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Phenomimes de filtration des sols par des geotextiles 

The mechanism of soil-filtration in porous me
dia is rather complicated. Granular and fabric 
filters seem to be different in their behaviour. 
Based on an objective comparison, which takes 
into account the real geometrical parameters 
as pore-openings of soils and opening-sizes of 
fabric filters, respectively their maximum va
lues, it is demonstrated, that in relation to 
the elements of the different media (grains, 
fibres) the filter characteristics are similar. 
Except woven filter fabric, which shows areal 
sieve-filtering, all other filter media (non
wovens and granular filters) are influenced in 
their particle-retaining ability by the 50-
called filtration-length (filter-thickness). 

INTRODUCTION 

The mechanism of soil-filtration in porous 
media (soils and fabrics) is rather complicated 
and thus, the approaches in engineering prac
tice are mainly based on empricism. Only few 
and sometimes very simplified models have been 
established, to get a better understanding of 
the fundamental mechanism. Due to sometimes 
rather complicated hydraulic boundary condi
tions (stationary and instationary loading of 
filter interfaces), which in most cases cannot 
be quantified precisely, the safest approach 
is based on geometry of the filter media. Geo
metrical parameters are pore-openings for 
mineral filters (sand, gravel, etc.), mesh
sizes for woven geotextiles and opening-sizes 
for non-woven geotextiles. Filter criteria 
can then be established by comparing grain
sizes of the soil to be filtered (base-mate
rial) with the former described geometrical 
characteristics of the filter media. 

Latest research work on mineral filters 
(Wittmann (1)) has pointed out the influence 
of filter-thickness, the so-called filtration
length, which was not taken into account so 
far in existing criteria. Based on pore-mea
surements of granular media (sand and gravel) 
these mineral filters are now directly compa
rable to fabric filters. This comparison of 
different filter media is exemplarily done in 

Le mecanisme de filtration des sols en m~ 
poreux est tres complique. Le milieu granu
laire et les textiles semblent se compqrter 
differemment. En se basant sur une comparaison 
objective, qui prend en compte les pa~ametres 
geometriques veritables, tels que l'duverture 
des pores du sol et les ouvertures du textile, 
en particulier leurs valeurs maximales, on 
montre que les caracteristiques du filtre sont 
comparables acelies du milieu granulaire a 
l'echelle du grain et de la fibre. A l'excep
tion des filtres tisses qui filtrent comme a 
travers un tamis, tout les autres filtres 
(non-tisses et granulaires) sont influences, 
dans leur capacite a retenir des particules, 
par la longueur de filtration (epaisseur du 
filtre) . 

this paper, mainly dealing with the pore-size 
and opening-size characteristics and the fil
tration-length. A complete review of existing 
filter criteria is not given in this paper. 
For this it is referred to Heerten (2), Witt-
mann (l), etc. -

2 CHARACTERIZATION OF POROUS MEDIA 

Filter media (soils, geote~ti~es) .are 
geometrically characterized in .... ··-rE[cja'r'd"to their 
particle-retention ability (soil-filtration) 
by opening-sizes between the grains or fibres. 
Only for woven geotextiles with simple struc
tures, optical methods can be used to deter
mine the "mesh-openings". All other structures 
(non-woven geotextiles and soils) are rather 
complicated and thus direct measurements have 
to be replaced as for example by sieving-tests 
for non-wovens. These sieving-tests with glass
ballotini or natural soils identify the range 
of existing opening-sizes and especially the 
maximum opening-size, if sieving time, amount 
of fines, amplitude and frequency of sieving 
are being optimized, to give the extreme va
lues. For granular filters these sieving tests 
were not applied so far. Filter tests under 
hydraulic loading (percolated sampies) were 
those tools, being used to establish the well
known grain-size-ratios (filter criteria) for 
granular filters (Examples: Terzaghi, US Bu
reau of Reclamation, etc.). 
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So far, pore-sizes of granular media are 
only calculated on model assumptions of regu
lar sphere-packings, as for example minimum 
pore-size dp,min in dense packing 

d , ~ 0.155·D , p,mln mln (1) 

or on Atterberg's assumption, that the average 
pore-diameter dp,a is equivalent to 

dp,a ~ 0.2·D 10 
(2) 

Further information on the pore characteris
tic of soils was not available. 

