
Drainage and Filters 

6/3 

Third International Conference on Geotextiles, 
1986, Vienna, Austria 

LAFLEUR, J. and WENDLlNG, G., Ecole Polytechnique de Montreal, Canada 
TETREAULT, M., Royal Military College of Canada, Kingston, Canada 

FILTRATION OF BROADLV GRADED SOlLS BV WOVEN GEOTEXTILES 

FILTRATION DES SOLS A GRANULOMETRIE ETALEE PAR LES GEOTEXTILES TISSES 

FILTRIERUNG VON BÖDEN MIT UNGLEICHFÖRMIGER KORNVERTEILUNG MITTELS GEWEBEN 

When applied to uniform solls, current filter 
criteria are reliable and unequivocal. However 
amblgulty remalns reg.rding broadly graded solls, 
especlally when they show a gap In thelr grain si.e 
distribution. Under these condltlons, thelr eharae
terl2atlon by an upper baund diameter Des 15 no mare 
liarranted. 

This paper present. the result. of f.lter tests 
performed on artifleially blended solls made of glass 
ballotlnl of 5.zes ranging between 0.1 and 14.5 mm. 
Three different solls wlth a eoefflelent of unlformlty 
varYlng from 7 tD 17 .nd a eoefflelent of eurvature 
between 0.3 anti 8~ were constituted. The soil was 
placed In • iUU mm diameter permeameter to a height of 
200 mm, on tDP of a square mesh. The openlng slze of the 
sieves u5eti, decreased from b to 0 .8 mrn. The sampies 
were subjected to a eonstant downward gradient eoupled 
with vi brations. Periodic flowrate measurements, 
pielompter readlngs, as weil as grain size distribution 
tvrve! by layers, were used as parameters to infer the 
~xtent cf the deveiapment of self-filtratlon by the 
bridqlnq network wlthin the soll mass adjaeent to the 
mesh: ihe iength of migration of partlcles aeeording to 
their diameter, was deducted from the change In porasity 
and the measurements of IDeal hydraulle gradlents. 

I NTRODUCT ION 

The use of geoteltlles as substitutes for mlner~1 

agregates in fIlters and drains 15 galnlng wld~r 

aeeeptanee amongst englneers and their seleetion 
erlterla have reeently been dlseussed In the literature 
by Hoare (1), Lawson (~, Giroud (V, Heerten and 
Wlttm.n q), Schober and Telndl (LJ. The filtration 
meehanism has been related to the two functlons of the 
geoteltlle: to carry dbt water efflelently it must be 
more permeable than the protected soll and at the same 
time It must prevent these soll partleles fram being 
Hashed through. Sinee geotextlles are generally more 
pervlous than the protected solls, selectlon erlteri~ 
are based on geometrieal conslderations. Same percent o~ \ 
base 5011 partlcles must be larger than same percent of , 
geate xtlle openlng si2e. Hast erlterla are emplrieal 
slnee they were derlved from filter testlng: a 
ehilraeteristie base soll slze (Onl is usually eompared 
to a eharacterlstlc geotextlle apening (Onl by means of 
iI plping ratio (8) deflned as 

On 
B 

On 
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L'applieation des crlt~res de filtre usuel •• des 
sols uniformes est eonsldtrte g~n~ralement comme flable. 
Avee les sols A granulom~trle etalee et dlseontinue 
cependant. I ' utillsa.tlon du diam~tre Des qu. sert ales 
earaet@rlser en filtration, peut ne pas @tre 
significative. 

Cet artlele fait ttat des resultats d'essais de 
filtre effeetu~s sur des m~langes artlfieiei. de sols 
eonstitues de bille. de verre dont le dlametre varie 
entre 0.1 et 14.5 mm. On a alnsi pr~pa.re trois melanges 
dlfferents avec des coefflclent. d'unlformltt (Cu) 
variant entre 7 et 17 et des eoefficlents de courbure 
(Cc) entre 0.3 et 8. Les eehantlllons ont et~ mls en 
plaee dans un permeam~tre de 200 mm de dlametre et 200 
mm de hauteur dont la base tta.t eonstltute d un 
grillage carrt et dont I 'ouverture pouvalt var.er de 0.8 
a 6mm. Les e[hantillons ont tt~ soumls a I 'action 
combin~e d un eeoulement vers le bas et de vibratIons. 
La propagatIon du phenomAne d'autof.ltratlon teIle 
qu'elle a pu se manifester par le pontage des plus 
grosses partiellIes au volsinage du filtre, a ete evalu~e 
a I 'aide de mesures ptrlodlques des d~blts, des hauteurs 
pI~zom~trlques loeales de m~me que par les eourbes 
granulometriques des diff~rentes zones. La migration des 
graIns a ete dedulte a partir des variat.ons spatlaies 
de poro.ite et de oradients hydraul.ques. 

