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'AJ3S,TR ACT 

li'ILTRlI.TIOIf PROPERTIES, OF GEOTEXTILES ':; 

In the past yeaors,rrany models~and 18:boratory techniques 

and apparatus have been de{reloped to examine the filtration 

properties of the geotextiles.To select the prop~r:geotextile 

which will be used in drainage and filtration,the indicative 

pore size of the geotextile'and granulometric curve of ,the 

soil must be determined at the begining. 

The objective of this thesis is to construct 'the 

(Saturated Silty Soil + Geotextile + Wet Gravel Fil t'er )system 

and, to determine the coefficient of permeability of this 

system. These tests 'are performed to determine 
// 

when: the 

clogging happens. For this reason,two types of silty sOil,and 

four tyues of nonwoven peotextiles have been'used.Calif6rnia 
( • - '. I 

'Bearing Ratio CCBR) test m~lds'have been used as test apparatus., 
'~ 

Into the lower part of the mold ,gravel filter has been placed, 

and,geotextile has been-placed between the upper and lower 

part of the mold, and saturated silty :soil has -been fille'd into 

the upper part of the mcild.The.coefficient of permeability of 

this system has been determined, and Number of Test versus 

system permeability curves have been drawn. 

The test results have shown tha~,the coefficient of 
" . , 

permeability of the system remains approximately constant after 

a definite timer 



GEOTEK~T!LLER!N F!LTRASYONjZELL!KLER! 

GeC;mi$ Ylllard8.,geoteksiillerin filtrasyon ve drenaj 

_ i $lerinde d8.vraiu ~larlna ili$kin birc;ok modeller, laboratuar 

teknik ve aletleri geli$tirilmi$tir.Filtrasyon v~ drenaj i$lerinde 

kull~nllacakuygun bir eeotekstil seC;iminin yapllabilmesi iqin 

,geotekstilindelik da~lllme~risi ile zeminin dan~ da~lllm 

e~risi ve permeabilitesi~ncelikle belirlenmelidir. 

Bu tezin konu~u (Siltli zemin + Geotekstil + Is1ak Qakll 

Filtre) sistemi olu~turularak bu sistemin geqirgenl:i,k katsay.l-

- Slnln bulunmasl ve tlkanmanln olU$maslnln belirlenmesidir.Bu 

amac;laiki degi:;>ik siltli zemin ve d~rt degi~iktip ~rglisiiz 

geotekstil kullanllml§tlr.Bu sistem California Bearing Ratio 

(eRR) Test kallblnln .kullanllmasl ile kurulmu~tur.Kallbln alt 

parqaslna c;akll,iki kallbln araslria geotekstil ve kallbln list 

parq8s1nada suva doygun siltli zemin koyularak· sistemin geC;ir-
. "". , 

genligi belirlenmi$tir. 'lllkanmanln;olu$maslnl gormek iqin deney 

saY1Slna kar$l geC;irp-enlik egrileri c;izilmi~tir. 
. . 

Deney sonuc;larl 8'~stermi$tir ki: zam8nla geotekstild~ki 

tlkanma Y8.kla$lk olarak sabit kallr. 
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CHAPTER I 

INTRODUCTION 

Geotextile has proven effective in a variety of subsur£ace 

drainage systems.Geotextiles are ideal filters when compared to 

conventional filters because permeability characteristics of 

geotextile readily allow the passage of water and very fine soils 

while restraining larger soil particles.Geotextile improves the 

separation of sub,grade soil and drainage aggregate,prevents 

contamination,controls piping and minimizes the collapse of 

drain walls •. 

There are three basic elements of £ilter criteria for 

drainage fabrics: 

1. Retention Ability 

2. Permeability 

3. Clogging Resistance. 

The clogging is the most serious problem in fabric filter 

system.~here is a relationship between the particle size of the 

soil and the pore size of the geotextile,thus the clogging may 

be prevented using proper type of ~eotextile. 

The purpose of this stud~ is to show the relationship 

between the particle size of the soil and pore size of the 

geotextile and when the clogging pl,enornena oCG,urs. 
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In Chapter 2,general informations About geotextil~s,such 

as types of geotextiles,functions of geotextiles,and design 

procedure for their separation and support function are outlined. 

In Chapter 3,the factors 2f~ecting permeability,the methods 

of rtetermin~ng the coefficient of permeahility,and different 

coefficient of pe~meability formulas are given. 

Chapter 4 includes basic requirements of fj::·lters and drains, 

piping and permeability criteria for filters,andsome examples. 

In Chapter 5,use of geotextiles as soil filters, general 

requirements for optimal filter performance, advantages and 

disadvantages of fabric filters are discussed. 

Chapter 6 includes the laboratory work done.In this chapter 

a description of test apparatus, the characteristics of used 

soils and geotextiles 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. 
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CHAPTER 2' 

GEOTEXTILES 

2.1- GENERAL INFORMATION ABOUT GEOTEXTIJJES 

Geotextiles'are synthetic,contemporary construction materials 

widely used in'geotechnical applications;such as drainage,soil 

reinforcement, support ,and erosion, control. 

There are',three types of geotextiles:these are woven,non­

'woven,and knitted.In a woven geotextile,the fibers or' filaments 

are aligned in twb directions,perpendicular to each 'other.But 

,in a nonwoven,the filaments or fibers are entangled multi­

directionally, for this reason nonwoven geotextiles ,offer the same 

resistance in all directions. 
'. 

The major thermoplastic families from which geotextiles, are 
, ' 

manufactured include the following: Polyolefins ( polyethylene~ . ' 

poly~ropylen~) ; Polyesters ( polyethyl~ne, terephallate ) ; 

Polyam~de ( nylon ),and POlyaramides. (Thompson,1985). 

The prime advantage that geotextiles have over steel and 

other metals used for 'geotechnical; applications is that 

polymers do not corro~e.However, when this :is claimed, the 

qualyfying statement is often ommited that polymers are 

nevertheless, susceptible to other forms of attack. 
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Geotextiles resist ~ildew,rotting,and insects normally 

encountered in subsoils.These fabrics are unaffected by soil 

chemicals,Rcids anrt alkalis over a pH range of 3 to 12, And 

ultra-violet stabilized so givine protection againist deteri­

oration under exposure to natural ultra-violet light.Geotextiles 

wet or nry, have {Iood tear and puncture resistance and will 

not shrink, grow or unravel. 

When matched to site conditions will reliably perform 

four main functions: 

• Separation and Support. 

• Drainage and Filtration. 

• Erosion Control. 

• Soil Beinforcement •. 

This categorisation can be confusing in that,in practice, 

a fabric m?y nerform several functions and its real form of 

contribution to the solution of the prohlem js not always clear. 

For example,in road construction a (Yeo textile may perform 

Simultaneously the roles of separation,reinforcement , and 

filtration. 

2.2- GEOTEXTILES FOR SEPARATION AND SUPPORT 

The separation function of geotextile mea.ns that hardcore 

and oversite fill is placed once and stays put. Since ~eotextile 

acts as an effective separator,hardcore is not punched into the 

ground ,but retains its originRl ~hickness.On areas of the site 
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subject to heavy trafficking problems are often r.aused by 

th.e development 0 f cl eep ruts. (GOllrc, Perrie.r, ;:md Riondy, 1983) • 

Geotextile improves the load bearing capacity of the 

subsoil by ~'3prea(Iing the wheel loans and acts as a separatinp: 

medium between the sub-base materials and and the subsoil. 

Geot!='>xtile 81so Drevents the loss of p.ggregate riown into the 

subsoil and the unward inFress of mud and silt into the 

rOAd formation. 

The poarer t~e loa~ be8ri~r cRpacity of the subsoil the 

preater the thickness o~ aggregate needed tospreari the wheel 

lOHri over a lareer area. The improved support given by the 

rrE'otey.tile m8t r p r11Jces the neeri for ariniti.onal R.f!.{,"rerrate 

thickness. 

It has heen known for some tj~e that geotextjlescan 

facilitate the const~uction of roads there where poor subsoils, 

heavy rainfalls threatened to slow down the roadworks. 

This is especially true for temporary and access roads, 

which are normally built to a minimum design and.remain unpaved. 

Water will enter the pavement structure and find its way down 

to the forrnntion soil.Under riynamic wheel loading this can 

cause soil fines to pump into the sub-base so 

weakeninp'·the pavement. 

Due to the separation function of the geotextile , the 

aggrel"ate does.not sink into the subsoil,retains its integrity 

and bearing capacity,and thus extends the project's life 

expectancy substantially. 

".:"," 
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Conversely,field experience has shown that the same design 

Lifetime can be achieved llsine a thinner layer of agrrrep;ate 

tlhich results in substantii:tl cost savings.(IVTcGown,1983}. 

Using geotextile reduces overstressing of the formation 

and therefore minimizes penmanent deflection.Geotextiles are 

Llspd :18 sepp.rator p.n'j supporti n fol1owi np.; constructions: 

• Boac'is,highways,site :=tccess roads,farm roads, forest tracks. 

• storage yards,parkinf lots. 

• Airnort runways ann taxiways. 

• B8ilroads. 

• Sports tracks and fields. 

• Pipelines,tanks~leeves. 

2.2.1 Design Procedure 

1. The maxirr:um wheel load and contact pressure, anticipate·-j 

. on the surface of the haul road or area are determined. 

All design calculations are based on loads ~ppl~ed by 

pneumatic tires, ei ther a single or dual-tire set, which, are 

assumed to exert a uniform pressure over a circulAr area· of 

sUbfrade.The cAlculations are insensitive enotie:h to aveaf.e 

contact pressure that a (lU8.nti ty f,lightl:v less than the 8ir 

nressur~ in the tire can be u~ed AS an estimate. 

2.The m;:Jximum nermissible stress on the subtrra?e is determined. 

Initial or localized shear failure of the subgrade will 

bpgin when the stress applied to .the subF,rade reaches times 

its shear strength.This assumes no confinement of ,the subgrade 
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soil.Geotextile provide~ ~ignificant .80il confinement and allows 

the RP:e:rpgate to distribute the load over a· somewhat larger area 

than is predictpd by the Boussin~s0 Theory. 

ThuR the permissjble stress on the suhgrade should be 

ad j'J~ted to Rllow for the effect of the f8.hrj c. 

rr- = c(n)/l. vper . • •• (2.1) 

where, 

() per = permissible stress on the subfrade. 

c = the she8T strength of the Roil in psi. 

A = coefficient for the soil confining effect of fabric. 

The value for A can be Adjusted fo~ different acceptable' rut 

depths.lnr.reRRe the valul=! of A if ruts Rre allowed to run cieep, 

decrease A must be kent shallow. 

3. The rut width and desired m8.ximum rut depth 8re estimated 

8.nd from those the geometry of the rut js determined. 

The rut width and depth at the surfRce of .the sub~rade 

should be estimated and used to calculate the defl~cted shape 

of the fasric. Fortunately, the design calculations for aRrregate 

thickness are somewhat insensjtive to rut width,so,an estimate 

based on the track wiejth (If tire plus the lateral movement of 

the tjre,will suffice.Also since nearly all rutting at the 

surface of a well compacted 8.ggregate mirrors that occuring 



8 

in the suhgrade,the subgrane rut depth can be estimated as equal 

to the surface rut (1 enth. 

lJsin.cr the~.;e e~,tirnateR for rut width (Inri clepth And n.ssuming 

R circul~r arc for the shape of thp suhgra4e rut,t~e "en~p~ry 

of triP rllt (;'::.l"l he F:;tirr8.tej: 

5 
,~ ,\ .---- -+- a ••• (2.2) 

20~ 16 

lOd ••• (2.3) 

6W 

where, 

'Q = the ('~l clll ~ ten r8dins in inches. 

ct = the estimated rut d euth :in inches. 

~J = the estirr.Ated rut width in inches. 

e = the c21culated arc expressed in de~reps. 

4.lJ~inf'-the 2ss11rred rut r::eometry,the uercent str·gin in 

the fabric is calculated. 

By substituting the rut angle and radius into the followin~ 

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

4 RO 
Percent strain in Fabric,ff =~-----

135Vl 
- 2] 100 ..• (2.4) 
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5.The tension in the fabric is determined by multiplying 

the percent strain by the fabric modulus. 

t f = fv'i 
f Ef •.• (2.5) 

where, 

t
f = f:'lbric tension in pounds per inch. 

M 
"f = fabric modulus. 

Ef = percent strain in fabric. 

6.The differential normal stress carried bv the fabric due 

to the upliftin€! effect of the fabric under tension is 

determined. 

The differential normal stress between the top side of the 

fabric and the fabric/subgrade interface summed for the loaned 

area of the fabric represents that portion of the applien load 

carried by the fabric.The differential normal stress can be 

determined from the following relationship: 

t f 
A (Jz_f = ••• (2.€)) 

R 

Where, 

bfJ z-f = the differential normal stress across the fabric 

in psi. 

t
f 

= the tension in the· fabric in po~nds per inch~ 

R = the radius of the circular deflected shape in inches. 
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7.~he permissible vertical stress on ton of the fabric is 

determined by Rumming t~edifferential normal stress due 

to the unlift by the fabric under tension and the maximum 

vertical stress on the ~ub~rade. 

The per~issible normal stress on the surface of the fahric 

is the StilT! of the permissible stress on the suhgra.de -'"'!TId the 

differential stress across the fabric,which can be expressed as: 

o-p_f = il<T"z_f + A( rr) c •. • (2.7) 

where, 

(J = the permissible normal ~tre~R on the .fabric c;urfa.C"e. 
p-f 

A(U)c = the nermissjble stress on the subgrade. 

R.The agrrPE8te thjckness reauire~ for the imposed wheel 

loan i;:; determined using the "Rollf1sines(1 TheoT':'.T. 

1 
(J'?, = n 1- 2 ••• (2.8) 

l+t:) 
where, 

p = the average surface contart pressure fro~ wheel load in psi 

Z = the thickness of the aeereeate layer in jnches. 

8 = the rRdius of the loaded 8rerl. determinen from 

the followinp- equati on: 
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FIG 2.1 HEAVY V/HEEL LOADS COtv'PRESS BASE COURSE INfro SUBSOIL 

). 2 3 

FIG. 2.2 GBOTEXTILE SEPARATES AJ\~D SUPPORTS 

1. Cnmpacterl Aggregate' 

2. Geotextile 

3. Sllbsoil 
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2 .3- GEOTEXTILES !'OR })RAINAG~ AND FIL'PRATION 

Geotextile has proven effective in a variety of subsurface 

rlrainage systems.It is being used wurld-wide in French,hlAnket, 

foundati0n,and toe drains· for highways,airfields,railroads,mines, 

inams,leeves.,parking 10ts,builr1ings,and-storag~ yards. 

Geotextiles are jdeal filters when compared to conventional 

~ilters because permeability characteristics of ~~otextile 

readil Y allON the .)assage of water and very fine soils while 

restraining larfer ~oilpartic]es.Geotextile imnroves the 

separation of sub-rrarle soil an~ draina~e qp~refate,prevents 

contamination,controls piping and mini~izes ~he collapse of 

':r"d n i';~ lIs. It has a more consistent uni formi ty and is more 

nermeable thAn ~raded filters ae~regates ,which o~ter vary 

from auarry to ouarry.Gpotextile j8 also more econo~ical than 

. c6nventional filters because it eliminates the need for costly 

sands, well rradert 8fffrppates,8nd per~orated pine in certain 

situations.It permits faster and simpler construction methods 

by eliminating the need for slant wall ditches Rnrl shoring. 

Geotextile is more readily available and more ~uitRble to a 

wider range of soil conditions than conventional filters. 

Fabric filters eliminate the need for aggregate filters. 

'Both single-component and multipl8-component 8ggregate filters 

can be replaced by a sin~le fabrjc filter layer.The fiber 

structure of fabric filters provides the same particle retention 
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r,rRderl R{'grefYate syster.:s (usllC'llly mul tilayred) 'are usen 

wi th limi ten success hene8th ;lrmor RS both enerf.'Y dis:;jpRtors 

anr. filters.Such ?p;p:rep:?tes 8.re ~ener:'llly difficult to source 

Rnd install,resu1tinpin rel~tively hifh in~place costs.Even 

\",hen properly installerl, rradeo 8t:p-ree:ates ~re sllsceptible to 

erosjve force~.As the ahility of both the armoredsyqtem and 

the nrotected struct~re are en~nnfererl by the loss of any 

F~osion control ~Rbrics are reliable anti economical 
, ' 

altern~tive to Aggregate systems. FAbrics act as energy Oi8Si-

p~tors bv shiel~inr the slope from the erosive forces of 

mov i np" wnter. 1"l1rthermore, :-j,:)' ~il ters, the fAbri cs allow an equ;:'lte 

p"rcun:1vmter :~et.-p"pe to rass from the l1rotecteo, slones v.'nile 

retRi ninl':, unrie1'1 'Tint': solI narticles .F;'brics will not· vi8Sh out 

beneat.h the r:rlT:o:r;thm>:they for!"'! reljAble fi1tJ:'ation :·md 

Enerey ~issipation systems. 

