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Abstract — The soil improvement methods recently became an attractive topic for geotechnical engineers. Because they
do not have any control over the process of soil and some soil mass may not be suitable for supporting the desired
facilities. When the mechanical qualities of these soils are lower than those required, stabilization can be an option to
improve performance, notably in enhancing its strength. The solid waste materials are preferred as additive materials in
soil improvement processes because they are more economical than factory product additive materials. As a result,
researches in this direction show an increase. One of the solid waste materials is plastic bottles and produced using the
Polyethylene Terephthalate. This study reports the properties of sandy soils when waste of the plastic bottles is used in
fiber form as additive material in reinforced sandy soils. In this study, straight and irregular recycled polyethylene fibers
were used. The percentages of recycled plastic fibers added in the concrete mix were 0.1%, 0.2%, and 0.3% respectively.
The strength values show that the stabilized sandy soil samples with the waste of the plastic bottle fibers have high
strength when compare with the unstabilized sandy soil samples. The results show that the reinforced sandy soil samples
with the waste of the plastic bottle fibers have high strength when compare with the unreinforced sandy soil samples.
Consequently, it is concluded that the waste of the plastic bottles materials can be successfully used for the reinforce of
sandy soils in the geotechnical applications.
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I. INTRODUCTION

The sand is usually easily destroyed due to its low strength and cohesion and most of natural sand needs to be reinforced
to meet the engineering requirements in the application of geotechnical engineering [1]. In order to enhance properties of
weak soil formations such as loose sand deposits a wide range of ground improvement techniques have been introduced
over the past decades. Majority of these ground improvement techniques utilize mechanical energy and fabricated binder
materials. Nowadays, there is a high demand for new sustainable methods to improve soils. The extensive research has
been undertaken to find alternative soil binders to replace high cost materials for soil improvement. The engineering
properties of the soils are important not only in foundation materials for the projects, but also as materials for
construction in embankments, dams, and other works.

The improvement of soil properties is necessary to solve many engineering problems. Soil improvement techniques can
be classified in various ways, for example, mechanical, chemical, and physical stabilization [2-4]. In the mechanical
stabilization, the soil density is increased by the application of mechanical forces in the case of surface layer compaction.
Chemical stabilization includes incorporation of additives such as natural soils, industrial by-products or waste materials,
and cementitious and other chemicals. Physical stabilization includes changing the physical conditions of a soil by means
of heating or freezing [5-7].

There are several soil stabilization methods to improve the engineering properties of sandy soils. These methods include
stabilization with chemical additives, rewetting, soil replacement, compaction control, moisture control, surcharge
loading, and thermal methods [8-9]. All these methods may have the disadvantages of being ineffective and expensive.
Therefore, new methods are still being researched to increase the strength properties [10-12].

The effects of different types of fibers on soil properties have been studied in the past decades. Environmental and
economic issues have attracted the interest of many researchers to develop alternative materials that can fulfil design
specifications. Experimental researches have shown that compressive strength, failure strain, ductility and shear strength
of samples is increased when discrete fibers are mixed with the soil. These investigations indicate that strength properties
of fiber-stabilized soils consisting of randomly distributed fibers are a function of fiber content and fiber-surface friction
along with the soil and fiber strength characteristics [13-26].

The amount of plastic consumed annually had been increasing steadily. Polyethylene terephthalate is one of the most
common consumer plastics used in the world especially for manufacturing beverage containers and other consumer
goods [26-27]. The polyethylene terephthalate bottles are usually thrown away every day after every single use as
beverage containers and most of them are discarded into landfills. Unfortunately, this is becoming a serious problem as
plastic waste is not degradable and may cause environmental disturbance. The problems concerned with the management
of numerous different types of waste, the scarcity of space for landfills and ever-increasing production costs as led to the
search for alternative solutions such as the use of waste in concrete mixes [28-32].