The maximum allowable ratio Is malnly related to the 
geoteltile strueture and to the eoeffielent of 
uniformltv of the soll. When eomparing the varlous 
available erlteria for On = 09~ and On = Dee , ane ean 
see eanslderable dlserepaney amongst the different 
allthors: for uniform soils (ClI ~ \) B varies beh~een 1 
Ind 3 whereas for non-uniform solls ICu t 20), B varles 
between 0.1 and 5. This seatter may Indeed be attrlbuted 
to two different factars: 

1 - The defi~itioß vf the characteristic apeninq size 
rO.I 0' th. aeotextile. The most wldely used parameter 
Is the equlvalent openlng sla (E.D.S.) (U. It 15 
obtalned {rom dry sieving given amounts of uniform size 
partleIes. The E.D.S. Is deflned as the partlele slze of 
whleh 51 of the fraetlon passed through the geotextile 
after a speelfled period of time. Thls method has been 
found to suffer serious drawbacks as regards 
reproduet(billty, beeause of the effeet of eleetrostatle 
forees on small partieles. 
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Fig. 2 Grain size curves of tested soils 
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Fig. 3 Apparatus for filter testing 

ANALYSIS OF SOlL MIGRATIONS 

The results of the filter tests have been analysed 
aeeording to the three different soil types: 

Ai StraJght IJne qraded _,oJI H-42 

In this [ase the opening si.e of the filter (0,) 
corresponded to the D.~. The layer #1 still eontained 
more than 501. of particles smaller than 0'1 (fig. 4) 
whereas the other layers had their grain size 
distrIbution very similar to the original ones. The 
loeal permeabilities of fig. 9 show that k, was 
substantially greater as a eonsequenee of the wash out 
of the fine whereas in the other layers, it remained 
praetieally the same. It is to be noted from table I 
that the layer 1 eorresponding to the self- filtration 
zone, lost nearly 30% of its partieles (6H/L o ) 
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Fig. 4 M42-T4 test 

bi Internally unstable soJI (H-Bi 

The results shown in fig. 5 and 6 illustrate ver v 
weil the migration of fine base partiele within the soil 
mass, When T5 is used (it eorresponds to the D30 of the 
soil and being at the s harp bend in the eurve , it eould 
be taken O. as the minimum diameter of the co arse 
skeleton) I the filter fails to retain a slgnificant 
portion of the fine partieles. In fact, at the end of 
the test every layer eontained les5 than 301 01 the 
original fraction of partieles smaller than 0" These 
resutts are confirmed by the loeal permeabllities of 
flg. 10 that show a general inerease wlth time In eacn 
layer. 

1i ..... l'N .J::U: < .. ) 

0 . 1 1 , 0 10 . 0 100 . 0 

100 . 0 

80 . 0 I"ITIAL ... 
LAYEA 0-2 tllll 

LAYE" ,-s 
80 . 0 LAYE" '-10 ,. 

LAYEA 10-13 Cllto 
U'fU 1'-11 

70.0 

80 , 0 

• 50 . 0 
Z 
H · • 40.0 • • 

"'.0 

20.0 

10.0 

0 , 0 

S.:rEVE • '0 . '0 • • ". • 
"'J:NI!!: ! "~%U" ~o""l "lNt I ~06S1J: 

SAND M.,AYCL 

Fig. 5 M8-TS test 
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When the smaller openings of T 20 are used, more 
base partieles are 5topped at the bottom layer #1. In 
f~et fig. ~ shows that at the end of the test, this 
layer eontains more fine partieles than the original 
~i"j these fines eome from upper lavers that appear to 
be eaarser at this time. On fig. 11, the values of k,. 
k3 and k. are seen to vary with time in such a wav thai 
they are at the closure of the tests. one order of 
magnitude greater than k" this last value slightlv 
deereased throughout the test, as a result of partiele 
entraprnent in layer 1. The ratio (llH/Lal has no rneaning 
in the ease of an unstable 50il beeause the whole sampie 
is subjeet to partiele migration. The low llH/L a ratios 
measured for M8 would at most indleate that the lass of 
fine partieles dld not damage the skeleton af the soil. 
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cl Gap-graded 5011 (H-61 