2.4.] Design Considerations 

~~ufficient fabric strenr:th is renuired to resj st t1A.mage 

f1uring ;::rrrwr instaJ.l(~tion ano subsequent servi.ce life. In 

6cloitjon,v:here the Flpplicr-l.tion fllFmrlates tha.t t)le fanri.cs act 

FlS a ~il ter, selection o~ appro'pria.te fr-l.hrics shoulcl be based 

on established ¥ilter criteria. 

1.Fpbric Strenl':th Requirements 

InstAll~tion stresses imros~d on the fabric vary 

significantly With armor size,an€"ulari.ty,and nlacement 

procedures.An erosion control fabric may be subjected to 
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igni~icRnt stresses and abrasive forces rluring its Re~vice life. 

evere storms often cause armor rocking on coastal and large 

nland lake protection systems.Armor movement is synonymous 

ith high fabric stresses and abrasive forces.Severe abrasive 

~rces can also dev~lop in scour protection applications due 

o the movements of sllspended or bottorn.-rolling particles. 

2.Fabric Filtration Requir~ments 

Where application ~Rndates filtration by the~a~mored, 

rotection systern,selection of the fRbric should be bRsed'on 

ts arlherence to established filter criteria as well as strength 

eauire~ents.These are three basic elements of filter criteria 

or fahri cs: 

.Retentjon Ability (Piping Resistance). 

EOSfabric 

1) '5 "1 . b SOl. 

here, 

~oc::: " .. "fabrl.c 

D85 soil 

< 2 or 3 ... (2.11) 

= Fquivalent Opening ~ize of fabric 

= e~%.size of protected soil·. 

.Permeability. 

• .,.(2.12) 

'here, 

kfabric = coefficient of perm~ability of fabric. 

k soil = coefficient of permeability of protected soil. 



17 

.Clorrfing Resistance. 

• •• ( 2:. 1\3 ) 

where, 

GF = Gradient Ratio. 

3. nther Desien Considerati onR 

In addition to strenfth reQuirements ann filter criteria, 
" 

other factors influence the performance of armored erosion 

~rotection Rvste~s: 

.Fedrling ~aterials 

Properly sized and placed beddinff materials e.e.,crushed 

stone, ~;and or locally available (Travel will sipnificantly 

reduce.botn installation ~n(l jn-~ervicG fabric RtrpRRes.Fe~ning 
, 
rnateriRI iR an integral part of the ;:;rrr.orpd system's hydrAulic 

functioning. Without bedding,large ar~or can cause the fabric 

to bridp.:e over €,"ullies ann depressions on the Rlope.Water can 

then flow hehinn the fabric,possiblv causin~ erosion. The 

uni form nrp.Rfmre exerted by a ben :1inp' ma.terial, relati ve to 

the armor,provirles a better fabric-soil interface conformity, 

thus reducing potential erosion or uplift pressures caused 

by trapped pockets of water.Relativ~ly s~all-sized armor will 

exert a more·uniform pressure on the fabric and,thus provide 

r:ood fabric soil conformitv:bedding materials may not be 

reauired for such applications. 
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When hedding material is used,it should be sized to resist 
.~ 

the ero~ive forces remaining after water pa3ses through the 

armor.lf improperly sized, the bedding material may wash out 

from beneRth armor and subject the fabric to significantly 

freater stresses.A loss of bedding m~terial can also reduce 

the Dotential for pood fabric-soil conformity • 

• FAbric 'Poe-i ns . 

F~brics should be securely toed-in at the top of the 

slope.SimilArly,the fabrics should be securely toed-in Or 

toe-wrauped at the slope bottom.Proper toe-ins will significantly 

reduce the notentir-l.l Tor water flowinr freely between the 

f2bri r. :::md protected soil slope, thus reducine; the potential 

for erosion. The top toe-in should be placed at an elevation 

above which the aynamicwater forces from the design wave 

(current) and hieh water level will be comparely diminished. 

The bottom toe-iri (toe wrap) should be placed below the 

elevation at which the desi~n wave(current) and low water 

level will cause scouring. Variations from these elevations 

may be warranted bv the apnlication of the armored protection 

system or by the local hydrauliC conditions • 

• Pestricted Flow Area ?hrou~h Fabric 

'l'he area of the fabric throufh which water can flow from 

the protected slope may be critical.SpecificalJy,precast, 



preassembled concrete armor can restrict flow in as much as 85% 

of the fabric surface,leAveing only a small percentage of the 

area available for drainage. The design en~ineer shouln be 

rewiev this con~ii tion.His riesi?:n ShOlll d snecify a havine: 

Sll ffj ci ent water flow Crrp!1bili ties tl1rough the reciuced ar~a or 

a heorljnrr rnateriFll should be n1acen heneath sllch armClr to Rllow 

for drainan:e throul!h a sirni'ficantly greater fabric area. 

The use of geotextiles in so~e protective en(Tineering 

works,such as,offshore breakwater,Stone revetment, Gabion 

revetrnent,and Retaining Walls,are shown through the Ftgures 

2 • 3. , ? • 4. , 2. 5., and 2. 6 • 

.. ,. .,. ::: 

FIG. 2.3. rfRE USE OF G1'OTEXTIT,F.: IN OFFS!-10RE BF:EAKWA'fER 
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Ri-prap 

snbsoil 

anchor 

geotextile 
toe 

FIG 2.4 USE OF GEOTEXTILE IN STONE RRVETJV!ENT 

Gabions 

Geotextile toe protection 

FIG 2.5 USE OF GEOTEXTILE IN GABION REVETMENT 
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Gravel 

Wall 

Drains Geotextile 

Drain 

FIG 2.6 USE OF GE0TBXTILE IN RETflININGWALL 
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FIG 2.7 PROTECTION OF THE UPST~EAM FACES OF EARTH DAMS 
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2.5- GFOTEXTILES roR SOIL REINFORCEf,mNT 

Embankments on soft foundations often require some type 

of reinforcement for stability. Reinforcing embankments with 

fabrics has been found to increase their stabilitYiespeciallv 

for low embankments with hie;h live loads. Di'fferention between 

the fabric functi.ons of separation and reinforcement is 

difficult.Generally,woven reotextiles or geogrids are used for 

soil reinforcement because of their rough surfaces(Quast,1983). 

T~e primary influence of the e;eotextile reinforcement i8 

to reduce both the shear stresses in the soft foundation and 

the vertical differential settlements of the top of the 

embankment. Total settlements 8re only 81i~~tly affected by the 

rei nforce!1"ent. The d efree 0 f iry-;provernent r1ue to tl1e nresence 0 f 

the rein forcP!T1ent is mere Tlronounceo wi th l1ipr,er l1'Odlll us 

p'eotpxtjles. 

2.5.1 Reinforcement Orientation and Location 

~rplic~tion of the sImple ~o~r Circle of str~in to the 

p..nalysis of nomal strains on sets of horizontal nnn vertical 

planes within an unreinforced embankment fill show that for 

quite IT!odest values of shear strain the minor prinCipal strain 

will be tensile.Further~ore,such tensile str8ins will not he 
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horizontal particularly in zones close to the face of the 

embankment slope and in vicinity of the toe.Si~ce the objective 

is to install geotextiles to act as an effective tensile rein­

forcement they must be located within the tensile zones and 

orientated in the ,.irections of principal tensile strai ns. 

Assuming stress and strain axes to be coincident publish~d 

stresses and strain distributions,may be used to detrmine the 

appropriate reinforcements directions.Horizontal layers of 

reinforcement would be correctly aligned within the main body 

of any embankment they w01Jld havp. inapprorr~ate inclinations 

under the batter especially near the toe.It has been pOinted 

out that reinforcing outside the tensile zoneR can encourage, 

rather than prevent failure.Although this may be so this notion 

only pertains to reinforcement placed in a discrete horizont::1.l. 

layers which leave the face of the bfltter exposed.If alternatively 

the reinforcement is temporarily extended beyond the face of the 

batter there is the possibility of completely encapsulat.ing 

the batter face and anchoring the free end of the. geotextile 

in the soil layer above by a suitble hond length. 

The majority of eeotextiles are manufactured using the 

polyolefins, or polyester.~ll are prone to loss of strength on 

exposure to ultra-violet light,althoueh this potential problem 

can be redueed by various manufacturing techniques.Both polymers 

offer generally excellent resistance to environmental attack. 

However,each has its own particular weakness.The polyolefins, 
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especially polypropylene,tend to display ~~desirable creep 

-properties. Unless a sufficiently high factor of p.afety is applied 

t~ip could lean to crp.ep. rupture within thp. required deRign life. 

Polyester exhibits hetter creep characteristics hllt in certatn 

forms j.9 subjected to loss of strenp:th when allowed to C1bsorb 

water. Tn the nesie:n process allowance must be made for Joads 

induced at the construction and in-service phases. Both thege 

stages will involve settlement which will induce strain in the 

reinforcement. Further strains would be causen by trafficking' 

and dumping of fill. These are likely to be much lareer and 

more localised than those due to settlement~Finally compaction 

of reinforced fill car cause large ~eotextile strains. This has 

been confirmed in the field where co~paction induced strajns 

up to 6% have been observed. 

BOGAZici UNiVERSiTESi KUTUPHANESi 
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, 4-Soil 
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6-30il with high water content and high plasticity 
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CHAPTER 3 

PERfV!EABILITY 

3.1- GENERAL CONSIDERATIONS 

A permeable material is one which 18 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 ,since the.speed of flow of air through it can be 

related to the size of the pore spaces between the particles. 

Likewise,soils and aggrega:tes,and jOinted,or vesicular rocks of­

ten are permeable to air and water. Many' mat.erials allow themove-

movement of fluids by a diffusion process, but that is not w.i thin 

the meaning of permeability as used in soil mechanics.In the study 

of soil mechanics,a material is considered permeable if it contains 

interconnected pores,cracks,or other· passageways through which 

water o.r gas can flow. A rock may be virtually impervious, yet con­

tain cracks or joints which m~ke a formation highly permeable to 

the flow of water.In fact,the permeability of most rock abutments 

and dam foundations is determined almost entirely by the joint 

and crack patterns.And many clays are extremely resistant to the 

flow. of wat.er, yet shrinkage cracks or interbeds of silt or sand 

may increase their permeabili ties thousands o·f times. 

The permeability of a soil is one of its most fundamental 

and important properties.It enters into nearly all seepage,settle­

ment,and stability problems confronting the soil engineer.The amount 

of leakage through and under dams, the rate at which the strength 
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of a deposit increases after, it has been subjected to a consoli­

dating pressure are typical of,the many problems in which the 

permeability of a soil can be a critical factor. C Cedergren, 1977 \ 

The importance of evaluateng the permeability of a pervious 

soil has been long recognized and test techniques for measuring 

it have been well developed and are widely used.Soils with perme­

abilities of less than I micron per second are often considered 

"impervious." More use is being made of "impervious" soil to line 

canals and reservoirs and to construct cores for earth dams. 

Many of the design and construction problems associated with 

hydraulic structures and engineering works involving drainage 

are caused by imbalances of permeabilities of earth and rock 

masses.Frequently water can enter spaces,behindwalls,under 

pavements and canal linings more readiJy than it'can escape, thus 

creating conditions detrimental to safety and performance. Water 

that becomes trapped in earth and rock masses contributes to 

landslides,and is a serious threat to stability during earthquakes. 

Undetected joints or strata of high permeability in the foundations 

or abutments of dams create serious leakage and uplift problems. 

(Scott,1963). 

3.2- COEFFICiENT OF PERfl1EABILITY 

Coe'ifficient 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 = kiAt .•• (3.1) 

In equation 3.1 Q is the quantity of seepage in a cross section 

having an area of A normal to the· direction of flow,under a 

hydraulic gradient i,during a length of time t.The coefficient 

of permeability k is equal to the disch~rgevelocity under a 

hydraulic f-radient lOO%.By arranging the terms,Eq.3.1provides 

the basis for many experimental determinations of permeability 

that measure seepage quantity: 

Q 
k= 

iAt ••• (3.2) 

Darcy's discharge velocity multiplied by the entire cross 

sectional area includ1.ng voids e and solids 1 gives the 
. 

seepage quantity Q under a given hydrauliC gradient i= Ah/Al 

or h/l.It is an imaginary velocity that does not exist anywhere. 

The average seepage velocity Vs of a mass of water progressing 

through the pore spaces of a soil i,~ equal to the discharge 

velocity ( Vd ~ ki) multiplied by ( 1 + e ) /e , or the 

discharge velocity divided by the effective porosity ne; 

hence the permeability is related to seepage velocity by the 

expression: 

k = ••• (3.3) 

i 

For any seepage 90ndition in the laboratory or in the 

field where the seepage quant,i ty, the area perpendicular to 

the direction of flow, and the hydrauliC gradient are krio,wn, 

the coefficient of permeability can be calculated.Likewise, 

for any condition where the seepage velocity is known at a 
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point where the hydraulic gradient and soil porosity also are 

known,permeability can be calculated. 

Experimentally determined coefficients of ~ermeability can 

be combined with prescribed hydraulic p,:radients· and discharge 

areas·in solving practical problems involving seepage quantities 

and velocities.When a coefficien~ of permeability has been.pro­

per-Iy determined,it furnishes a very important factor in the 

analysis of seepage and in the'design of drainage features for 

engineering works, 

The engineers' coefficient,which is used in practical prob­

lems of seepage through masses of earth and ather porous media 

applies only to the flow of water and is a simplification that 

is introduced purely from the standpoint of corivenince.lt has 

units of a velocity and is expressed in centimeters per second, 

feet per minute, feet per day,depending on thehahits and personal 

nreferences of individuals using ·the coeffici'ent.ln standard soil. 

mechanics terminology k is ex.pressed in centimeters per second. 

A clayey soil with very fine grains will have a very.much , 

lower permeability coefficient than will a sand with relatively 

coarse grains, even though the void ratio and the densi tyof two 

soils maybe the same. The reason is the greater resistance offered 

by the very much smaller pores or flow channels in the fine-grained 
~ 

soil through which the water must pass it flows under the influence 

of a hydraulic gradient. From this standpoint,it may be said that 

the coefficient of permeability is independent of the void ratio 

or density when we are comparing soils of different textural 

characteristics.On the other hand,when we consider the same soil 
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in two different states of density,the pe:rmeability is dependent 

on the void ratio,since the soil grains ar~ brought into closer 

contact by the process of compaction and densification.The pore 

spaces are reduced in size, and resistarice to flow is increased. 

Attention is directed to the fact that,in the applicatj~n 

of the DARCY Law,the cross-sectional area A is the area of the 

soil including both solids and void spaces.Obviously,the water 

cannot flow through the solids,but must pass only through the 

void spaces.Thereforerthe velocity ki is a fictitious velocity 

at which the water would have to flow through -the whole area A 

in order to yield the quantity of water Q which actually passes 

thro~gh the soil. -: Th isficti tious velo ci ty is referred to as 

lithe velocity of approach"or the IIsuperficial velocityltof the 

water just before entering,or after leaving the soil mass. 

A dimensional analysis of the Darcy's Law indicates ,that 

the -coefficient of permeability k has the dimensions of a 

velocity,that i8,a distance divided by time.Th~refore,permeability 

is sometimes defined as lithe superficial velocity of water 

flowing through soil under uni t hyor2.ul~c gradient". (Spangle~~1966) • 

-Th~ coefficient of permeability often is considered to be a 

constant for a given soil or rock,it can vary widely for a given 

material,depending on a number of factors. Its absolute valuess 

depend,first of all,on the properties of water ,of which 

viscosity is the most important. For individual materials and 

formations,its value depends primarily on the dimensions of the 

finest pore spaces through which water must travel and on the 

size of cracks, continuity of cracks,and joints in rocks, 

fissured clays,etc.In short the ease with which water can travel 

through soils and rocks depends largely on: 



32 

1.The viscosity of the flowing fluid(water). 

2.The size ana continuity of pore spaces or joints through 

which the fluid flows,which depends in sOils upon: 

a.The size and shape of the ~oil particles. 

b.The detailed arrangement of the individual soil grains, 

called the structure. 

3.The presence of discontinuities. 

3.3- FACTORS INFLUENCING PERMEABILITY 

When water flows through a pipe or open channel,the velocities 

near the edges are considerably smaller than those in the center 

of the flowing stream,but when water flows through homogenous 

soils or other porous media under uniform gradients the average 

velocities are no greater at the center of a formation than at 

its edges. Flow in pipes and conduits is almost always non-turbulent 

whereas in soils and aggregates it is always non-turbulent or 

laminar. 

