
Indian Geotechnical Conference IGC2016 
15-17 December 2016, IIT Madras, Chennai, India 

1 

INVESTIGATION OF GLASS FIBER REINFORCEMENT EFFECT 

ON THE CBR STRENGTH OF COHESIVE SOIL  

Suchit kumar Patel
1
 

Baleshwar Singh
2
 

1Research Scholar, 2Professor, Department of Civil Engineering, Indian Institute of Technology Guwahati, Guwahati – 781039. 

E-mail: 1p.suchit@iitg.ernet.in, 2baleshwar@iitg.ernet.in 

ABSTRACT: An experimental study was carried out to investigate the application suitability of randomly distributed 

glass fiber-reinforced cohesive soil as subgrade material.  Glass fiber of 20 mm length with varying fiber contents (fc = 

0.25, 0.5, 0.75 and 1% by dry weight of soil) was used as reinforcement. The effects of fiber content variation on 

compaction parameters of soil, and the effect of fiber content and soaking time variation on CBR strength were 

investigated. The soaking time was varied from 4 to 40 days. The CBR and secant modulus were calculated at different 

penetration depths ranging from 2.54 to 12.7 mm. Test results have shown that the glass fiber content has insignificant 

effect on the OMC and MDD of the soil. The CBR strength is found to increase with penetration depth up to 7.62 mm 

penetration and thereafter remains almost constant at all fiber contents. The CBR strength and secant modulus of soil have 

improved significantly with fiber content up to an optimum fiber content value of 0.75%, and decrease with increase in 

soaking time at any fiber content. The maximum improvement in CBR strength is found out as 2.48, 2 and 1.5 times for 4, 

20 and 40 days soaking for 0.75% fiber inclusion. It has been found that the glass fiber-reinforced soil can be extensively 

used as subgrade material.  
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1 INTRODUCTION 

Lack of good quality soil at site and escalating cost of 

materials has motivated geotechnical engineers to 

explore new alternative materials for constructing 

geotechnical structures. Design and construction of 

pavement over weak soil is quite challengeable and 

problematic for geotechnical engineers. Application of 

synthetic materials like geotextiles, geogrids, and fibers 

have evoked considerable interest among geotechnical 

engineers and manufacturers for using these materials 

as reinforcing element to improve the bearing capacity 

of weak soils. Among several ground improvement 

techniques, reinforcing the subgrade soils with short 

fibers appears to have the greatest potential for 

successful application in the design of flexible 

pavements. These benefits can be in terms of extending 

the service life of the pavement or reduction in subbase 

or base thickness.  

Fiber-reinforced soil has some advantages such as low 

cost, light weight, capability of maintaining strength 

isotropy within soil mass. Its application in construction 

is also not significantly affected by weather conditions.  

The objective of this study is to investigate the 

suitability of glass fiber-reinforced cohesive soil as a 

subgrade material through laboratory CBR tests. The 

effects of fiber content and soaking period variation on 

CBR and secant modulus were studied. An optimum 

soil-fiber mix which will give the maximum strength as 

a subgrade material is to be determined.   

2 EARLIER WORK 

Lawton and Fox (1992) noted that sand reinforced with 

multioriented geosynthetics results in increasing 

California Bearing Ratio (CBR). The multioriented 

elements also proved useful in reducing rutting and 

providing increased mobility and trafficability in soft 

and loose soils. Benson and Khire (1994) showed an 

increase in CBR and secant modulus of sand when cut 

pieces of waste milk jugs was used as reinforcement. 

Kumar et al. (1999) reported an increase in the CBR 

value and ductility of silty sand and pond ash specimens 

reinforced with randomly distributed polyester. The 
optimum fiber content for both silty sand and pond ash 

was found to be approximately 0.3%-0.4% of dry unit 

weight.  

