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ABSTRACT

A series of tests were carried out on three types of geotextiles (o investigate

| the effects of biasial tensile loading on their permeability and filtration
opening sizes. A woven siit- 11 Im and two nonwoven needle punched
geotextiles were tensioned either equally in both directions or unequally. The
tensile forees exetted were small, less than 10% of the geotextiles” tensile
strength, And a tensile loading {tame was designed for this putpose. An
attempt to measure the effeet on the permeability was made using o large
diameter ﬁcrmeumeter that was subjected to an upward water flow. A
hydrodynamic sieving mechanism (HISM) was used to investigate the effect on
the opening sizes ol the geotextiles, Certain aSpects of the hydrodynamic test

method were also investigated,

The most significant results were obtained with the FISM. There was a marked
decrease in the {iltration opening size (FOS) with progréssively larger loads,
IPor the woven geotextile, a 28% reduction occurred in FOS under a load equal
to 8% of the minimum tensile strength, A 43% reduction in its permeability
also oceurred when the HSM was used as ¢ frlling head permeameter, The
results for the nonwoven geotextife showed a 9% reduction in FOS for a foad

equal to 4% of the multidirectional tensile strength.

When considering geotextile filter design, these reductions would probabiy
result in an improvement in the retention characteristies of geotextile filters,
[owever, the combination of o reduction in permeability and FOS wil]

inerease the possibility of clogging and thus failure of the geotextile flter,

P — .
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cant he evitluated,

The mercwry intrusion porosimens metttod is outlitred in the draft Standard
Test Method Tor Determination of Pore Volume (ASTM) and Pore Volume
Distribution of Geotextiles by Mcrctu‘y Intrusion Porosimetery, Mereury
inteusion porogimeiry is based on the theary ol the Washburn equation, which
relates the pressure required o foree o non wetting Auid (mercury) into the
pores ol o geotextile to the radiug of the pores intrudud, Ax d result, the pore-

size distribution of the geotestile can be evaluated.

Image anatysis (Rollin et al., 1977; Faure et al.. 1990 Bhatie et al.. 1993,
19947 i o teehnigue used for e diseet mensurement of pore spaces within a
eross-sectional plane of a geotextile, This is done by measuring pore sizes
from enlarged scanning electron microseope (1M photographs, In
determining pore sizes, ussumptiong are necessary regarding how the p(im
between {ibres will be defingl, Tor instance equivatent cirele, smallest |

dimension, average rectanaular dimension, ote.

A fow attempts have been made at developing o mathematical model of the
struettire of a geotestile, Goure and Faare (1992} expand on the theotetical
muodel catled the convex-grain Boolean seheme (Rollin 1978), Congideration
iy given to the eircle ol diameter d that eon be inseribed in the pore amd the
distribution of inseribed cireles between ihres is determined (assuming the
[ibres 1o be areanged uniformly und paradlel to the sheet plane). Fhe Cos.
which ix the conduit dinmeter characterising the nmximum diameters of the-
conduits, is caiculated and c:1;1 be considered as a theoretival approach to the

filtration vpening size.

in



The Conadiva drafl standard Filrrationt Upening Size of geotextiles
{CAN/CUSB- 1481 1) gives o description of the hydrodynamic sieving
method. This method also uses a mixtuee of glass beads., Four tests are usually
eun at the same time, The apparatus consists ol [our eylinders that are attached
w a fiame which s in wen connected to o pneumatic device, The geotextile
samples are attached to the bottom of the eyvlinders and the mixare of glass
beads is placed upon them, [he cylinders and geotextiles are then immersed
and withdrawn [rom the woter pans, This action ailows the glass beads to be
Toreed theough the np’énings ol the gcotcxti!cs- when the water flows from the
cylinders, Alter o specified number of eyeles. the glass beads thac have passed
through the geotextile are collected und oven dried, Their distribution is |
dowermined and the O, is caléulutcd. II_\‘dmdj.'nmnic sieving evaluates the so

called [iter opening size (FOS) of u geotextile,

The bubble point test is vuttined in Method B of The Standard 'Test Methods
for Pore size Characteristics of Membrone Filters by Bubble Point and Mean
Flow Pore Tests (ASTM F-316) 1t combines the imeasurement of capillary
pressure with measurements ol air flow through the specimen and it iy based
Tt

(1) 2 dry porous material will pass air thmilgh all its pores when any amount
af alr pressure iy applivd to obe side of the material; and

() o sutaeated porous material will only alfow g Ruid to pass when the
pressure applied exeeeds the capillary attraction of the fuid in the largest piu‘c.
The pressuee required to exteact & certain volume of lgquid is measured and
this provides infurmation on e pore volume which in tuen i related w the
opening sizes, $inee stmaller and smallor pores piss nir s the air pressure is

inereased. the kirgest opening, Ou, and poressize distribution of the geotestile

9



basically the same thing but with a fow dilfercnees. Phe major difference is
that the BS mteasures the apparent pore size for which 90% of the glass beads
are on amd within the geotextile. The AOS on the other hand s defined as the
size of bead that has only 00 passing through the geatextile, Another
difference is that the ASTM standord starts the sieving using the smallest sized
- beads agd then moves oo ptl‘ogrcssivuly_largur sizes, The BS starts with the

coursest beuds [ollowed by progressively smaller sizes,

The basie process theugh remaing the same, A geotextile specimen iy plaved in
a sivve frame, and 50 g al sized glass bedsta set ol glays beads of a certain
size ix called a glasy bead desipnation) are plueed on the geotextile surtace,
The geotextile and frmne are shaken laterally for ten minutes so that the
jaering motion will Induce the buads (o pass Wrough the test specimen, In the
case of the ARTM test, progressively larger sized plass bowds are sieved
through a geotextile until a partiele size designation has been found for which
396 o Joss, by mass, pisses Uirough, The BS test continnes until the
designation and mean particle size are reachied Jor which more thip 95% of

the beads pass trough the test specimen,

I'le wel sieving technigque (Saathalt and Kobibuse [986) s very similar to dry
steving, but witlt tvo [undamental differences, Firstly, a eontinuous water
spray is applied witite the sieving takes place. Secondly. a plass bead mixture,
as npposed to o number of designated wloss bead sizes, is used, The gluss
heads that pass throngh the peotestile are eolleeted and oven dried, A partiele
stze distribution analysis is carried out on these beads and the O, is then

eviruated by ealeulating the 95%q {iner by mass point on the curve,



NI (138-017-R0 Lydrodynamic sieving using soil particles -
France

SM-(R,2 [vdrodyvnamic sieving using soil particles «
International Unjon of Testing and Regearch

Laboratories for Materinls and Structures

| (RILEM)
SW 64055083 Wet sieving with soil particles - Switzerland
UNR-1986 Wt sieving with soil particles « a drofl standard

_ in aly
BAWGSY 642 UFH Wet sleving with sofl partieles - recommended
fre Germany

[SO/TUIRSC2 NG Hydrodynamie sieving using soil particles - in

developntent

2,3 Deseriptions of Availabls ‘l‘cclmiqnes for Measuring Oy,

The standard methods are thus all based on the theee types of steving, Le, wet,
dry and hyedrodynmnie. Many of the other techniques are it the developmen

stage wind o deseription of' afl the available methods are desetibed below,

The Uinited States and Britain both use dry sleving with glass beads to
determing the opening sizes of geotextiles, The USA has the .s;randurd Tust
Methed for Derermineng e apparent Opening Sise 1408 of a Geotextile
(ASTM 14731870 The British on the other hand, have the Beitish Stundard
Methods of test for Geatextiles Part 1 Determination of the apparent pare size

sdistribution by drv yicvieg (B8 d406:Part2: 1989, These are both deseribing



and O,

The gifficulty in measuring the opening sizes of geotextiles is borne out by the
fact that ihete are so many different methods used, Some methods are able o
megsure the entire pore size disteibution, while others e v only megsure the
largest eifvetive opening size: the O, Numerous measureinent tachniques
have been developed, There are the indivect methods such as dry sieving -
{Calhown, 1972: Gerry and Raymond, 1983), hydrodynamic sieving (Fayoux,
1977} wet sieving (Sauthoft and Kohlhase, 1986), the bubble point method
(Andrei et al., 1982: Deninis and Davies 1984: Milfer et '_al._.' L986: ASTM I~
316: Vermeerseh and Mlynarek 1996), and mercury intrusion porosimetry
(Prapaharan et al. 1989 ASTM D-4404). There are also the direct methods
such ay inage analysts (Rallin et al., 1977: Paure eoal., 1990: Bhatia et al.,
(993, 1994}, und mathematical models (Roltin et al. 1978 and 1982; Goure

1982 Witmann 19821 Gowre pnd Faute 1992),

2 Standardized Mothods

Some of the above methods have become stndardized:

ASTM D J751-87 Lry sieving using glass beads - USA

R8-09016. [ D89 Dy sieving using glass beads « UK

NBN § 29001 1y sieving using natural soil particles «
Belgium

CANACGSERTR 110 Hydeodynaniie sieving using gloss beads -

Cattada



CHAPTER 2

LITERATURE SURVEY

2.1 [Introduction

Geotextles are used in yametous Hiration applications, yuch as in landfill
lsachate collection systems, in pipe underdeaing, behind rigid retaining wa_lis.
in eartl dams, and beneath erosion control structures, When geotextiles are
used as filters, propet design is essentlal, Theee basie flter eriterin are used for
desipn: a retention criterion, o permeability eriterion and a clogging eriterion,
The ability of'a geotextile to meet existing design eriteria is considered to be a
function of the eftective pore openings ul'a geotextile, Depending on the
design technique, onte usually uses either the Oue or the Ow, These are detined
as the measure of the elfeetive pore openings of'a geotextile, The
classification is similar to that ol soil, The Oue ts the value which has 95% of
the geotextile openings smatler than it. Stmilarly, the O, is the opening size
that has §0% of the geotextile pores smadfer than it This opening size is then
reluted to a particulir size on the particle size distribution curve of the soil that
11 in contaet with the geotextiie. Note that the O, is usually tefereed o ny the
largest eileetive opening size or the filtation opening size, while the O, is
obvicusly the largest effective opening size, Due to the fret that this value is
difficult to measure, parameters that are elosely related to it are measured und

are used as approximate vitlues of O, Such typical pasameters are Ou Ous



the smallest sized beads. cach hoad size was added as the test progressed, The
hydrodynaniv sieving meehanism was also used for a test of the through flow

capaeity or permeability of the geotextiles.



caleulaced, The two geotestiles that were tested were subjected to a total of
four tests each, Apart from an untensioned test, they were dlso subjected to

orte equally loaded and two unequally loaded tests,

Thete ave presently many different methods to measure the pore sizes of
geotestiles. Some methods are able to measure the eatire pore xize
distribution, while others can only measure the largest effective opening size.
which s usuaily called the O [t was declded to use one of these methods.
namely hydrodynamie sjeving. to measure the change in the largest apparent
opening size, Hydrodynamie seving uses o glass bead mixture which is sieved
through a geotextile by the foree of alternating water flow. A particle size
analysis test is performed on the beuds that have passed shrough the geotextile
and in this way the filter openin g size is determined. The apparatus was
modifled w enable the lesting ol pretensioned geotextiles, Onee again
refutively small loads were used and o series of equally and unequally
tensioned tests were performed on i woven shit-[m and two nopwoven needis

punehed geotestiles.

The two nonwoven geatextilus were identien in their manufactuging progess,
but the one was thicker than the other, e thicker geotextile was used in only
two tests inorder t see the effeet of thickness on FOS, The woven and the
thinner ol the two nonwoven geotextiles were subjected to the same londing

patterng Le. six equelly ensioned tests and three uneyually tensioned tests,

A variation of the standard hydiodynamic sieving test was also performed.
Instead of adding the beads as o mixtues at the start of the test, the beads were

divided up aecording to the sieve size that they were retained on, Starting with



The growth in the use of geotextiler. led 1o the Internatiotal Conference on the
Use of Fabries in Geotechnics led in Paris ia 1977, This resulted in a great

deal ol research into this rapidly expanding technology.

The aim ol this dissertation was to investigate one particular aspect of
geotextile behaviour. The topic under investipation was the effect of blaxial

tensile loading on the permeability and opening sizes of geotextiles,

In certain applications, geotextiles can be suhjected to in-plane tensile strain,
For example they are used as Tilters or deains in leachate collection layers
below fand{ills and as reinforeing layers beneath fills constructed on soft soils.
1t should be noted that the geotextiies are not in danger of fuiling in terms of
their strength in these applications, but it is possible that a realignment of the

fibres may oceur and this in turn witl affeet the behaviour of the geotextile,

A method was thus devetoped in & previous study to investigate the effect of
relatively small foads (less than {026 of the tensile strength of the geotextile)
on e permeability and the largest appurent opening size of geotextiles. To
simulate biaxial loading, a loading frame was built that enabled the geotextiles
to be pretensioned either equally or unequally in two direetions, The frome
allowed a maximum load of 2.5 kN/m. T'o measure the effect of these tensile
loads on the permeability of the geotextile. a large diameter constani head
permeamueter was used, The geotextile was placed in direct contact with a fine
grained sand and the design was such that o pretensioned geotextile could be
clamped into the permeameter without any [oss in the strain, The flowrate of
water through the permeameter was monitored by menssuring the amount of

water flowing out of the outlet spout and the permenbility was subscquently

ta



CHAPTER 1

INTRODUCTION

Geotextiles are defined ag thin, fexible, permeable sheets usuaily of .synthetic
material used to stabilise and tmprove the performance of soil associated with
civil engineering works, Currectly designed and installed, geotextiles have the
ability to tilter, drain, reinfores and separate soil, In many applieations.
geotextiles may be designed and selected to perform a combination of these

finetions.

Although there were some very early isolated applications of geotextiles
dating back as far as 1926 (Bell e, al. 1977), it is only since the early 19703
that their impaet has become significant, The {irst polymer-based geotextiles
were woven industrial thhries used beneath conerete block revetments in the
Jate 1950s. Geotextile nots beeame established around 1968, but the
development of the irst nonwoven geotextile in France in 1968 widened the
range of geotextiles and their applications. The frst use of' a geotextile filter in
an earth dam was at Valeros Dam in France in 1970 (Giroud et, al, 1977), By
(971 three other lines of geotextile applications first appeared, i.¢, fin drains,
woven geotextile basal reinloteement bencath embankments and gentextile |
reinforeed soil walls (Joha Y987), Improvements in manutacturing techniques
have resulted in geotextites being widely used as they olten have an economic
advantage over some of the teaditional methods. ¢z, geotextile filters are often

cheaper than sand [iters.
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coefticient of pérméability of a permeable medium (m/s)
porosity of the filter material (dimensiontess)

the opening size such that 50% of the geotextile openings are
smaljer than (O, (m)

the apening size such that 90% of the geotexiile openings are
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Table 2.1 Retention etiteria for peotextile filters (Giroud, 1982). -

Relative | Linear coefTicient of uniformity of the soil
density — '
o o3 ¢ =3
_ ol soil _
Loose soil 2 35% | Oue = Clde Oz - 9/,
Medium dense soil | 35-65% | Ouen 1.5C, ey s o 13.8da/Cy)
Dense soil C 08 | One 30y L a5 < 18dayC)

The primary objective of these eriteria is to enstire retention of the soil that iy
being filtered, L.e. to prevent migration of fine partieles from the soil. Some of
the nbove proposed design criteria have been incorporated into the design

standards of various countries.

2.5.3 Permeability eriterion

The permeability of'a geotextile {ilter is addressed by considerations of
relutive permeabilicy ol the soil and the geotestile, Current drainage criteria
require thal the perineability of'a geotextile should he some purcbntagc of that
of the retained soil, with suggested values varving between 10 and 1000%
(Fiseher et al, 1990), Giroud ¢ 1982) points out that the thickness of g
geotextite Mlter is typiealty loss than 1/100th that of 1 granular [iter, The head
loss aeross these two types of fillers would therefore be of a similar magnitude
il'the permeability ol the geolextile was 1 100U that of the alternative
granutar filter, Since the normal eriterion lor the goelficient of permenbility of

a granular tifter is



the dys. which is the diameter such that 85%s of the soil particles are smaller
than that diamctuf. {AS in soils, the O, is used as opposed to the (), the
largest apening size, This iy becavse the measwrement of the Oy, is Hikely to
fluctuate significantly from one sample to the next i’ there are only a fow
openings which may be present in one sample and not the other, The Q. s
fuss likely to Nuctuate due to the larger number of openings that have the O,

siZe in o geotextile sample.) The relationship is wsually in the form;

(), S
(m.:ai WX (2)

« where x vartes aecording to the design imethod. Typieal values are 243 |
(Carrol 1983) and 12 (Christopher and [oltz 198%), Loudiers and Fayoux
{1982) relate the (s to the de, with € = 08, Heerten (1982 the (s, to the duy
with ¥ = |, Ogink (J975) also relates the O, to the dy, with x:= [ for wovcn.

geatextiles and x - LR for nonwaven gaotextiles.

The 11w complete refutionship has been established by CHroud (1982), (see
Table 2.1, Tt relates the O, the linear coetlicient of uniformity ) and the de,
while taking into consideration the relative density of the materdal. For
filtention upplications, the central linear portion of the particle~size distribution
15 extrapolated und used to determine the lineur coetticient of uniformity, ¢\

Thus, C) dVdy,

-1
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Igure 2.1 Filter opening size as 4 funetion of soil density,

)

It ﬂwru‘lhrc appears that, in the ease vl foose soil. the filter openings must be
just smadler than the size of the partels that e Oleer s intended to retain,
whereas, in the case ol the same saif in o dense state, the {ilter openings can be
twiee as larpe as the pacticles the lter is intended o retain, This eonelusion
cant be considerad vonscrvative, because soil particles are not spherient and it
seeins bossieal 1o expeet non splwﬁcul particles to be less mobile, henee more

stuble, than spherical particles,
252 Relention eriterion

The design of peatestiles aeeording to the retention eriterion usunily involves

reluting fhe O, to sune charneteristie dinmeter of the soil to he retained, w.g.
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paticle size analysis curve of the soil and thwe subscripts are the relevant

pereenige values.