Whenever a fluid is in motion,layers of the fluid slip and 

move in relation to other layers.The ease with which they slip 

depends on the vi'scosity of the fluid,which is the resistance 

or "drag" offered to motion.The viscosity of water,like that of 

most fluids,is reduced at high temperatures,the range is much 

narrower than for other fluids(See Fig.3.1).It is customary to 
o 0 

sta.ndardize permeability values at 20 C or 70 F and make 
, 
a 

correction if field temperatures are substantially different. 
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'By application of laws of physics it can be :ihown that the 

resistance to viscous or streamline flow increases in direct 

proportion to viscosity,~nd the velocities attained by seepinf. 

fluids vary inversely with viscosity.\'lhen flow is viscous or 

laminar,layers and shearing resistance is related to viscosity 

according to Newton's Law of Friction: 

dV 
s = u-

dr 
where; 

s= shearing resistance 

u= the absolute viscosity in poises. 

dV the chanRe in velocity in -- a distance dr normal to the 
dr direction of flow. 

The actual pore channels through which water finds its way 

through soils are very tortuous and often semidiscontinuous and 

th~ hydraulics of flow through such channels is extremely involved. 

Ry making simplifyinf, assumptions efforts have been made to 

calculate the permeabili ties of simula.te_d soils purely from 

theoretical considerations.The main value df such efforts has 

been in disclosing fundamental relationships that F-0vern flow 

through minute pore spaces. 

Darcy (1856) investigated this problem experimentally by 

using a simple apparatus to force water through small specimens 

of sand (See Fig. 3.2).Darcy's experiments demonstrated that the 

rate of flow q through the sand varies in direct proportion to 

the cross-sectional area A of the specimens and to the difference 

between the hydrostatic head at two ends of specimens and is 

inversely proportional to the length of the column of sand tested. 
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These relationships can be expresse-d as, 

Ab.h 
.q-~ 

q=(aconstant) Ath• 

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 •• • (3.1) 

3.3.1 Influence of Grain Sizes 

From theoretical considerations it has be~n shown that 

permeability· can be expected to vary with the squares of the 

diameters of pore spaces and the squares of the diameters of 

soil particles.The permeability of sOils varies significantly 

with grain size and is extremely sensitive to the quantity, 

character,distribution of the finest fractions. 

3.3.2 Influence of P-?.rtiele Arrangement(Structure) 

The arrangement of soil particles can influence permeability 

in two ways: 

1.Ry sorting or stratification 

2. P.y detailed orientation of particles and the balling up 

of fines or broad dispersion of the fines. 

Natural soil deposits are always more or less stratified 

or non-uniform in structure. Water deposited soils are usually 

constructed in a series of horizontal layers that vary in grain 

size distribution and permeability. 
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3.3.3 Effect of Openwork Gravel 

An indication of the presence of ~openwork Fravel in a 

soil formation is given by the behavior of the water table.The 

extremely high permeabilities of these formations which contain , 
no fines, often permit rapid equalization of hydrostatic pressures 

,thus allowing the water table to rise and fall almost as quickly 

as an adjacent system. 

3.3.4 Influerce of Dispersion of Fines 

The detailed arrangement of soil particles can have a 

major influence on permeability and other soil properties;for 

example,if soils are compacted in a relatively dry state, a 

comparatively harsh permeable structure is usually formed. On ...• 

the other hand,if liheral amount of moisture are present,the 

particles tend to slide over one another into a relatively well 

-knit,smooth,impermeable type of structure. 

3.3.5 Influence of Density 

De~sitY,ilso void ratio or porosity,of soil masses,though 

less· important than grain size and so.il structure, can have, a 

substantial influence on permeability.The denser a soil and the 

smaller the pores,the lower its permeability.Often in the 

construction of reservoirs the soi 1 at the bottom of the reservoir. 

is compacted in place to improve watertightness.In the construction 

of riarrs and leeves through compaction of fill materials is· 

required to ohtain strang embankments and to ensure the best 

possible watertightness of impervious zones.As a rule, the 
., 

narrower the range of particle si,zes, the less permeability is 

influenced by density(See Fig.3.3). 
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BLends of sand and gravel often used-for drains are virtually 

useless as drainage aggre~ates if they contain more than insigni­

ficant amounts of fines.Sometimes in constructions that require 

the use of permeable,free-draininRaggregates or embankment 

materials attempts are made to utilize materials of borderline 

~ermeabilities by keeping compaction low.If high, permeability 

is needed in a drain or err.bankment rnaterial,it is a mistake to' 
, ' 

obtain it at the expense of good cowpaction,for poorly compacted 

materials have low strength and high compressibility. Serious 

sloughin~ can occur when they become saturated,and they are 

hip-hly vulnerable to liquefaction during earthquakes, 

While the consolidation process is gOing on foundations 

their permeabilities are becoming less.Generally,decreases in 

the permeabilities of clay foundations are rather moderate,but 

they can be, large in highly compressible organic silts and 

clays and in peats. 

3.3.6 Influence of Discontinuities 

Compact clays are often contain shrinkage or shear cracks 

that tender such formations thousands of times more permeable 

than the clay between the cracks.Likewise,jointed rocks often 

have mass permeabilities many times freater than the basic 

materials. between joints. Major dam failures have been caused 

by some unknown seam or joint system that fed water under 

pressure into abutments or allowed piping to occur.If seepage 

quantities increase with the passage of time at a given head, 

steps should be taken to reduce the permeability by grouting, 

constructing impervious blankets, or other sui table methods. 
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3.3.7 Influence of Size of Soil or Rock r·qass 

When the coefficients of permeability of earth masses 
" 

are being determined in the development of projects in which 

seepage conditions 'will be changed by the project , it is 

important that the s60pe of the study b~ adopted to the size 

o·fthe soil or rock masses that will influence seepaee behavior. 

~herefore,it is important th~t all formations influencing the 

seenarre be investip.:ated.If only small specimens are'obtained 

from .test holes,the answers will be representative of the 

overall mass only if the samples are representative of the mass. 
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3.4 INDIRECT METHODS FOR lJETEH[\HNING PERl\1EABILITY 

The permeabilities of clays and silts can be calculated 

from data recorded in laboraiory consolidation tests by using 

the following relationship developed by Terzaghi: 

Tv 

where; 

k t 
= ----- T--

'wmw 
H2 

•.• (3.5) 

Tv= time factor for agiven percent consolidation. 

k = the coefficient of permeability. 

Ow = the density of water. 

t = the kime required to reach the f.iven percentage of 
consolidation. 

H= the loneest drainage path. 

The permeability of clean filter sand can be calculated 

from a number of formulas such as the following developed by 

Hazen (1911): 

•.• (3.6) 

where; 

k = the coefficient of permeability in cm / sec. 

a factor varying from about 90 to 120 (often 19O) 

Frequently the permeability of clays and silts is 

determined directly by using the consolidation test apparatus 

as a falling head permeameter. (se~ Fig.3.4 on page)? 
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3.5- LABORATORY ~n;THODS FOR DETER~nNING PER]\~EABILITY 

The coefficient of permeability of soil 9-nd rock masses 

can be determenedby any controlled test in which the cross 

sectional area,the hydraulic gradient,and the quantity of flow 

are known or can be approximated. The permeability can he 

computed from Darcy's Law, 

k = 
q 

= 
iA i A 

Laboratory nermea.bilJty tests used commonly are the constant 

head and fallinF head types. 

3.5.1 Constant Head Permeability Test 

The constant head permeability test is more applicable 

to permeable materials such as filter or drain aggregates.A. 

sp.ecilT:en of the material is placed in a cylindirical ·mold and 

a continuous supply of water is fed through the sample.The 

water that passes through the sample in time t, flows in a 

container, where it is collected and the rateq , cal~ulated. 

Performing this test,the coefficient of permeability of soil 

can be determined from following equation: 

L ..• (3.7) 
k = Q-

hAt 

where, 

q = the rate of flow 

L = the length of sample 

h = the net hydrostatic head 

A = the area of the cylinder 
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In computing the value of the permeability coefficient from 

data obtained in a test of this type,as in all permeability 

problems,it is important to keep the computations dimensionally 

correct.A relatively easy and sure way to do this is to decide 

in arivance the units in which the coefficient of permeability 

is desired.Then reduce the values of Q and A to those units 

before making the computation. 

3.5.2 Falling llead Permeabili ty 'I'e~t 

If the permeability is low, the timEr becomes excessive and 

evaporation during the test introduces errors in the results. 

Low-permeability soils can be tested in the laboratory by the 

falling head test. 

A specimen is placed in a tubular chamber of suitable 

diameter and connected with a suitable overflow ~rrangement 

and collection container.A small diameter standpipe tube is 

connected to the top of the larger tube;its diameter is adjllsted 

to the nermeability of the .material beine 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 stopwatch is started and the time required for 

the water level to drop to one·or more lower pOints is recorded. 

As a result of this test,the calculation of permeability 

can he set up as follows: 

h 
dQ = -a.dh = k--- A dt 

L 



By transposing terms, 

a.L 
k = In 

•.• C 3.8 ) A dt 

This is the general equation for computation of permeability 

from a falling head test. 

k = 2.3 ••• C 3.9 ) 

where, 

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

a ,- area of the used standpipe in cm 2 
• 

L = hei{?:ht of the sample in cm. 

A = cross-sectional area of the sample in cm 2 
• 

hl = initial hydrostatic head in cm. 

h2= final hydrostatic head in cm. 

dt= elapsed time in ~ec. 

Frequently,as permeability tests are run,the measured 

permeability becomes progressively smaller. When this is the case 

air from the test water is probably filling the voids in sail, 

causing air 10cking.A considerable amount of air is usually 

pr~sent in ordinary tap wat~r.The use of distilled water at 

higher than room temperature eliminates air locking. 

When testing soils for permeability in the laboratory,it 

is necessary to hold the number of variables to a minimum.One 

minor variable, the viscosity of water,is standardized by 

performing tests at 200C or by making a correction for tests 

performed at other temperatures.The correction is as follows: 
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or rearranging, 

••• ( 3.10) 

where, 

k
20 

= coefficient of permeahility at 20oC(standard temp.) 

kT = coefficient of permeability at the test -temperature T. 

PT = the viscosity of test water at the test temperature T. 

P20 = the viscosity of water at standard temperature(20oC). 

These correction factors are p:i ven at 'lIable 3.1. 

----' •.. 
·c 0 0.1 0.2 . 0.3 0.4 0.5 0.6 0.7 0.8 . 0.9 

JO 1.3012 1.2!j76 1.2.U40 1.2!J{)3 I.2.H6i 1.2H31 l.27H5 1.2759 1.2722 1.261'16 
II 1.2650 1.261S 1.2SHO 1.2545 1.2510 1.2476 L2441 1.2400 1.2371 1.23311 
12 1.2301 L2211H 1.2234 1.220) 1.216H l.2135 1.2101 1.206H 1.2035 1.2001 
13 1.196H 1.193fl 1.1905 1.1B73 1.1H41 1.1810 Ui77 1.1746 1.171·' l..flH3 
14 1.1651 1.1621 1.1590 l.l560 1.I52!j 1.l499 1.1469 1.1431'1 l.l40H .~.137i 

15 l.i~·n l.l31H 1.12H9 1.12flO 1.1231· 1.1202 1.1172 1.1143 1.11l4 ~ .lIlh5 
16 1.1056 1. Hl2H I.omm I.IIH71 l.mJ43 l.O915 l.IIHH7 l.IIH59 1.0H03 I.OH02 
17 1.07i4 1.0i·n 1:0720 l.Ofl93 1.0667 1.11640 1.11613 I.05Hfl I.05flO 1.11533 
IH 1.0507 l.04liO 1.0454 1.042!J 1.0403 1.11377 l.O351 1.0325 1.0300 1.11274 
19 1.024H 1.0223 1.01 !JH 1.11174 I.iH4!J 1.11124 l.1I0!J!J l.O1l74 l.OO50 1.1I1l25 
20 l.ooon O.9~J76 O.mJ52 0.9921'1 O.9!J04 O.HIiHl O.9B57 II.HH33 1I.9H09 1I.97H5 

21 0.9761 O.9i3H (UJ715 O.96H2 O.H6flH 0.9046 0.9623 0.!j600 0.9577 OJJ554 
22 O.H531 0.9509 U.H4B7 O.H465 0.9443 0.9421 0.93!¥J. OJJ377 OJ)35S O.H333 

23 0.9311 0.9290 O.926H 0.9247 0.9225 0.9204 OJHH3 O.m6r OJH40 (WIIH 

24 0.9097 OJJ077 O.U056 O.Y036 0.9015 O.HmJ5 O.HH75 n.Ii!j54 O.H!j34 .1I.!jH13 

25 O.HHY3 O.HH73 O.HH53 O.HH33. 1I.1i1i 13 II.H794 O.H774 O.B754 0.li734 O.H714 

20 0.H6!j4 O.H67S O.Hfl56 O.H636 O.H6l7 O.H5!jH O.H579 O.H560 O.H540 O.1i521 

27 0.H502 II.H-1H4 O.1i465 0.H447 O.1i421i O.1i41O O.1i392 0.H373 n.H355 0.H336 

2B 0.H311i O.li300 O.H21i2 0.1'1264 O.H246 1I.1i229 II.H211 O.H193 O.HI7S O.HIS7 

29 0.H13B 0.H122 O.HI05 O.HOHi O.H(l70 O.H053 O.H036 0.8019 O.HOO1 O.79H4 

30 0.7967 ' (I.iUSO 0.7934 O.7U17 11.79(11 O.iHH4 O.7li67 (I.7H51 0.7H34 O.iH Iii 

31 0.7BOI O.77H5 0.7769 O.i753 0.7737 0.n21 0.7705 0.761'19 0.7673 O.765i 

32 0.7641 0.7626 0.71110 0.7595 O.757!) 0.7564 "'O.754H O.7S33 (l.i517 O.i502 

33 O.i4H6 0.7471 O.74S6 0.7440 O.742S 0.7410 O.73!:15 O.i3HO 0.7364 n.7349 

34 0.7334 O.i320 0.7305 O.7291 0.7276 0.7262 0.7247 0.7233 O.72IH 0.7204 

35 O.7IH!:) 0.7175 0.7161 0.7147 0.7133 0.7120 0.7106 0.7092 O.707H O.i064 

TABLE "3.1 VISCOSITY CORRECTIONS FOR PT' / JI20 
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FIG. 3.5 LABORATORY PER~~EAMETERS 

a.Constant Head Perrneameter. 

b.Constant Head Perrneameter. 
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(The arrangement ~ere eliminates due to filter .skin 

at top or bottom of speci~en). 

c. Falling Head Permeamet~r. (Terzaghi and P,eck,1944 ) 



46 

3.6- FIELD METHOrS FOR T)ETERMINnmPEm"EABILITY 

No ma.tter now carefully laboratory tests are made,they 

represpnt only minute volumes of soil at individual points in 

large masses. Their value in solving field seepage and drainage 

problems depends on how well they ,represent masses of materials 

that actually exist in the field.When used with careful 

consideration of field conditions,laboratory methods can be 

of considerable value.Nevertheless,in.important projects it is 

often advisable to require field tests that measure the 

permeahili ties of larf,e masses of soil in si tu. 

3.6.1 Well-Pumping. Test.Steadv State. 

A widely used field nermenbilitv teAt is the wA~l­

pumping test,in which water is pumped into or out of a while 

water readings are made in several nearly sounding 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 

k =-------
IT( h 2 

2 

r 
log _2_ 

r l 

Eqn. 3.11 is based on the following assumptions: 

.•• (3.11) 

1.The pumping well penetrates the full thickness of water 

bearing formation. 

2.A steady-state flow condition exists. 

3.The water bearing formation is homogenous and isotropic 

and extends an infinite distance in all directions. 
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4.The hydrauliceradient at any point is a constant from 

the top to the bottom of the water-bearing· layer and is 

equal to the slope. of the water surface. 

A typical arrangement for Well-Pumping Test is given at 

FIG. 3.6. 

, 

Plan 

\ , 
\ , 

• Observation wells 
shown in elevation 

view 

o Typical locations for 
observation wells 

\ Pumped well \/ . 

---0-.--_- ---6--0---0---0-· 
(2) (1) l' Notes· 

(1) At least two observation w,ells 
I 

I 
are required in a line· 

(2) Number of observation wells, 

r 
directions, and distances 
from pumped well can be 

varied to suit site conditions 

Elevation , 

Observation wells ~ t q = Steady pumping rate 
I Ground surface 

. 
Original :.te~el;. [;d (~ 

. I . I" 
I 

Actual drawdown (steady state) 

I-f==~~===-----r 

h'}. I hI I ' 
I , I 

:;..-....-
"'" Dupuit 

• surface 

Pervious 
formation 

I ~ Fully penetrating well 

Impervious. 
R 

FIG 3.6 TYPICAL ARRANGE~ENTS FOR'DETERMINING PE~EABILITY 

BY WELL- PUMPING TEST 

H 
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3.6.2 Pumped Wells With Observation Holes.Nonsteady State. 

