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ABSETRACT
. FILTRATION. PROPERTINS OF GEOTEXTILES -

- In the past years, manv models and laboratory technlques
- and apparatus have been develooed to examlne the flltratlon
pr0pert1es of the geotextlles To select: the prOper geotextlle
Wthh w1ll be used in drawnage and flltratlon the 1ndlcat1ve |
"nore 31ze of the geotextlle and granulometrlc curve of . the
soil must be determined at the beglnlng A -
; The obgectlve of thls thesls is to constructv‘the'
(Saturated Sllty 8011 + Geotextlle + Wet Gravel Fllter)system
“and,‘to determlnerthe coefflclent-of permeablllty _of thls
'svstem These tests ‘are nerformed to determlne when' the
- clogging happens For this reason,two types of s11ty s01l and
:four types of nonwoven geotextlles have ‘been used Callfornla
Bearlnp Ratio (CBR) test molds have been used as test apparatus.Af
Into the 1ower oart of the mold,gravel fllter‘has been placed |
‘and geotextlle has been olaced between the upper and lower
:part of the mold and saturated 311ty s011 ‘has - been fllled 1nto
the uoper part of the mold The coefflclent of permeablllty of
thls system has been determlned and~Number of Test‘ versus
’systemvpermeability'curves have been drawn. ‘ ) o

The test results have shown that the coeff1c1ent of
‘Dermeabllltv of the system remains approx1mately constant after}

a deflnlte tlme.
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GEOTPEKSTILLERIN FILTRASYON 5%ELLIKLERI

: ;eleS.jlllarda,geotekstlllerln flltrasyon ve drenaj
,1blef1nde davranlslarlna 111%K1n blrgok modeller laboratuar
teknlk ve aletlerl ge11§tlr11m1$t1r Flltrasyon ve drenag 1§1er1nde
kullanllacak uyaun blr geotekstll eeglmlnln yap11ab11meq1 191n‘
,Feotekqtllln ‘delik da é»llm-eﬂr1%1 ile Zemlnln'aane daglllm
egrisi ve permeoblllte31 oncellkle bellrlenmelldlr.‘

Bu te21n konusu (Slltll zemln + Geotekbtll + Islak Qakll
iFlltre) clsteml olthurularak bu sistemin creglrgenllk katsayl—
,°1n1n bulunma81 ve tlkanmanln olu§ma51n1n bellrlenme51d1r Bu
ama01a'1k1 deglblk siltli zemin ve dort deg1$1k tlp Sreiisiiz
geotekstil kullanllmlptlr Bu 31stem Callfornla Bearlng Ratio
(CFR) Test kallblnln kullanllma31 11e kurulmugtur Kallbln alt
par9331na Cakll 1k1 kallbln ara81na geotekstll ve- kallbln uqt
parga%1nada %uva doygun %71tll 7em1n koyularakr31%tem1n Feglr-  
genligi bellrlenm1$t1r leanmanln oluSma81n1 gormek 1@1n deney f
sayisina kar$1 geglrﬂenllk egrllerl Qllemlstlr._ .

Deney sonuqlarl goetermlqtlr kl')zamanla geotekétildéki_:

t1kanma vaklagik olarak sabit kalir.
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S v=,Hydraullc gradlent

k = Coeff1c1ent of permeabllltv.

kfébric =-Coef11c1ent of permeablllty of fabrlc.v

k3011 .= Coefxlclent of permeablllty of 3011
:k20 - = Coefficient of permeablllty at 20 c.

kf ) ‘= Coefficient of permeabllltv at test temperature T. .
L = Length of sample. | |

P = Fabrlc Modulus.
ené ' = Effective: por031ty. |

>QméX» =_Max1mum opening size of pipe draln. |
i L= The_average surface contact preesure~frem-wheel'load.
PBQ.fabriC, 50% pore size of Iilterzfabric.

Pgslfabrice 85% pore size of filter fabric.
95 faorlc 95” pore. SiZe of filter fabric.
= Rate of fiow.

"R - =:Rad1us the radlus of the 01reu1ar deflected shape.
T - = Inside radlus of casing,the radius of hole.
-8 = Slot width. |
S =,Shearing resistance.
) - Total time.
T, = Time factor for given pefcent'eonselidetieng,'
t = Elapsed time. .
_ tf" =;ﬁabric tension.
Vd. = Dlscnarge velocity..
' Vg = Seepage ve1001ty.-
'w = Estlmatec rut width, ‘
| The thickness of the aggregate 1ayer.>

ES
i
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’Percent;straih,inﬁfabrié,)’
‘Therdifferential ndrmalfstressfacroés;thé“fabric;

- The permissible normal,stress;onfthe‘fabric surface.

Act@él'ﬁertical stress..
Permissible stress on the subgréde.
The viscosity of test water.

The viSCQsity~of‘water:at 20%c.



_ CHAPTER 1
INTRODUCTION

Geotektile has proven effective in a.variety 6f subsurﬁaée

| draiﬁage systems.Geotextiles are ideal filters’whén comparédyto
conventional filters because permeability Characterisfics of

- geotextile readily allow the passage of water and very fine soils
while restraining larger so0il particles.Geotéxtile improves the
sepération of sub,grade soil énd drainage aggregate,preVehts
contaminatioﬁ,controls piping and minimizes the collapse of

draih walls. - | |

Thefe ére threé basic elements of filter criteria for
dfainage fabrics:

1. Retention Ability

2. Permeability

3. Clogging Resistance.

The clogging is the most serious problem in fabric filter
system.There is a relationship between the particle size of the
soil and thé pore size of the geotextile,thus the cloggiﬁg may
be prevented using proper type of ceotextile.

The purpose of this study is to show the relationship
between the particle size of the soil and poré size ‘of the.

geotextile and when the clogging phenomena ocgurs,



In‘Chapter 2,genera1 informatiohs‘about geotextiles,euch
as types of éeotextiles,functions of geotextiles,andvdeSign
procedure for theirbseparation and supvport function are outlined.
" In Chapter 3,the factors affecting permeability,the methods
of determining the coefficient of permeability,and different
coefficient of permeability'formulas are given., |
v | Chapter 4 includes basic requirements of f;lters and dralns,
piping and permeablllty criteria for fllters and SOme examples.
In Chapter 5,use of geotextlles as soil filters, general
reQuirements.for Optimal filter performance, advantages andv
\dlsadvantages of fabric fllters are dlscussed
Chapter 6 1ncludes the laboratory work done In this chapter
a description of test apparatus, the characterlstics of used
'soils andvgeotextiles and test procedure are presented.The
results'of the performed tests;are-also given as tables and
number of test versus system permeability curves are drawn.

Finally Chapter 7 covers the conclusions derived from

this study.



 CHAPTER 2 .

GEOTEXTILES

l.2 1- ENERAL INFORNATION ABOUT GEOTEXWILES

Geotextlles are synthetic, contemporary constructlon materlals
"w1de1y used in eeotechnlcal applicationsy} such as dralnage 3011

j relnforcement support and er051on control.-

There are three types of geotextlles these are noven non-
‘fwoven and knitted.In a woven geotextlle the flbers or fllaments
':are allgned in two dlrectlons nerpendlcular to each other But
~ina nonwoven the fllaments or flbers are entangled multl-_'_
_dlrectlonallj,for thls reason nonwoven geotextlles offer the same
>re51stance in- all dlrectlons. - . :

. The magor thermoplastlc famllles frOm whlch geotextlles are -
manufactured 1nclude the follow1ng- Polyoleflns ( polvethylene,
polyprOpylene)-; Polvesters ( polyethylene, terephallate ) s

‘;?olyaﬁide ( nlen ),and Dolyararnldes. (Thompson 1985) |

“ The prlme advantage that geotettlles have over steel and
other metals used for’ geotechnlcal appllcatlons is that
polymers do not corrode, However, when this is clalmed the_ .
: qualyfylng statement is often ommlted that polymers are

nevertheless,susceptlble to other forms of,attack.



Géotextiles resist mildew,rotting,énd insects mnormally
encountered in'subsoils.These fabrics'are>unaffected‘bv soil
chemicals,acids and alkalis over a pH range of 3 to 12,vand
vltra-violet stabilized sokgiving‘protection againist deteri-~
oration under exposure té ﬁatural ultra—Vioiet light.Geotextiles
wet or dry, have good tear éﬁd nuncture resistancé éﬁd will
nbt shrink,grbw or'unravei; | |

Wnen matched to site conditions will reliably perform
four ﬁain functions: ’ |
.'Separation'and Support.

.ADrainage and Filtraiion.

. Erosion Control,

. Soil Reinforcement..

This categorisation'can be confusing in that,in practice,
a’faﬁric may perforﬁ several fﬁnctiOns and itsAreal form of
éohtribntion to thé<solution of the'ﬁrohlem'js not always clear.
‘For example,in foad construction a geotextile may perforh'v
simultaneously the roles df,separafion,reinforcehent‘5 and

‘filtration.

2;2- GEOTEXTILESvFOR SEPARATION AND SUPPORT

The separation function of geotextile means that hardcore
and oversite fill is piaced once and stays put.Since geotextile
acts as an effective separator,hardcore is not punched into the

- ground ,but retains its original thickness.On areas of ~the site



subject to heavy trafficking probieﬁs are often éaused by |
the deveIOpment of deep ruts.(Gourc;Pérrier,and Riondy,1983j.
Geotextile improves the 1oad‘bearing'¢apacity of the 
subsoil by‘spreading the wheel«lbads and acts as a separatihg
medium‘between the sub-base méterials and and the subsoil.’
'Geétextile also nrevents the loss of aggregate down into the
subsoil and the upwarﬁ infress of mud and‘silf into the
road formation. | |
|  Phe pocrer the.load beérin; capécit? of thne subsoil the
sreater the {hickness Qf éggregaté needed'to_épfeéd‘the wheel.
load over a larger érea.mhe‘impfoved supporf‘éiven by the
Feotextile mat rpduceé fhe need for additional ‘aggréﬁate
thickness.,

Tt has heen known for some time that geotextiles .can
facilitate the construction of roéds there where poor subéoils,
'heavj_rainfalls threatened to_siow down fhe roadworks. |

This is especially true for temporary and access roads,’
which'are normally built to a minimum design and,remain‘ﬁhpaved.
Water will enter the pavement strﬁcfure and find its wav down
to the formation SOil.Uhdér dynamic wheel loading this can
cause so0il fines to pump into the sub-base so
weakening’the pa#ement{

| Due to the separation function of the geotextile ,‘the
aégfegate does not sink into the subsoil,retains its iﬁtegrity
and‘bearing capacity,and thus  extends the project’s 1life

expectancy substantially.




ConVerselv field experience has shown that the same design
Llfetlme can be achieved using a thinner layer of appregafe
shich results in substant1a1 cost savings.(McGown,1983),

Using geotextile reducesvoverstressing of the formatibﬁ
and therefore minimizes penmanéntkdeflection.Geotextiles are
us¢d as separator ana sunnort in fo]lowjng constructions:

. Roads hlghwavs,51te access roads farm roads forest tracks.

. Storage Vards narking lots.,

. Airport runways and taxiways.

.‘Pailroads. |

. Sports tracks and fields,

. Pipelines,tanks)leeves.

2.2.1 Design Procedure

*

1.The maximum wheel load and contact pressure anticipated

-on the surface of the haul road or area are determined,

211 désign calculations aré‘based'on 1dads,épplied. by
pneumatic: tires,either a single or dﬁal—tire set,Which, are.
assumed to‘exeft a uniform pressure 6ver a'sircular area. of
subgrade.The calculations are insensitivé enodgh to aveages
contact pressure that a auantity clehtlv less ‘than the air

nressure in the tire can be used as an estimate.
2.The maximum permissible stress on the subgrade is determined.

Initial or localized shear failure of the subgrade will
begin when the stress applied to the subgrade reaches  times

its shear stréngth.This assumes no confinement of the subgrade



soil.Geotextile provides significant soil confinemen# and allows
the aggreggte to distribute the 1load oﬁef'a'sohewhafAlarger area
thanviq'nredictpd by the Poussinéso Theory, |

Thus the permissible stress on the ‘subgrade Qhould 59

adgucted to allow for the effect of the fabric,

T.,.,. = c(ma ST : S e (2.1)
where,

‘(j-ﬁer = permissible stression the subgrade,
¢ = the shear strength of the so0il in psi.

A = coefficient for the soil confining effect of fabric.

Whe value for A can ‘be adgusteﬂ for dlffnrent acceptable  rut
denths.Inorea e the value of A if ruts are allowed to run deep, -

decrease A mus: be kent shallow.

3. The rut width and desired maximum rut depth are estimated

and from those the geometry of the rut is determined.

The rut width and deptﬁ at the surface of the subgrade
shduld be estimated and used to célculate'the deflecﬁed shape
of the fasric.Fortunately,the design calculations'fOrAaggregate
thickness are somewhat insénéjtive to rut width,sd‘an estimate
based on the track wiocth of tire-plgs the 1atéra1 movement of
the tire .will suffice.Also since nearly allkrutting at the

surface of avwell compacted aggregate mirrorsvthat occuring




in the subgrade,the subgrade rut depth can be estimated as equal
to thevsurface rut denth. N | |

- llsine these estimates for rut width and depth and assuming
A circular arc for thn shape of the ~subgrade rut,the ~eome*ry

of the rut c=n ne E“flmﬁtEJ:

o ow? 5 o :
}? s -+ d . - . . ‘ . 0-(2. 2) v
504 16
g = 2 tgn-l —E-E. V = -a¢(2-3)
' oW '

where,
| R = the nqich]ated radius in inches.
d = the estimated rut denth in incheé.
W = . the estimated rut widtﬁ in inches,

the celculated arc expressed in derrees,

@
1

4.Jring. the assumed rut gmeometry, the vercent strain in

the fabric is calculated.

By substituting the rut angle and’radius into the following‘

equation, the percent strain in the fabric can be calculated.

Percent Strain in Fabric,®, = - 21 100 ...(2.4)




~ 5.The tension in the fabric is determined by multiplying

 the percent strain by the fabric modulus.

Cote=eEe (2.5)
where,
t. = fabric tension in pounds pef inch,

‘M, = fabric modulus.

(a1)]
]

£ percent strain in fabric.

6.The differential normal stress carried by the fabric due
to the uplifting effect of the fabric under tension is

determined.

7. The‘differential normal stress between fhe_top side of the
fab£i¢ and the'fabric/subgrade intefface summed for the loaded
érea of the fabric répresents that pqrtibn of tﬁe apnplied 1Qad
carried by the fabric.The differéntiél normal stress can be
determined from the foilowing relationship:b : '

Tty . . . ;
AT, . = | | A .,;(2.6)

Z =1

where,

AT = the differential normal stress across the fabric
—Vz-f R . 4 :

in psi.
tf = the tension in the fabric in pounds per inéhl
the radius of the circular deflected shape in inches.

-
1
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7.The permissible vertical stress on top ofkthe fabric is
determined by summing the differential normal_streés due

to the uplift byvthe~fabric under_tensibn and the maximum

vertical stress on the subgrade.
The permissible normal stress on the surface of the fabric

is the sum of the_permissiblé stress on the subgrade and the

differential»stress across the fabric,which,can be expressed as:
T._ =40 .+ alme | . (2.7)

Z=1

= the permissible normal stress on the fabric surface.

P
29
- o
— 1
O
1l |

the nermissible stress on the subgrade,.

AT ,_¢ = the differential stress across the fahric,

9,The agerepgate thickness reguiredi for the imposed wheel
£ g .

1oad is determined using the Roussinesc Theory,

Ed
r

T 71 \P”?
g,=r | 1-[—= ..(2.8)
a .
Y+|—
where, L ‘ /
p = thevaverage surface contact pressure from wheel load in psi
7 = the thickness of the aggrégate layer in inches.
a = the radius of the loaded azrea determined frbm

the following equation:
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FIG 2.1 HEAVY WHEEL LOADS COMPRESS RBRASE COURSE INTO SURSOIL

C) ‘
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FIG. 2.2 GROTEXTILE SEPARATES AND SUPPORTS

1. Compacted Aggregate’
2, Geotextile ‘

3, Subsoil
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2 -3f GEOTEXTILES ¥OR DRAINAGE AND FILTRATION

Geotextlle has nproven Pffectlve in a variety of‘oubsurface
drainage svstems It is belnn uqed wmrld-w1de in French, blanket
‘foundatlon and toe drains for highways, alrfleld ,rallroadq mines,
dams, 1eeves ,parking lots,buildings, and %torage yards.

