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Abstract :

The amount of wastes has increased year by year and the disposal becomes a serious
problem. Particularly, recycling ratio of the plastic wastes in life and industry is low and
many of them have been reclaimed for the reason of unsuitable ones for incineration. It is
necessary to utilize the wastes effectively with technical development in each field.

This study presents a simple way of recycling plastic waste in the field of civil
engineering as reinforcing material. Reinforced soil construction is an efficient and
reliable technique for improving the strength and stability of soils. The techniqueisusedin
a variety of applications, ranging from retaining structures and embankments to subgrade
stabilization beneath footings and pavements.

This paper describes an experimental study on mixing plastic waste pieces with two
types of soil (clayey soil and sandy soil) at different mixing ratios (0,2,4,6,8 )% by weight
respectively. For the two types of soils, the shear strength parameters (cohesion value and
angle of internal friction) of reinforced and unreinforced samples were investigated by the
direct shear test. In addition, a series of compaction tests were performed on clayey soil
mixed with different percentages of waste pieces. It was found that, there is significant
improvement in the strength of soils due to increase in internal friction. The percentage of
increase in the angle of internal friction for sandy soil is slightly more than that in clayey
soil, but there is no significant increase in cohesion for the two types of soils. Also, it was
concluded that the plastic pieces decreases the maximum dry density of the soil due to their
low specific gravity and decreases the optimum moisture content.
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1. Introduction :

For the construction of any kind of structure resting on weak soil, there are many
available methods used to improve the bearing capacity and reduce the settlement of such
soils. One of these methods is using reinforcement.

Reinforced soil is a construction material that consists of soil fill strengthened by a
variety of tensile inclusions ranging from low-modulus, polymeric materials to relatively stiff,
high-strength metallic inclusions. These tensile inclusions come in many forms ranging from
strips and grids to discrete fibers and woven and non-woven fabrics. The soil and reinforcing
element will interact by means of frictional resistance. Appropriate selection of the type and
location of the reinforcement material is necessary in order to achieve optimum improvement.

In the recent years, several researchers are trying to develop solutions for the reuse of

different types of wastes generated which has become one of the maor chalenges for the
environmental issues in many countries. Wastes such as plastic waste mixed with soil behave
similar to fiber-reinforced soils and several researchers presented technique of using discrete
fibers to enhance the strength of soil.
Gray and Al-Refeai (1986) ¥ described testing carried out on fabric-reinforced and fiber-
reinforced soil. The fibers used included reed fibers and glass synthetic fibers and the fabrics
included commercially available geotextiles. The results showed that the strength increase in
the soil was generally proportional to the amount of reinforcement, but the strength increase
eventually reached alimiting value.

Maher and Gray (1990) '@ described how the type of fiber and sand properties affected
the strength and deformation of the fiber-reinforced sand. A model developed by the authors
was compared with results from triaxia tests, and it was shown that the strength and
deformation of the fiber-reinforced sand was predictable. The results showed that an increase
in the size of the particles lowered the fiber contribution to strength.

Consoli et. al. (2002) ™! performed unconfined compression tests, splitting tensile tests,
and saturated drained triaxial tests in order to determine the effects of adding randomly
distributed polyethylene terephthalate fiber (from waste plastic bottles) to uniform fine sand.
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The results indicated that the addition of the fibers increases the peak and ultimate strength of
the soil.

Naeini and Sadjadi (2008) ¥ investigated the effect of plasticity index and fiber
content on the shear strength parameters (c and @) of randomly distributed fiber-reinforced
soil by performing direct shear tests .The results have clearly shown a significant
improvement in the shear strength parameters (¢ and @) of the treated soils. The
reinforcement benefit increased with an increase in fiber contents
Choudhary et a. (2010) 5 studied the feasi bility of reinforcing soil with strips of reclaimed
high density polyethylene (HDPE). Strips of HDPE were mixed with local sand and tested to
determine CBR values and secant modulus. The tests showed that reinforced sand with waste
HDPE strips enhances its resistance to deformation and its strength.