When 'field permeability tests are made with the method 

described for steady s'tate flow, pumping must be continued 

until the water levels in observation holes have approximately 

stabilized.Although true equilibrium may reguireAxtremely 

long periods of pumpin~,practical results usually can be 

obtained bvpu.rnping at a steady rate for periods that range 

from a few hours to a few dAys,depending largely on the 

permeability. 

During the period in which the water table around a 

pumped well is lowering water is draining out of the aquifer. 

Useful solutions to seepage conditions, during the nonsteady 

period are furnished by basic differenti~l equations. 

Performing this test in situ,the coefficient of 

permeability Can be computed by using the following equation: 

••• (3.12) 

where, 
k= coefficient of permeability in feet per day. 

D= the original thickness of the aqUifer in feet. 

Sl,S2=readinBs of drawdowns in 

t
l
,t

2
=reading time in second. 

feet. 

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

Because complete well-pumping tests·. are costly, efforts· 

are freQuently made to estimate permeabilities of inplace' 

·!?oils and rocks by pumpinr into or out of drill holes without 

the use of observation wells. The procedures are used in 

exploration boreholes since they provide a physical index 

of the flow into or moderate volumes of innlace material at 

relatively little ·cof3t.They can furnish useful permeability 

information,but they must be applied with care because the 

results are not easily checked for accuracy and errors are 

possible '. 

The most frequent causes of errers are the following: 

1.LeakaEe along casinp and around packers. 

2. Clog-fing d.ue to slouehing of fines or sediment in the 

test water. 

3.Air locking due to gas bubbles in soil or water. 

4.~10w 6f water irito cracks in soft rocks that ~re opened 

by excessive head in test holes. 

3.6.3.1 Open - end Tests 

If·the hole extends below the groundwater 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 by adding clear water through a measuring 

device. When tests a.re made above the water table a smooth 
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. consistent water level is seldom obtajned,and surging a few 

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

is considered a satisfactory test. 

Ground surlate 
Groundwaler 

. level ~ 
-'--~-II 

At Icast lOr 

At least lOr 

(a) (b) 

Gravity 

h (pressure) 
;' 

Groundwaler 

b 
';; 
"' ~ Groundwater 
.c /' level 

2r -+l t- (" level -l I- 2r <- Pervious stralum 

(c) (d) 

h = It (gravily) + h (pressure) 

Pressure 

FIG. 3.7 Ai'! OPEN-END TES'r FOR SOIL PERMEABILITY 

WHICH CAN BE ]\1ADE IN THE FIELD (Cede:q!.ren,1977). 

When desired,Rdditional.pressure can be added to the. 

gravity head.The permeability is calculated from the following 

relationship determined by Electric Analogy Tests: 

q 

k =---- ..• (3.13) 
5.5 r h 

where, 

q = the constant rate of flow into the hole. 

r = tne inside radius of casing. 

h = the differential head of water used in maintaining 

the steady rate. 
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or, according to The Bureau of Reclamation, 

q 

k = C --
1 h 

where, 

... 

factor varying with the size of c8sing (generally 

hetween 102,000 and 204,000). 

0 = the constant rate of flow into the hole in g8.11ons/rn1.n. 

h = the dj fferent1.al hea.d of water used in maintaining 

the 'steady rate in feet. 

3.6.3.2 Packer Te~ts 

If the formation is stronf, enough to remain open, tests 

can be made above or below the water table.These tests are used 

for testjnf, bedrock with the number of packers necessary to 

isolate the section of hole being tested.Permeabiliti.e~ can 

b,e calculated from the following relatjonspips: 

q L 
k -' In 

2nL h r 

q 
k =----

2nL h 

Where, 

sinh-l __ L_ 
2 r 

L) lOr •.. (3.15) 

••. (3.16) 

k = the coefficient of permeability of soil. 

Q = 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, rtccordin~ to The Bure~u of R 1 r' n. ec amati on, 

q 

k= c­p h 
•.• (3~17) 

where, 

k = coefficient of permeabi~ity in feet per year. 

Cp= factor varying with the size of the test hole, 

and the length of test section. 

q = the constant rate of flow into the hole in gallons/min. 

h = tl-te .differential head. 

C varies from 31,000 to 2,800 with the size of tl,.e test p 

hole,and the. length of the test section. 

3.6.4 ~ubR MRthod of neterminin~ Coefficient of Permeability 

A simple procedure, called .the " Tube JV'ethod .. may be used 

for measuring the permeability of soil in situ below a shallow 

water table. In this method, a tube of known (:iameter is placed 

tightly in a hole of the same size to a known depth below a 
~ 

water table. Then the water is pumped out to some known elevation 

below the water table and above the bottom of the tube; and 

water from. the surrounding soil is allowed to flow into tube 

through the bottom. The rise of wa~er level in a me88ured period 

of tjrre is ohserved,8nd the per!T'eFlbility is computed by means 

of t~e followinf relationship:(Snangler,1966) 

k A =--
Etl 

h 
In _0_ 

hI 

•.• (3.18) 
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where, 

k= coefficient of per~eabilitv of tested soil. 

A= area of tube. 

h = distance from water table to water level in tube at a 

beginning of test. 

h l = distance from water table to waterlevel in tube at 

end of test. 

tl=elapsed time within which distance from water table to 

water level decreases from h to hI. . a 

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

~ -~~ '::.E~.-:}'~' ···-t -~­
.::: 

Tub~ of 
2rca A 

GrDund surface """ 

Water ta~le-.... 

l ,., final water 1~l'el 
-L---""'~-.-_""'<""".==_-rl .. 

'" ..t: 

J.----t=~ ::.: --=,,: 
Initial water level 

I 

FIG~3.8 'TUBE ME'rHOD OF DETERr~iINING COEFFICIENT OF 

. PER~~EABILITY (Spang1 er, 19(6) • 
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Depth L Diameter of Tube, Inches 

D bmeter \. 1 ,---;- I J I ·1 i 
------. ---------- ... ---.. ----.:..---.. __ - ____ a· 

-
;) I G 

1 ):i.li 
C) .. tU 15 . .) 
3 1 uJ 13.0 15 • .) 
-1 i.7 10.3 12.9 15 .. 1 
5 - " 10.~ I. , 12.9 15.3 
(j 5.1 i.G 10.2 12.8 15.2 
,. 

5.1 7.6 10.1 I 12.7 15.2 
H 5.1 7.5 10.1 12.7 ., 15.1 

10 5.0 ,. - 9.9 I.;) 12.5 H.9 
12 C)-... :> 5.0 7.-1. 9.8 12A 
15 2.·l 4.9 7.2 9.7 
25 2.3 ,1.6 6.8 
·10 !!.l ·1.0 
GO 1.9 

100 1.5 

TAFLE 3.2. VALUES OF .F. - FACTOR -(in inch units.) 

(Spangler,1966 ). 

._--
H 

~O.~ 

20.8 
20.7 
20.5 
~O.l 

20.3 
20.2 
20.1 



· 3.6.") Piezometer T'f!ethod of Determining Coefficient 

of Permeability 

For measurements of permeability at greater depths, 

a thin-walled electrical connuit having an inside diameter 

of 1 inch may beused.This method is called the Piozemeter 

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

soil au~er with a diameter of 15/16 in. is bored thrbugh the 

pipe and into the soil to a depth of 4 inches.below th~ bottom 

and the soil is removed.The pipe is then driven into the soil 

4 inches, and the augering is repeated. This process is 

continued with the bottom of pipe has reached t~e desired 

depth,there being finally a space 4 inches deep below ·the 

bottom of the pipe.This method of ~riving the pipe prevents 

compaction of the soil sample to be tested. The formula for 

determining the nermeability coefficient by this procedure 

is r-lS follows: 

A no ••• (':).1(3) 1{ = -- In 
:t:t l h 1 

k = coefficjpn~ of p~rmeability of tested soil. 

A = ~re~ of the piezometer. 

h = I~j stance from W;'1ter table to· water level in piezometer 
o 

at bef-inninr of test. 

h
l

= rtistance from water table to water level in piezometer 

r-lt the end of the test. 

tl = e18psed time \."i thin which riist8nce from water table to 

water level ~ecreases from ho to hI· 
E = the E_factor,which is a 60efficient.(see Fig.3. l0 ) 
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..::..::.:.....:~I· -~~~~t'::-- ~~= 
..::: 
1 _ rinal water level 

-'--____ +¥-Ini\ial water level 

______ ..... t ---HV C2\'ity 
Q .. 

/' W(jt~r table 

H'IG. 3. 9 PIEZO~~ETER ~1ETHOD FOR DETERFINING I 

.COEFFICIENT OF PEru~EABILITY (Spangler,1966) 

20 

.!: 10 

....,... 

V 
------~ 

123 
length of Cavity, in Inches 

FIG. 3.10 VALUES OF E-FACTOF :<'OR C'~VI'rIES 1 INCH 

I~T DIM~E'rER 



57 

, 3.6.6 Aur-er Hole ~ethod of Determiriing Coeff~cient 

of Permeability 

In these method,it is adVisable to pump water from the hole 

to refill,inorcier to flush out the soil pores nt its sides.If 

the auper hole exten6s completely throUfh a nerviou8 Rtratum to 

an impervious layer,the flow situation is subject to exact 

mathematical analysis.However,the results can be,used to obtain 

a eood apnroximation,even in the absence of an impervious layer, 

if the ratio of the nepth of the aurer hole to i ts ~-iiameter is 

larfTE'.Thp. formula for determining the perrneahility coefficient 

by this proceriure is as follows: 

r dh 
••• (3.19) k = 0.617 

Sd dt 

where, 

k = coefficient of permeability of fested soil. 
h 

S = a coefficient which is dependent on the ratios~ 

r 
(see Fig. 3.12) and 

d 

d _- h f hole below water table. dept .0 

dh rate of rise of water level in hole at depth h. 
-= 
dt 
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. ,.. GrO'Jnd surfa:e 

"..1- "u~er hole 

" Water table 
- .. ---- --~~ -~- ~ 

--idhindt 
I 

FIG. 3.11 AUGER-HOLE J'l1ETHOD FOR DETERJVlINING 

COEF1I'ICIENT OF PERMEABILITY ( Spangler, 1966)· 
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~IG. 3.12 VALUES OF S in eqn.(3.19) 

(Kirkham,1954) • 
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3.7- FIELD V:ETHODS THAT DEPEtID ON SEEPAGE~VELOCITIES 

When at a COmmon pOint, the velocity of the flowing water 

and the hydraulic grarlient are known, the permeability can be 

estimated frmm the following relationship: 

V n s e 
k = 

i 
•.. (3.3) 

where, 

k = the coeffi.cient of permeabiJ i ty. 

V = the average seepage velocity. s 
n = e the effective porosity. 

i = the hydraulic gradient. 

Frequently the hvdraulic grarlient of an existing water 

table can be estimated from we.J..ls in the area.If not observation 

wells must be installed.T~e velocity ?f flow can be determined 

by a number of practical methods. 

An electrolyte or radiactive charge is inserted into the 

slopinf water table in hole ~,the time for the charge to reach 

holf> B is measured with suitable instruments,and the seepage 

velocity is determined by dividing L by time t.The effective 

porosity~ ne ,is determined from test data for the in-place 

soil; if no 1lests are available,it is estimated,and then the 

nermeabl.lity is calculated from Eqn.(3.3). 
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jC'" Hol~ A 

i = h/L 

. ~ -:;r--
Sloping./' . 
water 
table 

----- £ 
1

-_--_. 
~ L-J k " .., = usne/i 

FIG. 3 .• 13 TYPICAL ARRAIWEfV'ENT FOR DETERT~lIHING SO IL 

PERtfEABILITY BY t-"KI\SURE~1ENT OF SEEPAGE VELOCITY 

3.8- FIELD I'fFTHOnS THAT DEPEi'-TD ON OBSERVATIOl'; OF SPREADING 

OR RECEDING GROUNDWATER ftOTJNDS 

In this rrJethod,computRtions are b8.sed on measurements of 

the rRte of spreacl of saturation or,voluwes of water flowin~ 

into or out of soil systems,estimated from volumes of soil 

that' become saturated or unsaturated durin,.,. a known period' 

of time. 

3.8.1 Estimating k from Rate of Snread of Water. 

Unconfi ned Flow 

When water is spreading from a sudclen rise of rivers in 

flood stage,the mass permeabilities of soil formRtions can 

often be estimaten from the spread .ann rise of saturation 

measured in observation wells.If the spreading takes place 
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in re18tively uniform soil with unconfined flow,an estimate of 

permeabilities can be made with the use of 
transient flow nets. 

If the time of spread isknown,u. errneabl"ll"ty 

(Cedergren,1977): 

V n 
s e 

can be estimated 

k = ... (3.3) 
i 

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

n 
Al e 

2 k = 
T i 

..• (3.1.9) 

where, 

k = coefficient of permeability. 

1 = increment of distance. 

T = the total time. 

i = the hldraulic e;radient. 

3.8.2 Estimating k from (uantity of \Vater Flowing 

Into or Out of Soil 

.. 
When water is spreading from a rapidly rising river through 

highly permeable strata and rising into moderately permeable 

upper strata, the permea.bility 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 

followine procedure: 
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1.A cross section is plotted to show the initial position 

of the water table and its position after the river has been 

at level 2 .(See Fig.~.14) for T days. 

2. tJ:ean travel distance JJ is estimated. ( L is the dis to-nce 

to the center of gravity of the saturated area). 

Then k js calculated from Darcy's Law: 

q 

k =-- ••• ( 3.20) 

i A 

where, 

evel· 2 

k = coefficient of permeability in feet/day. 

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

i = the hydraulic gradient. 

., 

A = the cross-sectional area perpendicular to the flow 

direction in sq ft/l in. 

L = 4000 ft 

Center of 
gravity of 
satu rated zone 

·L = Mean travel distance 

Saturation, T days 
after sudden rise in river 

D 

Sand 

Gravel 
high k 

FIG. 3.14 ESTIMATING k FRm~ QUANTITY OF WATER 'FLOWING 

INTO A SOIL SYSTEM (Cedergren,1977). 
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CHAPTER 4 

FILTRATION AND DRAINAGE 

4 .1- BAS Ie REQ UIREtl!ENTS 0 F FILTERS A TIm DRA INS 

The process by which percolating water or F,roundwater is 

removerl from soils and rocks by natural or artificial means 

is called II drqinage II. When Rn analysiso is bei.ng made of the 

best means of controlling water inengjneering works, it is 

jmportantto try to identify the sources ofothe water. In Rome 

cases,it may be possible to reduce or entirely cut off the 

inflows by mearis of seepage-reduci~g methods such as blankets, 

linings,cutoffs,and grout curtains.In most cases,however,the 

safp.st,m(""!st economical FInd satisfactory solution is achjeved 

by drainage systems.Of great importance in drainage design 

iR the nep.d for developing Rystems capable of removing all the 

wa.ter reaches them without excessive head build-up ano without 

clogging or piping.Furthermore,designers should analyze every 

component of a draina.ge system( filters,conducting layers, 

collectors,outlets ) to ensure that th~ entire system will 

have the necessary capacity and will function as intended. 

To some degree porous wicks of cloth or paper,fiber-glass 

blankets,and other manufactured products are used as filter 

and drain materials,but the predominating drainage material 

is porous mineral aggregate.Good quality aggregates are 

virtually indestructible,relatively incompressible,readily 

available in most areas,and relatively inexpensive. When used 
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correctly,porous drainage aEgre~ates can have a vital part in 

the permanent performance of a great many kinds of civil 

engineering works,They are frequently used in drainage 

systems in conjunction with slotted,jointed,or porous pipes, 

which assist in the collection and removal of seepare • 

In recent years,synthetic filter fabrics,geotextj]es,have 

t.~l-:"en ;:::.n j ncreAsed importance in drainage systems. Fil ter' fabrics 

are used primarily as a substitute for a fine aggrep.-ate filter 

in re{!ions in which good quality aggregates are scnrce or 

in situations in which a filter fabric may be easier to install 

than R fine af!~regate filter. 

Wilters and drains can provirle permanent security against 

namaging actions of seepage and groundwater,however, certain 

fundamental requirements must be strictly enforced.If filters 

~nd drains are to s~rve their intendedpurpose,the materials 

used in their construction must have the correct r,ranation, 

and. they must be :1andledand placed with cnre to contamination 

and se?regation. 

