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ABSTRACT

Fine soil improvement through the inclusion of randomly distributed discrete elements, such as fibers, has
recently attracted more attention in the geotechnical engineering community. Consequently, the purpose of this study is to
investigate the influence of soil compaction conditions on the shear strength and volume change of elastic silts reinforced
with glass fiber experimentally. A series of unconfined compressive strength and free swell tests were conducted on
unreinforced and reinforced elastic silts specimens. The fiber content in the tests varied between 0.25% and 1.0% by
weight of dry soil. The test results revealed that the inclusion of fibers in soil significantly increases the unconfined
compressive strength. Furthermore, little inclusions of the fibers were able to eradicate the undesired volume change occur
during wetting of elastic silts and partially eliminate the dependent of soil strength on seasonal water variation which is

extremely important for subgrade soil.
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1. INTRODUCTION

Fiber-reinforced soil is one of the best choices
when it comes to the application of soil veneer or localized
repair of failed slopes. The fiber-reinforced soil not only
has the ability to take an irregular shape, but it also
eliminates the anchorage requirements for the repair of
failed slope. Landfill covers closed to the atmosphere
without sufficient protections are prone to damage from
desiccation [1, 2]. Thus, fiber-reinforced soil introduced
into the landfill covers will prevent such damage through
tensile failure [3]. Furthermore, randomly distributed fiber
inclusions, either synthetics or natural fibers, incorporated
into soils mass improve their mechanical behavior (e.g.,
[4-11] There are many types of synthetic fiber currently in
use, such as Polypropylene, Polyester, Polyethylene,
Nylon, Steel, Polyvinyl alcohol, and Glass fibers. The
inclusion of glass fibers in silty sand soils was effectively
used to improve peak strength [12, 13]. Furthermore, the
inclusion of glass fiber in cemented treated soil increased
the deviatoric stresses and increasing stiffness of the soil
samples [13]. The use of glass fiber was found to increase
the unconfined compressive strength (UCS) of
kaolinite/fiber soil composite. The addition of 1% to 4%
of glass fiber to cement-treated sand resulted in an
increase of (UCS) by 50% compared with non-reinforced
samples [14]. Moreover, the addition of roving, fiberglass
threads, between 0.10% to 0.2% by weight, to
cohesionless soils increased the soil cohesion between 100
and 300 kN/m” [15]. Lastly, Lovisa et al. ( 2010) benefits
of the addition of glass fibers to sandy soil. The results
indicated that the addition of 0.25% was able to introduce
an apparent cohesion intercept to dry sand and remain
unchanged with increasing water content after that.

Numerous articles demonstrate the benefits of
adding different fiber to soils, but very few authors have
studied the effect of water content and to the best
knowledge of the authors the effect of initial placement
density [17]. Furthermore, with repair slope subjected,
especially in the semiarid region, to intermittent or
prolonged rains, the treated expansive soil may have
exposed to volume increase; consequently, the soil density
may reduce, which will affect the available shear strength.
This reduction in shear strength may jeopardize the
stability of the slope. Hence, in this paper, the inclusions
of glass fibers in the fine soil of elastic silts and the impact
of dry density and water content on selected properties of
reinforced soil will be investigated experimentally. The
study will include the effect of glass fibers addition at
different compaction conditions on  unconfined
compression strength, soil suction, and the volume change
through the free swell.

2. MATERIALS AND EXPERIMENTAL PROGRAM

2.1 Materials

The fine soil used in the present study was
obtained from the Azraq Basin in Jordan. The sample was
collected by manual excavation in a disturbed state
condition. In order to characterize the Azraq soil, grain
size distribution(ASTM D422 2007), specific gravity [20],
and Atterberg limit [20] tests were performed. Table-1
shows the physical properties of the soil. Scanning
Electron Microscopy (SEM) was conducted on soil sample
to investigate the soil microstructure (Figure-1). As it can
be seen from Table-1 Azraq soil is a fine-grained soil with
a liquid limit of 86%, a plasticity index of 45%, a fine
portion percentage of 95%. Therefore, Azraq soil is

2431


mailto:srrababah@just.edu.jo

VOL. 15, NO. 21, NOVEMBER 2020

ARPN Journal of Engineering and Applied Sciences

©2006-2020 Asian Research Publishing Network (ARPN). All rights reserved.