If a soil has o coefficient of upilhrmiiy grewer than three, there are not enough
of the lavgest particles to form a mateix where smaller particies are
interlocked. Itis only at a lower leve! of particle size thiat o mateix of particles
exists where smaller particles are interlocked, I the C, of the soi is three or
less, o geotextile titer that just vetains the largest soil particles Is adequate: it
retaing all the soil because all particles are entrapped in the matrix formed by
the largest sofl particles. 10the C, Is greator than three, o geotextile that Just
retaing the fargest soil particles does not retain all the soil: the smaller particles
are not eptroppred sithit o mattix formed by the largest pueticles and they pass
through the geotestile fter 1 they are dragged by the flowing water, Thus
when the ¢, of the sail is larger than theee., the EL:)[LNI“L filter must be
designed o retain the pm'tu. les that lorm 1 niatix where the smadler particley

are entrapped.

The refative density of the soif must also be taken lnto consideration when
designing a geotextile filter, Figure 2.1a shows schematically that, in the cose
ol'n Joose soil represented by a cuble arrangement of spheres, if one particle
goes through the [ter opening, then all other particles can [ollow i, In
contrast, fn the case of'a Jense soil represented by o hexngonal arrangement off
spheres, the soil structure remains stable if only une particle gous through the
[ilter opening (1gure 2. Iby the structure becomes unstable on ly il two

particles can pass simultaneousty through a Blter opeping (Figure 2.1¢),

v



2,5 Pesign of Geotextile Filters
251 Introduction

A geotextile filter, as any 'ilter, must [l o criteria:
otention eriterion. A geotetile filter most have openings small enough to
i migration of so | partiles: _

e Pramenbility critetion A peotestile filter must be permuable enough to not

sitow down the flow of ater across the plane of the geotestile.

In eritical applications, an additional safbty margin against clogging may
sometimes be incorporated by adopting an anti-clogging eriterion, A
geotextle Tlter son only prevent a signitieant amount of {ine particles
migrating, under the action of drug forees exerted by the tow, if'the soil is
internally stable, When cherking whether a soil is inteenaily stable, [tis not
sutlleient to assume that it will be stable i1 the partiele size distribution enrve
ix continuous, Continuity of the particle size distribution reve is o neecssary.
but nat sufticient. condition (o ensure the internal stability of & cobesionless
soil, I'or o coltestonless soil to he internadly stable. particles ol any given size
must be entrapped in the mawix formed by particles of' o larger size, As
indicated by Giroud (1982), this is only possible il'the partiele size distribution

of the soil has o enetticlent of untformity (C,) of three or less, C, 15 detined as:

o

(‘ . T;'.' )
it ll’h‘ { 1 }

ot dy, and dy, refer o the pereentage by tiner by mass points on the
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{ifth designation, We thus need to plot these values on a fog-normal paper.
The two values will be the 212-micron size which las 60% passing and the
300-mieron size which has [00% passing. To find the App:imnt Opening Size
{AQS) we extrapolate between these twvo values, The AOS was caleulated to

[ 280 i,

The hydrodynamic sieving techniyue requires o mixture of beads be sieved
through the geotextile by immersion and withdrawal from water. Assume that
the mixture consists ol seven different sized beads which ars retained on the
first sevett sieve sizes (ftom 75 to 850-micron sieves) and that there fs 30 g of
each size, The total mass of the mixture iy thus 350 g and the coeflicient of
uhiformity is approximately 3.4, [fexactly the same distribution ol beads
passes 'thmugh the geotestils as in the above diseussion of the AOS procedure,
then o total of 180 g have passed through the geotextile. To find the Filter
Opening Size (FOS), we must plot the distribution of beads that have passed
theough the geotextile, We thus have & graph of the percentage liner by mass
vs. patticle size, The value corresponding to the 212-micron gieve is 83%
¢sinee, out ol a total of 180 g, 150 g are finer than the 212-micton sieve, the
other 30 g remained on this sieve, The caleulation is thus 1507180 x 100%),
For the 30«mnicron sieve. the value {5 100% (since all the beads are sinaller
than this), Extrapolating between these two points to And the poiat where 95%
iy liner by mass, the FOS Is found to be 238 pem '

Thus there is a decrease of 1996 fram the AOS to the FOS., It obviously varics
for cach exumple, but it does serve as 2 good illustration of the difference in

caleulation nethod.



The resulls shbwcd that in general, the image analysis. mercury intrusion. and
dry sieving methods showed larger pore openings than the other methods, The
hydrodynamic steving, wet sieving, and bubble point methods showed smaller
geotextile pore openings within a telatively narrow range, with the bubble
point results generably an the lower end of this range, The hydrodynamic and

wet sieving methods produced very similar results for all geotextiles.

‘The hydrodynamic sieving tegt generally gives smaller pore opening values
(FOSY compared with the dry sieving AOS. This can be attributed to the use of
2 glass bead mixture as opposed to glass bead designations and there is also an
important mathematieal difference between caleulating FOS and AOS, The
calewlation of AOS is based upon the pereentage of beads, which have passed
through the geotextile. of cach individun! desi ghation. The caleulation of this
pereentage value, i3 done separately for ench designation. The value is thus
caleulated without using the results of any other bead size designation, The
ealeulation of the FOS on the other hand takes account of all the beads that
have passed through the geotextile, The FOR is the 93% [iner by mass point of

the mixture that has passed through the geotextile,

This mathematical difference is best lusteated by an example, Assume that no
beads remiain in the plane of the test specimen Juring testing, Consider the
following results for a dry sieving test: all 50 g of glass beids passed through
the o otextile for the first three plass bead designations (i.c.. beads retained on
the 75, 106 and $30-micron sivves) but only 30 g ¢l the fourth designation
passed througl (beads retained on the 21 2-micron sieve) and 0 g ol the filth
designation passed through (beads fetained on the 300-micron steved, Tlus the

point where $% ol the beads prass through i somewhere between fourth and

tts



Mcrcul‘y inirusion porosimetry and the bubble point test shared o common
problem (Bhatia and Smith 1993), Both methods showed little difference in
the results for geotextiles ol various thicknesses of the same manufacturing
process, Parteles passing thrt;ugh a thicker geotextile have o longer path to
travel and there is a greater possibility that the particle may become trapped.
Thus thicker geotextiles made with the same manufacturing process generally
have smaller opening sizes, Mercury intrusion porosimetry results were also
affected by mercury (which is heavy) displacing fbres in the pore steucture of
the peotextile du'ring the tests and this moy lead to ereors i the measured pore

sizes,

The bubble point tests were 'l‘urthémnorc Found to be dependent on the method
of interpretation of results. Aécording to Vermeersch and M!ynar.ek {1996),
the method can only he applied to geotextile products with the maximum pore
size of 160 microns. although research is in progress w widen the technique to
measare pore sizes up to 300 em. This observation seems to be in
contradiction ol Bhatia et al, (1994) who were able to mensure opening sizes
of up to 200 m with this method. The staple fibre, nicchanically-honded
geotextiles showed the least varfation in their results and the heat-bonded

geptestiles showed the greatest,

Wates and Wittstock (1986) goncluded that image analysis provided the most
reliuble information on the pore size distribution of geotextiles. However, it is
time consuming, involves specialized equipment and is expensive, In addition,
there is po standacd method (or evaluating image analysis results, Rosults for

the geotextiles tested were fairly repeatable,



ol the original glass bead mixture. For dry and wet sieving. the effeets of
electrostatic forges cause the smaller beads to agglomerate and thus prevents

them from passing through the geotextile.

Lach method was found to perform better with sonie types of geotextiles than
others., For hydrudynmuic sieving, the heat-bonded geotextiles snowed the
least variation in results and mechanically-bonded, continuous filament
-geotextiles showed the greatest, The heat-bonded geotextiles performed best
with dry sieving, while the staple fibre and the continuous lilament
mechanically bonded had thirly high variability in the results, For wet sieving,
the nomyoven continvous lilament, niechianically<bonded geotextiles showed
the feast variation in tesults and the nonwoven, continuous lament, heat-

honded geotextiles showed the greatest,

Giroud (1996) states that dry sieving should only be used in very lew
circumstances, Dry sieving should not be used with glass beads because glass
beaeds are eloctrostatically aitmeted by synthetie fibres, 1t should also not be
used with needle punched honsvoven geotextiles because it gives incorrect
values of {iintion opening sizes (typically too large), Dry sieving with sand
particles muy be used with geotextiles that meet the lliowing conditiots;
geotextiles which are very thin (where vibratlon energy does not therelore
dissipate) and where fibres cor lilaments) are tightly fixed and, consequently
do not move doring sieving, Giroud ([996) concludey that wet sieving and
hydrodynamice sieving are the preferred methods and they give similar results.
[fowever, the results of wet sieving tests may depend on (he aperator and the
resultant variation on the application ol the water and thus he believes that

hydrodynamie sieving is the most reliable of the sivving methods,

14



waven tape, woven monolilament, heat bonded and two nonwoven needie
punched geotextiles. The results showed that the coefficient of variation
depended greatly on (the nature of the products. The values recorded were 4%
and 13% for the two 1mnwm'u':li needle puached geotextiles, 9% for the woven
monofiiter, 149 for the woven tape. and 27% (or the nonwoven heat bonded
geatextile, The [lucwation between values reported by different laboratories
con casily be explained beeause the apparatuses used in the laboratories varied
greaify. The types of testing particles were difterent, the surface area tested
and the sumber of eycles also varled, Despite this, the values for the

coettleients of variation are quite low, -

Bhatia et, al (1994) and Bhatia and Smith { [995) made a number of interesting
observations about the various tus.ting methods, The three sieving techniques
all have their prablems, Dry sieving tests were hindered by glasy beads
hecoming trapped within the geotextiles and by electrostatic forees which
xaused agglameration ol the glass beads below a diameter of 0,09 mm, Wet
sieving tests were hindered by glass beads clumping together during the test,
which prevented the particles trom passing through the geotextile, The
difficulty of pnssing water through low-permeability geotextiles was also a
prablem. The use of'a glass bead mixture for both the wet and hydrodynamic

~ sieving tests cavsed problems, When particles of many sizes are allowed to
interaet, pau‘ﬁClu blocking and bridge formation are very likely to oceur, This
results in tine beads, which are smaller than the pores of the geotextile, being
prevented {fom passing through the geotextile by the coatser glass bead
particles, The complete porewsize distribution curve obtained by all threc
mothods is of Hitle use. In the ease of hydrodynamie sieving. at a certain point

in the test, the glass beads passing through the geotextile are only o refiection

13



particle shape has an influence on filtration opening size mepsurement, the
measured filtration opening size will be more representative of actunl field
situations if sand/silt particles are used in the test rather than glass beads,
Giroud (1996) concludes that both glass beads and sand particles can be used

in sieving tests for the determination of geotextile [iitration opening size.

2.4  Comparison Between Methods

A number ol attempts at comparing the different methods have been made, A
special working proup of the [SQ Committee, chaired by B, Myles. undertook
inter-laboratory tests in 1990 (ISO TC 38/8C21), Five participating
laboratories evaluated the FOS values ol five ditferent geotextiles using the _
hydrodynamic sieving technique and the results are discussed below.
Comparisons have also been diseussed by Wates ( 1980) Faure et al, (1986),
Miller et, al, (1986), Diericks and van dor Sluys (1990), and Goure and Faure
{1990). Bhatia and Smith (1995) compare the results of Ous for dry.
hydrodynamic, and wet sieving, for twenty-cight woven and nomvoven
geotextiles, Bhatia, Smith and Cliristopher (1994), cotpare the Oy and pore
size distribution for twenty-two nonwoven geotextiles using o different
techniques (dey, wet, and hydrodynamie sleving, bubble pu - - reury
intrusion and image analysis), Fischer et. al, (1993) diseuss the types of pore
sizes and distributions obtained {rom current test methods, the similarities and
differences between the methods and the uncertainties in the use of these pore
sizes in geotestile filter design,

The geotextiles tested during the ISO TC 3&/8C2T interlaboratory trials were a

}'\



Sthali variations on these basic methods have also been presented in order to
measure the opening sizes under compression, i.e. under real operating
conditions. Denis and Davies (1984) present a variation of the bubble point
method under simulated soil loading conditions, De Wit (1983) 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 siress, glass beads, that were large enough to allow free _
passage of the sand partiﬁ:lcs to be sieved and sinall enough to apply a rather

uniform stress, were used.

It is interesting to note that Canada. USA and the UK use g!nss beads in their
standard sleving tests, while most European countries use natural soil
particles, Both have their merits, Rigo et al. (1990) state that in selecting
particles to perform these tests, [ive parameters must be considered: -
chemical composition, relative dengity, particle shape, their size distribution
and the otal amount of particles used for the test, The use of glass beads
arases the influence of the first three parameters in the tests (Rollin et al,
1990, Sinee they are very regular spheres. ugglonterations are impeded, Their
mineralogical characteristics are similar 1o those of naturat soils, and their
relative density is comparable to sand and silica particles (between L. and
2.6)Rollin et al. 1990). These observations are conlirmed in & comparative
study performed on the b types of particles, namely silica and glass beads,
by Roliin et al. (19901, The silica particles tended to agglomerate, which made
the interpretation of the results very diffieult, The use of natural soil has the
added disadvantage that very striet procedures have to be applied to ensure
that kiboratories perform the tests with particles having identieal density.

chemical nature and shape. On the other hand. it may be argued that. i indecd



Figure 3.2 {he loading trante with geotextile specimen just alier tensioning
inote the Tour eylinders 1rom the Ly drody namiv sfeving mechatisnl ot top of

the aeotestils).
33 Permeametor

The permeameter sillowed For the upward fow of water 10 was niade from [2
mm thich mild steel and bad o rebber Hnipg on the inner surfiice which
prevented the corrosion ot the steed cell, it hud an inside diameter of 230 mm
and a total height of 293 mm, [ eonsisted of two halves with a clamping ring
and 2 rubber Oering (itting in between. For o phot and schematic diagram, see

fures 3.3 and 3.4



[l four edges of the geotestite were ¢Jamped i loading yokes, The vokes
held the genteXtle in posttion during loading and they transtereed the load
trom the load stand o the geotestile, They hud the same leagth as the rollers,
Le. 1.1 . and vonsisted ol two steel bars which had a width of $0 mm and
thickness of 20 mun. Hach bar had elesen evenly spaced boft holes. A strip of
rubber was glued o the inside of eaeh of the baes to increase the grip onto the
geotaxtile, Phe geotextile was held between the bars by means of sharp ed gcd
bols (with a diameter of 8 mim) that were deiven shrough the fabric and the

» shes and then bofted. Undermenth each elamp there was a central hook from
which 2 Toad stand could be hung. Weights were plauéd onto the stand until

the required tensile Joad was developed (see fgure 321

Flgure 3.1 The loading frame.

-
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3.2 Loading Frame

Vfor all the tests, the geotextiles were {irst tensioned in the loading lrame (see
figure 3.1), The frame had to be large enough to aecommodate toth the
permeamter and the cylinders from the hydrodynamie sieving mechanism. The
tour eylinders were the limiting faetor hecanse they had an external diameter
of 340 mm and wepe all to be used wgether, The frame was thus desipned so
that it nilowed an area of geatextile approximately 1,15 m by 1,15 m to work

with,

The loading frame consisted of three parts, There veas the feame {tself which
was made from hotlow rectangular mild steel tubing. the four rollers that sat

ot top of the frame and the four kading yokes that enabled the geotextile to be
clanmped prior t it being 11lm."ctl on the roflers, The outside dimensions of the
fratie were LASNLASN3 m high. 1t conststed of a squate base with cight
verticnl stands on to which the rollers were placed. There were thus two stands
per roller, 1Tiey were pusitioned at the corners of' the frame (two per corner) at
vight angles to each other and had speciaily cut grooves ot the top that allowed
the rollers to ratate but restricted any lateral movement, The mild steel tubing

was SO mm wide, 25 mm thick and has a wall thickness of 1.8 mn,

Fhe four rollers sere 1. ot in length and 120 mm in diameter, They had
extensions at eacl end which'consisted ofa steel bar, 50 mm tong and 8§ mm
thivk, The rollers were placed at right angles to éuuh other with the extensions
fitting into the grooves of the fame, Nince the [rame and rollers were 308 mm
higth, the entire fouding (rame was placed on two trestles, This allowed the

vokes and foad stands o hang feom the xide of the fame,

-
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CHAPTER 3

DESCRIPTION OF EQUIPMENT

3.1 Introduction

Une of the topics under investigation in the research conducted, was the eftect
of biaxtal tensile loading on the permeability of geotextiles, The potential
change in the permeability was studied with the aid of a large diameter
permenmeter, This permeameter was used previously (os discussed in section
2,7) and was ready for use. To study the potential change in the pore openings,
one of the many available technigues for measuring the Q. of o peotextile, the

hydrodynamic sieving technique. was used.

To tension the geotextile, a foading (rame was designed that enabled
tensioning cither equally in two directions or unegually in twe divections, The
design needed to be strotg enongh o allow leading of up 1o 2.5 kN/m, The
londing frame and the sieving mechanism were designed together, The rame
had to be large enough tw aceommiodate the tour eylinders of’ the
hydrodynamie sieving mechanism, while the sleving mechanism hnd tn have
detachable eylinders that were able w maititain the tension in a pretensioned

geotextile,
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2.8 Conclusion

‘The following conclusions ean be draws [rom the above literature survey. In
certain situations. geotextiles are subjected to biaxial tensile loading, It iy
probable that the biaxial loading will deform the pore openings of the
“geotextiles, This deformation’may ehange certain properties of the peotextile

such as the permeability und the lavgest apparent opening size (Ous).

The importance of the Oy in the design of geotextile (lters was discussed.
The different methods used for determining the O, were outlined and
compared, Tt - as deelded to use one of these methods to study the effects off
tengile Inading on the Oy; of geotextiles, Possible improvements and an
expatsion of'a previous study on the permweability ol uniaxially tensioned
geotestiles were also supgested.

