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Abstract: Utilization of fibers for soil stabilization is one of the
effective and economical methods to enhance the engineering
properties of soil. This paper aims to evaluate the potential
capability of stabilizing locally available laterite soil with waste
polymer sack fibers thereby making it more suitable for the
manufacture of compressed stabilized earth block (CSEB). Tests
were conducted with Polypropylene (PP) sack fibers of lengths
1cm, 1.5cm, 2cm each of 2mm width in constant fiber - soil ratio
of 0.15. The experimental analysis suggests that the optimal
aspect ratio is 7.5 and the sack fibers with 1.5cm length and 2mm
width were selected as the constituent for developing CSEB. This
study also contributes to sustainable construction techniques by
utilizing plastic waste for producing building material thereby
addressing the current environmental crisis as well.

extracted from sacks are less energy intensive materials and
researches were conducted to investigate their potential to
stabilize laterite soil [10]. It has been found that sack fibers
are better stabilizers when compared to bottle stabilizers and
the optimum content of sack fibers was determined as
0.15%.[10]. This paper aims to investigate the aspect ratio of
sack fibers keeping the content constant at 0.15%. It also
investigates the effect of plastic fibers on the O.M.C and
M.D.D of laterite soil. Moreover, the use of plastic waste in
developing engineering materials will reduce the disposal of
this non- biodegradable waste and will also contribute to the
solid waste management which is the current environmental
crisis throughout the world.

Index Terms: Compressed Stabilized Earth Blocks (CSEB),
Polypropylene (PP), Sack Fibers, Aspect ratio.

I. INTRODUCTION
Earthen building materials like compressed stabilized earth
blocks (CSEB) are experiencing a renaissance in their
applications due to the availability of local soil,
cost-effectiveness, low embodied energy and their insulating
properties.[11,10]. However, the soil has to be stabilized to
enhance its engineering properties before it is utilized to make
building materials. Soil stabilization using natural fibers like
coconut, sisal and palm has been used from ancient times due
to its cost-effectiveness, easy availability and adaptability.
However, these fibers proved to be less durable due to their
degradability, low tenacity, low strength and resistance to
water absorption [21, 10]. Hence the potential of utilizing
polymer fibers which possess the properties of high durability,
strength, non-degradability and non-corrosiveness are being
researched vastly as a stabilizing material in the past few years
[ 2, 10].
Laterite soil which is spread in tropical areas of India and
Srilanka possess a unique beautiful color and is widely used to
make compressed earth blocks. It normally contains high clay
content along with inert particles of silt and sand [1,10]. Due
to its high clay content, it has to be stabilized before it is used
to make compressed earth blocks. Commonly used stabilizer
in CSEB is cement which is an energy intensive as well as
greenhouse gas generating material. Hence researches are
being conducted to replace cement with less energy intensive
and environmental friendly stabilizing material. PET fibers
extracted from wastewater bottles and Polypropylene fibers
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II. LITERATURE REVIEW
A comprehensive review of the past literature reveals that
there is a growing interest in the research of soil stabilization
techniques for developing stabilized earthen building
materials like CSEB. Usage of natural fibers for soil
stabilization has been recognized as an effective soil
stabilization technique since early civilization [14, 10].
However, in spite of the ecological matrices in favor of
natural fibers, researchers are now concentrating on polymer
fiber based soil stabilization due to the lower strength and
durability of natural fibers. The mostly researched polymer
fibers used for soil stabilization are fibers of Polyethylene
Terephthalate (PET), Polyvinyl chloride (PVC) and
Polypropylene (PP) which can be extracted from waste sacks
and water bottles [10]. Consequently, this method will also
contribute to the solid waste management which is the current
environmental crisis of the world.
Research studies have been reported on the effect of plastic
fibers on compressive strength, crack reduction, CBR values,
split tensile strength, flexural strength, and permeability of the
soil. The studies indicate that incorporation of plastic fibers
significantly improves U.C.C and ductility of the soil
(10,21,19). U.C.C values are found to increase with an
increase in fiber length [6]. Moreover, polymer fibers are
effective in regulating plastic shrinkage cracking which is
widely evident in members having thick and large areas of
exposure [15]. The fibers incorporation can inhibit crack
propagation thus avoiding the potential of the rapid
deterioration of members [32]. Fiber addition reduced
plasticity index of almost all soils indicating the increase in
strength of soils. [4, 10]. The Shrinkage limits of the soil
increased with the incorporation of fibers indicating the
decrease in volume changes
[30]. Whereas changes in
liquid limit and plastic limit
values differ in different
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kind of soils.
From the extensive literature review, it can be concluded
that reinforcing soil with waste polymer fibers can replace
expensive techniques like geosynthetic soil stabilization
which are more popular today. Moreover, this will also
contribute to the solution of disposal of non -biodegradable
waste and thereby help to conserve the environment which is
the need of the day.
III. METHOD AND MATERIALS
A. Method
The virgin soil properties of the locally available laterite
soil is determined by conducting various tests like Grain Size
Distribution, Atterberg`s Limits, Specific Gravity, Standard
Proctor Test, Unconfined Compressive Strength Test. Then
the soil is separately mixed with Polypropylene (PP) sack
fibers in three lengths 1cm, 1.5cm and 2cm each of 2mm
width keeping the fiber content constant as 0.15% of dry soil
and various tests are conducted on the stabilized soil. The
tests conducted to evaluate the performance of fiber-soil
composition are Proctor Compaction Test, Atterberg‟s Limits,
and Unconfined Compressive Strength Test. The optimum
aspect ratio of the fibers is determined based on the
unconfined compressive strength of the fiber-soil
composition and is suggested for the preparation of CSEB.

