisflcd. the retention ctitcrion
needed to hI.! investigated. The d., o:' the sand was l.() unu. Till! H)S or the
gentcxtiles wus not given in the 111,1111IIh.ctlll\!t's • spccillcution» but they \WI'\!

measured ll!'iillg the ltydrodynumlc sh:ving technique. The \ ulues cnlculaicd

were Ii.737 111m tll!' the \\ oven g\!otextik and D.I ~3 111m 1hl' the nonwoven

needle punched jJl.mtl.):\tik I
1
I
I

lherc ure many ditfcrcnt mcrbods tor the design or geotcxtik 1i1t\!I's as

prcvil1l1sl) discussed. \\ hen tksit!lling ncctlnling to thv cruerlon of Oit\H1d
( 19~2) and u.us uslnu lab}!,) 2.1. the l'olJowillll equutlon needs tn be satisfied;

(6)
('

II

Wl-erc l',,'h thi! linear cIlcflkicllllll'ullillll'mity of the soil and is equal to thl.!

d",/d.ll"" For the sund CIlllSidl.ll,\~d the d,,"' 0,6111'11 and the d]\l' (l.l.j. mill,

Ihus, t',,' ·U, The value ~)r'the d." is (),~ mill und using equation 6, the n,,; ,

IO~O«m, ['[HIS. both ueotextilcs !llllillt!1e retention criterion.



ueotextile to he observed. When desiuninu ceotcxtlle Illters. a retention~ ..~ ',-",

criterion <lnd a pcrmonbillty criterion need to he s..dsflcd. A river sand was

initially chosen because nut dt'thl.! three soil types that were considered. it had

the highest permeabllity, Its pl.!l'meabilily was measured under constant head

l.!onditiol1s and lbund to be k 1.()9x 10'" nvs,

-IA.l Pcrlllcnbility crlterlon

The permcnblllty of a gcotcxtile filter should be suttlcicnt to ensure that then)

is 110 unncceptnblc increase ill the hydrodyruunic pressure. Since we know the

permeability of the gcotcxtile, and llsing one of the pcrmcabillty criteria, we

can cnlculutc the minimum required permeability ot'thc soil. FI'OIl1 section

:!.S.3. th\! peuneubilhv erlterlon NCOl11l11<.mdt.:dby most authorities is given by

the Ihllowing equation:

(5)

l'rom table ·L I. the 110I1W(l\'l.!ll needle punched geotcxtlle has a permcnbillty of

k!MC\III~ '3:..:10.1 m/s. Slncc the sand hu'i U permcubility ol'k.'l1l l.OC):dO"'m/s•
the pCl'l1lcnbilily criterion was easily sutisflcd, FOl' the woven geotextile, no

PL!1'111(.",lility was given in the manufucmrcrs speciflcutlons. An cstimu: can
be made Ihml the value given tor the water percolution. 'I'hc units oO/m~!s

cun el\si!~' be convcrred III m.s, Thus \\'I.! huve nil apPI'()ximnt\! k'Q"I~'{lIC

O.9:d o lUiS, [hi' the \\'ll\'CI1 gcotextilc. AlthOllgh this value is srnnller than tilt.:

!11.!1'!11cabilty mensured Ill!' the soil. it can be seen that if till.! same eonver ilon io\

curried out rOt· the nonwoven gcnll,):\tilc. WI,) have II k""lI~\'lk' ().~x 10 II111S



Table 4.1 Details of the georextllcs tested.
~- - - - ---.-~

Typo (If gcotextilc Woven Slit-film Nl.lcllll.!-

Punched-
Composition Polypl'opyll.!lll.! Polyester

Tape

Thickness (111m) (),()I 2.3

Mass pCI' unit areu (.wm~l 210 :270-
TCll,; iIC Strengths' I) (kNil11) Warp: ,~5 Multi: 21

Wdl: 2,+ Singh.!: 14

Iilongutlon Wurp: 20/35 Multi: 27/30

«~o Mitlll'v1ax) \Vl.!ll: lo/:!() Sil1llll.!:50l7()- .....
Pcrrncubllltv'?' (k) (10 \ m.s:

I
Not given ..,.,

WUlul' !:I.lI:C{~latiOJ~\~~~) =~ l}() 20n--
Notes: ( 1) The needle punched uonwovcn geutexrile dm~s not haw a visible

warp und wert direction, l'he vulues an! thus 1'01' onc-dlrectlonal tension
,1I111 ll1ullldil'\.)ctionnllU'nsio!1,

(2) The pl.!l'l11l.!nhilit)' is rncusured under a .; kl'u normal stress

(3) l'hc WaII.!L' pcrcokulon or thl.! woven Ill.!otuxtilt: is mcnsunnl for a

heud or J ()Onun. Ihe value Ior the 1l011\V{)\'Cl1 needle punched

gcntl.!xlill.! was meusured (\11' a h~ad Ill' ,~()() 111m,

4.4 Choosing the Soil

l'hc go\'cl'llinl! crirerlo» \\ hen selecting lhl.! tvpe of soil. was one with high

pCl'l11\,mhility. l'his would ullow the intfuouce ol'th!.! tousile sll'\'SS 011 the



taken lit intervals 11C upproximutel; ~4 hours,

Foul' tcsts were curried out (Ill the nonwoven needle punched geotextile. 1"01'

three of the tests, the ul.!lltl.!xtik was tensioned binxiallv, l'hcrc were two tests~. . . ..

that had dlffcrem loads ln thc two directions. lind one was Iouded equally, The

loudlng \VtlS us follows:

1, Untensioncd
1, 365 Nfm und 3(,5 Nim

3.365 N/m and 1~7 N/I11

4. 365 N/m and 544 N'm

Note that this loading is in comparison wlth a tensile strength of 21 kN/m,

l'or the wovcn ucotextile. ti1I.!I'C \\-WC also [{lUI' tests onrricd out. The loadina
..;;;. I . ""'-

wus as follows»

I. Untcnsioncd

;:.,5·~·~NJ m und 5·~-1·Nim
3, ~q..~N/m und 365 N,m

4. 3M N'm and I R7 Nim

This compures with u multidlrccucnal tensile strength 0(' 50kNim,

4.3 Details of Georextilos Used



CHAPTER 4

TESTS PERFORMED USING THE PERMEAMETER

4.1 Introduction

To study the l.!i'fI.!CIS of blnxial tcnsile lending on the permeability or a

geotcxtilc, n large dtnmctcr pcrrncumctcr wns used as discussed in the

Pi\,\ iOltS chapter. The gcotcxtile» \VI,)I'I.! pretensioncd in u specially constructed

loudlng Irurnc, They WI.!!'I.! tensioned tip to a maximum of nnly 3°0 ol'thcir

The loadil1g varied !l'om being equu! in nil lour dircctlnns to

belng equal in nnly two directinns. The gcotextiles \\'\,)1'1,) clumped in the

permcumcter and placed into ,elOSl! contuct with llnc gralned river sand, The

p<.!t'l11eUm(.HI.!I' WlIS subjected to an upwurd \\ ater nnw from a constunt head

tunk. The tlowrntes \\1,)1'1,) monitored und plotted Oil a graph 0 r Ilowrate VCI'StlS

time.

4.2 Descrlption of The Testing Proum III

Two typ\.!s or gcotextilcs WI.!I'C inn:sligatud. a wnVUI1 slit-Iilm und u n0I1WOV\!11

needle punched gcotextile. A tnlallll' eight tests WI.!I'I.! currtcd out. !~m:h test

lusted Ibl' u period of ~()() 11Olll's and alter thl.! initial ,n~hom's. I'l.!adings WI.!I'C

'11



100 nun dut'ing the immersion cycle and lilted completely out of the water

during the emersion cycle. The speed of the piston could be adjusted. and the

duratinn of the immerslon and the cmerslon cycles could bl! set using the

timet'. i\ counter kept truck ofthe 1111111bel' nl'cycles,

The water pans had to hI.!large enough to hold the cylinders, und the displaced

water that occurred when the cylinders were tlrst inserted into the puns. The

pans were thus 53!) by ·UO und 2..J.O111m deep. When in operation, the pans

were tilled to u height of 1SO111m.

,ill
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Figure .3.6 Schematic IIr inunersiou lind whhdrnwul 01' the specimen

(Mlynurck ct. ul, [l)l).l)

lhc Ihllnt.' connected the cylinders 10 the pner-uatic device. This allowed the

cylinder» tll be inserted lIlld wltlrdruwu Irom the WalCI' pans. l'he design 1)1'tl1(.)

Irniuc was such thnt the I.'ylindcrs were held in a VC1'I[t:u! position with the

l1anfJ,csnurallcl to the surface or (!II.! water,

l'he pncunuuie mill had iI stroke ot' I~() min and was capable or \\'tlt'king with

compressed ail' ll{'\lP III HOO kl'u. It had lin ail' tllter and oil could be added to

(hI.' compressed ail' 1(11' lubricmion ort!le rum. When Ill\! water puns WI.!I'C filled

and placed undcrncutl; the cyllnders. the cylinders were lilkd lip to H height or



the [hUH\! b~ means (1t 111111'I) 111m diameter hIlls. I hI.!) \\ ere thu-, I.!asil~

detachable. ~lllhat thl.!> ~llllid be pla~l.!d on top ot'the gl.!\lt..:xtik that \\as bl.!i!1~

tl.!tts(ultl.!d in the loadil1;! ir.unc. I his \\as d\\111.! pnor to the gcotextile being



head loss radially through the soil sample in the cell was determined by

manometers. and it wns used to identity soil dogging during the course of the

test. Piezometer connections were placed at heights or :W. 40, 60 and 80 111111

above the base. There we- 'hree connections pel' level and they were placed

at 1200 It) each other. The pipes leading from the piezometer connections to

the manometer board had an outside diameter of 4 mrn and inside diameter of

1.5 111m. The outlet pipe allowed the water to run into a basin which sat 011 it

scale. In this way the flowrnte and thus the permeability could be measured,

3,4 Hydrodynamic Sieving Mechanlsm (HSM)

The testing device had to be built ami the design was based 011 the information

supplied in the paper by Mlynarek, Lafleur. Rollin. and Lombard ( 1993). As

shown in figures 3..1- and 3.5. the testing device consisted or foul' polyvinyl

chloride (PVC) cylinders (donated by DPI Plastics (Pty) I.td.) with open ends

( I) flxcd on a [i'tlI11C (2). The Irame was connected to a pneumatic device (3)

thut permitted the cylinders ttl be immersed and withdrnwn from the water

puns (7) located underneath each basket, A gl.!otextile specimen (4) was held

in position by the two tlunges (6) and IS).

The cylinders had open ends ami ~()~ mm inside diumcter, u height of 150 mm

and thickness of 17 111m. l.nch cylitulcr had two flanges, made Irom fIDPl~.

which have lin outside diameter of 335 mm, un inside diumctcr or 315 mm and

it thickness of 6 111m. Each nange had eight bolt holes. The tlrs: was glued to

the bottom of the eylindcl', rile second flange wus bolted onto the tlrst nncI'

the geotcxtllc had been plU<.:e~1between them, I'he cylinders W\,)!'C attached to

.~7



The bottom half of the eennenmctcr, which contained the inlet spout. had u

height of 165 mm, The sand was placed in this hall' of the cell and the

thickness of the wall allowed the sand to be compacted to the required degree
,

or compaction. The lise or an upward water now in the permeameter was an

attempt to eliminate the Inaccuracies caused by uir which can become trapped

during the downward now of the water (Ryncrott and Dennis, 1982), EVCll

when it was filled with sand. the permeameter remained mobile enough so that

it could be placet! below the geotcxtile which was being tensioned in the

loading Irame, The geotextile was placed into direct contact with the sand

since the clamping ring was positioned over the geotextile and was then bolted

onto the bottom hull' of the permearncr-r. The clumping ring had an external

diameter of 5 15 111111 und un intcrnnl diameter of290 111111, This meant that the

ring had a slightly larger internal dlurneter than the permcameter, It was rubber

lined on both sides. to increase its grip. tint! it had twelve bolt holes that

enabled the gcotextilc to be held in position, This was achieved by means of

sharp ended bolts (dlumete» of g mm) which were driven through the

geotextlle and then bolted, The rubber O-ring scaled tht gnp between the two

halves and it ensured that the appnratus remained water proor'throughout the

duration of the test, The diameter or the circular section of gcotextilc that

remained insl tie the permeumcter was 515 111m.

The top hull' of the pcrmcumcter. which hud u height of 130 11111'1. contained the

outlet pipe, It \VlIS plhl.!!.!d 011 top of'thc O-l'ing and the clumping ring before it

was bolted onto the bottom hall'. The water was supplied by II constant head

tank which had as a capacity or 50 (1 and it was designed so that the constant

head was adjustable, It wn» connected to the pcrmenmeter with u piece of

plastic piping. which had an internul dlnmeter 0[' 5 111111. l'he upplied head and



Flgure J.3 Phnto!!t'uph (l t' pcrmeumetcr and constant heud tank
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Figure J.4 Schcmauc (\\ petmcnmctcr uscd 1;'11' tesunu penucability ot'u
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TIll: munufucturers spcdJicnti,ons have a pcrmcabllity of3xlO·1 m/s,

4,g Discussion or Results

As can he Sl!1.!1l from Jiglll'l:S 4.:2 to 4.5, there were no clear trcmls which

indlcatcd a reduction in permeability with Increusing tension of'thc geotextile.

'I\:s\s CillTkd out with th'~ hydrodyuamlc sieving mechnnism did lndicnre u

reduction in the o}wninlZ sizes of II II.! geotcxtilc with tensioning (1I'l described

in chapter 5). This I:ltallj.l!.l was not retlectcd by tho pcrmoamerer results. where

i\ lltllnbcl' ul' problems were encountered.

Fill' the IVl1Vl.'1l gCOle.'Xlilc. the only lime when the untcnsioncd geotcxtlle hns

the ili!!llcSI Ilowrute, i~between XOand J25 hours. The reason fbi' the llownue



·~.7.3 The plot of pcnnonblllty vs, time

Till! llowrates in figures ·1.2 and 4.3 can he converted to permenbilities and it

is illll.!t\!Slin),! In compare lhl..!sl!with the permeubilitics thn: are given in the

manufhctnrer's spcciflcutions !(l!' the gcotextile (SCC Table 4,1).
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Illis compares with un appI'OXit111Il~: permeahility of'l)()xIO" m/s (see section

·L·I.I li.ll' til\! dcrivatlon ot'thls npproxlnuuinn).



4.7.2 The plot of flowrnte versus time
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Table 4.2 Approximate sunins of the WOWI1 slit-film geotcxtile

Biaxial Approximate Slmills (u I))

Loading (Ni111) Warp Welt

544 & 544 1.6 , 1.3

E544&.lM l.R 1.6

I.~ l.X3M & 187

Table 4.3 Approximate strains 01' the nonwoven needle punched geotextile
--

Biaxial Approximntc

Loadinu (N/m) Strains (0'1))- - -
366 & 544 :!A & 3.1

366 & 366 2A-
366 & lR7 ' 3.6 & 1.5. ., :=



• The Iinul permeability was usually less than that of the soil or the geotcxtile

and was it function or tilt: filter zone in the soil and not the gcotextile. The

exact p .rc size of the gcotcxtile was thus not important.

• Contlnuous piping occurred only where the opening sizes or the geotextile

were :2 111m 01' larger,

" Where natural (grnl1111m') tillers WC1'etested, their performance was similar to

that of gcotextilcs.
• The now through (1 soll/gcotextilc system is a complex phenomenon, and can

only be evaluated by lung term tests.

