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Correlation of geotextile properties with filtration characteristics
La corrélation des propriétés géotextiles avec des caractéristiques de filtration

S.V.Ramaswamy - Department of Civil Engineering, Anna University, Madras, India

ABSTRACT : The criteria followed for geotextile filters used in railways and higways are empirical. In this investigation three
subrades of classification CH, CL and SC are used in combination with three nonwoven geotextile filters. The geotextile filters
used were checked with regard to American and German filter criteria. Mud pumping conditions were simulated by repetitive
loading on the samples by Soil Dynamic Tester. Soil Contamination Values (SCV) were determined after 5000 repetitions. Based
on the test results and the ciiteria, it is suggested that 2500 gms/m’ may be adopted for the limit of satisfactory performance of
geotextile filters.

RESUME : Des criterés suivis pour des filtres gEotextiles utilises dans des chemins de fer et des autoroutes sont empirique. Dans
cette etude trois sousgrades de classification CH, CL et SC sont utilisees en combination avec trois filtres geotextiles non tisses.
Les filtres gEotextiles utilises ont ®t€s comparés avec des criterés des filtres American et Allemand. Des conditions
d’épouissement due boue ont etés simulées par des chargement répetés sur des eprouvettes par un essais a une machine dynamique
du sable. Des valeurs de contamiantion du sable ont €t€s determin€es aprés 5000 répetitions. Bas€ sur des resultats d’essais et des
critres, il est proposé que 2500 grammes / m’ peut etre adopt€ comme la limite de performance satisfaisante des filtres geotextiles.

INTRODUCTION Table1 German Working Group Criteria

Mud pumping is a major cause for the deterioration of highway Soll Description Geotextile Criteria
pavements and the poor performance of railway tracks. The

subgrades get saturated during rainy season and due to the d,, >0.06 mm D, < d,

dynamic action of moving vehicles fine grained soil is pumped d, < 0.06 mm D, < 15 d, JUand

into the coarser layers above. Placement of geotextiles between
subgrade and base materials has been successful in maintaining
the pavements and railways tracks in developed countries. The
geotextiles improve the drainage, prevent the base material
puncturing into the subgrade and allow up and down movement

D, <d, and

D, < 0.5 mm

of water but prevent the passage of soil fines (Dykes and Desai,
1989).

Soil tightness and permeability criteria govern the selection of
geotextiles as filters. It is to be pointed out that these criteria do
not give a quantitative measure of the amount of contamination

D,, = Significant pore size

Table 2 American Criteria

that is likely to occur. They give the empirical limiting values to Soil Description Geotextile Criteria
the ratios of pore sizes of geotextiles and soil particles.
In this investigation various combinations of geotextiles and dsp >0.074 mm Oso < dgs
soils were used in a series of simulated mudpumping tests in
Soil Dynamic Tester. Effective opening size and permeability dso < 0.074 mm Ogs 2 dis or
of the geotextiles were determined. The influence of type of soil Osg < 0.5 dgs

and geotextile and frequency of load application on SCV and
deformation was studied. The geotextiles used in this study
were examined whether they satisfy American and German
criteria for reversible flow conditions. The SCV was correlated
to the criteria based on EOS of the geotextile and particle size
of the soil.

Permeability Criteria for reversing flow conditions are :

kg 210k; for sand (N
kg 2100k, for clay )
FILTER CRITERIA

The upper limit on pore size of the geotextile is given by
the soil tightness criteria while the lower limit is given
by the permeability criteria. Geotextile openings have to be
smaller for reversible flow conditions than for unidirectional
flow conditions to restrain soil particles. Tables | and 2 give the
criteria used in America and Germany for selection of nonwoven
geotextiles in reversing flow conditions (John 1987).

The specification and requirements to meet the basic long
term performance of geotextile filters are also given by Indian
Railways (1990).

MATERIALS

Three soil designated as SI, S2 and S3 were used as subgrade
material. Classification tests and Proctor compaction tests were
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FIGURE 1. CROSSPLANE PERMEABILITY SETUP

Table 3. Properties of Subgrade Materials

Subgrade S1 S2 S3
Colour Black Black Red
Gravel(%) 1 2 5
Sand (%) 23 47 67
Silt (%) 34 49 28
Clay (%) 42 2 -
Liquid Limit 55 34 31
Plastic Limit 26 18 19
(v) max kN/m’ 16.2 19.6 21.0
OMC (%) 222 12.4 10.1
V{cm/sec) 2.86x 10" | 200x10° | 8.56x 10°°
Classification CH CL SC

performed on the sample. Falling head permeability tests w.r
conducted on samples compacted at OMC in Jodhpur
permeability mould. The results are shown in Table 3.

Three nonwoven needle punched geotextiles manufactured
from polypropylene were used as filters. The effective
opening size of the geotextiles are found out by sieving 100 gms
of clean dry sand through the geotextile for 5 minutes. The test
was done with sands of size 212, 150, 104, 89, 75 and 53
microns. After each of the tests the particles retained on the
geotextile is weighed. From the tests the EOS value of
geotextile was obtained.

The cross-plane permeability of geotextile was determined by
allowing the water to flow through geotextile samples
clamped between the circular flanges of pipes of 76 mm
diameter (Figure 1). The constant head of water varied from 30
to 100 mm. Water is collected from the outlet for 90 sec. The
permeability of geotextile under 100 mm head is given in
Table 4.

DYNAMIC TEST

The Soil Dynamic Tester used in the present investigations is
designed for repetitive loading application of soils and other low
strength materials. The load capacity of the machine is 5.58 kN
which is based on 689.5 kPa air input to a 10 cm diameter ram.
The strain gauge load cell has a capacity of 5.50 kN. Stress
intensity and duration and frequency of stress application can be
varied. The maximum and minimum frequencies that can be
applied is 40 cycles per min. and 2 cycles per min. respectively.
A 5 HP compressor is used for supplying compressed air.

