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ABSTRACT: Geosynthetics can be used in several applications in geotechnical and geoenvironmental engineering, being geotextiles the most
traditional and versatile type of geosynthetic. One of the applications of geotextiles is in separation between good and poor quality soils. This
situation may occur in geotechnical structures such as roads and railways constructed on soft saturated subgrades. The presence of a geotextile
separator avoids or minimize the contamination of the good quality base or ballast material with fines from the subgrade, increasing the life of
the road and reducing maintenance costs. Despite its importance, very few studies on the behaviour of geotextiles in separation can be found
in the literature compared to other applications of these materials. This paper investigates the performance of nonwoven geotextiles in
separation. Laboratory tests on geotextiles with masses per unit area ranging from 200 g/m? to 600 g/m? were executed using an apparatus
capable of applying repetitive loading to simulate traffic conditions. Measurements of surface displacements and pore pressures in the subgrade
soil and the evaluation of geotextile mechanical damages at the end of the tests were carried out. The results obtained showed that the three
geotextiles tested were effective separators, avoiding contamination of the base soil and accelerating the dissipation of excess pore pressures
in the subgrade soil. However, significant mechanical damage was observed in the lighter geotextile used.

1. INTRODUCTION

Geotextiles are very versatile geosynthetics and can be used in several
applications in geotechnical and geoenvironmental engineering. They
can be used for filtration, drainage, reinforcement, separation and for
the protection of other geosynthetics against mechanical damages. A
very important, but commonly underestimated, application of
geotextiles is as separators. In this case the primary function of the
geotextile is to avoid or minimize the contamination of a good quality
fill material with fine particles from a neighbouring soil, as
schematically shown in Figure 1. This is particularly relevant in road
pavements and railways, where the separation provided by the
geotextile can significantly increase the life of the structure and
reduce maintenance costs.

Without geotextile

With geotextile

Figure 1 Geotextile separation mechanism

Several researchers have observed the benefits in using geotextile
separators in railways, paved and unpaved roads (Palmeira 1981,
Friedli and Anderson 1982, Schaeffner and Khay 1982, Christopher
and Holtz 1985, Brorsson and Eriksson 1986, Tsai et al. 1993,
Nishida and Nishigata 1994, Holtz 1996, Collins and Holtz 2005, for
instance). Intermixture of the base-subgrade material takes place due
pumping of fines from the subgrade caused by excess pore pressures
and penetration of base soil particles in the weak foundation material
caused by high vertical stresses at the interface between these
materials. Geotextiles can dissipate excess pore pressures and retain
soil particles from the subgrade, minimizing base soil impregnation
and its detrimental effects on road and railway performance.

The resistance against mechanical damages and degradation
mechanisms is of utmost importance in applications of geotextiles as
separators. Hoare (1982) stated that mechanical damages at the points

of contact between base soil particles and the geotextile may be the
major cause of failure of geotextile separators in reducing base soil
contamination. Palmeira et al. (2012) also discussed the influence of
mechanical damages at the points of contact with coarse fill materials
on the performance of geotextile filters. Holtz (1996) observed
different levels of mechanical damages in field experiments with
different types of geotextiles as separators. However, for the site
conditions and materials employed, the mechanical damages did not
affect pavement performance. Fernandes et al. (2008) described
mechanical damages consisting of holes and cuts in a light weight
geotextile used as separator in a heavily trafficked railway.
Christopher and Holtz (1985), Koerner (1998), Wilmers (2007) and
Vaitkus et al. (2006) highlight important aspects to be considered for
the use of geotextiles as separators. AREA (1985) and Holtz et al.
(1997) present survivability requirements for a satisfactory
performance of geotextile in separation applications.

Due to the complexity of the problem, the specification of
geotextiles for separation purposes is still highly empirically based.
The following aspects must be considered in design: retention
criterion, tensile strength, burst strength, impact/tear strength and
resistance to mechanical damages and degradation. A geotextile must
retain satisfactorily the particles of the subgrade soil in order to fulfill
the separation function, i.e., it must allow free drainage but avoiding
the passage of a significant amount of subgrade soil particles.
According with Holtz et al. (1997), under cyclic or pulsating loads
the retention criterion to be met by the geotextile should be:

FOS/Dgs < 0.5 (1)

Where FOS is the geotextile filtration opening size (assumed in this
paper to be equal to Oys, which is the pore diameter for which 95% of
the remaining pores are smaller than that value) and Dss is the soil
particle diameter for which 85% of the remaining soil particles have
smaller diameters than that value.