In this study, the plastic bottle waste (PBW) fiber was used as additive material to stabilize the grained soils. The main
objectives of this research were to produce different utilization areas for PBW fiber in geotechnical applications. In this
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study, the effects of PBW fiber on the mechanical properties of sandy soils was investigated under laboratory conditions.
To accomplish these objectives, natural sandy soil was stabilized by using PBW fiber with different contents and the
mechanical properties of sandy soils were determined in laboratory tests.

I1. MATERIALS
2.1. Sandy Soil

Soil is called sandy soil when the percentage of sand is high in a specific soil. Sandy soil is also known as light soil. The
sandy soil generally composed of- 33,20 gravel, 62,40% sand and 4,40% silt and clay. In sandy soil, most of the soil
particulars are bigger than 2mm in diameter and it has the largest particle among different soil particles. The sandy soil
material used in this experimental study was supplied from Oltu Quaternary sedimentary basin, Oltu (Erzurum), NE
Turkey. This material is classified as poorly graded Sand (SP) according to the Unified Soil Classification system
(USCS). The photo of sandy soil material was given in the Fig. 1 and its grain size distribution was given in the Fig. 2.

Sandy soil PBW fiber

Fig. 1. Photos of sandy soil and PBW fiber

Persentage passing (%)

Grain size (mm)

Fig. 2. Grain size distribution of sandy soil

2.2. PBW Fiber

The PBW fibers used in this study were obtained from Ertona Tekstil (Bursa, W Turkey) which provides raw materials to
the textile market. The photo of PBW fiber material used in this study was given in the Fig. 1. The PBW fiber has a
length of 20 mm, diameter of 0.035 mm. It has some physical properties such as specific gravity of 0.91, melting point of
265 °C and burning point of 590 °C.

111. EXPERIMENTAL PROCEDURE

The sandy soil was dried in an oven at approximately 105 °C and then ground before using in the mixtures. First, the
required amounts of sandy soil and PBW fiber were blended together under dry conditions. As the fiber tended to lump
together, considerable care and time were spent to get a homogeneous distribution of the fibers in the mixtures. Then the
sandy soil-fiber mixtures were mixed with the required amount of water according to the optimum moisture content. The
contents of PBW fiber were selected as 0.1%, 0.2%, and 0.3% by the total weight of stabilized samples. The proportion
of dry weight of sand is considered as the percentage of fiber and denoted as below.
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Pogw =~ x100% (1)

where Ppgy is percentage of PBW fiber, Wpgy is of PBW fiber and W is weight of dry sandy soil.

For unconfined compression test and freeze-thaw test, samples were prepared with static compaction method based on
ASTM standards. Three-layered compaction was adopted to keep the uniformity of test samples with the 35 mm diameter
and 70 mm height.

The unconfined compression tests were performed to obtain the unconfined compressive strength (UCS) values of tested
samples were in accordance with ASTM D 2166. This test is widely used as a quick and economical method of obtaining
the approximate UCS of the soils. The unconfined compression tests were carried out at the loading rate of 0,8 mm/min
until samples failed.

This tests were performed by a programmable freeze-thaw apparatus. The samples with an age of 28 days were subjected
to freeze-thaw tests in accordance with ASTM C 666. In the freeze-thaw apparatus, the samples were conditioned at -20
°C for 2.30 h. After freeze-thaw process, they were transferred into a test room at 20 °C to thaw for 2.30 h. This process
was repeated 10 times.