3 NEW PORE MEASUREMENTS OF GRANULAR MEDIA 

Beclcll .~,"'._\l!'c ' I,the complexi ty of the granular 
media, spatial pore measurements are not suc
cessful. This was the main reason, why new 
measurements were done at slices, being pro
duced by cutting resin bonded samples of gra
nular media. Photographs were taken from these 
slices (see figure 1) and pore-size-distribu
tions were determined at these plan reproduc
tions of the porous medium by a digital curve 
integrator. The results of these measurements 
showed a good reproducibility. Figure 2 re
pres~~t~~ a typical pore-size-distribution for 
a rather uniform soil in a dimensionless graph . 
The minimum pore-size of these measurements 
was in good accordance with the value of 
equation (1). 

Fig. 1 Slice for pore-measurements of soils, 
taken from a resin bonded gravel 

4 FILTRATION-LENGTH OF GRANULAR MEDIA 

The measured pore-size-distribution is 
valid for each slice being taken from the soil 
sample, if the soil is homogeneous and isotro
pic. The spatial pore-size-distribution can be 
evaluated from the measured pore-size-distri
bution by "putting these slices in series, 
with distances of the grain-diameter respec
tively the average grain-diameter between the 
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Fig. 2 Measured pore-sizes and grain-sizes 
divided by the minimum grain-size of 
the filter 

slices". This model simulates the narrowing 
and widening of pores along the so-called 
pore-channel in the direction of water-flow. 
Big pores are thus isolated by meeting smaller 
pores. With increasing thickness of the filter 
- the so-called filtration-length, which can 
be expressed as filter-thickness L divided 
by the grain-diameter D of the filter (dimen
sionless parameter m ~ L /D) - the amount of 
bigger pores decreases, being visible in the 
shifting of the pore-size-distribution around 
the minimum pore-size d . (see figure 3) . 
For a filter of infinitg'T~Rgth the pore-size
distribution yields to a straight vertical 
line passing dp,min 

Different steps between for finite fil
tration-lengths can be calculated by super
imposing the pore-size-distribution for m ~ 1 
probabilistically with itself. The result can 
be seen in figure 3 for m ~ 2 to m ~ 100. A 
detailed description of this method is given 
by the author in reference (!). 

4 COMMENT ON EXISTING FILTER CRITERIA 

This model teaches the influence of fil
ter-thickn:,ss 'i1.W1a,it,n... was nO~."t..~\<en into account 
so far. It s v~llaltY was proved in the former 
mentioned sieving-tests. Granular filters of 
different length wer~ .}}~~ct las "sieves" wi th 
fine particles being applled to identify the 
pore-openings. In these t'ests a confidence 

. level of 99.99 % was found to be a safe ap
,J." .. );Lr6~ch, which means that for a certain fil

tration-length, the pore-diameter d 99 99~ 
VI\" •. \"""t." (" ~{ p, . 0 

is a safe prediction of the maximum pore-
opening dp , max . 
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Fig. 3 Changing of pore-size-distribution 
with inereasing filtration-length m 

using this model, it ean be demonstrated 
that filter eriteria based on grain-size-ratios 
as for example ASO = Dsn/d (D - grain-dia
meter of filter; a - grain2Hiameter of base
material) are geometrieal safe, only if a eer
tain length of the filter is given. The aspeet 
of geometrical safety means, that a base mate
rial grain cannot pass the pores of the filter 
even under extreme hydraulic loading. For 
rather uniform base and filter material the 
grain-sizes d and D are weIL represented by 
d SO and DSO and with d SO ) d = d p,max p,99.99% 
the following ratios ASO = DSO/d SO are geo-

metrically safe for the presented filtration
lengths m = LF / DSO ' 