K]



A fairly dramatic decrease appears to oceur in botlt the woven and the
nonwoven geotestile, The inilial decrease in flowrate followed by relatively
canstant fTow, can be ascribed to the formation of a filter zone upstream of the
geotextite, It corresponds well with nrevious studies of lonig term filtration

behaviour by {for example) Van der Merwe and torak (1989).

This topic thus obviously required further investigation, A few possible
improvements were also considered, Firstly, there is the problem of biological
clogging, The effects of this wers discussed by Chin et. al (1994). The growth
of micro organisms on a geotextile severely reduced its permeability and was
the main eause for surface clogging, After inserting a disinfectant into the |
water supply. they recorded g distinet increase in the p.rmenbility after a short
- time lag. Secondly. the geotextile was tensioned in only one direction, As a
tesult of the specimen being ralatively naceow {1.0 m wide), severe necking
oceurred, For the woven geotestife, there was o 10% reduction in the width,
and 2 20%% reduction was recorded for the nou woven geotextile, It is eagy to
imagine that such it change in a specimen's dimensions would change the
shupe of' the opening sizes dramaticatly and thus reduce the permeability, This
situation is also unlikely (o oceur in-sim, For geotextiles used ag reinforeing
layers beneath tills constructed on soft sils, there is likely o be straining in
the direetion perpendicular to the axis of the embankment, while parallel to the
axis there wonld be very Hisle . paa bus an indueed steess due to the resisting
of necking. Thus the situstion ol a zeotextile being stressed in one direction

anly is unlikely to happea,
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munitoring results reported by Sehimelfenyg et al, (1990} wnn instrumented o
geotextile reinforced containnent dike constructed on soit soil deposits, They |
reperted dilferential strains of up t 394, Further examples of geotextiles that
can be subjected 1o in-plane tensile strain are their use as filters or drains in
leachate colleetion layets below landfills or mine tailings’ dumps, where

differential settlemunts are possible,

2.7 A Previous Study of The Effects of Tenstle Loading on Geotextiles

Kuchena( 1994) studied the effects of a uniaxially tensioned geotextife on the
permenbility of geotextiles, The work carried out for this dissertation is partly
o continnation of Kuchena' work with a few refinentents, Three types of
geotextile were tested, Two woven slit film geotextiles and one nonwoven
tcedle punched geotextite, A piece of geotextile with dimensions of I m wide
ancl 1.4 m long was tensioned i o specially constructed loading frame, This

ferme allowed the geotextiles to be easioned in one direetion only,

The geotextiles were clamyped in a specially constructed permeamteter und
subjected to an upward water Tow. For a more detai.ed deseription of the
permenimeter, see the deseription ol apparatus (chapter 3). The decrease in
permenbility is illustvated by lgares 2,2 & 2.3, The Joads and pereentage of

tensile srrength are given in the legend,



rise in the gradiont ratio, whereas internal crosjon is detected by a continuous

fall in the pradient ratio.

2.6 Tensile Straining of Geotextiles

Although the .:{‘t'cct.ot‘a rompressive foree perpenrd ular to the plane of the
geotextile has long been recognised (Giroud 1983) the impurtance of tensile
strains in the plane of the geotextile appears (o have been ignored, Giroud

{ 1980) and Goure and Favre (1990) have atfuded to the problem, but fittle

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

out,

The efteet of an in-plene tensile load is likely to be to reduce the geotextile
openings. thus aecelerating clogging or blinding problems. ‘This would be
particularly true if tensile strains occurred within the plane of the geotextile.
and more strain oceurred in one orthogonal direction than the other, An
example of this is the use of geotextiles us reinforeing layers beneath fills
constructed on soll soils where proper filtration is essential in allowing
drainage and dissipation of pore pressure it soft soils, In this type of
upplication, as discussed by Rowe and Mylleville (1990), the geotextile strain
i the direetion perpendicular to the axis of the embankment may be as much
as 10%, In the direction of the embankment axis Hitle ot no diffrential
settlement ol the embankient oeeurs, and the steaining of the peotextife will
he solely as a result of the geotextile resisting the induced necking that would
result from the strain, [t is unjikely that these tvo vrthogonal strains will be

equal, and differendal in-plane siain is thus likely, This is supported by the

1
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should be desigtied to secommodate these particles, 11 the particles displaced
by water do not pass through the filter, they {nteract with the filter, i.e. they
interact in three different ways:

-Sail particles may form a thin {ayer (often called cake) at the sutface of the
~ filter, This mechanistm is sometimes referred to as “blinding™ of the filter,
Individual soil particles may obstruct geotextile Giter openings, This is
possible in the case of filters with individual openings such as woven
geotextiles, This mechanism is sometimes referred to as “blocking™ ol the
filter.

-Soil particles may become entrapped within the filter, This is possible in the
case of thick filters, such as needle punched nonwoven geotextiles, This
mechanism is sometimes referred to as “clogging™ oFthe filter, However, the
term "'clogging" is also usca o encompass the three mechanisms described

above,

[n general, d geotextile filter will fail due to clogging because the geotextile
was not placed in good contact with the soil, No simple duesign criterion exists
to determire potential clogging, [abaratory tests that deterntine the geotextile
soit compuatibility (such as the gradient ratio t 5t) are the cagiest way to
explore this potential problem (Shi e, al, 1994), The gradient ratio test
jivolves plaving the geutextille and the soil sample in o speciad form of
constant head permeameter, called a Calhoun permeameter, and monitoring
the head loss ay the water Hows through the sofl and the geotextile, The
gradient ratle is defined as the ratio ol head loss across the geotextile and the
adjncent 25 mm of soil to the head loss in the next 30 mm of the soil, This
ratio should stabitize with time as 2 natural soil filter becomes established

within ihe soil adjacent w0 the geotextiie. Clogging is detected by a continuous



the geut'cxtilc tunits of sy The permiuivity must be larger than ten times the
coefficient of permeability of the soil (units of m/s), This relationship can be
used for all types of geotextiles beeause permittivity is vasy to measure for all
geotextiles, The coefficient of pcrméability should only be used with
geotextiles whose thickness is sufficient to allow the accurate measurement of

the coefTicient.

2.5.4 Geotextile filter clogging

A geolextile filter can suceesstully retain a se ' if the following conditions are
mel: |
~The soil has o continuous particle size dsstnbutmn and itisina dunsm. stme.
which ensures maximum interlocking of the 50il partulu.

-The geotextile flter openings are properly sehected. s discussed abave.
- The soil 1s in close contaet with the geotextile filter, so there is no open space
hetween the soil and the geotextile where particles could move or aceumulate,
Fvet when the above conditions are nwet. sonwe soil particles ove when water
flows wwards the Liter: those Tew small particles that are at the sucface of the
soil, next to the Blter, and therefore, are not entrapped in the soil strusture,
Muore soil pllrtlt.. tes are displaced by the flow of water w ht.n the above

conditions are not met.

Suil particles that are displaced lw water tlow may pass through the geotextile
filter ard migrate into the deain, e,z geotextiles used in fin drains. trench

dl"‘lll‘l‘:. pighway shoulder draing ete. I£this is expected to happen, the drain



k!‘lllcr ~ 10 k-unl (3)

Then, for a geotextile filter it should be:

kucntexuh: = 0.1 Ko : H

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

| any long-term clogging or blocking of the geotextite, Tests conducted by
Heerten (1982) on thick mechanically bonded nonwoven geotextiles recovered
after aboput 10 years of service, indicated that clogging of the geotextile while
in use, reduced the permeability to between 60% and 5% of the original value.
Most authortties therefore recommend that the coefficient of permeability of
the geotextile should not be lgss than that of the soil (John 1987), Thus, the

most widely used permeability criterion is:
k;!wluxtiw 2 -k'ﬁt?I' . (s)

A theoreticul relationship between void distribution (opening size and
porosity) and the perneability of geotextiles has also been established (Giroud
1982), A similar velationship was already known for soils, Comparing these
two relationships led to a chart being created that gives the miniotum value for
the openings Os, of the gcme:liti ke us o Qwetion of the density of the soil, the
poresity of the geotextile and the ratio between the coefficients of
permenhility of the geotextiles and the soil; this must not be smaller than one.

A value of ten is tecominended for this ratio,
The permeability criterion can also be expressed in terme of the permittivity of

23



L4.3  DPartiele size distribution of the sand

The particte size diswibution of the river sand was determined in accordance
with 138 1377, [l results are presented prapbically in Figure 4.1, Note that
thte Hnest size particles are retaiined on the 78-nteron sieve, Any other
particles lioer than this were wished out. "The initial test in the permeameter
showed that there was & possibility that the tiner particles could be elogging
the needle panched geotestile, Sinee the effect of tenside straining on the
geotextile was t be monitored, the sand svas made as permenble as possible
hy washing out particles finer than 75 zan and so potentin] elogging was slso

eliminaled.
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Figore 4.1 Pavticle Size Disteibution Curve of the satd used in the

permenmeter,
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which Is much soradler than the vidue given in table £ 1 of IXTO nys, Thus it
ix fikely that the peresailty is much higher for the woven geotestile and thus
the permeability eriter 1 would be satistied. [nithal tests using the wvoven
geotextile in the perneameter, showed thatt the Towrate was determined by the
soil und not the geotextite which indieutes that the permeabilily eriterion was

satistiod,
4442 Retontiou eeiterion
sinee the permenbility criterion had been sutisfled. the retention criterion

needed to be investigated. The e of the sand was 1,0 mm, The FOS ol'the

geotextiles was not given in the manutaeiurers” specifications but they were

“meastred using the hydrodynamic steving technrique. The values caleulued

were 0,737 mm tor the woven geotextile and 0,153 mm foy the nenwoven

needle punched geotextile,

‘[rere ave many ditfrent muthods tor the design of geotextile s as

*previousty discussed, When designing according o the eriterion of Uitowd

(1OR2) and thus using talde 2.1, the follosving equation needs tw be satistied:

13,5
(}d‘i * - f_".-md_"m (6)
( it
Witere C,' ix the linear coefliciemt of upifbrmity of the soil and s equal to the
Aoy For the sond consideged. the d,,' - 0.0 ovm and the oy - 0.1 i,
Thus, ) 5.3, The value o the ds, {5 8 mmand using equation o, the O.; -

FOR0 zam, Thus, both peatextiles [ the retention eriterion,
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geotextile to be observed, When designing geotextile flters, a retentivn
criterfon sl 2 permenbility eriterion need to be srdslied. A river sand was
injtinlly chosen because out of the three soil types that were considered, it had
the highest permeability, Tts permeability was messured under constant head

conditions and found to be k= 1.O9XL0 mfs,

44,1 Permenbility eriterion

The permenbility of a geotestile {llter should be sufficient to ensure that there
is no unucceptable inerease in the hydeadynamic pressure. Since we know the
permeabitity of the geotextile, und using one of the permeabllity criteria, we
can galeulate the minimum required permenbility of the soil, [rom section
2.5.3. the peravability criterfon recommended by most authorities is given by

the Tollowing equation:
k-'vulu\ulu ) kmn (5)

Leom table .1, the nomvoven needle punched geoetextile has a permenbility uf
Keutmnie  3X107 078, Sinee the sand has a permeability of K, - 109K 10 nis,
the permeability eriterfon way casily sutisfied, For the woven geotextile, no
permewcifity was ghven in the manufacturers specifications, An estimat can
b made from the value glven for the water pereolation, The uits of #nds
can casily be converted to mes, Thus we have an approximate k. g
(L9107 nus, Tor the woven geotestile, Although this value is smaller than the
parmeabitty measured for the soil, it can be seen that i the same conver Hon is

earried out for the nonwoven geotextile, we have o Kopee © 52810 s

b



Table 4.1 Details of the geotextiles twsted.

Woven Slit=film -

Water percolation ™ (0ms)

Type of geotextile Needle-
Punched
Conposition Polypropylene Polyester
_ . Tape
‘Thickness (mm) _ 1,91 2,
Mass per unil area (gme) ol 270
’I‘ctu;ilu Strengthst' (kKN/m) Warp: 48 Multi; 21
_ Well: 24 Single: 14
Llongation Warp: 20735 Mull: 27/30
(%a MinMax) Well: 10/20 Single:50/70
Permeability™ (k) {10 ns) Nut given 3
PV 200

Notes: (1) The needle punched nonwoven geotextile does not have a visible

warp and weit direetion, The valnes are thus {or one-directions/ tension

and multidireetional tension,

(2) The permenhility is measured under o 2 kP normal steess

(31 The water pereolation of the woven geotextile is measured for g

head of 100 mm. The value Jor the nonwoven needhs punchied

gentextite was measured fora head af ot mim.

44 Choosing the Soil

The governing criterion when selecting the tvpe of soil. was one with high

permeability. [Tis would allow the intTuenee of the tensile stress on the




taken at intervals of approximatety 24 hours,

Four tests were carried out on the nonwaven needle punched peotaxtile, For
three of the tests, the geotestife was tensioned biaxiadly, There were two tests
that had different loads in the two directions, and one was loaded equally, The
loading was as follows:

1. Untensioned

2,365 N/ny and 368 N/m

3,368 N/m and 187 Nimy

4, 365 N/m aod 544 Nim

Note that this lbuding i I comparison with 2 tensile stfcngth ol 21 kN/m.,

For the woven geotextile, thete wepe also four tests carried out, The loading
wos a8 follmwsi- | |
1. Untenstoned

20 8 Nom and S Nim

3. 544 Nim and 368 Ny

4, 365 N/mand 187 N/im

This comysares witl a multidirectional tensile strength of SOKN/m,

43 Details of Gootestiles Used

The manutacarer's speeifientions of the geotextitos are given in table 4.1,



CHAPTER 4

TESTS PERFORMED USING THE PERMEAMETER

d.1  Introduction

To study the effects of bluxial tensile fuading on the permeability of'a
geotextile, 0 large dinmeter permemeter was used as discussed in the
provious chapter, The geotextiles were pretensioned in d specially vonstructed
loading frame. They were tensioned up to o maximum of onty 3% of their
tensile strer.  The Juading varied from being equal in all {bur directions (o
being equal in only two directions, The geotextiles were clumpud in the
permenmeter and placed inte close contaet with fine grained river sand, The
pernwmnciur way sihjected 1o an upward water low {rom a constant head
tank. The flowtates were monitored und plotted an a graph of flowrate versus

timu,

4.2 Deseription of The Testing Program

Two typres of geotextiles were investigated. a woven slit=lilm and o nonwoven
needle punchued geotextile, A wtal aof eight tests were cavried out. Fael test

lasted for 4 period of 300 hours and ajter the initial 48 hours, readings were
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100 mm during the immersion eyche and lifted completely out ot the watey
during the emersion cycle. The speed of the piston could be adjusted, and the
duration of the inunersion and the emersion cyeles could be set using the

timer. A counter kept track of the number of eyeley,

The water pans had to be Targe enough to hold the eylinders. and the displaced
water that oceurred when the eylinders were first invetted into the pans. The
pans were thus 330 by 438 und 240 num deep. When in operation, the pans

wore {illed to a height of 130 mm,

)



Figure 3,6 Schematic of immersion and withdrawal ol the speeimen

{Mlynarek el al. 1994

The (rame conneeted the evlinders to the pneematic devige, This allowed the
eylinders (o by inserted and withdrawn from the water pans, The design of the
[iame wais sueh that the eylinders were held in a vertical position with the

tanges mvalie] Lo the surtitee of the water,

The poenmatie ram had a stroke of 130 nm and was capabie of working with
compressed aiv o up to &80 k. {Chad an air lter snd ofl cotdd be added to
{he comprassed air for fubrication of the ram. When the water pans were filled

and plaged undemeath the evlinders, the exlinders were (illed up to & height of

il



the frate by neans of fonr o mm diameter Bolts. Thes were thus eastly

detachable, so that they could be placed on top of the gentestile that was being

tensioned in the lowding rame. This was done prior o the geotextile being

balted to the ¢ inder.




hend loss radially through the sofl sample in the cell was determined by
manometers, and it was used to identity soil clogging during the course of the
wst, Plezometer conhections were placed at beights of 20, 40, 60 and §0 mm
above the base, There wer *hree copnections per level and they werg placed
at 120° 1o each other, The pipes leading from the plezometer connections to
the manometer board had an outside diameter of 4 mm and inside diameter ol
[.5 mm, The outlet pipe allowed the water to run into 2 basin which sat on a

seale, In this way the flowrate and thus the permeability could be measured,

34  Hydrodynamic Sieving Mechanism (HSM)

The testing deviee had to he built and the design was based on the information

supplied in the paper by Mlynarek, Lafleur, Rollin, and IL,ombard (1993). As
shown in lgures 3.4 and 3.5, the testing device consisted of four polyvinyi
chloride (PVC) evlinduers (donated by DPI Plastics (Pty) Ld.) with open ends
(1) fixed on a [rame (2), The freme was connected to a pneumatic device {3)
that permitted the cylindurs to be inumersed and withdrawn from the water
pans (7) located underneath cach basket, A geotextile specimen (4) was held

in position by the two (langes (63 and (3},

The eylinders had open ends and 295 mm inside digmeter, a height of 150 mm
ond thickness of 17 mm. Each exlinder had two flanges, made from HDPE,
which have un outside dimmeter of 335 nym, an inside diameter of' 315 mm and
a thickness of 6 mm. Lach Nange had cight bolt holes, The first was glued w
the bottom ol the eylinder. The second lange was bolied onto the lirst aller

the geutextile had bevn pliaced between e, The cylinders were attached Lo



The bottom hhlt‘ of the rermeameter, which contained the iniet spout, had a
height of 1635 mm., The sand was placed in this half of the celt and the
thickness of the wall atlowed the sand to be compacted to the required degree
of cnmpactidn. The use of an ‘upwnrd water flow in the permeameter was an
attetipt to eliminate the inaceuracivs caused by air which can become trapped
during the downward flow of the water (Ryneroft and Dennis, 1982), Even
when it was {illed with sand, the permeameter remained mobile enough so that
it could he placea below the geotextite which wag being tensioned in the
loading {rame, The geotextile was placed into direct contact with the sand
ince the clamping ring was positioned over the geotextile and was then bolted
onto the bottont half of the permenmetr, The clamping ring had an external
diameter of 515 mm and an internal diameter of 290 mm. This meant that the
ving had a slightly larger inteénal dinmeter than the permeameter, It was rubber
lined ot both sites, to increase its rip, and it had twelve bolt holes that |
enabled the geotextile to be hekd in position, This was achieved by means ot
sharp ended bolts (diameter of 8 mm) which were driven through the
geotextile and then bolted. The rubber O-ring scaled the gap between the two
halves and it ensured that the apparatus remained water proof theoughout the
duration of' the test, The diameter of the civcular section of geotextile that

remained inside ihe permeameter was $15 mm.