The geotextile separator must not fail or deform significantly
under operational conditions. Currently, the tensile force mobilized
in the geotextile separator is compared to its grab tensile strength in
routine design procedures. The mobilized geotextile tensile force can
be estimated by (Koerner 1998):

T=p'df(e) )
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Where T is the mobilized tensile force in the geotextile, p’ is the
vertical stress on the geotextile, d» is the characteristic value of the
diameter of the voids between base soil particles and f(¢) is a function
of the level of intrusion of the geotextile in the base soil voids.

A burst failure mechanism has also to be considered, which
depends on the dimensions of the voids of the base soil at the base
soil-subgrade interface. According to Giroud (1984), the burst
pressure to be resisted by the separator can be estimated by:

pd, 3)
d

s

p, =

Where py is the geotextile burst strength and d; is the diameter of the
specimen in burst strength tests (equal to 30 mm as per ASTM
D3786).

Mechanically aggressive base soil particles may cause puncture
of the geotextile. According to Koerner (1998), the puncture force
acting on the geotextile can be estimated by:

Fp :p'D:DS]S2S3 (4)
Where F), is the puncture force, Dso is the average base soil particle
diameter, S; is a penetration factor (= z/d, where z is the penetrating
depth of the base soil particle in the subgrade and d is the diameter of
the penetrating particle), Sz is a scale factor to account for geometrical
equivalence between laboratory and field conditions (S2 = drest/Dso,
where dies is the diameter of the puncturing element in the laboratory
test) and S3is a shape factor to account for the difference between the
puncturing element in the laboratory and the soil particles in the field.
Koerner (1998) presents values of S3 as a function of the soil type and
particle shape.

The resistance of the geotextile against tear and impact resistance
must also be verified. The latter mechanism may occur when coarse
base soil particles are dropped on the geotextile layer during
construction. However, this type of mechanism was not simulated in
the experiments described in the present work. One can obtain
information on geotextile specification for impact mechanism in
Koerner (1998). It should be pointed out that in design appropriate
reduction and safety factors must be applied to available and required
strengths.

Due to the relevance of the theme, this paper investigates the
behaviour of nonwoven geotextiles as separators between gravel
material and a fine-grained subgrade soil under cyclic loading, aiming
at improving the knowledge of this type of geotextile function. In the
following sections the methodology employed and results obtained
are presented and discussed.

2. EQUIPMENT AND MATERIALS
2.1 Equipment

The equipment used in the tests consisted of a rigid steel cell, loading
platen, reaction frame and hydraulic and data acquisition systems.
Figure 2(a) shows main characteristics of the equipment used in the
tests and Figure 2(b) presents a view of the equipment during one of
the tests performed. The testing cell has a diameter of 250 mm, with
a total height of 370 mm. The subgrade soil is placed in the bottom
halve of the cell, whereas the base material (100 mm thick) is placed
in the upper halve of the cell. The geotextile separator is installed
between these materials. The internal walls of the cell were lubricated
with double layers of plastic film and oil to minimize friction. A rigid
loading platen was employed to apply the vertical stress on the soils.
A hydraulic cylinder connected to a hydraulic system provided the
necessary load on the platen. The maximum vertical stress used was
equal to 200 kPa and was applied at a frequency of 1 Hz. Similar
testing devices were employed by Hoare (1982) and Nishida and
Nishigata (1994).

The load applied was measured by a load cell and the platen
displacements were measured by three displacement transducers
installed at different point on the platen. The excess pore water
pressure developed in the subgrade soil during testing was assessed
by two pore pressure transducers located at 70 mm and 150 mm below
the geotextile specimen (Fig. 2a). A data acquisition system and a
microcomputer acquired and processed the data from the
instrumentation.
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(a) Characteristics of the equipment used.