ASO DSO/dSO 1.5 m 2.6 

ASO DSO/dSO 3 . 0 m 7.6 

ASO DSO/dSO 5. 0 m 35.2 

ASO DSO / d SO " 8.0 m 179.6 

With the definition of filtration-length 
it is pointed out, that a grain-size-ratio of 
ASO = 5, which is the lower boundary of the 
fllter eriterion by the US Bureau of Reclama
tion, needs a filtration-length of about 35 
grains, to be geometrical stable. A gravel 
filter with DSO = 10 rnm thus needs a thickness 
of about 350 rnm to retain base material with 
d50 = 2 rnm. A sand filter with D = 1 mm 
sfiows the same particle retentio~Ofor 0.2 mm 
base material at a filter thickness of 35 mm, 
which is almost below those thicknesses used 
in earth construetions. For these rather uni-
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form soils a ratio A 0 = 10, which is the up
per limit of the filier criterion of the US 
Bureau of Reelamation, does not yield to a 
geometr i cally safe filter design. Differential 
analysation of this concept demonstrates that 
particle filtration at the interface base
material / filter (eake-filtration) is only 
given for very low grain-size-ratios (A < 3) . 
For bigge r values, filtration takes plaag at 
this interface and inside the filter. 

This concept ean also be applied to non
uniform soils, which is analysed in reference 
(~.l . 

6 COMPARISON OF GRANULAR FILTERS AND FABRIC 

FILTERS (GEOTEXTILES) 

Geometrieal characterizations of textile 
f~*~~s in practice are based on sieving-tests, 
to gain information on the maximum opening
sizes and on th~~n_g~size_ spectrum. Direct 
measurements of opening-size characteristies 
up to now were only done by Rollin et al. (S) 
at eross-sections of geotextiles. A similar
teehnique of sampIe preparation was used as 
describ~~~1~~chapter 3. Pore-size histogramms 
were deeermined using an image-analy ser. The 
aeeording theory is only valid for thick geo
textiles (h > 1 .5 mm) and the measurements 
being done at cross-sections cannot be direct
ly compared to the results from granular media 
in perpendicul~r planes. 

Therefore as a first approach to this 
problem data being available from produeer's 
references in literature and prospe ctus is 
analysed in regard to filtration charaeteris
ties. 

The maximum pore-size d of granular 
filters is comparable to opeRiW~~sizes of 
geotextiles. These openings are often taken 
near to, the maximum open~ug~,f,It.ii,}~_8e9ording 
geometrlcal safety belng considereo-in filter 
eriteria, asking for a eertain percentage of 
base material being bigger than the used 
opening value. Opening-values being used so 
far are 090 or 095 (French geotex~ile committee 
(~)) or 0gR (OglnR (2)) or effectlve opening
Slzes 0 ,Heerten (2)). w -

As these measure~enls of opening-sizes 
are b~ing done on nearly unloaded geotextiles, 
according thickness values at low leads (0.005 
to 0.02 bar) have to be used in ealculation. 
To establish a filtration-length m* for geo
textiles, the thickness h of the textile is 
d~vided by t~e diameter d f of the fiber or 
fllament. ThlS characterization is valid for 
meehanically bonded geotextiles without further 
treatments of the fiber structure (thermal or 
chemie al bonding) . 

0qS-values of six products (needle
puncheö geotextiles of polyester and polypro
pylene) are related to the filtration-length 
m* = h/d and are plotted in figure 4. As 
being expected, the thickness and therefore 
the filtration-length m* are of influence on 
the opening-size. This influenee of filtration
length, as being demonstrated in the graph, is 
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Fig. 4 Opening-sizes of geotextiles as function 
of filtration-length m* 

not objective, because the compressibility of 
geotextiles is not considered up to here. As 
can be seen in figure 4, the according porosi
ties are not constant but decreasing with in
creasing filtration-length. Thus the compres
sibility of geotextiles leads to a reduction 
of filtration-length - factors of 1.5 to 2 
can be observed between light-weight and heavy 
geotextiles - and to a reduction in opening
size. 