Zahran and Fatani (1999) reported that reinforcing 

asphalt paving mixture with glass fiber enhanced the 

overall performance of the pavement structure in terms 

of reducing the frequency of future rehabilitation costs 

and resulting in a more economical pavement. Tingle et 

al. (2002) observed that fiber stabilization of medium 

sand improved the CBR by about sixfold, and the 

improvement was attributed to the confinement of sand 

particles by discrete fibers. Chandra et al. (2002) 

reported that CBR values of clayey, silty and silty sand 

soils were found to be 1.16, 1.95, and 6.20%, 

respectively, which increased to 4.33, 6.42, and18.03%, 

respectively, with 1.5% fiber content of propylene fiber.  

mailto:p.suchit@iitg.ernet.in1
mailto:baleshwar@iitg.ernet.in


Investigation of Glass Fiber Reinforcement Effect on the CBR Strength of Cohesive Soil 

2 

Dutta and Sarda (2007) observed that application of 

waste plastic strip reinforced stone dust-fly ash 

overlying saturated clay appreciably increased the CBR 

and the secant modulus up to 2% plastic strip 

reinforcement. Addition of geofibers with synthetic 

fluid was noted to effectively increase the CBR 

performance of fine-grained soil under both soaked and 

unsoaked conditions and the optimum geofiber content 

was found to be between 0.2% and 0.5% depending on 

the sample condition and geofiber type (Hazirbaba and 

Gullu 2010). Kalantri et al. (2010) found that the 0.15% 

of polypropylene fiber reinforcement in cement 

stabilized peat soil caused maximum CBR increases by 

a factor of 22 for un-soaked condition and by a factor of 

15 for the soaked condition. Srinivas Rao and 

Jayalekshmi (2010) found that addition of 1% polyester 

fiber of aspect ratios 200 & 400, increases the CBR by 

1.54 and 1.25 times respectively. 

3 MATERIALS AND METHODOLOGY 

A cohesive soil having 25% sand, 55% silt and 20% 

clay size particles with 25% and 47% as its plastic and 

liquid limits was used in this study. The soil is 

classified as intermediate plastic clay (CI). The 

optimum moisture content (OMC) and maximum dry 

density (MDD) of the soil are 19.4% and 16.8 kN/m
3
.  

Commercially available glass fiber of 20 mm length and 

different fiber content (fc = 0.25, 0.5, 0.75 and 1% by 

dry weight of soil) was used as reinforcing material. 

The average diameter and specific gravity of fiber is 

0.15 mm and 2.57, respectively. 

Soil and fibers as per their designated weights were 

manually mixed in different stages with appropriate 

amount of water in a steel tray. Fibers were segregated 

carefully during mixing as they tended to form lumps 

by sticking together with increasing fiber content. As 

the laboratory test results highly depend on the sample 

preparation method, proper care was taken at every step 

while preparing reinforced specimen. The uniform soil-

fiber mix was prepared prior to compaction of test 

specimens. 

CBR tests on compacted specimens were performed in 

accordance with ASTM D 1883 (1999). The CBR value 

was calculated at different penetration depths ranging 

from 2.54 mm to 12.70 mm at an interval of 2.54 mm in 

order to check the response of penetration depth on the 

behavior of fiber-reinforcement. The soaking period 

was varied as 4, 20 and 40 days.  

4 RESULTS AND DISCUSSION 

4.1 Compaction Behavior 

Standard proctor compaction tests were carried out on 

parent soil and fiber reinforced soil according to ASTM 

D 698 (2012). The effect of glass fiber inclusion on 

OMC and MDD was insignificant. The maximum 

variation in OMC and MDD with glass fiber inclusion 

was 1% and 0.24% from that of unreinforced soil. The 

reason might be due to the fact that the specific gravity 

of glass fiber (2.57) is close to that of parent soil (2.62) 

and that the water absorption capacity of the glass fiber 

is nil. 

4.2 Load-Penetration Behavior 

Figure 1 shows typical load-penetration curves obtained 

from the CBR tests on fiber-reinforced specimens of 

varying fiber content are shown in Fig.1 for specimen 

soaking period of 4 days. The penetration resistance of 

the specimens is found to increase substantially with 

fiber inclusion. This resistance is observed to increase 

with fiber content and maximum resistance is found 

with 0.75% fiber content up to 9 mm penetration. With 

1% fiber content, the penetration resistance decreases.  

The effect of strength increment can be noted from the 

initial small penetration level of 1 mm indicating that 

the fiber benefit is obtained as soon as specimen is 

subjected to vertical loading.  As the penetration depth 

increases, the effect of fiber benefit is observed to 

increase. The CBR and secant subgrade modulus were 

calculated from this load penetration response 
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Fig. 1 Effect of fiber content on load penetration response 

In general for field applications, CBR value is reported 

for either 2.54 mm or 5.08 mm depth of penetration. 