The results of the tests made on the gap graded M-6 
soil bears some similarity liith the previous soil IM-81: 
the eoarse skeleton 15 to a les5 extent uneapable of 
filtrating its own finer partieles. The grain size 
eurves af fig. 7 and 8 show that it took respectivelv 10 
em and 5 em for the self-filter ta develop. Fig. 12 
and 13 show that k" is signifieantlv larger than for 
the other layers, indieating that 5ubstantial fine 
washaut oeeurred in this zone even with the smaller T 20 
opening. 
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Table 1 - Test condltlons and results 

r------T-----T------T------T------, 
11'I42-T4 IM8-T5 IM8-T20 IM6-T6 IM6-T20 I 

,------------------t------t-----t------t------t------t 

10. (mm I 
I 

I I I I I I 
1 4.76 14.00 10.84 '3.36 10.84 I 
I I I I I J 

Ip Initial IMgfm 3
) , 1.84 11.97 I 1.97 I 1.86 I 1.89 , 

I I I I , I , 
lID initial 
I 

(1.1 

I I D 

I ,t. 
final (%1 

I 
IL o , 

(mi n I 

I 13 I 28 , 28 I 5 , 19 , 
, I , , I I 
, 13 I< 0 , 74 I 72 I 92 
I I , I I 
I 70 I 80 I 20' I 
I , , I 1 
1 2 1>18 '>18 I 10 :5 
I , , 1 

'loH/L a (XI I 29 ,,5 '< 1 I 9 15 
L. __ . ____________ .J._-____ ..... ____ ---4 _____ .L-___ ...L.--___ J 
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Ine wnOle programme results are summarized on flg. 
14 whieh presents the pereent of base partieles coarser 
than the opening si.e throughout th e sampie at the end 
of the test. One can see the dif f erent behaviour of the 
soils : For the self-filtratlng M-42, the original size 
distribution i5 found less than ~ cm away fra m the 
filter. For the unstable M-B, the grain size 
di stribution is altered throughout the speclmen in both 
C3se5. Finally the gap graded sOli M6 has a self 
filtrating .one that is less than 10 crn wlth the 3.36 mm 
ooening IT-61 whereas it 15 5 cm with the 0.B4 rnm. T-20 
sieve. Beyond th15 distance, the grain size has been 
unaltered by the downward flow. 

SUMMARY AND CONCLUDING REMARKS 

A filter testlng programme on artificial blended 
soils has been undertaken to assess the self filtration 
that is to take place nea r a square mesh filter 
analogous to woven geote l tiles . In order to eliminate 
unquantifiable variables as surface cohesion and 
asper i ties, spherical glass ballotini were used and 
mi xed in different proportions to modelize three 
diffe r ent kinds of broadly graded soils: a straight 
line graded, an internally unstable and gap-graded 
soil. The extent of self filtration (or absence of 
self-flltratlonl was assessed first by comparing grain 
size curve. made before and after flow at different 
levels a~ay fram the 50il filter interface and secondly, 
by evaluating the permeability changes with time at each 
of these levels, from pie.ometric measurements. 

The test results have shown that a square mesh of 
definite opening size can act 85 a catalyst to the 
filtration of broadly graded soil provided that thls 
soil is self-filtering. For the self-filtration to 
develop ho.ever, it is shown that a minimum washaut of 
fines from the zone adjacent to the filter, is 
necessary. Limited test re5ults on a straight line 
graded soil have shown that this zone was le5S than 2 cm 
'thick but it has lost more than 301. of its particles 
when the opening size of the filter 0. was equal to the 
Dee of the soil. This amount would be substantially 
reduced, had a smaller opening been u5ed. 
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The results have also indlcated that Internally 
unstable and gap graded soils ean be filtered If the 
opening size 0. is properly chosen. Tests made on both 
soil s with two opening sizes have lead to a better 
ucderstanding of the interparticle behaviour Df a SOli 
mass 5ubmitted to a flaw. In the first [ase. the finer 
pOl tion of the soi I h.s been di splaced '" thin the coar s e 
s~eleton towards the bot tom 01 the sampie and dependlng 
on the operoing size , lt was either Hashed out or 
rE'tained. Th,s beha vlou r has been confirmed by local 
Derm eab i llt y that is ver y sensitive to the fine content 
in the various zones. 

Flnally the gap-graded SOli has shown that its finer 
portion can be self-filtering because although the 
proce.s ha. taken more volume to develop, stable 
eonbination ha. finallv been encountered. 
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