The arrangement for repetitive load testing is shown in Figure
2. The subgrade soil was placed in 3 layers, each 20 cm thick in
a CBR mould of 150 mm diameter. Each layer was compacted

dynamic load
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FIGURE 2.

Table 4 Properties of Geotextiles

Geotextiles Gl G2 G3
Specification 2-425-E GSM-300
Manufacturer Tata Mills Hitari Fibres | Dinesh Mills

Ltd.

Wt/sq. mt (gm) | 440 + 10 270 + 10 1401+ 10
Thickness (mm) | 3.0 0.82 0.38
EOS (Micron) 92 120 175
k, (cross-plane | 4.5 x 1073 143x 1073 [9.0x10™
100 mm head)
cm/ sec

by 28 blows using 2.5 kg hammer falling freely through a
height of 30 cm. The compaction energy acokied is equal to the
proctor energy of 590 kJ / m.

The geotextile filter was positioned on top of the subgrade by
forming a circular disc approximately 200 mm in diameter.
After weighing the geotextile was placed on the subgrade with
the extra material turned up the sides of the mould. Clean dry
aggregate of 20 mm size weighing 1.25 kg was placed over the
geotextile filter.

The ponded water in the field was simulated by pouring 500 cc
of water into the mould gently. The sample was left to stand for
48 hours to ensure diffusion of water into the soil. Then the
sample was placed in the loading platform of Dynamic Tester
and repetitive loads applied. In the present investigation the
stress applied was 140 kPa. This is about 0.6 times the stress
intensity of 225 kPa transmitted by modemn broad gauge
engines travelling at 100-200 kmph.

During the dynamic testing the subgrade soil could penetrale
the filter medium and contaminate the ballast. The soll
contamination value (SCV) was taken as the weight of subgrade
soil passing the filter per unit area of the fabric. By drying and
weighing the contaminated ballast and fabric at the end of the test
and knowing the initial weight of fabric and ballast material the
soil contamination value was calculated. The deformation was
measured by a Linear Variable Differential Trasudcer.

DISCUSSION OF TEST RESULTS

Table 5 shows the influence of the type of subgrade and the type
of geotextile filter used on SCV and deformnation.
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FIGURE 3. INFLUENCEOF EOS ON SCV

Figure 3 shows the variation of SCV with EOS of geotextile
filter for various subgrades. It is evident that the for all the
subgrades used SCV increase with increasing EOS. The SCV is
more for fine grained soils S1 and S2 than for coarse grained
soit S3. The reduction in pore size of geotextile significantly
reduces the SCV in fine grained soils while the reduction in
coarse grained soils is relatively lower. Hence by using a
geotextile of smaller EOS, the contamination can be effectively
reduced in the fine grained soils. It is observed that deformation
increases with increasing EOS for all the soils.

The frequency did not have a significant influence on SCV
and deformation. There was a small reduction SCV and
deformation when the frequency was increased from 20 to 40
cycles per run. This was similar to the conclusions of earlier
investigation.

Figure 4 shows the influence of number of cycles on
deformation. The deformation increased sharply with number of
repetitions initially; but after a certain value the rate of increase

decreases. After about 4500 repetitions it becomes almost
negligible.
FILTER CRITERIA

The criteria for filters given in Tables 1 and 2 are applied to
various combinations of subgrade and geotextile to check the
suitability of the geotextiles. It was seen that as per American
criteria all geotextiles are suitable for all subgrades. As per
German Criteria none of the geotextiles are suitable for subgrade
SI; G1 and G2 are suitable for subgrade S2 and all the
geotextiles are suitable for subgrade S3.

The acceptable SCV value for American Criteria is 4878
gm/ m? for the combination of S1 and G2; for German Criteria
it is 2275 gm /m? for a combination of S2 and G2. The
acceptable soil contamination value can be taken as 2500
gm/m?.

All the combinations of soils and geotextiles satisfied the
permeability criteria.
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Table 5 Influence of type of subgrades and geotextile

Frequency 40 cpm Number of repetition 5000
Subgrade | Geotextile | Ogs /dgs| SCV | Deformation

Type type gm/m? mm
No filter - - 17.5

Gl 0.288 2878 5.8

S1 G2 0.375 3712 8.8
G3 0.546 4878 12.4

No filter - - 15.6

G1 0.140 1636 4.1

S2 G2 0.180 2276 6.3
G3 0.265 3016 9.5
No filter - - 12.7

Gl 0.051 566 29

S3 G2 0.067 1009 5.2
G3 0.097 1756 8.7

CRITERIA BASED ON Oy / dgs RATIO

The soil contamination values and the corresponding Ogs / dgs
ratios are plotted on a  semi-logarithmic plot. For a

contamination value of 2500 glmz. Ogs / dgs ratio is found
to be 0.21. Hence the following criteria may be used so that the

contamination value is within 2500 g/m?.
Ogs < 021 dgs 3)
CONCLUSIONS

1. There was an increase of SCV and deformation with
increasing EOS for all the subgrades.
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2. The frequency did not have a significant influence on SCV
and deformation.

3. The deformation increased sharply with number of repetitions
initially. But after 4500 repetitions the rate of increase was
negligible.

4. All the geotextile filters satisfied the American Criteria for
all the subgrades.

5. The geotextiles G1 and G2 were found suitable for subgrade
S2 and all the geotextiles were found suitable for subgrade
S3.

6. It is suggested that for SCV to be less than 2500 g/m’

0, < 021 d,
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