~any of the problems associated with the design of adequate 

filters and drnins stem from the neeri for satisfyinp two 

conflicting requirements. " 

1.Piping ReQuirement.The pore spaces in drains and filters 

that are in contact with erodible soils and rocks must be 

small enough to prevent particles from being washed in or 

through them.· 
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2.Permeability Requirement. The pore spaces in drains 

and filters must be large enoufh to impart sufficient 

permeability to perrr.it seepar.-e to escr:lpe fre~ly and thus 

provide a high degree of control over seepafe forces and 

hvdrostatic pressures. 

4.2- PREVE!\!TION OF PIPING 

To prevent pining w~ter~bearinp- erodible ~oils and rocks 

~ust never be in di~ect contact with passageways larger than 

some of the coarsest soil or rock particles. In nature, piping 

failures often are exhibited by sink holes that form in arid 

cmd semiarid lands wnen fine sanu, si 1 t, loess, and clay wash 

into subterranean tubes or cracks. 

~any engineerj.ne works produce large hydraulic gradients 

that are condllcive to piping. When sewers are constructed below 

water tahle in erodible sand or silt,joints must he meticulously 

sealed;otherwise serious infiltration is likely to occur.Piping 

is A cc~won cause of failure in overflow weirs,earth dRms, 

reservoir~,ano other hydraulic structures.Whenever filters 

Cincl or;:lins C1re reouired f'o'r the control of seenajre ann. ground 

water in relation to structures, they should have a hi{,"h degree 

of resistance to niping. , . 
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4.2.1 Gradin~ of Drainape Aggregates To Control Piping 

To prevent the movement of erooi ble soils and rocks into 

or through filters,the pore spaces between the filter particles 

8"'101]10 be small enough to hold some of the larger pa.rticles of 

protected materials in place.If three perfect spheres have 

cliameters (,Teater than 3ix and one-half times the diameter 

of a smaller sphere,the smaller spheres can move through the 

IPtrger.(See Fig.4.l).Soils and aggregates are always composer'} 

of ranfes of particle sizes,and if the pore spaces in filters 

are small enough to hold the 85% size ( D85 ) of adjacent soils 

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

Bertram (1940) ~iveq Criteria ~or filter de~i~n a~: 

D15 
l) 

filter filter "15 
(4 to 5< ... (4.1) c 

Db' ? soil Dl? soil 

where, 

!) = 15% size of filter material. 
15 filter 

D8? soil = b'-of ~/(\ size of orotecten. soil. 

D15 soil = 15% size of protected soil. 
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Criterion 1.The 15% size (1\5) of afilter material must be not 

more than four or five times the 85% (DS-) of a protected sdil. 
,? 

rhe ratio of Dl? of a filter to DS5 of a soil is called 

II 'rhe Piping Ratio ". 

Criter~on 2.The 15% (D15 ) of a filter material should be At least 

four or five times the 15% (~15) of a pr6tected soil. 

~o prevent the movement of soil particles into or through 

filters the U.S. Army Corps of Enpineers (1985) require that 

the followin~ condition~ b~ satisfied: 

D15 fil ter 

(5 ••• (4.2) 

:)85 pail 

!lno 

D50 filter 

(20 ... (4.3) 

D50 soil 

~!hf>re , 

D15 
15% si?:e of filter materiAl. 

filter = 
DE5 = 85% size of orotecter1 soil. 

soil 

D50 = 50% filter 
size of filter rr.aterial. 

D50 = 50% size of protected soil. 
soil 
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The a.bove cri teri8. will be used when -protecting all soils 

excent for medium to highly plastic cl8.VS without sand or silt 

partings,which bi the above criteria. may require multiple-stage 

fil ters .For these clays, the D15 size of the filter may be as 

p:rreat as 0.4 mm. and the above D50 criteria. wil.l be disregarded. 

This' re18xation in criteria for protecting med i urn to highly 

nlasticclays will allow the use of a one-st8ge filter material 

however,the filter ~ust be well-graded, anrl to insure non 

se~regation of the filter rnaterial,a coefficient of uniformity 

(ratio of D60 to DIO ) of not greater than 20 will be required. 

(Cederf,ren,1977). 

Pining failures are likely to occur in certain types of 

which erode by a process called "dispersion ll or"defloculation'.' 

',':hen the clay r18SS is in contact wi th water, i nni viri,llR]. c18Y 

narti c1 ef> eire d.etached from the surface progressi vel v and fO 

into suspension. If vJater is flowing, the dispersed parti cles 

carried away and erosion channel or pi pes can form Quite 

rRninlv.Freouentlv the initi8.1 flow of water is along one or 
• oj .,J 

lTlore cracks caused by drying shrinkage,uneaual ,foundation 

settlement,and so on,or by " hydraulic fracturing~ 

The chances of piping failures jn dams built on or with 

dispersive clay soils can be greatly reduced by providing 

sandy f!ravel fil ters for vertic[1.1 and horizontal dr8ins 

deSigned to collect the seepage while holding the erodible 

soil in place. The filter adjacent to the soil must be fine enough 



70 

to hold the di~persed soil particles in place; hence two or more 

progressively coarser layers will be needed in such drains. 

Tests should be made' to establish the safe pipine: ratio 

( D15 of fjlter / D85 of soil ) for all projets requiring the 

use of dispersive clays. 

Sides and bottom 
lined with synthetic 
filter fabric (must 
serve as a filter). 

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

'.' 

. Open-graded 

Outlet pipe 
with 

Seepage 

--=-
drainage layer Saturation 

coarse 
rock 

---- level 
Subbase, filter aggregate, 

. or synthetic fabric 
(serves as separatorl 

FIG·? 4.1 ILLUSTRATION OF FILTER AND SEPARATOR 

FUNCTIONS OF PROTECTIVE FILTERS FOR DRAINS 
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1::~(w~:1 = in-place soil 

" = DB5 soil particle, 
entrapped in filter 

= soil which has 
migrated into filter 
and is held by D85 
size soil particles 

. '\ 
Nominal boundary 
before stabilization 

under seepage 
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(a) 

Filter 

(h) 

FIG. 4.2 ILLUSTRATION OF PREVENTION OF PIPING BY FILTERS 

(a) Spherical particle \ b will just pass thOrough 

pore space between three spheres six and 

one-ha.lf times the diameter of b. 

(b) Conditions at a boundary between a soil and 

a protective filter. 

" 

j 
, I 

i 
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4.2.2 Pine JOints,Holes and Slots 

\'/hen pipes are embadded infil ters and drains, no unplugged 

ends should be allowed. and the filter materials in contact 

with pipes must be coarse enough not tn enter jOints,holes 

or slots. 

For slots, 

s 
where, 

= 85% size of filter material. 

= slot width. 

For circular holes, 

D85 
___ ) 1.0 ••• (4.5) 

where, 

D .= 85°~ size of filter material. 85 7;) 

Dh = hole dia~eter. 

For openings in pipes, 

= 2 
••. (4.6) 

where, 

DS5 = 85% size of filter material. 

O opening size of pipe drain. !'lax= maximum 
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4.3- EXAMPI,ES OF FILTER DESIGNS TO PREVENT PIPING 

4.3.1 Rock Slope Protection 

Frequently coarse rock is nlaced on the banks of leeves 

on the upstream faceR of earthdams, and j n other ~si tuatJons in 

which erodible Roil~ must be protected from fast currents and 

wave action.If coarse rock is placed directly on f" __ lne soil, 

currents and waves may wash the ~oil out from under the rock 

and lead to undetermining and failure of expensive protective 

works or even to failure of the works being protected. 

Soil erosJon under rock slope protection can often be 

prevented by the placement of a filter layer of intermediate 

si~ed material between the soil ann the rock.Sometimes erosion 

can be nrevented bv the use of well-graded rock containing . .. 

suitable fines which work to the bottom durin~ placement.If 

a Ringle layer of well-eraded material or spalls between the 

soil 8nd the rock is depended on for erosion prevention; the 

work must be carried out carefully to make sure that an 

unse~refated filter 18ver is provided;6therwise it is possible 

that 1mnerMining could occur under Revere wave action or 

fast currents. 
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(a) Cross section 

Maximum PS5 of filter fabric < D85 of soil 

. <5 

~60r-~tlilt-~~~~~-r---t~f}--~---+~~4--4---A~-J 
'iii 
VI 
It) 

0. 

~40r-~~~~--~ 

o 20~O~·~~~~~-7~~L-~4~~-LL-LL--~--~~--~ % in. 1~ in. 3 in. 6 in. 12 in. 

FIG.~.3 

Particle size or fabric pore size 

(b) Grading curves 

.·;')('U 
.J. \ __ -' ... 

InterJ11eniate fi 1 terX curve 2) prevents eredi ble soj I 

(curve 1) from washing through rock spalls (curve3) 

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

to prevent se~regation of the various courses. 

Alternate design replaces fine filter (curve 2) 

with a filter fabric. 

(Cedergren,1977). 
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Coarse layer Fine layer, 
curve 3 _' curve 2, 

. or filter fabric 
.---"..,'7"77. % :%: 

':. •• -.. • ~.. II.. ;. II ..... r: .. >";. ~ •• ~.~,~. ,'-I.. -="~.~.:;p 

t t t t 
Groundwater 

(a) Cross section 

~ 60 /--t---b'"--H 
"iii 
III 
ro 
C. 

~40 

200 100 50 30 16 8 4 
Particle size 

(b) Grading curves 

l~in. 3 in. 

FIG. 4.4 DESIGN OF HIGHWAY ROADBED. 

Fine filter (curve 2) prevents soil (curve 1) 

from pumping into open-graded drainap:e aggregate. 

(curve 3). (Cedergren,1977). 

., 
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(a) 

-(b) 

FIG. 4.5 EXAf'!PLES OF FIL'I'ERS USUALLY WORKING UNDER 

STEEP GRAD IENTS TO RE;rv:OVE SEEP AG E . 

(a) Dam with chimney drain. 

(b) DAm with rock toe. 
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CHAPTER 5 

USE OF GEOlrEXTILES AS SOIL FILTERS 

5.1- Gl!."'OTEXTILES AS SOIL FIUL'ER 

One of the major areas where geotextiles have found extensive 

use is as filters in one-directional drainage applications 

(e.g. subsurface drainage).For this application,~eotextiles 

are used as replacements for r:raded granular filters because 

of their comnarable performance,improved economy, consistent 

nropertie,s, and ease of placement. 

H'ilter fabrics have two basic \lses in drains for 

enf.ineering 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 long periods of tirre. 

2.'1'0 serve as a separator or barrier to prevent the soil 

from mixin~ with a coarse aggre~ate.layer when there is no 

sifnifica~t lo~g-time flow of water. 

In all c~ses in which a fabric must serve as a true 

f'ilter,it must l1ave openings small enouf!h to nrevent more than 

minute amounts of the adjacent soil from passing through, but 

it must also have enough "onen area" composen of sufficiently 

large openings to allowed unobstructed flow of water. 
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5.2- GEl\TERAL CONS IDERA'rIONS FOR GEOT:B;XTILEFILTERS 

Geotextile filter criteria have been developed and evaluated 

for general soil types involving relatively low hydraulic 

heads as occurs in subsurface drainage applications.There 

has been,however,no evaluation to determine the a~plicability 

of existinF filter criteria to situations where lar~e hydraulic 

heads <'ire exnected ;:)S'i8 the case with internal filters in 

earth dams. 

When a geotextile is placed to a soil and water is allowed 

to flow from the soil through the geotextile,a comlex inter­

action occurs between the soil narticles and the pores in the 

reotextile.During an initial period immediately following the 

placement of the.geotextile at the soil interface, the soil 

par.ticles in the layer immediately 2djacent to ~eotextile, 

which are smaller than the pores in the F,eotextile,mip.-rate 

into and through the eeotextile 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 upstream surface of the 

p:eotextile forming a bridging network.As soil wRter continues 

to 'Pass through the eeotextile, increasing amounts o·fthe fine 

soil particles become trapped on this f-ranular bridging network 

until such time as no soil particles can migrate across the 

boundaries of .the geotextile. 

A schemati,c diagram depicting the soil structure adjacent 

to the geotextile following completion of soil particle 

migratIon in Fig.5.1. 



Stone 
filled drain 

Original 
scil structure 

Filter zot:ie 
in soil 

Eridging network 
of, larger prlrticles. 

Fa.bric 

Drain 

FIG. 5.1 E~U!LIBRIUj\': SOIL CONDITIONS FOLLOW!NG 

FORMATION OF SO IL FILTER (Hoare, 1982) 

Particles 
DR.ssinp; 

lal 

filaments (bl 

Particles 

Average 

fabric 

thickness 

FIG.5.2 INTERACTION OF SOIL PARTICLES AND. FABRICS IN DRAINS 

a.Particles Blocking Pores. 

~.particles Clogging in Complex Pore System 



80 

Figure 5~1 shows a highly permSable zone of larfer soil 

particles forming the bridging networki~mediately adjacent to 

the geotextile.The finer 'soil particles which were nresent in 

this zone before installation of the ~eotextile have all been 

washed into the drainage system. Immediately behind this, bridging 

zone consisting of soil particles whose permeability' rlecreases 

as thedi~tance from the geotextile increases.Thjs zone has 

been termed a "filter cake".The term filter cake has bAen 

s-enerally supplanted by the term"soil filter'''.The zone behind 

the soil filter is the extremity of the existing soil which has 

remained undisturbed throughout the formation of the bridging 

and soil filter,zones.Once the soil filter zone has been 

established,no further soil is washed throup;h and the system 

is considered to be in equilibrium.(Lawson,1982). 

A closer examination of the structure of the soil filter 

zone shows it to consist of larp:er SOlI particles at the extrerrity 

fA.rthest rJ,way froTP the geotextile. This soil fil ter zone is, in 

effect,a reverse eranulA.r filter constructed solely from the 

in situ soil narticles,and thus will always remain compatible 

with the undistrubed in situ soil(whereas with conventional 

granular filters,this is not always the case.) 

As ~oil water continues to flow through the completed soil 

filter-geotextile system,the soil filter zone actively filters 

out the soil water from the undisturbed soil r:.ass while the 
, 

f1:eotextile retains the soil filter zone in place, preventing 

collapse into drainage layer.Thus,the function of the geotextile 

inane-directional filter applications is not t~ filter actively 
, . 

the water from the soil long term but,rather,to act as a type 
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of catalyst in the form.qtion of a stable soil filter from the 

in situ n.qrent soil.While ~he ~eotextile-does not actively 

act as a filter once the 30jl filter isformed,the choice of 

the correct geotextile is critica1 to the formation of a 

stahle effective soil filter. 

For ineal filterperformance,t1e permeability of the soil 

fil ter, bridp:ing netvJork and geotextile, a.lwa.ys should be equal 

to or greater than the permeability of the in situ soil.Should 

the Der~eability of any of these zones ~all substantially below 

that of'the undisturbed in situ sOil,then reduced waier flows 
~ 

into the drainage layer will occur which may result in less 

than optimal performance ,from the filter system. 

To achjeve ontimal filter nerformance,two criteria must 

be met: 

Cri terj.on 1. It Permer:lbili ty :~ri terion It. l"ollowing an 

initial period of instability which occurs durinv the formqtion 

of the soil filter,the permeability of the system·should remain 

relatively contant ~ith time.(See Fig.5.3 a). 

Criterion 2. It Piping Criterion It.Following an initial 

period of soil piping which occurs during the formatton of 

the soil filter,no further in situ soil should be piped through 

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

If the initial criterion is not adhered to,then the 

permeability ~f the soil filter zone so formed may continue 

to decrease and may lead to potentially damaging build-ups 

in pore pressure behind the filter zone. 

If the second criterion is not adhered to,then in situ 

soil may he continually piped throup.h the filter system which 

can lead,tointernal erosionfailures in the structure. 
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To ~atisfy both of prcee~ing criteria,the interaction 

between the in situ soil ano specific pro.pprties of the 

reotextile ml1st be determined adequately.T~e two major peotextile 

oToperties which affect the formation of a stahle soil filter 

are its innicative pore size and its water permeability. 

Indicative pore si ze dete.rmines the maximum siz,e of soil 

DRrticle which CRn migrate Rcros~ t~e boundaries of the 

f!eotextile.Geotextile nerme8bili ty rletermines the number of 

pores ner unit area in the geotextile.~or eood filtration,it 

is a reauirement that for a given indicative pore size, the 

optimal geotextile should have as high a permeability as 

possible,so that when narticle blocking of pores during the 

formation of the bridging n~twork adjacent to the geotextile, 

it does not reduce critically the permeability of the 

Feotextile.(Lawson,1982). 
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There are three basic elements of filter criteria for 

drainage fabrics: 

1.Retention Ability(Piping Resistance). 

2.Water Permeability. 

3. Clogging Resistance. 

The characteristics of each criterion are described 

as follows: 

5.2.1- Retention ftbjlitv (PipinE Resistance)' 

Petention 2bility can be snecified by using eouations 

~iven hy different a~thors.Some of them 8re listed below: 

Carroll(1983) defines the retention ability ~s: 

1<""\('" c:: 
"-J',J.., f b . a rlC 

where, 

< 2 or "5 ... ( 5. 1 ) 

EOSfabric = equivalent openinp size of the fabric. 

n = soil diameter below which lie 85% of . 65 soil 
, soi 1 parti cl es. 

Eauivalent Opening Size: 

150 fr. of single size srmd i~, sieved for 20 minute over 

a fabri'c on a sieve using an automatic sieve~shaker. 'L''l-Je 

"Equi val ent Opening Si z'e II (EOS) is the retained, on the si 7.e 

of that sand fraction of which 5% of the sand bv weight 

passes the fabric.'(Hoare,1982). 
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Calhoun(1972) fives thR retention abilitvof a ~eotextile as: 

..• (5.2) 

where, 

P9~ fabric = 95% porp~ize of filter fahric.(~ee vi~ 5.4) 

Des Roil = snil ~i~meter helow which lie A5% of 
Roil particles. 

Rankilor(lg78) f.ives the retention ability of a p.:eo'textile as: 

P ~/) 
J~ fabric 

<1 ... (5.3) 
"DBc- soil 'J 

where, 

P50 f:=thrlc = 50% pore siz.e of fil terfabric. (See H'jr;. 5.4) 

= soil niameter helow which lie 85% of 

soil particles. 

Cedergren(1977) gives the retention ability ofa peotextile as: 

P 
E5 fabric 

.•• (5.4) 

DS5 soil 

where, 

P = 85,% pore size of filter fabric. (See Fig.5.4) 85 fabric 
D = soil oiameter,belowwhich lie 85% of 85 soil 

soil diameter. 



86 

Oo-ink(lg7S' fives the retention ability of R. f."eotextile as: 

P50 fabric 
-~or woven ~eotextiles: 

••• (5.5) 
DgO soil 

P50 fabric 
-For nonwoven geotextiles: . __________ __ <i. a 

, 

••• (5.6) 
1) 0 °1 - 9\. Sal 

where, 

P50 fabric = 50% pore size of filter fabric(See Fig.5.4) 

:1go . s'oi 1 = soil dia~eter helow which lie 90% of 
soil nC'lrticles. 

Schober an~ Teindl(1979) give the retention ~bility of a 

r:eotextile as: 

P90 fabric 

D-O °1 , Sal 

Where, 

= B ..• (5.7) 

Pgo fC'lbric = 90% pore size of filter fabric.(See Fig.5.4) 

= soil diarreter below which lie 50% of 

soil nartic1es. 

B = a function of the uniformity coefficient 

,of the soil to be filtered.(See Fig.5.5) 
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5.2.2 Perme~bilitv Requirement 

The perfTlenbility of a fabric filter shoulci he substantially 

r.reater than that of the protected soil in order that,if partial 

cloFrring should occur,the fabric perrr.eabilitywill not be reduced 

~ critical level,i.e.,below that of protected soil.Accor~inglv 

the fabric permeability Rhould be less than that of the 

nrotected soil. 

Calholm (1972) p;ives the requirement to satisfy the 

permeability condition as: 

kfnbric \ 
----~ 10 

l{ 01 ROl. 

••• (5.8) 

where, 

k ... ~, ° :: coefficient of nermeabilitv of' t:,e fabric. 
~c:.Drl.C' 

k soil = coefficient Qf permeability of the nrotected 

. r'~8.rks( 1975) [7i ves the reoulrerr.ent to sntis fy the 

permeability condition as: 

kfabric 

k °1 SOL 

where, 

) 5 
.~ 

• .• ( 5 .9) 

k = coefficie~t OT perTTleabi li ty of thp. fa.bric. 
fC'!hric 

soil. 

k 01 = coefficient of permeability of the protected soil. 
SOl. 
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Rc:JnkiJor ( 1978 ) e:ives the reau~rement· to sC'ltisfy 

the permeability condition as: 

P50 fabrjc 

> 1 ..• ( 5 . 10 ) 

DI5 soil 

where, 

"P 50 fabric = 50% pore size of tl1e fil.ter fabri c. 

D1r- soil = soil diameter 
.~ 

below which lie 15% of 

soil particles. 

5.2.3 CloF-gin~ Resistance 

Carroll ( 1983) relates the cloEfing resistance to 

the f,radient ratio whicl1 is defined in Fig.5.6. The 

maximum c:Jllowable gradient ratio for acceptable 

filter performance is 3. TheL'efore, 'the criterion for 

clogp-"ing resist~nce of fabric filters can be stated 

as follows: 

GR~ •••. ( 5. ll) 

where, 

GR = Gradient Ratio of the Filter Fabric. 

The clogging behaviour of a geotextile should be 

evaluated in a test that simulates in-us~ conditions. 
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5. 3- ~.DV.ANT/IGES AND ilIS.4DVANTAGES OF FABRIC FILTERS 

In addition to the advantage of inharent tensile 

strength, fabric filters have several oth€r advantages 

over granular filters.In general ,installation should be 

auicker and more labor-efficient, and the local availability 

of suitable franul~r filter material is no loneer a 

design consideration. Since a fabric's filtering ability 

is factory-controlled , it cannot be altered by careless 

placement by site labor ,nnd a auick visual insnection 

assures the engineer that it is in. place as ctesigned. 

Potential ~isadvantae:es are that installation must be 

unnertaken with due care so as to nrevent undue 

eXDosure to ultraviolet li~ht and so that the fAbric 

does not become torn or damaGed with Rdequnte overlRpf.~ 

between sheets provided.The life of a fRbric in a soil 

environment is al~o as yet known Rnd unproved over 

the lifetime of a normal enpineering structure. 
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CHAPTER 6 

EXPERIMEw.rAL STTmy 

6.1- 'rRE PURPOSE OF THE TESTS 

The purpose of the tests is to determine the coefficient 

of permeability of (Saturated Clay + Geotextile + Wet Gravel 

Filter)system,and the variation with time. For this reason, 

firstly,the coefficient of permeability of clay is determined. 

The coefficient of permeability of the geot-extile is known. 

And then,the coefficient of permeability of (~aturated Clay + 

Geotextile + \'let Gravel "ji'il ter) system is determined. rfhe 

coefficient of permeability of clay and the coefficient of 

permeabili ty of (Saturated Clay + Geotextile + \~et Gravel Filter) 

system are compared with each other,8i1d the difference is 

determined.If there is a difference,one may· say, there must be 

cloe;ging in the pores of the geotextile. 

6.2- TEST APP~RATUS 

Certain modification to CPR (California Bearing Ratio) 

test molds have been carried out to develop a special 

permeability device,which consists of a cylindirical wall and 

two friction-fitted covers(the bottom one being conical as 

shown in Fig. 6.1 .. 
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FIG. 6.1 SC:rEr~1ATI~ OF THE P};RJVIEAr!i}i~TER lvrOLD 
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'" 

'Phis used steel molds are made of two par~s(height of the 

first one is 5 cm.,and height of the second one is 1,2 cm.),and 

~oth upper and bottom parts have diameters of 7.62cm.(3 in.). 

This permeability device is connected to a 50 mI. burette 

using aplastic tube.The connections and edges of mold which 

are covered by upper and bottom cover are sealed throup.:hly 

to make waterproof using overrings and silicone (which i~ a kind 

of mastic).There is a valve at the bottom of' the mold to coliect 

water passing through the test sample ~ This device "is attached': 

to a standard laboratory ring stand using a test-tube clamp, 

A meterstick is used to obtain initial head hl,and final head 

h 2 .The meterstick is also attached to ring stand using a test 

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

Fig. 6.2. 

6.3- LIMITATIONS OF THE TESTS 

1.The soil in the permeability device is never in the same 

state as in the field',It is ,always (~isturbed to some extent. 

2.Boundary conditions are not the same in the laboratory. 

The smooth walls of the permeability mold make for better flow 

paths than if they were rough.If the soil is stratified vertically 

,the flow in different strata will be different,and this 

boundary condition may be impossible to duplicate. 

3.The hydraulic hea4 h may be different(often much 

lar{!er) in the laboratory,causing a washout of fine material 
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FIG. 6.2 SCHEjV'NrIC OF THE PERrr:El\.~~ErrER SETUP 
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to the boundarY,with a possible reduction of k.The field 

hydraulic gridient(i= h/L) is on the order of 0.5 to 1.5, 

whereas in the laboratory it is generally 5 or more. Some 

evidence indicates that. V = ki is not linear for all values 

of i,especially the larger values.On the other hand,there' is 

evidence that for fine-grained soils(clays) ,there. may be some 

threshold gradient below which no flow will take place. 

4.The effect of entrapped air on the laboratory sample 

will be large even for small air bubbles since the sample is 

small. 

6.4- TEST PROCEDURE 

1.The clayey soil is saturated in standard compaction test 

mold, placing 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. 'fhis procedure will saturate the 

sample with a minimum of entrapped air. When water in the plastic 

inlet tube on top of the mold reaches equilibrium with the 

water in the sink (allowing. for capillary rise in the tube ), 

the sample may be assumed to be saturated. A sqaking period of 

24- hr. mip:ht provide better results.On the other hand,the wet 

{[ravel is placed in the bottom part·of the mold,and between the 

upper anct bottom mold geotextile is pl~ced.A piece of filter 

paper is placed on bottom of the gravel. 

2.When water level in the plastic inlet tube :Ls stabilized 

,the permeameter is removed from the sink clamping the exit tube. 

The saturated clay in this standard nermeameter is poured into 
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the upper part of the test mold.And then,the upper cover is 

closed ann the rim of the mold aTe sealed th.roup:hly ann made 

waterproof using silicone.The inlet tube of mold is attached 

to burette,which has been fastened to a ring stand.When the 

silicone is dried,the test may be started. 

3.The lines at the top of the clay are deaired by opening 

the hose clamp from the burette and opening the petcock on 

top of the mold.Waetr is allowed to f1ow(but k~ep adding 

water to the burette so it does not become empty). from the 

petcock until air bubbles cease toexist;then the petcock is 

closed.The inlet tube from the burette is not closed. The exit 

tube is still clamped shut. 

4.The burette is filled to a convenient height,and, the 

h~draulic head across the sample is measured to obtain initial 

head hI. 

5.The exit tube is opened and simultaneously the timer 

is started. v/ater is allowed to flow through the sample until 

the burette is almost empty.Simultaneously the elapsed time 

is recorded and only the exit tube is clamped.The hydraulic 

head across the sample at this time is· measured to obtain 

final head h
2

.The temperature of the test is recorded. 

6.The burette is refilled and step 5 is repeated three 

additional times.The temperatures of each run are recorded. 

7.Using the Eqn. 6.1 given below,the coefficient o£ the 

permeability of the system is computed: 
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2.3 a L hl 
kT =-----,..-log- ... (6.1) 

A t h2 

where, 

kT = coefficient of permeability at test temperature T. 

a = cross-sectional area of the burette, in cm2 • 

L =length of soil sample,in cm. 

t = elapsed time of test,in sec. 

h l ,= hV9-raulic head Cicross sample at ,the beginning of the 

test (t=O) , in cm. 

h2 = hydraulic head across sample at th~ end of the test 

. ,in cm. 

From Table 3.1 vit"cosi ty corrections for }IT / F20 are 

found and multiplying these by kT' the coefficients of 

.permeabili ty at standard ternperature(20o C) may be computed . 

..• (6.2) 

S.After finishing thes~ tests,the apparatus is reassembled 

and ~eotextile is left to dry Cit laboratory temperature along 

two OFlYS ,and then all steps are repeated. 
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6.5- PROPERTIES OF TJSF.9 SO IIJS 

6.5.1.Properties of Esan Yellow Clay: 

Some laboratory tests have been nerformed to determine 

'the some soil characteristics of clay. These tests and their 

results are given below~ 

.Sieve Analysis: See Fig. 6.3 . 

• Specific Gravity Test: 

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

r·r:aximum Dry Density 0 f Clay, max "'6 dry = 15.30 kN/m3 • 

Optimum f/:oisture Of Clay, wopt =24% 

.Atterberg Limits Test: 

Liquid Limit of Clay, W = 37% L 

Plastic Limit of· Clay,w P = 20% 

Plasticity Index of Clay ,Ip=17% 

~Saturation Degree Test: 

Saturation Degree of Clay, wsat = 54% 

.Permeability Test: 

The coefficient of Permeability of Esan 

-:-5 Yellow Clay, k 20 = 1.241 x 10- cm/sec. 

6.5.2.Properties of Brown Clay: 

.Sieve Analysis: See FiV.6.4 . 

• Specific Gravity ~est: 

Specific Gravity of Brown Clay, G = 2.76. s 

.Compaction Test: 

Vaximum Dry density of C;Iay,r:ax '1 clry = 12.1 kN/m: 

Optimum ~oisture Contpnt of Clay, wopt=33.8 ~ 
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• Atterberr: Ijimits 'eest: 

Liauid Limit of Clay, 

Plastic Limit of Clay, wp = 32.5% 

Plasticity Inrlex of Clay,lp= 40.5% 

.Saturation Depree Test: 

Saturation Degree of Clay, W .t = 98% sa 
Permeability Test: 

The coefficient of Permeability of Brown Clay, 

k - -6 cm/ 20 = ?21 x 10 sec. 

6.5.3.Properties of Gravel: 

Sieve Analysis: See Fig.p.5. 

6.6- PROPERTIES OF USED GEorrEXrrILES 

~our types of geotextile have been used in tests.These are 

TYPAR 3207 , TYPAR 3407-2 , TYPAR 3807-4 , and ~nRAFI P40. 

Properties of these geotextiles are given below: 

6.6.1. Properties of TYPAH 3207: 

Nonwoven Polypropylene Geotextile 

.Unit l:Jeight = 6ogr/rn~ 

Th " k t 2 lKN/m2 = 0 ~r • lC ness a .)0 mm . 

• K value at 2k~r/m2 = 28 x 10-4 m/sec. 
2 ."F.'low at 1 cm. water head =45 l/m.sec. 
2 .Flow at 10 cm.water head =200 l/m.sac. 
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C:' .,.;leve Analysis, P50 = 350 pm. 

Pgo = 435 pm. 

Pg8 = 490 pm. 

• Dynamic Filtration, Pg5 = 126 pm. 

6.6.2. Eroperties of TYPAR 3407-2: 

Nonwoven Polypropylene Geotextile 

• Uni t 'tJeight = 150 gr/m~ 
• Thickness at -2 kN/m 2 = o. ~9 mm • 

• K value at 2 kN/m2 = 5.1 x 10-4 m/sec. 
2 .Flow at 1 cm. water head = 11 l/m.sec. 

• Flow at 10 cm.Water head 2 = 781/m.sec • 

• Sieve Analysis, P50 = go pm. 

Pgo =130 pm. 

Pg8 =160 pm • 

• Dynamic Filtration, P
95 

= 108 pm. 

6.6.3. Properties of ffYPAR 3807-4. 

Nonwoven Polypropylene Geotextile 

.Unit 't/eieht 280 grim 2 
= . 

.Thickness at 2 kN/m 2 0.71 = m!::. 

.K value at 2 kN/m 2 
= 1.6 x :}.0-4 m/sec. 

2 
• 'B'low at 1 cm. water head = 2.5 l/m.sec~ 

20 2 
· Flow at 10cm. water head = l/m.sec. 

.Sieve Analysis, P50 = 40 pm. 

P90 = 60 11m• 

P98 = O? pm. 

• Dynamic Filtration, Pg5 = 40 lJfT1 • 
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6.6.4 Pro-perties ofl"HRA.. PI P40. 

Nonwoven Polyester Geotexti1e 

.Unit Weight = 150 gr/m2 • 

• Thickness = 2.3 mm • 

• Specific Gravity = 1.38 

.Onenjng Size = 150 ~~. 

-1 / .The coefficient of permeabi1ity,K = 2.0 x 10 cm sec • 

.. ~ 
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6.7- TEST RESULTS 

6.7.1. For ( SA'PUFATED ESAI\T YF:LIOW CLAY + rYPAR 3'207 

Used standpipe = 50 mI. burette. 

Cross-sectional area of the used standpipe, a = 0.988 2 em • 

Length of (Saturated Clay + Geotextile) layer,L = 5,cm . 

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

" st 
... 1 TEST ..•.... 

TEST 
hI h2 t Q. NO Cout T ln 

Unit em em sec em3 cm3 0 
C 

I. 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 80.6 55.3 1541 25 25 17 

AveragE ,80.6 55.3 1326 25 25 17.5 

2.3 (0.988) 5 80.6 
k =--------------ave 

log ---

(182.415) 1326 55.3 

k -6 / ave = 8.177 x 10 em see. 
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6.7.2. For ( SATURATED ESAN Y};LLOW CLAY + TYPAR 3207 + 

WET GRAVEL .J!'ILTER ) system. 

Used standpipe = 50 mI.-burette. 