IV. RESULT and DISCUSSION
3.1. Effects of PBW on the UCS of Samples Unexposed to the Freeze-Thaw

The unconfined compression tests were performed to investigate the effect of PBW fiber on the UCS values of the
samples unexposed freeze-thaw process and obtained test results were illustrated on the Fig. 3. The test results showed
that the PBW fiber improved the UCS values of sandy soil samples. The sandy soil has low cohesion between the soil
particles resulting in its loose structure. The fiber reinforcement mechanism in sand mainly includes that the fiber and
sand particles constrain each other to produce interface force. This interface force is mainly caused by the extrusion
pressure and in the form of cohesion and friction [1]. The maximum values of the UCS were obtained from stabilized
samples of sandy soil including 0.3 % PBW fiber and 28 days of curing time. The same results were obtained from some
experimental studies carried out in the past [11, 16, 33-36]. The highest strength values were obtained after 28 days
curing time. The proportions of increase were 18,42%, 31,58% and 57,89% for the stabilized samples including 0,1%,
0,2% and 0,3% fiber, respectively. This increase in strength was proportional to the increase in curing time and fiber
additive ratio.
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Fig. 3. The effect of PBW fiber on the UCS of samples unexposed to the freeze-thaw

3.2. Effects of PBW on the UCS of Samples Unexposed to the Freeze-Thaw

In this experimental study, all samples were subjected to the freeze-thaw tests to investigate the resistance of PBW fiber-
stabilized sandy soil samples against to the freeze-thaw cycles. For this purpose, all samples were exposed to the freeze-
thaw cycles and then these samples were subjected to the unconfined compression tests. The unconfined compression
tests results showed that PBW fiber improved the freeze-thaw resistance of the sandy soil samples. After the freeze-thaw
cycles, decrease in the UCS values of unstabilized sandy soil samples was highest level compared to the PBW fiber-
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stabilized sandy soil samples. It is thinking that the freeze-thaw cycles caused the decrease in the UCS values of samples
because of water lenses accumulated in the pores. These water lenses reduced the friction between the grains and reduced
the strength of the mixture. The highest strength values for samples exposed to the freeze-thaw cycle were obtained end
of the 28 days curing time (Fig. 4). The rates of increase in the strength were 9,65%, 27,19% and 53,51% for the
stabilized samples including 0,1%, 0,2% and 0,3% fiber, respectively.
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Fig. 4. The effect of PBW fiber on the UCS of samples exposed to the freeze-thaw

V. CONCLUSION

The sandy soils have low strength behavior and most of natural sandy soils need to be stabilized to meet the engineering
requirements in the application of geotechnical engineering. In this study, sandy soil with poor strength were stabilized
by using PBW fiber and obtained results were discussed. According to the test results, PBW fiber improved the strength
properties of sandy soil samples. Also, PBW fiber-stabilized sandy soil samples had more resistance of the freeze-thaw
cycles compared with the unstabilized sandy soil samples. As a result, PBW fiber can use as an alternative waste material
for the stabilization of the sandy soils.

REFERENCES

[1] Liu,J., Feng, Q., Wang, Y., Bai, Y., Wei, J., Song, Z., “The Effect of Polymer-Fiber Stabilization on the Unconfined
(Copwpressn)/e Strength and Shear Strength of Sand” Advances in Materials Science and Engineering 2017, 1-9, 2017.
references

[2] Ingles, O.G, Metcalf, J.B., “Soil Stabilization Principles and Practice” 2nd ed, Australia Butterworths, 1977.
[3] Lambe, T.W., Whitman, R.V., “Soil Mechanics” SI version, New York, Wiley.
[4] Naeini, S.A., Mahdavi, A., “Effect of polymer on shear strength of'silty sand” EJGE 14, 1-11, 2009.

[5] ?Eiezingo%ébx., Sadjadi, S.M., “Effect of Waste Polymer Materials on Shear Strength of Unsaturated Clays” EJGE 13,

[6] Ahmed, L.A.J., Radhia, M., “Sandy Soil Stabilization with Polymer-Copy” Civil Engineering College of
Engineering, 2019.

[7] Arab, M.G., “Soil Stabilization Using Calcium Carbonate Precipitation via Urea Hyd.rolilsis. Proceedings of the 4th
World Congress on Civil, Structural, and Environmental Engineering (CSEE’19), April, 2019, Rome, Italy, 2019.