4,7 Results of the Permcnmeter Tests

The results included till! upproxlmate siraln measured, the Ilowrates and

permeabilitics recorded. The Ilowratcs were measured in t\.)I'I11S of the Iitres of

water collected in the contniner connected to the ourtlow pipe, l'hcse values

were then converted to litres pCI' second and divided by the area of the

geotexrlle in contact with the :-lundwhich was 0.49 m~. The conversion or
flowrnte to pel'l11lltlbiUty is nc~om{1!ished by converting trom litrcs to 1111 and
thus the units become m.s,

4.7.1 Stl'llill measured

I'hc npproxlmntc strain measured for both the woven and nonwoven
gcotextiles me given in tables ,·1·,2unt! ,.).,3 below.



enable meusuruble flows. A hvdraulic urndient of Ul'I.!.. :·~t'than 3 CUl1 result in. .. ...

piping erosion of the sand through thl~gcotextile, This would result in the

permeability failure 0 f the soil- geotextile system

4.6 Mechnulsms Involved ill Filtration

Long term now tests have bC1.!11 used bv a number of researchers (Lawson~ .
1986: Greenway ct. al. 1986: Polycrolt et, al 1982: KOI.!1'11ct' et, al. 1982) to

evaluate soll/geotcxtflc compatibllity in the laboratory. Although the tests

were performed ill different Iaborntorles using different test appuratus und

methods. certain aspects of the results WI.!I'C similar. rhus allowing some

general conclusions.

- There was un lnltla) decrease in the pcrmeubllity, Iollowcd by a relatively

constant flow. This iii ascribed to the Ioruuulon ol'u Illtcr lO1l1.! upstream of the

geotextllc (Rnnkilor, 1981). At the beginning of the test. the original soil

structure is intact. up to the snil!g00wxlih~ lmcrfuce. The permeability is t11l.!11

the permeability of the soil. /\s th~ tcst continues, water washes the fino
particles om (If the zone udjnccnt ttl the gcotcxtile. resulting i11[\ certain

amount llCpiping. At the same time partlclcs build lip in a /.011(.) just upstream

of the first zone. thus forming u Illtcr zone, The decrease in permenbility

continues until the tl)l'ming of'the Jiltel' /.O!1C has been completed, uuer which
rhc pcnncability remains constant,

~ The magnitude of decrease in permeubiluv wns typically u factor or 10, but

varied in SOl11l.! l!(lSI.!S, indicating SOtl11.! dogging with ccrtaln soil-geotl.!xtill)

combinations.



4.5.5 Tuklng I'endings

This proved to be a relatively slI11J1k rusk. As soon us the water started to pour

out of the outlet pipe and into the bucket. a timer was started, For the initial

five hours, readings were taken every hour, This was done because of the

initial dramatic decrease in the flowratc. The reading on the scale was

recorded and rhe scale was lewd. The next rending was taken 24 hours after

the first and after that a reading wns taken every 24 hours.

"A.S Addltlon of disinfectant

As previously discussed. the growth of micro organisms on u geotcxtlle

severely reduces its pcrmeuhility und CUll be the main cause for surface
clogging (Chin ct. ttl. 19(4), It WW:i thLls decided to add 11dlslnfccrant to the

wutcr supply, A Clip ol'bleuch was added every second day to the constant

head tank. 'l'he effect of uddlng the bleach was studied timing the initial

testing. I'hl.! addition of'bleuch netcI' a week of testing resulted in tin increase in

the Ilowratc. This seems to ccnllrm the growth of micro organisms on the

4.5,(l The Hvdrnulic Gradient

The hvdraullc uradicnt was culculatcd i\:~the hcud ot'wnter divided bv the
iii' . \. . ,.

thickness otthe samlluY~I" TIH! h~l\d ol'wutcr was 500 111n' and the sand layer

20() 111111. Thus, lh~ hydraullc !:!l'(ldienlwas 2,5, This was lm'ge enough to



manometer tubes and in the tubes themselves.

4.5.4 Clamping the gcotcxtilc in the permenmeter

The geotcxtile tended to shift slightly while it was being loaded. Prior to the

gcotcxtilc being clumped to the permcamctcr, it was thus insured that the

targets remained over the centre of the permeamcter, The gcotextile was

clamped by placing the clamping ring 011 top ofthe geotextile. This brought

the sand and the gcotcxtilc into direct contact. The dumping ring and the

permeumeter both have bolt holes and these were aligned, The geotcxtile was

pierced by hammering sharp ended bolts through it. The bolts were tightened

and the gcotcxti Ie \VUS cut free. A tensioned disc was thus left clamped in the

permearneter. The rest of'the gcotextile which was still connected to the

loading yokes was removed.

The rubber O·\'ing was placed on the bottom half of'the permeamcter, The top

half of thl.! 11I.!I'111C[1I11I)[CI' was then positioned over this lind bolted onto the

bottom hulf The top hulf'was tilled with stone. This was to keep the gcotextile

in contact with the sand and un aucmpt to model UI1 actual filter. Once the

constant head tank had been Iillcd, the pipe leading from til ... tank to the

pcrmeumetcr was connected. The outlet pipe wus positioned so that tile

outflow or water was dit'cClet! into u bucket that was placed on n scale. The

permeumcter was now ready 1'01' USl!.
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I
I content and then compacting it. This unfortunately resulted in air becoming

trapped in the sand during compaction which resulted in conditions that could

not consistently be repeated.

The effect of initial moisture and density of the sand samples was investigated

by van der Merwe and Horak ( [989). Seven different soil types were tested.

They were a medium grained sand, a washed river sand, building sand. silty

sand medium clay, gradings made tip n'OJ11 the silty sand and gradings made

up from the medium grained sand, The initial moisture content and density of

the samples were varied as follows: samples were placed dry without

compaction, at optimum moisture content (OMC) without compaction, and at

OMC with compaction (871l·(1 Mod AASI rroi There was little difference

between the results obtained Irom the compacted and uncompacted samples, It

was noted visually that in the test without initial moisture, more fines washed

through in the beginning of the test than W(lS the case with the two moist

samples, The permeability ufter 400 hours was similur for all three variations.

The con.puction thus hus little effect on the Ilowrate, So a fully saturated sand,

was used in an attempt to eliminate uny nil' in the sund, The permcametcr WaS

first tilled with water and the sand displaced thl.! water when it was added, The

sand was added in three layers and compacted by hand with the stnndurd

Procter hammer, This was done to agitate the sund and release nny or the
trapped nil', Aller this was completed, the top or the sand was smoothed on:
'l 0 avoid rusting of the permcamctcr and damping ring, petroleum jelly was

placed on nil the surfaces that woul« be corning into contact with the water.

The initial fllling of the permeameter with water had the added advantage of

showing the position of'pntentinl lcuks at the connection points 01' the



to and 5 kg. The specimens were loaded as uniformly as possible. The

weights WCt'C added at twenty kilogram increments with each stand being

loaded at virtually the same time. Ifthe geotcxtile was loaded unequally. it

was firstly loaded equally in nil directions until the smaller of'the loads was

reached. The loading was then continued in one direction only until the

required load was reached, When the woven slit film geotextile was loaded

unequally in two directions, it was necessary to distinguish between the warp

and the weft: directions.

Alter the required load had been applied. the specimen was left overnight so

that it would reach equilibrium. i.e, the strain was fully developed. Note that

the weight of the yokes and the load stands were included when the required

loading was calculated. The strain was measured the next day using a pail' of

vernier callipers. If two sets (~freadings remained unchanged an hour apart.

the gcotextile was deemed to be in equilibrium. and the next part of the

experiment could proceed. A record \Va8 kept of the last strain reading and this

was compared with the rending measured once the geotextile had been

clamped in the pcnneumeter and cue free, If the specimen had slipped at all.

the test had to he repeated since the original strain was no longer present.

·tS.3 Setting up the pcrmeumerer

Befort' the sund was placed ill the perrncumcter. the permeamcter was located

inside the tensile loading rig. The main di Ificulty with placing the soil in the

pcrmeumetcr, was to obtain n repeatable condition every time. Initially it was

thought tluu this could be achieved by placing the sand at optimum moisture

..j.l)



cut out could be monitored. Foul' targets were used per test. To attach them. a

square grid 0[,100 by 1()O mm was drawn onto the centre of the sample. It was

important that the sides ofthe grid remained parallel to the line of loading.

The targets were glued to the corners of the grid using non-elastic. water

insoluble quick set glue. "'0 ensure that the initial spacing was exactly 100 mm

a spacer bar was used.

After the glue had hardened, the loading yokes were attached to the foul' edges

of the geotextile, The yokes consisted of two bars and one was placed.
underneath the geotextile and the other placed on top of the first with the

geotextile in between. The bolt holes of the two bars were in alignment and

the sharp ended bolts were then driven through the geotextile. This task was

easily accomplished using a 2-kg hammer. The two bars of the yoke were

bolted together with the geotexti!e clumped between them. The other three

yokes were then attached in the same manner. The geotextile with the attach-d

loading yokes was now placed over the loading frame. Since each yoke

weighed about 11 kg. this task was accomplished with the help of three other

people. The permenmeter was already inside the loading frame prior to the

clamped gcotextile being placed over the frume.

4.5.2 Loading the geotextile

After the ;,~()textile had been placed over the loading frame, it was tensioned.

The yokes were in a horizontal position and a loading stand was hung from the

central hook underneath each of the yokes. The required load was achieved bv

placing weights on the load stands. Three different weights were used. i.e. 20.

-is



4.5 The Testing Procedure

4.5.1 Preparation of a geotextile sample

The size of the initial geotextile specimen was dependent on the size of the

loading frame. Geotcxtiles are sold according to their widths. Since part or the
sample bangs over the side of the actual frame. the required size was 2.2 rn by

1.2 m. For the woven slit-film geotcxtile, the sample with u specified width of

3,03 111 was thus used. Cutting the samples was easily accomplished using an

ordinary pair 0 f scissors, Care must be taken when making the initial selection

of a geotextile sample, An undamaged piece free of tears. scratches and

obvious imperfections needs to be selected. The sample was placed on a large

Hat and clean surface. With the aid of It straight edge. square and marker. a

square with dimensions of 1.2 by 1.2 111 was marked out in the centre of the

geotextile, This section has the same dimensions as the outside perimeter of

the rollers when they are placed in the Irume. The next step is cutting "naps"

onto which (he loading yokes are attached. The naps have to extend far

enough on the side of the loading Irume so that the loadinLl yokes end the

loading stand remain unhindered when the geotextile is loaded. They extend

son 111m over the actual frame and they are slightly wider than the rollers at

1,,2 111, The position of'the loading yokes is also marked onto the geotextilc.

Once the geotextile was cut tlry correct size. targets were glued onto it:. The

purpose of these targets \VUS twofold. The first \vHS (hut it enabled

meusuremcnt of the approximate Sl, I during loading of the geotextlle. The

second was rhm any slippage of the gcotcxtilc alter it has been clumped and

.+7



day utter the test, so a maximum Ill' three days is needed, When till! georcxtiles

had to be tl.!l1Sillnl.!d fir' l" th\.! test still unly look a maximum or a week. This

1l.!Sl was thus quicker than those using the permcumcrcr, and this allowed u

g,·cm!.)!'number or tests to be performed. llydrudYl1amk tests have tli.: added

advantage that four tests arc performed at once.

There WI!I'U three types or gcotextilcs tested. Till! tlrst two gcotcxtiles that were

used were the same \vOVI!!l slit-film pulypropylcne and nonwoven needle

punched polyester geutextilcs lllllt \v1!1\~ used for the permenmeter rests, nnd

their dctalls can he found in scctlon ·~,2, The third wns u nonwoven needle

punched gl.l(vl;~~till!whh,:h is made by the sume mnnu.hcturcr as previously It

is busicully til' same georextilc except for the llWl that it is thicker. Itl'>detuils

\.!t\11 be found in 'l'able 5,1,

Table 5.1 Details or the second nonwoven needle punched gcotextllc used .
.- . .- .- . ..,.-:::::::

'l'YPI.!of gcotextlle
,

Nonwoven NI.!'..!(lll.!
Punched (No,:)-,'

( 'omposition Polvcstcr
I--- --
Thickness rmm: "~A -
Muss per unit nreu (I,! 111;) :'~()- _t
Multi dil'cctiomd Tensile Strcnuth (kN'm) <~4..----......-_ ....
Elonuatlon under multi dircctionnl tcnsion (I) II) ";7130-- ---
Normal Permenbility ( I~).lI11!S) ,~

~nl'l1ml Throuch 11()\\

_.......

(j/scc.'l)1;)
..,
I- ,~~

_ '----_ -- -
l'hc bulk ul'thc testing \V:lS curried nut using 1111.) same two ucntcxtiles that

\\'1!1'1.) used in the pcnucametcr. l'he ll.)sling pl'0i!l'illl1 \.!UI1 be divided into a

iO



results showed that the hyorodynutuic sieving method is independent of the

uluss bead mixture when the uniformi'v coefficient is between -+ uno 11.
~, . ..
Mlynarck et al. ( Il)93} concluded unu the F()S values obtained from different

dlstrlbution» of glass beads WI~I'I.! very similar for u range of unitllt'mily

coefficients trom flve tn ~.5 and a maximum di; mt,H~l'between 300 and 800

microns,

Bhatia and Smith ( 199~) tound that ihe glusl'l beads that \VC!'I.! smaller than

O,O.J.5mmcaused two problems. The Ilrsr was the diftil"ult:' in cvnlunting the

sizes of the bends below this range hy either a sieve or hydrometer analysis,

The sc~n'ld was the initial lmmerslon and cmerslon cycles of tho test wore
I

wry long and olhm required scvcrul hours ttl stabilize, EVl.!l1 geotcxtiles with

lurger POI'I.! openings ununuthcturcr's I\()S O,·l25 mill) inithlll)" took hourly

cycles to 1m und draln 10 <.:111 ot'wntcr. This was most likely due to the finer

gIns ....hl.lad.'lbeeomlng n paste when watt:l' was added and cloggtng the pore
openings otthc georextile durirrg the inltlul stages or the tl.'sL, This obscrvntlon
SI.!CIl1S to contradict fvllYI1(1l'l,)kCL ul. ( 1()l)3) who initially set the immersion and

withdl'uwal durations lit seven and 15 seconds respectively dcsplre the Lltc.:tthat

the smullcst bcud si/c W(lS !0 1.tI1, Duril1ll testing, this potential problem was

.rvoidcd h)" lIsing bends that had a minimum slzc ofO,()75 mm.

5,3 The Testing Pl'ogl'lllll

( )111.! of the advantages or the h>'dl'Odynnmic sil.)ving test is that it is relatively

"hnl'l in durunnn. l-or un unteusioned gcotextilc, the lest takes a day to Sl.!t lip
and a lltl'lhel' dny to run till.! rest. The anulysis of' tin: results CHl1 he done the



soils have lltl.! added disadvantage (hm very strict procedures haw to b\!

applied to insure that luborutorics 111.!1'1'ol'I11the tl.!sts with particles hnvin/:!

identical density, chemical nature und shape.

Bhntia et al. ( 1l)94~) louud thut despite some limitations. both wet and

hydwdYl1umic sieving methods UI'C better techniques than dry sieving, Till!

main problem with the bubble point. 1111.!1'Clll'y intrusion and Image unulysis

methods was that despite f he Iltct thut they provide au entire pOl'I.!·sizl!

distribution of the gl){HI.'xtill.!. they give the same result fbi' gcotcxrllcs of

dWbrel1t thlcknesses but similar crcss-xoctions, Thcv thouuht that more \VOl'!\.
• 4

\YUS needed to study the bubble point and imagl.! nnalysis tcchruqucs before tite

results elm he used in design,

At the moment though. no test is PI.!I'('cI.!t.Compnnuive tests between wet, dry
and hydrodynamic sicving WI!I'I.) carried out by Bluula ami Smith ( 19l)S) on

rwcuty-clglu woven and IHll1\\OVI.!Il gcotcxtilcs. They found that the

hvdrodvnamic sicvlna method LmVI.!a thirty uond cstinuuion ol' the larues:•. • . "- L, . . • L . . . \;.

ellcctivc opening Si/.0 (FOS) llt'thc ueotcxtilc. I'he limitations ut'this method

<II'\!that the l'I.!HUllS urc nlrcctcd by lhl.! interaction oithc punicles within the
glass bend mixture, The cllmplctl: {1\lI'C size dbtl'ibulillll curve obtained by this

memod is or llule value. as nt a certain point ill the test, thl.! glass heads

passing are nnly u reflection of the ol'iginal glass bend mixture.

lhc t!rn.:ctllt'lhe original ,L!lll'l,sbeud mixture on the l'(..'sullswali studied <It tin:

SY'CI'USt!ll!livcl'sit)' LnblH'lIl11L'Y, rests were pl~I'(\\I'!nt!d \\ ith two dirti.m.!lll glass

head mixtures. ( lilt! plass bead mixture had tI C'I or II and one a ell (If 4, l'hc



dipping the sample into a water container and then lelting it drain, Soil

pnrtlclcs were used us testlng.purtlcles. Belisc (l<)gH) applied a pneumatlcally

driven, vertical device for sieving, [he lIST procedure, modi fled by llsing

gfuss bends instead or soil pmlklt.!s is recommended as a standard in Canada

((,ANIC( ;SB·14~,l·1 0).