ISSN 1819-6608

www.arpnjournals.com

classified according to the Unified Soil Classification
System [21] as an Elastic Silts (MH). Moreover, the
standard compaction tests according to [22] were
performed on the soil. As it can be seen in Figure-2, the
maximum dry density is 1340 kg/m’ and the optimum
water content is 33%.

Sample

Figure-1. SEM for natural prepared soil.
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Figure-2. Soil density moisture content relationship curve for Azraq clay.

The used Discontinuous Synthetic Fiber was the
glass fibers of the following physical and mechanical
properties as provided by the manufacturer: Density: 2500
kg/ m3, Tensile strength: 300 MPa, Elongation at break:
3%, specific gravity: 2.7, no water absorption <<1% and

length of single yarn is 30 mm and an aspect ratio of 300.
Figure-1b shows the used fiber as received from the
supplier. Lastly, distilled water was used for molding
specimens for all tests carried out during this study.
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Table-1. Soil physical properties.

Soil Properties Standard Value
Grain size analysis ASTM D422 and ASTM D1633
Gravel (%) 0.0
Sand (%) 5.0
Silt (%) 31
Clay (%) 64
Liquid limit (%) ASTM D4318(2010) 86
Liquid limit, oven dry (%) ASTM D4318(2010) 81
Plastic limit (%) ASTM D4318 (2010) 41
Plasticity index (%) 45
Specific Gravity ASTM D854 (2014) 2.76
PH ASTM D4972 (2013) 6.4
Standard compaction test ASTM D698 (2012)
Maximum dry density (kg/m®) 1340
Optimum water content (%) 33

2.2 Methods

To study the effect of both the dry density and
water content on the UCS, five soil compaction points
were chosen, as shown in Table-2. The chosen points were
determined after a series of compaction tests were

conducted to examine the effect of fiber content in
maximum dry density and optimum water content. The
results indicate, for this type of fiber, that its inclusion has
a negligible effect on the maximum dry density and
optimum water content.
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Table-2. Experimental test conducted at chosen soil compaction points.

Soil Compaction | , = o nciy (kg/m) | wer | FCY, % | ucst | Fst | st
Points
Al 1250 22% 0.0 \ \ \
A2 1250 33% 0.0 \ \ \
A3 1250 40% 0.0 \ \ \
A4 1400 33% 0.0 \ \ \
A5 1340 33% 0.0 \ \ \
Al 1250 22% 0.25 \ \ \
A2 1250 33% 0.25 \ \ \
A3 1250 40% 0.25 \ \ \
A4 1400 33% 0.25 \ \ \
A5 1340 33% 0.25 \ \ \
Al 1250 22% 0.50 \ \ \
A2 1250 33% 0.50 \ \ \
A3 1250 40% 0.50 \ \ \
A4 1400 33% 0.50 \ \ \
A5 1340 33% 0.50 \ \ \
Al 1250 22% 0.75 \ \ \
A2 1250 33% 0.75 \ \ \
A3 1250 40% 0.75 \ \ \
A4 1400 33% 0.75 \ \ \
A5 1340 33% 0.75 \ \ \
Al 1250 22% 1.00 \ \ \
A2 1250 33% 1.00 \ \ \
A3 1250 40% 1.00 \ \ \
Ad 1400 33% 1.00 \ \ \
A5 1340 33% 1.00 \ \ \
*water content; § Fiber Content; ¥ Unconfined Compressive Strength; L Free Swell; § Soil
Suction

The sample preparations used in this study started
with hand mixing the dry soil and water; after that, the GF
was added. The specimens were compacted in three layers
into a 100 mm diameter by 200 mm high mold to achieve
the desired density, as indicated in Table-2. The UCS tests

were carried out according to [23] in a strain rate control
test with an axial strain rate of 1.0 mm/ minute. A tested
specimen at different stages of testing until failure is
shown in Figure-3.
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(c) At the beginning
of failure

(d) At the failure
(end of test)

Figure-3. UCS specimen from preparation to failure for compaction point AS.