Geotextwles are Jdeal filters when c0mparpd to conventJonal
‘fllter% because permeability characteristics of peotextlle
‘read;lvkallow the »jassage of water and very fine SQllS while
‘restréining larger'soil)partic]es.GeotextiiévimnroVés - the
‘separation of sub-frade soil and drainage apgregate,prévents
‘conﬁamination,controls piping and mihimizesAfhé bollaﬁée of -
srain walls.It has a more cénéistent.ﬁniformity and is more
‘permeable than graded filters asgrepates ,whichkoften,vary
from guarry to auarryv.Geotextile js’also more economical than
cdnventional filters because it elihinafes the néedvfor_costly
saﬁds,hell graded aggrepétes,end per?ofated pine in certain
situations.It permits faster and simpler construction methods
'byieliminatihg the need for slant wall ditches and shoring.-
Geotextile is more readily available and'more\éuitable to»a
Widerlrangé'of scil conditions than’conventional filters.

Fabrié filters eliminate the need for aégregate filteré.
"Roth single~component and multiple—component_aggrégaté filters
can be replaced by a single fabrjc.filtervlayer.Thé fiber

structure of fabric Tilters provides the same particle retention
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Gradeﬁ agrgrepate %vsters (usual]v multllavred) -are used
with. TJmlted success beneath armor as both energy dis sipators
and‘fllters.buch apPrepptes are penerally difficult to source

and install,resulting in relatively high in-place costs.Fven

S

when properly_installed,praded ageregates are sus ceptlble to
erosive forces.As the ability of both the,armored‘qutem and
the protected struecture zre entangered by‘the loss. bf any
éngrepafe ]ayer.

Frosioh control fabrics aré reliable anc economical
alternative to agpregafe systems.Fabrics act as energv dissi-
pators bvrshielding the slope from the erosive forces of
moving Qater.?ﬁrthermore,ns filters,the fabriecs allow adequate
rroundwater seepage to pass from the brotecfed.slones while
refainina,underlving seil narticles;?wbrics will hbt'wash out
beneath the armor)thus,they form reliable filtration wnd

energy cissipation systems.

2 4,1 De51gn Lon iderations

-quflclent fabric strength is reau1rei to resist. d?mage
ﬂuring armor installation Ana subsequent service llfe. In
cdnltnon where the aopllcatlon mdnnafea that the fabrics act
as a filter,s selection of appronrlate fahrlcs should be based

on established filter criteria.

1.Fabric Streneth Reaguirements
Installation stresses imposed on the fabric vary
significantly with armor size,angularity,and nlacement

procedures.An erbsion control fabric may be subjectéd' to
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ignificant stresses and abrasive forces during it§ éérvice life.
evere storms often cause armor rocking 6n coastal aﬁdv large
nland lake protection systems.Armor ﬁovement is SVnd£Ymous
ith highrfabric stresses andvabrasive forces.Sévéré éBrasive
orces can also develop in'écour proteCtion applicatibns ‘dué

o the movements of suspended or bottom-roiling particles.
2.Fabric Filtration Requirements

~YWhere application mandates filtration by thé;éfmored_
rdtectidn system,selection of tﬁe fabric should be based on'
ts adherence to established filter criteria as Wéil as stréngth~
equirements. These are three basic elements of filter criteria

or fabrics:

.Retention Ability (Piping Resistance),.

EOS

“~ fabric o , :
‘ <: 2 or 3 | ... (2.11)
Pas 5011 ’ E
here,
= i ing Size 0f fabri
Eosfabric Fqu;valent Openlngv 1?§ abric
= 85%. 5i tected soil,
D85 soil £5%. size of protected soi
.Permeability.
. ‘ . o e 2.12)
kfabrié;a lOksoﬂ (
here, ‘ o
= icient rmeability of fabric.
»_kfabric coefflglenr of perme _ |
kK oi1 = coefficient of permeability of protected soil.
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.Clogging Resistance.

.GR\<3 o ’ | - e (2.13)

where,

GR = Gradient Ratio.

3.Nther Design Considerations

In addition tobstrength requirements and filter criteria,
other factors influence the performance of armored erosion

nrotection svstems:

.Redding katerials

Properly Sized and pléced bédding materials e.g.,crushed
stone;éandkor locally available gravel will sienificantly
feduce‘botn installation and in-service fabric stresnes.Beﬁding
ﬁatefiél is an‘integral part of the armored system’s hydraulic
functibning.Without bedding,large armor can cause the fabric
to bridge over gullies and depressiohs'on4the_slope.Water can
fhen flow hehind the fabric,pqséiblv causing erosion. The
uniform nressure exerted by a bedﬁinp material,relative to
the armor,nrovides a better fabricésoil interface conformity,
thus réducing potehtial erosion or uplift bressurés caused
by trapped pockets of'water.Relatively small-éized,armor will
exert a more. uniform pressure on the fabric and,thusvprovide
Hbod fabric éoil conformitv:pnedding materials mayv not be

required for such applications.



18

'Whenfbedding material is used,if should_bé siéed to resiét
the erosive fOrces remaining after watef paséé;_through the
_armor.If improperly aized, the bedding materialkmay waéhfoUt
from beneath armor anu subject thp fabrlc to qipnificantlv

greater stresses.A 103% of bedulnp muterlal can also reduce

the ootentlal fqr{poou fabric-soil‘conformity.
. Fabric Toe-ins .

abricq qhould be qerurelv tbed—in at the too of the

\qTOne Slmllarly,the fabrlcq should be gecure]v toed -in Or
foe wranned at the slope boftom Proper toe-ins w111 significantly

eﬂuce the notentlal for water flowing freely between the .
fabrie and protected soil s‘ope thus reducing the potential
for erosion.The top toe~in should be placed at an elevation
ébove which the‘aynamic-water forceé from the deéigﬁ wave
(current) and high water levellwill be COmparelv diminished.
The bottOm toe-ln (toe wrao) should be placed below -the
elevation at which the cesign wave(current) and low water
level will cauéé,scouring.Variatiohs from these‘eleﬁatibns'
mav be warranted bv the apnlicatibn of the armbred profection

svstem or by the local hvdraulic conditions.
.Pestricted Plow Area Through Fabric

' The area of’the fabric through which water can flow from

the"prdtected slope may be critical.Specifically,precast,
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preassembled chcrete armor can resfrictfflow in.ésbmuch as 85%
of the fébric surface,leaveing only a smallypercenfage‘qf_the:
area‘available for dréinage.Thé design engineéf should . be R
rewiev this contiition.His desisn should snecify a'having‘
sufficient water flow capabilities throﬁgh the reducéd éreayor
a beddine material should be nlaced beneath énch'érmnr to allow

for drainase through a significantly greater fabric area.

The use.of geotextiles in some protective engineering
works,such as,offshore breakwater,3tone revetment, Gabion
revetment,and Retaining Walls,are shown through the Figures

2.%3.,2.4.,2.5., and 2.6.
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2.5~ GFOTEXTILES WOR SOTT REINFORCEMENT

Fmbankments on soft foundations often require some type
of relnforcement for stabllltv Relnforrlng embankments with
fabrics has been found to increase their °t8bllltY,€SD€Cla11V
for low embankmenfs with high llve loads, leferentlon between
the fabrle functions of separation and reinforcement»is
difficult.Generally;woven geotextiles or geogrids are used for
soil reinforcement beeause of their rough surfaees(Quast,1983).

The_primary influence of the geotextile feinforcement is
tovreduce both the shear etfesses in the soft foundation and
the vertical differential settlements of the top of the |
embankment.Total settlements are only aligﬁtly affecfed by the
relnforcement.The degree of improvement Aue to the nresence of
tﬁe reinforcement is mcre pronouneed'wjth‘higher wodﬁlus

Fentextiles.
2.5.1 Reinforcement Orientation and Location

tnplication of the simple Fohr Circle of strain to the
eﬁalysis,of normal strains on sets of horizontal anq vertical
planes within an unreinforced embankment fill show that for‘
Quite modest values of shear strain the minor principel strain

Wiil be tenéile.Furthermore,sueh tensile strains will not be
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horizdntal particularly in'zones close to'the face of the
embankment slope and in vicinity of the toe.Since the objective
is to install geotextiles to act as an effective tensile rein-
forcement they must be located within the'tensilé zones and
4orientated in the uiféctions of principal tensile strains.
Assuming étress and strain axés to be coincident published
.streSSés and strain distributions,may be'uéed té détrmine the
appropriate reinforcements directioné.Horizonfal layers ofl
reinforcement woﬁld be correctly aligned within the main body
of any embankment they wonld have_inapproprﬁatevinclinationé
uhﬁer the batter espécially‘néar the toe}If has'beenvpointed
out‘that'reinforcing oUtsidebthe tensile zones can encourage,
rather tham prevent 'fail'u.re.Al’crhough this may bé so this ﬁotion
oniykpertains to reinforcement placed in a diécrete horizontal.
layers which léave the facerf the batter éprsed.If‘alternatiVely
the reinfbrcemenf is teﬁporarily extended beyohd ﬁhe face of the |
Batter there is the possibility of completely encapsulating

the bafter face and anchoring the free end of theygebtextile'

in thé.sbil layer above by a suitble hond 1ength;

The majority of geotextlles are manufactured uqiﬁ? the
Dolyoleflns,'or polyester,All are prone to loss of strength on
exposure to ultra-violet light,although this potentlal problem
can Bevfedueed by various manufacturing techniques.Both polymers
‘offer generally excellent resistance to environmental éttack.

However,each has its own particulér Weakness.The polyolefins,
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especiaily‘polyprOpylene,tend to display uhdeéiréb1e creep
properties.UnlesS aAsufficiently high factor of safety is apélied
this coﬁldvleaﬁ to creep. rupture within the required désign 1ife;
Polyester exhibits hetter creepAcHaracteristics but ih certain
forms is éubjected to loés of étrenﬂth whenballowed.to absorb
watef.Tn the ﬂesign process allowance must be made for loads
induced at the construction and in-service phases.Bdth these
stages will involve settlément which will induce strain in the
reinfbrcement.Further strains would be caused by trafficking '
and dumﬁing of fill;These;are likely to be much largerv and

more localised than_thdsé due to settlementgFinally compaction
of'reinforced fill'car éause large geoteitile strains.This has
been confirmed in the field where compaction induced strains

up fo 6% have been observed,
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TVMPROVING FOUNDATIONS AND EARTHWORK CONDITIONS

a-Interface
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CHAPTER 3
- PERMEABILITY

3.1- GENERAL CONSIDERATIONS

A permeable material is one,wﬁich is capable-of being pen-
etrated or permeated'by another substance,which usually is a gas
or liquid.Thus,dry cement is permeable to air permeability'test
is a useful means of obtaining an indirect measure of.its fine—
ness of grind ,31nce the speed of flow of air through it can be
related to the size of the pore spaces between the partlcles.
Likew1se 301ls and aggregates and aolnted or ve31cu1ar rocks of-
ten are permeable to air -and water., Many materlals allow themove-
movement of fluids by a dlffus1on process,but that is not W1th1n
the meaning of permeablllty as used in s01l mechanics. In the study
of soil mechanlcs,a material is consldered permeable if it oontalns
interoonnected pores,cracks,orzotherApassageways through which
water or gas can flow A rook may belvirtually impervious,yet con-',“
tain cracks or joints whlch make a formation hlghlv permeable to
the flow of water. In fact, the permeability of most rock abutments
and dam foundations is determlned almost ent;rely by the 301nt
amd crack patterns.And many clays are extremely resistant to the
flow of water,yet shrinkage cracks or interbeds of silt or sand
may increase their permeabllltles thousands of tlmes. |

The permeablllty of a soil is one of its most fundamental
and important properties.It enters into nearly a11 seepage, settle-
ment, and stability problems confronting the soil engineer.The amount

of 1eakage through and under dams,the rate at whlch the strength
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- of a deposify increases after it has beeﬁ?subjeeted to a consoli-
dating'pressure are typical of. the maﬁy problems’in'which' the
permeability of a soil can be a criticallfactor. (Cedergren,1977\
The importance of evaluaténgvthe permeability.of a_perVious

- s0il has been long recognized and test techniques for measuring
it have been well deve10ped and are widely used.Soils with perme-
 abi1ities of less than 1 micron per second are often considered
"impervious."™ More use is being made'of"impervious" soil to line
canals and}reservoirs and to eonstruet cores for earth dams,

‘Maﬁy of the design and construction problems associated with
“hydraulic structures’and engineering works'invdiving drainage
are caused by imbalances of permeabilities of earth. and rock
- masses.Frequently water can enter Spaces_behind.walls,under
pavemenfs and canal 1inihgs mere readi]y than it can escape, thus
Creating cOnditions defrimentai to safety and performance.Water'
that beCOmes trapped in earth and rock masses. contrlbutes to )
landslldes and is a serious threat to stability during earthquakes.
Undetected joints or strata of high permeablllty in the foundat;ons
Oreabutments of dams create serious leakage and uplift problems.

~ (Scott,1963).

3.2- COEFFICIENT OF PERMEABILITY

Coeffficient of Permeability,or DARCY’s Coefficient, is defined
as the discharge velocity through unit area under with hydraulic
gradient.It is a term in Darcy’s Law for laminar flow in porous

media, -
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Q é'kiAt ...(3.1)

In equation 3 1, Q is the quantlty of seepage in a cross section
having an area of A normal to the.direction of flow,under a
hyd:aullc gradlent i,during a length of time t;The coefficienf
of bermeability k is edual to the discharge'velqcity under a

- hydraulic gradient 100%.By afranging the terms,Ee;B.l_ﬁro#idee
'the basls for many experimental determinatiens offpermeability
that measure seepage quantity: | | |

Q.

k= —— S ‘
iAt ; o . - e (3.2)

Darcy’s diséhafge velocity multiplied by’fhe entire crbss
vseetiqnal area including voids e  and solids 1 gives " the
eeepage ouantitv' Qk under a given hvdraulic gradienf i= Ah/Al
.or h/l It lo an 1mag1nary ve1001ty that does not ex1st anywhere.
‘The average seepage ve1001ty VS of a mass of water progre331ng
through the pore spaces of a soil is equal to the diseharge-‘
velocity ( V3 - ki ) multiplied by ( 1 +e) /'é , or the
dlscharge ve1001ty d1V1ded by the effective por081ty ne ’

vhenCe the permeabllltv is related to seepage veloc1tv by the

expression:
k = ,_s_.__e ‘. : oon(3-3)

For any eeepage gondition in the laboratory or'in the
| fleld where the seepage quantity,the area perpendlcular to
the dlrectlon of flow, and the hyaraullc gradlent are. known,
the coefflclent of nermeablllty can be calculated Likewise,

for any condition where the seepage velocity is known at a



30

point where th? hydraulic gradient and soillperOSitf also are
known,berﬁéability can be calculated.

Experlmentallv determined coeff1c1ents of nerheablllty can
be . comblned with prescribed hydraulic pradlents and dlscharge,‘
areas in solv1ng practlcal problems 1nv01v1ng seepage éuantities
and.ve1001t1es.When a coefficient of permeability has been.pro—
perly determined;it furniehes a very-important‘factor in the
analysis of seepage and in the'design of drainége featuresrfor
engineering works, A |

n The engineers’ coefficient,which'is used in practical pfob-"

lems ‘of’seepage through masses of eerfh and ather pOrous media
applies only to the flow of water and is a 31mp11flcat10n that
‘1s 1ntroduced purely from the standp01nt of convenlnce,It has"
units of a veloclty and is expressed 1n_cent1meters per second,
feef Der minute;feet per'day,depending on the'habite and.persenal
bfeferences'of'individuals using the coeffieienf.ln standerd‘soilj
mechanics terminology k .is expreséed in centimetersjper”second.e

A clayev 3011 w1th very flne gralns w1ll have ‘a very much
lower permeabllltv coefflclent than will a sand w1th relatlvely
coarse gralns even though the void ratio and the den51ty of two
soils may be the same.The reason is the greater re31stance‘offered
by the very much smaller pores or flow channelsvln the fine- -grained
soil through which the water must pass it flows under the influence
of a hydraulic gradient,From this standp01nt,1t may be sald that
the coefficient of permeablllty is independent ofithe void ratio
or density when we are comparlng soils of dlfferent textural

characteristiee.On the other hand,when we cons1der: the same soil
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in two dlfferent states of density,the permeabllltv is dependent
on the void ratio,since the soil gralns are brought into closer:
contact by the process of compaction and densification.The pore
spaces are reduced in size,and resistarce to flow:is increased.
Attention is directed to the fact that,in the appllcatnon

of the DARCY Law, the cross—sectlonal area A is the area of the
soil 1nclud1ng both solids and void spaces. Obv10usly,the water -
cannot flow through the solids,but must pass only through the
v01dvspaces,Therefore,the velocity ki is a fictitious velocity
atrwhich'the water wouid have to flow through-the whole area A
in order to yield the ouantlty of water Q which actually passes
thx ough the soil. Thlsflctltlous veloc1ty is referred to . as
"the velocity of approach" .or the "superficial velocity"” of the
water .just‘hefore entering,or after leaving the soil mass.