As discussed previously, tlH!I'C are a number of methods Ior finding inc

opening sizl.!S or gcotcxtiles, r Iydrodynnmic sieving was chosen 1'01' its

perceived udvantugcs. Thr.!Yarc the thllmving:
I, The testing heads are wet during the sil.!\'ing lW{)CI.!SS us is thl! case in

filtration upplications.

2. I'hl! intmersiou und wlthdrnwnl process nH'l~csthl! purtlcles through the

geotcxtlle,

1 The sample Hil'.c is lurge 1.!1l1111gh to represent udcquutely tho product. i.e, a
lnrge number <,r openlugs nre involH:u in the test.

c~, Fnlu' tests 1:1I11\.~ curried Ollt at tho Slime time thus sHving lime und giving n

I11mn uccurate resul t.

The perceived mIvlIntil~~I.)S llrhydl'Od~11t\mil.l sil.)ving should l'I.lI'hups include the

usc of glass bends us op:lllsl.!d to soil pani\.llt.!s. ,\s discussed in thl! lltermure

SlIl'VI.lY. Illl.! t :1\.. t 'unudn und \ lSA US\! !lluSK bends while most [':umpctl.l

conntrlcs stlll use soil panicles. Ihc advnntngQs (If llsing glnss beuds ure:

~ Th<.!y nrc very t\)~1I1ul'SphUl\:H and thus impctll.! Ihl'mnthm Df agglomeretions.

• Th~l1' mincrnlngicul chuructcrisncs nrc similar to those ofnattll'tll soils,

• Their relative dellsit:· is cpmpul'abll! to sund and soil particles.

a Tltc 1.:{ll1sis(I.lIH':: Ill' thl.!iI' dl.'l1sily. chemlccl nnture nnd slmpc,

l'lrc t;on:,islcllI.:Y or glass bl.)ads is probably (hl.!it' ureutest U:-i:'i\.!l since muural



CHAPTERS

TESTS PERFORMED USING THE HYDRO}lYNAMIC

SIEVING TECHNIQUE

5.1 Iutroducrlou

In un attempt to 1\11'tl101'stud)' the effects of'binxiul tensile loading on the

opening sizes of georextllcs, it was decided to lISC 0110 of the previously

dlscusse J methods [ht' detormlnlng tho O'l~of n geotextlle. The hydrodynamlc

sieving technique was ChOSI:'1l and tho reasons 1'01' this tiro discussed below, A

variation on the standard tc~nillg technique was developed which enabled the
testing of'tonsioncd gcotcxtil~s in the sieving mechnnlsm. The 111M'opening

size was culeukucd COt'each gcotextlle to see if there was a:1Y vnrlatlon due to

the tensile loudlng. Till.!tcst wns also mndified slightly in un uttcmp: to

simulate the dry sic"ing tcchnlques' method of'uslug glnfoosbead designations

instead ora mlxture. The t~st was turthcrmore used to lind au approxlmatc

value for the p\!l'm~ubililY ot'thl.l gcorextlle and to monitor any chunge when a
tensile load was uppllcd.

S.2 Reasons {'()l' (,h()()sin~ the Ilydrodynnutlc Sieving Technique

The hydl'mlynmnk sieving technique (mrn WUH developed ill l'rancc by
l-uyoux ( 1<)77l. FaYlllIx upplied a r,;(\I'OlIS\!!device which \!t1ah!cd sieving by

Il(l



4,10 Conclusion

A series or tests \VU1'1.! carried 'out on t\\\) different types 0[' gcotcxtilc». An

attempt was made to monitor thl.!effects of'biaxiul tensile londs on the

permeability. No clear trends emerged which indicated u reduction in

pcrmeubility with incrcnsing tension In the gcotextilc, although there was a

reduction in permeability in all the tensioned tests when compared tn the

untensloned test. A number of'wcuknesses in the test method were highlighted

and possible solutions wC!'1.! suggested, It was decided to further if igate the

effects of biaxial tcnslon. but to conccntuuc on the effects 011 the opcnlng slzcs

of gcotcxtiles. A lurthcr test was thus developed and it is discussed in the
following chapter,

(1:\



the gcotextilc specimen in place and subjected to a confining vertical stress

similar to that of the soil specimen by means of a rod, weight and plate

assembly,

-The cell was then Illlcd with de-aired water,

-Soll, that had been brought to II tully snmratcd state by boiling it with wale!'

and then allowed to coolto room temperature, was pluvlated from a flask.

During water pluviation the particles reached a terminal velocity at a very

small drop height. and the resulting deposit was in the loosest possible state,

-The reconstituted specimen was levelled using a siphon. and the muss of the

specimen was established.

·'1'111: soil was then densifled to the tnrgeted density by lightly tnpplng the wall

of the permenmctcr,
./\ Iiuul refcreuce rncusurcmcnt of'the pcrmcametcr cell was made tlnti this
allowed comrol ul'the specimen thickness and hence density.

This technique would huve to be I11mlitied slightly to nccomodate the thot tluu,
the geotextlle speclmen \Vus 111ncedin tho permeumctcr after the sand. 'I he

bottom ImlCol'thc pcnneurnetcr was flllcd to the top with sand and then the
georextllc was plul.:l.ldOVC1' it und th~~two hulvcs were clumped togethur, Tltere

was thus no \vuy of controlling (my sand <Intiwater that were not contained ill

the bottom pUl'l orthe pcrmcnmctcr, A tcmpornry extension would thus have

to he in place during the uddltion or the sand and water. This would allow the

bottom to be overfilled slightly and then densl fled so thut the sand exactly

filled the pcrmeumcter.



Important, The standard permeumctcrs ha V~ an inlet pipe located ttt the top,

The water does not now directly into the sand. but into nil inlet chamber which

has the same diameter as the pcrmcumctcr, The result or thls is that the water

enters the soll m!I'OSSits entire diameter, The penncarneter should thus he

modifled to uccontmodatc such u chamber. This could be achieved by either

increusing the depth of'the permenmctcr lll' decreasing the thickness of the

sand layer and thus lcnving a space between the inlet pipe and the sand, Both

these solutions require u support grid that allows the water to pass through, but

Pl'l!VC111Sthe sand cntl!l'ing the inlet chamber {hI'example, u Iayor of gravel

beneath the sand.

One ofthe problems encountered du1'ing tl.!~ting was that the standpipes were

hccomiug blocked with sand. Not only should the stundpipc» have u greater

tnternnl diameter (about 5 mm). but sund should be prevented from entering

thv outlet spouts, There is thus U need em' a SCI'Cl.!ll. placed lit the holes 011 the

inskil.! of the pcrmemnctcr that kat! to thl.!standpipes. that allows the water to
puss through bnr not the sand,

Further cure should be taken liming the prcpurntion of'the sand specimen, It is

nCCeSSlll')' ill uny fundumcrunl study or soil Pl'opl.!t'(ies involving rcconstlnuetl

specimens that the specimen prcpurution tochnlque repllcutcs homogcnnus

specimens. Funin et, ul. ( Il)lM) described a wutcr plllVillliol1 technique that

created homogenous, sallll'utl.!d spcchuens or the sume initial dl,'l1sity which
wns well-suited to uni tonu sands (Vnid and NI.!!ltlssl.!Yll)~g 1,Tilt! technique

was lor pcrmenmeter» 111mwere lIsl:d in tbe stundurd gradient rutin tl.!S\ ami it
cun bril.!lly be described tiS Ihll(lws:

"'\11 inltiul reforcncc dial measurement was tuken of'the permeumctcr cell with



the pipe was conner ed to the tank with the aid of a bose damp, The result

was that an airlock occurred at the connection. At the beginning of each test.

when the flowrates were high. it seemed as if the larger amount of'water

l10wing through the pipl.! )11'CVel1tcrJ the Ibrmation of an nir lock, Problems

arose with very low flowrates when it seemed us if'rhc smaller amount of

water l10wing through the pipe allowed the formation of an air lock, In

extreme clrcurnstances the ait: lock caused the water now to stop altogether.

All attempt was made to sen I the connection \Ising silicone sealant, This did
lead to (11\ Improvement but the problem occurred sporadically aftl,)1'that. This

ccnnuction needs to be rcdes' gned to ensure that it remains airtight nt all

times.

TIll! pipes that were used It)!' the manometer tubes \V(')l'C round to he too small.

Belbl'\ a test \\'t1S stuned, the pcrmeamcter was lilted with water in order to

clear the muuometcr tubes of uny blockages. The tubes unlbrtllnntcly became

hlod:.ed very quickly with sand when the testillg srarted. ()111y u few grains

\VCl'U enough to uncut the I'ca~ling,

4.9 Suggested Improvements

There \\'<:I'C a few dlllcrcncc» between the standard gradient rutlo

permcarncters und the om: used in till! experiments described in this chaplet',

With u few modlficntlons, this pcrmeurnetcr could be used lbl' a gradient rutin

lest. A stundurd pcnnenmetce typically has an internal dlamctcr of 100 111m

and it is subjected to u downward water nnw. This compares with un internnl
dlnmcter of:!$() nun and an upward water now, Whlle the direction of'the

wmer now is not critlcal. the \vnl' in whlcb the water enters the sand is
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A few problems were also encountered when testing. One of the weaknesses

or having an LIP\VtU'l1 water How IS at th'~soil-water interface. At the bottom or
the pcrmcametcr there is u 4 111mdiameter hole which I1w; II spout screwed into

it. The water pipe is connected to this spout, I'hu water is thus flowing directly

from the pipe into the much larger urea of the sand. This in itself is not a

problem. but the method of inserting the sand in the permenmetcr created one.

As previously mentioned. the permcameter was flrst tilled with water and then

the sand was added. This displaced the wuter and the sand was then

compacted slirJhtly, The purpose of this was to eliminate allY nil' locks in the
sand,

The problem arose because the sand was so wet that it eroded around the hole

when) the water flowed il1LO the perrnenmetcr. This occurred eY1.!11when the

water pipe was attached to the perrneumeter und was tilled with water. Since

the "and is dense!' than the water, it flowed into the pipe, The pipe became

blocked and when it was disconnected to clear the obstruction. the sand once

lignin eroded and Ilowcd mit. Alter (1 short while. equilibrium \\\1S reached and

the sand stopped eroding. The sand didn't erode u great deal. at most 100 g.

bur it \Vus not consistent. l'hc void tlull was created every time could not be
reproduced exactly. This had (1I1l.!rtbcl on the water's ability to now through

the soil. Thus different VOIUll\eS of'wntcr could flow into the pcrmcametcr,

depending on the si!.c ortll~~void that was created. before coming into contact
with the sand,

FLIt'tIM' problems were encountered with the connection between the constant

head water tllnk and the pip\.! which curried the water to the permeamcter. Ail'

was Slicked into the pipe at the point or connection. This continued even after



I
subjected to a greater deformution and this would seem to cause the reduction

in permeability, Tensioning equally and non equally in two directions is u
much closer «pproxlmation of what can be expected in-situ (Rowe and

Mylleville 1990 anti Schimellenyg 1990.) and it is unlikely that tensioning in

one direction onlv. while allowing necking, would occur. The zrowth of
... "". "" to,,;

micro organisms could also have had an effect on Kuchena's wo.k since 110

disinfectant was added to the water supply.

Till.:) it would appear that the test was not sensitive enough to demonstrate the

change in opening sizes of the geotextile. 'This situation was further

exacerbated by washing nut the lines in the sand. A reduction in the opening

sizes can result in the clogging of a geotcxtile, This clogging would be due to

the finer particles caking in the fuhric. It was originally hoped that washing

out the tines would emphasize the effect of the tensioned geotextile. Since the

flowratc would he increased, the flow through the geotextilc would be the

determining factor with regards to (he tlowrntes, What actually happened was.
that the sand was dcterminmg the Ilowrate because its permeability ,,"':S so

much less than that or the geotextllc. Washing out the fines didn't increase its
permeability enough to affect the results. The possibility of clogging, which L

itself indlcntes a reduction in flowrntc, was eliminated, t\ better solution

would have been to have n sand with a permeability which was much greater

(thus testing thl.)permeability crltcrion) or one with much line!' material that

would cause the gcotextilc to clog uhus te.!sting the clogging criterion). Since
the effect appears to be slight. u surul-geotcxtile system which is designed

much closer to the boundary conditions ol'thc design criteria COl' filters should

be used when studying this problem.



dropping to Z\!l'O at the 75-houl' mark. was due to u blockage that occurred at

the inlet pipe, Aller the blockage was cleared. the flowratc returned to its

initial value within the next 26 hours, Alter 270 hours. the highest flowrate

was recorded tor the loud of 544x544 Nrrn, while tl.e untcnsioned and

365x187 Nrrn tests had very similar and thirly constant flowrates. The

544x366 N/111 test on the other hand. fluctuated greatly t)VCI' this period, This

fluctuation is quite likely due to the alrlocks that occurred at the inlet pipes.

The results for the nonwoven gcotextile show very similar flowrates tor the

two unequally tensioned tests t365x 187 and 544:'{3('6 N/m) lind the

untensioncd test during the first 300 hours, 1 11I.! equal Ioad of 365x365 N/m
has the lowest flowrate for the duration of the test. The onlv times that the, .
unrensioned test has the highest flowrate is 70 to 120 hours, 240 to 270 hours

and 325 to 500 hours, During this last period. the flowrates seem to have a

Iaitly regular pattern with the 54..j.x5·~·~Nzm being followed by the 365x187

N'm and 365x365 N/m, So certain vague trends me present. but nothing really

substamlul,

Of further concern was the tuct that the !'eStiILS were not reflecting the results

of Kuchenu's work despite using the same equipment, This disparity was

probably due to the differences in the technique used for tensioning the
,

geotcxtilc, When the geotcxtilc wns tensioned in two directions. the maximum

strain recorded \Vu;; 2,51)') ill both directions. This is opposed to the previous

study where as u result or the specimen being r0inLively narrow ( l.O m wide)

and being tensioned in one direction only. severe necking occurred. FOI' the

woven geotextile, u Ion I) reduction in the width occurred. and a 20% reduction

was recorded for the non woven gcotcxtlle. The gcotextile was thus previously



5.6 Results for The Woven Slit Film Georextlle

The results of the hydrodynamic tests can be presented in u number of ways.

The complete results ofthe equally and non equally loaded tests nrc presented

in Appendix A. These results arc Irom the particle size analysi» test of the

bends that passed through the geotextile during the test. They give th!'!muss of

beads that were retained nil ench or the sieves for all foul' specimerrs, The

problem with these results is that they are difflcult to interpret when presented

in this manner. Thus. certuln aspects will be highlighted, For ull the gcotcxriles

tested. there WCl'C usually two consecutively sized bonds that were critical.

Beads thm WC1'C smaller thnn ihcsc two sizes tended to ttl! puss through the

geotcxtile while bends thnr \VCl'C larger tended to be retained 011 the geotextile.

The results of these two bend sizes will be presented in u tabular 1<>1'111.