The top haif of the permenmeter, which had a height of 130 muni, contained the
outlet pipe, It was placed on top of the O«ring nnd the clamping ring before it |
was bolted onto the bottom halll The water was supplied by u gonstant head
tank which had as a capacity ol 50 ¢ and it was designed so that the constant
head was adjustable, It was connected (o the permeameter with a piece of

plastie piping which had an internal dizmeter of 5 mm. The applicd head and
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Pigyre 4.5 Geaph of permeabifity va. thue {or the nonwoven geotextile

The manufucturers specifteations have a permenbility of 3x10 /s,
48 DMseussion of Resnlts

As can be seen Trom fpures 4.2 w 4.5, there were no clear trends which

indiented o reduction in permenability with Inerensing tension of the geotextile.

Tesis carrivd out with the hydrodynamic steving mechanism did indicate a

reduction in the opening sizes of the geotextile with tensioning (as described
in chapter ). This ¢change wos not rellected by the permeameter results, where
fn nutber ol problems were encountered,

+

For e waven geotextile, the enly time when the untensioned geotextile has

the highest towrate, 15 bedween RO and 225 hours, The reason for the lowrate

Ah



4,7.3 The plot of permeability vs, time
The Nowrates in figures 4.2 and 4.3 can be converted to permeabilities and it
is interesting lo compare these with the permeabilities that are given in the '

manudberer's specilications for the geotextile (see Table 4. 1),
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Figure 4.4 Graph of peenaability va. time for the woven geotextile
This compares with an approximate permeasbility ol Y0x10™ nw/s (see seetion

Aol Tor the derivation af this approsimation).



4.7.2 The plot of fiowrate versus time
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“Table 4.2 Approximate strains of the woven slitfilm geotextile

B Biaxial Approsimate Steains ("a)
Loading (N/m) Warp | Welt
34 & Sdd 1.6 1.3

J4d & 366 1.8 i.ﬁ _
360 & 187 1.2 18

Table 4.3 Approximate strains of the nonwoven needle punched geotextife

Biaxial Approximate
Londing {(N/m) §gnin.~; (99
306 & 544 24 & 31
366 & 360 2.4
366 & IR7 36 &L
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«The linal pcrmcuhiiity was tisuadly less than that of the soil or the peotextile
and was 1 funetion of the flter zone in the soil and not the geotextile, The
exact pore vize of the geotextile was thus not impottant,

- Continuous piplng occurred only whete the opening sizes of the geotextike
were 2 mim or larger.

~ Where natural (granolar) filters were tested, their performance was similar to
that ol peotextiles,

- The flow through a soil/geotextile system is a complex plienomenon, and can
only be evaluated by long term tcéts.

4.7  Results of the Permeameter Tests

The results included the approximate strain measured, the flowrates and
permeabilitics recorded, The llowrates were messured in terms of the titres of
water ¢ollected in the container connected to the outtlow pine, These values
ware then converied to litres per second and divided by the aren of the
geotextile in comtact with the sand which was 0,49 m?, The conversion of
Nowrate to permeability is acpumplishcd by converting [rom litees to m' and

thus the units become nvs.

4.7.1 Strain measuved

The approximate straln measured for both the woven and nomvoven
P

geolextiles are given in tables 4.2 and 4.3 below,



enable measurable flows, A hydraulic geadient of greater than 3 can result in
piping etosion of the sand theough the geotextile, This would result i the

permeability failure of the soil-geotextile system

4.6  Mechanisms Involved in Filtration

Long termi flow tests have been used by a number of researchers (Lawson
19863 Greenway et. al, 1986: Polyerolt et, al 1982: Koerrter et, al, 1982} to
evaluate soll/geotextile compatibility in the laboratory, Although the tests
were performedd in different laboratortes using different test apparatus and
methods, certain aspects of the resufts were similar, thus allowing some

general conelusions,

- There was an inltial decrense in the permeability, foflowed by a reintively
conytant {Tow, This {s ascribed to the formation of a [1lter zone upsiream of the
geotextile (Rankilor, [981), At the beginning of the test. the original soil

- structure {s intact, up to the soil/geotextile interface, The permenbility is then
thu permenbility of the soil, As the test continues, water washies the fine
particles ot of the zone adjacent to the geotextile, resuiting in a certain
amount of piping. At the same time particles build uﬁ in a Z0e just upstream
of the first zone. thus lorming o {ilter zone, The deerease in permeabitity
contintes until the forming of the filter zone has been completed, atter which
the permeabifity remains constant.

- The magnitude of decrease in permenbility was typically a fwtor of 10, bt
varied in some cases, indicating some clogging with certain sojl-geotextile

combinations,

"
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4.5.5 Taking readings'

This proved 1o be a relatively simple task, As soon as the water started to pour
out of the outfet pipe and into the bucket, a timer was started, For the initial
five hours, rendings wete taken every hour, This was done because of the
initia! dramatic deerease in the Sowrate, 'The reading on the seale wag
recorded and the scale wis Zeroed, The next reading was taken 24 lours alter

the first apd atter that a reading wes teken every 24 hours.

4,45 Addition of disinfectant

As previously discussed. the growth of micto organisms on a geotextile
severely reduces its permeability and can be the main cause for surface
clogging (Chin e, al, 1994, It was thus deeided to add a disinfoctant to the
water supply. A cup of bleach was added every second day to the constant
head tank, The ellect of ndding the bieach was studied during the initial
testing, The additfon af bleach alter o week of testing resulted in un inerense in
the lowrate, This seems w condirm the growth of miero organisms on the

geotentile,
456 The Hedraulic Gradient
The hydraubie gradient was caleulated s the head of water divided by the

thickness of the sand layer, The head of water was 500 mire and the sand layer

200 mum, Thus, the hydrandic gradient was 2.5, This was large enough o

“Jo
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manometer tubes and in the tubes themselves,

454 Clamping the geotextile in the permeametor

The geotextile tended to shift slightly while it was being loaded. Prior to the
geotevtile h'eing clamped to the permenmeter, it was thus insured that the
targets remained nver the centre of the perineameter. The geotextile was
clﬁmped by placing the clamping ring on top of the geotextile, This brouglit
the sand and the geotextile into dircet contact. The clamping ring and the
permeameter both have bolt holes and thege were aligned. The geotextile was
pierced by hammuering sharp ended bolts through it The bolts were tightened
and the geotextile was cot free. A tensioned dise was thus left clamped in the
permeameter. The rest of the geotextile which was still connected to the

loading yokes was removed,

The rubber eing was placed on the bottom half of the permeameter, The top
hialf of the permeameter was then positioned over this and bolted onto the
bottom half, The top half was tilled with stone, This was to keep the geotextile
in contact with the sand and an attempt to model an actual filier, Onee the
constant head tank had been filled, the pipe leading from the tank to the
permeameter was connected. The outlet pipe was positioned so that the
outllow of water was directed fnto o bucket that was placed on o seale. The

permeameter was now ready for use,
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content and then compacting it. This unfortunately resulted in air becoming
tenpped 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 (1989). Seven different soil types were tested.
They were a medium grained sand, a washed river sand, building sand, silty

sand medium clay, gradings made up from the silty sand and gradings made

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

the samples were varied as follows: samples were placed dry without
compaction, at optimum meisture content (OMC) without compuction, and at
OMC with compaction (87% Mod AASHTO), There was little difference
betseen the results obtained from the compacted and uncompacted samples, It
was noted visually that in the test without initial moisture, more fines washed.
through in the beginning of tlie test than was the case with the two moist

samples, 'The permeability after 400 hours was siimilar for all three varlations.

The cormpuction thus has Iittl? eltect on the lowrate, So a fully saturated sand
was used in an attempt to eliminate any ir in the sand, The permeameter wag
first filled with water and the sand displaced the water when it was added. The
sand was added in three layers and compacied by hand with the standard
Procter hummer, This was dong to agitate the sand and release any of' the
trapped alr, ARer this was completed. the top of the sund was smoothed off,
To avold rusting of' the permeameter and clamping ring, petroleum jelly was
placed on all the surfaces that would be corming into contact with the water,
The initind filling of the permeameter with water had the added advantage of
showing the position of potential leaks at the connestion points of the

3n



10 and 5 kg. The specimens were loaded as untformly as possible, The
weights were added at twenty kilogram incrzments with each stand being
Joaded at virtually the same time. [f'the geotextile was loaded unequally. it
was firstly loaded equally in all directions until the smaller of'the loads was
reached. The (vading was then continued in one direction only untit the
required load was reached, When the woven siit film geotextile was loaded
unequally in two directions, it was necessary to distinguish between the warp

and the weft directions.

After the required load had been applied. the specimen was [eft overnight 50
that it would reach equilibrium, i.e. the strain was {ully 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 usitt g a pair of
vernier callipers. If two sets of readings remalned unclmngcd an hour apart,
the geotextile was deemed to be in equilibrium. and the next part of the
experiment could proceed. A record was kept of the last strain reading und this
was compared with the reoding messured once the geotextile had been
clamped in the permeameter and cut tree, If the specimen had slipped at all,

the test had to be repeated sinee the original strain was na longer present,
4.5.3 Setting up the permeameter

Before the sand was pluced in the permeameter, the permermeter was located
inside the tensile loading rig. The main ditficulty with placing the soil in the
permenmetet, wis o obtain o repeatable condition every time. Initially it was

thought that this could be achieved by plaging the sand at optimum moisture
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cut out coutd be monitored. Four targets were used per test, To attach them, a
square grid of 100 by 100 mm was drawn onto the centre of the sample, It was
important that the sides of the grid remained paralicl to the fine of loading,

The targets were glued to the cornors of the grid using non-elastic, water
insoluble quick set glu:.. vo ensure that the initial spacing was e‘cactly 100 mm

a spacer bar was used.

After the glue had hardened. the loading yokes were attached to the four 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 shari:: 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 geotextile clamped between them, The other three
yokes were then attached in the same manner, The geotextile with the aitached
loading vokes was now placed over the londing frame. Since each yoke
weighed about 11 kg, this task was uecomplished with the help of three other
people. The permeameter was .nlrendy inside the loading frame prior to the

clamped geotextile being pladed over the frame,

4,5.2 Loading the geotextile

Alier the geotextile had been piaced over the loading frame, it was tensioned,
The yokes were in o horizontal position and a loading stand was hung from the
central hook underneath each of the yokes, The required toad was achieved by

placing weights on the load stands, Three different weights were used, i.e. 20,
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4.5  The Testing Procedure

4.5.1 Preparation of a geotextile sample

The size of the initial geotextile specimen wag deperdent on the size of the
loading frame. Geotextiles ave sold according Lo their widths, Since part ol the
sample hangs over the side of the actual frame, the required size was 2.2 m by
2.2 m, For the woven slit-film geotextile, the sample with a specified width of
3.03 m was thus used. Cutting the samples was easily accomplished using an
ordinary pair of scissors. Care must be taken when making the initiai selection
of & geotextile sample. An undamaged piece free of tears. seratches and
 obvious imperfections needs to be selected. The sample was placed on a !arg.
flat and clean surface, 'With the aid of u strai ght edge, square and marker, o
square with dimensions of 1.2 by 1.2 m was marked out in the ceatre of the
geotextile, This section has the same dimensions as the owtside perimeter of
the rollers when they are placed in the (rame. The next step is cuttiog “flaps”™
anto which the loading yokes are attached, The laps have 1o extend far
enough on the side of the loading fiame so that the loading yokes and the
loading stand remain unhindered when the geotextile is loaded. They extend
500 mm over the actual frame and they ave slightly wider than the rollets at

1.2 m, The position of the lvading yokes is also marked onto the geotextile,

Once the geotextile was cut to correct size, targets were glued onto it, The
purpose of these toegets was twofold, The (iest was that it enabled
measurement of the approximate sr oo during loading of the geotextile, The

second was that any slippage of the geotextife aller it has been elamped and
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daty atlter the test, 5o @ maximum vf three days is needsed, When the geatextiles
had to be tensioned firew the test still only took o maximum of & week, This
test was thus quicker than those using the permeameter, and this allowed o
geeater number of tests to be perflormed. TTydrodynamie tests have the added

advantage that four tests ate performed at onee.

‘Ihere were three types of geotextiles tested, "The st two gevtextiles that were
used were the same woven siit-film polypropylene and nonwaven needie
punched polyester geotextiles that were used for the permeameter tests. and
their details can be Tound In seetion +.2, The third was a nonwoven needle _
nunched geotestile which is made by the same mantiieturer as previousty, It
iy basteally -+ same geotextile except for the fhet that it is thicker. Hs details

ean be found in Fable 5.1,

Table 8,1 Details of the second nonwoven needle punched geotextile used.

Type of geotextile Nomwoven Needl
Punched (No.2)

Composition Polvesier

Thickness tmm) | ' 4

Mass per unit aren { p/me) 350

Multi directionsl Tensile Strenath (KN/m) | b}

Llongation under multi directiond tension (*w) 27430

Normal Pettnzability (10! nvs) 3

Normal Theoughllow (Vseeim®) 7

: e

The bulk of' the testing waus varried out using the sane two geotextiles that

were used in the permeamerer, The testing program can be divided imo a
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results showed that the hydrodynamic sieving method is independent of the
glass bead mixture when the eniformity coetticient is between 4 and 11,
Miynarek et al, (1993} concluded that the I'OS values obtained thom different
distributions of glass beads were very similar for o range of uniformity
coefficients from tive to 8.5 and a maximum di; ineter between 300 and 800

mierons,

Bhntia and Smith (1995) found that the gluss beads that were smalfvr than
0.045mm eavsed o problems. The frst was the difficulty in evaluating the
sizes of the bends below this 1'uhgc by either a sieve or hydrometer analysis,
The seeond was the initiat imimersion and emtersion eyeles of the test were
very long mid ofien required several hours to stabilize, Tiven geotestiles with
larger pore openings (manuiheturer's AOS 0,425 mm) initially took hourly
eyvelus fo 18l and drain 10 ey of water, This was most likely due to the finer
glass boads beeoming a puste when water was ndded and elogging the pore
apenings of the geotextife during the initial stages ol the test, This observation
seems to contradiet Mlyvnarek et al (1993) who initinlly set the immersion and
withdrawal duyitions at seven and 25 seconds respeetively despite the Rt that
the smallest bead size was 10 m, During testing, this potential problem was

avoided by ustitg beads that had o minisum size ol 0,075 mm,

83  The Testing Program
One of the advantages ol the hydeadynumie sioving test is that it is relatively
short in duration, For un untensioned geotextile, the test takes o day o setup

and a further day to ran tie test, The analysis of the results can be done the
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soils have de added disadvantage ihat very steict procedures have to be
applied to insure that laboratories perform the tests with paticles having

identical density, chemical natare and shape.

Bhutia et al, {1994) lound that despite some limitations, both wet and
hydrodynamie sieving methods are better teehniques than dey sieving, The
muin problen with the bubble point. mercury intrusion and image analysis
methods was that despite the fuct that they provide an entire poressize |
distribution of the geotextile, they give the same result for geatextiles of
different thicknesses but similar eross-xeetions. They thought that more work
was needed to sitrdy the bubble pomt and image analysis techniques betore the

results can by used in destgn.

At the moment though, no test is perteet, Comparative tests between wet, dry
und ll}’dl‘ﬂd}‘ﬁul’ﬂic sfeving were carried out by Bhatla and $Smith { 1993) on
twventy-eight woven and nunwoven geotextiles. They tound that the
hydrodynamic sieving method ave a falely good estimation of the largest
effective vpening size (FOSY ofthe geotestile. The limitations of this method
are that the resuits ave alfecled by the inwraction of the pairliulcs within the
glass bead minwre, The vomplete pore size distribution carve obtained hy this
muthad is of little value, as i o cerain poiut in the test, the glass beads

passing are only & redlection ol the origingl gluss bend mixture,
The effeet of'the original glass bead mixture on the results way studied at the
Syeruse Lniversity Laboratory, Dests were performied with two different gloss

bhead mixtures, Cne glass bewd mixtore had a C, ol Foand ane a O, of 4, The
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dipping the sample into @ water container and then letting it drain, Soil
particles were vsed as testingparticles, Belise (1988) applied a pnevntatically
deiven, vertival device [or sieving, The HST procedure, nodified by using
glass heads instead of soil particles is recommended as a standard in Canacda
(CAN/CCUSR- 148,110,

As discussed previously, there are a number of methods for finding the
opening sizes of geotextiles. Hydrodynamic sfeving was chosen for its
pereeived advantages. They are the following:

L. 'The testing buads are wet durin g the sfeving process as ix the case in
filteation appliications,

20 The immersion and withdrawal process Torees the partieles through the
geotexiile, '

3. The sumple size is furge enough w represent adequiately the produet, e, o
large number of openings are involved in the tost,

3, Four tests can 3 carried out at the same tdme thus saving time und giving n

more geeurate result,

The pereeived advuntages of hydrodynanie sieving should perhaps include the
use o' glass heads as apposed to soil partieles, Ay discussed in the literature
survey. the UK. Canada and 15SA vse gloss beads while maost Buropeaa
countries still use sofl particles. The advantages of using glasy beads are:

» They ure very regulwr sphervs and thus impede formation of agglomerations.
« Thewr mineralogival chareteristion are simitur to those of aatural soils,

- Their refugive density is comparable to sand and soil pactieles,

~ The consisteney of their density. chemical nature and shape.