A dimensional analysis of the Darcy’s Law indicates that |
the coefficient of permeability k has the dlmen31ons of a
velocitt;that is,a distance divided bv time. Thérefore’permeability
is sometimes deflned as "the superflclal velocity of water |
flowing through 3011 under unlt hyuraullc gradlent" (Spangler 196b)
‘The coefficient of permeablllty often ‘is con31dered to be a
constant for a glven soil or rock,it can vary widely for a giyen
materlal ,depending on a number of factors Its absolute ‘valuess
depend first of all,on the properties of water ,of wh1ch
v150051ty is the most important.For individual materials and
formatlons,lts value depends primarily on the dlmen31ons of the
finest pore spaces through whichcwater must travel and on the
size of cracks , continuity of cracks,and jodnts in rocks,
fiséured clays,etc.In short the ease with which water can travel

through soils and rocks depends largely on:
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1.The viscosity of the flowing f1u1d<water);
_2.The size ana continﬁitv of pore spécés of joints thraugh
which the fluid flows,whidh'depends in soils upon:
a.The size and shape of the soil particles.
) b;The detailed_arrangement of the individual soil grains,
‘called the structure. | |

5.The presence of discontinuities.

3.3~ FACTORS INFLUENCING PERMEABILITY

*

| When water flows through a pipe'or open Chanhel,the velocities
near the edges are considerably smaller than those in the center
of the flowihg Stréam,but when water flows through homogenous
soils or othef pofous media under uniform gradiénts the averagé,
velocities are no greater at the center of a formation than at
its edges.Floy'in pipes and conduits is almost alwayé non-turbulent
whereaé in éoils and aggregates it_is always noh-turbplent or
laminar,‘ | | | )

| Whenever a fluid is in motion,layers of the fluid slip énd
move'in‘felation to other layers,The éése{with which they'sliﬁrv
depends on the viscosity of the fluid,which is the resistance
or "drag" offered to motion.The viscosity of watef,liké that of
ﬁost fluids;is reduced at high tempéfatures,the range.is much
narrower than for other fluids(See Fig.3.1).It is custoﬁary to
standardize permeability values at 20°C or 70°F and make a

correction if field temperatures'a:é substantially different.
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Ry application of laws of ph?sics/it cen be'éhownvtnat the
re81»tance to viscous or streamllne flow 1ncreases in direct
proportion to v130031ty,and the ve1001t1es attalned by seenlnp
flulds vary»lnversely with viscosity.When flow is viscous or
laminsr,layers and shearing resistance is related to viscosity

according to Newton’s Taw of Friction:

av - '
s‘= u L. : S 510(304‘)
where;
s= shearing resistance
u= the absolute viscosity in poises.
av ’
—= the change in velocity in a dlstance dr normal to the

dr dlrectlon of flow.

~The actual nore channels through»which water finds its wav-@"
throuph soils are very tortuous and often semldlscontlnuous and
the hydraulics of flow throth such channels is extremelv involved.
By making simplifying assumptions efforts have been made to
calculate the permeabilities of simulated SOilsypurely/ ffom
theoreticsl considerations.The main value of such efforts has
been in disclosing fundamental relationships that govefn flow’b
throﬁgh minute nore spaces. ’

Darcy'(1856) investigated this problem experimentally by

using s simple aDparatus to force water through small specimens
of sand (See Flg.vB 2).Darcy’s experlments demonstrated that the'
rate of flow . q through the sand varies in direct proportlon to
the cross-sectional area A of the specimens and to the dlfferencev
between ‘the hydrostatic head at two ends of spe01men° and is.

inverselv proportional to the 1ength of the column of sand tested ‘
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These relationships can be expfessed as,

AAh

Qe 77
or '
q=(a ‘constant) E%FL
Darcy’s experiments produced this simple relationship which has
since become known as Darcy’s Law.One of the: common forms of

Darcy’s Law is
Q= kiAt ) . o - 000(301)4
3.3.1 Influence of Grain Sizes

From theoretical con31deratlons it has begn shown that
permeablllty can be expected to vary with the squares of the

| dlameters of pore spaces and the squares of tne diameters of

soil particlés,Thé‘permeability‘ofVSOilé variés significantlyv

with grain size and is extremely sensitive to {ﬁe‘qﬁantity,

character,distributicn of the finest fractions.

A

.3.2 Influence of Particle Arrangement(Structure)

The arréngement of soil particles can influence permeability

in two ways:
1.Ry sorting or stratification
2.8y detailed. orientation of particles and the balling up

of fines or broad dispersion of the fines.

Natural éoii deposits are always more or less stratified
or non-unlform in structure. Water dep031ted soils are usually

constructed in a series of horlzontal layers that vary in graln

size distribution and permeablllty.
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3.3.3 Effect of Openwork Gravel

~ An indieation of.the presence of bnenwork gravel in a
soil formation ievgiven by tne behavior of the Water table.The
extremely high permeabilities of these formations,which contain
no fines,often permittrapid equalization of hydrostatic piessures
V,thus allowing the water table tq'rise and fall almost as quickly -

as an’adjacent.system.

3.3.4 Influerce of Dispersion of Fines

The detailed arrangement of soil perticles can have a
major influence on permeability endnother s0il properties; for
example,if soils are COmnacted in a relatively drj state, a
comnaratively'harsh permeable‘structure is usually fbrmed Onn*
the other hand 1f liberal amount of m01sture are present the
partlcles tend to slide over one another 1nto a relatlvelv well

-knlt,smooth,lmpermeable type of structure.
\ 3.3{5 Influence of:Density

Denelty glso void ratio or por031ty of e011 masses, though |
less 1mnortant than graln s1ze and soil structure can have‘ a
substantlal 1nf1uence on permeablllty.The»denser a s011 and the
_smaller the pores,the lower its permeability.Often/in.the’ |
construction of reservoirs the soil at the bottom of the reservoir
is cbmnacted in place to improve watertightness.In the construcsion
of dams and leeves through c0mpact10n of fill materials is
required to obtain strong embankmente and to ensure the best
' p0531b1e watertlghtness of impervious zones.As a rule, the

narrower the range of partlcle sizes,the less permeablllty is

1nf1uenced by dens1ty(See Fig.3. 3).
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Blends of Sahd and éravel often used“for drains are virtnallv
useless as dralnage aggregates if they contaln moTe than insigni-
ficant amounts of flnes Sometimes" in constructlons that requlre
the use of permeable,free-dralnlng‘aggregates or embankment
materials attemnts are made to utilize materials of bordetlineb
oermeabllltles by keeplna compaction low.If hlgh oermeablllty.
is needed in a dra1n or. embankment material,it is a mis take to
obtain it at the exnense of g00¢: eompactlon,for poorly compaoted
materials have low strength and high cOmpressibilityt’Serious
sloughing can occur when they become saturated,and they are
highly vulnerable to liquefaction during earthouakes,

’While the consolidation process is going onvfoundations
their permeahilities are bec0ming less;Generally,decreases in
the permeabilities of clay foundations are rather moderate, but
.they can be large in highly oompressible organic silts- and

ClaYS'and in peats.
3;3.6 Influence of Discontinuities

Compact clays are often.oontain shrinkage or shearacracks
that tender such formations thousands ofbtimes more permeable
than the clay between the cracks leerse,301nted rocks often
have mass permeabllltles many times greater than the ba31c
materials between joints;Major dam failures have been oaused
bYISOme unknown seam OT joint,s&stem that fed water undem
pressure into abutments or allowed piping to occur.If seepage
quantltles increase with the passage of tlme at a glven head
steps should be taken to reduce the permeablllty by groutlng,_

constructing impervious blankets,or other suitableemethods.'
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'3.3.7AInfluence‘of'Size of Soil or Rock Mass

Whén the coefficients of permeability of‘eartgkmasses
‘are being determined in the.development of projects in which
seepage conditions will be changed ‘by the project , it is
imﬁortant that the scope of the sfudy bé adopted to the>size

of the soil or chk ﬁasses that will influence seepage behavior.
Therefore, it is_impoffant tﬁat all formations influencing the
éeenage‘be investigated.If only sméll spéciméns are~obtained
from,test holes, the answefs will_be représentativekof the |

overall mass only if the samples are representative of the mass.

100 }— |_ Cleanl;gravel | 100,000
, o R
10~ | , ,
] Sy Coarse,lsand | 7] 10,000 .
o 1 Jo00
0l | ,; ]
Fin -1 100 ’
8 ool r““4¥ﬁﬂi\\l 5
< . ) 0
5 oomf |1 =
2 -1 Z
21x 107 - 3
£ Ho1 2
Flx107° ' £
R B —o0o1 %
1x107%-
- —1x1073 -
1% 1077 |—
N — -4
1x10'8-'latclay N Lo
| | —1x10"5
1x107%~ ~
| | B
0.1 1.0 10
Consolidation pressure, T/sq ft

 FIG 3.4 PERMEABILITY VERSUS CONSOLIDATION PRESSURE
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3.4 INDIRECT METHODS FOR DETERNINING PERMEABILITY

The permeabilities of clays and silts can be calculated
from data recordedAin‘laborafory consolidation teste by using

the following relationship developed by Terzaghi::

k t .
: TV T ee——— T-'é‘ ' o _l00(305)
; 8 m H . .

-'Tv time factor for aglven percent coneolldatlon.
k = the coefflclent of permeabllltv.

EN = the density of water.

ot
I

the kime requ1red to reach the plven percentage of
consolidation.

‘H= the longest drainagefpath.
The permeability bf clean filter‘sand can be calculated
from a number of formulas such as the'following developed by

Hazen (1911):

D2 o - eee(3.6)

the coefficient of permeability in cm / sec,

~
I

Cléj a factor varying from about 90 to 120 (often 1@0)
Frequently the permeability of clays and silts is
determined directly by using the consolidation test apparatus

as a félling.head permeameter. (see Fig.3.4 on page )7
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5.5~ LABORATORY METHODS FOR DETERMINING PERMEARILITY

The coefficient of permeability of so0il and rock'masses
can be determened by any controlled test in which the cross
sectienal area,the hydraulic gradient,and the quantity of flow

are known or can be approximated.The permeability vcén he

computed from Darcy’s Law,

Laboratory permeability tests used commonly are the constant

head and falling head types.

2.5.1 Constant Head Permeability Test -

The constant head perheabiiity'test is more applicable
to permeable materials such as filter or'dréin aggregates.A .
sQecimeﬁ of the material is placed in a cylindirical mold and
a eontinuous supply of water is fed through the sample.The
water that passes throﬁghkthe sampie in.time t , flows in a
container, where it is collected and the rate q , caleuleted.
Performing this test,the coefficient of permeability of soil

can be determined from following eguation:

o I '
N | ...(3.7)
hAt | | |
where,

the rate of flow

the length of sample

the net hydrostatic head'

> 5 BH o
]

the area of the'cylinder
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In computing the valﬁe of thevpermeability;coefficient from
data obtained in a test of this typebas in a1l permeability
problems it is 1mportant to keep the computations d1mens1ona11y
correct A relatlvelv easy and sure way to do this is to de01de
in advance the units in which the coefficient'of permeabilitv
is de81red Then reduce the values of @ and A to those units

before making the COmputatlon.
3.5.2 Falling Head Permeability Test

If the permeability is low,thevtime'becomes excessive and
evaporation duringvfhe test introduces erfors in the results.
Low-permeacility soilsrcan be testediin the laboratory by the
falllng head test.

A specimen is placed in a tubular chamber of suitable
diameter and connected with a su1tab1e~overflow arrangement
- and collection container.A small diameter standpipe tube is
connected to the top of the,largef.tube:ifs diameter is adjusted
to the Dermeablllty of the materlal belng tested.

In making a test ‘with a falling head type of apparatus,
the standpipe is filled to a level somewhat above point P.When
it is at P,a sfcpwatch is started and the time required for |
the Water level to drop to one.or more lower peints is recorded.

As a result of this test,the calculation of permeability -

can be set up as follows:

dQ = -a.dh = k— A dt



Ry transposing terms,

a.l : h
k = “In 1

A dt hy, TR 3.8 )

mhls is the Feneral equation for computation of permeablllty

from a falling head test

aL hy '
k = 2.3 1og — ) - o.o( 309 )
Adt h2-
where,

k = coefficient of permeability of tested soil at the
temperature T in cm / sec.

a.= area of the used standnlpe in cm2

= helght of the sample in c¢m.

=_cross-sect10nal area of the sample4in cm2.

L
A
h,= initial hydrbstatic head in_ cm., -
i _

d

1
o= final hvdrostatic head in cm.
.t

elapsed time in sec.

Frequently,as perme?blllty tests are run,the measured
perneablllty becomes progre551ve1y smaller.Wheh this is the case
aerfrom the test water is probably fllllng the voids in sail,
causing.air locking.A éonsiderable amount of air is usually.
présent in ordinary tap water.The,use of distilled water at
higher than room temperature eliminates air locking.b
| When testing soils for’permeability in the laboratory,it
 is necessary to hold the nuﬁber of'variableé to a minimum.One

minor variable,the viscosity of water,is standardized by

performing‘tests at 20°C or by making a correction for fests

performed at other temperatures.The correction is as follows:

20 Pp

T P20
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or rearranging,

ko0 = kT—PL (3.0
20 7
where, _
koo = coefficient qf‘permeability‘at‘ZOOC(standard témﬁ.)
kT = coefficient of permeability af the tést /femperature T.
Pp = the viscosity of test water at the test temperature T;
Pog = the viscosity of water at standard tempe?ature(éooc).

These correction factors are given at able 3.1.
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0.9809

0.9577 .

0.9355
0.9140
0.8934
0.8734
0.8540
0.8355
0.8175
0.8001
0.7834

0.7673

0.7517
0.7364
0.7218

0.7078

1.2686
1.2336
~1.2001
1..643

. l.\—v-
N

NN
L1085
1.0802
1.0533
1.0274
1.0025
09785
0.9554
0.9333
09118
0.9813
0.8714
0.8521
0.4336
0.8157
(L7984
0.7818
0.7657
0.7502
0.7349
0.7204
0.7064

-TABLE 3.1 VISCOSITY CORRECTIONS FOR pT / péO
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FIG.3.5 ILABORATORY PERMEAMETERS
‘ a.Constant Head Permeameter.

b.Constant Head Permeameter.
(The arrangement here ellmlnates due. to filter qkln

~at top or bottom of spec1men)

C. Falling Head Permeameter (Terzaghl and Peck 1944 )
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3.6- PIELD WMETHODS TFOR DETERMINING PERMEABILITY

>

| No matter now carefully laboratory tests are made, they

repreSPnf only minute'Volumes of s0il at individual points in
large masses.Their vaiue in sOIVihgvfield seepage and drainagé
problems depends on how well they‘represént massés of materials
that actually exist in the field.When uéed with careful
consideration of field conditions iaboratory mefhods céh be

- of con81derab1e value,} everthelesq in -important proqects it is
often advisable to require field tests that measure the

permeabilities of large masses of soil in situ.

3.6.1 Well~Pumping,Test.Steadv State.

lA widely'used fie]d‘nermenbilify.tést is the well-

" pumping test,in which water is pumped into or out df a whiler
water readings are'maae in several’neafly souhding wells.The .
test is continued until steady conditionS‘are reached.

Performing this test in situ’,'the coefficient of permeability

can be computed by using the following equation:

2.3 q . i
k = | “ log"'2— . ' ) -01(3-11)

2 0 |
m( hy - hy ) ry

Eqn. 3.11 is based on the following assumptions:
| 1.The pumping well penetrates the full thickness of'water
bearing formation. '
2.A steadv—state flow condltlon exists.
3.The water bearlng formation is homogenous and isotropic

and extends an infinite distance in all directlons.
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4.The' hydraulic -gradient at any point is a constant from '
~the top to the bottom of the water-bearlng layer and is

equal to the slope. of the water surface.

A typical arrangement for Well-Pumping Test is given at

FIG’. 306'

e Observation wells
shown in elevation
1

_ \’ - view
). o Typical locations for -
\ observation wells

Plan

*
1

C\ Pumped well

\
——— e s — - 0- o- - 0—

T :
@ ) Notes

) (1) At least two observation wells
' ~ are required in a line-

- (2) Number of observation wells,
Py directions,and distances

- from pumped well can be
varied to suit site conditions

Efevation . :
) A g=Steady pumping rate

- Observation wells : _
M | /Ground surface

Ongmal water Ievel\ @) O '/Actual drawdown (steady state)
Su——— o ——— = — = 2 - e — “ A
| | ¥ I\A R ' = - Pervious T :
. N - . . ,
N1 EA% Dupuit . formation
hy l ! T surface H
‘ I . Fully penelrating well

3

AVANZANY i/

1 NZZN7 N NANAZNZZNZNY
L l“ ': Impervious .

R

FIG 3.6 TYPICAL ARRANGEMENTS FOR'DETERMINING PERMEARILITY

BY WELL- PUMPING TEST
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- 3.6.2 Pumped Wells With Observation Holes.Nonsteady State.