For the Free swell tests (FS), five soil compaction
points were chosen, as indicated in Table-2. The specimen
was molded directly into an oedometer ring and was
statically pressed to achieve the required initial density.
The specimen was then mounted into an oedometer device
and inundated with distilled water and allowed to swell
freely without any surcharge load, which is slightly
modified from ASTM D4546 (2014).

There are many methods that can be used to
measure the matric suction; however, it was found that the
most suitable technique is the contact filter paper method
because of the laboratory conditions and the nature of the
soil-fiber mixture. The ASTM D5298 (2010) - Standard
Test Method for Measurement of Soil Potential (Suction)
using Filter Paper was followed to measure the matric
suction for different percentages of the mixture at different
water contents.

For soil suction tests (SS), five soil states were
chosen as shown in Table-2. The samples were prepared

according to ASTM D5298 (2010). In which a pair of soil
disks specimen were molded in the required state. Three
stacked of filter papers were laid between the two soil
disks while the other two filter papers were placed on a
screen above the top disk. The filter paper used was
Whatman No. 42. The samples then placed in an airtight
container for seven days “to allow sufficient time for the
vapor pressure of pore-water in the specimen, vapor
pressure of pore water in the filter paper, and partial vapor
pressure of water in the air inside the container to reach
equilibrium” [25].

3. RESULTS

The maximum dry density and the matching
optimum moisture content for the elastic silts samples
modified with different percentages of glass fiber
inclusions are shown in Figure-4. As the figure shows, the
increase in glass fiber content has no significant impact on
both maximum dry density and optimum moisture content.
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This is occurred because of the little amount added of fiber
by weight and the higher specific gravity of the soil
materials, G=2.76, compared to the Glass fiber, G,=2.7.
However, these results of this fiber in contrary to the

finding of other fibers such as sisal or propylene fiber
where the aspect ratio of the fiber is higher, where both
maximum dry density and optimum water content altered
notably by their additives [17].
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Figure-4. Effect of fiber content on maximum dry density and optimum water content.

A series of UCS was conducted on modified and
non-modified soil specimens. Figure-5 shows a typical
resulted from UCS for a modified specimen with different
inclusion of FG at a compaction point A4. It can be
observed that the FC content has a great effect on the
strength and axial strain at failure of the specimens. The
UCS increased substantially across all amounts of fiber
content added. The presence of GF in soil resulted in an
encapsulated soil cluster between the yarn that, in turn,
increases the internal confining pressure within the soil
specimen and therefore increases the overall strength of
the treated soil. The maximum increase in UCS was at 1%,
while the highest axial strain at failure achieved was
obtained at 0.50% fiber content.

UCS, kPa

0.02 0.06 0.08 0.1

0.04
Axial Strain, %

Figure-5. UCS test results for different FC at state A4.

One-dimensional swell tests were performed in
an oedometer apparatus on remolded elastic silt specimens
for both unreinforced and glass fiber reinforced conditions
to study the effect of fiber inclusions on the free swell.
The effect of the fiber content in free swell at different soil
states was studied. The free swell method conducted
allows the sample to absorb water freely until the heave is
seized. This method employed previously in the analysis
the effect of Nylon fiber, by Phanikumar and Singla
(2016), and Palmyra fiber, by Al-Akhras et al. (2008), on
the volume change of high expansive soils.