Another interesting comparison can be made when comparing the tctal mass

oCbeads that pass through the geotextile 1'01' each test. The results can also be
presented graphically hy determining the particle slze vs, percentage tinct' by

mass curve und from this curve the o.)~CUll be calculated. t\ table ;;("1tnining

these cnlculutcd values of 0", and their coefficient of vurtution arc also
presented.

5.6.1. The equally tensioned tests for the woven slit fllm gcotexttlc

,\ total of live tests were curried out on the woven slit film gcctcxtlle with
equal tensile loading in two directions, [t was found that there were two so.

called critical head sizes in these tests, In this case. it was the bends that were

XI



5.5.3 Fulling head tests

An uttempt was made to measure the chungc in pe1'1l1t.:ubility or a gcotextilc

due to tensile loading with Ill\! aid of the hydrodynumic sicvlng mechanism,
,

When the mechanism is in the upward position, it can be thought of us a typo
of lhlling head PCI'I11C(1Il1Clel', .l'hc \\,0(\.1)' Iluws through the geotcxtilc n'OIl1 u

IlItting head, So if'we CUlt lind lhl.! rime (hut till: water takes to Iall a certain

distance. we cun lise thl.! IhllinL! hl.!ud Pl.!t'l11CU111utl.!1'equation and thus calculate
thl.! geotcxtlle'» pel'mctlbll!ty, This is ot'course merclv iln upproximution since

the wruer will stnrt dt\lil1ing betorc the cylinders ure completely lilted oiu of

the water. I'\Vo points wero marked out \)11 the inslde of the cylinders, One wns
marked ut a height of 1 em abll\l.! and another 11 \:111 above the gcotcxtile. 'I'hc

hu~\" level WlIS not taken ut the gentextilc tor two 1'1!l\SOllS, Fit'stly. it is dit'lkult

H1 tell whcu the water has iullv drained out and sccondlv the lulllnu heud• .. . .. L

equation \\ ould hu\ I.!u ll.)l'l) in the dcuoumuuor. The test required l'lIUI' p..:opll.)

with stopwntche» to tim!.! th!.! durntion thnt the water level touk tIl drop Irom I I
em tu l em above the 1!l.!llMi.tik, Ihe \\ uter Il.!vl!lin the pans wus such that the
whole Mtll!.) cylinder \HIS IiIkd liming the immcrslon pun ('!'its cycle. l'his

wus done to !lGt a bettcr npproximnrion [lH' !hl.! stul'tin,f! tim..: or the lest.

Till.! twn tl.!sts per gl.!(ltl.!~lik 111mwere GiII'l'il.)d out in this mnuncr were lin

IllHI.!11SilHMi tl.!st und tensioned test with a loud or :,()(1 kN. III inl'tlll1
dil'l.!l!tillIlS. Fill' each test. a uunl o:' t1V\! cyd\.!s \\1.)1'1.)timl.!d, I his )layl.! u total of

t\VI.!11t>' l'\!adings per ll.!st.

so



I
5.5.2 Method 2

Unlike the dry sieving lI.Jslstliut require 11 minimum of six designations or
glass beads to be sieved, one designation at u time. the hydrodynamic sieving

technique uses a mixture of'bcuds, As discussed previously, this can lead to

possible inaccuruclcs. It was decided to lise glass bend designations instead of

a mixture and th011subject the bQads to n set number of cycles. This method
has been tried previously by Bhatia and Smith ( 190':;), They found that it

produced larger values of FOS but the 1\"'iltltS were not (IS consistent

Unfortunntcly, no details tII'C given us to the number or cycles involved or the

muss of each deslgnatlon of glass beads used.

1
I The same glass bead distribution was used in this test as previously, The

smallest sized beads were added lit'st and subjected to 100 cycles. The next

largest sized beads were then added and this mixture wns SUbjected to a further
1on cycles, This process was continued until all eight sizes had been added.

the test then continued until It totul of t\ thousand cycles were completed, Since

the woven gcotcxtile used eight designations of'bcads as oPl)()scd to five Ior
the nonwoven geotcxtllc, the tcst wus not exactly the same tor both

gcotcxtllcs. The three extra des! gmuions used Jbl' the woven geotextlle were

subjected to fewer cycles, Despite this. it is still un interesting comparison to,
make. This test also investigated another qucry concerning the hydl'Ody11t\mic

sieving. The quel'Y Is best illusiratcd with un cxmnple, Assumin]; we have 50 g
of'u certain sized bend at the start \)1' the test. An~1' tcstinu, 40 u of this size

1,., "'-

haw passed through the gcotextilc, Docs this mean that H()!lh of all b\.luds or
this size wll: puss tlWHlgh. or will only ,Hlg puss through if'wc huve !my I()() J.!

of thut pnrtlculnr size? Alternatively. will WOO I) of the bends puss througl: if



weighed ami placed in a howl. Till! bends were thus sil.!\'\.!d twice bl,!!\ll\!

ll.!/ilinl;!, lhis wus found !\I,!I.)I.!SSilI'Y because cspeciully the SIIUI!!!.!1' sil.l!S ll.!l1lh.!d

to drilt from (llW sieve size tn another.

Till! immersion and withdrawul durutlons, resnecuv I.!II' L; nnd .J.O··jUG ill U Iir~it

upproach, were set lll\ the timer. The counter was set to zero and in acccrdance

with the ('AN/COSH· I·HU·l () limn standard, the test run (be one thousand

cycles. The test was started by m:mating lhl.l pncunuuic device. l-ollowing two.

ten nnd menty eomplote cycles, voriflcution of thc immersion and withdruwul

duratlons was I1l.!el!SHUl,)" I'hc immerslo» pcrlod should he such as to allow

water to reach the IOn 111111 levcl ubove thl.!gcotexulu spechncn. while thl.!

withdrnwul period should he such that at the end of r,mch dmining pl.!l'ind there
was no water above the geotcxtilc speci. ins. 1l'1l1.!\!\!ssm'y, the.: st:lting

durntious were Udjtlstllti,

At the end or tbc l~Sl. the bends tluu hud collected at the bottom of the pans

were colleotcd, This \\ilS <1l.!hi'l!vl!dhy p\)uring tuc wnter thl'llu,uh a .3 ~ ..micron

~dI.!V~~,Thl.! beads were then placed in (l bowl uuu \vHS put lu un \)VI.!I1 overnight.

l'hc bead ... that didn't pHSS thl'Oll.uh the [!l.!lHl.!xtill.!\\ ere also collected ill ol'lil:1'

tll recycle them, A gmdluillll test wus undcnuken to obtain the beud-slzc

dlstribut ion for euch tested specimen. This nmdysis \ViiS pl.!!'tht'!l1I,!t!by lIsing

the dl'~' slevlug technique \IS per the i\STtvt reapproved I (j()() test procedure of
Mcthlld liell'Pal'lkll.!·Si/.1. Analysis Ill' S~lils (\) ,!,;':1.(13I, I he littel' opI,ming sill.!

was dl!tl.!l'millr,nl by calculating thl! l)~1l1l Ilnur hy muss point ol'thl.! dlstributlun
graph, lhc suuln wns checked at the cnd o:' cueh tl.)st to insure that thl.! luitial

strain had heeu mniutaiucd, '



attach the flange and they WIJ1'I.! pushed through the flnnge and holes. The

cyllndcrs were holted to the I1nn.t11!trom below the gcotcxtile. This operatiun

rcqulrcd two pcuplc, one to hbld the cy Iintll!l'S in place and another to tighten

the blliLs. ( hlCt.' the cvlinders \WI'l! in place, the strain was measured just prinr

I,) the cylinders being cut free from till.! ll!md\llling uppartuus. TIl(! strain was

t lCl\ compared with rcadiuus taken just priot' to the C) llndcrs hl.!ing bolted to

t ic sh:ving mccbuuism, (hh; \\ [u to check thllL no sU'CSS rclaxutlon had

occurred, Ifany rclnxntlon occurred, the Imll1plu \\W, not tested, This was not

f 1l1ndttl !lc a problem during (Cstill!!,

Tilt.' cylindcl'li WCI'C then bolted onto the sit:ving mcchunlsm, A spirit level was

used to I.!I1SUl'l.l thut thl:Y rernnincd lcvcl. The cylinder» WI.'I'1.l uttnehed. with thl.l

uid of rom' bolts. onto rhe rmmc uuu WUS connected to the pneumntlc device,
All the nuts. holts and wusher» were stainless Sled since the uppumtus was in

coniuct \\ ith wuter. uuce thl.! cylinders \WI'\! till nttuched and level, the water

pmt. \1 ere plal.!cll unIcrneuth them, The puns were filled whill,' Ille mechunism

wus ill the lmmerslm pal't or its cycle. This \\'lIS done s~) thut thc wntcr level

could he cheeked, The wuter I\)v\)[ I" each Pall was such as til nsure [00 mm
lll'WtllCl' above the submerged specimens when thl.!cyllndera reached tltl,)ir

[OWl.)stpositton. lhe uir-dricd ghUi~1bead mixture \Vus then plm:l.!d on the
g~)()tl!xtih:,

lhe I"tim.;s bcnds used \\I.!I'1.! sold in ~:' kg hags tucquired from Bcllillnbil.!
Sm'litl.!l.! i'ct:ilnolollil.!s I, 1-;11:11ba,u contained beuds of' II ccrtuln mnlll.l ol'slzes.

lhe b\:!\ds \\CI'\! thus initially sieveu umil tlt lenst U kllournm of each sieve size. .... (

wns obtnlncd. To muke up till! relevant distrihution llfhl.!alis. smeller qunntltlcs

or'thc 1'l!~llIil'l.!dsi/.cll h..:ads \\WI.! sieved uuuin. l'he required mass ofbl.l(\ds WtlS

<79. ,



geotextlle was the sume. As before, the geotextiles were first cut into the

\!OI'I'Cc.:t shape, Prior to the loading yokes bl.!in,l!attached, the tm'gets Wi.!!'U glued

onto the geotextile. (ll1e sot of'turgets was used Cot' \!VCl'Ycylinder m1d so there

WCI'\! tour sets of rargers, lhe gl.!otexliks \\\!1'1.! then placed onu 'ic loading

flume. The load stunds \\'I.!!\! uttnched to the loading yokes and the gcotexrile

\YUH loaded by means of lIdding weights 11l1t() tile stands until the required

tensile force was developed, )'111.!geotextile was len overnlght so that they

could be 1\llIy tensioned, TIll: strain wus mcusurcd, using u vernier calllper, for

till foUl' SI.![S "flat'guts,

The cylinders were then attached tIl the geotextile, The l1nlli:!l..lswere detached

from the cylinders and placed on the gcotextile with II set uf 1tll'g\!ts in thuh'
ccntrc«, To ensure that the holes WCI'\! made ill the t'jght place, u permanent
marker wus ll~l,)dtll mark them through the holl!s in thl! 11(lllgt.:'s,Durlng the

lniriul tcsting, the holes were made llsinp. a quartet' inch punch. TIll! punch was

plnced on the required spot on tllC gcotextilc. .\ block of'wnml wn» put

t1i1'\!l,;tly beneath the !~I..lllt\!xtil~, lhe holes WCI'\! then punched hy mdll!~ it

hunnner. lhe problem with this method is that the boles were seldom "cleun''

and IhtYl.!d s!:ghtlY nround the cdces. It \\a~ round thal burniug the !lol\!s was II

much better solutlon, rhis wns uchicvcd by h\!nting ~ nun diml1l.!ll.!l'I'llds with

the aid or u l"lIn~\!n hunter. Thl..ll'ods were s[i~htl~· smnlter than the bolts thnl

were used (() num, hut thl" 11nil' si/\! that thl..l~·made wus almost cxuctlv () 111m,

('his method had the addl!d udvuntuue ln thut with the hnil!s bl..lillg1111.!1t1..ld.the

Cd!leS didn't n'H, .

rile next Stl.:p was to bolt the l:yliml\!l's to me tlnng\!s. thus t;!umping tho

!ll!ote:\lill: between theiu, hlc.:h ~) llmlcr had ciuht bolts that wcru used to



sizo \IS, I) I) nIH!]' by mass, The details or CII• DI1\I\ and D""1l are also given,
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Figul'c 5.~ Particle size distribution I.!tIl'VI.)Sor glnss beads for the 110IlWClV\.lt1

111.)1.) dII.) punched geotcxtile.
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Now: Till! coctflclcnt ofunilhl'mity l", is less than 4, Since the tests that were

curried \hlt were compurutivc ll.)stswhich used the same distl'ibutiol1 I.!V\.lI'y

time. it wus thought thut the ern:Cl ofthe C'I would be minimal.

100
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5.5 The Tcsting PI'()<!CdUl'C

5.5.1 Equnlund non equal tensile loading

The testing procedure Ii)!' thl.)I.!l}ually loaded ami the unequally ImH.k:d
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Figm'c ~ 1 Particle sj/.~ distribution Clll'VCS of glass bends 1'01' the woven

gcotcxrile.

5A.2 Nonwoven needle punchud gcotcxt'i1e

l'he expected FOS II t' the nonwoven gcotextilc was SI1Ht![I,!l' thun that 0(' the

woven ucotcxtilc und this is reflected in the distributio» or glus» bends used in

testing,

Tnblo 5.3 Uluss bend distribution 1'01' the nonwoven needle punched
geotextllc,

-.

Bend Sill! (lim) 75 IO() I~() ~1:! 30()-
Mnss(g) 85 . SO 75 7!l 65



5.4.1 Wovcn geetexrile.

Since the filter opening size fol' tile woven geotcxtile was in the region of 400

I11il:WI1S. the maximum sized bead was chosen to be the size thut was retained

on the 850 microns sieve.In accordance with ASTM D 4751-87, the "in

between" sieve sizes. e.g, 106. 212 and SSO-micl'on sieves us well as tho
standard sieve sizes, e.g; 75. 150. 300. -~25.60()-l11icl'ons were used, This gives

u more accurate distribution,

The details of'thc glass bead distributlon is presented in two ways i.e. in

tabular 1'01'111 (sec table 5,2 below) and grnphically (sec figure 5.1 below),

Table 5.2 Glass bead distrlbutlon rOt' woven gcotextllc,
,.._ .. -

Bead Size (~m1) 75 106 150 212 3(10 425 6(1() S50

Muss (,!!) ~5 ..10 ,+5 50 55 65 65 20~. .. =

Note: The bend sizes (U'I.) cxpresaed us the sieve silc thnt they are retained on,

The actual sizes UI'<.! thus in a range between the sieve sizes. Ior example, d1C

bead size referred to as 75 11m in size. is in till) runge 01'75 to 105 ~1I11,

This dlstribution CUll be plotted ()11l\ particle si:!.1.!VS, percentage liner by muss

CUI'VI.! us can be seen in figure ~,1.



study this effect by adding set amounts of progressively larger sized bends.

Each set of beads was then subjected to a S\!t number of cycles. The

geotextiles were tensioned prior to the lest and the loading was equal ln al]

directions ut 544 N'm,

The final test involved using the hydrodynamic mechanism as a modified

fulling head pcrmcamctcr. '1\\'0 tests were carried out. The geotextilcs were

firstly untonsioned and then loaded equally at ;;060 Nrm. The test involved

timing the duration that tile water level took to drop over n specified distance

in the ey linders,

5.4 Choosing nil Initial Glnss Bead Disrrlbutlon

There arc certain guidelines when choosing t\ glass bead distribution to

calculnte the FOS of a geotcxrilc, The largest sized bead must be tit tense twice

the size ot'the expected [-'OS. At the end ol'u test, at least 50 g ot'hcads must

have passed through the guotextilc, Whenever not enough beads nrc cnllccted.

the test has to be performed again using another glass bend mixture with

smaller sizes, The recommended mass ot'bcuds is 5.65 kg pet' Ill~ of gcotextllc

thut is to be tested. [0'01' the cylinders, with an Internal diameter or 295 111m. the

required 1l1USS ot'beuds WlIS 375 g J1l!1' cylinder. The coctflclcnt ofuniformuy

should be between about [bur uud eleven, As discussed in section 4.2 research

hus shown that OWl' this runge the hydrodynamic sieving mel hod is

indcpenderu of the glass bend mixture. After all initial test \VH~performed to,

get un cstimutc ot'the expected F< lS. the I(>!lowing distribution was chosen Cot'



number of sections. The WOVC!1 and 11011WOVcn needle punched (No. [)

geotcxtile had the same loading in ,111 cases. Firstly, the geotcxtilcs were

subjected to equal loads in four dlrections. The Illuding was as follows:

1. Untensloncd

2.187 N/m
3,365 N/m

4.544 Nltn
5.811 Nzm

6.2060 Nhn
Once again the loads arc relatively small in comparison to the tensile strength

of the gcotoxtiles.