Hydraulicfsystem

(b) View of the equipment during one of the tests.

Figure 2 Equipment used in the tests

2.2 Soils

The base material tested consisted of a uniform gravel with soil
particle diameters varying between 5 mm and 25 mm and average
particle size diameter of 14 mm. The base soil layer was compacted
in the test cell by tamping to reach a dry unit weight of 16.4 kN/m?>.
The main base soil properties are summarised in Table 1.

A local fine grained soil was used as subgrade material and its
properties are also presented in Table 1. It can be noted that a much
finer characterization of the soil can be obtained if dispersing agent is
used, which is a typical behaviour for this type of soil. The subgrade
soil was prepared under two different conditions. In the first series of
tests (Medium Subgrade — MS tests) the subgrade material was
compacted with a moisture content of 25% (2% above the optimum
value) using static compaction (in 3 layers). The soil was then
submerged for a period of 5 days before testing to increase its
saturation degree. A degree of saturation of 84% was reached after
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the submersion period. The California Bearing Ratio of the subgrade
soil prepared under such condition was equal to 2%. In the second
series of tests (Very Soft Subgrade — SS tests) a much softer subgrade
material was employed. In this case the subgrade soil was initially
saturated by boiling in deaired water and poured in the testing cell
under saturated conditions, as suggested by Kuerbis and Vaid (1988).
Then, consolidation under self-weight under submerged conditions
was allowed for 7 days, before the loading stage of the test started.

Table 1 Properties of the soils tested

Property Base Soil Subgrade soil
Dio (mm)®) 9.7 0.0031/0.0054?
Dso (mm) 14 0.0075/0.043
Dss (mm) 19 0.025/0.132
Coefficient of uniformity 1.6 3.1/11.3
Soil particle density (kN/m?) 26.64 26.98
Dry unit weight (kN/m?) 16.4 14.6%)
Liquid limit (%) NA 56
Plasticity limit (%) NA 36
Optimum moisture content (%) NA 23
Moisture content (%) 0 35
California bearing ratio (%) - 020
Los Angeles abrasion test (%) 15.6 NA®
Particle shape index 0.6 NA

Notes: (1) D» = soil particle diameter for which n % in mass is smaller
than that diameter; (2) Numbers on the left and on the right are values
obtained in grain size analysis tests with and without the use of
dispersing agent, respectively; (3) In MS tests; (4) Moisture content
in SS tests; (5) Range of variation, depending on the subgrade
preparation procedure used; (6) NA = not applicable.

2.3  Geotextiles

Three nonwoven, needle-punched, geotextiles made of polyester
were used in the tests. The mass per unit area of the geotextiles varied
between 200 g/m? and 600 g/m?. The main properties of the
geotextiles tested are summarised in Table 2. The geotextile products
tested cover a wide range of values of filtration and tensile strength
properties.

Additional information on materials and testing methodology can
be found in Susunaga (2015).

Table 2 Properties of the geotextiles tested

Property GT1 GT2 GT3
Mass per unit area (g/m?) 200 400 600
Thickness (mm) 2.9 3.8 5.9
Filtration opening size (mm)® 0.147/ | 0.130/ | 0.101/
0.083% | 0.076 0.073
Permeability coefficient (cm/s) 0.22 0.22 0.22
Permittivity (s!) 0.76 0.57 0.37

Porosity (%) 93 92 91

Tensile strength (kN/m)® 10.6 13.0 243
Tensile stiffness at 5% strain 17.2 22.2 47.9
(KN/m) ®

Maximum tensile strain (%)% 64 73 67

Grab tensile strength (KN)® 0.8 1.8 2.4

Puncture strength (kN)®) 2.6 5.2 8.0

Burst strength (MPa) © 2.2 4.5 6.0

Notes: (1) From Bubble Point Tests as per ASTM D6767 (Palmeira
& Trejos-Galvis 2017 and Silva 2014); (2) Numbers separated by
slashes are the values of Oos obtained in Bubble Point Tests under
no confinement and under 200 kPa vertical stress, respectively
(Palmeira & Trejos-Galvis 2017 and Silva 2014); (3) From wide
strip tensile tests as per ASTM D4595; (4) ASTM D4632; (5)
ASTM 6241; (6) ASTM D3786.