Even though the current fine soil considers low
activity (A=0.7) according to Skempton (1984)
designation, it undergoes large swell potential according to
Seed and Lundgren (1962) and as it can be seen from
Figure-6. It is clear from Figure-6(a) that the soil sample
compacted at the dry side of the optimum produced higher
swelling potential compare with the samples compacted at
the wet side of the optimum (23.2% cf. 11.5%). This
behavior matches well with the behavior of fine-grained
soil of high activity, since they have a greater deficiency
of moisture, and therefore have a greater propensity to
suck and adsorb moisture. Furthermore, for the samples of
fixed moisture content, Figure-6(b), as density increases
free swelling decreases; since all samples are in
flocculated fabric condition, the less density sample has
the ability to swell more due to fewer obstacles in the
direction of volume change.
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Figure-6. Free swelling (A) at initial dry density of 1250 kg/m3 (B) at molded moisture content wc=33%.

4. DISCUSSIONS

4.1 Effect of the Fiber Content and Compaction on
UCS

The effect of molded water content in UCS of
fiber treated soil at a given density of 1250 Kg/m’ is
shown in Figure-7. It is a well-known fact that an increase
of molding water content at a given density will reduce the
UCS. For a given dry density of 1250 kg/m’, the inclusion
of fiber at a water content of 22% was able to increase the
UCS 76.2%, 117.3%, 174.4% and 224.7% for fiber
content of 0.25%, 0.50%, 0.75% and 1.0% respectively.
While for the same density, 1250 kg/m® and water content
of 33% was able to increase the UCS 32.6%, 65.1%,
147.7%and 332.2% for fiber content of 0.25%, 0.50%,
0.75% and 1.0% respectively. Comparing samples tested
in the same density but with different water percentages

(22% and 33%), fiber was able to enhance the UCS
regardless of its percentage, and the maximum decrease of
UCS with respect to the variation of water content was at
0.75% of fiber content. Similar trends were also found by
Patel and Singh (2017) in their study of adding GF to low
plastic clay (CL). Moreover, the effect of FC on the strain
at maximum UCS for the soil molded at different water
content and density of 1250 kg/m3. It is clearly shown that
the fiber content of 0.5% gave the highest strain at failure
for the water content of 33%, which in return will provide
the best axial strain at failure for soil modified at this
water content. While for the water content of 22%, the
strain at maximum UCS has its maximum at 0.25% fiber
content with little variation up to 0.75% fiber content, then
decreases. Therefore, a little dose of this fiber, 0.25%, will
able to increase the ductility of this soil, which is required
in case of patch repairing of slopes.
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Figure-7. Effect of molded water content in the UCS of fiberglass- improved soil,
at p, =1250 kg/m*

The effect of density at a fixed molded water
content of 33% is shown in Figure-8. As it is expected, as
dry density increases, the UCS increases at the given water
content regardless of the amount of GF in the sample,
either it is zero content or any percentile of fiber
inclusions. This result conforms with the rate process
theorem [31], which demonstrated that the number of
interparticle contacts per unit area of soil cross-section, in
other words, the density, is the most important single
factor influencing unconfined compressive strength.
Furthermore, as the amount of fiber content added, more
contacts/ obstacles are anticipated and needed to be
overcome in the same shearing plane; thus, the UCS in
return will increase. Moreover, the increase of GF content
increases the UCS in a significant amount. It increases the
UCS from 13.96 kPa, at zero fiber content, up to 60.35

kPa, at the fiber content of 1% of the molded density of
1250 kg/m3 (i.e., 332.3% increased). Furthermore, the
UCS increase from 27.59 kPa at zero fiber content up to
153.40 kPa at the fiber content of 1% of the molded
density of 1400 kg/m3 (i.e., 456.0% increased).

Moreover, Figure-8 also shows the effect of
initial dry density at a fixed molded water content of 33%.
From this figure, it is apparent that adding GF will
increase the axial strain at failure of almost equal amount
in low at until 0.5% fiber content. Moreover, at an initial
dry density of 1250 kg/m® and a molding water content of
40%, the specimens were hard to remove from the
preparation molds, and if any specimen removed it was
highly deformed, and thus at this low density and a high
amount of water contents, a chemical treatment 1is
preferred over the addition of fibers for fine soil.
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Figure-8. Effect of dry density in the UCS of fiberglass - improved soil at
Water content = 33% and dry densities as shown in the legend.