The second set of tests involved unequal loading in the two directlons nnd the

loading was us follows:

I. 365 Nzm and () N/m

2. 365 N'm and 1K7 N/I11

3.365 Nim and 544 Nim

The nonwoven needle punched (No.2) geotcxtile was used to measure the

effect of the thickness of n gcotextile .

rests. It was tlrstly loaded .!l]dlllly in b\)~

'lOS. It was used in only two

,;timls. The loading was 544 N/m

and 5~·JN/m. It was also subjl!etl.!d to thl.)modified hydrodynamic test which is

discussud below and the loading was (HWI! nanln 544 N/m and 5·14 N/m.
~, t,

One or the problems of hydrndynumlc sievim; is that u mixture of'beuds is

LISl!d and thus it is possible that some smaller bends may be obstructed trom

passing through thl.!gcotcxtile by the .lrg~l' beads, An uttcmpt was made In
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duv after the test. SO a maximum of three dav« i" needed. When the l~eotl.!xtih.\S
~. . .. ~

had to be tensioned first, the test still only took a maximurn of a week. This

test was thus quicker thun those using the permcamcter, and this ullowcd 1I

greaternumber of tl!sls to be performed, Hydrodynamic tests have the mil ~l

advantnge that ibm tests an: performed a1 once,

There WCI'\! three tYl")I.!S or gedt\!Xlik:-; tested. The tlrsr two geotcxtllcs thut WCI'I!

used were the same woven sllt-flli» polypropylene lind nonwoven needle

punched polyester gClHcxti!\!s that were used Lhl' the pcnncamctce tests. and

thelr detnlls call be found ill scctioi: "U, The third was it nonwoven needle
PU)lChClI gcotextilc which is mUl11.!by the sumo munutactnrcr as prcvlously, It

is basically the sumo gcotextlle except rot' the tact that it is thicker. Its details

~(\11 be found itt Table :',1.

Table 5.1 Dctuils ol'the second nonwoven n~\!dk punched gcotextilc used,

Type uf !11.!\Jt~xtill.!
,

NOI1\\'(\n:n Needle
Punched (Nll,~)- ~C!II~__"

C'omI1{)sithm Polyesll.!l'
-.: ..,._ ......... """" __ tw:::I_

Thk:k11l1SS (mill) ,+A-- t:=4&4 ...._ = "----
Muss pel' unit arc a (lXlU") :i~()

~ ... -= ....................... ---
Multi directlonul l'cnsile Sln.m.ulh (kN m) ·l·l-- ~t~~_...._.__~
Ehmgmil1l1 under multi dlrcctionnl tension (III) J 27 '30~
Nornuil Pel'Il\~(!l;i!.~Y( I() \ l11iS)

,
"._

NOI'111Hl 'l'hrouuhfluw (1 sec m: l ..
;

The bulk \ll'the testina WHS carried Ollt usinu the same two ucorextllcs (hill'; \

were used in the PUI'Il1t.!t1IlHHI,)I'. 1'Ih: (CHing pro,maln can be divided into a



5.7 Results for The Non Woven Needle Punch ...lf ), 1) Geotextile

I
J

J

The results lilr this geotextllc will be presented in the same manner as they

\VC!'I! for the WOVCI1 gcotextllc. Once uguin. the full results are given in
Appendix A. As with the \VOVlm geotcxtile, there were two sizes of'bcads

which were critical. Since the 111ll!1' opl!l1ing sizl! was much smaller for this

type of geotextilc, the critical bead sizes were smaller us \\'\.)11.The illiti(ll glass

bead mixture also reflected this change,

5.7.1 The equally tensloued tests

A total or live tests was curried llllt on the non WOVI.!I1 needle punched-No, 1

(nwnp- 1) gcotexrile with equu! tensile loading in two directions. It was Iound
thut there WCI·I.! two so-culled criticnl bend slzcs in these tests: the heads lhnt
\\"':I'C retained on the t 5(l·n1i~:1·<\nHiI!Vl! und those retalncd on the 10('·micmJ1

sieve, Bends that \VCI'\! smaller than these two slzes tended to all pass through

thl. gcotcxiile. rhus. the detall» of'these two si/.ell nrc presented below, The

initial muss of'hcuds tor these two sieve sizes \WI'e 75 g nl'bcads retalned Oil

thl.) I~{)·ml~I'nl1sieve (lud ~() [.! retulncd nl) the 1no-micron sieve. I'hc dutuils or
the approximate strains ure ulso presented,

l)·l



11" the final head or water
ct;,« tj} the lime fill' the water level 1\) drop from hi tn 11"

The culculatlon is thus lhil'ly :iimplu with a A, hl,h" II und C !l.lll mill.

FlU' the woven slit tllm gcotcxtlle. the untcnsioned specimens had a mean time

intcrval ut' 1.97 seconds. This guve U punnenbillty of ILl o:d () I I1liS. The

specimens thut were cljUtllly teusioncd with a llll'{!eof ~()(1{) Nrm had a mean
time lnterval ot' ~A;; seconds. This gnvc a pl.!l'mcahility value of (d9xl 0'" 1UiH.

These values ofpcl'l11l:ahilily ure much Im'!:'.I:1'than those recorded tor the

pcrrueumoter results. For tile.: untensloned woven gcorextilc, iImaximum

l'\!l'I\1I.mbility 01'7 .~X 10 4 ill'S wa!'>recorded. The sand thus UI'PCUl'S to haw been

thc controllinu [heIII I' in the rcsulumt permeability.

1'I1I.!I'1.!\Vas thus iI dl'(ll~ ol',t:!uu ill the perr.tcnbility when the gcotcxtilo was

teusioncd, Whilsllhi ....is a l'clativuly lunre reduction in now capaclty, it is not a

sufflcicnt reductlon in ilsel r to render the !1t.:otL!xtill.lunusable. Current

dl't\hH\I~1.!crlteria require tluu the !11,mncahility nf'u geotcxtllc should be some

fll..:t'Ct.mta!l1.) orthat ll"thl.ll'l.!tllillCd soil. with values \ tll'ying between 10 lind
I(lOOpercent. (Fisl.!hl.!l'l!l ul. I t)t)() I. A ehuugc ot'the order oj' a th<':lOl'ut'two is

thus likely to he or llulc slgniflcnnco. t 'utoruuuucly tht.: mnnuracturcr'»

,-;pcci1icatiol1s tin not include u vulue 1\11'the pl.ll'tnl.!abilily SlI it wusn't pllssibll.!

to muke a compnrlson with thl.! uctual permeability,

t \Hlpll!\[ with the I.)lml1~~1.lin thl! filter (lpl:nil1~~size, it can be seen that when the

\V\)\'1.!1lslit 111m!1l.!otuxlill.! was sllbi~~~ l..:d to rensllc loading. l.lilhc.ll'lJquallr 01'

unequally ill two dlrcctions. there WH~ u dctlnitc chungc in its POI'1.) openings.

p", ,



could he IlHHk A comparison between two difIi:1'Imtly tensioned geotcxtilcs
\V~1·1.!made. An uutcnsioncd and an equally tensioned (~()(Hl 8:: :!O(ln Niml

For this test, the \Val~l' level in the pans was such that the cylinders would be

llllcd to the hlp during the Immersion phase or the cycle. This \Vll" done in
order to ullow the water level to limp slightly bl.!nll'c it reached the lOp murk,

In thili wav a better lIPP1'oxinmti0I111l' the sturt could bl.!made. It must hI.!
1!1111?husisl.!dthat this wst was just un upproximutc measure or the pcrmcublltty,

When the cylinders were Iilh:d out 0 f the water, the water started draining

through the geotcxtile before the cylinders W\.!!'C complcll.!l:' out of'the water.
This resulieu in the origlnu! heud bl.!illg I~ss than it should be. Althllugh WI!

used the Ihllin~ heud equation. the movement of the sumplu \YUH in cuntrast to
the stunderd t\!st \\ here thc sHmplu l'l.lmains stntlonnry while the water l1l)WS

through it. I(('rol's also occured in the timing or the intervals. Four people with

stopwutchl.!s were used to timu the drop in the water level. VC1'Y small lntervul»

WCI'C meusured. sometimes less limn two seconds, so lnuecuruclcs could \!t\sily

huve occurred, FiVI! c~cles \WI'C rimed and the Jl1\!UIl of the twenty I'I.'t..:lll'til.!d
Intervals was used in the IhllO\ving cquauon.

Ie
( 111(h/It~)

tl ". "0_'

1 (f~ II)
(7)

where k the pt.:I'ml!abilil~'

a the t.:t'OSS sectional ureu of thc head of wuter
., the Ill'1lSS sectional urea 0(' the gCCllcxtilc

tho thickness ot'the gcotextilc

h. tll'iginal h~i1li 1lJ' water



which thl.! glass bl.!udswere udded us u mlxturc Isee Appendix A), the
di11\!l'(,~l1cebel ween method 1 ilnd:; was 110 greater than the variation among

the Iour tests, '1his relutive lnscnsltlvltv or the ucotcxtilc to tcsr method 2 was
• L

pmbably due to its pinnal' structure. A bead ctther passed lht'OlIgh a pore {)1' it

didn't. There was very little chance that il partlculur bend would be just large

enough to block a particular pore,

[11 test method 1, it could be seen that the smaller beads of the mlxmre were

passed thl'ough the geotcxtilc very quickly. i.e. timing the first hundred cycles.

The bends that \VOl'C loft behind ure the lurgt!l' Ol1l!S (30n «m and lip) and these

were subjected to a Iurther 900 cycles, With method 2. the 300 micron heads
were subjected to (lOO cycles, the L~:2.5 mh,:wl1 bends to son cycles tlntl the ()(lO

/1111 heads to only 4()() cycles, l.vun this vuriution had liltll.) l!llcct on the
rcsulinnt F( )S,

5.6.4 An attempt to meIlSUI'C the change in pcrmeublltty orn tensioned
geotcxtlle

t Ising the hydrndynumtc sieving mechunism. an attempt was made to mcusure
the chunge in pl.)l'tnl!abilily llfa gcotextilc when it was tensioned. 'I he

mechunism was used in U modifled Htlling head test. Two mark» \VVl'C mnde on
rhe inside or each or the four cylindul's. Om: murk wus u centlmetre above the
guotcxtill! when it had been clumped in position tIIW the other wns eleven

centimetres above. The basis ~lfthc test was to time the limp in the water level.
!i'om 0111.) Illmli. to the next. lhi» would then be n limp of ten centimetre and
usinu the Ialling head pcrmcumeter equation. uu esthunte or the pCl'!11I.)l\bility

1)1



In order to see whnt etlcct the mixture Ill'beads had (\11 the results, it was

decided to moditv the tests slil!htlv, The same nwss and breakdown of'bcuds.. v. •

were used us prcvinusly, Jnstl.:ad 0[' adding them all at the b<.lginning of 111<1

test, the beads \VCI'I.!added nnc sill.! at u ilmc. I~m:hSilt! was then subjcct\!d to a

hundred cycles and the next size was then added, Tilt! smallest sized beads

were udtkd tit'st tUld (111.)11the next Inrgl.!st Sill.! was udded, The ~Utlll.!xtilc was

not cleaned during the test and the next bend dusignutiun wns added after a

hundred cycles even when there were bt!ads remaining on thl.!geotexillc. Aller

ull the heads had been added, the lust comlnued until it tolal or a thousand

cycles hat! been completed. The bcads that pnssl!d through the g~ot\!xtil\! were
i!( ctcd and a partlclc 'li/l.) uhul:'sis tl.!st\\US I.!lll'l'h:d IHIt.

Only OIlC test was curried lm1 on the WO\'i!11 gcotcxrlle in this IlHll11101'. 'Ihe

gcorextlle was tensioned und the loud was 5L~·~x54c~Nflll, To compare the mm:s

ot'beuds that pass.:d. thl'llligh the !wtltl!xtilo llll' tilt! 1\V0 texts, the sumo twu

sieve ~ii/l!Swill be considered as pl'c\'illllSly. i.e. the ·1,:25ami the (l()()·micl'Oll

sieves, ()I1I.!C again. bends smaller than this all pussed through the gcotcxttlc,

Fur the (,O()qmicl'ol1 si\!\ c. the lll'iginal test l11i!lbld retuined a mean \)1' 11,L~g

while the second method l't!taincd a meun of:' ,R g. lor lhl.!,t:!5·micl'ol1 sieve,
there wus nlsn a decrease from 5~,5 ~~With the lll'iginaIll1IJtlwd. ttl ,H ,I grot'

the st!cond method, rhis th.'I.:I'C:1Si! \VtlS reilectud ill the H)S and till! total I1H1SS

\,[,bl!ads us well. The H)S dccrensed Irom ~l)() to ~(l() 11m and thl.)to:ul muss

Ihcrc wus thus a smnll dt..:I!I'I..!(lSI! ill thl.!mass M heads thnt p: _~-,\"I through the

!ll.llHl!xtilt! Ihl' l\!sl method 1, [[\1111.' hHlks at the results or Ihe four tesrs in



more or virtually to the same extent by equal tensioning as opposed In non

equal tensioning. An equal load \1(' 1g7x 1R7Nim had it greater effect than a

load oO()5x() N'm IVOS nl'(l()() as opposed to 620 ,<lUI. A load l)f36Sx.5·~4

Nim had u I-OS ofSRO .11111. while a .%5x365 Nzm Ioud hud u I:OS 01'560 tim

and the 54·~x544 Nrm had a Fe)S of 570 «ru. The most important observation

is that with all the tests. th\! oi1cning sizes decreased, Initiu!ly. it was thought

that dlugonal stretching could open up the pores which would result in larger

opening sizes. but this did not occur,

5.6.3 A dlfferent npproueh to hydrodynamic sicvil1~

As discussed in chaptcr 2. one of the perceived weaknesses of the

hydrodynamic sh:ving technique 'vas the use of a glass bead mixture as
nplwscd to using n scl'iI.!Sl1f~~luss h! til' dlolsigl1atilll1S. A mixture ofboads is
n!ll~' used ill hydrndynnmic sieving, It is interesting to spcculute us to I'UUSllllS

1h1'using a mlxture th" this method. With wet mtl dry sieving the openings or

the gl.:lltlolxtileCUll be dCilI'I.!d "ltCI' sieving each designation, WIHm the next
designation is sieved, the ill: xtllc llplming~ (\('I.! free of nny obstruction, This
"c!cnning" of the glJl)textill! is pnssiblc bccnuse the geotextilo iH uttached to the

sieve with ihu uld of i' "!)()l) ,mt' it is thus cuslly dctnchublc. This contrusts

willI h~'d"\1d>'l1umit;~ll.! II'! where the ~eotcxnle is uttachcd to the cylinder
with a l1\1l11bl~1' lit III Its, Four tests arc run at \H1\;\! so it would h.! time

cOl1!mming to remove the IJ,l.)o,textile nnd dean it. When uslng a mixture, the

bends !:t111 be added at the hcpilll1ing ami the test mil rot' the set number of
I.:~'\.:!cs.



otvariurion are uiven ln tnble 5,7.c;

Table 5.7 The (),," va!ill.:s and coclficients or variation Illl' the unequully

Hiaxinl ()"', (11)11) Cocftlcicn; Ill'

.oad (Nim) Variation (uu)IF===~==~=~======-~'~~-~==~-==~~==
365&0

737 l.~

613 3,6

%0 3,R

5g7 ~.(j
-~

365 & lK7

365 & 544

Discussion of ullequally tensloued woven gcotcxtilc results

The application uf uncquui louds appl!at's to huv ~ luul a WI')' similar effect on
the ['OS when compurcd with thl! equally loaded specimens, i.e. there \Vas a

dccrense ill the F<)S. Fol' the mcquully tensioned gcotexrllcs. the l:ll'!wst
louding didn't result in the smallest tlltur llPl.!l1iq! size. The !tlHditl!! or 365:\ 1H7
N'm resulted in the least amount Ill'glass beads passing lhl'l.Hlgh the gcorextlle,

Both the "~l5and (lOO .. m siles and sllbsl.!qll~~ntl) the totals were the srnullest

Ihl' this load when cnl11l'lm'l!liwith till! ot111!1'lIt1l!qlltdt)' tcnsionud tests. Despite

this. UI1I.!t.Juulloudinu didn't produce si~llilh:ant[~ different results tll lhl.!

