
1 INTRODUCTION

Successful geotextile filter design can generally be
achieved by following four filtration criteria: retention,
permeability, clogging resistance and survivability.
The first step is generally the retention criteria, whose
aim is to prevent an excessive migration of soil particles
by the flow and not to allow progressive inner erosion.

The assessment of the retention ability of a
geotextile filter may be done using one of the current
methods available in literature (Christopher et al. 1992
or Mlynarek 2000, for instance). Nowadays there are
a great number of design criteria for geotextiles and
anyone of them establishes different specific principles
to be followed.

Conventional retention criteria are mainly based
on the relationship between the equivalent diameter
of the pore openings of the geosynthetic (generally
represented by the geotextile characteristic opening
size) and a particle soil base diameter. The comparison
factor between these diameters is generally a semi-
empirical factor.

Therefore, there are some criteria that evaluate
the filtration process based on phenomenological and
probabilistic models, often denominated rational
retention criteria. The traditional emphasis of the
probabilistic analyses proposed by Silveira (1965,
1992) for granular filters determines the necessary

filter thickness to retain a specific particle, considering
a null probability of this particle to be washed through
the whole filter thickness, for an established level of
retention reliability. The major problem to apply the
original Silveira’s proposition is the difficulty to
determine the granular filter porous characteristics.

Urashima & Vidal (1998) extended this proposition
for geotextiles. In geosynthetic filtering applications,
the products have a defined thickness but the
manufacture quality control guarantees pre-determined
filter characteristics, eliminating the problem observed
with granular filtering. Since, considering the
geotextile specific characteristics is preferable to
evaluate its level of retention reliability for a specific
soil base particle (Urashima et al 2006).

Previous evaluations of the level of retention
reliability in field and laboratory tests have shown
that a level of retention upper than 95% is generally
acceptable (Urashima & Vidal 1998). The aim of this
work is to analyse the level of retention reliability
acceptable to internally unstable soils. This kind of
soil presents a high clogging or inner erosion hazard.

Long term filtering tests (gradient ratio test) have
been conducted in unstable broadly graded
cohesionless soils, submitted to a unidirectional flow
at high hydraulic gradient (i = 5). The test results are
analyzed by rational criterion and by a conventional
proposal indicated for unstable soils.
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2 SOIL INTERNAL STABILITY
CLASSIFICATION

The term “internal stability” refers to the ability of a
granular material to prevent loss of its own small
particles due to the action of disturbing agents
(Mlynarek 2000). In this kind of soil within the pores
of its primary fabric, composed by larger particles,
can exist loose particles that are not fixed in position,
are movable within the pores, and can be moved into
neighbouring pores if sufficiently small (Kenney e
Lau 1985).

Lafleur et al. (1989) consider that the shape of
particle size distribution curve of granular soils shows
three different behaviours:

– linearly graded soils, associated to stable soils;
– gap-graded soils, associated to the absence of some

particle diameters;
– upwardly concave graded soils, which have a larger

risk factor to represent an unstable soil.

Kenney & Lau (1985) present a method to classify a
granular soil to be used as filter material as stable or
unstable, considering only its particle size distribution
curve.

3 RETENTION CRITERION TO UNSTABLE
SOILS

3.1 Conventional criteria

The conventional retention criteria generally compare
the characteristic opening size of the geotextile with
a specific diameter of the base soil. A greater number
of them consider a stable soil condition.

Lafleur (1999) proposes a retention criterion to
problematic soils, cohesionless and with uniformity
coefficient, CU, greater than 6. This criterion considers
the soil stability condition based on the classification
methods commented at item 2. This criterion
recommends for unstable soils:

1 < (Of /dI) < 5 (1)

being Of the geotextile filtration opening size obtained
by hydrodynamic sieving and dI the indicative particle
diameter of base soil to be adopted as:

– d85 for uniform soils (CU < 6),
– d50 for linearly graded soils,
– d30 for upwardly concave graded soils,
– dG for gap-graded soils where dG is the minimum

gap size.

For stable soils the geotextile filtration opening size
needs to be minor than dI.

3.2 Rational criteria

Probabilistic analysis (rational retention criterion)
allows evaluating the level of retention reliability, P′,

of a chosen particle, considering that the seepage
forces are able to wash this particle through the filter
and that the filter has a number of constrictions able
to retain the particle into its structure (Urashima et
al. 2006):

P′ = 1 – PN (2)

being P the probability of the chosen particle to meet
a constriction greater than it and N the number of
confrontations, both characteristics of the geotextile
that could be evaluated by the procedures proposed
by Urashima & Vidal (2002).

