
1 INTRODUCTION

Drainage is one of the most important aspects of
geotechnical works associated with many civil
engineering structures including pavements,
embankments, retaining walls, basements, highways
and rail-tracks. The term drainage, used in the
geotechnical engineering, refers to removal of water
from the saturated soil systems. Uncontrolled seepage
and drainage may cause the functioning failure of a
structure and thereby causing a great inconvenience.
To avoid damages and functioning failures of
structures, various types of drainage structures such
as drainage gallery, well systems and drainage layers
were used prior to the introduction of geosynthetic
materials. Geosynthetics, particularly nonwoven
geotextiles and many drainage composites, developed
in recent past, have been proved to be very efficient
drainage materials. Many drawbacks of conventional
drains such as migration of fines into the drain, low
strength and susceptible to clogging, are removed
now-a-days with replacement or improvement of
conventional drains by geosynthetics. Moreover, use
of a geosynthetic not only serves as a drain, but it
also provides other facilities such as reinforcement,
filtration and separation (Shukla, 2002).

In the past, research works were done to assess
the drainage performance of geotextiles under the
influence of various parameters that may affect their

drainage performance (Masounave et al. 1980, Ling
et al. 1993). In most of the research works, seating
time for the normal compressive stress has not been
given much priority; although standards like ASTM
D4716 – 2001 on test method for transmissivity
suggests that the geotextile specimen should be seated
under the minimum normal compressive stress for a
minimum period of 15 minutes. In the present work,
an attempt has been made to study, in detail, the
effect of seating time on in-plane permeability
(transmissivity) and cross-plane permeability
(permittivity) of geotextiles using constant head
permeability test methods.

2 MATERIALS

In drainage and filtration applications, the nonwoven
geotextiles are widely used. In the present study, three
different types of nonwoven geotextiles, namely GTX-
1, GTX-2 and GTX-3 were used. The properties like
mass per unit area, thickness, tensile strength, etc. of
these geotextiles are given in the Table 1.

Water quality also affects the permeability of a
geotextile. If the concentration or percentage of
suspended solid particles in permeating water is more,
the permeability shall be reduced. In all the tests, tap
water was used. The properties of tap water are given
in the Table 2.
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3 METHODS

In the present study, constant head permeability test
methods were used to study the effect of seating time
on transmissivity and permittivity of geotextiles. In
these methods, the hydraulic gradient causing the
flow is kept constant throughout the test. In case of
soils, constant head permeability test is used for coarse-
grained soil only where a reasonable discharge can
be collected in a given time. The falling head test is
used for relatively less permeable soils where the
discharge is small. Since, the geotextiles are much
more permeable than the soil therefore; the constant
head permeability test is more suitable than the falling
head test method. Two different apparatuses are used
in the experiments: one is for the in-plane permeability
of geotextile (Fig. 1) and the other one is for the
cross-plane permeability (Fig. 2).

The apparatus for the transmissivity measurement
was radial flow type. The permeability mould is made
of gun metal and is illustrated in the general assembly
drawing in Fig. 1. It has a base and a loading pad.
The loading pad has one release valve. It has one
guide ring in which loading pad is inserted. One dial
gauge bracket is attached to the base. It has one plunger
through which the load is applied. One anvil is attached
to the plunger on which the dial gauge spindle rests.
The water outlet connection and water inlet connection
are fitted to the base.

The permeability mould of the permittivity
measurement is made of brass metal and is illustrated
in the general assembly shown in Fig. 2. It has a base
and a perforated loading pad. The perforated loading
pad has a ball seating. A water outlet nozzle is
connected to the base. One perforated plate is clamped
between base and guide ring. Two porous stones are
provided. One plunger for applying the load to the
specimen is provided. The plunger has an anvil on
which dial gauge spindle rests. The guide ring has a
water inlet.

It should be noted that in the present study, the
geotextile specimen was circular in both the
transmissivity and permittivity tests. The diameter of
the circular specimen was kept 100 mm in both the
tests to maintain uniformity in study. This size of
geotextile specimen is small as compared to size of
geotextile layer generally used in the field applications.
So, for the simulation of actual field conditions, the
specimen size may be increased. Alternatively, one
should carry out dimensional analysis for obtaining
a correlation between the performance of geotextile
in the actual field conditions and in the laboratory
conditions.

