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1. Introduction

Soil in situ behavior is so sensitive to its properties and
martial used in its structure. Different synthetic materials are
used to change and enhance the natural behavior of soil
regarding to different practical purposes. Because of the
importance of soil and in used materials' behavior, some
investigators have examined the soil behavior under synthetic
materials effects from different aspects. Abdi et al., [1] and
[2], conducted experimental programs to determine the
effects of geosynthetics on soil properties. Nayeri and
Fakharian, [3], studied pullout behavior of some kinds of
geosynthetics. 

Geotextiles are among the most widely used synthetic
materials to improve the soil hydraulic properties from
filtration and drainage aspects. Since geotextiles are exposed

to different stresses and hydraulic gradients in the field, thier
hydraulic behavior in real situations is important. Several
experimental techniques can be used for investigation of
hydraulic behavior of geotextiles. Two of these techniques are
transmissivity (water permeability in the plane of the
geotextile) and permittivity (water permeability perpendicular
to the surface of the geotextile) tests that were used in this
study for conducting the experiments. 

Since geotextiles have the capability of water transmission
parallel and perpendicular to their plane, assessing and
measuring their hydraulic properties in two perpendicular
directions are necessary for practical purposes.

Determination of geotextile transmissivity, in all
applications that flow exists in the geotextile plane, is
desirable. This geotextile property was originally
investigated by Leflaive and Puig [4]. Before that, mostly the
property of fluid conduction perpendicular to the plane was
considered.

Sankey and Koerner, [5], Koerner, et al, [6], Adolphe, et al,
[7], El-Gamal, et al, [8], Jeon, et al, [9], and Narejo, [10], have
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carried out some experiments on the in-plane hydraulic
behavior of geotextiles. While van der Sluys and Dierickx,
[11], and Aydilek and Kutay, [12], have investigated normal to
the plane hydraulic properties of geotextile. 

Kellner and Ionescu, [13], Gardoni and Palmeira, [14], and
Hufenus and Schrade, [15], have studied some hydraulic
properties of geotextiles in-plane and normal to the plane
under different hydraulic properties. 

The most effective parameters in hydraulic behavior of
geotextiles are porosity, pore size, and pore size distribution,
which are strongly dependent on their production technology.

The geotextile hydraulic behavior is of great usage in the
design of landfill covers; design of embankments and
irrigation structures drainage systems, and in the design of
protection systems in river engineering.

The purpose of this research is investigation of mechanical
and hydraulic properties of needle punched nonwoven
geotextiles under different hydraulic gradients and various
confining stresses up to 1000kPa. The investigated
properties are permittivity, transmissivity, porosity and
thickness. Experimental methods that were used in the
present work have been permittivity and transmissivity tests
apparatus

2. Equipments and mateials

2.1. Equipments

Transmissivity tests were performed using an apparatus that
was designed and developed based on ASTM D 4716. The
schematic view of the equipment is presented in Fig. 1. This
apparatus is capable of measuring the in-plane hydraulic
conductivity of geotextiles under confinements up to 1000kPa.
The geotextile specimens' dimensions were 200×100 mm and
were subjected to the normal stress applied by a rigid
polyamid plate. The variation of the geotextile thickness with
normal stress can be obtained, as a function of the vertical
displacement of the rigid plate which was calculated as the
average of the readings from displacement transducers
positioned at two different locations on the plate. In each
normal stress the transmissivity was measured under hydraulic
gradients of 0.5, 1, and 3. 

To measure normal to the plane hydraulic conductivity of
geotextile, the equipment that is shown in Fig. 2, was used.
This equipment was designed and developed based on the
scheme recommended in ASTM D 5493. The equipment is
capable of performing permittivity tests under normal
stresses up to 300 kPa. In each normal stress the permittivity

was measured under certain hydraulic heads between 10cm
to 60cm. A steel piston applies the normal load to a rigid
polyamid loading plate on a 90 mm diameter geotextile
specimen, confined between two sets of steel meshes, with
open area of 36%. The meshes serve as permeable media that
help to distribute the normal stress on the geotextile
uniformly.

2.2. Geotextile materials

As mentioned, the aim of this work is investigation of in-
plane and normal to the plane permeability of geotextile. Since
only some of the geotextiles are capable of transmitting liquid
in their plane, four non-woven needle punched geotextiles
from three companies were selected for testing. This
capability is because of their sufficient thickness and good
pore structure [6].

The main characteristics of these geotextiles are presented in
Table I. The mass per unit area of the geotextiles varies from
200 to 800 g/m2, covering the range of geotextile mass per unit
area values that are often used in practice [14].

