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Soil Engineering Properties Improvement by Utilization of
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Abstract—In general, clayey soil was used as soil material or
embankment material for increasing road way level beforeroad
structure being constructed. Some types of clay are expansive
soil, its have been contributing to pavement failures and
subsequently causing increased annual maintenance
expenditure of the road. The pavements design/redesign
methods are found to be the primary cause of these failures.
Thus, it is quite important to propose the utilization of waste
plastic and waste glass on soil subgrade improvement and then
contributing decr eased of pavement failures.

This paper was evaluated the engineering properties on
utilizing waste plastic High Density Polyethylene (HDPE) and
waste crushed glass as additive on subgrade improvement. The
research were conducted soil engineering properties, standard
compaction, four days soaked California Bearing Ratio (CBR)
and Triaxial test to some clayey soil samples from various sites
in Kuantan. The 4 days soaked CBR of clayey soil sampleswere
prepared at optimum water content. The variation of additive
content on stabilized soil: 4%, 8%, 12% by dry total weight of
soil sample respectively. The chemical element was investigated
by Integrated Electron Microscope and Energy-Dispersive
X-Ray Spectroscopy (SEM-EDS). Test result were shown that
engineering properties and CBR on stabilized clayey samples
were increased when the content of waste HDPE and Glass
wereincreased.

Index Terms—Engineering properties, waste plastic, waste
glass, soil improvement.

I. INTRODUCTION

The performance of pavement depends upon the quality of
soil-subgrade. A stable soil-subgrade and properly draining
pavement helped to produce a long-lasting pavement.
Subgrade soil provides support to the remainder of the
pavement system. The quality of the subgrade would be
greatly influence the pavement design and the service life of
the pavement. Road running in expansive soils areas are
known for bad condition and unpredictable behavior for
which the nature of the soil contributes to some extent. The
failures of pavement, in form of heave, depression, cracking
and unevenness are caused by the seasonal moisture variation
in the subgrade soil. For many years, researchers have
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studied the expansive soil-subgrades in an effort to determine
the most appropriate methods of design and construction
practices where these soils cannot be avoided. Furthermore,
there has been significant amount of research on
soil-subgrade improvement techniques to construct a uniform
and stable pavement on expansive soils or highly plasticity
soil as classified A-7-6 by AASHTO Classification System
[1]. One approach is to use chemical to stabilize the clay sub
grade. Instead of using chemical product, reused material
may offer more economical alternatives for a wide range
application of soil stabilization. Subgrade stabilization of
Kuantan clayey soil besides to improve the engineering
properties, make the upper part of road structure become
stable and decrease pavement thickness [2]-[7].

Now days, many of the wastes produced today will remain
in the environment for hundreds thousands of years. The
creation of non-decaying waste materials combined with a
growing consumer population has resulted in a waste
disposal crisis. One solution to this crisis lies in recycling and
reused waste into useful products. In general the engineering
properties of soil subgrade were high plasticity material were
improved by using waste material as stabilizer [4]-[12]. Soil
reinforcement with randomly distributed fiber is another
approach which may increase the internal cohesion of soil,
improved the shear strength parameter, compressive strength
and bearing capacity.

In this research, the utilization of cutting waste HDPE and
waste crushed glass as additive for subgrade improvement
were investigated.

II. MATERIAL AND METHOD

A. Soil and Material Additive

Two types of clayey soil from random places in Kuantan
were used as soil samples. Waste cutting HDPE and crushed
waste glass were used as additives in stabilized soil.

B. Experimental Program and Testing

First phase: soil sample and material additive were
collected and tested. Second phase: stabilized soil design and
tested. The variation of additive contents on stabilized soil
were 4%, 8%, 12% by dry total weight of soil sample
respectively. Third phase: data analyzed and paper
presenting.

The engineering properties and strengths testing were
conducted base on BS 1990 1377-4 [8]. The Sieve Analysis,
Atterberg Limit, Specific Gravity, Standard Compaction,
Soaked California Bearing Ratio (CBR), Triaxial were tested
to the original clayey and stabilized clayey soil samples. The
grain size for clayey soil retained a sieve 0.075 mm and
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passed sieve 0.075 mm were tested by sieve shaker and
CILAS 1180 Particle Size Stabilizer respectively. The
chemical element for clayey were investigated by Integrated
Electron Microscope and Energy-Dispersive X-Ray
Spectroscopy (SEM-EDS).

III. RESULT AND DISCUSSION

A. Index Properties

The index properties, particle size distribution curve
clayey samples were shown in Table I and Fig. 1
respectively.

TABLE I: THE ENGINEERING PROPERTIES OF SOIL SAMPLES

FINER/PASSING SIEVE NO. (%)
SAMPLE DESCRIPTION | CLASSFICATION LL(%) | PI(%) | Gs | SL(%)
10 40 200 | 2um
R2 White clayey silt A-7-6 91.74 7199 | 3737 | 1.14 34.6 177 | 258 | 673
R24 g:;y whitish —silty | A-6 83.12 63.03 | 5009 | 1.78 35 10.04 | 253 | 2.00
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Fig. 1. Particles size distribution curve of soil samples.

Clayey soil samples R2 and R24 were high and medium
plasticity classified as clayey soil or A-7-6 (or A-6) by
AASHTO Classification System [1]. The R2 soil cannot be
used directly as soil-subgrade or embankment material for
road subgrade, these material have to avoid. If the used of
soils cannot reasonably avoided, such material shall be used
only on bottom portion of embankment before sub-base
course.