4 RESULTS AND DISUSSIONS

The transmissivity and the permittivity of geotextiles
do not remain constant throughout the application of
a constant normal stress. This is mainly because, on

Table 1. Geotextile properties.

Property Units GTX-1 GTX-2 GTX-3

Mass per unit area g/m2 170 200 212
Thickness mm 1.5 2.08 1.1
Wide-width
tensile strength kN/m 10.5 13.5 25
Pore size (O90) mm 0.09 0.08 < 0.75
Transmissivity ×10–6 m2/s 3.3 2.8 2.1
(σ = 25 kPa,
∆H = 10 cm,
T = 20 °C)
Permittivity ×10–3 s–1 10.0 8.5 7.5
(σ = 25 kPa,
∆H = 10 cm,
T = 20 °C)

Table 2. Water characteristics.

Parameter Value

Total solids 710 ppm
Dissolved solids 300 ppm
Suspended solids 410 ppm
pH 7.2

Figure 1. In-plane permeability test apparatus.

Figure 2. Cross-plane permeability apparatus.
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application of normal stress, it takes some time for
the stabilization of internal structure of geotextile
such as thickness and porosity.

Figure 3 shows the variation of transmissivity (in-
plane permeability) of GTX-1 geotextile with time
on application of normal stress. It is observed that on
the application of normal stress of 2 kPa (sitting load),
transmissivity of the specimen decreases rapidly from
6.75 × 10–6 m2/s to 5.05 × 10–6 m2/s (25% reduction).
After a time period of 30 minutes the transmissivity
becomes almost constant. This may be due to the
thickness reduction and thereby decrease in porosity
of geotextile on application of particular normal stress.
On further increasing the stress from 2 kPa to 25
kPa, transmissivity decreases suddenly from 5.05 ×
10–6 m2/s to 4.05 × 10–6 m2/s (15% reduction). After
the sudden immediate decrement, transmissivity of
the specimen decreases rapidly for 20 minutes and
for further 10 minutes it decreases very slowly. On
further increment of stresses i.e. 50 kPa, 100 kPa and
200 kPa, the results show similar trends. It can also
be observed that decrease in the transmissivity reduces
as the time increases. For example, decrease in
transmissivity at 2 kPa stress is 1.7 × 10–6 m2/s, while
the decrement at 200 kPa stress is only 0.35 × 10–6

m2/s. This may be due to the fact that geotextile
becomes stiffer at higher stresses and thereby reduction
in porosity is less. The other two geotextiles show
the similar trends as can be observed from the Figs 4
and 5.

decrease in the permittivity at 2 kPa stress is 2.6 ×
10–3 s–1, while the decrement at 200 kPa stress is
only 0.6  10–3 s–1.

Figure 3. Variation of transmissivity with seating time for
GTX-1 geotextile.

On comparing all three geotextiles, it is concluded
that the percentage decrease in transmissivity is
maximum (77% reduction) for GTX-1 geotextile. This
may be because of the fact that change in porosity is
highest for the geotextile having largest effective
opening size (O90).

Permittivity test results are shown in the Figs 6, 7
and 8. Permittivity tests show similar trends as the
transmissivity results. In this case also, the permittivity
decreases as the seating time increases. For example,

Figure 4. Variation of transmissivity with seating time for
GTX-2 geotextile.

Figure 5. Variation of transmissivity with seating time for
GTX-3 geotextile.

Figure 6. Variation of permittivity with seating time for
GTX-1 geotextile.
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5 CONCLUSIONS

The results obtained from the present experimental
study show that on application of a certain normal
compressive stress on the geotextile, its permittivity
and transmissivity do not reduce to a final value
immediately, but it takes about 25 to 35 minutes to
attain a stabilized value under the influence of that
load. The decrease in transmissivity and permittivity
was observed to be higher for the geotextile having
larger opening size (O90), for the same load increment.
It is recommended that the observations of the
permeability of nonwoven geotextiles in laboratory
experimental tests should be recorded at least after
30 minutes since a particular normal stress is applied
on the geotextile specimen.
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