When field permeability tests are made wifh the'method
described for steady state flow,pumping must be continued
until the water levels in obéervation holes have approximately
stabilized.Although true equilibrium may require .extremely
iong periods of’pumpinq,practical results'usually 'canA be
obtained by pumping at a steady rate for peridds that range
from a few hours to a few days,depending 1argeiy‘on the
ﬁermeability..

During the period in which the water table around a
pdmped'Well is 1owéring’water‘iS'drainingwout of the aquifer.
Useful_soiutions to seepage condifions,during the honstéady
pefiod are furnished by basic differentiélVQQuations.{

' performing this test in situ,the L:oefficient. of

permeability can be computed by using_the‘following.equation:

k= n_2 o o.(3.12)

k= coefficient of perméability in feet per day.

D= the originai thickness of the aquifer in feet.
Sl,SZ=readings of drawdowns in féet.»
tl,t2=reading time in second.

q= rate of flow in cu ft per day.
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3.6.3 Borehole Tests

Pecause complete well-pumplng tests are costly effofts
57are frenuentlv made to estimate permeabllltles of 1np1ace
*is01ls and rocks by pumping 1nto or out of drlll holes w1thout
the use of observation wells, The procedures are used.  in
exnloratlon boreholes since they provide a th51ca1 1ndexb

of the flow 1nto or moderate volumes of inplace materlal at
relatively llttle cost.They can furnish useful permeabllltv
1nformat10n but they must be applied with care because the
results are not easily checked for accuracy and errors are

‘possible.

The most freguent causes of errers are the following:

l.Leakege‘along casing and afound packers.

2.Clogéing due to sloughing of fines or sedimént in the
test watef. |

3.Air 1ockiﬁg due tO'gas bubbles ih soil or water.

4.Wiow of water into cracks in’soft rocks that are'opened

by excessive head in test holes.

3.6.%.1 Open - end Tests

If the hole extends below the groundwatef level,it should
be kept filled’With water to minimize the squeezing of soil
into the bottom of the casing.The test is made by maintaining
a constant head bv addlng clear water through 3 measuring

dev1ce When tests are made above the water table a smooth



‘consistent water level is seldom obtained,and surging a few

tenths of a foot at a steady rate of flow for abbut 5 minute

is considered a satisfactory tést.

e

h (pressure) ‘ h (pressure)

i
\ Seal / '
Groundwater

/ .level

R T . ) =
Ground surlace] 'E
Groundwaler = v ' B
level Ny, = =
v e A
. ) ] v
_: .
A least 10r — B i ~Groundwater o
A Teast 107 T e I ol e 3 7ol e / level . e zr.e— Pervious slraluni
(a) (b (c) (d)
’ k=2 v 3
. 5.5rh h = h (gravity) + & (pressure)
Gravity

- Pressure

' FIG.3.7 AN OPEN-END TEST FOR SOIL PERMEABILITY -

WHICH CAN BE MADE IN THE FIELD (Cedergren,l1977).

When desired,additional pressure can be added to the.

gravity head.The permeability is calculated ffom the following

relationsﬁip determined by Electric Analogy Tests:

oo (3.13)

q = the constant rate of flow into the hole.

r = tne inside radius of casing.

-
n

the steady rate.

the differential head of water used in maintaining
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~or, according to The Bureau of Reclamation,

q
k = Cq — _ :
1 h . '. ., ) ‘0‘a (3.]4)
where, , ' _ . T
o

=
o

factor varving with‘thé size of casing (generally

~ between 102,000 and 204,000).

a = the constant rate of flow into the hole in gallons/min.
“h = the differential head of water used in maintaining

the steady rate in feet}
3.6.%.2 Packer Tests

If the formation is strdng enough to remain opnen, tests
can be made above or‘bélow thebwater table.Thése tests are used
for testing bedrock with the ngmber of péckers necesSary to .
isolate the section of hole being tested,Permeabilities can

be calculated from the following relationships:

q I
2nL h r | ) I‘/ 10r ...(3.15_)‘
q 1 L
X =———— sinh .
n o T s 07 L}r 1+ (3.16)

where,

k = the coefficient of permeability of soil.

a = the constant rate of flow into the hole.

L = the length of the section of hole being tested.
h = the differential head. |
r = the radius of the hole,
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or, according to The'Bureaubof Reclamation,

k = coefficient of perméability in féet'per vear.
Cp: factor varying with the size of the test hole,
and the length of test section.

g = the constant rate of flow into the Hole ih galions/min.

h = the .differential head.

Cp varies from 31,000 to 2,800 with the size of the test

hole,and the. length of the test sectioﬁ.,

3.6.4 ™ube Method of Netermining Coefficient of Permeability

| A simple prbcedure,called the " Tube Method " may be used
for meaéufing the permeability‘of soil in sitﬁ below a'shallow
wéter table.In this method,a tube of known ciameter is placed
tightly in a hele of the same size to'é known depth belbw a
water fable.Then the water is ﬁumped out fq some known elevation'
below the water table and‘above the bottom of the tube; énd[
‘waterkfrom‘the surrounding soil is allowed to flow into tube
throﬁgh the bottom.The rise of water,ievel in avmeasured period
of timre is observéd,énd thé permeabilityiis computed by means

of the following relationship:(Spangler,1966)

ln 0 " ’ 000(3}18)
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k= coefficient of permeability of tested soil.

A= area of tube. .

h0= distance from water table to water level in tube at
beglnnlng of test. |

h1=rdlstance from water table to waterlevel in tuhe at
end of test |

t,=elapsed tlme-withiﬁ which distance from water table to

| water level decreasgs from'hO to hl’

E = the E-factor,which is a coefficient.(See Table 3.2)

Gmund surfa e\

AN P AN N L WL N S L VR AN N e B A N N Faed SR DN S N ,<
Tube of
2rce A
, Water table— -
et R i %fitkii?;:FffF%E;gfz::t
.-.
-~ o
Y _-Tina! viater jevel
e ===
)
3
Y Initial water level
[

FIG.3.& TURE METHOD OF DETERMiNING COEFFICIENT OF

‘PERMEABILITY (Spangler,1966).
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Depth Diameter of Tube, Inches
Diameter 1 "} o i s i ) 5 5 s
e 154 20.9

9 e 13.1 15.5 20.8
3 .o 10.3 13.0 15.3 20.7
4 7.7 103 12.9 15.1 20.5
5 e 7.7 102 12.9 15.3 20.t
G e 5.1 7.6 10.2 12.3 15.2 20.3
7 5.1 76 10.1 127 15.2 209
8 e 5.1 75 101 127 15.1 20.1
11 E .50 73 99 . 125 14.9

12 25 5.0 74 9.8 12.4

15 2.t 49 72 9.7 ...

25 23 4.6 6.8

10 2.1 1.0 .. .

60 19

'100 1.5

TARLE 3.2. VALUES. OF

(Spangler,1966).

B _ FACTOR -(in inch units.)




3 6.2 Piezometer Method of Determlnlng Coefflclent

of Permeablllty

For measurements of permeability at greater depths,
_ a’thin—walled electrical conduit having an inside diaméter
of 1 inch may be used.This method is called the Piozemeter

Method.The pipe is driven a short distance into. the soil ,

a
soil auger with'a'diameter of 15/16 in. is bored through the

' pipe and into the so0il to a depth of 4 inches-below the bottom
and the soil is removed.The pipe is then driven into thé soil
\4 iﬁches, and the augering ’is_ repeated. Tﬁis process is
continued with the bottom of piﬁé has reached the desired
depth, there belng finally a space 4 inches deep below - the
bottom of the pipe.This metnod of driving the pipe nrevents
compaction of the soil sample’to be tested.The formula for

determining the nermeability coefficient by this procedure

is as follows:

1(‘: . ln . .cvo(?)'l(’j)

where, |
k = coefficient of permeability of tested soil.
A = area of the piezometer. A |

h = tistance from water tabie to water level in piezometer
at beginning of teét. |

h.= distance from water table to water‘level in ﬁiezometer
at the end of the test.

t.= elapqed time within which distance from water table to

ater level decreases from h to hl

E = the E-factor,which is a coefflclent (see Fig.3. 10)
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AN BN ANV TN 2 110 svin oy e T ooy

- Greund

surface

RN AN AN e L,
Piczometer tube
(Inside diam.= Zr)

o~ Waler table

=== —_——__:1—:'-'-':1':’—:-:: e e e e e
1 1 Final water level
4.
. © ]
=

Initial water level

+ ; | Cavity

4 0

' ®IG, 3.9 PIEZOMETER METHOD FOR DETERVMINING |

'COEFFICIENT OF PERMEABILITY (spangler,1966)

20

10

1

/

E-Factor, in Inch Units

2 ' 3
Length of Cavity, in Inches

FIG. 3.10 VALUES OF E-FACTOR ¥OR CiaVITIES 1 INCH

IN DIAMETER
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. 3 6.6 Auger Hole Method of ﬂetermlnlng Coefflclent
- of Permeablllty

In thgse method, it is advisab1e to pump water from the hole
to refill,in order to flush out the soil pores at ifs sides.If
the aﬁger'hole extenlds completely through a nervious stratﬁm to
anvimperviqué’layer,thé fléw situation is subject to exéct
mathematical anélysis.However,the‘results can be used to obtain:
a gooa gpbroximation,even in the absenge of ag impervious layer,
if the ratio of the depth of the auger hole to its siameter is
laree.The formula for determining the permeaﬁility coefficient

by this procedure is as follows:

¥ = 0.617 | e (319)
Sd dt : ' : -
whére,v |

k = coefficient of permeability of'iested so0il.

h
S =a coefflclent whlch is denendent on the ratlos a
T
and — (see Fig. 3. 12)
d ‘

d =Vdenth of hole below water table.

rate of rise of water level in hole at depth h.

.‘.
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. : -~ Ground surfaze
ANV GU RN LN v A e W TS QNN NN WA

|- huger h}ole

: 4 : : . - Vizter fable

ST TR T == TS F =
~ » 7—-— thindé

FIG. 3.11 AUGER-HOLE METHOD FOR DFTERVINING
COEFRICIENT OF PERMEABILITY ( Spangler 1966)-
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3.7- FIELD METHODS THAT DEPEND ON SEEPAGE‘VELOCITIESV

When at a common point,the ve1001tv of the flow1ng water
and the hydraulic gradient are known, the permeablllty can be

estimated from the following relationship:

.(3._'3)

where,
| k = the coefficient of permeabi]ity.k
V= the average seepagevvelqcity.
n, = the effective,pofosity.
'i = the hydraulic gradient.

‘Freqﬁently the hvdrauiié gradient of an existing water
tablé can be estimated from wells in the area.If not obsérvation
wellé must be instailed.The velocity_ofvflow éan be determined
by a number of practical methods, ‘

in electrolvte or radiactive charge is inserted into the
sloping water table in hole A,the time for the charge to‘réach
hole B is measured with suitable‘instruménfs,and the seepage
velocity is determined by dividing L by time t.The effective
porosif#; ne',is determineéd from test datd for the in-place
Soi1: if no tiests are available,it is estimated, and then,the

nermeability is calculated from Eqn.(3.3).
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: g/HMgA . .
Ground/'\ «~Hole B

: surface

’ Sloping/
water
“table

VIG 3. 13 TVPICAL ARRAFPwNVNT FOR DETERWINING SOIL

PFPTFABILITY BY NFEASUREMENT OF SEEPAGE VELOCITY

3,8- FIELD METHODS THAT DEPEND ON ORSERVATION OF-SPREADING
OR RECEDIKG GROUNDWATER.NOUNDS

~In thl“ mpthod oowmutatlons are based on measurementq of
the rate of spre?d of saturation or, volumes of water flowlng |
into or out of soil systems, estlmated f‘rom volumes of soil
that become saturated or unsaturated dUI‘lnF a known period -

of time.

3.8.1 xEstimavting k¥ from Rate of Spread of Water.

Unconfined Flow.

When 'Watér is spreading from a sudden rise of rivers in
flood stage,the mass permepbllntles of soil formations can
often be estimated from the spread and rise of saturation

measured in observation wells.If the spreading takes place
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If the time of spread is‘known,permeability can be estimated

(Cedergren,1977) :

e e(3.3)

If the travel time is known{permeability can be estimated:

, e Al . e
k= : o e..(3.19)
~ ) — (3.19°

k = coefficient of permeability.
1 = increment of distance.
T = the total time.

1 = the hldraulic gradient.

3.8.2:Eetimating k frovaUantity of Water Flowing

Into or Out of Soil

‘When water is spreading from e rapidly ris&ng‘river through
highly.permeable strata and rising into moderately permeable
upper strata, tHe permeability of the underlying Strata often
can be estimated from the rise of water in obserVation wells.

Practical estimates of permeability can be obtained by the

following procedure:
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1.4 cross section is plotted to show the initiai position
of the water table and its position after the river has been
at 1eve1 2 (See Fig.3.14) for T days.
2.Mean travel distance 1 1is estimated.( L is the distance
to the center of gravity of the saturated area)

Then k 1is calculated from Darcy s Law:

- - ¢lo(5.20)
i A |

k = coefficient of permeability in feet/day.

q. = the rate of flow in cu ft/day. .

'i'=rthe hydraulic gradienf. .

A = the cross-sectiohal area perpendiCﬁlar to the flow

- direction in sq ft/1l in.

.L-= Mean travel distance

Saturation, T days

=< = 4000 ft after sudden rise in river
evel: 2\ I - Observaf;vtz}nI ] ‘ )[ o .
vel N i : . Observatnon well ==~ Sand
Vel l\_\ &{‘ : & NH Wm\\_&&\.&\;\\ SIS T YaX TOCSENTING
o Flow Center of / Flow . Initial ' '
gravity of water D g;'a;ez
saturated zone level g

\\\/J(\\\’/A\\’/A\\(/A\\/Vx(\\ A NNT S NS/ AN TLF NNZAN 7NN LN AN N2 AN

FIG. 3 14 ESTIMATING k FROM QUANTITY OF WATER FLOWING
INTO A SOIL SYSTEM (Cedergren,1977).
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CHAPTER 4
FILTRATION AND DRAINAGE

4,1~ BASIC REQUIREMENTS OF FILTERS AND DRAINS

The process by which percolating water or groundwater is
removed from soils and rocks by natural or artificial wmeans
is called " ¢rainage ",When an analysis,is being made\of the
besf means of‘cdntrolling wvater in“engjneering.works, it is
jmpprtant,te try to identify the sources of the water.In somed
cases,it may be possible,td reduce or entirely cut off the
inflows by means of seepage-reducing methods such as blankets,
linings,cutoffs,and grout curtaiﬁs.In most cases,hbweﬁer,the
safest;mnst economicai and satisfactorv sOlutioﬁ is achieved
by drainage syStems.Of great importance in drainage design
is the seed for developing systems capable of removing all the
water reaches them without excessive ﬁeed build-up and without
clogglng or piping.Furthermore, des1gners should analyze every
COmponent of a dralnage system( fllters conductlng layers,s
collectors, outlets ) to ensure that the entire system w111
have the necessary capacity and will function as 1ntended

To some degree porous wicks of cloth or paper flber-glass
blaﬁkets,and other manufactured products are used as filter
and draln materials,but the predominating drainage materlal
is porous mineral aggregate.Good quallty aggregates are
Virtually 1ndestruct1b1e,relatlvely incompressible,readily

available in most areas,and relatively inexpensive.When used
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correctly,porous drainage aggregates can have a vifal part in
the permanent performance of a great many kinds of civil
englneerlng works s They are frequently used in dralnage |
systems in conauncflon w1th slotted, jointed,or poroug pipes,
whlch assist in the collection and remova] of seepage,

In recent years,synthetic filter fabrics,geotextj]es,have
takén an increésed importance in drainage systems.Filter'fabrics
are vsed primarily as a substitute for a fine aggrepate filter
in regions in which good quality aggregates are scarée or
in situations in which a filter fabric may be easier to install
than alfine aggregaterfilter.

| Filters and drains can provide permanent éecﬁrity against
damaging actions of seepage and groundwater,however, certain
fundamental requirements.must‘be strict1y~enf0rcéd.1f filters
and drains are tovsérve their intpnded purbose the  materia1s

ed 1n thelr constructlon must have the correct gradation,
and - they must be 1and1ed and placed with care to contamlnatlon
and segregation. »

Many of the prqbléms'associated with the design of adequate

filters and dréins stem from the need for{ satisfying . two

conflicting reguirements. : *

1. Plolng Requlrement The pore spaces in drains and filters
| that are in contact w1th erodlble s0ils and rocks must Dbe

small enough to prevent partlcles from being washed in or

through them..
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2.Permeability ReQuirement The pore’ spaces in drains

and filters must be large enough to impart sufficient
permeablllty to permit seepage to eqcape freely and thus

prOVlde a thh cegree of control over seepage forces and

hvdrostatic pressures.