3. Test results

3.1.Results of transmissivity tests

During the transmissivity tests for each normal stress and
hydraulic gradient, the quantity of the water that passed
through the specimen over a specific time period, was

A. Pak, Z. Zahmatkesh98

Geotextile 8.IG 5.BN 4.IG 2.MS

Mass per unit  area(g/m2) 800 500 400 200 

Polymer Type PPa PP PP PESb 

Thickness (mm) 6.6 3.8 3.5 0.8 

AOSc (mm) 0.07 0.15 0.09 0.25 

Diameter of fibres (mm) 0.0483 0.043 0.043 0.0268 

Porosity 0.867 0.854 0.874 0.819 
a
Polypropylene, bPolyester, cApparent Opening Size

Table 1. Physical characteristics of the soils

Fig. 1. Schematic side view of the transmissivity test equipment

Fig. 2. Permittivity test equipment
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recorded. This measurement was repeated at least three times
for each selected hydraulic gradient. Then the transmissivity is
calculated based on Equation 1 as follows:

θ =(QL) / (Wh)                                                                 (1)  

Where   is hydraulic transmissivity (cm2/s), Q is the average
quantity of fluid discharged per unit time (cm3/s), L is length of
the specimen (cm), W is width of the specimen (cm) and h is
difference in total head across the specimen (cm). Since
transmissivity values are affected by the temperature of the
water [13], according to ASTM D 4716 hydraulic
transmissivitiy of the geotextiles are corrected for 20ºC by
multiplying the hydraulic transmissivity by the ratio of the
viscosity of water at test temperature to the viscosity of water
at 20ºC. Variation of transmissivity in various gradients under
different normal stresses is plotted in Figs. 3-6. As presented in
Figs. 3-6, the geotextile transmissivity under high stress levels
can be reduced up to 2 to 3 orders of magnitude, depending on
geotextile thickness. Under each constant normal stress the

transmissivity decreases with increasing the hydraulic gradient.
The results in each figure also show that the sensitivity of in-
plane permeability of geotextiles with respect to the applied
stress level gradually decreases. Comparing these four figures
with each other demonstrates that the influence of hydraulic
gradient on the transmissivity becomes more pronounced when
mass per unit area (thickness) of geotextile is greater.

Variation of the transmissivity ratios in minimum and
maximum applied normal stresses for all specimens are
presented in Table 2. As it is given in Table II, the ratio of
θ10/θ1 decreases with increasing hydraulic gradient and
geotextile thicknesses.

Equation (2) can be used to obtain the permeability
coefficients from the transmissivity tests. For this, the
geotextile specimen's thickness under each applied normal
stress should be measured.

kp= θσ/Τσ (2)

Where, kp is the permeability coefficient (cm/s), and θσ and
Τσ are transmissivity (cm2/s) and thickness (cm) of geotextile
in each normal stress (σ), respectively.

To observe the effect of using multiple layers of geotextiles
on the transmissivity values, transmissivity tests were repeated
with two and three layers of each type of geotextiles. As seen
in Fig. 7, with increasing the number of layers up to three, the
transmissivity in each constant normal stress increases in
rough proportion to the overall thickness.
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Fig. 5. Results of transmissivity tests  for geotextile 5.BN
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Fig. 6. Results of transmissivity tests for geotextile 8.IG

GRADIENTS

θ10/θ1000i 

76.42 0.5 Geotextile 

2.MS.1 Layer 71.52 1 
65.18 3 

71.64 0.5 Geotextile 

4.IG.1 Layer 64.87 1 

60.09 3 

33.12 0.5 Geotextile 

5.BN.1 Layer 29.36 1 

26.01 3 

32.85 0.5 Geotextile 

8.IG.1 Layer 27.16 1 

21.9 3 

Table 2. Chemical composition of Natural Pozzolana
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3.2. Results of permittivity tests

The results of permittivity tests can be expressed in terms of
permeability coefficient, permittivity value (ψ), rate of
discharge for a particular hydraulic loss, or hydraulic gradient
at a certain flow velocity [11].Here the permittivity value (ψ)
is of concern. To measure the permittivity of geotextiles, using
Equations 3 and 4 the flow rate and the velocity of water
across the specimens during the tests are calculated [17]. 

V = Q/A (3)
ψ= V/∆h                                                                         (4)

Where ψ is permittivity (s-1), V is velocity (cm/s), ∆h
is the measured hydraulic head loss across the specimen (cm),
Q is flow rate of water passed through specimen (cm3/s), and
A is area of the specimen perpendicular to the direction of flow
(cm2). Due to importance of the effect of temperature on the
permittivity and according to ASTM D 5493, permittivity
values are corrected for 20ºC [15]. Variations of geotextile’s
permittivity with normal stress are illustrated in Fig. 8. As can
be seen in this figure, the effect of stress (P) on the permittivity
value becomes smaller as the thickness of geotextile becomes
larger. 

The effect of increasing the number of layers of geotextiles
in permittivity response for geotextile 5.BN is shown in Fig. 9.
As observed in Figs. 8 and 9, permittivity decreases with
increasing the normal stress.