..:quull) tensioned tests, When comnnrcd ttl the specimen that was llll\l!l.!d with
,~65x3()~ Nim which has u llltcr upening size uf ~h() I,m. the test with n load or
3()~x 1~7 N'm resulted in the same \ alue Ibl' the FOS,

So it app\,'ul'S us il'thc pores ol'thc ~!I!ott.!:\til\!\\\'!'I! distorted either slitlht1y

XH



Gl'llllhicnl intcrpremrtou of results - dercrrnlnlng the O'l~

1\1 determine the I.iltl.!l'llpl.!nillll silt.: ofthl! gcotextllc, WI.! needed to plot the

particle Sill.! analysis CIII'VI.! I'm' the bl.!uds thut passed thl'tlugh the geotextilc.
,

These plots cun be SI.!I.!I1 in figure S"L A menn Mtlll.! ihm tests was used for
these curves, The (}'I'\ was then calculated (md the results ean be found in table
5,7,
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Note: 'I'he dashud line indicates the polnt where thl.!D'14 was culculuted from.

From tlunre :,,·1.WI.! can calculate thl.! (),',. und ihc results lind the cocfficlcuts

toe,
,) (



clogging wus increased but considering Ihatl1111y thL' larger sized pores WL'I'L'

ulfcctcd, it is difficult to determine to what extent.

5.6.2 The unequally rcnsloucd test Ior the woven slit-Illm geotextile

u'we cOl1sil.:vl' thl.)individual )101'1:::;of a I 'votextik, it scums likely that thi.!

pores cnn become distorted liming biaxial tensile loading. This dlstortion may
I

become amplified if the geotcxtile is subjected to unequal tensile loading. 111

order to investigate whether this type of'Iouding does have a larger effect on

the pores, three nonequul tensile tests were curried om on the WllVl.)11

geotcxtllc. The iom!ing was done in such u way that the warp direction wus

loaded with 365 Nil1l11l1d the variatlon in loading occurred in the \\'1.)1'1:

diruction, The results will be presented in the sumo munner us those 1'01' the

equally tenS!OIlI.)L! tests,

Table 5.6 SUl1UlHll'Y o!'l'csults Ior tl1t~lll1(.!{jtlully lcnsiol1t.!d \\'oVt.!1l gcotcxtlle

IT B~;\~in! - ~'nill (n~)~ 6()O ..m ·12~jim .1'lllUllllUssl

l.oud (Nlml Warp Wel't sieve lll) sieve (tl) pussmg (g)~==---:"=--;::=:::;::::::=='C-:=::==-: L' .' -,~=
Z I.!1'0 J·U hl 317,()

365xO 1,~ !l,ll I~J 51A 298,9

.165xl g7 I.H 1.2 10,,1, :!l) ,l) ~6:!,~

3 (1$X$,t.J. l.<l !.H 12 ,~H :271 A
=l-.-.:,. -=



this slight increase ,111 probably be ignored.

Table 5.4 shows u fairly steady decrease in the total mass of'bcads that passed.
through the zcotextilc. Note that there \VUS an Initiul lnrce decrease from the~ ~ ~

untcnsioncd test (mean of 317.6 g) to the first loaded test of 187 N/m (mean of

194.9 g). The subsequent loadings did not have such a large effect. The

change in the muss of beads that passed through the geotextilc between a loud
of 811N'm and a load that was uhout two and half times greater (2060 N/I11) is

only 17.3 g. Thus it would appeal' as if there was an initial largo decrease

when the gcotextile was flrst louded and then the effect tapered off

It is significant that only the larger sized pores were affected by the loading,

The beads that \Wl'C 3{)()lim imd smaller were not affected at nU by the

loading. This would indicate that the pores \V(!I'C generally larger than u certain

VHIw.~,As the gcotextilc \\'(\S tCI1!-1iDlWd. these POl\\S became distorted and let

fewer bends pass through. i\ lthough it may be speculative to consider' the
I.!!l\'ct of typien] wOl'king Ionds {SlIY30% of the tensile strength. or 8·1 S kN/m
['01' the woven gcotextile I, it was cvl-lent that the reduction in FOS tit these
lends would be greater than the 28(' ()measured in this study,

So how docs this alluct the deslgn procedure? 1\ smaller fllter opening size

will actually improve thl.!retention criterlon. The permeability and clogging
criterion would probably be most ulfceted. Considering the fact that the

pcrmcab! lity criterion has u built in luctor of salety o f ten, it seems unlikely

that this chururc will have 1I1m'u~effect. The modified falllna head tests
1,... ... . '-_

(which ure disclIssl.!d later: lIsinu the ltvdrodvnumlc sicvluu ntcchanismI. .... it .. .,__

attempted to monitor the subsequent change in permcability, The potential em'



Table 5.5 The changes in the tiller (lj1ening size ot'the W()VI.!I1 geotcxtile due to

biaxial loading.

~i";i"l[."'''; 0"" (/<111) Coctflcient of'
Nil11) variation (n;,)

p==---- - - -__
t 'ntensloucd 737 I.~

t87xlR7 61 J ,.k)

365:-:365 58:! 2,1
,

5·~4x54..J· 5tJO lA ,,-
811x8 n ~7·~ 2,()

2060x2060 ·'~l U~=,~p
"'" = -

Dlscusslon of equally tcnsloncd tests

Fl'n111the above results, it call be seen that there \h\S a grnduul dccreusc in the

muss of bends that pa:,sl.!dthrough the geotextllc tlS the loading was increased,
The fllter opening size decreased Irom no itln LO 520 !11ll whlch was a

decrease or 2g(~o, (..'lll1sidl.!['ing that lhl.!nmximum applied loud Was on 1: about

8° n ofthe minimum (\\'I.:l\ dlrcctiom tensile strengtlt, it was cvldenr tha; in-

plane tensile loads have an important inrlucnce on the retenuon nud

permenbility cluuuctcrlstlcs of woven gcotcxtilcs, The slight increase in the
filter opening siz~ 1'01' thl! load of ~4·1·kNim v, ,,"I due to uic fact that slightly

more ~)fthl.! {)OO i.m sized bl!uds pns!;~d through the gcotcxtile lhl' this lust

1.:0111p'1I'\:d with the loading lll'36~ Nzm (see Table ;\,.,j.l. Since these were tile

Iurgcst bends to pnss through the gl!(llt.!;I\till.) the:' constituted the UppOI' pat'l of

tho CU1'VCS SI.)I.)I1 in Ilgurc SJ . .l'his PHl'L or the curve was used to culculute thl.!
lllter opening srze und sn 1,)\'1.)11 n smull changl.) nlTcct!.!tI the calculation. l'hus,



Grnphicu] tnrerprcrnrion of I'CSII!tS" determining the Ol)~

Using the mean values or all tour specimens, the particle size distribution

CUI'VC olthe bends that haw passed through the geotcxtile can be plotted, The

results can be seen in Jll!tll'e 5.3, From these curves, the 0." can be calculated,

as is Indicutcd by the dushcu llne.
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lland Size (mrn)

Fi~III'(' 5.3 Particle Silt! analysis or beads that passed through the gcotextile.

l:l'Ol\1 the above umphs. the values tor till! Iilter opening sizes were calculated

und the 1'I.!sUI1S ure prescntc« in table 50S, Tile coctflcicnt of'variation ot'the
I'C!:IUllS is also included.



were smaller thuu till's\t two sizes. i.e. L:lOSI.! retained on the ~OO. 212. ISO, !06

alld ~5· micron sic\'1.! tended to nil p<t~s through the ueotextile. wnlle heads

hu'.ul.!l'than these (\\1) sizes WI.!!'\! all rctulncd on the gcotcxtilc. The details of

uiese two hilt!.' ure presented in teble :'..t below, The d\.!tnils ofthe

upproximatc strulns Hlld the tutul muss of heads that passl!d through the

gC\lll!xtill.! duri 1!! tl.!stil1!! nrc ulso presented. Table 5.4 gives the I11l!Ullvalue of
,

thl.) ii'll! cylinders per t!.!st and the values are the results of the particle size

illltllysis t\Jst of the bl.1ads thnt passed through the georexule, Note that the

tnitlal mixture had (l~ I! (~rhoth the 6(JO·l1lkl'Ol1amI4:2~'11l1d'0l1 sizes, For the

I.:.llmplcll! result», 'il!l! Appl.!ndix A.

Table :'1.4Sumll1my \11' 1'I.!Slills fill' the equally tensioned \\0\ .'11g\:otl.!xtile,

I'ill.~i"l" ~£~!l~""l ~IIO "m' l.J25 ,<I" r':I(lI"",,, II~~:::jIN!llJ l~~J3~o~-,~~,TiO~~:gl llll";;'~,;~
~h~X.,(,~ 1.(1 ,,:'1 J.. 2R4.7

~='=--~~I=:!;:;r=t:':::" . _ ....- _ _ - '"""""'-

:q<h;~,I,+ I,ll !J 11A ~~.~ 177

NII'~l~- ,~.1T;:-.l.<l J 7,; ,,~.r.'•.6
-==, ='-==~ ,---+"---

l~~~~ __=~~~~J~~_)~.:..~_~.:7._.--1=-~,(~__

Ihe "(,':lin and LIlI: loudmu arlo)-mull wbcn compared with the ultlmntc II.msik

strength. I he loadill/l or :;,()(l'kN III is lln!)- ubout ~u I' or till: ultimate strength.



mutcrlals. i.c, 111)]>E and PVC for thl..! 1111ngt:~und cylinders caused a few

problems when attcntpting to !!lul? the two together In himbight it would have

been bettor to either use the same mntcrial 1(\1' the flanges and cylinders or else

Ilnd UI10tl1Cl' way to huve them nttachcd. For example, if the Ilunges and

cylinders had the same internal diumeter and the cylinders had u larger wall

thickness, the lhuiaes could have been screwed onto the cylinders. i\ solution

to the problem was round us l;tl)t glue provided an adequate connection.

Urrforrunutcly, the hot glue was only effective illl' between tlve and ten tests.

The i1anges thus had to be stl'iPPl.!d and reglued a couple (If times,

the flanges, having a thickness of6 111m. Wi!I'C too rhin. TIle force carried hy

the bolts was large cnuugi: 10 slightly wm'p the flanges. Although stx bolts

111·OVi.!t! to be udcquute to maintain the required strain, it would be udvisuble to

have more if uny larger stresses are required I'm' testing, The rcluttve so1lrmss

of'the I IDPI·: was U further problem. The bolts \\'\!!'C required t~)he as ti!lllt as

posslble to maintain the S\1\)l'iS in lhl.! gcotoxtiic, With rcpcutcd usc. the.
washers bccumo imbedded in the Ihll1g..!s and the holes became misshaped.

Ihc (lunges will haw In hI.! rcplnccd if further tests nrc rcqulred.

The initial sizing or the bla~s bt:ads proved to be v!.!I'Ytroublesome, The bends

ure sold in quantities of'twenty kilonuuu ' and thlli!' sizes vnricd (WI:l' a certuln

range. I'he bends WI.!N llsually sieved twice in o rder to cstnbllsh their size, It
was fouml that sl.!pul'ating thl.! bend: that \'rCI'C linc!' than 7~ I tin was very

difficult. The problem ;I.!\,)m~dto b~ om: of the well-known thults of'thc dry

sieving techniques, 1~h:l.tl'OStUJ;1. Iorccs caused the finer bends to stick together

and thll: \\I.!\'I! thus JW\!\,l.!l1ll.!tl'lhllll passitw through the 7~"micl'(ln sieve. I'ht.:

dl1l'atiol1 and the number or sicviugs sceme, Imv\.! littl·.! t.:n~\!t on this

11111



smaller H )S. Ihis illUlmaly can bl! explainc« when the mass l't:taint.:d Oil

,1.ffl!t'l.mt slevos is examined. If we look at thl.! flrst t~sl. the meun (l f'thc mass

retained ou 1ue-uucron sieve was 1.15 g uml I.:tlmbinillf! rho 75Mmicrol1 .,1\.!\,\!

ami the pan. there was a I1\I.!tlI1 \11' 3H,~ g. lolll' the sceond tcsr. there was a meun

of 1.5 g remlncd on the 1!Jh·micl'oll sieve ami 70,() u retaincd on the 7~·mil.!l'tln

sieve and pall, The two tests had "ppl'm.:immcly the same mass oJ'lwads
retuincd Oil the Iuo-mlcnm sieve but the second tl.!sthad :~l,~ more gmms of

the 7S·micnm siuw and pun. lill! culcnlntlon ot'the F()S is bused on thl.'!total

mass llCbl!ads tha: pass thl'\IU,uh the ueotextlle. In this example there was

prncLiI:ally thl.! sumo mass \11' beads retained on the ltlo-tuicrou sieve, When \VI.)

plot this point tll1 the purtlcle sill.} curve, WI.! have t\1 lind the P\!\'cl.!ntugc tlncr
by muss value. ntis involvesthe totul mass or lwuds, In the lil'sl (I.)sl. the I(}6~

micron sieve corresponded 1\1 the 1)711
I) point whllo ill th~ ~il.!l.!ol\d tl.!st it was the

i)~O(l [1l1111t. rhl.ll'clhl't!. dt!spitl.l lill.) ruct that the second lust allowed more bends
to pas'; through. WI.! hall a smaller value Iht' the n )s,

rids {\Jsl also illuslmtud the litet that til\.) )iOS obtained was a function ot'the

prucedure used. Iu u ceruuu extent, nil methods or cakulntillg til\! 0.", .\I'e it

!\ll1elillll nr their pl'llct!dUl'I.!S, It is Important lImt H test hI.!stamhmli/l.!d til

caleulute tilt.: (L, or t.!ctltcxtill.lS, )I'the hydrtltiYllamie slcvuu; test is chosen. nil
aspl.)l.:t~, nf'thi.! II.!Ht l\l.!cd to he uddl'cssed.