3. RESULTS OBTAINED
3.1 Settlements of the system

Figure 3 presents results of settlement of the loading plate versus
number of load repetitions (&) for tests without and with geotextile
separator for the medium subgrade soil (MS tests). A total settlement
of the loading plate of 5.5 mm was obtained in the test without
geotextile at the end of the test (N = 150000). In this test the rate of
increase of plate settlement with number of load cycles was
significantly greater up to N = 3000, but still increasing at a rather
constant rate afterwards. On the other hand, the settlements obtained
in the tests with geotextile separator reached their maximum values
(less than 0.46 mm) at the early stages of the tests, remaining constant
afterwards. This difference between results of tests with and without
geotextile separator can be attributed to penetration of base soil
particles in the subgrade soil. The geotextile separator prevented
effectively this mechanism and for the range of displacements
measured differences between results can be considered within the
scatter expected in this type of test.
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Figure 3 Plate settlement versus number of load cycles — MS tests

The results of loading plate settlements versus number of load
repetitions in the case of the very soft subgrade (SS tests) are depicted
in Figure 4. As expected, significantly greater vertical displacements
of the plate were obtained in comparison with MS tests (Fig. 3), with
a value of 52 mm having been reached at the end of the test (N =
15000) without geotextile separator. The settlements in the tests with
geotextile separator in SS tests were also significantly greater than
those obtained in MS tests. A maximum settlement of the order of 40
mm was reached at the end of the tests with geotextile, with some
influence of the geotextile type for values of N up to 50000. Very little
increase in plate settlement in tests with and without geotextile can be
noted after 50000 load cycles. The results in Figure 4 show a
reduction of approximately 25 % in the loading plate settlement for
the tests with geotextile separator, which was also a consequence of
less penetration of base soil particles in the soft subgrade.
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Figure 4 Plate settlement versus number of load cycles — SS tests
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3.2  Excess pore pressures

Figure 5 shows the variation of excess pore pressure (4u) as measured
by the pore pressure transducer (P1) closest to the interface between
base and subgrade soils in MS tests. A sharp increase in Au can be
noted at the early stages of the tests. A similar development of excess
pore pressure was also observed by Bell et al. (1982), Hoare (1982)
and Christopher and Schwarz (2010). The results show reductions in
Au with N at greater rates for tests with geotextile separator than for
the reference test in the initial stages of the experiments, particularly
in the tests with geotextiles GT1 and GT3. Negative values of Au were
obtained in the test with geotextile GT1, but within the range of
accuracy of the measurements. However, the unloading stages of the
test can cause suction in the subgrade soil, yielding to negative pore
pressures, as observed in experimental and numerical studies on fine
grained soils subjected to cyclic loadings under oedometric
conditions performed by Elgohary (1973), Gu et al. (1995), Alobaidi
and Hoare (1998a) and Miithing et al. (2016). In addition, it should
be noted that saturation of the subgrade was not achieved in MS tests,
which certainly influenced the pore pressure generation in this case.
Another limitation to be raised is that the pore pressure transducers
were installed at the cell wall. Although the pore stone was flushed
with the internal cell wall, friction between subgrade soil and pore
stone or even some level of clogging of the pore stone may have
influenced the results obtained. Because of these limitations, the
values of pore pressure measured should be preferably viewed in
qualitative rather than quantitative terms.
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Figure 5 Excess pore pressure at piezometer P1 versus number of
load cycles — MS tests

The values of excess pore pressure measured by the deeper pore
pressure transducer (P2) in MS tests are shown in Figure 6. Again,
greater rates of pore pressure reduction with N can be noted in tests
with geotextile separators. The values of Au remained quite constant
in tests with geotextiles after NV equal to 20000. Excess pore pressure
values measured by P2 were greater than those measured by P1. This
is a consequence of the greater distance of P2 from the top drainage
boundary.