This may sometimes not give the real resistance of 

reinforced soil, and possible failure may take place at 

greater penetration. Keeping this in view, for fully 

capturing the modification of soil behavior after glass 

fiber reinforcement, the CBR value has been examined 

at greater penetration depths up to 12.70 mm. 

4.3 Effect of Fiber Content on CBR  

Variations of CBR values at different penetration 

depths are presented in Fig. 2 with different fiber 

contents. The CBR has increased with fiber content up 
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to 0.75% dose. Soil-fiber surficial interaction seems to 

have reached its saturation point at 0.75% fiber content. 

At any fiber content, the CBR of specimen increases 

with penetration depth up to 7.62 mm, thereafter the 

value remain constant or CBR increment is very small.  
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Fig. 2 CBR vs. penetration depth at varying fiber contents 

It can be noted that the CBR value at 5.08 mm 

penetration is higher for all fiber content with maximum 

value of 7.16% for 0.75% fiber content (Fig. 2). The 

CBR value of unreinforced soil is 2.81%. This increases 

to 5.22, 6.51, 6.97 and 5.97% with 0.25, 0.5, 0.75 and 

1% fiber content, respectively. The maximum increase 

in CBR strength is almost 2.48 times that of 

unreinforced specimen with 0.75% fiber content. 

4.4 Effect of Soaking Period on CBR 

Soaking of specimens has been carried out to simulate 

the worst condition in the field during rainy season. The 

effect of soaking period variation on CBR is shown in 

Fig. 3 for the specimens reinforced with 0.75% fiber 

content. The CBR value is found to decrease 

considerably as the soaking time is increased.  With 

increasing moisture content, the surfacial interaction 

between soil-fiber and soil-soil particles get reduced, 

and the full mobilization of fiber tensile strength does 

not take place resulting decrease of CBR strength. The 

CBR values at 5.08 mm penetration are 6.97, 4.92 and 

3.95% with 0.75% fiber reinforcement for 4, 20 and 40 

days soaking, respectively, representing 43% reduction 

in CBR at 40 days soaking than that of 4 days. From 

Figs. 2 & 3, it can be noted that the CBR value of 

reinforced specimen even after 40 days soaking is 

higher than the CBR value of unreinforced specimen 

after 4 days soaking.  

4.5 Secant Modulus Variation 

The effect of penetration depth on secant modulus of 

fiber-reinforced specimens is shown in Fig. 4 for 4 days 

soaking. The secant modulus was calculated from the 

following expression: 

sk

                                                                     (1) 

where,    is stress (kPa) at any penetration depth  .  
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Fig. 3 CBR vs. penetration depth for different soaking 

periods 
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Fig. 4 Secant modulus vs. penetration depth at varying 

fiber contents 

At any fiber content, the secant modulus of specimen is 

noted to decrease with increasing penetration depth. 

However, at any penetration depth the secant modulus 

of specimen is found to increase with fiber content up to 

0.75% fiber content and then decreases with 1% fiber 

content.  The secant modulus at 2.54 mm penetration 

depth is 7.71 MN/m
3
 for unreinforced specimen which 

increases to 13.20, 16.63, 18.51 and 13.54 MN/m
3
 for 

0.25, 0.50, 0.75 and 1% fiber content, respectively. 

These values decrease to 4.87 MN/m
3
, for unreinforced 

soil and 10.30, 11.91, 12.31 and 10.53 MN/m
3
 for 0.25, 
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0.50, 0.75 and 1% fiber contents, respectively at 12.70 

mm penetration depth. 
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Fig. 5 Secant modulus vs. penetration depth at varying 

soaking periods 

Effect of soaking period on secant modulus response of 

specimens reinforced with 0.75% fiber content at 

varying penetration depth is presented in Fig. 5. The 

secant modulus of specimen is noted to decrease with 

increasing soaking period at any penetration depth. The 

secant modulus values at 2.54 mm penetration for 4, 20 

and 40 days soaking are 18.51, 15.00, 10.11 MN/m
3
. 