~.C) Problems Eucnuuterud With the Si(1\'inf,t Mechnnlsm

A I~\\' 1~I'tlhlcm'iwere I.!IlCllllllt~I'I.·d with the desiun an~llh\.!\\l\l'kin~~ot'thc

llydl'tHi> mnnic sicvinu mcchnnism. ( In till! dcsizn 1,idl.l. the w)~ (If di fH:l'lint



S.H Results FI'01l1 the r~()ll Woven Needle Punched Gcotextllc M No.2

('crwin mcthods lhl' mcuslIl'il1f1till: pore o['lming sizes of /lc(llcxtih:s. stich ns

image processing, give the same results thl' gcotcxtiles made whh the same

munufucumng lWllC\!SS but with dllferent thicknesses, As the soil particles
have a much longer route to travel through n thicker gcotextile. it would seem

thut (I different llpl.'ning sizc should he recorded for u thicker geotcxtlle. The

SL'!lHitivit> of'the hydrodynunuc sh:ving process to the thickness oru geotextill!
WlIN thus invcstlgntcd. TWIl t~sts were carried out 1111U lHlI1WOVI,m needle

punched gcotextllc (nwnp·~) that was made uslng the same manulhclming
PL'OCI.!SS as previously. but was thicker. The munufhcturcr's specifications for
this gcotl!;-"till! CUll be luund in tuble 5,1 und it l!UI1be SI!\!t1 that it hus u
thlckucss of ,L4 mm us llppnsed to 2.3 111m fhr the nwnp- [ gcotexulc,

I'hc Imllp-2 goetextilc was subjected to two tests, III both tests it was

tensioned with a loud tit' ~'~<~:\i~"~'~Nnu,

In the first tl!st u mixture ot'bcnds was mldl!d ut thl.!start of'thu test und in the
second till.! lwads were added p,'o!lI'l.'ssivdy as witl: test I1ll.!lilod IHlmbm'~,The

tlrst test resulted in a FUS nl' ll).~microns. The menn of the total mass 01'
bl!'nds was .1ll,9 n, As the total mass ol'bends was I is thnn 5(1 g. the test

shoukl be repented with u different glass bend mixture. lhe result did conllem
that a smaller H)S resulted Ibnn the thicker ,t!I,!Otexlih:.

Ihe second tl.!~ithad (1 mcnn totul or i 1,\) u, !~m the H lS \\:\., \,'alculuted at 1(I(), '

'. m. l'hls once ugnlu illustnu«! the \\ euknesx in the method of calculating tho:
H )S. Although thl.!second test ullowel 1l1111'\! heuds In pass throuuh. \VI.! had II

11l,~



cquatlon 7. with Ji 2.30 mm, the p~l'mcnhility was calculated as 3 ,()X 1() • m.s.

This C0I111'at'C!'l with a pCl'l11cubility Ilf 3.0x 1O" nvs which is given ill the

mnrnuacmrer's spcciflcations. So this test seemed to give a fairly good
upproxlmudon of pcrmeablllty 1b1'the nOllW\lVI.!!1 geotexnle,

For the second lest, the gcotextlle was tensioned with a loud nf:.!060x:!06()

N/m and the test repented, The mean time of'thc twenty readings was l..+~
seconds. Using equauon number four, this gave a permeability of 3,9x 10 I 111iS,

There was thus (l slight Increase in the pcrmcuhillty Illr the teusioned test. This

CHnbe atrributcd to a uumbcr of possihh: factors, During tensioning, the
geotextilc stmincd and II1CI'(') :W'i a decrease in its thickness, l"l'O111 table S.H.

the snnln recordcd I'm' this ltlad was 3.3° u, This changed the thickness to :!,~3
111m(!i'tlln the origillul thkkm:ss M~,.3 mm) lind the permeublllty to 3,Rxl(),1

Il1iS, There \VUS thus still a sli!Zhl lncreusc rot' the tensioned gcotcxtlle. This

was most likely due to human error ill liming such shorr time interv ills and the
sellsitivitr of the test. 1'111.' actual pCl'llwubility cnlculntcd m:cnnling lOll fulling
head lust could \\'1,.:11he much highet' than the value culculnted, 'l'he chunge in

pcrrneublllty would not be recorded, since the 1l1'iginnl value is I\)\\C1' than it
actually is, lhis l'cslIil b thus lhlt sillllilicant.

When c()mpmin.llll1i,~ \ .tllI\! ,;1' pCl'l11euhiliLy with thut from the penncumctcr

results. it CUll be seen thilt these valllcs ure much higher. lhe maximum

pCl'lllimbilily recorded with thl.! pm'mt'amcll.:l' wns 9.2;<0;10" ms. l'hus the sand
wus once ugulu the ctltlu'ollin,ll Incior,



further five hundred cvcles \\ hlch hroucht the total to i' thousund cvcles. The
. .. . '.. II'

To compare the results from test methods 1 and 2, the sante two sieve sizes are
considered, the l~{) and lO()wmit.:l'otl sieves. From table 5.8. till: muss of bead»

that passed through the geotextllc and were retained 011 the 150·micmll sieve

W(lS 1.1 g and 32.$ g fbI' the luo-mtcron sieve. This COInrH.I1'CS with 10.9 g lind

76.3 g Ior the SUIll\! two sieves when using test method :2. 'Ibe totnl muss of
bends for method 1 \Vtl:; !25.7 g and 177,6 g Ior method 2, The J.'()S Increased

from 14. 1 to 16() 1<111 fhl' method Z, This was un increase or I SOCI. In both tests.

the cocfflcients of'vurlation otthc Ibm rcplieatcs WCI'I! small. less than 3~o.
and thus the t1iffim,!IICI! ()f 1~tll) is signlncunr, The rcuson that u larger FOS \Yus

uhtalncd with thc second method is that there was less oppmttlnity for lurget
heads to hlock POl'CS that might perml: the pnssugl.! of the smaller bends, The
H)S obtained is thus a function or the technique,

$,7.4 A measure of the dUlilAC ill J)IH'lllcnbility

I'wu tests were curtlcd out 1111 the l11111WIWCn gl.!(lll.!xtill! to measure the chnngo

ill !1l!I'!lH:u!lilit:' usin!~ thl! I ISM H", .1modrfled Ihllin,ll head pcrmenmuter, The

test procedure was in uccorduncc with section ~,6A. Till! test involves the

timing ot'the drop in wuter level inside the cylinders us thl!> arc lined out of
thl.'! water,

timed, The I11I.)HnPI' the rcsultunt t\\ ent>' l'cmlings \\ as I.~~ secoruls, {Ising

IO~



or upproximately (),5° (J and -,~YI) rl.c, a decrease in length due to necking:

respcctlvely. Since all orher tr.:slS on the l}OIlWOV\!ll specimens resulted in
extension strains in borh directions, it may IHtVI.! been expected that the test in
which necking occurred would have produced the lowest F( )S, [hal this did

not occur mav be due to the ucotextllc belnu unrestrained in rhc unloaded
• .. . \0;. Ie,

dlrcctlon, unhindered fibre teullgnmcnt occurs and there it; not the sume
degree of "Ilaucning'' ol'the geotcxtlh, us occurs in biax' dly londed tests,

r f only the FOS are considered, thl! 3()~x 187 N/m load gave the smallest value

und it would uppenr as if uncqunl loadlng produced the smnl lest opening sizl!s.
I'm'this 11011W(lV1.!11 gcorexrilc. When WI,) also consider the totul muss of'bends

that pnssl!d through the geotcxtilc. it can be seen that the loud of 2060x20(){)
Nrm allowed 1i.!WI.!I' bends to pass through (~~,l g) ihun nny other test in either
the I!qllUlIy 01' uncquully loaded section. Coupled with the results from the
other two unequully Ioudcd tests. unequul biaxial in-plane loading did not

uppenr to have a more detrlmenml effect Oil the opl.!lling sizes than cquul
loading,

:5.7.3 Method 2

I\S with the woven geotextllo, the nwnp-I p,Clllcxtilc WiIS subjected to u lest

where the bcuds WCI'C 11111 all added at once at the start ol'thc test, Using the

same bend disu'ihlltioll und breukdown. the lin\!st bends WCI'I.! added flrs: and
sublected to u hundred cyc!l.:s. I he next laruesr sized hl.!uds \vCI'G then added
und also suhicctcd to a Inmtil'Gd cyc!l.:s, Ihis PI'OCCdlll'C \\US continued until ull

ol'thu 11\,1.)dit'li.!I'Gnt sizl.)d bends had bcen uddcd. Ihe t\.!st theu cnntinucd ['01' it

1() 1



the I1wn[J" [ geotcxtllo Ior the ullequally loaded tests

From ii~UI'l) 5,6. WI! I.:UI1calculate the (),,~ o]' the ueotcxtile. The results and~ . ~

their cocfliclents ul'variarion are given in table 5, II,

Table 5.11 Calculated values'of'tho n,.; unci coefficient of varlntion for the

unequally tensioned non W()WIl needle punched gcotextilc,

Biaxial 0.1" (lim) Cocfflcient OJ
Lond (N/m) variation (%)

Zero 157 7,6

365xO IJ6 1.5

365xlR7 137 3,0-
365x~44 159 4.4

,-..-

Dlscusslon of the results ['01' the unequally loaded nwup ..l georcxttle

There is no clear trend or d{. ~I.!HsingFOS with upplicd load 1'01'the nwnp- I
geotcxtile, The load «f 3(15x5·~"~Nim uctuully has a larger {iOS than the

untcnsloncd lest. This hicrcase is Vel)' slight though t\n~l if we I<lll" at figure

5.6. the plotH of'these two results an: vit'LWllly identical. This loud thus seems

to have vlrtually no effect on the {-,OS. This h: slIl'pl'ising since it has the

largest otthc uncquu! loads, but it L10us also lvwe til\! lurgest coetficlent l)C

variation of all th!.! tensioned nwnp-l tests, The smallest FOS and total mass 0['

beads I'(\!'ising through heing tit a load comhlnatlon of I R7xJ65 N/m, The value

of 137 «m was even lower than I'm the test in which 3('" ': 'll ,\ ,; llT1E,.J in

the wnrp dlrcction and zero loml in the weft dlrcciion which resulted in strains
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Table 5.l0 Summary o['n.:sulls 1'01' the uncquull« tensioned 11\\'l1p·[ ucotcxtilc.

~~:::~~/11\1=t, -I :i(::~:;::)J;;:l~:l:J
==*===== ~..:;-. . ----.-::=-:::" ,....;::==--"'=

7,1) (10J 1%.2

36SxO (1,5 8:. ·3.5 2.7 50,J I,HU

Zero

365x 187 1.5 8:. J.6 0,5II------f-------+----~··-,---~--.---
365x54,~ :2.48:.3.1 9.7

lR.5 103.9

Graphical tntcrprerauon (If' the results .. cnlcutnttng the o.'S
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the 81 b.:811 Nlm test and the tlunl tcst of 2060x2060 N'm. l'hese decreases
were 110t reflected in the H)S values. The rcnsnn for this is that the calculation

llCFOS was dependent on the larecst sized bends that pass through the

gcotcxtilc: here, the bl!ads that were retained 011 the l.5()~micl'lm sieve, The

problem with the calculation of the values for t1g11I'C 5,5 is that when

considering the percentage [inc!' amount for the 150"micl'ot1 sieve. the
calculution is based on the total mass of bends, As the mass rcralncd on the

150·miel'0l1 sieve ti' creased the total mass of bends also decreased. so simllar

values tor the FOS can result even if there was a thidy signi ficutu decrease in

the total mass of bends, The rclinnce of the calculation ofFOS on the largest
bends can be lllustruted as follows, Ihe FOS for the gil x811 N/m test (!45

lil11) is larger than that o f the 544xS"~·~N/111 test ( 141 ~Hl1)despite the fact that
fewer beads passed through the gcotextflu timing testing, This result is due to

the Iacr ibut slightly more of ~he 150 ton sized bends passed through (2.4 g us
opposed ttl 1.1 g),

It can be seen then thnt the method of cnlculntlna the FOS does not always~ ~

give a true reflection orwluu ls uctually huppcnlng,

5,7.2 Unequally (CIlSiOfWd nwup- 1 gcotcxtllc

l'he detuils ot'tuc three unequally loaded tests are presented in tables 5, 10 und
S.llnnd ligmc 5,(1 below,



Table 5,9 Calculated values of'thc (\ und coefficient of variation for the

equally tensioned non \\0\'1.)11 needle punched gcotcxtilc.
- .

!'·\Xi.! ~<J\ll Cod't1cil.)l1t of

Load (N/m) variation (oil)--";'"--."'==
Zero 157 7.6
187x187 I·n (JA

365x365 154 ~,1

S44x5·~·~ 1·1,1 2.6 j1'111:.:811 144, 3.7
2060x2060 143 2.6

Discussion of equnllv tcnslonod nwnp-I tests

ll'we look at the FOS results, it is npparcnt that the decrease \V(lS not ilS large

for this type of gcotextilc as it \\lIS 1.'01' the \V()Vl.)l1 gcotcxtilc, The untcnsioned

gcotcxtilc had a F()S or 157 lim lind this decreased to u minimum of 141/11li

Ior thl.! 544x5·~4 N'm loads. l'hls was U reduction of'npPl'llxil11utl.)ly l)llj), The
,

vul'intiolllll'FOS with (Ipplil.:d loud can be :i1!1.)11 to be \1.)1'), crrntlc, with most of

the decrease hllving all'l..'ut!y occurred under till.) upplicatlo» of the smallest loud

( 187x 187 Nitn),

When the total musses 01' bends \Il'1.) compared. a tli Ilercnt picture uppcurs to

that of the {<,OS. lherc wus an initial decrease (11('21 u) Irom the untcnsicncd,

test to thl.) smallest loud ( I ~h 1~7 N'm I. The next three tests guve very similar

results hIll then there wus u decrease or 11J grams between the 544x544 N/m

test and the h II:"\R 11 N'm test, l'hcre was u further decrease or 26.3 g between
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Figure 5,5 Particle Size analysis ~1I1'VCS 1'01' the beads that have passed through

the equally tensioned nwnp-I gootcxtllc

From figure 5,~, WI.! can calculate the ()'I" tor the gl.!Olcxlile, The results and

theil' coefficients oj'vnt'jaliol1 arc given in tnble ~.l),
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[87x187 ,., :,' 1.5 37,·l 12~,Z_,".,l

365:-.:365 2.4 5.3 41.2 1.2(),6

544:.:5 q .., "I l.l 32.,5 125.7 j.." ....
8 11x81.1 3 2.4 33.2 114A
1--

2060x20(>() 3.3 15 26A ss.:._"=' -

Note: 10'01' u needle punched gcotextile. there is 110 disccrnuhle warp and wen

direction und :W U 111(.),111of the strain in two dil'l.!ctinns is culculuted,



2.3 Mass of beads that have passed through the geotextile
and are retained on the 75 micron sieve

Biaxial Specimen Number'
M~:JLoad N/m No.1 No.2 No.3 No.4

Wntensioned 68.8 70.1 69.8 68.5 69.3
187X187 80.5 73.7 76.8 77
365X365 63.7 70.6 66.7 67.9 67.2
544X544 76.4 81.5 83.8 79.6 80.3
811X811 48.7 62.5 . 65.5 64 60.2

2060X2060 41.6 78.9 37.3 58.1 54.
365XO 93.8 80.4 81 74.7 82.5

365X187 74.4 73.2 61.8 70.2 69.9
365X544 77.4 7"..2 74.2 68.4 73.1

2.4 Mass of beads that have passed throuqh the geotextlle
and are retained on the pan

i=' -
IBiaxial SE.§'cimerlNumber

Load N/m 1 No.1 I No.2 No.3 No.4 Mean
Untensioned 20.5 17.2 . 18.5 17.1 18.3
187X187 13.2 12.1 11.4 12.2-365X365 13.2 13 11.7 13.4 12.8
544X544 12.4 11.1 11.2 11.1 11.5
811X811 18.4 19.2 '18 17.9 18.4

2060X2060 9.9 11.8 9.7 12.5 11
365XO 5.5 4.8 4.5 4.3 4.8

365X187 16.8 16.4 16.4 16:1 16.4
I 365X644 17.4 14.4 14.9 13.7 16.1II - -



2 The Nonwoven Needle Punched (No.1) Gaotextile

2.1 Mass of beads that have passed through the geotextile
and are retained on the 150 micron sieve

CBiaXiai~ SpecimenNumber
..