4.2 Effect of the Fiber Content and Compaction on moisture states. Figure-9 a, b, c, d, and e clearly show that
the Free Swell even with a small percentage of fibers, the free swelling
Figure-9 shows the effect of adding different decreased significantly.
percentages of fiberglass to fine-grained soil at different
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Figure-9. Free swelling results (a) compaction point Al (b) compaction point A2 (c) compaction
point A3 (d) compaction point A5 and (e) compaction point A4.

This could be attributed to the effect of knitting
of fiber yarns [26, 27, 32], confinement, and to interfacial
friction [27, 32, 33] generated by introducing (glass) fiber
within the soil matrix. In addition to the increase of the
amount of non-expansive matter (glass fiber, which is
hydrophobic in nature) in a soil matrix subjected to
imbibing water. Moreover, contrary to wide fiber such as
polypropylene fiber, glass fiber has an aspect ratio of 300,
which helps the fibers not subjected to bending and
folding, which could potentially reduce the effective soil-
fiber contact area and therefore reduce the ability to
restrain the swelling activity. To give a clear picture of the
effect of molding content, swelling potential, as well as
soil suction in the range of tested water content for

different fiberglass content, is depicted in Figure-10. In
Figure-10, It is clearly shown that for lower molding water
content (wc=22%) higher amount of fiber is needed to
seize the higher swell, while for higher molded water
content (wc=33% and 40%) less amount of fiber
(FC=0.25%) was enough to reduce the swelling by 70%
and 80%, respectively. Furthermore, for higher molding
water content, the addition of fiber more than 0.25%
resulted in little or no effect in impeding the swelling. In
addition, as adding a fiberglass increase in the soil sample,
the suction tends to decrease in all reported water content.
Since as the soil suction decrease, the ability to imbibe
water is decreased; therefore, the free swell will be
decreased. Moreover, according to Low surface hydration
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theory (Low, 1992), the more the water content, the larger
the water layer thickness surrounding the clayey particles,
the lower is the swelling. And since any addition of fibers

content will overall reduce the total surface area of the
composites, the lower is the surface subjected to
hydration, thus, the lower is the swelling.
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Figure-10. Effect of molding water content on free swell and soil suction as a function
of Fiber content, pd=1340 kg/m’.

The effect of initial dry density at constant
molded water content on free swell at 24 hours’ inundation
and on soil suction with the addition of fiberglass content
is shown in Figure-11. It is clearly shown that the free
swell is reduced with the increase in the molding density.
Hence the addition of fiberglass reduced the soil suction
and sequentially substantially the free swell. The reduction

of free swell after 0.5% of fiber content is of an order of <
1% therefore, no need for further addition of fiber above
0.5%. The above finding is similar to reported test results
in high expansive clay such (CH) modified by
polypropylene fibers were the primary swell is reported to
end after 24Hours [32].
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Figure-11. Effect of initial dry density at constant moisture content, wc=33%, on free swell and
soil suction as a function of fiber content.
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CONCLUSIONS

The effect of the inclusion of glass fiber in elastic silts
in unconfined compression strength and free swell,as well
as the soil, suctions at different compaction state was
evaluated experimentally. The results obtained from the
current research work show that the addition of GF to
elastic silts has a considerable effect on their unconfined
compressive strength and free swell. Particularly, the
following conclusions can be drawn:

= The unconfined compressive strength of the elastic
silts increases with the inclusion of fibers regardless
of the initial soil compaction state.

= The strain atmaximum UCS was increased
substantially by adding fiber content. Small inclusion
of this fiber, 0.25%, was able to increase the ductility
of this soil,which is required in case of patch repairing
of slopes.

= Free swell decreases by increasing the fiber content in
small doses regardless of the initial molding water
content or initial dry density, and little enhancement
occurs with a further increase in the doses.

In closure, the additive of this discrete randomly
fiber was able to reduce the soil suctions which not sustain
wetting coming from the rain with posting both the shear
strength and restain the soil from heaving.
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