In this experiment laterite soil which is classified as clayey
silt collected from Perinthalmanna, Kerala, India is used. The
soil properties determined are mentioned in Table 1.
Table-1
Natural Water Content (%)
20.4
Specific Gravity
2.56
Optimum Moisture Content (%)
24.02
Maximum Dry Density (g/cc)
1.552
Liquid Limit (%)
57.63
Plastic Limit (%)
38.72
Plasticity Index (%)
18.91
Shrinkage Limit (%)
28.03
Unconfined Compressive Strength
0.24
(kg/cm2)
Soil classification
High plasticity
Particle size distribution
19.78
• Clay (%)
28.22
• Silt (%)
Combined Wet sieve analysis and Hydrometer analysis is
used to assess the particle size distribution of soil and is
conducted as per [IS 2720 (Part 4) – 1985. The particle size
distribution is one of the key factors which decides the
performance of soil.

B. Materials
PP (Sack) Fiber
In this work, the polypropylene (PP) fibers extracted from
the sacks of leading cement manufacturer „Ramco‟ is used.
The surface of the sack was made rough to provide more
frictional resistance to fibers. The sack is cut into pieces and is
roughened using the machine before it is sliced into lengths of
1cm, 1.5cm, 2cm and each of width.
Graph 1: Combined Wet Sieve and Hydrometer graph
The soil was identified as Clayey silt which contains 28.22
% of silt and 19.88% of clay.
IV. TESTING OF FIBER SOIL COMPOSITION

Fig 1: (a) Cutting machine

Fig 1: (b) Roughening sack Fibers
Laterite Soil
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A. Atterberg’ s Limits
Atterberg‟s limits are important to describe the consistency
of fine grained soils. The soil consistency is a practical and
economical way to distinguish between silty, clayey and
sandy soil. Liquid limit and plastic limit is determined by the
cone penetration test as per [IS: 2720 (Part 5) -1985]. As the
length of sack fiber increases, there is a decrease in the liquid
limit & increase in plastic limit up to a fiber length of 1.5cm
after which liquid limit increases and P.L decreases. The
plasticity index is minimum for soil reinforced with 1.5cm
fiber length which implies the strength is maximum at 1.5cm
fiber length. Shrinkage limit is conducted as per
(IS-2720-PART-1972) (Reaffirmed-2001) and it is an
indicator of the tendency of the soil to decrease in volume as
water content decreases. As
shrinkage limit increases
shrinkage decreases. It is
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found that shrinkage limit is maximum at a fiber length of 1.5
cm which indicates that shrinkage of the soil is minimum at
this fiber length.