[8] Nelson, J.D., Miller, D.J., “Expansive Soils: Problems and Practice in Foundation and Pavement Engineering” John
Wiley and Sons, Inc., New York, 1992.

[9] Steinberg, M., “Geomembranes and the Control of Expansive Soils in Construction” McGray-Hill, New York, 1998.

[10] Puppala, A.J., Musenda, C., 2002. Effects of fiber reinforcement on strength and volume change in expansive soils.
Transportation Research Record 134-140 (Paper No: 00-0716).

[11] Akbulut, S., Arasan, S. Kalkan, E., 2007. Modification of clayey soils using scrap tire rubber and synthetic fibers.
Applied Clay Science 38, 23-32.

[12]Kalkan, E., “Preparation of scrap tire rubber fiber—silica fume mixtures for modification of clayey soils” Applied
Clay Science 80-81, 117-125, 2013.

[13]Hoover, J.M., Moeller, D.T., Pitt, JM., Smith, S.G., Wainaina, N.W., “Performance of randomly oriented fiber
reinforced roadway soils” lowa DOT Project-HR-211. Department of Transportation, 1982.

@IJAERD-2019, All rights Reserved 143


https://www.hindawi.com/51076370/
https://www.hindawi.com/13634525/
https://www.hindawi.com/56872745/
https://www.hindawi.com/81075853/
https://www.hindawi.com/23927917/
https://www.hindawi.com/65238307/

International Journal of Advance Engineering and Research Development (IJAERD)
Volume 6, Issuell, November-2019, e-ISSN: 2348 - 4470, print-ISSN: 2348-6406

[14] Gray, D.H., Maher, M.H., “Admixture stabilization of sand with discrete randomly distributed fibers” Proceedings of
i(slflsslnltgg%atll%%:g Conference on Soil Mechanics and Foundation Engineering, Rio de Janeiro, Brazil, vol. 2, pp.

[15]Maher, M.H., Gray, D.H., “Static response of sands reinforced with randomly distributed fibers” Journals of
Geotechnical Engineering Division, ASCE 116 (11), 1661-1667, 1990.

[16]Ranjan, G., Vasan, R.M., Charan, H.D., “Probabilistic analysis of randomly distributed fiber-reinforced soil”
Journals of Geotechnical Engineering Division, ASCE 122 (6), 419-426, 1996.

[17]Nataraj, M.S., McManis, K.L., “Strength and deformation properties of soils reinforcedwith fibrillated fibers.
Geosynthetics International 4 (1), 65-79, 1997.

[18]Kaniraj, S.R., Havanagi, V.G., “Behavior of cement-stabilized fiber-reinforced fly ash-soil mixtures” Journal of
Geotechnical and Geoenvironmental Engineering, ASCE 127 (7), 574-584, 2001.

[19] Santoni, R.L., Tingle, J.S.,Webster, S.L., “Engineering progerties of sand-fiber mixturefor road construction”
Journal of Geotechnical and Geoenvironmental Engineering, ASCE 127 (3), 258-268, 2001.

[20] Yetimoglu, T., Salbas, O., "A study on shear strength of sands reinforced with randomly distributed discrete fibers”
Geotextiles and Geomembranes 21, 103-110, 2003.

[21]Park, T., Tan, S.A., “Enhanced performance of reinforced soil walls by the inclusion of short fiber” Geotextiles and
Geomembranes 23 (4), 348-361, 2005.

[22] Wang, Y., “Utilization of Rec?]/cled Carpet Waste Fibers for Reinforcement of Concrete and Soil AU-Wang,
Youjiang” Polymer-Plastics Technology and Engineering 38(3), 533-546, 1999.

[23] Tang, C., Shi, B., Gao, W., Chen, F., Cai, Y., “Strength and mechanical behavior of short polypropylene fiber
reinforced and cement stabilized clayey soil” Geotextiles and Geomembranes 25: 197-202, 2007.

