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Abstract:  
Expansive soil reinforced with polyester 

fibers is a modified method developed in recent 

years. This paper reports the results of laboratory 

study performed on expansive soil reinforced with 

polyester fiber and demonstrates that randomly 

distributed fibers are useful in restraining the 

shrinkage tendency of expansive soils. Polyester 

fibers of 12 mm size having triangular cross 

section were used. Attebergs limits of expansive 

soil reinforced with varying fiber content (f = 0%, 

0.2%, 0.5% and 1%) were studied. The effect of 

fibers is studied for liquid limit, plastic limit and 

shrinkage limit.  

1. Introduction 
Expansive soils are widely distributed 

worldwide, and so far they have found in over 40 

countries. Expansive soil has a high clay content and 

is rich in bentonites, illites and exchangeable cations 

with strong hydrophilic propery, and its liquid limit is 

uaually more than 40%, and plasticity index is 

generally higher than 20, both of them are more than 

those of ordinary clays. Expansive clay swell upon 

absorption of water and shrink upon evaporation of 

water. Hence, civil engineering structures found in 

expansive soil are severely damaged. To overcome 

the problems caused by expansive soil, many 

innovative techniques have been developed. Belled 

piers (Chen,1988), granular pile-anchors 

(Phanikmuar,1997) and chemical stabilization with 

lime and fly ash (Chen,1988; Hunter,1988; 

Cokca,2001) have been suggested for mitigation 

heave problems. Geosynthetic inclusions 

(Ayyar,1989) were also found effective in reducing 

swelling potential of expansive soils. 

Now a days, discrete fibers have been added and 

mixed into soils to improve its properties. Nilo Cesar 

Consoli; Karla Salvagni Heineck, Michele Dal Toé 

Casagrande(2007)  

 

 

 

 

 

studied the Shear Strength Behavior of Fiber-

Reinforced Sand Considering Triaxial Tests under 

Distinct Stress Paths. Santoni R.L.(2001) obtained 

five primary conclusions from the investigation. 

First, the inclusion of randomly oriented discrete 

fibers significantly improved the unconfined 

compressive strength of sands. Second, an optimum 

fiber length of 51 mm (2 in.) was identified for the 

reinforcement of sand specimens. Third, a maximum 

performance was achieved at a fiber dosage rate 

between 0.6 and 1.0% dry weight. Fourth, specimen 

performance was enhanced in both wet and dry of 

optimum conditions. Finally, the inclusion of up to 

8% of silt does not affect the performance of the fiber 

reinforcement.  

Thus, this paper presents the efficacy of the use of 

polyester fibers in expansive behavior of soil. A 

laboratory study was undertaken to evaluate the 

feasibility of using fibers in expansive soil. 

 

2. Experimental investigation 
2.1 Test materials 

2.1.1 Expansive soil 

For the present study, soil sample of Blackish 

colour was collected from SVNIT campus, surat city. 

The soil sample was collected in polythene gunny 

bags and then air-dried. Soil was classified as CH 

according to Unified Soil Classification System. 

Engineering properties of this soil are listed in Table 

1. 

Table 1 Basic properties of expansive Soil 

 

Properties Quantity 

Specific gravity 2.7 

Gravel,% 1 

Sand,% 35.2 

Silt,% + Clay,% 63.8 

IS classification CH 
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Liquid limit,% 67.2 

Plastic limit,% 28 

Shrinkage limit,% 12.285 

Free swell,% 50 

Optimum moisture content,% 19.5 

Max. dry density(g/cc) 1.7 

 

2.1.2 Polyester fiber 

The polyester fibers used in the experimental work 

was collected from Reliance Industries Ltd., Mumbai. 

The supplier provided the properties of fibers and is 

mentioned in Table 2. 

Table 2 Specification of Polyester fiber 

 

Type Polyester 

Cut length 12.1 mm 

Cross section Triangular 

Diameter 30-40 µm 

Tensile elongation >100% 

Specific Gravity 1.34-1.39 

Tensile Strength 400-600 N/mm
2
 

Colour Almost colourless 

 

 
Fig 1 Photograph showing loose 12mm polyester 

fibers 

2.2 Tests conducted 

Liquid limit test was conducted as per IS: 2720(part-

V), 1985. Casagrande device was used to find out 

liquid limit for unreinforced specimen and specimen 

reinforced with polyester fibers. Plastic limit tests 

was conducted as per IS: 2720(part-V), 1985. 