The Scanning electron of R2 and R24 samples were tested
by SEM-EDS shown in Fig. 2, Fig. 3 and Table II.
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Fig. 2. (a) Scanning Electron of R2; (b) Scanning Electron of R24 sample

The R2 and R24 samples were contented of C, O, Al, Si, K,
Fe and Ti minerals and mineral O were the highest content
omong them
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® Fig. 3. (a) Energy Dispersive X-Ray of R2; (b) Energy Dispersive X-Ray
R24 sample
TABLE II: MINERAL CONTAINED IN SIDE OF SOIL SAMPLES
Sample Mineral/Element Content (% Weight
C-(C,CO3) | O-(Si0y) Al-ALLO, Si-(Si0y) | K-(MAD) | Ti~(Ti) | Fe-(Fe) | S-(FeS,)
R2 - 54.21 6.82 34.33 2.23 - 2.41 -
R24 7.48 59.83 11.17 18.82 0.92 0.58 1.20 -

When the weak soil was mixed with additive in the
presence of reaction with water, chances towards a new
element was high. Hence, Fig. 3 was illustrated the energy
dispersive X-ray characterization for optimum design of
mixed soil samples. The presence of other elements such as S,
K and Ca could also be observed from the figure. Table II has
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listed the components that could be found inside the natural
soil. The most prevalent compound present in this mixture
soil was S;0, (54-60%). As observed, the bonding of silica
and alumina had given major distribution effects among the
elements. However, some elements needed to be absent for
good bonding with other elements to form a strong
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compound to stabilize weak soil.

The relation between liquid limit (LL) with plasticity index
(PI) for R2, R24 samples were shown in Fig. 4 (a) and Fig.
4(b) respectively. LL and PI values of R2, R24 samples were
decreased when increased of HDPE and Glass content in soil
mixed.

The result of the tested were shown that engineering
properties of samples improved when utilized the waste
HDPE and Glass adding in soil mixed, increased of PI about
10% for R24 and 2% for R2 samples respectively.

Activity (A) of R2, R24 soil samples were 15.53 and 5.85
respectively. A of R2, R24 were greater than 1.4, its mean
active soil with clay mineral were Montmorillinite.
Montmorillinite is the main constituent of Bentonite, derived
by weathering of volcanic ash and active mineral. The active
soil and can expand by several times its original volume
when it comes in contact with water, resulting very weak
bonding and high swelling. Such material should be avoid or
shall be used only on bottom portion of embankment before
sub-base course or should be stabilized to improve the
engineering properties [2]-[6].
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Fig. 4. (a) The relation between LL, PI with additive for R2; (b) The relation
between LL, PI with additive for R24 sample.
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Fig. 5. (a) The relation between @, Pumex of R2 and R24 samples with
additive content; (b) The relation between @,,. of R2 and R24 with additive
content,
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B. Compaction Properties

The relationship between the Optimum Water Content
(@) with Maximum Dry Density (0s me.) and the
relationship between were shown in Fig. 5 (a) and Fig. 5(b)
respectively. From Fig. 5, the values of R2 and R24 pyyax
stabilized soil with HDPE were decreased and increased
respectively when HDPE content increased. The R2 and R24
Pumax  Stabilized soil with Glass were decreased when
increased of Glass content. The increased of maximum dry
density in stabilized samples mean compaction properties
were increased. The values of @,,. R2 and R24 stabilized
samples were decreased when increased of waste HDPE and
Glass content.

The compaction properties were increased until 12 %
additive content, so waste cutting HDPE and crushed glass
can utilized in soil stabilization.
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Fig. 6. The relation between CBR stabilized samples of R2, R24
with additive content.
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Fig. 7. (a) The relation between ¢ with additive content; (b) The relation
between ¢ and additive content.

C. California Bearing Ratio (CBR)

The clayey and stabilized samples were prepared at
optimum water content due to field compaction carried out
base on this value. The relation between @,,,. and Py . 0f R2
and R24 stabilized samples with waste HDPE/Glass content
were shown in Fig. 6. R2 and R24 CBR values of stabilized
clayey samples were increased when the waste HDPE and
Glass content increased. The increased of R2 and R24 CBR
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stabilized with waste HDPE and Glass were 3 to 5 %
respectively.

D. Shear Strength Parameter

The shear strength parameters were obtained using the
undrained-unconsolidation (UU) Triaxial test. The relation
betweeen cohesion (c), friction angle () of R2 and R24
samples with waste HDPE and Glass content were shown in
Fig. 7.

For all samples were shown that the value of c¢ and
decreased and increased respectively when the content of
waste HDPE and Glass were increased. It’s mean that shear
strength parameter were improved in stabilized soil samples.
When the shear strength parameters were improved, the
performance calculate of maximum critical high of road
embankment were reached.

IV. CONCLUSION

A conclusion R2 and R24 clayey soil samples were high
and medium plasticity soil, classified as A-7-6 and A-6 based
on AASHTO Classification System respectively. Its samples
were active soil with A > 1.40 and clay minerals were
Montmorillinite. The active soil can expand by several times
its original volume when it comes in contact with water, very
weak bonding and high swelling. The R2 soil sample should
be avoid or shall be used only on bottom portion of
embankment before sub-base course or should be stabilized
to improve the engineering properties.

The engineering properties of stabilized clayey samples
were improved:

1) The PI values were decreased when content of waste
HDPE and Glass were increased.

2) The value of @,,; and p,; . Were decreased and increased
respectively when content of waste HDPE and Glass
were increased.

3) The CBR values were increased when content of waste
HDPE and Glass increased.

4) C, ¢ Values were decreased and increased respectively

when content of waste HDPE and Glass were increased.
Utilization of waste HDPE and Glass were eliminates need
for expensive borrow material and promotes cost saving
through decreasing of pavement thickness, solving disposal
problems.
Innovations for highway engineers employ sustainable
engineering practice that met additional constraints in term of
environmentally being sustainable.
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