The experimental study has provided a good insight into
the unconfined strength characteristics of fiber reinforced
lateritic soil. The UCS value of fiber reinforced soil has
significantly improved and the maximum value was obtained
for a fiber length of 1.5 cm which indicates that optimum fiber
length is 1.5 cm. The test results also prove that U.C.S value
increases as curing days increases.
C. Light Compaction Test
The light compaction test is carried out to determine the
optimum moisture content of the fiber soil composition at
which it will attain its maximum dry density and is conducted
as per IS 2720(X):1991

Graph 2: Variation in Atterberg‟s limits
B. Unconfined Compressive Strength Test
Unconfined compressive strength test is used to measure
shear strength of the soil and is conducted as per IS 2710 Part
10. The samples are enveloped in a zip cover and the cover is
immersed in water contained in a bucket to prevent the loss of
moisture from the sample so that constant temperature and
humidity is maintained. The samples are tested at 0th day and
7th day.

Graph 4: Variation in OMC & MDD
The variation in OMC is negligible. The optimum moisture
content of the soil slightly increases as we increase the sack
fiber length, whereas maximum dry density first decreases
and then increases.
V. CONCLUSION

Stage 1

Stage 3
Fig 2 Different Stages of Curing

Stage 2

The usage of plastic fibers for the stabilization of soil is a
recently developed technique which needs research
evaluation. This paper reports the strength enhancement of
locally available laterite soil using Polypropylene Sack fibers
as a stabilizer. Based on the previous studies it was found that
the soil stabilized with 0.15% Polypropylene Sack fibers
provided better performance. The results obtained in this
study provide important insights into the influence of fiber
length on Atterberg‟s limit, unconfined compressive strength
and max dry density of fiber reinforced soil. Based on the
present investigation, the following findings can be drawn:
 The UCS value of fiber reinforced soil has
significantly improved & the UCS value depends on
the fiber length
 Max UCS value is for AR 7.5 for both 0th day and 7th
day.
 Optimum Moisture Content does not vary much with
the addition of plastic fibers and also the effect of
fiber length in OMC is negligible.
 The MDD is found to be the min for AR 7.5
 Liquid limit increases with an increase in AR but
shows a decrease for AR 7.5
 Plastic Limit also increases with an increase in AR,
but there is a sudden decrease for the AR 7.5

Graph 3: Variation in UCS
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 Plasticity Index is minimum for AR 7.5 which implies
an increase in strength.
From the above observations, we can conclude that the
Optimum Aspect Ratio of polypropylene sack fibers is 7.5. A
soil reinforced with fibers of length 1.5 cm and width 2 mm
possessed highest unconfined compressive strength and
lowest plasticity index which are the indicators of the better
performance of reinforced soil and can be used for the
preparation of CSEB.

23.
24.

25.

26.

27.