Figure 7 shows the variation of Au with N in pore pressure
transducer P1 in tests with the soft subgrade soil (SS tests).
Significant pore pressure reductions can be noted up to N equal to
20000 in tests without and with geotextile, with negative values being
observed in the tests with geotextiles (low in modulus for GT2 and
GT3) since the early stages of the tests. Some considerations on these
patterns of pore pressure variation can be made. Firstly, faster pore
pressure reductions would be expected due to the proximity of
transducer P1 to the drainage boundary. Bell et al. (1982), Hoare
(1982) and Nishida and Nishigata (1994) observed similar fast
dissipations of excess pore pressures close to the geotextile layer.
Secondly, as can be noted in Figure 4, because of the large settlements
of the base material in SS tests the distance between the pore pressure

transducer and the base-subgrade soil interface decreased
significantly already at the earlier stages of the test (N < 20000). It
would be expected the reduction in this distance to be more influential
in the case of geotextile GT1, due to its low tensile stiffness and
strength, which would favour gravel particles of the base soil to
penetrate deeper in the subgrade soil. Base soil particles penetrating
deeper in the soft subgrade close to the pore pressure transducer can
influence the value of excess pore pressure, as also observed by Hoare
(1982). In addition, the penetration depth of an intruding base soil
particle into the subgrade close to P1 can be more intense in one test
than in another. It can be noted in Figures 4 and 7 that the reductions
in Au with N at greater rates for N up to 20000 are consistent with the
more significant plate settlements at that stage of the tests. The
influence of other aspects on pore pressure measurements, as
mentioned earlier in this paper, cannot be ruled out either.
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Figure 6 Excess pore pressure at piezometer P2 versus number of
load cycles — MS tests
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Figure 7 Excess pore pressure at piezometer P1 versus number of
load cycles — SS tests

The variation of excess pore pressure in pore pressure transducer
P2 with the number of loading cycles in SS tests is presented in
Figure 8. As in the MS tests, the presence of the geotextile at the base-
subgrade interface reduced more significantly the values of Au
measured by the deeper pore pressure transducer. Similar patterns of
pore pressure development under cyclic loading were obtained by
Overy (1982), Gu et al. (1995), Alobaidi & Hoare (1996, 1998a and
1998b) and Gebretsadik (2012).

Figures 5 to 8 show that the three geotextiles tested reduced the
pore pressures in the subgrade soil. However, because of the
aforementioned limitations regarding pore pressure measurements
under the conditions of the tests, the results in these figures do not
allow a proper identification of the geotextile that most effectively
reduced the pore pressures.
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Figure 8 Excess pore pressure at piezometer P2 versus number of
load cycles — SS tests

3.3 Impregnation of the geotextile and of the base soil

The mass of the particles from the subgrade soil that impregnated the
geotextile separator at the end of the test was measured. Figure 9
shows the results obtained in terms of impregnation level (4) of the
geotextile, defined as the mass of soil particles entrapped in the
geotextile divided by the mass of geotextile fibers. The values of 4
varied between 0.44 and 0.8, depending on the geotextile considered
and were higher in SS tests, due to the soft nature of the subgrade soil
in this case. The thicker (and less open) the geotextile the smaller the
impregnation level, because less particles are capable of intruding the
pores of geotextiles with smaller values of filtration opening size.
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Figure 9 Impregnation levels of the geotextiles

The fraction of geotextile open voids at the end of the test can be
estimated as a function of its impregnation level and physical
properties by the following equation (Palmeira et al. 2010):

FOV:I-g (=2)a (5)

Where FOV is the fraction of geotextile open voids, pr is the density
of the geotextile fibers, ps is the density of entrapped soil particles, n
is the geotextile porosity and A is the geotextile impregnation level.