4.2- PREVENTION OF PIPING

To prevent piving waterébearing_erodible s0ils and rocks
rust never be in direct contact with passageweys larger than
some ef the coarsest Soil or rock particles.In nature, piping
failures often are exhibited by sink holes that form in arid
and semiarid lands wnen fine sanu,silt,loess,and clay wash
into subterranean tubes or cracks.

Many engineering works Droduce‘large hvdraulic gradients
that are conducive to piping.When sewers are constructed below

water Table in erodible sand or Sllt,jOIHtS must he metlculouslv
sealed;othervise serious infiltratien is likely to occur.Piping
is é ccrmen cause of failure in overflow weirs,earth dams,
reservoirs,and other hvdraulic structnres.Whenever filters

and drains are reouired for the control of seepage and ground
water in relation to structures,they should have a hiFh;degree

of resistance to piping.
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4.2.1 Grading of Drainapge Aggregates To Control Piping

To prevent the movement of erodible soils and rocks into
, , ] ) ‘ g

or through filters,the npore spaces between thé filter.particles

should be‘small enough to hold some of the larger particlés of
protected materials in place.If threé perfect sphereé hé&e |
aciameters greater than 3ix and one-half times the diameter

of a sﬁaller'sphere,fhe shaller épheres can move fhrdugh the
1afger.(See Fig.4.l),Soils’aﬁd aggregates are alwayé composed
'of'ranées of particle’éizesgand}if the pore spaces in filters
are small enough to hold the 85% size ( D85) of adjacent soils

in place the finer soil particles will also be held in place.

Rertram (1940) gives Criteria for filter design as:

P15 filter ) 15 filter |
‘ <4 to D< ~ — - 0..(4'1)
Dgs s0il P15 s0i1
where,
D15 filter = 15% size of filter material.
Das soil = £5% size of protected soil.
D =

- - 15% size of protected soil.
15 soil _
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riterion 1.The 15% size (315) of afilter ﬁaterial must be not
,ore than four or five times the &5% (Dé5) of a protected sdil.
the ratio of D15 of a filter to D85 of a soil is called

' Phe Piping Ratio ",

riterion 2.The 15% (D,;) of a filter material should be at least
~our or five times the 15% (915) of a protected soil.

To prevent the movement of soil particles into or through
rilters the U.S. 4rmy Corps of Engineers (1985) require that .

the following conditions be satisfied:

D15 filter R
<5 o . ...4.(4,2)
T-‘ .
85 =0il ‘ A
sna
*DSO'filter - ‘
<25 | N
D50’3011 o . ‘ S S
vhere, -
D15'fi1ter = 15% size of filter material.
DSS éoil = 85% size of orotected soil.
DSO filter - 50% size of filter material.
D. . _ 50% size of protegted soil.

50 soil
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The above criteria will be used whén protecting all SOllS
excent for medium to hlghlv Plastic clays without sand or silt
partlngs which by the above criteria may require multlple-etage
flltere For these clays, the D15 size of the fllter may be as
rreat as 0.4 mm. and the above DSO criteria will be dlqregarded
mhle relaxatlon 1n crlterla for nrotectlnp medium to highly
plastic clays will allow phe use of a one-stage filter material
however,the filter rust be well-pgraded, and to insure ndn
segregation of the,filter.material,a coefficient of dniformity
(ratio of D6O to Dlo) of notvgreater than‘20 will be required.
(Cedergren,1977). -

| Piping failures are likely t0 occur in certain typesdof
which erode by a process called "dispersion® dr"deflocuiation?
When the clay mass is in contact with Water,ihdividual clay
barticlés sre Jdetached from the surface progréssivelv and'go
into sugpension.lf water is fipwing,the dispersed pérticlés
carﬁied away and erosion channel or pipes can form ,Quite |
rapidly.Preouently'the initial flow of Qater is along one or
more crackq caused by drv1ng shrinkage, uneoual foundation
settlement,and so on, or by " hydraullo fracturlng

The chances of piping failures in dams built on or with

dispérsive clay soils can be greafly reduced by providing

sandy gravel filtérs for vertical and hofizonta} drains
designed to collect the seepage while holding the erodible

s0il in place.The filter adjacent to the s0il must be fine enough
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t0 hold the dispersed soi i in '
1 particles in place; hence two or more
progreqq1ve1v coarser lavers W111 be needed in such drains

Tests should be madé to establish the safe piping ratio

( Dy of filter / Dgg of s0il ) for all projets requiring the

use of dispersive clays.

Paved gutter for removal
/of surface water

Fine aggregate or
synthetic filter fabric.
(must serve as a
Qutlet pipe

© filter)

Pavement and*base\

ORI TR A x ! with
T down
drain

Rock buttress

Pipe

Pipe

’ Open—gfadéd
drainage layer Saturation

Sides and bottom
level

Pipe  Stone Seepage

fined with synthetic chi — .
- . ps or

filter fabric (must coarse Subbasi, f}lt&ff baggregate,
serve as a filter). rock or synthetic tabric

" {serves as separator)

FIG? 4.1 ILLUSTRATION OF FILTER AND SEPARATOR
FUNCTIONS OF PROTECTIVE FILTERS FOR DRAINS
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M)"

LEGEND | T
= in-place soil , \ - Dags (soil)
) Qq,%"' /
¢ - = Dgs soil particle, v R

entrapped in filter

7////’ = soil which has - |

migrated into filter
and is held by Dgs
size soil particles

Nominal boundary ‘o
~ before stabilization A
under seepage

FIG. 4.2 ILLUSTRATION OF PREVENTION OF PIPING BY FILTERS

(a) Spherical particle b will just pass through

’>pore space between three spheres six and
one-half times the diameter of b.

(b) Conditions at a boundary between a soil and

a protective filter.
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4,2.2 Pine Joints,Holes and Slots

When pipes are embadded in filters and draiﬁs,no unplugged

ends should be allowed and the filter materials in contact
with pipes must be coarse enough not to enter joints,hdles

or slots..

For slots,

—>12 S (404)
whére,' S ' |
- D85i: 85% size of filter material.
.S =

slotfwidth.’

For circular holes,

Dgs - . -
:> 1.0 | L (4.5)
Dh ' , ’ . .
where, i
D86f=‘85% size of filter material.
D ~ hole diameter.

h.

For openings in pipes,

D
85
o et———— = 2 000(406)
Omak
where,
D85 = 85% size of filter material.

= i i j 0 ipe drain
pgy maximum opening size f pip .




4,3~ EXAMPLES OF FILTER DESIGNS TO PREVENT PIPING

4.3,1 Rock Slope Protection

| Freouently coarse rock is nlaced on the banks of leeves

on the. upetream faces of earthdams and in other qltuataons in
which erodible q01ls must be nrotected from fast currents and
“wave action.If coarse rock is placed directly on fine soil,

currents and waves may wash the s0il out from under the rock

and 1ead to undetermlnlng and failure of expensive protectlveb

~works or: even to failure of the works being protected.
Soil er0510n under rock slope protection can often be

prevented by the placement of a_filterylayer of intermediate

sized material’between the soil and the rock.SOmetimes erosion

can be prevented by the use of well—gra@ed’rock containing
suitable fines which work to the bottom during placement.If

a single layer of well-graded material or spalls between the
s0il and fhe rock is‘depended on for eroeion prevention, the
work must be carried out carefully to make sﬁre that an
uﬁsegregated'filtef laver is provided;6therwise it is possible
that uhdermining could occur under severe - wevev action or

fast currents.
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FIG.4.3 'R‘JCK SUOFE DESIGNED T PUEVENT III\‘DERP]INING. |

‘ Interm‘edia‘te filter(curve 2) prevents erodible soil
(curve 1) from washing through rock spalls (curve?’)

and through coarse rock (curve 4).Care must be taken

to prevent segregation of the various courses.

Alternate design replaces fine filter (curve 2)

with a filter fabric.

(Cedergren,1977).
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Fine layer,
curve 2,
or filter fabric

Coarse layer,
curve 3 O

NG : \/ '
t | t N
Groundwater ‘
(a) Cross section
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FIG. 4.4

DESIGN OF HIGHWAY ROADBED.

Pine filter (curve 2) prevents soil (curve 1) .
from pumping into open-graded drainage aggregate.

(curve 3). (Cedergren,1977).
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Water surface

" (a)

(b)

- PIG. 4.5 EXAMPLES OF FILTERS USUALLY. WORKING UNDER
STEEP GRADIENTS TO RENOVE  SEEPAGE.
(a) Dam with chimney drain.

(b) Dam with rock toe..
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CHAPTER 5

USE OF GEOTEXTILES AS SOIL FILTERS
5.1- GEOTEXTILES AS SOIL FILTER

One of the major areas where geotextiles have found'extensive
usekisvas filters in one-difectional drainage applications
(e.g. subsurface dralnage) For this apnllcatlon,geotextlles
are used as. replacements for egraded granular fllters because
of their c0mnarab1e performance, improved economy, consistent
nroperties,and ease of placement.‘ |

Filter fabrics have tWOebasic uses in drains for
engineering works: |

1.To serve as a true filter that must also act as a
senerator to hold the soil in place and allow the free escape
of water for 1ong periods of tire.

2.To serve as a separatof'or barrier to prevent thebsoil
- from mixing with a coarse aggregétehlafer'when there 1is no

31vn1f1Cant long-time flow of water.

In 211 cases in which a fabric must serve as a true
filter,it must have 0penings sméll enough to prevent more than
minute amounts of the aogacent soil from nass1np through, but
it must also have enough "open area" composed of sufficiently

large openings to allowed unobstructed flow of water.
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5.2- GENERAL CONSIDERATIONS FOR GEOTEXTILE FILTERS

Geotextile filter criteria have been developed and evaluated
for general soil types involving,relativelyllow hydraulic
heads‘as occurs in subsurface drainége applications.There
has been,however,no evaluation tovdetermihe the applicability
of existing filter criteria to situations where 1érge hvdraulic
heads are exnected as is the case with internal 'filteré in
earth dams. | | \

When a'geotextile is placed to a.soil and water is allowed
to flow from the soil through the geotextile,a comiex inter-
acfion 0ccurs‘between_the/soi1 particles and the pores in the
feotextile.During an initial'period‘immediately fblloWing the
placement of the geotextile af the soii interface, the soil
particles»in the layer immediately adjacént to geotextile,
which are smaller than the pores in the geotextile,migrate
intbrand\through the geotektile under the influence of soil
water flow.Soil particles,which are larger than the pores in
the“geotextile-and which lie immediately adjacent to it, |
orientate themselves against the upstréam surface - of thé
geotextile forming a bridging network.As soil water continueé,
to pass through the geotextile,increasing amounts of the fine
soil particles become trapped on this graﬁular bridgiﬁg network
until sﬁéh time as no soil particleé can migrate across the
boundaries of _the geotextile.

A schematicvdiagram depicting tﬁe-soil structure adjacent
to the geotextilé following completion of éoil particle

migration in Fig.5.1.
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FIG.5.1 EQUILIBRIUM SOIL CONDITIONS FOLLOWING

FORMATION OF $OIL FILTER (Hoare,1982)
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FIG.5.2 INTERACTION OF SOIL PARTICLES AND FABRICS IN DRAINS

a.Particles Blocking Pores.

b.Particles Clogging in Complex’POre System

Bridging retwork
of larger particles
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'Figure 5.1 shows a highly permeable zone of larger‘ soil
particles forming the bridging networkfimmediately adjacent to
thebgeotextile The fineflsoil particles Which were present in
this zone before 1nstallatlon of the geotextile have all been
washed 1nto the dralnaye system. Immedlatelv behlnd this. brldglng
gone consisting of soil particles whose permeability decreases
as the‘diétance from the geotextile increases,.This zone has
been termed a "filter cake".The term filter cake has been
generally supplanted By the term"soil filter ".The zone behind
the soil filter is the extremity of the existing soil which has
remained undisturbed througﬁout the formafion of the bridging
and;soil'filter.zones.Once the'soil filter zone has been
established,no fufther soil ls washed through and the system
is considered to be in'equilibrium;(Lawson,1982).

A closer examination of the structure of the soil filtef
gone shows it to consist of larger soil perticles'at the extremity
farthest away from the geotextile.This soil filter zoﬁe is,in
effect,a reverse gfanular filter eonstrgcted eolely from the
in eiﬁu‘sdil particles,and thus will always remainlCOmpatible
with the undistrubed in situ soil(whereas with conventional
granulaf filters,this’is not always the caee.) ‘ |

As soil water continues to flow through the completed soil
filter4éebtextile syetem,the soil filter zene actively filters
ouﬁ fheisoil water from the undisturbed soil mass while the
ﬁéetextile fetaiﬁs the soil filter éone in place, preventing
collapse into drainage layer.Thus,the functlon of the geotextile
in one-dlrectlonal fllter apnllcatlons is not to filter actlvely

the water from the soil long term but,rather,to act as a type
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bl

offcatalyst in the,formation of‘a stable soil filter from the
in situ parent soil.While the ge&fextile‘does not actively
act as a filter once the 30il filter is'formed,the.éhoice of
the éorrect geotextile is critical to the formation- of a
stabie effective soil filter. | |

" For idealvfilter_performance,the permeability,pf the soil
filtef,bfidging network and geotextile,always sﬁoﬁid be equal
to or greater than tﬁe permeability of fhe in situ soil.Should
the Uermeability of’any of these zones fali substantially below
that of‘the undisturbed in situ soil,then reduced water flows |
intd the drainage layer will occur which may result ~in 1less

than optimal performénce,from the filter system.

To’achjeve,optimal filter perfdrmance,two criteria must‘
be met:

Critefion 1., " Permeability :ritérion*".Following an
initial period of instability which occurs during the formation
of the soil filter,the pefmeabiiityn6f thé1system~should remain
relatiQelv contant with time.(See Fig.5.% a).

Criterion 2. "™ Piping Critérion ?.Followiné an initial
period of sbil piping which opcurs during the formétion of
the'soil filter,no further in situ soil should be piped thfough

the filter system.(See Fig.5.3 b).

If the initial criterion is not adhered to,then the
bermeability of the soil filter zone so formed may‘continue
to decfease ahd may lead to poteﬁtially damaging build-ups
invpofe pressﬁre behind the filter zone,

If the second criterion is not adhered to,then in situ
SOilbmay bé cdntiﬁually piﬁed through the filter sysfem which

can lead to internal erosionfailures in the structure.
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To satisfy both of prcee@ing criteria,the interactioﬁ .
betwéeﬁ the in situ soil ano épecific properties of the '
ceotextile must~be'detérmined adeqqatély.Thé two major geotextile
oroperties which affect the formation of a stable soil filter
are its indicative pore size and its water permeébility. )
Indicative nore sizé detqrminesrfhe.maximum size of so0il
narticle‘which can migrate across the boundaries of the
geotektile.Geotextile~nermeébility defermines the nﬁmber of
pores ver unit area in the geotextile.?or good filtration,it
is a requirement‘that'for a giveh_ihdicative porefsizé, the
optimal geotextile should have as high a permeability as
possible,so that when particlevblocking of pores during the
formation of the bridging nefwork adjacent.fo the geotextile,

it does not reduce criticallv the'permeability of the

peotextile.(Lawson,1982).

[ R
'
;
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Dlometer of Particles (m) :..

v

FIG.5.4 SEMILOGARITHVIC PRORABILITY-NET FOR
GEOTEXTILE PORE SIZES (Lawson,1982).
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There are‘three_basic elements of filter criteria'for,
drainaﬁe fabrics: ' B |

1.Retention Ability(Piping Resistance).

2.Water Permeability.

"~ 3.Clogging Resistance.

The characteristics of each criterion are described

as follows:

5.2.1- Retention 4bilitv (Piping Resistance)
'Petentioh‘ability can be specified by using equations
given by different suthors.Some of them are listed below:

Carroll(1983) defines the retention ability as:

EDS

fabric o - ' o
<: 2 or 3 o oo (5.1)
P¢5 s0il ‘
where,
, Eanabrlc = equlvalenf opgnlng s1ze of the fabric,
D.. _ ., = so0il diameter below which lie 85% of
&5 soil A o

_so0il particles.

EouiValeﬁt.Opening Size:

150 gr. of single qipe Qdﬁd is sieved for 20 minute over
a fabrlc on a sieve using an automatlc sieve.shaker. The |
"?quivalent Opening Qize" (E0S) is the rPtained on the size
of that sand fractlon of Wthh 5" of the sand bv welght

passes the fabrlc (Hoare 1982).
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Calhoﬁn(1972) gives the retention ability of a'geotextile as

P95 fabric

<1- o ...(5.2)

Pos fappic = 99% pore nize of filter fahric.(%ee Tig 5.4)

'Dgg coi1 = s0il dimmeter below which lie 85% of
soil particles.