Urashima (2002) shows that in the absence of an
image analysis, a good approximation to evaluate P
could be performed using Gourc (1982) proposition:

P = exp

× –
(1 – )[(2/ )( / ) +( / )(1+2/ )]2η π π
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where ηGT and df are respectively the geotextile
porosity and fibre diameter, and d is the chosen soil
base particle diameter.

4 TESTS CONDITIONS

4.1 Materials

Three different nonwoven needlepunched polyester
geotextiles with the characteristics shown in Table 1,
and three different base materials with the particle
size distribution curves presented in Figure 1, were
tested. Table 2 resumes some analysis of these
materials.

Table 1. Geotextiles characteristics.

G1 G2 G3
Type filament filament fibre

Fibre diameter (mm) 0.022 0.022 0.013
Porosity (%) 91.2 91.2 93.5
Thickness (mm) 1.15 2.05 1.24

C.V.(%) 11 5 7
Mass per unit area (g/m2) 138 221 110

C.V.(%) 12 8 8
Number of confrontations 4.35 4.64 1.59
FOS O90 (mm)1 0.082 0.082 0.095
O95 (mm)2 0.090 0.090 0.111

1 Filtration Opening Size (ISO12956 1999)
2 Obtained from particle size distribution curve of the
material passing on ISO 12956 tests

4.2 Gradient ratio tests

The Gradient Ratio (GR) is defined as the relationship
between the hydraulic gradient in the soil/geotextile
interface and the hydraulic gradient observed in an
intermediate band of the base material specimen
(ASTMD5101 2001). A GR greater than three means
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a clogging condition, while a GR smaller than one,
reducing during test time could represent a piping
condition. In fact, flow rate and hydraulic
conductivities observed during the test, the base
material lost and the GR variability give important
information about soil filtration behaviour.

The performed GR tests, described in Muñoz (2005)
are conducted according to ASTM D 5101(2001),
except the hydraulic gradient application method since
a hydraulic gradient up to 5 was immediately applied.

4.3 Retention criteria

Table 3 resumes the results of retention criteria applied
to tested soils and geotextiles considering Lafleur
(1999) and the level of retention reliability for chosen
diameters after analysis of the last linear segment of

the curves at Figure 1. The diameters chosen consider
the possibility of retained particles acting as a pre-
filter.

The geotextiles of this research could retain
diameters of 0.054 mm (G1), 0.050 mm (G2) and
0.073 mm (G3) at a level of retention reliability, P′,
of 95%.

5 OBSERVED BEHAVIOUR

The Gradient Ratio Tests conducted on soils B and C
had presented little variation on GR values. However,
soil A had presented a clogging behaviour as illustrated
by Figure 2. After few hours a GR bigger than 3
could be observed and this value remain major than
it during test time.

Figure 1. Particle size distribution curves of the base
materials.

Table 2. Soil classification.

A B C

Internal stabilitya U U S
CU

b 16.0 28.4 18.5
CC

c 8.2 3.7 0.6
d10 (mm) 0.105 0.037 0.078
d30 (mm) 1.206 0.379 0.263
d85 (mm) 2.238 1.820 2.800

a U: unstable, S: stable (Kenney & Lau 1985)
b Uniformity coefficient
c Coefficient of curvature

Table 3. Retention conditions.

Criterion (mm) G1** G2** G3**

A Lafleur 1.21 < O95 < 6.03 N/A N/A N/A
P′(%) d* = 0.7 100 100 100

B Lafleur 0.38 < O95 < 1.89 N/A N/A N/A
P′(%) d* = 0.2 100 100 100

C Lafleur O95 < 0.26 A A A
P′(%) d = 2.8 100 100 100

*chosen values considering their ability to retain particles
**N/A not approved on clogging but approved on retention A
approved on clogging and retention

Figure 2. GR results for soil A.

Figure 3 presents flow rate variation in time
showing that the GR decrease of G3/soil A test is
associated to a flow rate increase. A small lost of
particles could be observed during this test (~100 g/
m2). The passing mass is too small for a reliable test
but a sieving analysis showed that more than 80%
pass through #400 (100% pass through #270).

Figure 3. Flow rate during tests with soil A.

Figure 4 presents the level of the retention reliability
of the soil base diameters and the range of soil A
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diameters passing during test with geotextile G3. The
analysis of this figure allows inferring that a level of
retention reliability upper than 80% could be able to
retain soil particles.