A realistic value of n to be used in equation 5 must be that for the
geotextile under the vertical stress used in the tests. Figure 10 shows
the variation of n with vertical stress obtained in one dimensional
compression tests on the geotextiles used in the experiments reported
in this paper. It can be note that for the maximum vertical pressure
employed in the tests (200 kPa) the geotextile porosity varies between
0.78 and 0.82, depending on the geotextile considered. Using the
values of n obtained in the compression tests, FOV values can be
calculated (equation 5) and are presented in Figure 11. This figure
shows that after 150000 load cycles the fraction of open voids of the
geotextile separator remained considerably high (between 89% and
94%).
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Figure 10 Geotextile porosity versus vertical stress
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Figure 11 Geotextile fraction of open voids

Figures 12(a) and (b) show images of the base soil at the end of
tests without geotextile on medium and soft subgrades, respectively.
Significant contamination of the gravel material with fines from the
base soil can be noted in both cases, but with a much more severe
contamination in the test with the soft subgrade. The values of mass
of the subgrade soil impregnating the base soil per unit area in MS
and SS tests were equal to 2241 g/m? and 7130 g/m?, respectively. As
expected, a greater value of mass of impregnating particles per unit
area was observed for the soft subgrade. The contamination of the
base material in tests with geotextile separator was negligible, as
shown in Figure 12(c), which confirms that all 3 geotextiles used
performed well as separators. Negligible intermixing between base
and subgrade soils was also observed in full-scale tests reported by
Tsai et al. (1993) using different nonwoven geotextiles than the ones
tested in the present paper.

3.4  Geotextile strength reduction

Wide strip tensile tests were performed on the geotextile specimens
after the tests. Figure 13 show results of tensile strength before and
after the tests under repetitive load for specimens tested on different
subgrade conditions (MS and SS tests). It can be noted that after
150000 load repetitions significant strength reduction was observed
only for the lighter geotextile (GT1) on soft (SS) subgrade. Tests on
medium subgrade did not produced significant geotextile tensile
strength reductions.

3.5 Assessment of requirements for geotextile separators

Equations 1 to 4 can be used to evaluate the capability of the
geotextiles tested as separators for the conditions of the tests
performed. The verification of the requirements expressed by those
equations is presented below.
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(b) Test with soft subgrade (SS test)

(c) Test with geotextile GT2 (SS test)

Figure 12 Images of the base soil after the tests
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Figure 13 Geotextile tensile strength before and after the tests

3.5.1 Geotextile retention capacity

Figure 14(a) shows the ratio O¢s/Dss for the geotextiles tested for
values of Dss obtained in grain size analysis tests without the use of
dispersing agent and for values of Oys obtained in bubble point tests
on unconfined geotextile specimens (Palmeira and Trejos-Galvis
2017). It can be noted in that figure that none of the geotextiles
satisfied the criterion Ovs/Dss < 0.5 (Holtz et al. 1997).

It could be argued that under cyclic loading the subgrade particles
would be pushed against the geotextile filter under confined
conditions, i.e., under varying vertical stresses that would reach the
established maximum value of 200 kPa. Under such conditions, the
value of O¢s would be smaller than that obtained under unconfined
conditions. Taking this into account, Figure 14(b) shows values of the
ratio Ogs/Dss with Ogs obtained in bubble point tests with the
geotextile specimens subjected to a vertical stress of 200 kPa (Silva
2014, Palmeira and Trejos-Galvis 2017). Even under these conditions
the values of Ovs/Dss were still slightly above the 0.5 limit, varying
between 0.55 and 0.63. Had the results of grain size analysis using
dispersing agent been used in these calculations the values of Ogs/Dss
would be significantly higher than those depicted in Figure 14, as
shown in Table 3 for Ogs measured under unconfined conditions. The
results obtained and the negligible contamination of the base material
by fines from the subgrade in tests with geotextile suggest that the
retention criterion used may be quite conservative for conditions
similar to those of the tests reported in this paper.
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Figure 14 Geotextile retention criterion evaluation
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Table 3 Required and available mechanical properties
for separation

Test Available value®®

Required GT1 GT2 GT3
value()

Filtration <0.5 5.9/1.10) 5.2/0.98 4.0/0.77

(FOS/Dss)

Grab tensile 2.2 800 1800 2400

test (N) (364H)® (818) (1091)

Burst strength 0.031 2.2 (71) 4.5(145) | 6.0 (194)

(MPa)

Puncture force 0.034 2.6 (76) 5.2 (153) | 8.0(235)

(kN)

Notes: (1) No reduction or safety factors considered; (2) See Table 2;
(3) Numbers on the left and on the right are values calculated using
results from grain size analysis tests with and without dispersing
agent, respectively, and for geotextile under unconfined conditions;
(4) Numbers in parentheses are the ratios between available and
required values.