.oad N/m No.1 No.2 No.3 No.4 Mean
Untensloned 3.7 8.4 5.5 13.8 7.9
187X187 1.2 1.9 1.4 1.5
366X365 2 3.i' 3.1 12.2 5.3--
544X544 0.5 1.4 1.5 1.1 1.1---_.
811X8'11 0.4 1.6 2.9 4.9 2.4

2060X2060 0.8 2.4 1.6 1.2 1.5
365XO 1.4 1.7 4.4 3.4 2.7

BS5X187
-. ._,

0.2 1 0,3 0.5 0.5
65X544 8.8 11.9 . 9.4 8.6 i 9.7.. - -

2.2 Masa of beads that have passed through the geotextile
and are retained on the '116 micron sieve

-- ==
Biaxial Specimen Number

Load N/m No.1 No.2 I No.3 No.4 iMean= .,
Untensioned 46.3 65 70.7 59.3 60.3
187X187 41 35.9 35.3 37.4
366X365 27.5 41.8 34.'1 61.5 t'- -
544X544 18.5 40.8 26.8 43.7 a.- '--811X811 13.5 32 , 49.3 38.5 33.~_

2060X2060 13.3 42.8 '17.8 13.1 26.4_.
36GXO 34.5 46.9 62.1 57.5 50.2'5

365X187 23 23.5 '10.8 16.8 ,f--18.5__
365X544 76.9 74 60.8 56.7 66.9- -- -~~".. -



1.9 Total mass of beads that have passed through the geotextile

- . . . .. - ..

Biaxial ~ Specimen Number i
I No:..U NO·,Wo. 4 MeanLoad N/m -No.1

f=:="~ -
Untenslone 314.9 312.3 317.6 325.7 317.6
187x187 287.4 296.6 292.8 302.8 294.9
365x365 291.5 273.1 285.5 288.5 284.7
544x544 288 286.5 '256.6 277
811x811 263 283.7 261.3 282 272.5

2060x2060 2522 258.6 255.1 255 255.2
365xO 293.8 311.2 287.9 302.6 298.9

365x187 276.7 271.5 245.1 256.5 262.5
365x544 276.6 272 259.5 277.4 271·i

1.10 Method 2 (load of 544x544 N/m)

-

N~.4~1 I
Sieve Sizes Specimell Number
(Microns) No.1 No.2 No.3 Mean-

600 5.6 7 . 6.3 4.2 5.8
425 49.1 43.1 41 31.3 41.1
300 55.9 _§.§.8 55.7 65.6 55.8
212 38.5 3c).4 36.4 38.5 38.2-150 42.3 41.5 43.2 42.3 42.3
106 43.1 41.1 43.3 39.4 41.7
75 39.7 40.3 39.3 41.7 40.3.---...-,
Pan 5.7 7 '1 7 6.6

6·td
Total 279.9 275.3 272.2 259.6 271.8 .

:::=lJ:-



1.7 Mass of beads that have passed through the geotextile
and are retained on the 75 micron sieve

M_~'

N~4_JM~:n IBiaxial Specimen Number
Load N/m No.1 NEiJ No.3 [

"" "-=Untensione 15.7 26 25.2 27,4 21.5-187x187 26.5 26.2 28.1 28.2 27.3
365x365 28.9 25.7 25.9 26 26.6
544x544 24.9 25.7 25 25.2
811x811 25.2 27.3 25.8 25.3 25.9

2060x2060 33.4 32.1 31 33.8 32.6
365xO 38.5 36 38.5 37 37.2_

36Sx187 30.3_ 30.4 ' 30.3 29.8 ~QL-366x544 3'1 30.5 29.8 31.3 30.7- 0:-.:.:". :-=-~~-.. ~..... ~

1 8 Mass of beads that have passed througll tile geotextile
and are retained on the pan

~:=~/=lm=*==Ne;;tO,=1=f=SP"",~=~=:;="e::::ln=N~:~~- No.d Mean_ I
Untensione _.!L3 ifJ ...7.:..2.__ J.]_ 6.9 -~
187x187 8.'/ iLl 7.7 7.5~--I;~:!1~72. ~J~~.'5.1 ~::-j

~Jx8j'l 9.6 iSM 9.5 10.2 @.9j
2060x2060 7,9 6.7 _1 6,E__ -Z...__

f
365x0.-2.&_ 5.2 4.4 4.5 4.9

365x187 6.4

~X544 ==5;;;.6,,·.;:;:=±=--===:;;::.:-.;;l:="=::;;:::d;=~~=~=U



1.5 Mass of beads that have passed through the geotextile
and are retained on the 150 micron sieve

-.: I
Biaxial Specimen Number

Load N/m No.1 No.2. No.3 l_No.4
Untensione 62.3 46.6 45.6 46,7 50.3
187x·t87 50.9 44 45 45 46.2
365x365 43 43.4 44.5 46,7 44.4
544x544 46.5 44.5 41.1 44
811x811 43 46.1 43.2 50.3 45.7

2060x2060 43.6 43.7 43.1 43.5 43.4

-II

365xO 43.5 43.8 44 34.1 41.4
365x187 46.8 47.1 47.3

I
46.5£47-

365x544 45.5 44.4 44.2 45.8 45-

1.6 Mass of beads that have passed throu0h the geotextile
and are retained on the 106 micron sieve

-

I ~

Biaxial Seecimen Number
Load N/m No.1 l_rio.il NO.3=r No.4 _~

Untenslone 52.8 40.3 40.7 40.2 43.5
187x187 39.4 38.2 38.8 39.9 39.1
365x365 39.1 39.2 39.8 40.5 39.7
544x544 374 37.8 35.5 36.9
811x811 37.9 38.6 39.2 39.2 38.7

2060x2060 37.5 39,1 39.9 __j§.,3._ 38.7
365xO 32.1 34.3 33.2 37 34.2--365x187 38.3 39.5 38.3 38.9 38.8.__. "_

365x544 40.1 39 39 41.3 39.9



1.3 Mass of beads that have passed through the geotextile
and me retained on the 300 micron sieve

r-Biaxial ~

!~oa~JJ/m ~
Untonstone 63
18'''x 187 54.,_
365x365 51
544x544 5~
811x811 49

2060x2060 55
365xO 57.

365x187 54.
365x544 54.

. ==:;

Specimen Nun-ber ~~
.1 I No.2 I Noil No.4 Mean_. . . . . __,

.4 53.8 55 56.9 54.8
3 54.8 54.7 54.1 54.5
.4 50.4 49.7 49 50.5
) 51.7 47.9 50.5

53.9 47.7 50.7 52.8
55.4 54.1 64.4 54.7

::1 58.3 .57.1 58.6 57.8

3I" 54.6 52.8 54,3 54.1o
7 54,8 52.9 53.2 53.9
't; -

1.4 Mass of beads that have passed through tile geotextile
and are retained on the 212 micron sieve

,

No. _d.=t:M:an _ __I
Biaxial Specimen Number

Load N/m No.1 No.~o.3 I=- - _.

~

Untensione 286 46.9 47.5 46.9
187x187 42.3 l 49.3 49.7 48.8
365x365 48.2 I 50.4 .49.7 47.9 1~
544x544 45 49.2 43.7 46 I., j

811x81't 48.4 48.2 49.9 44.3 47.7 I
..j

2060x2060 46.7 ,f.7.3 47.7 46.9 47.2
365xO 50.1 49.7 49.7 49.8 49.8

365x187 46.5 L:~§.3 44.6 47.4 46.2
~5x544 44.6 46 .~6.~ _]46.2 48

- ., ...... lc:::.:::.:: - - " -



APPENDIX A

COMPLETE RESULTS FOR THE HYDRODYNAMIC
SIEVING TESTS

1 The Woven Slit-Film Geotextile

1.1 Mass of beads that have passed through the geotextile
and are retained on the 600 micron sieve (mass in grams)

-
~

Biaxial Specimen Number
Load N/m No.1 No.2 No.3 No.4 .j

Untensione 34.8 28.4 34.6 39.5 34.3

_j_fITx187 11.6 16.3 13.3 20._ 15.3
1----

365x365 9,8 6.8 9.7 11.7 9.5._
544x544 14 11.6 8.6 11.4
811x811 5.8 10.1 3.9 9.2 7.3.

2060x2060 2.8 3.5 . 1.9 2.6 2.7-
365xO 14 24.8 15.1 19 s 18.3

365x187 18.2 10 6.3 '? .1 10.4
365x544 14 I 12.6 L.10.6 10.7 12

1.2 Mass of beads that have passed through the geotextile
and are retained on the 425 micron sieve

~-
- - -

axial Specimen Number
ad N/m No.1 No.2 J No.3 N~. 4= ~a_Q=

Untenslone 62 61.1 60.4 60.2 61-187x187 53.7 57.8 . 54.6 58.5 56.2
365x365 62.8 50.1 59.5 61.7 58.5
544x544 57 56.1 44.5 52.5-
811x811 43.5 49.1 40.9 52.8 _ 46:.L

2060x2060 23.7 29.2 23.5 27.6 26
365xO 52,5 57,2 45.5 54.3 524

365x187 36 37.4 27 5 18.6 29.9- --
L365x544 39.5 36,7 32.3 43,3 38 I- .- ... ~:..t:<.;:.::...



There are many applications ill which a gcotextile may be subjected to in-

plane tensile loads. ego when used us n reinforcing layer beneath a Jill. or even

when used to line an excavation drainage trench that may subsequently

undergo settlement as a result of overlying 1111construction. I f the particle

retention and flowrate characteristics of the geotextile in these applications nrc

important. it is suggested that cognisance be taken of the reduction in opening

size that may occur. Tests at higher tensile loads as well as on a range of

different geotcxrile types should still be performed,

111



smaller than those COt' the woven geotcxtlle, This was probably due to the

greater consistency in the pore opening sizes that result Irom the needle

punching process, For the unequally tensioned tests. there wns still a decrease

in the FOS. This type of loading didn't appear to have a more detrimental

effect on the opening sizes than equal londing, The through-now capacity for

this geotextile increased slightly when the geotextile was tensioned, The

increase was less than 10%). and can be attributed 10 human error in timing
such small time intervals,

Two tests were carried out on the thicket' nonwoven geotextlle Ul1t1 the results

showed a smaller FOS results from a thicker geotextile. For both of the

nonwoven geotcxtiles a test where the bead size designations were added one

at a time was performed. In both cases u larger muss of bends passed through

than with the original test. This was due to the fact that the larger bends have

less opportunity to block pores that might permit the passage of the smaller

beads. It illustruted the fact that the FOS obtained was a function of the

procedure.

A study was also nUll',.: OIl the effect of in-plane tensl!e loads on the

permeability of gcotextiles, t\. lurge diameter, constant head, pcrmeamercr WIlS

used. The design was such that a pretensioned geotextile was tested in direct

contact with a tint! grained soil. FOllL' tests were performed on each of the two

geotextiles tested, Not only were a number of problems encountered during

testing, but the test did not show a decrease in flowratc through the geotextile

between the tensioned and untensioned specimens, The length of time of these

tests and the luck or any real trends appearing, resulted in the tests being

stopped,

110



is a relatively large reduction. it would probably not prevent the gcotextile of

performing adequately if'wc take into account the factors of safety used in

design.

The effect of the initial glass bead mixture on the resultant FOS was also

tested. The beads were added, one designation ut a time. at regular intervals

during the test as opposed to adding a mixture of'bends at the start of the test.

There was a slight decrease in the mass of beads that passed through the

geotextile and thus the FOS also decreased. This decrease was not greater than

the variation that occurred between different cylinders during testing and it

can thus be ignored.

The same serres of tests were also performed on a nonwoven needle punched

geotextile. A second nonwoven geotcxtllc, made using the same

manufacturing process but being slightly thicket .. was «lao used for two tests.

There was a much smaller reduction in the FOS for the nonwoven geotextile

for both the equally tensioned and unequally tensioned tests, For a load equal

to 1()(!'il of multldlrectlonal tensile strength. there was a maximum reduction of

9% in the FOS with most of the reducrion occurring at very low tensile loads.

This was attributed to the low tensile modulus of the geotextilc which resulted

in relatively large strains occurring llt low tensile loads. The decrease in the.
totul mass of beads passing through the test specimens was not always

reflected in the FOS. In one case, u smaller total muss of beads resulted in a

larger FOS. This is because the calculation or FOS is very dependant on the

muss of the larger bends passing through the geotcxtile.

The values for the standard deviation 0[' the nonwoven gcotextile were much

lot)



CHAPTER 6

CONCLUSION

Two types or tests were carried out on a woven slit-film polypropylene

geotextile and a nonwoven needle punched continuous filament polyester

geotextile. In both cases. the geotextiles were first tensioned in a specially

constructed loading frame. The frame was able to tension a sample of 1.6xl ,6

rn either equally in all directions or unequally in two directions, The effects on

the permeability and the filtration opening sizes (OI)S) were monitored.

Hydrodynamic sieving tests with glass beads were used to investigate the

effect on the largest apparent opening sizes. The mechanism consisted of four
large diameter cylinders. into, which pretensioned geotextile specimens could

be placed.

Tests carried out on the woven slit-film gcotextile showed n marked reduction

in the flltrntion opening size (FOS). A load 01 8% of the minimum tensile

strength of the geotextile caused a reduction of:?8<!'Oin the FOS, Tests in

which unequal loads were applied in the two orthogonal in-plane directions

showed similar results to the equally loaded specimens, A test on the through-

now capacity of the geotextile was also carded out. The tlowrate through the

specimen was mensureu lor an untensioned test and compared with that of a

specimen with a loud or approximately R%)ofthe minimum tensile strength, A

4Y!iJ reduction in the tlowratc Cor the tensioned specimen resulted. While this

l()S



problem. If we refer to Appendix A sections 1.8 and 2.4. it can be seen that in

some cases, up to 25% of the beads that were initially sized as 75 to 1oc, ~im.

were in fact smaller. After the beads were oven dried and subjected to a size

distribution test. some of the beads would be sieved through to the pan. The

beads that were used during the tests were always recycled. This was not only

an attempt at saving time but also to try and improve the grading of the beads.

The beads that were sieved through to the pan were always discarded. Despite

this precaution. this problem continued throughout the testing.
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3 The Nonwoven Needle Punched (No.2) Geotextile

3.1 Mass of beads retained on the 106 micron sieve

==s=
Specimen Number

Mean-]
Test
Number No.1 I No.2 I 1\10.3 I No.4

INO.1
I

1.3
I

1.2

I

1.2

I

0.9
I

1.2j
1.3 1.3 2 1.4No.2 1.5

3.2 Mass of beads retained on the 75 micron sieve

Test Specimen Number .. INumber No.1 No.2 I No.3 I No.4
No.1 31.8 30.6 20.2 32.4 3ENo.2 63.7 63.8 69.4 62.9 5

3.3 Mass of Beads retained on the pan

Test Specimen Number .. INumber No.1 I No.2 I' No.? I No.4

INO.1
I

9.6 t31J 9.1
I

10.6
I

9.7
I4.3 5.4 5.5 5.1No.2 4.9

3.4 Total mass of beads retained
_

Test Specimen Number ~
Number No.1 Li!2_iJ No.3 [NO; 4 Mea
~1 43.1 41.6 30.6 44.41 3
No.2 69.6 70.7 77.4 69.9 J 71

~
9~l
~



2,5 Total mass of beads that have passed through the geotextile

Biaxial Specimen Number
Load N/m No,1 No,2 No,3 No,4 Mean

Untensioned 139.7 161.2 173.3 150.7 156,2
187X187 128 123,6 124,9 125.2

,....... --"'.-

365X365 106.7 i29.1 115.6 155:1 126.6
544X544 108.3 135.1 122.9 136.5 125.7'
811X811 81.2 115.4 135.8 125.3 114.4

2060X2060 64.8 135.9 66.4 85.4 88.1
365XO 135.3 151.4 134.5 140.1 140.3

365X187 108.4 114.1 89.3 103.6 103.9
365X544 170.7 172 155.2 146.4 161.1

2.6 Method 2 (Load of 544x544 N/m)

Sieve Sizes Specimen Number
(Microns) No.1 No.2 No.3 No.4 Mean

150 17.5 9.6 4.9 11.5 10.9
106 77.1 72.2 74.8 81.2 76.3
75 82.6 80.6 77.6 76.3 79.3
Pan '10.5 11.9 11.2 9.7 10.8

Total 188 174.7 168.7 178.8 177.6
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