Shrinkage limit tests was performed as per IS: 

2720(part-VI), 1972. 

 

3. Discussion on test results 
3.1 Effect of fiber reinforcement on liquid limit 

Figure 2 show the variation of liquid limit with 

different fiber content. On being reinforced with 

polyester fibers, liquid limit decreases as fiber 

content increases. After 0.5% of fiber content, the 

variation is very less. 

 

 

 
 

Fig.2 Variation of liquid limit with fiber content 

 

3.2 Effect of fiber reinforcement on plastic limit 

Figure 3 show the variation of plastic limit with 

different fiber content. On being reinforced with 

polyester fibers, plastic limit increases as fiber 

content increases. After 0.5% of fiber content, the it 

starts decreasing. 

 

 
 

 

Fig.3 Variation of plastic limit with fiber content 

 

3.3 Effect of fiber reinforcement on shrinkage limit 
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Figure 4 show the variation of shrinkage limit with 

different fiber content. On being reinforced with 

polyester fibers, shrinkage limit increases as fiber 

content increases. After 0.5% of fiber content, the 

variation is very less. 

 

 
 

 

Fig.4 Variation of plastic limit with fiber content 

It can be clearly stated that the technique of fiber 

reinforced soil  is very effective method and which 

helps to restrain the shrinkage behavior of expansive 

soil. 

 

4. Conclusions 
The chief conclusions are as follow: 

1) Reinforcing expansive clay specimens with 

polyester fibers reduce the shrinkage tendency. 

2) Optimum percentage fiber found as 0.5%. 

 

References 

1. Andersland, O. B. and Khattak, A.S. (1979), 

"Shear strength of kaolinite/fiber soil 

mixtures", Proceeding International 

Conference on Soil Reinforcement, Vol I, 

Paris, pp. 11-16 

2. Arvind Kumar, Baljit Singh Walia and 

Jatinder Mohan (2006), "Compressive 

strength of fiber reinforced highly 

compressible clay", Construction and 

Building Materials 20, pp. 1063–1068 

3. B.V.S. Viswanadham, B.R. Phanikumar, 

Rahul V. Mukherjee, “Swelling behaviour of 

a geofiber-reinforced expansive soil”, 

Geotextiles and Geomembranes 27(2009)73–

76 

4. Cheng-Wei Chen, “Drained and Undrained 

Behavior of Fiber-Reinforced Sand” 

5. Consoli, N. C., Casagrande, M.D.T. (2003), 

“Plate load test on fiber-reinforced soil.” 

Journal of Geotechnical and 

Geoenvironmental Engineering, pp. 951 – 

955 

6. Dushyant Kumar Bhardwaj, J.N.Mandal, 

(2008), “Study on Polypropylene Fiber 

Reinforced Fly Ash Slopes”, The 12
th

 

International Conference of International 

Association for Computer Methods and 

Advanced in Geomechanics (IACMAG) 1-6, 

October, 2008 Goa,India 

7. Erdin Ibraim, Stephane Fourmont, “Behviour 

of sand reinforced with fibers”, Geotechnical 

Symposium in Roma, March 16 & 17, 2006 

8. K. V. Maheshwari , A. K. Desai  and C. H. 

Solanki, “A Study on Design and Cost of 

Flexible Pavement in Fiber Reinforced 

Highly Compressible Clay”, International 

Journal of Applied Engineering Research 

ISSN 0973-4562 Volume 3, Number 5 

(2008), pp. 681–688 © Research India 

Publications 

9. K. V. Maheshwari , A. K. Desai  and C. H. 

Solanki, “Actual full scale load test on fiber 

reinforced clayey soil”, National Conference 

on Recent Advances in Ground Improvement 

Techniques  February 24-25, 2011, CBRI 

Roorkee , India  

10. Michalowski, R.L., Zhao, A. (1996), 

“Failure of fiber-reinforced granular soils”, 

Journal of Geotechnical Engineering, ASCE 

122 (3), PP. 226–234 

11. Nilo Cesar Consoli, Karla Salvagni Heineck, 

Michele Dal Toé Casagrande, and Matthew 

Richard Coop, “Shear Strength Behavior of 

Fiber-Reinforced Sand Considering Triaxial 

Tests under Distinct Stress Paths”, J. 

Geotech. and Geoenvir. Engrg. Volume 133, 

Issue 11, pp. 1466-1469 (November 2007)  

12. S. Ghosh, S. Mukherjee, R. B. Sahu, A. 

Ghosh and N. Som (2008), “Ground 

improvement by small-diameter timber 

piles”, Vol-161, pp.89-102 

13.       S. K. Shukla (2004), “Applications of 

geosynthetics for soil reinforcement”, Ground 

Improvement, Vol-8, pp.179-182. 

14. S.M. Marandi, M.H.Bagheripour, R. 

Rahgozar, and H. Zare (2008), “Strength and 

12.285

19.345 20.04

22.465

0

5

10

15

20

25

0 0.2 0.4 0.6 0.8 1 1.2

S
h

ri
n

k
a
g
e 

li
m

it
(%

)

Fiber content(%)

Shrinkage 
Limit

http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ASCERL&possible1=Consoli%2C+Nilo+Cesar&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ASCERL&possible1=Heineck%2C+Karla+Salvagni&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ASCERL&possible1=Casagrande%2C+Michele+Dal+Toe&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ASCERL&possible1=Coop%2C+Matthew+Richard&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ASCERL&possible1=Coop%2C+Matthew+Richard&possible1zone=author&maxdisp=25&smode=strresults&aqs=true
http://scitation.aip.org/vsearch/servlet/VerityServlet?KEY=ASCERL&possible1=Coop%2C+Matthew+Richard&possible1zone=author&maxdisp=25&smode=strresults&aqs=true


Shah Kinjal, A.K.Desai, C.H.Solanki / International Journal of Engineering Research and 

Applications (IJERA) ISSN: 2248-9622   www.ijera.com  

  Vol. 2, Issue 4, June-July 2012, pp.636-639 

639 | P a g e  
 
 

ductility of randomly distributed palm fibers 

reinforced silty-sand soils”, American 

Journal of Applied Sciences 5 (3), pp.209-

220 

15. S. Murugesan (2004), “A study on fibers as 

reinforcement for sub grades of flexible 

pavements”, International Conference on 

Geosynthetics And Geoenviormental 

engineering, Bombay, pp.163–164 

16. Santoni RL, Tingle JS, Webster S. (2001), 

“Engineering properties of sand fiber 

mixtures for road construction” , Journal of 

Geotechnical and Geoenvironmental 

Engineering, ASCE 127 (3), pp. 258–268 

17. Satish Chandra; M. N. Viladkar; and 

Prashant P. Nagrale (2008), “Mechanistic 

approach for fiber-reinforced flexible 

pavements”, Journal of transportation 

engineering, Vol. 134, No.1, pp.1-14 

18. Soni D. K.(2006), “Compressibility 

Characteristics Of Clay Treated With Sand 

Fiber Columns”, IGC, Chenai, pp. 577-579 

19.       Sung-Sik Park (2008), "Effect of fiber 

reinforcement and distribution on unconfined 

compressive strength of fiber-reinforced 

cemented sand", Geotextiles and Geomembranes 

27, pp. 162–166. 

20. T.B. Ahn, S.D. Cho, S.C. Yang, 

“Stabilization of soil slope using geosynthetic 

mulching mat”, Geotextiles and 

Geomembranes 20 (2002) 135–146 

21. Temel Yetimoglu, and Omer Salbas (2005), 

"Effect of fiber reinforcement on the isotropic 

compression behavior of a sand", ASCE 

Journal of Geotechnical and 

Geoenviromental Engineering, Vol-131(11), 

pp. 1434-1436 

22. Temel Yetimoglu, Muge Inanir, Orhan Esat 

Inanir, “A study on bearing capacity of 

randomly distributed fiber-reinforced sand 

fills overlying soft clay”, Geotextiles and 

Geomembranes 23 (2005) 174–183 

23. Tingle, S.J., Santoni R. L. and Webster, S. L. 

(2002), "Full scale field tests of discrete fiber 

- reinforced sand", J. Tranportation 

Engineering, ASCE Vol - 128, pp. 9 – 16 

24. Y.H. Tang, C.G. Bao, M.Y. Wang and J.H. 

Ding, “Experimental study on the strength 

characteristics of expansive soil 

reinforcement with synthetic fibers”, 

Proceedings of the 4th Asian Conference on 

Geosynthetics June 17 - 20, 2008 Shanghai, 

China 

25. Zeynep H. Özkul ,  Gökhan Baykal, “Shear 

Behavior of Compacted Rubber Fiber-Clay 

Composite in Drained and Undrained 

Loading”, journal of geotechnical and  

geoenvironmental engineering © ASCE / 

July 2007 

 