Rankilor(1978) zives the retention ability of a geotextile as:

PSO fabric

n__ .
"85 soil

<;Jf‘ N | i  ..(5.3)

PSOFf.br“ = 50% pore size of filter'fabric;(See ®*i7 5.4)

= 50il diameter bhelow which lie 85% of
soil narticles.

Cedergren(1977) gives the retention ability of a reotextile as:

P o
g5 fabric

1 . e (5.4)
DPgg s0il éé; | - :

where, v
: = : (v} i ’ i i . S F i . . .
P85 fabric 85% pore size of fllter fabrlg’( ee Fig.5.4)
g — . . . . . N o/ - N
,D85 soil = soil olameter,belpw whlch lie 85% of

soil diameter.
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nrink(1975) gives the retentinon ability qf a geotextile as:

' Pso fabric
-For woven reotextiles: .<11

D90 soil

P50 fabric

— <E;8 ... (5.6)
D9-0 soil _\\ 4 ;

-Tor nonwoven geotextiles:-

where,
PSO“fabric = 50%_pore size of_filter'fabric(See Fig.5.4)

Dgn <o0il = so0il diameter below which lie 90% of
' ~ soil vnarticles. |

Qchober aﬁd Teiﬁd1(1979) give the retention ability of a

ceotextile as:

P9O fabric
' = B (5.7
D50 soi1
where,
X = // ‘;‘ i B A. .S‘ F' Y .V
\ P90 fabric = 90% pore size of‘fllter fabric.(See Fig ? 4)
k — 3 o' . -‘ 0
Dey g0il = soil diareter below which lie 50% of
soil mparticles.
B= a function'of the uniformity coefficient

~of the soil " to Dbe filtered.(See PFig.5.5)
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5.2.2 Perméabilitv ‘Requirement

The permeability of a fabric,filtéf should be subhstantially
greater than thaf of the protected soil in.order that,if partial
clogging should océur,the fabric ﬁermeability,@ill not be reduced
a.cfitical 1eve1,i;e.;bglow that Qf‘protected soil.Accordingl#
fhelfabric permeabiiitylshould be less thanvthat of the
protected soil.

| Calhoﬁn (1972) gives tﬁe requirement to satisfy the

permeability condition as:

kfabric - Lo . '
. J o ...(5.8)

ksoil
where, |
kfabric = coefficient of bermeabilitv of the fabric.
ksoil - = coefficient of permeability of the,pfotected soil,

‘Marks(1975) sives the reouirement to satisfy the

permeahility condition as:

kfabric ;>> ' o . |
. 5 | ‘ e (5.9)
™ /// ‘ - .-

soil
where,
"%, . . = coefficient of permeability of the fabric.
fahric
k =

s0il coefficient of permeability of the protected soil.
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Ranki]orv( 1978 )'gives the requirement  to satisfy

tﬁe_ perméability condition as:

Pso fabric ' o '
\ 1 . ) 000(5110)'
. D15‘s‘oil ‘ '
where,
Poo fabric = 50% pore size of the filter fabric.
Dls s0il = soil diameter below which lie 15% of

soil particles.

5.2:3 Clogging' Resistance

Carroll ( 198&3 ) relates the cldggingv.resistance to
the gradient ratio which is defired ~ in Fig.5.6..The
maximum alquable gradieht rafio for ‘acceptable
filtern pefformance' is *3.'Therefdre,"thé criterion for
clogging resistance of fabric 'filtérs can be stated

as follows:
GR //; , | | | o ee(5.11)

where,

GR = Gradient Ratio of the Filter Fabric.

The clogging behaviour of a geotextile should Dbe

evaluvated in a test that simulates in-use conditions.
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5.3~ ADVANTAGES AND DISADVANTAGES OF FABRIC FILTERS

In addition to the ad?antage_ of >inharent tensile
strength , fabric filters have severg}- other. advantages
over granular filters.In general.,installation should be
guicker and more labbf-effiéiént,, and the local avaiiability
of suitable granular filter material is no longef a
design consideration.Sinée‘ a fabric’s ‘filtefing ability
is faétory-controlled ,. it cannot ‘be- altered bf careless
placement' by éite labor , and a duick ~visual inspection
assures the engineer that it is in;}plaée'aS'rdesigned.

Potential disadvantages are that installation must be
undertaken with due care sob as to nreveﬁt undue
exposure to ultraviolet_ light ~and  so “that the fabric‘k
dbes not become ’ﬁorn or damaged with adéquate'overlaps
netween sheefs providéd.The' life of‘ a fabric in a soil
environment ‘is‘ aléo as vet known .and unproved over

the 1lifetime of a normal engineering structure.
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CHAPTER 6
EXPERIMENTAL STUDY

6.1- THE PURPOSE O® THE TESTS

Thefpurpose of the tests is to determine the coefficient
of permeability of (Satufated Clay + Geotextile + Wet Gfavel
Filter)system;and thé_variation»with time.For this reason,
firstly,tﬁé’coefficient of permeability of élay is determined.
The coefficiént of permeability of the}geotéxtileris known.
ind then, the coefficient of permeability of (aafurated Clay +
Geotextiie + Wet Gravel Filter) system is determined. The
coefficient of permeability of clay and the coefficient of
perméabiiity‘of (Saturated'Clay + Geotextile‘+ Wet Gravel Filter)
system are ¢0mpared with each other,and fhekdifferénce ‘is
determined.Ifkthere is a différence,one'may-say,there mgst be

clogzing in the pores of the geotextile.

6.2~ TEST APPARATUS

Certain modification to CRR (California Bearing Ratio)
test mdlds have been carried out to develop a special
permeability device,whichvconsiéts of a cylindiriéal wall and
two friction—fitted covers(the bdttom one being coniéal as

shown in Fig. 6.1. -
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This ueed steel moldslére made of %wo parts(height'df the
first one is 5 cm,,and-ﬁeight‘of the second one is 12 cm.),and
beth upperiahd boftOm parts héve diameters of 7.620m.(3lin;).

This permeability device is connected to é 50 ml. burefte
u51ng a Dlastlc tube. The connectlons and edges of mold which
are ‘covered by unper and bottom cover are sealed throughly_
to make waterproof ualng overrlngs and 31llcone (Wthh is a klnd
1of maqtlc) There is a valve at the bottom of the- mold to collect
weter p3831ngvthrough.the test sample.Thls devlce is attached’
to a standerd 1éb0ratory ring stand ueiﬁg'a test—tube'claﬁp,'
A.meteretick is used to obtain ihitial head'hl,and final head
hZ.The_meterstick is élso;attached to ring stand using a'test

-tube clamp.Schematic of the permeameter setup is shown in

Fig., 6.2.

6.3- LIMITATIONS OF THE TESTS
l.The éoil,in‘the_permeability device is nevef in the same
vstete as in the fielduIt'ié@always ¢isturbed to some extent.
2.Boundary conditiehs are not the same in the laboratory.
The smooth walls of the permeability mold make for beﬁter flow
paths»thanfif'they were rough.If the soil is stratified Veftically,
,the flow in different strata will be dlfferent and thls
boundary condltlon may be 1mp0351b1e to duplicate.
3.The hydraulic head h may be different(often much

larger) in the laboratory,caﬂsing a washout of fine material
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toathe boundary,with a possible reduction of k;The field
hydraulic gradient( i= h/L) is on the order of 0.5 to 1.5,
Awhereas in fhe laboratory it'ia generally 5 or more.‘Some
evidence indicates that. V = ki is not linear for all values
of 1, especially thé 1arger Values On the ofher hand, theré'is
evidence that for fine-grained 301ls(clays) there may be some
threshold Eradlent below whlch no flow will take place.
4.The effect oflentrapped air on}the laboratory sample

will be large evén‘forasmall.air.bubbles siﬁce‘ the'sample is

small,

6.4~ TEST PROCEDURE.

nl.The élaYey soil is saturated in standard compaction test
mold,pla01ng this in a sink in ‘which water is about 5 Cm.(2 in.)
above the cover.The outlet pipe must be open so that water can
back up through the sample.Thls procedure will saturate the
sample with a minimum of éntrapbeéwair.When water in the plastic.
inlet tube on top of the moid reaches equilibrium with the
water in thé sink (allowing. for capillary rise in the tube ),
the sample may be aséumed to.be saturated.A.sgaking period of
24 hr. might provide betfer results.On the other han&,the wet
gravel is placed in fﬁe bottom part of the mold,and between the
upper and bottom mold geotextile is ﬁlaced.A piece of filter
papef is ﬁlaced on bottom bf the gravel.

2.Whén water level in the plastia inlet tubé is stabilized
ythe permeametef is removed from the sink clamping the exit tube.

The saturated clay ‘in this standard permeameter‘is poured into
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the,uppef part of the fest mold.And then,the upper cover is
CIosedyand‘the rim(of the mold are séaled throughly and madé
waterprobf usihg siliéone.The inlet tubé of mold is attached
‘to burette,which has been fasﬁehed to a ring stand.When the
silicone is dried,the test may be‘otarted

| 3, The 11nes at the top of the clay are deaired by opening
the hose clamp from the burette and openlng the pefcock on
top of the mold Waetr is allowed to flow(but keep adding
water to the burette so it does not become empty) from the
petcock untll air bubbles cease to exist; then the petcock is
‘closea The inlet tube from the burette is not closed.The ex1t
tube is still clamped shut. | | ”
| 4.The burette is filled to a convéni‘eht‘height,and, the
'hydraulic>heaa across the sample is measuféd to obtain initial
‘head'.hl. | |

5;The exit tube is dpened and simﬁltaneously the timer
is started.Water is allowed to flow thrbugh the samplevuntil>
the‘bufett¢<is almost empty.Simultaneously the elapsed time
is recorded and only the éxit tube is clamped;Thé hydraulic
head aéfoss the samplé at this time is measured to obtain

final head h,.The temperaturé-qf tnhe test is recorded.

2 |
6.The burette is refilled and Step 5 1is repeated three

additidnal times.The temperatﬂres of each run are‘reCOrded.
7.Using the Eqn. 6.1 given below, the_coefficient of the

Dermeablllty of the system-is comnuted'-
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.(6.1)

ki ;'ﬂoefficient of pefmeability at test tempefature T,

/é'.= crobs-sectlonal area of the burette, in Cm2.

~L' —1ength of 5011 sample in cm.

t = elapqea tlwe of test,in sec.

hl-; hvuraullc head across sample at .the beglnnlng of the.

‘test (t=0) , in cm.
h, = hydraulic head across'sample at the’ end of the test

~,in cm.

From Table 3. 1 v1>coq1ty correctlons for pT / Pog are
found and multlplylng tnese by kT’ the coefflclents of

permeability at stamdard temperature'(QOOC) may be)computed.

P'p
20 = Fp—
P20

k ..(6.2)
8.After finishing these tests,the apparatus is reassembled
and geotextile is left to ary at Iaboratory temneraturé aidng

two days ,and then all steps are repeated.
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6.5- PROPERTIES OF USED SOILS

6.5.1.Pfoperties,of’Esan Yellow Ciay:

Some laboratory tests haﬁe been verformed to determine
;%he SOmevSOil characteristics‘of clay.Thesé tests and'their'
resulté are -given below: o

.Sieve Analysis: See Fig.»6.3.

.Specific Gravity Tests:

Specific Gravity of Esan Yellow Clay, G = 2.72
.Compaction Test: \

Maximum Dry Density Of‘Clay,‘mafodry = 15.30 kN/mB.

Optimum»Noisturé Of Clay, Wopt =24%
. .htterverg Limits Test: | |
| Liquid Limit of Clay, ¥ = 3T%
Plastic Limit of,01ay,w‘f_= 20%

Plasticity Index of Clay,Ip=17%
.Saturation Degree Test: -

Saturation Degree-bf Clay, Woop = D4%
. Permeability Test: o

The coefficient of Permeability of Esan

Yellow Clay , k,. = 1.241 x 1072 cm/sec.

20
6.5.2,Properties of Brown'01ay:

.Sieve Analysis: See Fig.éfq.
.Specific Gravity Test: |
. Specific Gravity of Brown Clay, G =’2.76.
~ .Compaction Test: B

Maximum Dry density of Clay,max ydry =

Optimum Moisture Content of Clay, w

*
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.Atterbers Limits Test:

Liquid Timit of Clay, 12 T35%.

Plastic Limit of Olay, wy = 32.5%

Plasticity Index of Clay,I = 40.5%
- .Saturation Degree Test:
Saturation Degree of Clay,wqqt =-98%

Permeability Test:

The coefficient of Permeability of Brown Clay,
' -6 cm/ k

K. = 5.21 x 10 sec.

20

6.5.3.Proverties bf»Gravelz

Sieve Analysis: See Fig.H.5.

6.6~ PROPERTIES OF USED GEOTEXTILES

Tour types of~geotextile have been used ih tests.These are
TYPAR 3207 , TYPAR 3407-2 , TYPAR 3807-4 , and MIRAFI P40.

Propérties of these geotextiles are giVen below:

6.6.1. Properties of TYPAR 3207:

Nonwoven Polypropylene Geotextile

.Unit Weight = 65 gr/m°

~ +Thickness at 2 kN/m2 = 0.3%6 mﬁ.
.K-value at 2.kN/m2 = 28 X'10—4 m/sec.j’
.Flow at 1 cm. water head =.45 1/m%sec.

.Flow at 10 cm.water head =200 l/m?sec.
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I
W
Jio-
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Q- .
«.Sieve Analysis, PSO pm.

Pgp = 435 pm.
Pog =

..Dyﬁamic Filﬁration, P95 = 126 pm.

]
-
D
O

pm.

6.6.2. Properties of TYPAR 3407-2:

Nonwovén Polypropvlene Geotextile

.Unit weight = 150 gr/m?
.Thickness at 2 kN/m° = 0.49 mm.
.K value at 2 kN/m2 =5.1 x 1074 m/sec.

.Flow at 1 cm. watef‘head 11 l/m?sec,

.Flow at 10 cm.Water head = 78 ‘l/m?sec._

.Sieve Analysis, PBO = 90_pm.

P9O =130 jm.
P98 =}6O pm.
.Dynamic Filtration, P,. = 108 pm.

95

6.6.3. Properties of TYPAR 3807-4.

Nonwoven Polypropylene'Geotextilé”

.Unit Weight = 280 gr/mz. |
.Thickness at 2 /m? = 0.71 mm.
K value at 2 kN/m2 =1,6 X 10-4 m/sec,
.Flow at 1 cm. water head = 2.5 1/m?Sec;
.Flow at 10cm. water head = 20 l/m?sec.'
.Sieve Analyéis, PSO = 40 ypm.

| Fog
.Dynamic Filtration, Pgg = 40 um.

= 65 Jme.
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6.6.4 Properties of MIRAFT P40.

Nonwoven Polyester Geotextile

.Unit Weight = 150 gr/m-.
.Thickness = 2.3 mm.
.Specific Gravity = 1.38.

.Opening Size = 150 pm.

.The coefficient of permeability,X = 2.0 x 10”1 cm/sec.
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6.7- TEST RESULTS

e

6.7.1. For ( SATURATED ESAN YELTOW CTAY + T‘Y}?AR 3207 -

+ WET GRAVFL FITTER ) qutem. :

Used standpipe = 50 ml. burette.

Cross- sectional area of the used standpipe, a = 0,988 cm2.

Length of (Qaturated Clay + Geotextlle) 1aver L =5 cm.
.Using virgin geotextlle ceeanene

st

L..15% DRsT. ... ...

TEST . \ A
NO 51 hy t “in | Sout| T
Unit em | em sec cm’ cm> °c
1 80.6 | 55.3 |1114 | 25 25 | 18
2 80.6 | 55.3 |1246 | 25 25 | 17.5
3 80.6 | 55.3 |1403 | 25 25 17.5
4 0.6 | 55.3 {1541 25 | 25 | 17
Averagd .80.6 | 55.3 (1326 | 25 | 25 17.5
2.% (0.988) 5 80.6 i
k - log '
ave .
(182.415) 1326 55.3
k = 8.177 x 10-6 ém/sec.

ave
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6.7.2. For ( SATURATED ESAN YELIOW CLAY + TYPAR 3207 +
'WET GRAVEL FILTER ) system.

‘Used standpipe = 50vml;<burette. |
4Cross~sectional area of the used standpipe, a = 0.988 émz.
Length of‘(Saturated Ciay + Geotektile)ﬂlayer,L = 5 cm.
‘..;Using'éeotextile which is driedkalong(twb days ...,

after ISt Testeoieeens

nd

...2"% TEST using TYPAR 3207.......
test s ‘ :
no n Bp t Qin Uug| T
Unit cm Cem’ sec cmi? Cm3' °a
1 | eo.6 | s55.3 | 1714 o5 | 25 | 18
> | 80.6 55.% | 1943 25 | 25 17.5
3 £0.6 55.% | 2018 | 25 25 | .17.5
4 80.6 55.3 | 2154 25 | 25 18
Averagel 80.6 | 55.3 | 1957 | 25 | 25 | 17.75

2.3 (0.988) 5 80.6
= log —
ave ’ .
182.415 (1957) 55.3

ave = 5.505 x 107" cm/sec.



