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Geosynthetic-reinforced granular materials
Matériaux granulaires renforcés de géosynthétiques

D.GORLE, Belgian Road Research Centre, Brussels, Belgium
M.THIJS, Belgian Road Research Centre, Brussels, Belgium

SYNOPSIS : New, high performance geosynthetics were used to improve the behaviour of granular materials in low defor-
mation road structures. On the basis of the results of model tests with prestressed geosynthetics and laboratory tests
with granular materials either confined by geotextiles or reinforced with short fibres, it was shown that confinement, and
especially fibre reinforcement, lead to a considerable improvement of the mechanical properties of these materials. The
tests indicated an increase of their modulus of elasticity and their shear resistance (angle of internal friction, cohesion),

capable of transforming the properties of a clean sand into those of a crushed stone layer.

1.INTRODUCTION.

materials are
construction as base and

Coarse-grained noncohesive
important in road

subbase materials. Their behaviour depends
strongly on their density and the confining
stress (Barksdale 1972, Seed 1965, Descornet
1977). When used on soft soils, geotextiles, or

more generally geosynthetics, may he very useful
to separate them from the soil and thus prevent
contamination. For many road bases, subbases,
or even roads for construction traffic, the
allowed deformations are too small to stress the

geotextiles sufficiently in order to make an
affective contribution to the stress
distribution.

In recent years new geosynthetics have been
developed with higher moduli, higher strength
and smaller elongation at failure. This creates
new possibilities to improve the behaviour of
granular materials, the following of which are
examined in this paper

- prestressing geosynthetics,

- confining granular materials by geotextiles,
- reinforcing granular materials by fibre
inclusions.

2. MODEL TESTS WITH PRESTRESSED GEOSYNTHETICS.

2.1. Selection of model test parameters.

2.1.1. Test methads.

To study the effect of prestressed geosynthetics
in a two-layer model (soil-granular material),
the plate-bearing test (BRRC 1978) has been
selected. The plate with an area of 750 cm? was
used.

During the test, soil strain was measured by a
cluster of free floating soil strain gauges
(Selig 1975) installed in the so0il and in the
granular layer of the model. The development of
horizontal soil stresses just above the level of
the geosynthetic was measured by electric soil
pressure gauges. The prestressing and anchoring

forces of the geosynthetic were measured in two
orthogonal directions by means of digital
dynamometers. A possible shift of the moisture
contents of both layers was monitored by a
nondestructive method based on the time-domain
reflectometry principle and developed at the
Belgian Road Research Centre (Ledieu 1986).
Settlements of the geosynthetic or soil surface
were checked by topographical measurements
during the construction of the model and after
completed testing. The bearing capacities of
the soil and the sand layer were estimated
during the construction of the model and after
completed testing by means of a light dynamic
penetrometer, using experimental relations with
the Californian Bearing Ratio (CBR value),
(BRRC 1978).

2.1.2. Model geometry.

An overall view of the test model is shown in

figure 1.

The horizontal dimensions of the model are 2 m
by 2 m. The layer thicknesses were 0.15 or 0.30m

for the granular material and 0.40 m for the
soil.
2.1.3. Geosyntherics.

For the models with sand as a granular material,
only a woven polyester geotextile (tensile
strength 66 KN/m) was used. The models w%with
crushed 1limestone were v=inforced hy either the
same dJeotextile or a geogrid (tensile strength
32 and 18 KN/m).

2.1.4. Soil and granular materijials.

The selected soil was a loam, typical of the
central part of Belgium. The loam was compacted
at moisture contents and to a density to obtain
CBR values between 3 and 6 %.

A natural sand meeting the Belgian
specifications for draining layers (MPW, 1982)
was used for the tests. The sand was compacted
at its optimum moisture content, to obtain
CBR values arnund 10 % (0.30 m layer) and 6 %
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2.1.5. Anchoring and prestressing procedures.

Special clamps were made for anchoring or
prestressing the geosynthetics, as shown in
figure 1. The chosen procedure of prestressing
was with internal anchoring of the
geosynthetic. Prestressing forces varied
between 15 kN/m (0.30 m 1layer, one direction
prestressing) to 10 kN/m  (0.30 m, two
directions) and 8 kN/m (0.15 m, two directions).

2.2. Test results.

The results of 3 series of plate-bearing tests
and some additional information on the bearing
capacity and settlements of the subsoil,
settlements of the granular layer and maximum
plate stress, are summarized in table I.

Releasing of the anchorage of the prestressed
geosynthetic resulted in a horizontal confining
stress of maximum 20 KkPa building up in the
granular material. During the test no
significant need for anchoring force was
measured at the limits of the model.
With the 0.30 m sand 1laver, failure occurred

systematically in the sand, while with the 0.15m

sand and crushed stone layers, failure
generally occurred in the subsoil. Figure 2
represents the development of vertical strains

in the sand and the upper part of the subsoil,
for a model test with 0.15 m sand and biaxially
prestressed geotextile (Fx = Fy = 8 kN/m).

2.3. Conclusions.

For 1low deformation soil-sand systems (CBR of
soil between 3 and 6 %), the prestressing of
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anchoring 1lengths of 0.5 to 1 m are sufficient.
The wuse of geosynthetics with crushed stone
layers does not seem effective in low
deformation systems. The prestressing of
geosynthetics demes not seem to be economically
justified on the basis of these results,
considering the rather complicated prestressing
procedure in full scale application.