[24]1 Akbulut, S., Arasan, S. Kalkan, E., “Modification of clayey soils using scrap tire rubber and synthetic fibers”
Applied Clay Science 38, 23-32, 2007.

[25] Consoli, N.C., Vendruscolo, M.A., Fonini, A., Dalla Rosa, F., “Fiber reinforcement effects on sand considering a
wide cementation range” Geotextiles and Geomembranes 27(3), 196-203, 2009.

[26] Hajiannezhad, Z., Keramati, M., Naderi, R., Alinezhad, M., “Evaluation of Shear Strength Behaviour of Anzali Port
Sand Reinforced with Polyethylene terephthalate (PET)” JO-Amirkabir (Journal of Science and Technology), 2019.

[27]1Khalid, F.S., Herman, H.S., Azmi, N.B., Juki, M.I., “Sand Cement Brick Containing Recycled Concrete Aggregate
as Fine-Aggregate Replacement” MATEC Web of Conferences. 103, 01016, 2017.

[28] Frigione, M., “Recycling of PET bottles as fine aggregate in concrete” Waste Management 30(6), 1101-1106, 2010.

[29] Leman, A.S., Shahidan, S. Senin, M.S., Ramzi Hannan, N.l.R,, “Preliminark;I Study On Chemical and Physical
E’gﬁemes of Coconut Shell Powder as A Filler in Concrete” IOP Conf. Ser. Mater. Sci. Eng., vol. 160, p. 12059,

[30] Shahidan, S., Pullin, R., Bunnori, N.M., Zuki, S.S.M., “Active crack evaluation in concrete beams using statistical
analysis of acoustic emission data” Insight-Non-Destructive Test. Cond. Monit., 59(1), 24-31, 2017.

[31] Zuki, M., Salwa, S., Shahidan, Keong, S.S., Kok, C., Jayaprakash, J., Noorwirdawati, A., “Concrete-Filled Double
Skin Steel Tubular Columns Exposed to ASTM E-119 Fire Curve for 60 and 90 Minutes of Fire” MATEC Web
Conf., vol. 103, p. 2017.

[32] Shahidan, S., Ranle, N.A., Zuki, S.S.M., Khalid, F.S., Ridzuan, A.R.M., Nazri, F.M., “Concrete Incorporated with
Optimum Percentages of Recycled Polyethylene Terephthalate (PET) Bottle Fiber” International Journal of
Integrated Engineering 10(1), 1-8, 2018.

[33]Prabakar, J., Sridhar, R.S., “Effect of Random Inclusion of Sisal Fibre On Strength Behavior of Soil” Construction
and Building Materials, 16, 123-131, 2002.

[34] Zaimoglu, A.S., “Freezing-Thawing Behavior of Fine-Grained Soils Reinforced with Polypropylene Fibers” Cold
Regions Science and Technology 60, 63-65, 2010.

[35]Lv, X., Zhou, H., “Shear Characteristics of Cement-Stabilized Sand Reinforced with Waste Polyester Fiber Fabric
Blocks” Advances in Materials Science and Engineering 1-12, 2010.

[36] Benziane, M.M., Della, N., Denine, S., Sert, S., Nouri, S., “Effect of randomly distributed polypropylene fiber
reinforcement on the shear behavior of sandy soil” Studia Geotechnica et Mechanica, 1-9, 2019.

@IJAERD-2019, All rights Reserved 144


https://www.researchgate.net/scientific-contributions/2038970689_Xiangfeng_Lv
https://www.researchgate.net/scientific-contributions/2140314682_Hongyuan_Zhou
https://www.researchgate.net/profile/Mehdi_Missoum_Benziane
https://www.researchgate.net/profile/Noureddine_Della
https://www.researchgate.net/profile/Sidali_Denine
https://www.researchgate.net/scientific-contributions/2159458545_sert_sedat