Babu and Chouksey (2011) ¥ investigated the effects of plastic waste from waste water
bottles as reinforcing material mixed with soil. Series of triaxial compression (UCC & CU)
and one dimensional compression tests have been performed with various percentages of
plastic waste. The experimenta results are presented in the form of stress-strain-pore water
pressure response and compression paths. The experimental results showed that there is a
significant improvement in the strength of soil with inclusion of plastic waste and significant
reduction in compression parameters.

Rao and Dutta (2004) "l assessed the overall influence of waste plastic as a reinforced
material on the bearing capacity improvement of granular trench. The results of conventional
drained triaxial compression tests conducted on 100 mm diameter x 200 mm high specimens
of sand with two types of waste plastics were presented. It was concluded that inclusion of
waste plastic strips in sand improves the bearing capacity of granular trench.

2. Materials Used :

Three materials are used in this study,
Sandy soil

Clayey soil
Plastic waste material

2.1. Sandy Soil
Standard tests are conducted to obtain the physical properties of sandy soil:

Grain size distribution :

Standard test for grain size analysis of soil particles was performed according to (ASTM
D422-02) (8] procedure. The grain size distribution curve of the soil sample is shown in
Figure (1). The sand is classified according to the Unified Soil Classification System (USCS),
as poorly graded sand (SP) with coefficients of uniformity (Cu) and curvature (Cc) 3.92 and
1.43, respectively.
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Specific gravity :

The standard test for specific gravity of soil particlesis performed according to (ASTM
D854-02)[9] procedure by using water pycnometer method. The specific gravity (Gs) of the
sand is (2.66).

Maximum and minimum dry unit weights :

The standard test for maximum unit weight of soil is performed according to (ASTM
D4253-00)[1°] procedure by using a vibratory table method. The maximum dry unit weight of
sand (yqmax) is found to be (19) kN/m®.

The standard test for minimum unit weight of soil is performed according to (ASTM
D4254-00)!* procedure, where the minimum dry unit weight of sand (yq min) is found to be
(15.6) kN/m®. Maximum and minimum void ratio (enx & €min) Of the sand can be estimated
from the minimum and maximum dry unit weights which are found to be (0.67) and (0.37)
respectively.

Direct shear test :

The angle of interna friction (®) for the sand is obtained from the direct shear test
according to ASTM (D3080)? procedure and found to be (36.7°).
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Fig.( 1). Grain size distribution for the sandy soil.
2.2. Clayey Soil

In this study, a disturbed sample was taken from Al-Nahrawan site, located at 35

kilometers southeast of Baghdad, Table (1) shows the physical properties results of the clayey
soil.
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2.3. Plastic Waste Material

The materia used throughout this study as plastic waste is brought from the General
Company for Plastic Industries in Baghdad. This materia is one of bad products, and it is
cut in the same company. The type of this material is polyethylene with specific gravity of
0.93. The plastic is cut into circular pieces (1-2)mm diameter and 5Smm thick.

Table(1): Physical Properties of the Clayey Soil.

: : I
Physical properties ndex Standards
value
Specific gravity (GS) 2.7 ASTM: D 854 -02
Liquid Limit (L.L. %) 41 ASTM: D 4318-00
Plastic Limit (P.L. %) 22 ASTM: D 4318-00
Plasticity Index (P.I. %) 19 ASTM: D 4318-00
Sand(%) 16
Silt(%) 34
Clay(%) 50
Maximum dry unit weight .
(kN/m?) 17.8 ASTM: D698
Optimum moisture content (%) 16.68 ASTM: D698
Soil Classification (USCS) CL ASTM: D2487-00

3. Test Procedure:

3.1 Direct shear test

The experimental study involved performing a series of |aboratory direct shear tests
on the two types of soil with different percentages of plastic waste materials. A calibrated
proving ring of (2 kN) capacity and (0.01) dial gauge for horizontal deformation is used. The
rate of strain is (1 mm/min); all specimens are prepared with a size of (60 *60 *20) mm. The
test was conducted with various normal stress of 27, 55 and 111 kPa, so that the cohesion and
angle of interna friction could be obtained.

For sandy soil, all the samples were prepared at a density of 17 kN/m°.