The consisteney of gloss beuds is probably their areatest asset since nateral
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CHAPTER 5

TESTS PERFORMED USING THE HYDRODYNAMIC
SIEVING TECHNIQUE

5.1 Introdulction

In an atiempt to further study the effects of biaxial tengile loading on the
opening sizes of geotextiles, 1t was decided to use one of the previously
dlseusse  methods for determining the O, of a geotextile, The hydrodynamie
sieving technique was chosen tnd the rensons for this are discussed below, A
ariatiot on the standard testng technigue was developed which enabled the
testing of tensioned geotestiles in the sieving mechanism. The {iiter opening
size was ealeulated for each geotextile to see {F there was aay vaintion due to
the tensile loading, The rest was also modified slightly in an attempt 1©
simulate the dry sieving teehnigues” method of using glass bead desighations
instead of'a mixture, The test was furthermore used to find an approximate
value for the permeability of the geotextile and to monitor any chanpe when o

tensile Joad was applicd.

§2  Reasons for Choosing the Hydrodynamic Sleving Technique

The hydrodynamie sieving technique (1181 was develaped In Prance by

Fayous (1977}, Fayoux applied a carousel device which enabled sieving by
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4.10 Conclusion

A series of tests were carried out on bwo different types nl‘gcutcxtilc:{. An
attempt was made to moniftor the effects ol biaxdal tensile loads on the
permeability, No clear trends emerged which indicated a reduction in
permenbility with increasing tension in the geotextile, although there was ¢
reduction in permcubilit}" in all the tensioned tests swhen compared to the
untensioned test. A number of weaknesses in the test method were highlighted
and possible solutions wuore suggested, It was decided to fuether v igate the
effeets of biaxial tension, ut to cimeentrate on the effects on the opening sizes
of geotextiles. A lurther test was thus developed and It Is discussed in the

following chapter, o



the geotextile specimen in place and subjected to a confining vertical stress
similar to that of the soil specimen by means of a rad, welght and plate
assembly,

~The call was then filled with de-aired water,

~Soil, that had been brought to a fully saturated state by boiling it with water
and then atowed to cool t room temperature, was pluviated from a flask.
Duting water plhviuiion the particles reachied a terminal velocity at a very
small drop height. and the resulting deposit was in the {oosest possible state,
<The reconstituted specinien was levelled using a siphon. and the mass of the
specimen was established. _
«The soil was then densified to the targeted density by lightly tapping the walt
of the permeameter.

=A finnd reference measurement of the permeameter cetl was made and this

allowed control of the specimen thickness and henee density.

This vechnique would hove to be modified slightly o accomadate the faet that
the geotextile specimen was 1;laccd in the permeameter alter the sand, The
bottom haif of the permeameter was filled to the top with sand and then the
geotextile wos ploced over it and the two balves were clumnped together, There
was thus no way of conbrolling any sand and water that were not contalned in
the bottom part of the permenmeter, A temporary extension would thus have
to be in place during the addition ol the sand and water, Thix would allow the
battan ta be overfilled slightly and then densified so thot the sand exaetly

filied the permenmeter,
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important. The standard permeameters have an inlet pipe located at the top,
The water does not low directly into the sand. but into an inlet chamber which
has the same digmeter as the ﬁcrmczm_\ctcr, The result o' this {s that the water
entters the soil across its entive diameter, The permeameter should thus be
modified to aceanmodate such @ chamber. This could b achieved by either
increasing the depth of the permeameter ot decteasing the thickness of the
sand layer and thus leaving n space between the inlet pipe and the sand, Both
these solutions requive o support grid that allows the water to pass through, but
prevents the sand eotering the infot chamber for example, a layver of gravel

baneath the sand,

One of'the problems encounteved during testing was that the standpipes were
becoring blocked with sand. Not only should the standpipes Lave a greater
interpal dinmeter tabout 5 mnt), but sand should be prevented from entering
the vutlet spouts, There is thus a need Gor o sereen, ploeed at the holes on the
tnside of the permeameter that lead o tlhe standpipes, that allows the water

pass through but not ihe sand.

Further care should be taken during the preparation of the sand speeimen, [t i
neeessary 1o aay hndamental stucdy of soil propertivs involving reconstitutwl
speeimens that the specimen preparation technigque replicates homogenous
spevimens., Fanin et alb 11904 deseribed a water pluviation technigue that
ereated homogenous. saturated speeimens of the same initial density which
was wollsstiited to unilorm sands (Vaid and Negussey ltlﬂsi. The technigque
wits [or permenmeters that were used In the standard gradient eatio west and it
can brielly be deseribed as fullows:

-An initiu] reference disl measuretnent was tiken of the permeameter cell with
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the pipe was connee ed w the tank with the aid of a hose elamp. The result
was 1hat an air loek ocourred at the connetion. At the beginning of each test,
when the Howetes wete hi gh.' it seemed as ifthe larger amount of water
flowing through the pipe prevented the formation of'an ait lock, Problems
arose with very low flowrates when it seemed as i the smaller amount of
water flowing through the pipe allowed the formation of an air lock. In
extreme circumstances the air lock caused the water How to stop aliogether,
An attempt was made to seal the connection using siticone sealant, This did
ead to it fmprovement but the problem oveurred sporadically alter that, This
 conmeetion needs to be redesigned to ensure that it remains afrtight at all

timies,

The pipes that were used for the manometer tubes were found 1o be too small,
Before o test way started, the permenmeter was fllled with water in order to
clear the manometer wbes of ady Mockages, The tubes un i-brtunntcly became
blacked very quickly with sand shen the testing started. Only a few grains

were enough to affeet the reading,
4.9  Suggested Improvements

There were a Few dilferences bcli-vcen the standard gradient vatio
permeameters aned the oms used i e expeciments described in this chapier,
With a faw neditications, this permeaneter could be used for a gradient ratio
test, A standurd permeameter typicaly has an internal dinmeter of 100 mm
and it is subjected Lo a downward water fow. This compares with an internal
diameter of 250 pum and an upward water Bow, While the direction of the

water {low is not eritical, the way in which the water enters the sand is
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A Lew problems were also encouniered when'lest'ing. (ine of the weaknesses
of having an upward water flow iy at the soil-water interface. At the bottom ol
the permenmeter there is a4 mn diameter hale which has a spout screwed inta
it The water pipe is connceted to this spout, The watcr is thus flowing directly
from the pipe Into the much farger area of the sand, This in itself'is not &
problem, hut the method of inserting the saud in the permeameter ereated one.
As previously mentioned, the permczimcter was first filled with water and then
the sand wos added, This displaced the water and the sand was then
compacted slizthtly, The purpose of this was to climinate any air locks in the

sand.

The probiem avose beeause the sund was so wet that it eroded around the hole
witere the water flowed into the perméametcr. This oecurred even when the
water pipe was attached to the permeameter and way [lled with water, Since
the sand is denset than the water. it owed into the pipe. The pipe became
blocked and when it was diseonnected tw clear the obstruction, the sand once
again eroded and flowed out. Afer @ short while, euuilibrium was reached and
the sand stopped eroding, The sand didn't erade a great deal, ot most 100 g,
bt ke was not consistent, The void that wos ereated every time could not be
reproduced exactly. This had an effoet on the water's ability to flow theotgh
the soil. Thus different volunes of water could flow into the permeameter,
depending on the size of the void that was ereated, before coming into contact

with the sund.
Further problems were encountered with the conneetion between the constant
head water tank and the pipe which carried the water to the permoermeter, Ajr

was sucked into the pipe at the point of conneetion. This conthued even afler
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subjected to a greater deformation and this would seem to cause the reduction
in permeanbility. Tensioning cqually and non equally in two directions is a
much eloser approximation of what can be expected in-situ (Rowe and
Mylleville 1990 and Schimelfenyg 1990,) and it is unlikely that tensioning in

one direction only, while allowing necking, would oceur. The growth of

micro organisms could also have had an effect on Kuchena's wirk since no

disinfectant was added to the water supply.

The3 it would appear that the lest was not sensitive enough to demonsteate the
change in opening sizes of the geotextile, This situation was further
exacerbated by washing out the fines in the sand. A reduction in the opening
sizes can vesult in the clogging of a geotextile. This clogging would be due to
the {iner particles caking in the fabrie, It was originally hoped that washing
out the fines would emphasize the effect of the tensioned geotextile. Since the
flowrate would be increased, the fow through the geotextile would be the
determining factor with regards to the lowrates. What actually happened was
that the sand was dctermin'mg'r the [lowrate becanse its permeability w28 so
much less than that of the geotextile. Washing out the fines didn't increase its
permeability enough to alfeet the results, The possibility of' clogging, which
itsell indicates n reduction in foweate, was eliminated. A hetter solution
would have been o have o sund. with 2 permeablity which was much greater
(thus testing the permeubility et terfon} ot one with much [iner material that
would cause the geotextile Lo clog (thus testing the clogging criterion), Sinee
the effeet appears o be slight, a sand-geotextile system whicly is designed
much claser to the boundary conditions of the design eriteria for Hlters should

be used whun studying this problem,
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dropping to zero at the 73-hour matk. was due to a blockage that oceutred at
the inlet pipe, Alter the blockage was cleared, the flowrate returned to its
initial value within the next 25 hours, After 270 hours. the highest flowrate
was recorded for the lond of §44x544 N/mi, while the untensioned and
365x187 N/m tests had vety similatr and faiely constant fHowrates, The
54:4x366 N/m test on the other hand, {luctuated greatly over this period, This

fluctuation is-'quit'e likely due to the airlocks that occurred at the inlet pipes.

‘The results for the nonwoven géotextile show very similar flowrates for the
two unequally tensioned tests (365x187 and S44x346 N/m) and the
untensioned test during the first 300 hours. 1ne equal load of 365365 N/m
has the lowest flowrate for the duration of the test. The only times that the
urttensioned test has the highest flowrate is 70 to 120 hours, 240 to 270 houts
and 325 to 500 hours, During this last period, the Nowrates seem to have a
fairly regular patteen with the S4dx54 N/m being lollowed by the 365x187
N/m and 365x363 N/m, So cerain vague trends are present. but nothing really

substantial,

Of further coneern was the fact that the results ware not reflecting the results
of Kuchena's wark despite using the same eyuipment. This disparity was
probably due to the difTerences in the technique used for tensioning the
greotextife, When the geutcxtillc was tensioned in two direetions, the maximum
stroin recorded wis 2.5% in both dircetions, This i opposed 1o the previous
study where as a result of the specimen being refatively narrow (1,0 m wide)
and being tensioned in one ditection only. severe nesking oceurred, For the |
woven geotextile, a [0% reduetion in the widih oceurred, and a 20% reduction

was reeorded for the non woven geotextile, The geotextile was thus previousty
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5.6  Results for The Woven Slit Film Geotextile

The results of the hydrodynamic tests can be presented in a sumber of ways,
The complete results of the equally and non equally loaded tests are presented
in Appendix A, These results are trom the particle size anal};sis test of the
beads that pnsséd through the peotextile during the test, They give the mass of
beads that were retained on each of the gieves for all four specimens, The
prablem with these results is that they are difficult to interpret when presenicd
in this monner, Thus. certuin aspects will be highlighted. For all the geotextiles
tested, there were usually two consecutively sized beads that were eritical,
Bends that were smaller than these two sizes tended to all pass through the
geotextile while beads that were larger tended to be retained on the geotextile,
The results of these two bead sizes will be presented in o tabular form,
Anothet intcresting comparison can be made when comparing the total mass
ol beads that pass throngh the geotextile for each test. "The results con also be
presented geaphically by determining the particle size vs. percentage {iner by
mass curve and feom this curve the Oy can be caleulated, A table sontaining
these caleulated values of Oy and their coefficien of variation are also

presenied.

LS

8.6.). The equally tensioned tests for the woven slit il geotextile
A total of {ive tests were carried out on the waven slit iilin geotextile with
equal tensile Rading in two direetions, [ was found that tiere were twa soe

called critieal bead sizes in these tests, I this case, it was the heads that were
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the test was careled ol for lottg enough?

553 Falling head tosts

An attempt was made to measure the change in pertieability of a geotestile
due to tensile loading with the aid ol the hydrodynamic sieving mechanism,
When the mechanism is in lh;: upward position. it can be thought of as a type
ol falling head permeameter, The woter flows through the geotextile rom o
ulling head. So if'we can find the time thatt the water takes o fall o certain
distanee, we con use the fliin 1 head permeameter equation and thus caleulate
the geotextle's permenbility, This is of course merely an approximation sinee
the water will stary deaining beloge the eylnders are completely litied ot of
the water, Two points were markaed out on the inside ol the cylinders. One was
marked at o height of 1 ¢m above and anotlier 1 om above the geotextile, The
base level wis not taken at the geotextife for two reasons, Fiestly, it is difficult
to tetl wihen the water has lully drained out and seeondly the falling head |
equation would have a zers iy the denoniinator, The fest required four people
with stupwatehes to time the duration tat the water level ok to drop lrom 11
et (w1 et above the ;zcutuxtilé. e water level in the pans was such that the
whole ol the eylinder wos filled during the innnersion part of its eyele, This

s done (o get 1 better approximation tor the stavting time of the test,

The twa tests prer geetestile that were earsied out in this mininer were un
tntensioned test and tensivined test with i load ol 2,06 kNm in buth
diventions, For each test, o tnal of five eyeles were timed, This gave o total of

twventy readings per test,
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5.5.2 Mothod 2

Unliky the drey sieving tests tHat require a minimum ol'six desi pnations of
glass bends to be sieved. obe desigration at a time, the hydrodynamic sieving
technique uses o mixture of beads, Ax discussed previously. this can lead to
possible inaccuracies, It was decided to use gloss bead designations instead of
a mixture and then stuhjeet the beads to a set number of cycles, This method
has been tried previously by Bhatia and Smith (1995), They found that it
produced larger valugs of FOS but the results were not as consistent.
Unfortunately, no details are given as to the number of eyeles involved or the
mass of cach designation of glags boads used,

The same gluss bead distribution was used in this test as previously. The
smallest sized beads were added tiest and subjected to 100 cyceles, The next
largest sized beads were then added and this mixture was subjected to o further
100 eyeles. This prosess was continued untl ofl eight sizes had been added,
tlie test then continued until  total of a thousand eycles wers completed, Since
the woven geotextite used eight designations of beads as opposed Lo five for
the nonwoven geotextile. the test was not exactly the same for both
geotextiles, The three extra desipnations used for the woven geotextile wete

subjected to fewer eyeles, Despite this, it 18 still en interesting comparison to

- make, This test also investigated another query concerning the hydrodynamic

steving, The query is best illuswated with an example, Assuming we have 50 g
of'a certain sized bead ot the star ol the test, Aller testing, 40 g of this stze
have passed through the geotextile, Does this mean that 80% of all beads of
this size will pasy theough, or will only 4{)g pass through i(Cwe have say 100 g

ol that particuhw size? Allernatively, will 100% of the beads pass theough if



weighed and placed in 2 bowl, The beads were thus sieved twice befiire
testing, This was Jound necessary heenuse especially the smaller sizes tetided

to dreilt from ane sieve size wy anrther,

The immersion and withdeawal durations, respectively B and H0-spq in a [irsy
approach, were set o the timer, The counter was set to zera and In tecordance

with the CANCGSB- 148.1-10 dratt standard, the test ran for ot thousand
eycles, The test was started by actuating the pnewmatic deviee, Following two,
ten and twenty complete cyeles, verilication of the intmersion and withcdeawal
dutations wos neeessary. The immersion period should be such as ta allow
water to reagh the 10 mm level above the geotextibe specimen, whike the
sithdrawal period should bie sueh that at the end of cach draining perind there
was no water above the geotextile spect; - ms, H neevssary. the setting

duratioms were adjusted,

At the end of the test. the beads that had eolleeted at the bottom af' the pans
were colleeted, This was achivved by pouring the water through s 3Rmieron
stever, The heds were then pleced in g bowl that was put in an oven ovgmight,
e beads that dide't pass through the geotextile wore alse ¢ollucted in order
b reeyele thent, A geadation test was undertaken to obtain the bead-size
distritution for vuelt tested speeimen, This analysis was iwrlhrmccl by using
the dry sieving technique us per the ASTM reapproved 14990 test procedure of
Method for PartielesSize Analysis of Soils (1) 4334033 The [Her opening size
wits determined by caleulating the 93% 1iner by sy point of the distribation
graph, The strain was ¢hecked at the end of cach test to instre that the injtial

strain had been maintained.
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attach the Mange and they were pushed through the fange and holes, The
eylinders were bolted tw the Dange from helow the peotextife. This operation
required twa people, one to bbld the eylinders in plose and another te tiglhten
the bolts, Onge the evlinders were in place. the steain was neastired just prior
f U eylinders being eut free from the tensioning apparatus, 'The strain was

L eompiwed with readinss taken just prior to e cylinders being bolted to
t1e sieving mechaniss, This wis ta check that no stress retaxation had
ceetirred, 1 uny refaxation ocetwred, the sample was not tested, This was not

Frund to be o problem during tesdng,

The eylinders were then bolted ente the sieving mechanism, A spirit level was
used to ensure that they remained level, The evlinders were attached, with the
aid of four bolis, onto the frame Lt was gonngeted to the pheumatic device,
All the nuts, bolts and washors were stainless steel sinee the apparatug was in
camaet witl witter, Onee the vylinders ware all attached and level, the water
pans waere placed underneath then, The pans were fAlled while the mechanism
wis 111 the immersion part of it eyele. This wos done so that the water fevel
conid be ghecked, The water level i each pan was such as to asure 100 mm

- of water ghove the submerged speeiimens when the eyvlinders reached their
Towest positon, The diradried glass bead mixture was then placed on the

puotestile,

The glasy beads wsed were sold it 33 kg bags (acyuired from Bellambie
Surfiree Technolegies), Fach bag containad buids of o certiin range of sizes,
The beads were thus initially sieved il ot Jeast a Kilogram of gach sleve size
was obtuined, To muake up the relevant distribution of Beads, smaller quantities

of the reguired sized bieads were stieved apein, The required mass of beads was



“geotextile was the same, As befure, the geotextiles wete first cut into the
earreet shape, Prior to the loading vokes being attached, the tgets were glued
onto the geotestile, One set of targets was used for every cylind_cr and so there
wete four sets of targets, The geotestiles were then placed onte e loading
frame. The Joad stands were attached to the loading yokes md the peotextile
wity loaded by means of adding weights onto the stands until the required
tensile foree was developed. The geotextile was felt overnight so that they
could be fully tensivned. The strain was measured, using a verier calliper, for

alb For sets ol targets,

The eylincers wete then attached to the geatestile, The MTanges were detached
from the eylinders and placed on the geotestile wits a set of targets in their |
centres, To ensure that the holes were made in the right place, a permunent
marker was uxed to murk them threugh the holes in the Danges. During the
initial testing. the holes were made using a quarter ineh pueh. The punch was
placed on the required spot on the geotextile. A Moek of wood was put
direutly benenth the gcutcxtilé. e holes were then punched by usinga
hanimer, The problem with this micthod is that the holes were seldom “clean™
and Frayed staphtly avound the edges, [t was fowed tae burning the holes was a
much better solution, This was achieved by heating 3 i dinmeter rods with
the aid of a PBunsen burner. The rods were stightly smaller than the bolts tha
were Used (6 mun, but the anle size that they made was almost exoetly 6 nm.
This method had the added advantage in that with the holes being melted, the

edpes didn't fra,

The next step was to bolt the eylinders o the Tanges, thus clamping the

seatentile etween the, ach eylinder had eight bolts (it were used 10



size vs, "o finer by mass. The details of C,. Dy, and D, ave also given,
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Figuve 8.2 Particle size distribution curves of glass beads tor the nonwoven

needie punched geotextile,
Note: The coeffivient of unilormity C, Is less than 4. Since the tests that were

earried vut were comparative tests whivh used the same disteibution every

time, it wis thought that the effvet of the L, would be minimal,

1

&8  The Testing Procedure

S.51 Fgual amd non equal tensile lowcing
The testing procedure for the equally foaded and the unequally londed

7
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Figure 5 1 Particle size distribition eurves of glass beads for thie woven
geotextile, '

5+4.2 Nonwoven ucedle punched geotextile

The expected FOS of the nonwoven geotextile was smaller than that of the
woven geotextile and this is retlected in the distribution ol glass beads used in

tusting.