For constant porosity (n = const.) the 
estimated phenomenological curve is plotted 
in figure 4, because apreeise quantification 
is not yet possible. It can be seen, that 
without compressibility the increasing filtra
tion-length leads to a slighter decrease in 
opening-size und thus can be called unecono
mical for large filter thicknesses. The influ
ence of compressibility is again demonstrated 
for a thermally bonded geotextile in figure 4 
by plotting 0 0 as a function of m*. But this 
influence is ~verstressed by the different 
manufacturing process. Further research work 
could thus reveal the influence of fiber dia
meters and differe nt types of bonding on the 
opening-size characteristics. 

The validity of the estimated curve for 
constant porosity in figure 4 is confirmed by 
experiments of Partenscky and Grabe (8). They 
showed, that several layers of non-wovens do 
not change the effective opening-size and the 
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filtration characteristic significantly in re
gard to the value of a single layer, although 
retained fines are increasing to a certain 
amount. This result is presented in figure 5, 
being a good proof for the constant porosity 
assumption. 
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Fig. 5 Influence of filtration-length on effec
tive opening-size Dw (reference (~)) 

The reduction of opening-sizes by compres
sion of geotextiles is accompanied by a reduc
tion in permeability, whereas increasing fil
tration-length without compression would not 
influence the permeability. The influence of 
filtration-length on particle-retention signi
fies, that particle~~~grate into the geotex
tile to a certain exteht, which was also ob
served by microscopic observation (Rollin et al . 
(5)). Further calculations of these phenomena, 
being also described in reference (8) can con
tribute to clogging e ffects and permeability 
changes in relation to the virgin fabrics. 

The comparisons of granular filters with 
maximum pore-sizes d 9 9 % to fabric filters 
with opening-sizes O~' ~ead to the result, that 
both structures show ~imilar filtration charac
teristics, if the element is taken into account . 
This is finally d e monstrated in figure 6, which 
shows maximum pore-sizes of mineral filters in 
the same range as those of geotextiles in fi
gure 4. The filtration characteristics in re
gard to m respectively m* are similar, espe
cially if that filter with D50 = 0.75 rnrn (fig. 
6) is compared with the estimated line for 
geotextiles at n = const. (fig. 4). This com
parison is also valid for the hydraulic para
meters. Mineral fil~,rs of fig~re 6 show per
meabilities of 4-10 to 5·10 cm / s, which 
are equal tO_those of mechanical bonded non
wovens (k-10 cm/s) and similar to th2Ze 
bonded thermically or chemically (k~10 cm/s) . 

The dimensionless parameters m and m* have 
to be considered if real filter thickness is 
calculated, because in these examples demon
strated fiber diameters are about 8 to 25 times 
smaller than the according equivalent grain-
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Fig. 6 Maximum pore-sizes of granular filters 
as function of filtration-length m 

sizes and thus for the same dimensionless fil
tration-length, the granular filter has to be 
8 to 25 times thicker than the equivalent fil
ter fabric. 

7 SUM~lARY 

As a first approach an objective compa
rison of different filter media has been tried 
in this paper. Based on new pore-measurements 
at granular filters and on the evaluation of 
the influence of filtration-length, the simi
larity of granular and fibrous filters in re
gard to their elements (grains and fibres) was 
demonstrated. Further research work has to be 
done, to complete the knowledge for example on 
the influence of compressibility, the influ
ence of different manufacturing processes 
(type of fibres, type of bonding, influence 
of needle-punching, surface treatments, ca
lendering etc.) and the influence of deformed 
geotextiles. All these influences have to be 
considered in filtration works. Geotextiles, 
being industrial products, are strongly in
fluenced by these manufacturing processes, 
which in regard to a safe and economical fil
ter design should be revealed in further stu
dies. , 
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