The values decrease gradually with increasing 

penetration depth and increasing soaking days to 11.91, 

7.83 and 6.04 MN/m
3
, respectively at 12.70 mm 

penetration depth. 

5 CONCLUSIONS 

Based on the test results, following conclusions are 

drawn. 

 The maximum dry density and optimum moisture 

content of the soil are insignificantly affected by 

glass fiber inclusion. 

 At any fiber content, the penetration resistance of 

reinforced specimen increases even from a small 

penetration depth of 1.0 mm. 

 With increasing penetration depth, CBR increases 

significantly up to 7.62 mm penetration and 

thereafter the increment is very small. 

 The CBR increases with fiber content up to 0.75% 

and the corresponding CBR improvement over 

unreinforced soil is 2.48 times. With increasing 

soaking period, the CBR value decreases. 

 At any fiber content, the secant modulus of the 

reinforced soil specimen decreases with penetration 

depth   

 With increasing soaking period, the secant modulus 

of specimen decreases for all soil-fiber mix. 

Overall, it has been found that the CBR value and 

secant modulus of fiber-reinforced specimens have 

increased significantly, and glass fiber-soil mix of 

0.75% fiber content can serve the purpose of a better 

subgrade material. Large scale mixing at site can be 

carried out by using rotary mixer before compaction. 

References. 

ASTM D 698-12. Standard test method for laboratory 

compaction characteristics of soil using standard effort 

(12,400 ft-lbf/ft3 (600 kN/m3)), ASTM International, 

West Conshohocken, PA, USA. 

ASTM D 1883-99. Standard test method for CBR 

(California Bearing Ratio) of laboratory-compacted 

soils, ASTM International, West Conshohocken, PA, 

USA. 

Benson, C.H., and Khire, M.V. (1994) ‘Reinforcing sand 

with strips of reclaimed high-density polyethylene’, 

Journal of Geotechnical Engineering, ASCE, 12(5), pp 

838-855. 

Chandra, S., Viladkar, M.N., and Nagrale, P.P. (2002) 

‘Mechanistic approach for fiber-reinforced flexible 

pavements’, Journal of Transportation Engineering, 

ASCE, 134(1), pp 15-23. 

Dutta, R.K., and Sarda, V.K. (2007) ‘CBR behaviour of 

waste plastic strip-reinforced stone dust/fly ash 

overlying saturated clay’, Turkish Journal of 

Engineering and Environmental Science, 31, pp 171-

182. 

Hazirbaba, K., and Gullu, H. (2010) ‘California Bearing 

Ratio improvement and freeze–thaw performance of 

fine-grained soils treated with geofiber and synthetic 

fluid’, Cold Regions Science and Technology, 63, pp 

50–60. 

Kalantari, B., Huat, B.B.K, and Prasad, A. (2010) ‘Effect 

of polypropylene fibers on the California Bearing Ratio 

of air cured stabilized tropical peat soil’, American 

Journal of Engineering and Applied Sciences, 3(1), pp 

1-6. 

Kumar, R., Kanaujia, V.K., and Chandra, D. (1999) 

‘Engineering behaviour of fiber-reinforced pond ash 

and silty sand’, Geosynthetics International, 6(6), pp 

509-518. 

Lawton, E.C., and Fox, N.S. (1992) ‘Field experiments on 

soils reinforced with multioriented geosynthetic 

inclusions’, Transportation Research Record, 1369, 

Transportation Research Board, Washington, D.C., pp 

44–53. 

Srinivas Rao, B., and Jayalekshmi, S. (2010) ‘Fiber 

reinforcement of soil subgrade beneath flexible 

pavements’, Indian Geotechnical Conference (IGC 

2010), Bombay, India. 

Tingle, J.S., Santoni, R.L., and Webster, S.L. (2002) ‘Full-

scale field tests of discrete fiber-reinforced sand’, 

Journal of Transportation Engineering, ASCE, 128(1), 

pp 9-16. 

Zahran, S.Z., and Fatani, M.N. (1999) ‘Glass fiber 

reinforced asphalt paving mixture: feasibility 

assessment’, Journal of King Saud University: 

Engineering Sciences, 11(1), pp 85-98. 