Table 8.3 Gilass bead distribution for the nonwoven needle punched

geotextile,
Ii-liend Size (7em) 73 ki 150 -12 300
|Mass{gl 85, | R0 75 70 63

Fhis table Is represented praphically in fgure 5.2 below as o graph of bead



54.1 Woven geolextile.

Since the {iiter opening size Lor the woven geotextile was in the region of 400
microns, the maximum sized bead was chosen to be the size that was retained
on the 850 microns sieve, In accordance with ASTM D 475187, the “in
between™ sieve sizes, o, 106, 212 and 850-micron sieves as well as the
standard sieve sizey, ¢.g 78, 150, 300, 423, 600-microns were used, This gives

a more accurate disiribution.

The details of the glass bead distribution is presented in two ways i.e. in

tabular form (sce table 5.2 below) and graphically (see figure 5.1 below),

Table 5.2 Glass bead disiribution for woven geotextile,

Bead Size ) | 75 106 {150 | 212 300 | 425 | 600 | 850
Mass () 35 a0 [ 45 | s0 |55 |68 |65 | 20

Note: The bead sizes are expressed as the sieve size that they are retained on,
The actoal stzes are thus in o range betwveen the sieve sizes, for example, e
bend size reterred to as 78 gm in size, s In the range of 75 to 105 om,

This distribution con be plotted on a particle slze v, pereentage et by miags

eurve as can be seen in Hgure 8.1,
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study this effect by adding set amounts of progressively larger sized beads.
Fach set of beads was then subjected 1o o set number of eyveles, The
geotextiles were tensioned prior to the test and the loading was equal in all

direetions at 344 N/,

The final test involved using the hydrodynamie mechanism as a modified
falling head permeameter, Two tests were carried out, The geotextiles were
fiestly untensioned and then loaded equally at 2060 N/m. The test involved
timing the duration that the water level took to drop over a specified distance

*in the eylinders,

54  Choosing an Initial Gluss Bead Distribution

‘There are vertain guidelines when chovsing a glass bead distribution to
enleulate the FOS of a geotestile, The fnrgest sized bead must be at least twice
the size olthe expected FOS, At the end of a test, at least 30 g of beads must
have pagsed through the geotestile, Whenever not cﬁnu gh beads are eollected.
the test has to be performed again using another glass bead mistuee with
smaller sizes, The recommended mass of beads 18 5,68 kg per m* of geotextile
that is to be tested. For the eylindets, with an fnternal diameter of 295 mm, the
required mass of beads was 375 ¢ per eylinder, The coefTicient of uniformity
should be between about (o and eleven, As diseussed in section 4.2 research
hos shown that over (his range the hydrodyh:mnic sfevitig method ts _
independent ol the plass hcudl misture, After an initial test was performed Lo
get an estimate of the expected FOS, the following disteibition was chosen for

eneh geotextile,



number of sections. ‘The waven wd notwoven needle punched (No.t)
geotextite had the sume loading in all cases. Firstly, the geotextiles were
subjected to equal loads in four directions. The londing was os follows:

1. Untensioned

2, 187 N/m

3.365 N/m

4, 3dd N/

5,811 Nm

6, 2060 N/m _

Once again the loads ave relatively small in comparison to the tensile strength
of the geotextiles, .

The second set of tests involved unequal loading in the two divections and the
loading was as follows!

1. 363 N/m and 0 N/m

2,363 N/m and 187 Nim

3,365 N/m and 344 Nim

The nonwoven needle punched {(No,2) geotextile was used to measure the
etfoet ol the thickness of a geotexiile . “O8. 1t was used 1n only two
tests. 1t was firsly loaded equully inboc  stions. The loading was 544 N/m
and SN/, It was also subjected to the modified hydrodynamic tést which is

diseussed below and the loading was once again S84 N/m and 544 Nin,
One of the problems of hydeodynamic sieving ts that @ mixture of bends 13
used and thus it is possible that some smaller beads may be obstructed (rom

passing through the geotextile by the "arger beads, An attempt was made 1o
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daj: after the test, so a maximuni of three days is needed, When the geatextifes
had to be tenstoned {irst, the test stifl only took a masimum ofa week, This |
test was thuy quicker than those using the permeameter. and this ailowed o
groat number ol tests to be performed, Hydrodynamie tests have the ade o

advantage that four tests are performed ot onee,

.‘I'hcre were three types of gedtextiles tested. The first tvo geotetiles (lint were
used were the sume woven slit-film polypropylene and nonwoven neede
punehed polyester geotextiley that were used for the permermeter tests, and
thseir details can be found in sectivn 4.2, Fhe thitd was a sonwoven needie
punched geatextile which 13 made by the smme manufictueer as previously, It
is basieally the same geotextile except for the Fact that it Is thieker, [1s details

can e found in Table 8.1,

Table 51 Details of the second nonwaven nvedle punchued peotextile used.

Typu ul‘géutextlfu b Nonwoeven Needie
| Punchaed (No.2)
Compusition Polyester
Thickness tman 44
Mass per unit area (wmy 35
Multi directionnd Tensile Strength (KN} ' &
Hlongation under multi dircetional tension ("a) 2730
Normal Permeabtlity (107 nes) k|
mlig;!_nnl '1‘111:211211115_3;\’ (seem) . 1 7 o

The bulk of the wsting swas carried out using the sume two geotextiles that

were used in the permeameter. e testing program can be divided into a

0



57  Resuiis for The Non Woven Needle Punchod 9. 1) Geotextile

'The resalts for this geotextile will be presented in the same manner as they
were for the woven geotextild, Onee again, the tull results are given in
Appenidix A, As with the woven geotextile, there were two sizes of beads

which were eritical, Sinee the filter opening siz¢ was much smaller for this

~ type of geotextile, the eritical bead sizes were smaller as well, ‘The initial glass

head mixture also tetlected this change.

8,71 The equally tensloned tests

-A total of five tests was carried vut on the non waven needle punched-No. 1

(nwnpe-1) geotextile with eyual tensile toading In two directions, It was found
that thore were two so-calied eritical bead skzes in these wsts: the beads that
were retained on the [S0-micron sieve aud those retained on the 106-micron
steve. Beads that were smaller than these two sizes tended to fl pass through
the geotextile, Thus, thie details of these two sizes ave presented below, The
initink mags of heads for these two sieve sizes were 75 g of beads retained on
the TE30-maerott siove fed 811 g retained on the 106-micron sieve, The details of

the approximate strains ate also presented,

0.4



b the [inal head of water
(=t} - the time for e water level o drop from hy to b,

The ealeulation is thus laiely simple witha - A/ - 1and ¢ - 0.9Tmm,

Tor the woven slit {ilm geotextite. the untensioned specinens had o mean time
interval ol 1,97 seconds, This gave 1 permeability of 1110510 ws, The
specimens Uit were equally tensioned with a foree of 2060 N/m had a mean
- lime inwrv_al of 242 seeonds. This mave 3 permeability value of 60,3910 mys,
These values of permeability are mueh Jarger than those recorded tor the
permenmeter restilts, For the untensioned woven geotextile, o masimum
permeability of 7.8510 rivs was recorded, The sand thus appears to have been

the controlling fietor in the resultmt permeability.

There wins thus o drop ol 42%s in the perraeability when the geotextile was
tetstoned. Whilst this is a relatively Targe reduction in flow capacity. itis nota
suittefent reduction in ftself' o render e geotextile unusable, Current |
drafnoge eriterio require that the permeability of ¢ peotextile should be some
percentage of that of the retained soil, with values varying between 10 and
HO) percent. (Fiseher eual, 199M), A change of the order of'a fietor of twao s
thus Hkely o be of little sipnifieance, Unfortunately the manufaetret’s
specifications do not inelude o value for the permeability so it wasn't possible

to make o compirison with the netual permenbility.
Coupled with the change in the tilier opening size, it can be seen that when the

wovat §lit film geotestile wis subjes ted to tenstle loading, either equally or

unequally in two direetions, there wis o definite ehange in its pore openings.

1}



could he made, A comparison between bwo differently tensioned geotestiles
were made, An untensioned and an equally ensioned (2000 & 2060 N/m)

geotextile were tested,

For this test, the water level in the pans was sueh that thy eylinders would be
filled to the top during the immersion pliase of the eyele. This was done in
arder to alfow the water fevel to drop stightly before it reached the top mark,
In this wav a better approxintation ol the sturt coudd be made, It must i
emphastsed that this test was just an approximate measure of the permeability,
“When the evlinders were Jilted out of the water, the water started draining
through the geotextile betore the eylinders were cotmpletely out of the water,
This restiited in the original leud being kess than it should be. Although we
used the falling head equation, the movement of the sample Wiy in contrast to
the standard test where the sample remaius stationary while the watgr flows
lhruilgh it, Lirrors alse oceured in the timing of the intervaly. Four people with
- stopwatehes were used to time the drop in the water Tevel, Very small intervals
were measured, sometimes luss than two seeonds, so inoecuracioy eould easily
have eecurred, Five eyeles were timed and the mean of the tventy regorded

intervaly was used i the Tollowing equation:

RN - "
1)
where k the permeability
a the eross sectional areit of the head of wager
A the eross sectionil area of the geotestile
£ the thickness of the geotestile

Wy origingl bead of water
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which the glasys beads were added as a mixture (see Appendix A), the
difference between method 1 and 2 wis no greater than the vaviation among
the four tests, This relative sensitivity of the geotextile to test method 2 was
probably due to its planar straeture, A bead cither passed theough a' pore or it
didn't, There wats very Httle ehanee that a particelar beat would be just [arge
enough 1 bloek o particular pore.

[n test method 1, it could be seen tha the simaller beads of the misture were
passed through the geotextile very quickly, Le. during the first hundred eycles.
The tieads that wete lelt behind are the lurger ones (300 um and up) and these
were subjeeted to o further 900 cyveles, With method 2. the 300 miceon beads
were stubjected to 600 cveles. the 425 micron beads 1o 300 cycles and the 600
4#m beads to only 400 eyeles, Tiven this variation had litte effect on the
resultant FOS,

§.0.4 An attempt to measure the change in permenbility of a tensioned
gootextilo '

Using the hydrodynantie sieving mechanism, an attempt was made to nigasure
the change in permebility of o peotextile when it was tensioned, 'The
‘mechanise was used in i modified falling head test, Two murks wure made on
the inside of cach of the four eylinders, One mark was a centimuetre above the .
geotetile when it hid been elamiped ir: position anc the other was eleven
ceritimetres above, The basis of the test was to time the drop in the water level
from one mark to the next, This would then be a drop of ten centimetre and
using the falling head permeanteter equation, an estimate ol the permeability

nj



I arder to see what etfect the misture of buads had on the results, it was
decided to modify the tests slightly. The same muss and breakdown of beads
were used as previously, Instead of adding them all at the beginning of the
test, the beads were added one size ot time. Bach size was then subjected to o
hundred eyeles and e next size was then added. The smallest sized beads
were added Hirst and then the nest Lirgest size was added, The geotextile was
not cleaned during the test snd the text head dusigna_tiun was added after
hundred eyeles even when there were heads remaining on the geotextile, After
all the beads had been added, the test condnued witil @ tutaf of 2 thousand
eveles had been completed, The beads thut passed through the geotextite were

e eted and a particle size shalysis fest was carried vut,

Only one test was caerfed ont on the woven geotextile in this manner, The
geotextile was tensioned and the load was Sddx844 N, To compare the mass
of heads that passed throngh the geotextile for the two tests, the same two
sieve sizes will be considered as previousty., L. the 425 and the 600-micron _

sieves, Onee again, bends smaller than s all passed trough the geotextile,

For the 6t-micron sieve, the originat test metkod retoined o mean of 144 g
while the second method retained o mean of 5.8 g or the 42 8-micron sieve, |
there was also a deerense rom 52,8 g svith the original method, w 41,1 g for
the yecond methad, This decrease was reflected in the FOS and the total mass
of beads as well, The FON decransed from 390 10 560 qan and the (otal moss
of beads trom 277 10 271

ere was thuas it small deerense in the mass of beads that preied through the

geatextile for st method 2, I one looks at the results of the four tests in

i)



more ar virtually to the sune extent by equal lensioning as opposed to non
equal tensioming, An equal foad of [R7X187 Njm had a greater effect than 2
Joad of 365x0 N FOS of 600 as opposed 10 620 ). A load of 363554
N/ had o FOS oF SR80 am. while 0 3635363 N/m [oad had a FOS of 560 wm
and the SbixS4d Nrm had a FOS of 370 cam. The most important observation
is that with all the tests, the opening sizes decreased, Initially, it was thougit
that dingonal stretehing vould open up the pores which would result in lorger

opening sizes, but this did net oeeur,

563 A different approach to hydrodyn'nmic_ sieving

As diseussed in chapter 2, one of the perceived wenknesses of the
I'tydrndynmnic steving teehnique wag the use of a glass head mixture as
oppoyed Lo using a series af p:lass'h:-u;? designations, A mixture ot beady is
waly used in h}'tlfﬂ(l}'%ﬂ}idsieving. It is interesting to speculate s to rensons
for using a mixture for this method. With wet and dry sieving the openings of
the geotextite van be cleared aller sieving cach designation, When the next
designation is sieved, the ge il openings are thee ol any obsteuction, Thiy
“elenning” of the geotestile is possible becnuse the geotestile iy attnehed o the
sleve with die aid of » boop ane it {s this casily delachable. T'his contrasts
with hydradynamic ste- wy where the ¢ cotextile is attached to the eylinder
with o number uf bcits, For tests are run at wnee so it would be time
consuming o remove the geotextile and clean it, When using o misture, the
beads can be added ut the beginning and the test run for the set nuniber of

eyeles,
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of variation are given in able 8,7,

Table 5.7 The O, vidties and coelfieients of variation [or the unequally

tensioned woven geotextile

— -
13iaxial O ey | Coefficient of
Qad (N/m) ' w‘/ur&ninn (%)
Zero 737 . 1.8
365 &0 013 36
365 & 187 s | 3R
368 & S44 587 S

Discussion of unequally tensioned woven geotextile results

The application of unegqual loads appears to have had @ vevy similar offect on
the FOS when compated with the equally toaded spectinens, Le, there was a
deerense inthe FOS, Tor the anequally tensioned geotextiles, te largck&
loading didn't resuit in the smallest {ilier opuenis.g size. The loading of 363x187
Nrm resulted in tte Jeast wmount of glass beads passing through the geotestile,
Both the 25 and 600 ;an sizes and subsequently the tals were the smallest
for thix lond when compared with the other unegually tensionud wests, Daspite
this, unc'quul Joading didn't produee significantls different results to the
equadly sensioned tests. When compared to the specinten that was Joaded with
A63x3068 N/m which has o tilter upening size of $60 ,m, the test with a load of
308x187 Nimt resulted in the sume value tor the FOS,

Su it appears as 1 the pores o the geatextile were distorted cither slightly
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Graphieal interprettion of vesults - determining the O

To determine the (hter opening slze of the peotextile, we needed to plot the

particle size analysis curve for the beads that passed through the geotexiile.