3. LABORATORY TESTS ON
REINFORCED MATERIALS.

CONFINED AND FIBRE

For road
noncohesive

applications, the behaviour of
coarse grained granular materials
can be adequately descrihed by a nonlinear
resilient modulus depending on the confining
stress and the evolution of the total axial
strain as a function of the number of load
repetitions (Barksdale 1972, Seed 1965,
Descornet 1977).

Starting from this behaviour, and from the same
point of view, the influences of confining
stresses created by geosynthetics and
reinforcement by synthetic fibres were examined.

The tensile strengths of the geotextiles used in

this study cover a wide range: between 29 and
200 kKN/m. The elongation at failure varies from
11 to 25%. Two tvpes of polymers, polyester and
polypropylene, with very different mechanical
properties, were tested.

Two different granular materials were
considered: a coarse uniform sand (0/2 mm) and

a well graded crushed stone (limestone 0/20 mm).

The angles of internal friction of the sand and
the ecrushed stone were respectively 35.7° and
45.3° at densities of resp. 1.64 and 2.15 t/m?.
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Figure 1. Overall view of the model

3.1. Triaxial tests on qranular materials

confined by geotextiles.

The test method has been described
1988. Cylinders of geotextile fabrics with
diameter 20 cm and height 25 cm, or diamefer 32
cm and height 32 cm for the tubular geotextiles,
are filled with the granular material, which is
compacted in several layers. The samples are
then placed under a press and repeatedly
vertically loaded and unloaded. These cycles are
repeated with increasing stresses. The vertical
stresses and vertical and radial strains are
recorded.

by Gorlé,

The confining stresses oo can be estimated from
the measured strain of the geotextiles and their
stress-strain characteristics.

A resilient modulus E of the samples can be
calculated after a sufficiently high number of
cycles, from the reversible strain.

The results of the tests aAre summarized in
figure 3, in which the elasticity moduli of
cylinders of sand and different types of
geotextiles are plotted against the confining
stress.

For the tubular weavings, whers no problem of
joints exists, the tensile stresses obtained
were very close to the tensile strengths of the
geotextiles with, however, a larger dispersion
for the coarse materials. This dispersion can be

explained by the higher 1local stresses, for
example at the sharp corners of the stones. It
was also demonstrated that the method of

compaction can have an important influence,
depending on whether the geotextile is
prestressed or not.

given granular material, the vertical

at failure and the elasticity moduli
increase with the tensile strength of the
geotextile. Swmaller elongation of the
geotextile at failure gives a better
performance of the system: for the crushed staone
mixture as well as for the sand (see figure Z)
the HE200/45 geotextile gave, at the =zame
confining stress, a much larger increase of the
modulus. This 1is due to a better compatibility

For a
stresses
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Figure 3. Resilient modulus of cylinders of sand and
different geotextiles against the confining stress

of the stress-deformation characteristics of the
textile and the granular material, and shows the
necessity of developing fabrics with high
strength and small elongation at failure.

reinforced

3.2. Tests on_ dranular materials

with svnthetic fibres.

To demonstrate the influence of svnthetic fibre
inclusions on granular materials, mixtures of
the sand with high and low modulus tapes were
tested under triaxial conditions.

The mixtures of sand and fibres are subjected
to consclidated and drained triaxial tests,
which allow to study the influence of the fibres
on the internal friction characteristics.

The results are summarized in figures 4 and 5.
They show considerable improvement in the angle
of internal friction, the cohesion and the
elasticity modulus of the granular materials
with, however, larger deformations. For a same
number of fibres per unit volume, the high
modulus tapes (HM) gives a Dbetter performance
than the low modulus tape (MM), as illustrated
in figure 4.
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3.3 Conclusions

The behaviour of granular materials confined by
geotextile fabrics depends on many parameters
such as the geometry of the confining structure
and the characteristics of the granular
material, and depends strongly on the properties
of- the geotextile. Geotextiles with a higher
modulus, higher tensile strength and lower
susceptibility to creep and relaxation are
more compatible with granular materials and
perform better.

Geotextiles with tensile strenghts of the order
of 30 KN/m can already increase the resilient
modulus of a sand to values obtained for crushed
stone without geotextiles.

The tests on granular materials reinforced with
short synthetic fibres show a considerable
influence on the cohesion, the angle of internal
friction and the modulus, depending not only on
the amount of the fibres but also on their
nature and their dimensions in relation to the
pore size distribution of the granular material.
Even a small amount of fibres (e.g. 0.45 %) is
enough to substantially increase the resilient
modulus of the granular material.

4. PERSPECTIVES FOR FURTHER RESFARCH.

Prestressed geosynthetics do not seem to open
real perspectives for economically justified
full scale applications with granular materials
in road construction. Confinement, and
especially short fibre reinforcement of these
materials have been very effective in increasing
their mechanical performance, while their
technological feasibility 1is much greater.
Further research will focus in the first place
on fibre reinforcement techniques, which are the
best suitable for application in continuous road

layers. Research has to deal with fibre
geometry optimization, mix design, mixing and
compaction techniques, while a more precise

knowledge of the constitutive characteristics of
the composite material has to be obtained.
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