Variations of the flow velocity versus hydraulic head loss for
geotextile 5.BN are presented in Fig. 10

Fig. 10 shows at each constant velocity with increasing the

normal stress, the hydraulic head loss across the specimen
increases.

Velocity variation versus loss of the hydraulic head can be
utilized to determine the flow regime in geotextile specimens.
In this regard, after plotting the variation of the flow velocity
versus hydraulic head loss in logarithmic scales, according to
Equation 5 and using Table III, one can determine the type of
flow regime in each case [11].

∆h= avb (5)

Review of power relation between velocity and hydraulic
head loss for various types of geotextiles in this study show
that the value of  b in Equation 5 varies between 1.22 and 1.47.
So flow regime is not turbulent in any of the specimens and in
most cases is transient. 

4. Predictions versus observations of geotextile
permeability under confinement

The test results can be used for evaluating the accuracy of
expressions for estimation of geotextile permeability, some of
them developed and proved accurate for geotextiles under
unconfined situations. Thus with comparison  of the results of
experiments with these theoretical relations one can examine
their accuracy under confined situations. Some of these
expressions are tabulated in Table IV.

In Table IV Equation 1 is based on Capillary tubings theory
for permeability in porous and granular media and can be used
for prediction of permeability of geotextiles [18]. Equation 2
has been proposed by Lord for air flow through a fibrous
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medium that has previously been applied to geotextiles [19].
The last two equations in this table are exclusively developed
for determining the permeability of geotextiles [20,21]. The
results of comparisons between measured and predicted values
of geotextile normal permeability using these four equations
for geotextile 5.BN is presented in Fig. 11.

As shown in Fig. 11 in most cases significant deviations exist
between predictions and measurements but a very good
agreement can be seen between test results and predictions by
Equation 4. 

5. Anisotropy of geotextile permeability

Results from permittivity and transmissivity tests under
different confining pressures allow the assessment of the
geotextile permeability anisotropy with the stress level.
Fig 12 shows a marked anisotropy for the geotextile 2.MS

tested for stress levels below 50 kPa. As the normal stress
increases, geotextiles tend to show a more isotropic
behaviour with regard to permeability.

In Figs 13 and 14 variations of porosity and thickness of
geotextile 5.BN with normal stress are presented, respectively.
The investigation of the results of the tests shows a good
agreement between permittivity and transmissivity tests for
measuring these physical properties.

6. Conclusions

In this study some hydraulic and physical properties of
several needle punched nonwoven geotextiles were
investigated. The obtained results demonstrate the
importance of considering site conditions such as applied
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Flow Regime b 
Turbulent 2 
Transient >1 or <2 
Laminar 1 

Table 3. Determination of flow regime according to equation (5)

Number of 
equation 

Equation Source Remarks

1 k=gdf
2n3/80ν(1-n)2 Carman-

Koseny(1938)
-

2 
k=ρwgn5df

2/17.72ηw(1-
n)1.32 Lord(1955) n > 0.75

3 k=df(df+davg)gρwg/ηwA 
Rollin et 
al.(1982) 

A=CD*Re, 
A=8-10 for 
nonwovens

4 k=βρwgn3df
2/16ηw(1-n)2 Giroud(1996)

β= 0.11 for 
nonwovens

Notes: k=permeability, g=acceleration of gravity, df=geotextile fibre 
diameter, n= geotextile porosity, ν=cinematic viscosity  of water, 
ρw=density of water, ηw=dynamic viscosity of water, davg= the average 
distance between geotextile fibres, A= is the product of the fluid drag 
coefficient and the Reynolds number, β=shape factor. 

Table 4. Some of the presented solutions for prediction of
permeability of geotextiles
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stresses and hydraulic heads on the behavior of geotextiles.
The results show that transmissivity decreases exponentially
with increasing the normal stress until a residual value is
reached, and the rate of decreasing the transmissivity due to
increase of normal stress is significant for normal stresses
lower than 100kPa. Flow rate and velocity in permittivity
tests increase linearly and quadratic in laminar and non
laminar flow, respectively. Permittivity and transmissivity
values in each case were seen to decrease with increasing
hydraulic gradient. 

Regarding the results, in-plane and normal to the plane
permeability of geotextiles are not unique values and change
with changing the boundary conditions of the site. The
comparison between predicted and observed geotextile
permeability values under various confining stresses
confirmed that in most cases these predictions have
significant deviations from the results of the experiments,
therefore performing the experimental tests is the best
solution for determining the hydraulic behavior of
geotextiles in different situations. Hence for practical
implications, where geotextiles are used for their drainage
and filtration properties, such as embankments and/or other
hydraulic structures, the real permeability should be
obtained based upon experiments using actual boundary
conditions and confining stresses.
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