These plots can be seen in Hgure 5.0 A mean of the {our tests was used for

these ctirves. The O, was then caleulnted and tie results ean be found in table
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Flgure 844 Particle Size anulysis ol beads that passed through the geotextile,

Note: The dashed line indieates the point where the O, was caleulated (rom,

From faure 8.k we ean ealeulate the O and the results and the coelficlents
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~clogaing was ingreased but cansidering that valy the larger sized pores were

affected. it is difficuit to determine to whit estent,

5,6,2 The unequally tensioned test for the woven slit-film geotextile

o' we consiv.r the individual pores of a « cotextile, it seems likely that the
pores cann become distorted during biaxial tensile loading, This distortion may
become amplified it the geutéxtilc Is subjected to unequal tensile loading. In
“order to investigate whether this type 0 (loading dous have a laeger elfect on
the pores, three noneguil tenstle tests were careied out on the woven
geotextile, The loading was done in sueh o way that the sarp direetion was
fonded with 365 Nm and the vaciation in loading oceurred in the welt
direction, The results will be presented in the same manner as tiose for the

ejually tensioned (esis,

Table 5.6 Summary of results for the unegqually tensioned woven geotexule

- pos

Binxial Stain (%) N 60 m- | -;35 ,ﬁrm Tuotal mass
Load (N ) Warp | Welt sieve (g) | sleved(g) | passing (@) i
Zuro 343 0l 3170
365x0 25 | 0 18.3 52,4 08,9
3635187 1.8 2 o4 | 200 62,5
363N L0 W] ROl M
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this slight inerease an probably be ignored,

Table 5. shows a Fairly steady decrease in the total mass of beads that passed
through the geotextile, Note that there was an initial large decrease from the |
untensionued test (mean of 317.6 ) to the first loaded test of 187 N/m (mean of
294.9 g, The subsequent loadings did not have such & large effect, The
chiange in the mass ol beads that passed through the geotextile between a load
of 81 IN/m and a load that was about two and half times greater (2060 N/m) is
only 17.3 g Thus it wonld appear os if there was an initial large decrease

when the geotextile was first loaded and then the effect tapered off,

It I3 sigoilicant that only the larger stzed pores were affected by the loading,

The beads that were 300 zm dnd smaller wete not affected at all by the
fonding, This would indleate that the pores were generally larger than a certain
value, As the geotestile was sensioned. these pores beeame distorted and Tet
fower beads pasy through, Although it may be specutative to consider the
eftbet of typical working Jonds (say 30% of the tonsile strenpth, or 8135 kNAn

for the woven geotextilel it wits evident that the reduction in FOS at these

loads would he greater than the 285 measured in this study.

S0 bow does this alfect the desipn procedure? A smatler dlter opening stze
will netually improve the retention griterfon, 'Ulie permeability and clogging
eriterion would probably be most alfected, Considering the fact that the
permeability eriterion has a built in fuctor of safety of ten. it seems vnlikely
that this change will have a large offect. The modified falling head tests

(which are discussed later) using the hydrodynamic sieving mechanism

attempted to monitor e subsequent ehange in permeabllity. The potential for
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Table 8.5 The changes-in the filter opening size of the woven geotextile due to

hinxial loading.

Biaxial {.ouclu O (pem) | Coetticient of
{Nf’lﬁ) varjution ()
Untensioned 737 .8
187x187 611 43
3655365 | 82 2.1
Sbixsdd S0 14
R11x811 524 2.0

| aoeosa0e0 | s | 18

Discussion of equally tensioned tests

From the above results, it can be seen that there was a gradust deerease in the
mass of beads that passed through the geotextile as the loading was inereased,
The flter opening size deerensed from 720 7am 10 520 ;am which was o
ducrense of 28%, L‘unsiduring that the maximum applicd load wos only about
{29 of the miniomum (welt direction) tensile strengh, it was evident that in.
plane tensife joads have an impartant influenee on the retention an
permeability characteristies of woven geatestiles, The slight increase in the
filter opening sfze for the fond o S4d KN/m vas due to the Baet that slightly
more of the 600 ;an sized beuds passed through the geotextile for this test
compared with the [oading of 363 N/moesee Table 3400, Sinee these ware tihe
largest beads w pass through the geotestile they constitited the upper part of
the eutves seen in fgure 3.3, This part of the curve wos used to ealeulate the

[ilter vpening sze and so even a smull change alfected the caleulation, Thus,
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ieaphical intevpretation of vesults - determining the O,

Using the mean values of all four specimens, the particle size distribution
curve of the beads that have passed through the peotextile can be plotied, The
results can be seen in Mure 5.3, From these curves, the O. can be caleulated,

as s indicated by the dashey Hie,
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Figwere 5.3 Particle Size analysis of bends that pagsed through the geotextile,
[rom the above geaphs, the values for the titer opening sizes were caleulated
andl the resulls are presented in wble 3,3, The coeflicient of variation of the

resulls is alsa ineluded,
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- petained ont tie o0O-micron steve and v the $25-mieron sieve. Beads thit
ware sraller i these two sizes, §e. wiose retained on the 300, 212, 156, 16
and ¥ Smieron sleve tended o all pass through the geatextile, while beads
Targer than these two sizes were all retained on the geatextile, The dctaiis of
thase two slzes are presented in teble 3.4 below, The details of the
approsimate strains and the wtal mase of beads that passed through the
peotextile durd 1 testing are abso presented, Tuble 3.4 gives the mean value of
the fows eylinders por test and the values are the results of the particle size
aalvsis test of the beads that passed through the geotestile. Note that the
initia) mixtare hud 08 g of both the 60U-micron and +25-micron sizes, For the

complete restilts, wee Appendix A

Table S Sumumuy of vesults for the equally tensioned wos n geotestile,

e Sp—
Biaxial seestin (%) OO0 cm 425 0n Total miass
Fand (Nmy | Wm"]j IW;:H | SIeVe (41} steve (@) | passing )
Zoto 343 ot 276
(875187 L {4 18,3 0.2 2040
305%308 b0 S 4,8 SR.5 2847 |
Rldx8dud Lo 1.3 1.4 525 271
Blixgld o 1.0 7.3 40,0 2728
:{}ntix:‘.nhtl Lo 2.3 o s 2552

The stesin and the loiding are spwd] when eompared sith the ultimate fensile

strenath, The fouding of 2,00 KNy s only about 5% of the ultimate strength,
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nuterials, Lo HDPE and PVC Tor the flanges and eylinders caused o fow
problems when atempting to glue the twvoe wgcthcr. In hindsight it would have
been better 1o either use the sanwe material for the {Tanges and eylindets or else
find another way to have them attached. For example, if the Hanges und
cylinders had the same inernal diameter and the eylindoers had o larger wall
thickness, the Dunges could have heen screwed onto the cyliﬂders._ A solution
to the problem was found as hot glue provided an ddeguate connection, |
Unfortunately, the hot ghue was only effeetive for between {ive and ten tests,

The ﬂanges thus had to be stripped and reglued @ couple of times,

The Manges, having o thickness of 6 mm, were too thin, The free earvied by
the bolts was fnrge enough to slightly warp the fanges, Although six bolts
proved to be adeguate to maintain the required stealn, it would be advisable to
have more if any larger stresses are required for testing, The volative sultm!ﬁs
of the TIDEL was o turther problem. The bolts were required to b as tight s
possible o maintain the stress in the geotextile, With repeated use, the
wushers beetme imbuedded in.thc hnges and the holes became misshaped,

The flanges will have to be replaced t further tests are reguired.-

The inftlal sizing of'the glass beads proved to be very troublesome, The beads
are sold in quantities of twenty Kilogram: and their sizes varied over a serinin
ronge, The bemds were usually sieved twice in order to establish their size, Jt
was found that suparmin g the bead: that were finer than 73 ;an was very
difficuit, The problem seemed o be one of the well-known faalts of the dry
steving technigues. Blectrostaric finrees enused the {iner beads to siiek together
anu they were thus prevented (rom passing theough the 75-micron sieve, The

duration and the number of sjevings seemes* have little efToct on this
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smaller FOS, This anomaly can hu'cxplaiuud wlen the mass retained on
Jitferent sieves is examined, ITwe Jook it the finst test the mean of the mass
retited on {0bamicran sic\'c'wus 118 g and combining the 78«mieron sieve
and the pan. there was a mean of 388 g, For the second test. thete was a meun
of 1.5 g retnined on the 106-micron sfeve ind 704 g retained on the 78-mivron
sieve and pam The (wo tests had approximately the same muss of beads
retained on the [Db-micron sieve but the seeand test had 318 more grams of
the 78-mieron steve and pan, The calenlation ot the FOS is based on the twtal

- mass of beads that puss througly the geotetile, In this exanple there was
proctically the sane nuss of Deads retaited on the iHe-wwicron sieve. When we
plat this point on the particle size curve, we have to find the pereentage tiner
by orass value, Dhis involyes e total mass of boads, [t the Grst test the 106-
mieron sieve gorrespanded to the 97 point while in the second test it was the
WR% porint, Therefore, despite the facr hat the second test allowed more beads

to pass through, we ltad a smatlee value for the FOS,

Thix test also Hllustrated the faet that the FOS obtained was a funetion of the
procedure used. To a certrin extent, all methads of colenlating the O, are a

- limetion of their progedures. {6 is important tt o wst be standardized w
caleulitte the Gu, of geotextiles, 17 the bydrodynamie sieving test is ehiosen. all

anpects of the fest need to be addressed.

§9  Droblems Facountered With the h‘it_winp: Mechanism

A e prablems were eieountered with she desion amd e working of the

hydradymmie sieving meciumism, On Uie desian side, the s of different
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88  Resuits Frons the Hon Woven Needle Panched Geotextile « No, 2

Certain methods e measuring the pore opening sizes of geotextiles, such as
imﬂge processing, give the same restilts for geotextiles made with the same -
mantetnring process but with different thicknesses, As the soil particles
hiave a much longer route to travel through a thicker geotestile, it would seem
- that a different opening size should be recorded Tor o thicker geotextile, The
sensitivity of the hydrodynamie sieving process to the thickness of a geotextile
wis thus investigated. Two tests were cartied out on a nonwaven needle
punched geotextile (nwnpe2) that was made using the sante manufhetaring
prouess as previously, hut was thicker, The manufacturer’s specifleations for
this geotextile gun be found in wble 5.1 and it can be seen that it hay o
thiieknesy of 4.4 mm as opposed v 2.3 num for the nwnp-! geotextle.

The nwnpe2 goetextile was subjected to two tests, T both tests it was

tensioned with ¢ load of SddySdd N/,

In the 1Irst st & mixtuee of beads was added at the start of the test and in the
seeand the beads wate wdded progressivaly as with test methed number 2, The
first test resulted in a FOS of 104 microns, The mean of the total mass of
hendy was 39,9 2, As the tot] mass of Tands was | s than 80 the test
should be repeated with a different glass bead mixtare, The resuit did contirm
that @ smailer FOS resutied feom the thicker peatextile. '

The second test had o meat ol of 7LY g, but the 1OS was ealeulated at ()
~atti. This onee again illustrared the weakness in the method of Aleulating the

FOR, Althouph the seeond Wt atlowed more beads (o pass through, we had a
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equation 7. with 1 - .30 man the permenbility was caleulated as 3,0x10° ts,
This compares with a permenbility of 3,0x10° nv/s which Is given in the
manutheturer's specifleations, So this fest seened to give a fairly good

approximation of permcability for the nonwoven geotestile.

TFor the second test, the geotextile was tensioned with a foad of 2060x2060
N/ and the tost repeated. The mean time of the twenty readings was 142
seconds, Usittg equation number four, this gave o permenbility of 39510 m7s,
There was thus a slighl inerease in the permeability for the tensioned test. This
san be arribured to a number of possible fhetors. During wensioning, the
geotextile stenined and there wes o decrease In its thickness. From wble 5.8,
the strnin recorded for this load was 3,3%. This changed the thivkness ta 2.23
mnt { thom the original thickness of 2.3 mun) and the permeability to 3.8x107
/s, There was ts still a slight increase for the tensioned geotestile, This
wis most Hkely due to human ervor i tming sueh short time intepvals and the
sensitivity of the test. The actual permeability eafeulated aecording 1o a falling
head test could well be much higher than the value ealeulated, The change in
permeability would not be reeorded, sinve e ordginal value is fower than it

actually is. This result is thus not significant.

When comparing this vilue of permeability with that from the permeanieter
rasulis, it ean e seen that these vidues are much higher. The maximum _
permeability recorded with the permoeameter was .23 s, Thus the sand

waiy onee again the controlling fetor,
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further five hundred eyeles which brought the wtal to ¢ thousand cycles, The

geotestile was tensivned prive to the test and the load was 3dx544 N,

To compare the results {foim test methods §and 2, the same two sieve sizes are
considered, the 130 and 106-micron sieves. From table 8.8, the mass of beads
that passed through the geotextile and were retuined on tie 1§0-micron sheve
was L]l gand 32,5 ¢ for the 106-micron sieve. This compares with 10.9 g and
76.3 g for the same two sieves when using test method 2. 'The total mass of
beads for method [ was 125.7 gand 177.6 g tor method 2. "The FOS inereased
from 141 to 160 4m for method 2, This was an increase of 15%, In bath tests,
the coetfivients ol variation ol the four replicates were small, less than 3%,
and thus the difTerence of 13% is signiticant. The reason that u larger FOS was
uhtaitted with the second method is that there was luss opportunity for larger
beads to block pores that might permit the passage of the smaller beads, The

1FO8 obtained fs thuy o thinetion of the techniyue,

5,74 A measure of the chaage in permenbility

Twor tests were eartied out an the nonwoven geotextils o measure the change
i permeantrdity using the HEM as a modified Talling head permeameter, The
test progedute was in aceardanee with section 5.6, The test involves the
timing of the drop in water level {nside the eylinders as they are lifted out of
the watuer,

For the First test the geotexrile was untensioned and o total of five eyeles was

timed, The memn of the resultant twenty readings was 183 seconds, Using
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of approximately 6.53% and -3.3% (i, a deerease in fength due to necking)
respectively, Since all other tests on the nonwoven specimens resulied in
extension strains in hoth directions, it may have been expected that the test in
which neeking occurred would have produced the Jowest FOS, That this did
not ocenr may be due to the geotextile being unrestrained in the unloaded
direction, unhindﬁrcd fibre realignment oceurs and there is not the same

degree of *futtening™ of the geotextile as ocetrs in biax’slly loaded tests.

[t only the FOS are considered, the 365x187 N/m load gave the smadlest value
- and it would appear as {1 unequal toadipg produced the stnllest opening sizes
[or this noawoven gcutcxtilc.'Whun we tlso consider the totol mass of beads
that passed through the geatextile i ewt be seen that the load of 206052060
N/ allowed fewer beads to pass theeugh (88,1 g1 than any nti.u_:_r test in either
the equally or unequally loaded section, Coupled with the vesults from the
other two unequally loaded tests, unequal biaxial in-plane Toading did not
appear (o have a nore deteimental effect on the opening sizes than eyual

loading,

573 Method 2 '

As with the woven geotextile, the nwap-1 peotextile was subjected to a test
where the beuds were not all added at oney af the start of the west. Using the
sattte bead distribution and breakdown, the finest beads were wdded first and
subjected to o hindred eyeles, The nest largest sized beads were then judded
ated also subjected to a hundred eveles, This procedure was continued until all

of the {Tve ditferent sized beads luwd been added, The test then continued lora
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the nwnp-1 geotextile lor the ubequally loaded tests

From figute 5.6, we can caleulute the Ons of the geotextile, The results and

their coefieients ol variation are given in table 8,11,

Table 5,11 Caleulated values'of the Q. and coefficient of vavigtion for the

unequally tensioned non woven needle punched geotextile,

Biaxial Ous (eem) | Coefficlent of

Load {(N/m) variation (%5)
Zero ' 157 1 7.6
363x0 46 1.3
365x187 137 3.4
65x3 | 18w 44

- Discussion of the results for the unequally londed wwup-1 geotextile

Thete ts no clear trend of de “easing FOS with applied load for the nwap-1

| geotextile, The foad o 3653344 N/m actualty has a targer FOS than the
antensioned test, This increose is very slight though i if we look at figue
3.6, the plots of these tvo vesults are vivtually identfcal, This load thus seems
to have virteally no effect on the FOS. This is surprising since 1L has the
largest of the unequal loads, but it does also hove the lavgest coelficlent of
vatation of all the tensioned nwap-# tests, The smallest FOS and total mass of
beads passing through being wt a load combination of 187x365 N, The value
of 137 ;am was even lower than for the test i which 365 5w opplicd in

the warp direction and zero load in the well direetion which resulted in straing
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Table 5,10 Summary of resubls for the unegually tensioned nwop-1 peotestile.

Biaxial Strain (74) 180 prm 106 1 Tutal mass
Load (N/m) sieve (i) fsieve(m ) ()

Zero 79 olh3 1562
365x() 65&-35 |27 30,3 14,3
365%187 LS& 30 |08 1.5 103.9
365x544 2d&3l |97 (6.9 161.1

Graphical interpretation of the results ~ enleulating the O
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the 81Ix811 NAn test and the [inal st of 2000x2060 N/m, These decreases
were ot eeflected in the FOS values, The reason for this is that the caleulation
of FOS was dependant on the lareest sized beads thut pass through the
geotextile: here, the beads that were retained on the 150-micron sieve, The
probiem with tlie calculation of the values for Hgure 5.5 14 that when
considcfing the percentage (iner amouint for the 150-micron steve. the
caleulation f5 based on the total mass of beads. As the mass retained on the
150-micron sieve ¢ creased the total mass of beads also decreased, so similor
values for the FOS can result even if there was a fairly significant decrease in
the total masy of beads, The reliance of the caleulation of KOS on the largest
beads can be itlustrated as follows. The FOS for the 811x811 N/m test (145
pm) i3 larger than tha of the S44xS44 N/ test (141 um) despite the thet that
fewer beads passed through the peotexule during testing, This result is due to
the fact that slightly more of the 150 um sized beads passed through (2.4 g us

opposed to 1.1 g),

Tt ean be seen then that the method of caleulnting the FOS does ot always
give a true reflection of what is actually happening, -

§.7.2 Unequally tensioned nwip~1 geotextile

The details of the three unequally loaded tests are presented in tables 5,10 and

5.1 and figure 5.6 below,
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Table 5.9 Caleulated values of the ' and coefficient of variation {or the

equally tensioned non woven needle punched geotestile.