108

1 6.7.35 For ( SATUKATED ESAN YELLOW CLAY + TYPAR 3207
-+ WET GRAVEL FILTER ) system.

Used standpipe = 50 ml. burette.
‘ 2

CrosS—sectional area of the used étandpipe,a: 0.988 cm
~ Tength of (Saturafed,Clay + Geotextile)layer,Lz 5 cm. -
«..Using geotextile which is dried along two days

afteT‘ gnd 'teSt....;...‘.".

‘....B?d TRST using"TY?AP 5207...;....};

Tﬁi? by by t Qin Qqut T

Unit» cm" ©oem : secv‘ cm3 ' cm3 °¢
1 | .6 | 55.3| 2246 | 25 | 25 17
2 80.6 | 55.3 | 2281 25 | 25 | 17.5
5 | e0.6 | 35.3| 2357 | 25 | 25 | 17.6
4 80.6 | 55.3 | 2441 25 25 | 17.1

Averagd 80.6 | 55.3| 2331 | 25 | 25 | 17.3

kaVe = 45675 x 10 cm/sec.
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6 7.4 For ( SATURALED ES AN YFLLOW CLAY + TYPAR 3407 2
+ WET GRAVFL FILTER ) qy~tem.

Used standpipe = 50 ml. burette.
Crbss;sectiOnal area of the used burette,a=0.988;cm2;
Length of (Saturated Clay + Geotextile)layer,L= 5 cm.

...Using virgin Feotextile.....u..

RS L LI SRS
PEST
no hl h2 t Qin Qout T
it | em em sec | om em® °c
1 | s2.9 [ 323 | 6954 | 50 | 50 | 14
2 82.9 | 32.3 | 7111 50 50 | 14.5
5 | se.o | 323 | 7297 | s0 | 50 | 13.5
4 82.9 | 32.3 7521 | S0 | 50 14
Averagd 82.9 | 32.3 | 7220 50 | 50 14
k = 4.114 X 10f6 cm/sec.

ave
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6.7.5. For ( SATURATED ESAN YELLOW CLAY + TYPAR 3407-2
+ WET GRAVEL FILTER ) system.

- Used standpipe= 50 ml. burette,
Orbss-sectional area of the used burette a = 0. 988 cm2

*

Length of (Saturated Clay + Geotextlle)layer I= 5 cm.‘

u..Uolng geotextile which is dried along two days

st

after 1 Test....;.....

...2" TEST using TYPAR 3407-2..ee......

~ TEST
‘no hy hy, t Qin : Qout T
Unit» cm - cm sec cm3b cmB' - %%
1 | e2.9 | 32.3 | 8165 50 | 50 | 15.5
2 32;9, 325 | 11988 | 50 50 16
3 82.9 32,3 | 16346 | 50 | 50 |15
s | s29 | ses | 1] s0 | so | 15
|averagd s2.0 | 32.3 | 13560 | 50 | 50 | 15.4
k. = 2.111 x 1076 em/sec.

ave -
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6.7.7 For ( SATURATED ESAN YELLOW CLAY + TYPAR 3807~4
+ WET GRAVEL FILTER ) system. |

Used standpipe =>50 ml. burette;_
. 2

Cross-sectional area of the used étandpipe,é = 0,988 cm

Length of (Saturated_Clayb+ Geotextile)layer,L = S'Cm; |

...Using virgin geotextile..........

st

ave

TPEST | ~ | |

“wo ] h hy 10 Qiy Qut| T
Unit cm cm sec em> | emo. °c
1 '80.2 | 29.6]11854 | 50 50 17.5
2 80.2 | 29.6| 12131 | ' 50 50 | 18.5
3 80.2 | 29.6|1%153 | 50 | 50 | 16.5
4 g0.2 | - 29.6| 14223 | s0 50 16.5

Average 0.2 | - 29.6| 12840 | 50 50 17.3

X = 2.25 x 1070 cm/sec.
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6.7.8 For ( SATURATED ESAN YELLOW CLAY + TYPAR 3807-4
+ WET GRAVEL FILTER ) system.

Used,standpiﬁe = 50 ml.’bufette. ,
Crbssrsectional area of the used burette;a = 0.988 cm2..'
Length'of (Saturated;CIay + Geotextile) layer,L;é.S‘cm.'
..,Usiﬁg geotextile which'is dried‘along:twd days

st

‘after 177 TeStesieoeess

v..2"% TEST using TYPAR 380T—-4u.eeeeenns

Unit em | om- sec emo | cm3 °c

1° | s0.2 | 29.6 | 18281 | 50 50 | 18

2 | 80.2 | 29.6 | 19543 50 | 50 1 19

3 80.2 | 29.6 | 20117 | 50 | 50 | 18.5

4 | 0.2 | 29.6 | 21113 | s0 | 50 18.5
average| 80.2 “>29.6 19764 50 50" 18.5
k‘ | = 1.415 x_ld;6 cm/sec.

ave
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 6.7.9 For ( SATURATED ESAN YELLOW CLAY + TYPAR 3807-4
+ WET GRAVEL FILTER ) system. o |

sed Standbipe = 50 ml. burette,.

‘Cross-sectional area of the used standpipe,a =.0,988 cm2.

‘Length of (Saturated Clay + Geotextile)layef,L: 5,cm.g

...Using geotextile wnich is dried along two days

nd

afteI‘2 Telstic;.-ooo.

...3rd TEST using. TYPAR 3807-4...,,....Q..,g

TEST | - | A
no ’ ;hl, h2 t Qin Q'out- T
Unit -cm cm sec em? cm3‘ ¢
1 | e0.2| 29.6 (31957 | 50 50 15.5
2 80.2 | 29.6 | 26842 s0 | 50 |-15.8
3 80.2 | 29.6 | 24011 50 50 | 16.2
4 g0.2 29.6 | 23894 | 50 | 50 | 19
Averagd '80.2 | 29.6 |26676 | 50 | 50 | 16.6
k 6 em/sec.

ave

=1.1 % 107



117

10-6'cm/3ec.v
s
by
+
o
~
o
0
@
[V}
£
&
(]
p-i *
£
Q
4
.
>
v
3 L.
2t
1 F
0 4 - 4 L »
1 2 3 | No. of
| Test '

FIG. 6.8 NO. OF TEST- SYSTEM PERMEABILITY,CURVE.

for (Esan clay + TYPAR 3807-4 + Wet gravel Filter)system



118

6.7.10. For ( SATURATEL ESAN YELLOW CLAY + MIRAFI P 40
+ WET GRAVEL PILTER ) system.

Used standpipe = 50 ml. burette.
Cross-sectional area of the uéed bﬁrette a= 0.988 cm2.,
Length of (Saturated clay + geoteytlle)layer L 5 cm.

U31n0 Vlrgln Geotextlle.,..{..

...1%% 1BST using WIRAFI P4O.........

TEST |
no. hl h2 t Qin QOut T
Unit cmo cm sec- »Cms'_ cm3 °c
1 80.6 | 55.3| 2341 | 25 25 | 17
2 80.6 | 55.3| 2419 | 25 | 25 | 17.5
5 | so.6 | 55.3| 2617 | 25 25 | 17.5
4 | s0.6| 55.3| 2746 | 25 | 25 | 18

pverage| £0.6 | 55.3| 2531 | 25 25 | 17.5
¥ = 4.284 x 107% cm/sec. v '

ave



6.7.11. For ( SATURATED ESAN CLAY + FTRAFT P 40 + WET
GRAVEL FILTER ) system.

Used standpipe = 50 ml. burétte; ,
Cross eectlonal area of the used standpipe,a= o. 988 cm2.
...U31ng geotextlle which is drled along two days

' after 1S Test..;......

...2"% TEST using NIRAFT P4AO...........

‘Test ' :
no hl h, t Cin Qout T
Unit | em cm sec cm3 cm3,' °¢a
1 | 80.6 55.3 1 3516 25 | 25 | ‘18
2 | eo.6 | 55.3 | 4130 | 25 | 25 | 18
3 | 80.6 | 55.3 | 4247 25 25 | 17.5
4 80.6 | 55.3 | 4518 25 | 25 | a7
Average| 80.6 | 55.3 | 4102 25 25 | 17.6
k_. =‘2.636 X 10"6 cm/sec.

.ave
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6.7.12. For (SATURATED ESAN YELIOW CLAY + MIRAFI P 40
~ + WET GRAVEL FILTER)SYSTEM.

sed standpipe = 50 ml. burette,,‘

‘ Crosé-sectional area of the’used purette,a = 0.988 cm2.
Léngth of(éaturafed,clay + geotextile) 1ayer,L.§ 5 cm.
...Using.geotéxtiie which is dried along two days

after‘an Testioaeens

... 3% 1EST using MIRAFT P 40 0unnas
Test L ’ . ,
no ‘ h1 h2 t ‘ Qin ’ 'Qout T
nit cm cmo sec cms}_ cm3 OQ
1| 80.6 | 55.3 | 4715 25 | 25 | 17.5
> | 80.6 55.3 | 5052 25 25 18
3 80.6 | 55.3 | 5289 25 25 18
4 8.6 | 55.3 | 5847 25 | 25 18
Averagel 80.6 | 55.3 | 5226 | 25 25 | 17.9
6 cm/sec.

kave_= 2.054-x 10
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6.7.13. For (SATURAPED BROWN CLAY + TYPAR 3207 + WET
' GRAVEL FILTER ) SYSTEN.

Jlsed standpipe = 50»m1{,bﬁrette.
B 2

Cross-sectional area of the used bﬁfette, a = 0,988 cm

Lengfh of (Saturatéd Clay + Geotextile) laver. L = 5 cm.

... Using Virgin Geotextile..........
....15% TEST using TYPAR 3207..........

Tiit h1 h2 K Qin Qout T
Unit cm cm sec Cm3 cm3 °¢
1| k80.6 55.3 | 2952 o5 1 oos | 14
> | eo.6| o5.3| 2046 | 25 | o5 14
3 Ce06 | 55,3 _‘5551— o5 | 2 | 13.8
4 s0.6 | 5.3 | 3165 | o5 25| 1402 |
| 4verag¢ 80.6 55.3 ‘Eggi_ 25 25 .l4v

-6 '
kaVe = 4,109 x 10 cm/sec.
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6.7.14. For (SATURATED BROWN CLAY + DPYPAR 3207 + WET

GRA/EL FILTEE)System.

Useﬁ standpipe = 50 ml, burette,

Cros§;qectional area.of the burette, aﬁ 0. 988 cm .

.Length of (%aturated clav + geotextlle) 1ayer L— SICm.i
...Uqlng yeotextlle whlch is drled along two days
after 19 Test.. .....
nd . . . '
«..2  TEST using TYPAR 3207.....44.
Test , . :
no n B t gin Sout| T
- Unit cm cm ‘sec em” cm3 °c
1 80.6 | 55.3 | 4443 | 25 25 | 13.8.
2 £0.6 55.3% | 4817 25 25 14
3 80.6 55.3 | 5146 25 25 13.8
4 0.6 55.3 | 5251 25 25 | 13.6
Averag¢ 80.6 55.3 4914 25 25 13.8
-6 . _
Kive = 2+429 x 10 cm/sec.
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6.7. 15 For (SATUFATED BROWN CLAY + TYPAR 3207 +. WET

ARAVEL PILTER) svstem.

~ Used standpipe = 50 ml. burette.
' 2

Cross-sectional area of the burette, a = 0.988 cm
Length’of (Saturated clay + geotextile) layer, L = 5 cm.
...Using geotextile which is dried along two dayé

af’teI‘ an TeSt... LU NI B

3 gpon usi@g: TYPAR_3207;;.;.....

T:it hy h2, t Qin ngut T

1 vnit | em em sec | em? | em? | ©c

1 80.6 [ 55.3 | 6543 | 25 | 25 14
2 | e0.6 | 55.3| 7156 25 25 | 14.2

3 | e0.6 | 55.3| 7441 25 25 | 14.2

4 | e0.6| 5.5 904 | 25 | 25 | 14
vAverage' 80.6 55.3 | T261 '25 25 14.1'

_ = 0=t »
kave = 1.63 x 10 em/sec,
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6.7.16. For (SATURATED BROWN CLAY + TYPAR 3407-2 +.WET

GRAVEL FILTER) system.

Used standpipe = 50 ml. burette.
, v ‘ - .

Crossfseéfional area of’the buretﬁe. a = 0,988 cm
T.ength of (Saturated»clay + geotextile) laver, L. = 5 cm.

...Using Virgin Geotextile....evve..

...15% TEST using TYPAR-3407-2..;.L.;.
Test \
no -hl hy t Qin | Sout _.T
| unit em | cm sec | cm® em | °c
1 | 80.6 | 55.3 | 5780 | 25 | 25 | 13.5
2 | .6 | 55.3.| 6130 | 25 | 25 14
3 80.6 | 55.3 | 6526 | 25 25 | 14
4 80.6 | 55.3 | 7043 25 | 25 | 13.5
tveragd 80.6 | 55.3 | 6370 25 | 25 | 13.75
k = 1.877 x 1O-6 cm/sec.

ave
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6.7.17. For (SATURATED BROWN CLAY % TYPAR 3407-2 + WET
' GRAVEL FILTER) system. |

,‘Usedystandpipe = 50 ml. burette.

Crosé—éectional_area of the burette, a = o.988'cm2.

Length of (Saturated clay + geotextile) layer, L = 5 cm.

...Using geotextile which is dried along two days

st

after 1 PESTererenenns

. 'o e 2nd IPEST USing TYPAR 34’07_20 ’u IR .. o e - )

Test » i
"no hy h, t Qin Qut T
Unit em cm - sec em? | om? | Oq
1 80.6 55.3 | 10422| 25 | 25 14
2 80.6 55.% | 11166 25 25 14
3 80.6 | s55.3 | 14170 25 25 | 14.5
4 £0.6 55.3 | 16193 25 | 25 14
Average 80.6 55.3 12988 25 25 14.1
X = 9.118 x 10 Tem/sec.

ave
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6.7.18. For ($ATURATED BROWN CLAY + TYPAR 34072 + WET
- GRAVEL FILTER) system.

Used standpipe = 50 ml. buretfe.

CrossfSectional area of'the burette, a = 0.988 cm2.
Length of (Saturated’clay +»ge0téxtiie) layer, i = 5 cm.
...Using geotextile which is dried along two'days

after an TeSTeeeeeeenae

..;Brd TEST using TYPAﬁ 3407—2.;.........
"o hy hy S Pl Yn | Qong T
Unit cm - em v’sec. ,cﬁs cm3 °c
1| eo6| 55.3 |17043 | 25 | 25 | 145
2 | &0.6| 55.3 16760 | 25 | 25 | 14.5
3 | 80.6| 55.3 |19188 | 25 25 14.5
4 £0.6 | 55.3 |21761 | 25 | 25 | 14.7
Average| 80.6 | 55.3 |19188 | 25 | 25 14.55

, . N
;kave = 6,099 x 10 cm/sec,
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1076 cm/sec
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O_ ) . 1 _d ! > .
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FIG., 6.11 NO. OF TEST - SYSTEM PERMEABILITY CURVE for

(Brown clay + TYPAR 3407-2 + Wet Gravel Filter)system.
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6.7.19 Por (SATURATED BROWN CLAY + TYPAR 3807-4 + WET
 GRAVEL FILTER) system.

Used standpipe = 50 ml.rburette}

Crossésectional area of the burette, a = 0.988 cm2

Length of (Saturafed ‘clay + geotextlle) layer, L = 5 cm.f

.e.Using Virgin Geotextlle.........

st

R § TEST using TYPAR 380T7=4ecuiiannnnne

ave

. Test : _ :
no hy hy t Cin: Qout T
Unit .| cm cm séc Cﬁj | émS - %
1 | €0.6 | 55.3 |10134 25 25 | 12
2 80.6 | 55.3 {11340 | 25 | 25 | 12.5
35 | e0.6| 55.3 (12334 | 25 | 25 | 12.5
4 | 88.6 55.3 | 13430 25. | 25 | 13
Averagq 0.6 | 55.3|11810 | 25 | 25 | 12.5
k = 1.047 x 16-6_cm/sec,
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6.7.20. For (SATURATED BROWN CLAY + TYPAR 3807-4 + WET
GRAVEL FILTER) system. o |

Used standpipe = 50 ml. burette.