3.5.2 Geotextile mechanical properties
Tensile strength

The mobilized tensile force in the geotextile can be estimated by
equation 2. According to Koerner (1998), the value of the void
diameter in the base soil can be assumed as one third of its average
particle diameter. Adopting a ratio between geotextile penetration and
void width of 0.4 leads to a value of f{g) equal to 0.51 (Giroud 1984).
Thus:

T=p'd>f(e)=200x(0.014/3)>x0,51 = 0.0022 kN

According to Table 3 the calculated required tensile force is much
smaller than the available tensile strength of the geotextiles obtained
in grab tensile tests. This table also presents the ratio between
available and required tensile strengths, which shows that the former
is 364 to 1091 times greater than the latter, depending on the
geotextile considered. Even if lager values of dy and f{¢) were used
above, the mobilized tensile force would still be considerably smaller
than the available tensile strength for all geotextiles tested.

Geotextile burst strength

The required burst strength can be estimated by equation 3:

p'd,  200x(0.014/3)
d 0.030

=31.1kPa =0.031MPa

b, =

The values of the burst strength of the geotextiles tested are also
significantly greater than the required value, ranging from 71 to 194
times the latter value, as shown in Table 3.

Geotextile puncture force

Using equation 4 with S; equal to 0.4, drs equal to 50 mm (ASTM
6241) (S2 = dies/Dso = 50/14 = 3.57) and S; equal to 0.6 (value for
crushed rock particles, as per Koerner 1998) yields to:

F, = p'D3S,S,S, =200x0.014* x0.4x3.57x0.6 = 0.034kN

Again, the results in Table 3 show that the puncture strength of
the geotextiles tested are 76 to 235 greater than the required value.

The values of ratios between available and required parameters
presented in Table 3 exceed by far the product of reduction factors
and factors of safety commonly used in practice. Thus, even the
lighter geotextile (GT1) tested would be considered appropriate as a

separator for the conditions of the test, but bearing in mind its
significant reduction in tensile strength (Fig. 13). However, one
should also bear in mind the maximum number of load repetitions
reached in the tests (N = 150000). It should be pointed out that under
field conditions the effects of impact forces and geotextile
degradation mechanisms should also be taken into account, which
were not considered in the present study.

Based on the calculations above, the retention criterion was not
satisfied by the geotextiles used in the research programme reported
in this paper. Nevertheless, all geotextiles performed well as
separators, avoiding the contamination of the base soil. These results
suggest that the retention criterion employed may be quite
conservative.

4. CONCLUSIONS

This paper presented a study on the behaviour of nonwoven
geotextiles as separators. The main conclusions obtained are
summarized as follows.

The vertical displacements of the tests without geotextile were
considerably higher than those where geotextile separator was used,
particularly in the tests with the soft subgrade. This was a
consequence of greater penetration of the base material particles in
the subgrade.

Despite the complexity of the pore pressure generation under
cyclic loading and difficulties in the measurements conducted due to
the characteristics of the apparatus used, the results showed that the
presence of the geotextile significantly accelerated the dissipation of
excess pore pressure generated during the tests close to the base soil-
subgrade interface.

All three geotextiles tested performed well as separators. Severe
impregnation of the base soil was observed in the tests without
geotextile, confirming the need of the latter as separator in this type
of work. The amount of base soil particles that intruded in the
geotextile voids was small, with 89% to 94% of open voids remaining
at the end of the tests, depending on the geotextile and subgrade
condition considered.

Significant reduction of tensile strength of the geotextile after the
tests was observed only for the test with the lighter geotextile and the
soft subgrade. However, no holes or cuts were visible in the geotextile
specimens after the tests and the tensile strength reduction did not
compromise the separation performance of the lighter geotextile.

The design of geotextiles as separators in road pavements and
railway tracks is still a complex task. Therefore, further research is
needed under laboratory and field condition for improvements in the
design of geotechnical works using geotextile separators.
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