The clayey soil was dried before using in the mixtures. At first the required amounts of clayey
soils and waste reinforcement materia were blended together under dry conditions. As the
fibers tended to lump together, considerable care and time were spent to get a homogeneous
distribution of the plastic pieces in the mixtures. Then all the test specimens were compacted
at their respective maximum dry unit weight and optimum moisture content (OMC),
corresponding to the values obtained in the Standard Proctor Compaction Tests.
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3.2 Compaction test

A series of laboratory compaction tests were performed on clayey soil according to
(ASTM D698) procedure. This test was performed for two purposes, first to obtain the clayey
soil samples on the optimum moisture content that shall be used in direct shear test and the
second to investigate the effect of inclusion of plastic waste pieces in the soil on the
maximum dry density and optimum moisture content.

4. Results and Discussion :

Figures (2to 11) show the plots obtained from direct shear test represented by shear
stress versus normal stress from which the shear strength parameters are obtained. Table (2)
summarizes the results of direct shear test on the soil mixes.

From the results, it can be found that the cohesion of sandy soil is ranging from (0 kPa)
of unreinforced soil to (4 kPa) of a soil reinforced by (8%) plastic pieces while the cohesion
of clayey soil ranging from (53) of unreinforced soil to (54 kPa) of a soil reinforced by (8%)
plastic pieces. It can be noticed that the addition of plastic pieces to two types of soils does
not increase the cohesion of soils significantly, this may be due to the separation of clay
particles by plastic pieces. This conclusion disagrees with the findings of Naeini and Sadjadi
2008, this may be attributed to the difference in the material properties which are used in the
two works.

The angle of internal friction (@) increases considerably with inclusion of different
percentages of plastic pieces for sandy and clayey soils, this may be attributed to the increase
in the friction surfaces between the plastic pieces and the soil particles where the surface area
of plastic piecesis greater than of that of the soil particles.

The percentage of increase in friction angle for sandy soil which ranges from (13.5%)
to (48.6%) is dightly more than that in clayey soil which ranges from (14.2%) to (52.3%).
This behavior may be belong to the different shapes of particles between clay and sand.

From figure (12) , it can be noticed that the variation of friction of clayey soil with

percentage of plastic content is a nonlinear variation and similar trend is found in sandy soil

as shown in figure(13). The non linear behavior may be due to distribution of plastic pieces at
different directions to shear surface.
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Fig.(2) shear stress-normal stress relationship of unreinforced sandy
soil.
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Fig.(3) shear stress-normal stress relationship
of a sandy soil reinforced by 2% waste plastic.
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Fig.(4) shear stress-normal stress relationship
of a sandy soil reinforced by 4% waste plastic.
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Fig.(5) shear stress-normal stress relationship of a
sandy soil reinforced by 6% waste plastic.
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Fig.(6) shear stress-normal stress relationship
of a sandv sail reinforced hv 8% waste nlastic.
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Fig.(7) shear stress-normal stress relationship of
unreinforced clayey soil.
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Fig.(8) shear stress-normal stress relationship of a
clayey soil reinforced by 2% waste plastic
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Fig.(9) shear stress-normal stress relationship of a
clayey soil reinforced by 4% waste plastic.
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Fig.(10) shear stress-normal stress relationship
of a clayey soil reinforced by 6% waste plastic.
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Fig.(11) shear stress-normal stress relationship of
a clayey soil reinforced by 8% waste plastic.

Table (2): Results of Direct Shear Test on the Soil Mixes

Type of soil Plastic waste | Cohesion | friction  angle
content (%) (kPa) ®(degrees)

0 0 37
2 2 42

Sandy soil 4 2 45
6 3 52
8 4 55
0 53 21
2 53 24

Clayey soil 4 54 25
6 54 30
8 54 32
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Fig.(12) Effect of plastic waste content on friction
angle of clayey soil.
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Fig.(13) Effect of plastic waste content on
friction anale of sandv soil.

For compaction tests, Figure.(14). shows the results of compaction test and Table (3)
summarizes the results of compaction test of clayey soil.
It can be concluded that the plastic pieces decreases the maximum dry density of the soil due
to their low specific gravity. This point can be beneficial in the construction of embankments
of light weight materials. Also, it can be noticed that the addition of plastic pieces decreases
the optimum moisture content, this may be attributed to that the plastic pieces does not absorb
water which that different to clay behavior which it have atension surface water.
The variation of optimum water content and maximum dry unit weight with plastic pieces
content is linear as shown in figure (15) and figure (16).
Also, it can be noticed that the shape of the compaction curves are similar to those of
unreinforced samples. These conclusions agree with the findings of Naeini and Sadjadi
(2008).
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Fig.(14) Dry unit weight-water content relationship of
clayey soil with different percentages of plastic waste.