Cross-sectional area of the burette, a = 0.988 cm
Length of (Saturated clay + geotextile)layer, L = 5 cm.
...Using geotextile which is dried along two days

arter 15°% Testeeesvaeens

. -\- 2nd TEST USing TYP-A.R ; 3807-4- I EEREEEEE]

Test . '
no hll h2 t Qin Qout T
Unit cm cm sec cmj em> °c
1 80.6 55.3 | 14022 | 25 25 14.5
2 80.6 55.3 | 14134 25 25 15
3 80.6 | 55.3 | 14847 | 25 25 14.5
4 80.6 | 35.3 | 13412 | 25 | 25 | 14.5
lAverage| €0.6 | 55.3 | 14604 | 25 | 25 | 14.6
k = 8.00% x 10~ cm/sec.

ave
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6.7.21 Por (SATURATED BROWN CLAY + TYPAR 3807-4 + WET
GRAVEL FILTER) system. | ’

Used standpipe = 50 ml. burette.
. , .,

Cross-sectional area of the buretté; a = o.988vcm
Length of (Saturated clay + geotextile)layer, I = 5 cm. -

...Using geotextile which is dried along two days

d

after ol Test.:......,.

...3"0 TEST using TYPAR 3807-4u......... "

Test L ' .
no. ~_h1 h2 t 'Qin' Qout CT
Unif_ cm cm sec cm3 em? °c
1 80.6 | 55.3 | 18106 | 25 25 | 14.8
2 | eo.6| 55.3 | 19443 | 25 | 25 15
3  80.6 | 55.3 | 20417 | 25 25 14.9
4 | 80.6| 55.3 | 22716 25 25 | 14.9
Averaghp 80.6| 55.3 | 20170 | 25 25 | 14.9
k = 5.748.x 10-7-cm/sec.

ave
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FIG. 6 12 NO. OF TEST - SYSTEM PFRI\”LAPILI’[‘Y CURVE for

(Prown clay + TYPAR 3807-4 + Wet Gravel Wllter)qutem.
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6.7.22. For(SATURATED BROWN CLAY + MIRAFI P40 » WET
-~ GRAVEL FILTER) svstem.

Used standbipe = 50 ml. burette.
Cross;sectionalyarea of the burette, a = 0.988 cm°.
Length of (Saturated clay + geotextile) layer, L = 5 cm.-

...Using Virgin Geotextile..........

...15%  TEST using MIPATT PAO....ev.enn...
Test | o |
no hl h2 K Qin Q'out T
Unit om | cm ‘sec om’ cm3 °q
1 | 0.6 55.3 | 3742 25 25 15
2 80.6 | 55.3 | 4183 25 25 15.5
3 | 80.6 55.3 | 5142 25 25 | 15
4 80.6. 55.3 | 6681 | 25 | 25 | 16
Average| 80.6 | 55.3 | 4937 25 25 | 15.4

kave =’25318 g 10 cm/sec.



135

- 6.7.23%. For (QAWUPATED BROWI CLAY + htpan p4o + WRET
' GRAVWL RILTER) svstem.

Used standpipé =_50 ml. burette.

Cross-sectional area of the burette, a = 0.988 cm°.

Lenvfh of (Saturated clay + geotextile) laver, L = 5 cm.

...Us1ng geotextlle whlch is dried along two davs

after -lSt Test..oo..onns. .

o e .2nd ' TEST USing » I\'IRA.FI P40o o“. ® o s 0 00 0 »

Test : .

- no ' h1 h2 t Qin Qout T

Unit, bm cm sec cm3 cm3 QC

1 | e0.6 55.3 | 7151 25 | 25 16.5

) 80.6 55.3 | 7863 | 25 25 17

3 1.80.6 55.% | 8176 25 25 17.2

4 | 80.6 | 55.3{9971 | 25 25 17
Average 80.6 55.% | €290 25 | 25 1e.9

k ‘= 1.328 % 10™° cm/sec.

ave
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6.7.24, For (SATURATED BROWN CLAY + MIRAPI PAO + WET

GRAVEL FILTER) system.

Used standpipe = 50 ml. burette.

Cross—sectional'area‘of'the burette,’a = 0.988 cm2.

Length of (Saturated clay +,geotéxtile) laver, L = 5 cm.

,-.Using geotextile whith is dried along two days

after 2nd

rd

.37 TEST Using FTHATT P40....s.....

ngt | h1 h2 :t : Qin C:ou‘c T
it cm cm | sec : cm3 Cm3 °q
1 g0.6 | 55.3 |13481 | 25 | 25 |12.5
2 80.6 | 55.3 |14383 | 25 | 25 | 13
3 80.6 | 55.3 16151 | 25 | 25 |13.5
4 £0.6 | 55.3 |[17240 | 25 | 25 | 13
rverage| g ¢ | 55.3 |15516 | 25 25 13

, . ]
kave = 7.963 x 10 Qm/oeC.
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FIG. 6.13 NO. of TESTS -~ SYSTEM PERMEABILITY CURVE for

(Brown clay + MIRAFI'P4O + Wet'gravel'fiiter) system.
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- 6.7.25. Tests for determining the clogging ratio.

The same nermeameter has been used fof thls‘purpose.
erstly,the virgin geotextlle has been placed between the
two narts of the mold and then test is performed Later, the :’
';-clogged geotextlles has been subgected to same tests. 50 ml :

*water hae been allowed to flow through the geotextlle “and
elapsed tlme has ‘been recorded.The cross—sectlonal area of
-ceotextlle is known U81ng the f0110w1ng Equatlon the flow

through the geotevtlle maj be determlned

Q-

] = wssesssesndes

kKo = —
At

Where, |
| kf = flow through the geqfexfile,in 1/m?sec;a
Q = amount of water fiewing.through the geptextile;in 1.
A = cross-sectional area of the geotextile;in'.mz.‘
t = elapsed time,in*eec.



Lo

6 7. 25 1 Clogglng Ratlo test nn TYPAR 3207 whlch has been

:;',m +ested w1th Wcan Ye110w Clay.‘l/

 Virgin Geotextile - . Clogged Geotextile

Test| Q@ | 'A A”, x| Q o n t

W
™

CUait]-107 1. [ 1074 5f T Csee 10771, 1074 m?] sec

1| 50 182,415 | 18 | 50 | 182.415 | 29

2 | 50 | 182.415 | 185 50 | 182.415 | 31

3 | so o |1se.a15| 18 | 50 | 182.415 | - 30

Cave.| 50 182,415 | 18.2 | 50 | 182.415 | 30

. 50x1070 1
kKpy =

(182.415 x 10™% n?)(18.2 sec)

o;l5lv'1/mgsec,

£2 — ——
T (182.415 x 107%n®)(30 sec)

kf2 = o,ogl_vl/m‘seéﬂ



L4

0.081

' 0.151‘-

Tlow( l/m2séc)

P

1 2 ‘ " No.of -
: - - Test

F1G.6.14. VARIATION OF. FLOW THROUGH GEOTEXTILE WITH NUMBER

OF TEST. (For TYPAR 3207)

1

indicates the‘flbw of the virgin TYPAR,3207

indicates the flow of the clogged TYPAR 3207

which has been fested with Esam Clay .-




6 T.25. 2 C‘logglnrr Ratio Teet on TVPAR 3207 whlch has been

tested with Esan YelWOW Clay.

Virgin Geofextile ‘ Clogged Geotextile
Testl g A St Q SRS
no } . . : : — ‘
onit] 1070 1.1 1072 | sec | 1071, | 1074wP|  sec
1 50 | 182.415 | 18 | 50 - | 182,415 | . 39
2. 50 | 182.415 | 18.5 50 | 182.415 | 41
3 50 | 182.415 18 | 50 182.415 40_
ave.| 50 |182.415 | 18.2 - 50 | 182.415 40

Cver a2
kfl,: o.lSi -l/m‘ sec.

e -
c = ] . .
sz = 0.069 1/m%sec.



A“142“L£F:ee

-.,.Flow (»l/mzséc )

A

0.151¢
5.069-
| - Test

WIG 6. 15 VQRIATION oF FLOW THROUGH GEOTEXTTLE WITH NUMBERk
OF TEST. (For TYPAR 3207) |
1 1nd1cates the flow of the virgin TYPAR 3207
2 1nd1cates the flow of the clogged TYPAR 3207

which has been tested»with Brown Clay.
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6 7.25.3. Clogglng Ratio Test on TYPAR 3407 2 whlch has -

. been tested with Esan Yellow Clay. f )

Virgin Geotextile | Clogged Geotextile

Test
- no

Q

'A.

Q .

o

Unit

1077 1.

10—4m2

sec . .

-~

© 1072 1.

10742,

- sec

50

182.415

49.

50

182,415

122

50

182.415

51

_50

182.415

125

50 .

| 182.415

50

50

182,415 |

125

AVé;

50

| 1s2.415

5'0

50

-182,415 

124

‘fe

50 x

1077 1.

£1

SR

f1.

‘6;055 l/mzsec.

50 x

1072 1.

'f(182.415'X'1Of4m2)(50‘SeC). ,

2

(182.415 x 10™*m?)(124 sec)

0.622:_1/m23ec;
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~ Flow (‘:l/mzs ee)

p o

v‘o;055

0.022}
O . | 21 — I ) § : B ! - ... .
: 1 . o 2 .~ No. of
Test

ﬁIG.6.16 VARIATION oF FLOW THROUGH GEOTEXTILE WITH - NUMBER
OF TEST (For TYPAR 3407-2)
1 1ndlcates the flow of the V1rg1n TYPAR 3407 2
2‘ ndlcateq the flow of the clogged TVPAR 3407 2

which has been tested with Esan Clay.
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6 7 254‘Clogg1ng Ratlo Trst on TVPAR 3407 2 Wthh has

been tested w1th Brown Clay

Virgin Geotektile" TN 'Clbgged GeoteXﬁile"

fTest,

" ’no Q A ot Q] A : t

Unit| 1077 1. 107Mm%,

sec. 10731;' ‘1074 m?' "[sec.

1| 50 182.415 49 | 50 | 1e2.415 | 146

> | so |ise.a5| s1 |, so |.1s2.a15| 151

3 | 50  lise.415] so | so | 182.415| 157

ave.| s0 - |1s2.415 | so | s0 | 1s2.415 | 151

= 0.055 l/mzsec.

—,o.ol8vl/m25ec.._'




'~_146 1

~ Flow (l/mzsec)

.f ,

0.055 }
o.018 1
(o] L i N _ ’
1 , . 2 _.'?{'No. of

Teét

FIG.6.17. VARIATION OF FLOV THROUGH GEOTEXTILE.WITH'NUMBER
'OF TEST. (For TYPAR 3407-2) S
1 1ndlcates the flow of the Vlrgln TYPAR 3407 2
:2 1ndlcates the flow of the clogged TYPAR 3407 2

which has been tested with Brown Clay.
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'if;.r6J7525.5,'Clqgging Ratio Tést-on TYPAR 3807#41thchlhas

been tested with Esan YeilbwACIQjZ

'Vifgin Geotextile B  f» Clogged Geotextile

Unif‘l 10“3 1. 1074 m? | sec | 1072 1, | 107%? sec

1| oso | 1s2.aas| 67 | 50 | 182.415| 166

2| so .| 182,35 T | 50 | 182.415| 185

3| 50 | 182.415| & 50| 182.415| 193

ave.| 50 | 182.415| 73 | S0 | 182.415| 181

Bl
i

(‘50-}(;10'3 1.)

(182.415 x 10”4 m2)(73)
. ' 2 . . ] - )
0.038 1/m“sec. : - .

-‘(50 X 10"3 1.)

(182.415 x 1o~% m®)(181)

= 0.615  1/m25ec. 
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| Flow (1/m°sec)
' O

00038'

'd. 015.'

(0] 4 A 1 ‘ N
B '1 o 2 RO - No. of
' o : ' Test

- FIG,6.18. VA?IATION OF FLOW-THROUGH GEOTEXTILE WITH NUMBER

| OF TEST. (For TYPAR 3807-4) . ﬂ |

 1‘ indicates the flow of the v1rg1n TYPAR 3807~ 4
2 indicates the .flow Qf the clogged TYPAR.3807—4

which has been tested with Esan Yellow Clay,... -
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6.7;25;6 Clogglng Ratlo Test on TYPAR 3807 -4 Whlch has
o been tested with Brown Clay.

ol ., Virgin‘Geotextilev' ' - Clogged Geotextile
.| Test ' , o ' I v ' o
| no | Q . A v Q A t
Unit| 107° 1 1o  m sec ' 10‘311' .lo"émz' sec
1 50 182.415| 67 | S0 | 182,415 218
2 . 5o | 182.415| . 71 | S0 | 182.415| 223
3 50 182.415| 8o . So | 182.415] 226
Ave.| 50 | 182.415| 73 | so | 182.415| - 222

= 0.038 1/mgsec;

=0.012 bl/mzsec.
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Flbw (l/mzsec)
Sy

0;038 -
o0.012 |
0
1 o 2 "' No. of
' ' Test

' FIG.6.19. VARTATION OF FLOW THROUGH GEOTEXTILE‘WiTH NUMBER
 OF TEST (For TYPAR 3807-4). | |

1 indicates the flow of the virgin TYPAR 3807 ~4
2 indiéates the flow of the clogged TYPAR 3807 4

‘which has been tested with’ Brown Clay
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6.7.25.7.

been tested w1th Esan Yellow Clay.. ;

 Clogging Ratlo Test ‘on’ MIRAFT P4O whlch has |

;Vi@gin*Geotextile7

Clogged‘Gebfextiie'{

Test|.

‘no

' Q A

Q

v.Al:

Unit

-5 5. -
lo lj‘ lo 4m2

sec_

‘io”s'l’

lo;4m2

sec

S50 | 182.415 -

-

50 -

182,415

“.63

50 | 182.415

.50

182,415

50 | 182.415

35

'182.415

71

‘Ave,

50 §5_182.415

‘,30

‘ii 50"v

182,415 |

67

CEp o= - R
T (182.4157% 107Mm?)( 30 sec)

f2

(56 x 10-3_11.)

f1

0.091 l/mgsec.

(50 x 107 1.)

(182.415 x'lo‘4

0.041 '1/m23ec.

mz)( 67.sed}) :
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-

L .

0.091

Co.041f

Flow (l/mzsecﬁ;

N

2+ No. of
. Test

FIG.6.20. VARIATION OF

OF TEST (For

1.
a

indicates
indicates

which has

+

FLOW THROUGH GEOTEXTILE WITH NUMBER
MIRAFI: P40)

the flow of. the V1rg1n MIRAFI P4O
the flow of,the clogged MIRAEI P40 -

been teStédiwith Esan_YellpW’Clay..




1 6.7.25.8. Clogplng Ratlo Test on MIRAFI P4O whlch has-

been tested . w1th Brown Clay.':

Virgin Geotextile' ”

' Clogged Ge¢tegfile

no

- Test|

Qe | A |t

B N C N

Unit

2

10"3:1. | 10_4 m secé”' 710_3.1" lo

S
€y '

50 - |182.415 | 27

50 |182.415 | 29 .

50 | 182.415 81

S0 | 182.415 | 86

50 | 182.415 | &2

AAve.

50 .|182.415 | 35

50 | 182.415 83

f1 =

£2

0.091 l/mzseé.

= 0,033 l/m2 sec.

50 | 182.415 | 30
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RS

Flow (_1/m2 sec)

2 No. of

Test

FIG.6.21. VARIATION OF

OF “PEST (TFor

1

2

indicates
indicates

which has

FIOW THROUGH GEOTEXTILEkWITH'NﬁMBER ‘
MIRAFI P40). A

the flow of the virgin MIRAFI P40
" the flow.of the clogged MIRAFI P40

‘peen tested with Brown Clay
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CHAPTFR 7

CONCLUSTIONS

In order to better understand the clogging phenomena in
the so0il filter systems,several water permeability tests weré
performed for ( Saturated Clay + Geotextile + Wet Gravel

Filter ) systems.

The following conclusions can be derived from this study:

1. At the begining,the permeability of(saéurated clay +
geotextile + wet grevel filter) system is closely near to the
permeability of the saturated rlay.After the geotextile is dried
and re-tested,it may be seen that there is a decreaée in the
permeability of the system due to clogging.If the geotextile
is re-dried and tested again, the permeabilify of the system is
remained appfoximately constant.This shows that fhe permeability
of the system reaches an equilibrium point,

2. The rate of clogging phenomena for géotextile which
has greater percent open area is smaller than the rate of
clogging for geotextile which has smaller percent open area.

It may be concluded that the greater a geotextile’s percent

open area,the greater its resistance to clogging.
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%.The clogging phenomena is dependént on the particle size
of the silty soil.For example,for (Saturated Esan Yellow Clay
+ TYPAR 3207 + Wet Gravel Filter) system,both permeability and
piping requirements are satisfied,due to these reasons, there
is no cldgging.Por (Saturated Brown Clay + TYPAR 3207 + IWet
Gravel Filter) oystem permeability requlrement is satisfied ,
but piping requlrement is not satisfied, thus there is clogging.
4,.The clogging phenomena is also dependent on the plasticity
of the soil.If the soil has high plasticity,the'clogging will

ﬁe large.
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