2 Cross-sectional area of the used standpipe, a = 0.988 cm • 

Length of (Saturated Clay + Geotextile) layer,L = 5 em . 

••• Using geotextile which is dried along two days . . . . . 
after st 1 Test ....... . 

.. 

••• 2nd TEST usine TYPAR 3207 ... ~ ... 

test 
hl h2 t Qin Qout T no 

Unit em em sec em".'- em3 °c 

1 80.6 55.3 1714 25 25 18 

2 80.6 55.3 1943 25 25 17.5 

3 80.6 55.3 2018 25 25 .17.5 

4 80.6 55.3 2154 25 25 18 

AveragE 80.6 55.3 1957 25 25 17.75 

2.3 (0.988) 5 80.6 
k = log ave 

182.415 (1957) 55.3 

k = 5.505 x 10-6 em/sec. ave 



6.7.3 For ( SA'rUEA'rED E3AH YELLOW CLAY + TYPAR 3207 
' . 

. + WET GRAVEL FItTER ) system; 

Used standpipe = 50 mI. burette. 
. . 2 

Cross~seetional area of the used standpipe,a= 0.988 em • 

Length 6f (Saturated Clay + Geotextile)la~er,L= 5 ern •. 

•.• Using eeotextile which is dried along two days 

after 2no 
test .......... . 

. ••.• 3rd 
TBST using TYPAR 3207 ... ~ ..... . 

TEST 
hI h2 t Q. Qout T 

NO In 

Unit ern ern sec em3 em3 °c 

1 $0.6 55.3 2246 25 25 17 

2 80.6 55.3 2281 25 25 17.5 

3 eO.6 55.3 2357 25 25 17.6 

4 80.6 55.3 2441 25 25 17.1 

AveragE 80.6 55.3 2331 25 25 17.3 

k = 4.675 x 10-6 ern/sec. 
ave 
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6.7.4 For ( SATURA'rED ESAtT YELIDW CLAY +~TYPAR 3407-2 

+ WET GRAVEL FILTER ) system. 

Used standpipe = 50 ml. burette. 
2 Cross-sectional area of the usen burette,a=O.988 em ;. 

Length of (Saturated C12Y + Geotexti1e)layer,L= 5 em • 

••• Using virgin ~eotextile ..•..••• 

•.•. 1st TEST •.. ~ •.•• 

TEST 
no hl h2 t Q. 

In 
Qout T 

TJni t . em cm sec cm3 cm3 °c 

1 82.9 32.3 6954 50 50 14 

2 82.9 32.3 7111 50 50 14.5 

3 82.9 32.3 7297 50 50 13.5 

4 82.9 32.3 7521 50 50 14 

AveragE 82.9 32.3 7220 50 50 14 

-6 / k = 4.114 x 10 em sec. ave 
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6.7.5 •. For (SATURATED ESAN YELLOW CLAY + TYPAR 3407-2 

+ WET GRAVEL FILTER ) system. 

Used standpipe= 50 mI. burette. 

2 Cross-sectional area of the used burette,a = 0.988 cm • 

Length of (Saturated Clay + Geotextile)layer,L= 5 cm. 

,~ •• Using .geotexti1e which is dried along two days 

after 
st . 

1 Tes t ......... . 

••• 2nd TEST using TYPAR 3407-2 •••••••••• 

TEST 
hI h no 2 t Qin Qout T' 

Unit cm Cm sec cm3 cm3 °c 

1 82.9 32.3 8165 50 50 15.5 

2 82"9 32.3 11988 50 50 16 

3 82.9 32.3 16346 50 50 15 
... 

4 82.9 32.3 17741 50 50 15 

Average 82.9 32.3 13560 50 50 15.4 

-6 / k = 2.111 x 10 cm sec. ave 
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10-6 em/sec 
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4 

2 

1 
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1 2 3 No. of 

Test 

FIG. 6. 7 NO •. OF TEST -SYSTElv} PER~!EABILITY CURVE· 

for (Esan clay + TYPAR 3407-2 + Wet gravel Filter' system .... -... 
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6.7. '7 For ( SA'rURATBD ES !l_N YELLO\vCLAY + TYP AR 3807-4 

+ \VET GRAVEL FILTER ) system. 

used standpipe = 50 mI. burette. 
2 Cross-sectional ar~a of the used standpipe,a ~ 0.988 em • 

Length of (Saturated Clay -1:- Geotextile)layer,L =5 em • 

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

st ••• 1 TF;ST using 'rYPAR3807-4 ••• ••••••.• 

TEST 
hI h2 t Qin Qout T NO 

Unit em em sec em3 em3 °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 13153 50 50 ·16.5 

4 80.2 . 29.6 14223 50 50 16.5 

Averag 80.2 29.6 12840 50 50 17.3 

-6 / kave = 2.25 x 10 em sec. 
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6.7.8 For ( SATURATED ESAN YELLOW CLAY + TYPAR 3807-4 

+ \'lET GRAVEL FILTER ) system. 

Used standpipe = 50 mI. burette. 
2 

Cross~seetional area of the used burette,a = 0.988 em • 

Length of (Saturated 01ay + Geot~xtile) layer,L ~ 5 em • 

.•• Using e;eotextile which is dried along two days 
st after 1 Test •.•.•••.• 

nd ... 2 TEST using TYPAR 3807-4 ........•. 

TEST 
hI h2 t Qin ' Qout T NO 

Unit em em sec em3 em3 0 0 

l' 80.2 29.6 18281 50 50 18 

2 80.2 29.6 19543 50 50 19 
, 

3 80.2 29.6 20117 50 50 18.5 

4 80.2 29.6 21113 50 50 18.5 

average 80.2 29.6 19764 50 50 
,~ 

18.5 

k = 1.415 x +0-6 em/sec. ave 
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6.7.9 For ( SATURATED ESAN YFlLLO\,1 CLAY + TYPAR 3807-4 

+ VIET GRAVEL FILTER ) system. 

Used standpipe = 50 mI. burettA. 
2 Cross-sectional area of the used standpipe,a = 0.988 em • 

Length of (Saturated Clay + Geotextile)layer,L= 5 em • 

••• Using geotextile which is dried along two day~ 

after. 
nd . 

2 Test~ •••••••• 

rd ••• 3 . TEST us ing TYP AR 3807-4 ••.••••••••• 

. ... 

TEST ... 
h h2 t Qin Qout T no 1. 

Unit em em sec cm3 em3 °c 

1 80.2 29.6 31957 50 50 15.5 

2 80.2 29.6 26842 50 50 . 15.8 

3' 80.2 29.6 24011 50 50 16.2 

4 80.2 29.6 23894 50 50 19 

AveragE 80.2 29.6 26676 50 50 16.6 

-6 / k = 1.1 x 10 em sec. ave 



10-6 em/sec 

3 

2 

1 

o 
1 

117 

2 3 

FIG. 6.8 rm. OF TEST- SYSTEIVI PERMEABILITY CURVE 

No. of 

Test 
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6.7.10. For ( s.!\.rpURATE1) },;SAN YELLOW CLAY + MIRAFI P 40 

+ WET GRAVEL FILTER ) system. 

Used standpipe = 50 mI. burette. 

Cross~seetional area of the used burette,a= 0.988 

Length of (Saturated elay + geotextile)layer,L= 5 

..• Using Virgin Geotextile ••••... 

••• l st TEST using ~IRAFI P40 •..••... ~ 

TEST 
hI h2 t Qin Qout no. 

Unit ern ern see em3 ' em3 

1 80.6 55.3 2341 25 25 

2 80.6 55.3 2419 25 25 

3 80.6 55.3 2617 25 25 

4 80.6 55.3 2746 25 25 

Average 80.6 55.3 2531 25 25 

-6 / k = 4.284 x 10 'ern see. ave 

", 

2 ern • 

ern • 

T 

°c 

17 

17.5 

17.5 

18 

17.5 

,~ 
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6.7.11. For ( SNL'URNfED ESAN CLAY + ~r:IRAFI p 40 + WET 

GRAVEL FILTER ) system. 

Used standpipe = 50 ml~ burette. 
2 Cross-sectional area of the used standpipe,a= 0.988 em • 

••• Using geotextile which is dried along two days 

after 1st Test ........• 

nd .~.2 TEST using MIRAFI P40 .......... . 

Test 
hI h2 t Qin Qout no 

Unit em em sec cm3 cm3 

1 80.6 55.3 3516 25 25 

2 80.6 55.3 4130 25 25 

3 80.6 55.3 4247 25 25 

4 80.6 55.3 4518 25 25 

Average 80.6 55.3 4102 25 25 

kave = 2.636 x 10-6 em/sec. 

T 

°c 

18 

18 

17.5 

17 

17.6 
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6.7.12. For (SATURATED ESAN YELLOW CLAY + MIRAFI P 40 

+ WET GRAVEL FILTER)SYSTEM. 

Used standpipe = 50 ml. burette. 
2 Cross-sectional areR. of the used burette,a = 0.988 em • 

Length of (saturated clay + geotextile) layer,L ~ 5 cm • 

••• Using geotextile which is dried along two days 
nd after 2 Test .•••••• 

rd .•• 3 TEST' using IVIIRAFI P 40 ...••.•• 

Test 
hl h2 t Qin Qout no 

Unit cm cm sec cm 3 cm3 

1 80.6 55.3 4715 25 25 

2 80.6 55.3 5052 25 25 

3 80.6 55.3 5289 25 
t' ; 

25 

4- sO .6 55.3 ' 5847 25 25 

Average 80.6 55.3 5226 25 25 
.. ~ 

-6 / k = 2.054 x 10 cm sec. ave 

T 

°c 

17.5 

18 

18 

18 

17.9 
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FIG. 6.9 NO OF rrEST- SYSTEM PERMEABILITY CURVE .. 

for (Esan clay + fvlIRAFI P40 + Gravel Fllter) system. 
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6.7.13. For (SA'PURlI.11ETl BROWN CLAY +. rrYPA~ 3207 + WET 

GRAVEL FILTER) SYSTEfV'. 

TJsed standpipe = 50 ml. burette. 

Cross-sectional Rrea of the u~ed b~iette, a = 0.·988 cm 2• 

TJength 0 f (Sa tura ted Clay + Geotextile) layer. L = 5 cm • 

. ~.Dsing Virgin Geotextile ..••.•.•.. 

••.• lst TBST using TYPAR 3207 •.•.•••••• 

Test 
hI h2 t Qin Qout T no. 

Unit cm cm sec cm3 cm3 °c 

80.6 55.3 
2bf2 

25 25 14 1 
... ---, 

2 eO.6 'J5.3 2646 25 25 14 
.-

3 fO.6 55.3 2::'91 25 25 13.8 
. - . . . 

4 60.6 55.3 3165 25 25 14.2 

Averag . 80.6 55.3 2921 25 25 14· 

k -_' 10Q 10-6 / '+. _ X em sec. p.ve 
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6.7.1it. "[.'01' (.::iA'CUB.l1_'PED BROWN CTJ1\Y + TYPAR 3207 + WET 

GRA/}~L FIL'J1ER)System. 

Used standnjpe = 50 ~l. burette~ 

2· Cross-sectional area: of tl1e burette,a= 0.988 cm • 

Leneth of (Saturated clay +geotextile) laye~, L= 5 em • 

••• Usinggeotextiie which is dried alone two days 

after 1st Test ...... . 

... 2
nd TEST using TYPAH 3207 ......•. 

'.Pest 
hI h2 t Qin Qout T no 

Uni t cm em sec cm3 cm3 DC 

1 80.6 55.3 4443 25 25 13.8 

2 20.6 55.3 4817 25 25 14 

3 80.6 55.3 5146 25 25 13.8 

4 80.6 55.3 5251 25 25 1.3.6 

AveragE 80.6 55.3 4914 25 25 13.8 

k = 2.429 x 10-6 cm/sec. ave 
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6.7.15 For (~/\'1'1JFi:_CPEl) RRO\'!i\T CLf\Y + TYPAR 3207 + WET 

Us ed s t!:mdpi pe = 50 mI. 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 days 

after 2nd Test ••..••.•• 

... 3rd TEST using TYPAR 3207 .•....•.• 

Test 
hI h2 t Q. Qout no ln 

Unit cm cm sec cm3 cm3 

1 80.6 55.3 6543 25 25 

2 80.6 55.3 7156 25 25 

3 80.6 55.3 7441 25 25 

4 80.6 55.3· 7904 25 25 

AveragE 80.6 55.3 7261 25 25 

-6 / k = 1.63 x 10 cm sec. ave 

T 

°c 

14 

14.2 

14.2 

14 

14.1 
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FIG. 6.10 EO 01<' 'rFS'P - SYS'rEJVT PERIV'EABILPPY CURVE' 

for (Brown elA.Y + rpY.t'AR 3207 + Wet pravel Filter)systern. 
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6.7.16. For (SATURATED BROWN CLAY + TYPAR 3407-2 +.WET 

GRAVEL FIL'PER) system ~ 

Used standpipe = 50 mI. burette. 
2 Cross-sectional area of the burette. a = 0.9B8 em • 

Len~th of (Saturated clay + feotextile) laver, L = 5 em • 

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

• . • 1 s t TES~ us ing TYPAR 3407-2 ....... . 

Test 
hI h2 t Qin Qout T no 

Unit em em sec em3 em3 °c 

1 BO.6 55.3 5780 25 2~ 13.5 

2 80.6 55.3· 6130 25 25 14 

3 80.6 55.3 6526 25 25 14 

4 BO.6 55.3 7043 25 25 13.5 

AveragE BO.6 55.3 6370 25 25 13.75 

. -6 I ' k = 1.B77 x 10 em sec •. ave 
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6.7.17. For (S ArrURA'rED RBO\'/N CTJAY +- TYPA R 3407-2 + vl}<;T 

GRAVEL FILTER) system. 

Used standpipe = 50 mI. burette. 

Cros~-sectional area of the burette, a = 0.988cm2 • 

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

.•• Using geotextile which is dried along two~days 

after st 1 Test ......... . 

. nd 
••• 2 rrEST using TYPAR 3407-2 •.•••••••• 

Test 
hI h2 t Qin Qout T no 

Unit cm cm sec cm3 cm3 00 

1 80.6 55.3 10422 25 25 14 

2 80.6 55.3 11166 25 25 14 

3 80.6 55.3 14170 25 25 14.5 

4 80.6 55.3 16193 25 25 . 14 

AveragE 80.6 55.3 12988 25 25 14.1 

k = 9.118 x 10-7cm/sec~ ave 
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6.7.18. For (SA'rURArfED BROWN CLAY + TYPAR3407-2 + WET 

GRAVEL FILTER) system. 

Used standpipe = 50 mI. burette. , 

Cross-sectional area of the burette, a = 0.988 cm2• 

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

.•• Using geotextile which is dried along two days 

after nd 2 Tes t •.•.•••••• 

rd •• ~3 TEST using TYPAR 3407-2 .......... . 

Test 
hI h2 t Qin Qnnt T no 

Unit em cm sec crr.3 cm3 °c 

1 80.6 55.3 17043 25 25 14.5 

2 80.6 55.3 18760 25 25 14.5 

3 80.6 55.3 19188 25 25 1,4.5 

4 80.6 55.3 21761 25 25 14.7 

Average 80.6 55.3 19188 25 25 14.55 

k = 6.099 x 10-7 cm/sec. ave 
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-6 / 10 em sec 

2 

1 

o·~-----------~------------~------------~---------~--
1 2 3 No. of 

Test 

FIG. 6.11 NO OF {fEST - SYSTEM PF~RfV1EABILITY CURVE for 

(Brown clay + 1YPAR 3407-2 + Wet Gravel Filter) sys'tem. 
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6.7.19 For (SATURNrED BROilN CLAY + TYPAR 3807-4 + WET 

GRAVEL FIL'rER) system. 

Used standpipe = 50 mI. burette. 

2 Cross-sectional area of the burette, a = 0.988 em • 

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

.•• Using Virein Geotextile •.•.•••• ~ 
".,' 

.. ~lst TEST using TYPAR 3807-4 .......... . 

Test 
no hI h2 t, Qin Qout T 

Unit em em sec em' - -,3 em °c 

1 20.6 55.3 10134 25 25 12 

2 80.6 55.3 11340 25 25 12.5 

-
3 80.6 55.3 12334 25 25 12.5 

4 86.6 55.3 13430 25. 25 13 

AveragE 80.6 55.3 ' 11810 25 25 12.5 
; 

k = 1.047 x 10-6 em/sec. ave 
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6.7.20. For (SATURATED' BROVIN CLAY +~rrYPAR 3807-4 + \'lET 

GRAVEL FILTER) system. 

Used standpipe = 50 mI. burette. 