Table (3) : Results of Compaction Test of Clayey Soil.

Plastic waste moics)tﬂtrlénc%rr?tent Maximum dry unit
content (%) (%) weight (kN/m°)
0 16.68 17.8
2 16.33 17.4
4 16.11 17.1
6 15.92 16.8
8 15.69 16.6
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Fig.(15) Effect of plastic waste content on
optimum moisture content of clayey soil.
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Fig. (16) Effect of plastic waste content on
maximum dry unit weight of clayey soil.

5. Conclusions :

1. The effect of plastic waste pieces on soil is influenced by various factors such as soil
type and plastic waste content.

2. The addition of plastic pieces to the two types of soils does not increase the cohesion
of soilssignificantly.

3. The angle of internal friction (®) increases considerably with inclusion of different
percentages of plastic pieces for sandy and clayey soils but the percentage of increase
in the angle of internal friction for sandy soil is slightly more than that for clayey soil.

4. Thevariation of the friction angle of clayey soil with percentage of plastic content isa
nonlinear variation and similar trend is found in sandy soil.

5. The plastic pieces decrease the maximum dry unit weight of the soil and optimum
moisture content. The variation of optimum water content and maximum dry unit
weight with plastic pieces content is linear, the shape of the compaction curves are
similar to those of unreinforced samples.

References

1. Gray DH. and Al-Refeai T., (1986), (Behavior of Fabric Versus Fibre-
Reinforced Sand), Journal of Geotechnical Engineering, ASCE;112(8):804-
826.

2. Mahe MH and Gray DH., (1990), (Static Response of Sand Reinforced With
Randomly Distributed Fibers), Journal of Geotechnical Engineering,
ASCE;116(11): 1661-1677.

193



Journal of Engineering and Development, Vol. 17, No.4, October 2013, ISSN 1813- 7822

10.

11.

12.

13.

14.

15.

Consoli NC, Montardo JP, Prietto PDM and Pasa GS.(2002), (Engineering
Behavior of Sand Reinforced With Plastic Waste), Journal of Geotechnical and
Geoenvironmental Engineering, ASCE;128(6):462-472.

Naeini S. A. and Sadjadi S. M. (2008), (Effect of Waste Polymer Materials on
Shear Strength of Unsaturated Clays), Journal of Waste Management, 31, 481-
488.

Choudhary A.K., Jha J.N. and Gill K.S,, (2010), (A Study on CBR Behavior of
Waste Plastic Strip Reinforced Soil), Emirates Journal for Engineering
Research, 15 (1), 51-57.

Babu S. G.L. and Chouksey S. K., (2011), (Stress-Strain Response of Plastic
Waste Mixed Soil), Waste Management Journal, Vol. 31, pp. 481-488.

Rao V., G. and Dutta, R.K. (2004) (Ground Improvement with Waste Plastic),
Proceedings of 5th International Conference on Ground |mprovement
Techniques, 22 — 23 March, Kaula Lumpur, Malaysia, pp. 321-328.

ASTM D422 (2002), (Standard Test Method for Particles Size Analysis of Sail ).

ASTM D854 (2002), (Standard Test Method for Specific Gravity of Soil Solids
by Water Pycnometer).

ASTM D4253 (2000), (Standard Test Method for Maximum Index Density and
Unit Weight of Soilsand Calculation of Relative Density).

ASTM D4254 (2000), (Standard Test Method for Minimum Index Density and
Unit Weight of Soils Using Vibrated Table).

ASTM D3080 (2000), (Standard Test Method for Direct Shear Test of Soils
under Consolidated Drained Conditions).

ASTM 4318 (2000), (Standard Test Method for Liquid Limit, Plastic Limit and
Plasticity Index of Soils

ASTM 698 (2000), (Standard Test Methods for Laboratory Compaction
Characteristics of Soil Using Standard Effort).

ASTM 2487 (2000), (Standard Practice for Classification of Soils for
Engineering Purposes (Unified Soil Classification System)).

194