This supposition could explain the fact that a really
small portion of the soil A had passed on tests with
G1 and G2 geotextiles. Tests with soils B and C do
not present passing mass.

6 FINAL COMMENTS

Rational retention criteria allow evaluating the level
of retention reliability of a defined soil particle which
is very interesting to analyse retention geotextile ability
in the case of unstable soils.

Long term filtration tests as GR are largely applied
to evaluate the performance of soil/geotextile systems.
They allow to analyse potential clogging or inner
lost and can be a tool to evaluate the level of retention
reliability.

Test results show that a level of retention reliability
of at least 95% is also adequate to unstable soils.
This level represents a safety condition considering
that particles with more than 80% of retention
reliability were effectively retained.

Therefore, test conditions as hydraulic gradient
intensity and its application method, and flow in the
gravity direction influence the observed results. Other
analyses must be done to evaluate different soils and
test conditions.

ACKNOWLEDGEMENTS

The authors wish to extend special thanks to the
Research Foundation of the State of São Paulo,
FAPESP and CAPES, for the financial support.

REFERENCES

American Standard Testing Materials (2001) ASTM D-5101 –
Standard test method for measuring the soil-geotextile system
clogging potential by the Gradient Ratio. Philadelphia.

Christopher, B.R., Holtz, R.D. and Fischer, G.R. (1992) Research
needs in geotextile filter design. In: Brauns, J., Heibaum,
M., Schuler, U. (Eds). Filters in geotechnical and hydraulic
engineering. Rotterdam: Balkema. 1993. p. 19-26.
(Proc. First International Conference GeoFilters 1992,
Karlsruhe).

Gourc, J.P. (1982) Quelques aspects du comportement des
geotextiles en mécanique des sols Docteur Thèse Joseph
Fourier University, Grenoble, France.

International Organization for Standardization (1999) ISO 12956:
Geotextiles and geotextile-related products: determination
of the characteristic opening size, 13 p.

Kenney, T.C. and Lau, D. (1985) Internal stability of granular
filters. Canadian Geotechnical Journal, v. 22, p. 215-225.

Lafleur, J., Mlynarek, J. and Rollin, A.L. (1989) Filtration of
broadly graded cohesionless soils. Journal of Geotechnical
Engineering, v. 115, n. 12, p. 1747-768.

Lafleur, J. (1999) Selection of geotextiles to filter broadly graded
cohesionless soils. Geotextiles and Geomembranes, v. 17,
p. 299-312.

Mlynarek, J. (2000) Geodrains and geofilters – Retrospective
and future trends. In: WOLSKI, W. MLYRAREK, J. (Eds).
Filters and drainage in geotechnical and environmental
engineering. Rotterdam: Balkema. 2000. p. 27-47. (Proc.
Third International Conference GeoFilters 2000, Warsaw).

Muñoz, C. (2005) Desempenho de geotexteis na filtração de
solos internamente instáveis. Master Thesis. Instituto
Tecnológico de Aeronáutica. Brazil. (http://
www.bd.bibl.ita.br/).

Silveira, A. (1965) An analysis of the problem of washing through
in protective filters. In: International Conference on Soils
Mechanics and Foundations Engineering, Montreal, 6., 1965,
Montreal. Proceedings... Montreal: ISSMFE, p. 551-555.

Silveira, A. (1992) A method for determining the void size
distribution curve for filter materials In: Brauns, J., Heibaum,
M., Schuler, U. (Eds). Filters in geotechnical and hydraulic
engineering. Rotterdam: Balkema. 1993. p. 71-73. (Proc.
First International Conference GeoFilters 1992, Karlsruhe).

Urashima, D.C. and Vidal, D. (1998) Geotextile filter design by
probabilistic analysis, Sixth International Conference on
Geosynthetics, Atlanta, Georgia, USA, pp. 1013-1016.

Urashima, D.C. and Vidal, D. (2002) Analysis of filtration systems
by probabilistic theory and simulation methods, – 7th

ICGeosynthetics – State of the Art Recent Developments,
Nice, France. pp. 1115-1118.

Urashima, D.C (2002) Simulação do Processo de retenção de
partículas por filtros têxteis, Doctors Thesis, Tecnologic
Institut of Aeronautic, São José dos Campos, Brazil. (http:/
/www.bd.bibl.ita.br/)

Urashima, D.C., Vidal, D. and Bernardes, G. (2006) Nova
proposta de critério de retenção para dimensionamento de
filtros têxteis, Revista Solos e Rochas, n° 1 Vol. 29, Brazil.
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