2 Cross-sectional area of the burette, ~ = 0.988 em .• 

Length of (Saturated clay + geotextile)layer, L = 5 em • 

..• Using geotextile which is dried along two days 

after 1st Test ... , ..•... 

nd ... 2 TBST using TYPAR 3807-4 ......... . 

Test 
hI h2 t Q. Qout no J.n 

Uni t em em sec em3 em3 

1 80.6 55.3 14022 25 25 

2 80.6 55.3 14134 25 25 

3 80.6 55.3 14-847 25 25 

4 80.6 55.3 15412 .25 25 

Average 80.6 55.3 14604 25 25 
~. 

k = 8~003 x 10-7 em/sec. ave 

T 

°c 

14.5 

15 

14·.5 

.14.5 

14.6 
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6.7.21 For (SNfURA'fED BROWN CLAY + TYPAR 3807-4 + WET 

GRAVEL FILTER) system. 

Used standpipe = 50ml. burette. 

2 Cross-sectional area of the burette,' a = 0.988 cm • 

IJength of (Saturated clay + geotextile)layer, L = 5cm • 

••• Using geotextile which is dried along two days 

after nd ' 2 Test •.•.•.•••• 

.. 'ra 
••• 3 TEST using rrYPAR 3807-4 •.•••.•••• 

Test 
, hl h2 t Gin' Qout T ,no 

Unit cm cm sec cm3 cm3 °c 
-

1 80.6 55.3 ' 18106 25 25 14.8 

2 80.6 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 

Averaep- 80.6 55.3 20170 25 25 ,14.9 

kave = 5.748 x 10-7 cm/sec. 
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-6 / 10 cm sec 

2 

1 

O~--------~l--------~--------~~----------
2 3 No. of 

Test 

FIG. 6.12 NO. OF (rEST - SYS'L'El't FERMEABILITY CURVB for 

(Brown clay + (rYPAR 3807-4 + Het Gravel H'ilter)system. 
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6.7.22 •. For(SATURATED BROWN CLAY +_~IR~PI P40 ~ WET 

GRAVEL FIL'.rEH) system. 

Used standp~pe = 50 mI. burette. 

2· Cross-sectional a-rea. of the burette, a = 0.988 cm . 

Length of (SaturRted clay + eeotextile) layer, L = 5 cm . 

. • .. Us i.ne; ViTe;in Geotexti1 e ......... . 

.•• 1st TEST usingMIRAFI P40 ............ . 

Test 
hI h2 t Qin Gout T no 

Unit cm cm sec cm 3 cm 3 °c 

1 80.6 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 = 2.318 x 10-6 cm/sec. 

" 
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6.7.23. For (SATURATED BROWN crJAY + ~"IRAF'I P40 + WF:'r 

GRAVEL ~ILTER) system. 

Used standpipe = 50 mI. burette. 

Cross-sectiona.l area. of the hurette, a = 0.988 2 cm • 

Lenp:th of (Saturated clay + r:eotexti1e) laver, L = 5 crr .• 

••• Using geotextile which is dried .glone: two rl.ays 

after 1st Test .......... . 

nd 
••• 2 TEST using fv'~IRAFI P40 •••••••••• 

Test 
hI h2 t Q. Qout T no ln 

Unit. em em see em 3 em3 °c 

1 80.6 55.3 7151 25 25 16.5 

2 80.6 . 55.3 7863 25 25 17 

3 ·80.6 51).3 8176 25 25 17.2 

.. 

4 80 •. 6 55.3 9971 25 25 17 

Averap;~ 80.6 55.3 8290 25 25 16.9 

-6 / k = 1.328 x 10 em sec. ave 
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6.7.24. For (SA.rrURI\TED !mOW!\T CJJll.Y + rV:IRAF'I P40 + WET 

Used standpipe = 50 mI. burette. 

Cross-sectional area of the burette, R = 0.988 cm 2. 

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

, •• Using geotextile whi~h is dried along two days 

after 2nd Test ......... . 

• •• 3rd TEST U~ine: r'/:IHt\ 4'I P40 •.•• ~ .•••• 

Test 
hl 112 t no 

Unit CT'1 cm sec 

1 80.6 55.3 13481 

2 80.6 55.3 14·383 

3 80.6 53.3 16151 

4 80.6 55.3 17240 

Average 80.6 55.3 15316 

k = 7.963 x 10-7 em/sec. • ""r a.,e 

Q. ln 

crn 3 

25 

25 

25 

25 

25 

"'out 

cm3 

25 

25 

25 

25 

25 

T 

or, 
-' 

12.5 

13 

13.5 

13 

13 
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1 2 3 . No. of 

Test 

FIG. 6.13 NO. of TESTS - SYS'rEf'vl PERMEABILITY CURVE for 

(Brown clay + rURAFIP40 + Wet gravel filter) system. 
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6.7.25. Tests for determiningthsploggingratio.' 

The same permeameter has been ,used for th,is purpos\? 

Firstly,the virgin geote~tile'has been placed between the 

two parts'of the mold,and then test is performed.Later,the 

'clogged eeotextiles has been subj~cted to same tests.50 ml. 

"water has been allowed to flo\,/ through the, geotextile 'and 

elapsed time has been recorded.The cFoss-sectional area of 

eeotextile is known. Using the following Equation,the flow 

through ,the geotextile may be determined: 

k f 

Vlhere, 

Q 

A t 

k f = flow through the geotextile,in 

Q = amount of water flowing through 

2 lim. sec. 

the geotexti:te~in 

cross-sectional of the geotextile~in 
2 

_fl_ = area m ~ 

t = ela.psed time,in :sec. 

1. 



6.7.2,:). T.:·Clogging Ratio .. test on TYPAR 3207 v(hiehhas been 

tested with Esan YellowClay. 

Yi,:rgin Geotextile 

Tes.t Q A t 
~~ . 

Unit 
. -3 

1. 10-:-4 2 
-.10 m •. ..... sec 

1 .- 50 182.41.5 18 

2 50 182.415 18.5 

3 50 182.415 ·18 

Ave. 50 182.415 18.2 

50 x 10~3 1 
kfl =---------------------------

x 10-4 m2)(18.2 sec) (182.415 

(50 x 10-3 1) 
kf2 = -------------.,... 

(182.415 x 10-4m2)(30 sec) 

. 2 
11m sec. 

Clogged Geotextile 
, 

Q A t 

10-3 '1. 10-4. m 2 sec 

50 182.415 29 
" 

50 182.415 31 , 

50 182.415 30 

50 182.415 30 

.~ 



.L4U 

0.151 . 

0.091 

1 2 No. of . 

Test 

FIG.6.14. VARIATIOJ\T OF PLOYl 1'HROUGH GEOTEXTILE WITH Nut-mER 

OF TEST. (For TYPAR 3207) 

1 indicates the flo'!! of the virGin TYPAR 3207 

2 indicates the flow, of the clogged TYPAR 3207 

which h::J.fl been tested with Esan Clay'::: 
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6.7.25.2. Clogging Ratio Test on tpYPAR 3207 which has been 

tested with Esan Yellow 01ay. 

Virgin Geotexti1e 010gged Geotextile 

Test Q A t Q -. A t nn 

10-3 10-4m 2 -. 

10-31. 10-4~2. Uhit 1. . sec 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 

k;fl 0.151 11m 2 sec. 

kf2 = 0.069 I/m2se-c. 
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. ". 

.. 

'0.151 

0.069 

... . No. of o ... ~' 
1 

.Test 

FIG. 6 .15. VARIATION OF FLO'll THROUGH GEOTEXTILE WITH NUl\1BER 

OF TEST. (For TYPAR 320.7). 

1 indicates the flow of the virgin TYFAR3207' 

2 indicates the flow of the clogged TYPAR 3207 

\."hich has been tested with Brown Clay. 
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·'·6.7.25.3." .. Clogging Ratio Te·st on TYPAR 3407-2 which has 

b~en tested with. Esap Y~l~o~ Clay. 
".,' " 

,. Virgin Geotextile 

Test 
Q ·A no 

Unit 10-3.1. .. -4 
10m 2 

·1 50 182.415 

2 50 182.415 
! 

3 .50 182.415 

Ave. 50 182.415 

50 
-") 

x 10 ~ 1. 
kf]: .-

(182.415 x 10-:-4m2)( 50 

k 2 
fl· = 0.055 11m sec. 

50 x 10';"3 1. 
kf2 .-

(182~415 x 10-4m2) (124 

kf2 = 0.022. I/m2sec. 

t 

sec .. 

49.· 

51 

50 

50 

sec) . 

sec) 

.. , 
... 

. . 

Clogged Geotextile 

Q A t 

10-3 1. 10-4m 2 
• sec 

50 182.415 122 

50 182.415 125 

50 182.415 125 

50 ·182.415. 124 



. 2 
Flow (11m sec) 

0.055 

0.022 

o 
1 

'. 
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... 

2 No. of. 

Test 

FIG. 6 .16. VARIATION OF FLOVI THROUGH GEOTEXTILE WITH· NUMBER 

OF TEST. (For ',L'YFAR 3407-2) 
. , 

1 indicates the flow of the virgin'TYFAR 3407-2 

2 indicates the flow of the cloge;ed TYPAR 3407-2 

which hag been iested with Esan Clay. ' 
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"":':,' ,6.7. 254 Clogging Ha tio 1~est on TYPAR 3407-'2 which has' ...... ' 

\ -. 
' .. 

, " .. 

'T'est 
:no 

Unit 

I 

2 

3 

Ave. 

k ' 
fl = 

,k
f2 = 

, 

,':?een tested wi thBrown Clay. 

Virgin Geotextile Clogged Geotextile 

Q A ,t Q A t 

:10-3 1. 10-4m2. s~c. 10T31 • 10-4 2 
m'. sec. 

50 182.L115 49 " 50 182.415 146 

50 182.415 51 50 ,182.415 151 

50 182.415 50 50 182.415 157 
, 

50 182.415 50 50 182.415 '151 

0.055 2 11m sec. 

,~ 

0.018 2' 11m sec., 
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0.018 

o ~~ ________________ -L ____________ ~ 

1 2 No. of 

Test 

PIG. 6 .17. VARIATION OF FLO\'I THROUGH GEOTEXTILEWITH NUMBER 

, OF TEST. (For TYPAR 3407-2)# 

'I indicates the flow of the virgin TYPAR 3407-2 

2 indicates the flow of the clogged TYPAR 3407-2 

which h8s been tested with Brown Clay •. 



Test 
no 

Uri.-i t 

1· 

2' 

3 

Ave. 

kfl = 

kfl = 

.kf2 = 

kf2 = 
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6 .• 7~25.5. Clogging Ratio Test on TYFAR 3807":4 which has 

been tested with E~~n YellowClay~ 

Virgin Geotextile Clogged Geotextile 

Q A. t Q A t 

10-3 1. .10-4 m2 sec 10-3 1. 10-4m 2 sec 

50 182.415 67 ,50 182.415 166 

50 182.415 71 50 .182.415 185 

50 182.41~ 80 50 182.415 193 

50 182.415 73 50 182.415 181 

..~, 

(50 x 10-3 1. ) 

(182.415 x 10 -4- m2)(73) 

0.038 I/m 2sec. '.~ 

, (50 x 10-3 1.) 

.(182.415 x 10-4 m2)(181 ) 

0.015 
. :2" . 
11m sec .. 
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..... 

0.015 

o 1 

",' 

2 

.. 

No. of 
Test 

FIG. 6 .18. VARIATION OF FLOW THROUGH GEOTEXTILE \HTH NUMBER 

OF ~EST. (For TYPAR 3~07-4) 

1 indicates the floVJ of the virgin TYFAR 3807-4 

2 indicates the flo\-I of the Gl.ogged 'TYFAR.3807-4 

which has been tested with Esan Yellow Clay. , . 
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'" 6.7.25.6. Clogging Ratio Test on TYPAR 3807-4 which has 

beeri tested with BrQwn Clay. 

Virgin Geotextile Clogged Geotextile 
Test 

Q A t Q A 't no 

Unit 10-3 1 -42' 10 m' s.ec 10.;...3 1 10-4m 2 s'ec 

1 50 182.415 67 50 182.415 218 ;, 

2 50 182.415 71 50 182.415 223 

3 50 182.415 80 50 182.415 226 

" Ave. 50 182.415 73 50 182.415 222 
.~ 
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Flow (1/m2sec) 

0.038 

0.012 

o ~ __________________ ~ __ ~ ______ ~ 

1 2 No. of 
Test 

FIG.6.19. VARIATION OF FLOW THROUGH GEOTEXTILE WITH NUMBER 

OF TEST (For Ty;FAR 3807-4). 

1 indicates the flow of the virgin TYPAR 3807-4 

2 indicates the flow of the clogged TYFAR 3807-4 

which has been tested with' Brown Clay 



·" . . " 

151 

"" ... 

6.7.25.7. Clogging Ratio Te,s,t 'on MIRAFI P40 whi'ch has 

':.'. 
, .; , .... 

been tested with' ESB;ri Yellow Clay. 

. ..... . 

Virgin Geotextile Clogged Geotextile 

Test " 

Q A t Q A' t no 
" 

Unit 10-5 1,;" 10-4m 2 '10-3 1 ':':'42 sec 10 m sec 
" 1 50 ' .. :::':" 182.415 27 50 182.415 63 

2 50 ," 182.415 29 50 182.415, 67 
" 

3 50 182.415 35 .. 50 182.415 71 

Ave. 50 ,. 182.4,15 30 .. 50 182.415 67 
'" .. ,' 

. , 

( 50. x 10-3 1. ) 
kfi = 

(182.41.5'·x 10-4m2) ( 30 sec) 

2 
.kfl = 0.091 11m sec .. 

-~ 1.) ,. (50 x 10 ../ 
kf2 = 

-4 m2)( sec .. ) (182.415 x 10 67 

, 2 
'kf2 = 0.041 11m sec. 
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0.091 

0.041 

o 

1 

"." ..... . 

2 " 

.t 

No. of 

Test 

":, ,"' 

, .... 

FIG. 6.20. VARIATION OF FLOW rrHROUGH GEOTEXTILE vJITH NUMBER 

OF TEST (For MlRAFI'P4·0). 

1 indicates the flow of. the virgin MIRAFI P40 

2 indicates the flow of the clogged l'tlIRAFI P40 

which has been tested with Esan Yell,ow Clay 
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6.7.25.8. ClqggingRati6T_~-st on MIRAFIP40 which has . -- . 
been tested~it~-Browri Clay. 

Virgin Geotextile - Clogged Geotext'ile 
,-

Test 
Q A t Q A- - t no 

.... .. -

Unit 10-3 1. 10-4 m 2 sec 10-3 1-
- n4 

10":" m 2 sec , 

1 50 182.415 27 50 _182.415 81 

2 50 182.415 
- ---

29 -- 50 182.415 86 
.,," 

3 50 182.415 35 - 50 182.415 82 

- ' 

83 Ave. 50 182 .. 415 30 50 182.415 
, --

, -k
f1 

2 
= 0.091 11m sec. 

" '. 

kf2 0.033 11m 2 sec. = ,- , 
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Flow (11m 2 sec) 

0.091 

... 

0.033 

. ,,' 

o 1 ,No. of 2., 

Test 

FIG. 6.21. VARIATION OF FLOVi THROUGH GEOTEX'rILE WITH NUMBER 
" . 

OF'~EST (For MIRAFI P40). 

1 indicates the flow of the virgin MIRAFI P40 

2 indicates the flow of the clogged MIRA..FI P40 

which has been tested"wi th Brown Clay· 
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CO l\TCL US 10 NS 

In order to better understand the clogging phenomena in 

the soil filter systems,several water permeability tests were 

performed for ( Saturated Clay + Geotextile + Wet Gravel 

Filter ) system~. 

The following conclusions CAn be derived from this study: 

1. At the heginjng,the permeability of(saturaten clay·+ 

~eotextl1e + wet rrrevel filter) system is clo~ely near to the 

per~eahility of the s~turatect rlay.After the geotextile is dried 

and re-tested,it may be seen that .there is a decrease .in the 

permeC1.bili ty of the system due to clogging.If the geotextile 

is re-drien and tested again,the permeability of the system is 

remainen approximately constant. 'rhis shows that the permeability 

of the system reaches an equilibrium point. 

2. 'J~he rate of cloe;ging phenomena for geotextile 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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3.The clogging phenomena is dependent on the particle 8ize 

of the silty. soil.For example, for (Saturated Esan Yellow Clay 

+ 'rYPAR 3201 + Wet Gravel Filter} system, both permeability and 

piping requirements are satisfied,due to these reasons, there 

is no cldgging.For (Saturated Brown Clay + TYPAR 3201+ Wet 

Gravel Filter) system, permeability requirement is satisfied 

but piping requirement is not satisfied,thus ther~ is clogging. 

4.The clogging phenomena is also dependent on the plasticity 

of the soil.If the soil has high plasticity,the clogging will 

be large. 
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