™ xial l (s (1) Coetlicient of
Load (N/m) ) varjation (Y9) |
| Zero 157 7.6 |
w7xlg7 ] 0.4
365x365 s 2.1
SdxSd _ 2.6
alisBll | M | 37
06052060 | 143 20

Discusston of equally tensioned nwnp-1 tests

IFwe look at the FOS vesults, it is apparent that the decrense was not as large
for this type of geotextile as it was for the woven geotextile, The untensioned
geotextile had a FOS of 157 am and this decreased to o minimum of {41 pm

for the Sddx3d4 N/m lowds, This was o reduction of approximately 9%, The

variation ol FOS with appliad lond ean be seen to be very wreatie, with most of'

the decreuse having already oecurred under the application of the smallest load
(1R7x187 N/m),

When the total masses ol beads are compared, a different pivture appenrs (o

thit of the FOS, Theve was an initial dectense (o' 21 g) from the untensioned

test 1o the smallest load (IR7X187 Nam, The next three tests gave very similar

results buy then there was a deerease of 11,3 grams between the 544x544 N/m

test and the §11IsR11 N st There was o turther decrease o' 26,3 g botween



Graphieal interpretition of the results - calenlating the Oy
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Figurs 5,5 Partiele Size analysis curves for the beads that have passed through
the equally tensioned mwnp-1 geotextile
From fgure 8.5, we can eafeufate the Oy, tor the geatextite, The results and

their coefTicients ol variation are given in table 3.9,
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'Table 5,8 Summary of results for the equally tensioned nwnp-1 geotextile.

3 Biaxial Strain 150 um 6 et | Total masy
_'_.": Load (N/m) {"4) sinve () | sieveig) (g}
Zera AN 60,3 - 1862
A 1R75187 2 L5 374 125.2
365x365 | 24 | 53 a2 | 1266
] 5445 14 2.2 Li ns | o187
8lisgll | 3 34 | a2 144
] weon2060 | 33 | 15 | 264 88,1

| Nuote: For a needle punehed peotextile, there is no disccmuh e wsirp aed wefl
': direetion and so o mean of the steain in two divections is culeuloted.
)




2.3 Mass of beads that have passed through the geotextile
and are retained on the 75 misron sieve

Biaxlal ~ 8pecimen Number B
Load N/m No.1 No,2 No.3 No.4 [Mean
Untensloned] 68.8 [ 701 60.8 | 885 69.3
187X187 | 80.8 73.7 76.8 1o
365365 | 63.7 70.6 66.7 67.8 | 572
544X544 | 76.4 81,5 83.8 | 796 | 803
811X811 | 487 | 625 | 665 | 64 B0.2
2080X2080| 41.8 780 | a7.3 58.1 54
365X0 83.8 80.4 81 74.7 82.5
866x187 | 744 | 732 | 618 | 702 | 899
385X544 | 77.4 72 | 742 | 684 73.1

2.4 Mass of beads that have passed through the geotextile
and are retained on the pan

Blaxial Specimen Number
Load N/'m | No.i No2 | No3 | No.4 |Mean
Untensloned| 20.8 17.2 |' 188 17.1 18.3

187X187 13.2 12,1 11.4 12,2

366X365 | 13.2 13 117 | 134 | 128
544X544 | 124 [ 114 | 112 | 114 | 115

811X811 | 184 19.2 18 17.8 18.4

2060X2060! 9.9 11.8 0.7 12.5 11

385X0 5.5 4.8 4.5 4.3 48

366X187 16.8 16.4 16.4 16.1 16.4

386X544 | 17.4 | 14.4 149 | 137 15,1




2 The Nonwoven Needle Punchad (No. 1} Geotextile

2.1 Mass of beads that have passed through the geotextile
and are retalned on the 150 micron sleve

Blaxial Specimen Number

l.oad N/im No.1 No.2 | No.3 No. 4 |Mean
Untensioned] 37 | 8.4 55 | 13.8 7.9
187X187 | 1.2 1.9 1.4 1.5
365X385 | 2 3.7 | a4 12.2 5.3
544X544 | 0.5 1.4 1.5 1.1 1,1

g11x811 | 04 15 | 28 4.8 2.4
2060X2080| 0.8 2.4 1.8 1.2 1.8
365X0 14 | 17 | 44 3.4 2.7
385X187 | 0.2 1 0.3 0.5 0.5
385X544 | 88 | 110 |- 94 8.6 0.7

2.2 - Mass of beads that have passed through the geotextlie
and are retained on the 116 micron siave

Blaxiél Spesimen Number _
LoadN'/m | No.1 | No2 No.3 No. 4 Mean
Untensionad| 46.3 85 70.7 50.3 60.3

187X187 | 41 369 | 35.3 37.4
365X368 | 276 | 418 | 341 | 618 | /4 |
544X544 | 185 | 408 | 288 | 437 3

811X811 13.8 32 . ;. 493 38.5 33.3

2080X20680| 13.3 | 42.8 17.8 13.1 28,4
386X0 | 34.5 469 | 821 57.5 | 50.25

385X187 23 235 | 108 16.8 18,5

365X544 76,8 74 608 55.7 68.9




1.9 Total mass of heads that have passed through the geotextile

Biaxial ~ Specimen Number
Load N/im No.1 No,2 No.3 Na. 4 Mean
Untensione | 314.9 3123 3176 | 3287 317.6

187x187 | 287.4 | 2068 | 2928 | 302.8 | 284.0
365x386 | 291.6 | 2731 | 2855 | 288.5 | 284.7
544x544 | 288 | 2865 | 256.6 _ 277
811x811 | 268 | 283.7 | 261.3 | 282 | 2725
2080x20601 2522 | 2586 | 2561 | 255 | 2552
366x0 | 2038 | 311.2 | 287.8 | 3026 | 2089
386x187_| 2767 | 2715 | 245.1 | 2565 | 262.5
365x544 | 2768 | 272 | 2595 | 2774 | 2714

1.10 Method 2 (load of 544544 N/m)

Sieve Sizes| - Specimen Number

{Microns) No.t | No.2 No.3 No. 4 Mean
600 5.8 7 8.3 4,2 58
426 491 | 43.1 41 31.3 | 411
300 56.9 58.8 56.7 55,6 55.8
212 38.5 _3@.4 368.4 33.5 38.2

150 423 | 418 | 482 | 423 | 425
108 43,1 41.1 433 | 304 | 417
75 39.7 403 | 393 | 417 | 403
Pan 5.7 7.4 7 8.8 8.6

Total_ 279.9 | 2763 | 272.2 | 2898 | 271.8




1.7 Mass of beads that have passed through the gsotexiile
and are retained on the 75 micron sieve

Biaxial Specimen Number
Load Nfim | Na.1 No.2 No.3 No. 4 [Mean
Untensione | 15.7 28 252 27.4 21.5

187x187 | 265 | 262 | 281 28.2 27.3
366x385 | 28.9 25.7 25.9 26 26.8
B44xb44 | 24.9 28.7 25 25.2
811x811 | 252 | 273 | 268 | 253 25.9
2080x2060! 334 | 321 31 338 | 826
365%0 | 388 38 385 | 87 37.5
365x187 | 30.3 304 | '30.3 { 29.8 30.2
3gbxe44 | 81 | 306 | 208 | 818 | 407

18 - Mass of beads that have passed through the geotextlle
and are retained on the pan '

Biaxial Spegirman Number

Load Nim | Ne.1 No.2 | No.3 | No.4 | Mean
Untensiona{ 53 7.5 7.2 77 | 69
187x187 7 ] 88 7.7 7.5 8.1
a65x385 | 47 | 6.3 8.1 5,1 5.6
54dxBad | 102 | 89 | -84 1 9.5
811x311 96 | 104 | 95 10,2 99
20602080 | 7.9 6.7 7 8.5 7
385x%0 5.3 52 | 44 4.5 4.9
365x187 B.4 5,2 81 | 52 5.7
386544 | 5.8 8 | 8.1 8.7 5.0



1.6 Mass of beads that have passed through the geotertile
and are retained on the 180 micron sieve

Biaxial . ' Specimen Number
Load N/m No.1 No.2 No.3 No.4 iMean
Untensione | 62.3 46.6 45.6 46,7 50.3

187x187 | 50.9 44 " 45 45 48.2
365x365 | 43 43,4 44.5 457 44.4
644x544 | 485 445 | 411 44

811x811 43 | 461 43.2 50.3 45,7

2060x2060 | 436 | 437 43.1 43.5 434

3656x0 435 | 438 44 34.1 41.4
385x187 48.8 47,1 A7.3 48.5 47
366x544 45.5 44.4 44.2 458 | 45

1.8 Mass of beads that have passed thraugh the geotextils
~and are retained on the 108 micron sieve

Blaxial Specimen Number
Load Nim [ No.1 No.2 No.3 | No.4 [Mean
Untenslone | §2.8 40.3 40.7 40.2 43.5
187x187 29.4 38,2 38.8 39.9 30.1

365%365 | 39.1 392 | 298 | 405 | 397
BA4x544 | 374 | 378 | 355 36.9
811811 | 87.9 | 886 | 392 | 392 | 387
2080x2080 | 375 | 89.1 306 | 383 | 38.7
366x0 | 32.1 343 | 33.2 37 34.9

366x187 38.8 38.5 38.3 38.9 38.8

365x544 | 401 39 39 443 39,9




1.3 Mass of beads that have passed through the geotextile
and are retained on the 300 micron sigve

Bietxial ~ Specimen Nutrber _
L Load N/m | No.1 No.2 | Na.3 | No.4 |[Mean
fUntansions | 634 | 533 55 56.9 54.8
18%% |87 543 54.8 54.7 54.1 54,5
365365 51.4 50.4 49.7 48 50.5
544v644 | &2 | 617 | 47.8 50.5.
811x811 43 53.9 47.7 50.7 52.8 _
2060x2060 58 55.4 §4.1 54.4 54.7
366%0 57.4 58.3 57.1 58.6 57.8
365%187 54.5 54.6 52.8 54.3 54,1
365x544 | 54.7 54.8 52.9 53.2 §3,9

1.4 Mass of beads that have passed through the geotextile
and are retained on the 212 micron sleve

Biaxial Specimen Number
Load N/m | Noi Na.2 No.3 | No.4 |Mean
Untensione | 286 48.9 47.5 46.9 :
187x187 | 42.3 49.3 49.7 48.8 47.5
3B5x385 | 48,2 50.4 | .49.7 47.9 49,1
544x544 45 49.2 43.7 46
811x811 | 484 48,2 49.9 44.3 47.7
2080x2080 | 467 | 7.3 | 477 | 469 | 47.2
365x%0 50.1 497 | 497 49.8 49.8
365x187 | 468.5 46.3 44.6 474 | 46.2
365x544 | 48.2 48 44.6 48 46.2




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)

Blaxial Specimen Number -
' Load Nim.{ No.1 | No.2 No.3 | No, 4 Mean
Untensione | 34.8 28.4 34,8 39.8 34.3

187x187 1.8 18.3 13,3 20 15.3

365x366 | 9.8 | 6.8 9.7 11.7 9.5

BAAXGA4 14 11.8 8.6 11,4
811x811 5.8 10.1 3.9 8.2 7.3
2080x2060{ 2.8 35 | ‘1.8 2,6 2.7

350 | 14 248 | 15 19 3 18,3
385x187 | 18.2 10 6.3 7.1 10.4

386x544 | 14 | 12.8 10.8 10.7 12

1.2 Mass of baads that have passed through the geoctextils
and are refained on the 425 micron sieve

Blaxlal Specimen Numbher
Load N/m | No,1 Ng,2 No.3 | No, 4 Meap
Untensione | 82 61.1 60.4 | 60.2 81
187x187 | 83,7 57.8 | '54.8 58.5 56,2
365x365 | 62.8 50.1 59.5 817 | 5B.5

544x544 87 BB | 445 52,5

811x811 | 435 | 494 | 400 | 628 | 466

2060x2060 | 23.7 28.2 23.5 27.6 26

365x0 52.5 57.2 45.5 543 | 524

365x%187 36 37.4 215 18,6 20,9

365x544 38.5 36.7 32.3 43.3 38




There are many applications in which a peotextile may be subjected (o in-
plane tensile loads. ¢g. witen used as a reinforeing layer beneath a fill. or even

when used to line an excavation drainage trench that may subsequently

‘undergo settlement as a resuit of overlying fill construction. If the particle

retention and flowrate characteristics of the geotextile in these applications are
important, it is suggested that cognisance be taken of the reduction in opening
size that may occur. Tests at higher tensile loads os weil as on a range of

different geotextile types should siill be performed.
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smaller than those for the woven geotestile, This was probably due to the
greater consistency in the pore opening sizes that result lrom the needle
punching process, For the unequally tensioned tests. there wa stifl a decrease
in the FOS, This type of loading didn't appear to have a more detrimental
effect on the opening sizes than equal loading. ‘The through-flow capacity for
this geotextile increased slightly when the geotextile was tensioned, The
increase was less than 10%, and can be attributed to human error in timing

such small time intervals.

Two tests were carried out on the thicker nanwoven geotextile and the results
showed a smaller FOS results fiom a thicker geotextile, For bath of the |
nonwoven geotextiles a test where the bead size designations were added one
at a time was performed. In both cases a larger muss of beads passed through
than with the original test, This was due to the [act that the larger beads have
less opportunity to bloek pores that might permit the passage of the smaller
beads, It lustrated (he faet that the FOS obtoined was a function of the

procedure, '

A study was also madz on the effect of in-plane tensile loads on the
permeability of gcutextilés. A large diameter, constunt head, permeameter was
used. The design was such that a pretensioned geotexiile was tested in direct
contact with a fine grained soif, Four tests were performed on each of'the two
geotextikes tested, Not only ware o number of problems encountered during
testing, but the test did not show a decrease in flowrate through the geotextile

“between the tensioned and untensioned specimens, The length of time of these
tasts and the lack ol any real trends appeariig, resulted in the tests being

stopped.
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is a refatively lai‘gc reduction, it would probably not prevent the geotextile of
performing adequately i we take into account the factors of satety used int

desipn, :

The effect of the initial glass bead mixture on the resultant FOS was also
tested, The beads were added, one designation at a time. at regular intervais
during the test as opposcd to adding a mixture of beads at the start of the test,
Theie 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 occutred between different cylinders during testing and it

can thus be ignored,

The same series of tests were also performed on 2 nonwoven needle punched
geotextile, A secand nonwaven geotextile; made using the same |
manufacturing process but being slightly thicker, was also used for two tests,
There was a much smaller reduction in the FOS for the nonwoven geotextiie
for both the equally tensicned and unequally tensioned tests, For a load equal
to 10% of multidirectional lens'ile-strength. there was a maximum reduction of
9% in the FOS with most of the reduetion occurring at very low tensile loads,
'This was atteibuted to the low tensile modulus of the geotextile which resulted
in relntively lurge strains oceurring ot low tensile foads, The decrease in the
total muss of beads passing tlllmugh the test specimens was not always
reflected in the FOS, In one case, o smatler total mass of beads resulted in a
larger FOS, This is becanse the caleulation of FOS s very dependant on the

mass of the larger beads passing through the geotestile.
The values for the standard deviation of the nonwoven geotextile were much
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CHAPTER 6

CONCLUSION

| Two types of tests were carried out on a woven slit-film polypropylene
geotextile and a nonwoven needle punched continous filament polyester
geotextile. In both cases. the geotextiles were first tensioned in a speciaily
constructed loading frame. The frame was able to tension a sample of 1.6x1.6
m either equally in all directions or unequally in two directions, The effects on

the permeability and the Rltration opening sizes (OQy;) were monitored.

Hydrodynamic sieving tests with glass beads were used to investigate the
cffect on the largest epparent 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-tilm geotextile showed a marked reduction
in the filtration opening size (IFOS). A load ol 8% of the minimum tensile
strength of the geotextile cavsed a reduction of 28% in the FOS, Tests in

* which unequal loads were applied in the two orthogonal in-plane directions
showed similar results to the equatly loaded specimens, A test on the through-
flow capacity ol the geotextite way also carvied out, The flowrate througl the
specimen was measured for an untensioned test and compared with that of a
specimen with a load of approximately 8% of the minimum tensile strength, A

43% reduction in the flowrate for the tensioned specimen resulted. While this
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prablem, Ifwe refet to A.ppendix A sections 1.8 and 2.4, it can be seen that in
some cases, up to 25% of the heads that were initially sized as 75 to 106 wm.
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 part, - The
heads that were used during the tests were always recyeled, This was not only
an attempt at saving time but also to try and improve the grading ot the beads,
'The beads that were sioved through to the pan were always discarded, Despite

this precaution, this problem continued throughout the testing.
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3 The Nonwoven Needle Punchad {No. 2) Geotextile

3.4 Mass of beaus retalned on the 106 micron sleve
st o Speoirﬁen Number
Number No.1 No.2 No.3 No.4 |Mean
INo.1_ 13 1 12 1.2 0.9 | 12
iNo.2 13 | 13 | 2 1,4 1,5
3.2 Mase of beads retained ori the 75 micron sieve
'Tast' _ Specimen Number :
Number - | Noi No.2 | No.3 No.4 |[Mean
iNo.1 31.8 | 306 | 202 | 324 | 288
INee 1 83y | 838 | s94 | s28 66
3.3 Mass of Beads retained on the pan
Test Spesimen Number
Number No.1 No.2 |’ No.? No, 4 |Mean
INo.4 9.6 9.5 9.1 1068 | 07
INo.2 4.3 4,9 5,4 5.5 5.1
34 Tatal mass of heads retained
.Test . ~.Speciman Numbsr :
Number No.1 No.2 No.3 No.4 [Mean
iNo.1 1 431 | 416 30.6 444 | 399
HNO.Z_ 69.6 70.7 77.4 B8.9 71.9




2.5 Total mass of beads that have passed through the geotextile

Biaxial Specimen Number
Load N/m No.i | Ne.2 |. No.3 No. 4 |Mean

Untensioned| 1397 | 181.2 ] 173.3 | 150.7 | 156.2
1B7X187 | 128 123.6 | 124.9 125.2_
365X365 | 1067 | 1294 | 1156 | 155.1 | 126.6
544X544 | 108.3 | 1351 | 1220 | 1965 | 1257
811X811 | 81,2 | 1164 | 1358 | 126.3 | 1144
2060X2060 ) 64.8 1359 | 66.4 85.4 88,1

365X0 | 1363 | 1514 | 1345 | 1404 | 140.3

385X187 | 108.4 114.1 89.3 103.8 103,98
385X544 | 170.7 172 165.2 146.4 161.1

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 9.8 4,9 11.5 10.9
108 77.1 722 | 74.8 81.2 76.3
75 82,6 806 | 77.8 76.3 | 79.3
Pan 10.5 11,9 1.2 | 97 10.8

Totel | 188 | 1747 | 1887 | 1788 | 177.8
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