REFERENCE
1. Anggraini, Vivi, et al. “Effects of coir fibers on tensile and compressive
strength of lime treated soft soil”, Measurement, Vol. 59, 2015, pp:
372-381.
2. Apurva J Chavan, "Use of plastic waste in flexible pavements."
Apr-2013
3. Carol J. Miller and Sami Rifai, “Fiber Reinforcement for Waste
Containment Soil Liners”, (ASCE) Journal, 2004, pp. 1-5.
4. F. Changizi. “Stabilization of Subgrade Soil for Highway by Recycled
Polyester Fiber.” Journal of Rehabilitation in Civil Engineering 2-1,
93-105, 2014
5. Karthick, S. "TDP: A Novel Secure and Energy Aware Routing Protocol
for Wireless Sensor Networks." International Journal of Intelligent
Engineering and Systems, vol. 11, 2018, pp. 76-84.
6. Consoli et al. „„The behavior of fiber reinforced cemented soil.‟‟ Ground
Improvement, London, vol. 3, 2002, pp. 21-30.
7. Cristhianares L. “A study on the use of plastic fiber materials as an
alternative solution for soil stabilization.” 2014.
8. Donkor, Peter, et al. “Effect of Polypropylene fiber length on the flexural
and compressive strength of compressed stabilized earth
blocks”, Construction Research Congress 2014: Construction in a
Global Network. 2014.
9. Ilieş, Nicoleta-Maria, et al. “Comparative Study on Soil Stabilization
with Polyethylene Waste Materials and Binders”, Procedia Engineering,
vol. 181, 2017, pp. 444-451.
10. Jeeja Menon, Dr. M.S Ravikumar. “ Strength Evaluation of laterite soils
stabilized using polymer fibers”, International Journal Of Civil
Engineering and Technology, vo. 9, February 2018
11. A. Jenkins Swan, A. Retail et al. “Sustainable Earthen and Straw Bale
Construction in North American Buildings: Codes and Practice “ 2011
12. Kalliyath, Jasmine Varghese, et al. “Soil Stabilization using plastic
fibers”, International Journal of Science Technology & Engineering,
Vol. 2, 2016.
13. Kim J.H.J, Park C.G, Lee S.W, Won JP. Effects of the geometry of
recycled PET fiber reinforcement on shrinkage cracking of
cement-based composites. Compo's part B: Eng., vol. 39, 2008, pp.
441-450.
14. Lekha, B. M., S. Goutham, and A. U. R. Shankar. "Evaluation of
lateritic soil stabilized with Arecanut coir for low volume
pavements." Transportation Geotechnics, vol. 2, 2015, pp: 20-29.
15. Luiz A. Pereira de Oliveira, Joao P. Castro Gomes. “Physical and
mechanical behavior of recycled PET fiber-reinforced mortar.”, 2010.
16. Maha Hatem Nsaif. “Behaviour of Soils Strengthened By Plastic Waste
Materials.” Journal of Engineering and Development, Vol. 17, 2013.
17. Mahdi .F. Abbas H . Khan AA Strength characteristics of polymer
mortar and concrete using different compositions of resins derived from
post-consumer PET bottles, Construction Building Materials, 2010
18. Malekzadeh, Mona, and HuriyeBilsel. “Effect of polypropylene fiber on
the mechanical behavior of expansive soils”, EJGE 17, vol. 1, 2012, pp.
55-63.
19. V. Mallikarjuna, Bindu Mani, “Soil stabilization using plastic waste
May”, International Journal of Research in Engineering and
Technology, 2016
20. Mercy Joseph Poweth, „Effect of Plastic Granules on the Properties of
Soil‟, Femeeda Muhammed Haneef et al Int. Journal of Engineering
Research and Applications 2014
21. Muntohar A.S, Influence of plastic waste fibers on the strength of Lime –
Rice husk ash stabilized clay soil, Civil Engineering Dimension, vol. 11,
2009, pp. 32-40.
22. Öncü, Şerife, and Huriye Bilsel, “Influence of Polymeric Fiber
Reinforcement on Strength Properties of Sand-stabilized Expansive

Retrieval Number: F2948048619/19©BEIESP

28.

29.

30.

31.

32.

685

Soil”, Polymer-Plastics Technology and Engineering, vol. 56, 2017,
pp: 391-399.
Pijush Kanti „Behaviour of a clayey soil mixed with plastic waste‟, May
2012.
Pragyan Bhattarai, A.V.A. Bharat Kumar, K. Santosh, T. C. Manikanda,
Tejswani Engineering Behavior of soil reinforced with plastic strips.
2013
Pramod S. Patil, J.R Mali, Ganesh V. Tapkire, H.R Kumaval,
“Innovative techniques of waste plastic used in the concrete mixture.”
Jun-2014
Rohit Maurya, Umesh Kumar “Utilization Methods of Polymer Waste in
Geotechnical Applications “International Journal of Scientific and
Research Publications, vol. 5, October 2015.
Shish Pal, Vinod Kumar Santhwal, Jasvir S Rattan “Review on
Stabilization of Soil Using Polypropylene as Waste Fibre Material,
International Journal of Innovative Research in Science, Engineering
and Technology, 2015
Satyam Tiwari, Nisheet Tiwari “ Soil stabilization using waste
materials”, International Journal of Innovative Technology And
Research, vol. 4, 2016.
G.L. Sivakumar Babu, Sandeep Kumar Chouksey. Stress-strain
response of plastic waste
mixed soil Waste Management, vo. 31,
2010, pp. 481-488, DOI:10.1016/j.wasman.2010.09.018
A.S Soganci, “ The effect of Polypropylene in the stabilization of
expansive soils”, International Journal of Environmental, Chemical,
Ecological, Geological and Geophysical Engineering, vol. 9, 2015.
Stuti Maurya. A.K Sharma, P.K Jain, Rakesh Kumar “Review on
stabilization of soil using coir Fiber” International Journal of
Engineering and Research, vol. 4, June 2015.
C.K. Subramania Prasad, E.K Kunhanandan Nambiar, and Benny
Mathews Abraham. “Plastic Fibre Reinforced Soil Blocks as a
Sustainable Building Material”, Int. J. Adv. Res. Technol, vol. 1, 2012,
pp: 42-45.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication

