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Abstract — This study investigates the influence of various 

environmental conditions on the strength characteristics of 

jute fiber-reinforced black cotton soil through systematic 

laboratory experimentation. Black cotton soil samples were 

reinforced with randomly distributed 35-mm jute fibers at 

varying percentages (0-1.25%) and subjected to different 

environmental conditioning including alternate wetting-

drying cycles, acid exposure, leachate contamination, and 

freeze-thaw cycles. The California Bearing Ratio (CBR) test 

was conducted following IS 2720 (Part 16)-1987 standards to 

evaluate strength improvements and environmental 

degradation effects. Results demonstrate that 1% jute fiber 

content provides optimal soil improvement with soaked CBR 

increasing from 1.71% to 8.59% (402.3% improvement). 

Environmental conditioning revealed varying degrees of 

degradation, with freeze-thaw cycles showing minimal 

impact (2% degradation) while acid exposure caused 

maximum deterioration (54.6% degradation) after 28 days. 

The study establishes that jute fiber reinforcement 

significantly improves soil engineering properties while 

highlighting the importance of environmental considerations 

in long-term design applications. 
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I. INTRODUCTION 

India's extensive infrastructure development requires 

addressing the challenges posed by expansive soils, which 

cover approximately 20% of the country's landmass. Black 

cotton soil, characterized by high plasticity and significant 

volume changes when exposed to moisture variations, 

presents considerable engineering challenges due to poor 

bearing capacity and structural instability (Singh and Mittal, 

2014). These soils, rich in montmorillonite clay minerals, 

exhibit poor engineering properties leading to structural 

failures including settlements and cracks during seasonal 

moisture fluctuations. 

Fiber reinforcement has emerged as an effective soil 

improvement technique, with natural fibers gaining attention 

due to their environmental benefits, cost-effectiveness, and 

local availability. Natural fibers such as jute, coir, sisal, and 

bamboo are widely used as reinforcement materials in 

countries like India, Bangladesh, and the Philippines due to 

their biodegradable nature and renewable source 

characteristics (Singh and Bagra, 2013). The mechanism of 

fiber reinforcement operates through composite material 

behavior, where discrete fibers provide tensile resistance to 

the soil matrix, resulting in improved ductility, increased 

peak strength, and reduced post-peak strength loss. 

Jute fiber, a prominent natural cellulosic fiber 

composed of 60-63% cellulose, 20-22% hemi-cellulose, and 

12-15% lignin, offers high tensile strength (400-800 MPa) 

and good bonding characteristics with soil particles. 

However, being a natural organic material, jute fiber is 

susceptible to biodegradation under various environmental 

conditions. Environmental factors such as temperature 

variations, humidity, moisture cycles, acid rain, and chemical 

exposure can significantly affect the degradation rate of 

natural fibers, potentially compromising the long-term 

effectiveness of the reinforcement system. 

The present study addresses the knowledge gap 

regarding long-term performance of jute fiber-reinforced soil 

under varying climatic conditions by systematically 

investigating the influence of environmental parameters on 

the California Bearing Ratio of jute fiber-reinforced black 

cotton soil. 

II. MATERIALS AND METHODS 

A. Materials Used 

− Black Cotton Soil: The soil was collected from TIT-E 

campus, Bhopal, Madhya Pradesh, India. 

Comprehensive characterization was conducted 

following Indian Standard procedures, revealing high 

plasticity characteristics typical of expansive clays. 

− Jute Fiber: Natural jute fibers were processed to uniform 

35-mm lengths with diameters ranging from 0.05-0.20 

mm. The fibers were dried to constant weight before 

mixing with soil samples. 

− Environmental Media: Sulfuric acid solution (pH 4), 

landfill leachate from Ayodhya bypass site Bhopal, and 

distilled water were used for environmental conditioning 

studies. 

B. Material Characterization 

The physical and chemical properties of materials were 

determined through standard laboratory testing procedures as 

presented in Table 1. 

Property Value Test Standard 

Liquid Limit (%) 49.8 
IS 2720 (Part 5)-

1985 

Plastic Limit (%) 23.8 
IS 2720 (Part 5)-

1985 

Plasticity Index (%) 26 
IS 2720 (Part 5)-

1985 

Specific Gravity 2.66 
IS 2720 (Part 3)-

1980 

Optimum Moisture 

Content (%) 
17 

IS 2720 (Part 7)-

1980 

Maximum Dry Density 

(kN/m³) 
18.7 

IS 2720 (Part 7)-

1980 

CBR - Unsoaked (%) 2.54 
IS 2720 (Part 16)-

1987 
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CBR - Soaked (%) 1.71 
IS 2720 (Part 16)-

1987 

Soil Classification (IS) CI IS 1498-1970 

Table 1: Physical Properties of Black Cotton Soil 

C. Experimental Methodology 

− Specimen Preparation: Soil-fiber mixtures were prepared 

by adding calculated quantities of jute fiber (0%, 0.25%, 

0.5%, 0.75%, 1%, 1.25% by dry weight) to pulverized 

soil passing through 4.75 mm sieve. Fibers were 

distributed randomly through hand mixing, followed by 

gradual water addition to achieve optimum moisture 

content. 

− Environmental Conditioning: Specimens were subjected 

to four different environmental conditions: 

1) Alternate wetting-drying cycles (24 hours 

submersion + 24 hours drying at 50°C) 

2) Acid exposure (pH 4 sulfuric acid solution) 

3) Leachate exposure (organic leachate from landfill 

site) 

4) Freeze-thaw cycles (24 hours at 0°C + 24 hours at 

50°C) 

− Testing Procedures: California Bearing Ratio tests were 

conducted following IS 2720 (Part 16)-1987 with 

environmental conditioning periods of 7, 14, and 28 

days. Both unsoaked and soaked (4 days) CBR values 

were determined for comparison. 

III. RESULTS AND DISCUSSION 

A. Effect of Jute Fiber Content on Atterberg Limits 

The addition of jute fiber significantly influenced the 

plasticity characteristics of black cotton soil as shown in 

Table 2. 

Jute Fiber 

Content (%) 

Liquid 

Limit (%) 

Plastic 

Limit (%) 

Plasticity 

Index (%) 

0 49.83 23.8 26.03 

0.25 47.8 24.2 23.6 

0.5 45.2 24.89 20.31 

0.75 42.5 25.45 17.05 

1 40 26.78 13.22 

1.25 39 28.45 10.55 

Table 2: Atterberg Limits with Varying Jute Fiber Content 

The results demonstrate a systematic reduction in 

liquid limit from 49.83% to 39.00% and increase in plastic 

limit from 23.80% to 28.45% with increasing fiber content. 

Most significantly, the plasticity index decreased by 59.5% 

(from 26.03% to 10.55%), indicating substantial 

improvement in soil workability and reduced swelling 

potential. 

B. Compaction Characteristics 

The compaction behavior was affected by fiber inclusion as 

presented in Table 3. 

Jute Fiber 

Content (%) 

Maximum Dry 

Density (kN/m³) 

Optimum 

Moisture Content 

(%) 

0 18.66 16.97 

0.25 18.42 17.25 

0.5 18.15 17.58 

0.75 17.89 17.94 

1 17.61 18.32 

1.25 17.28 18.75 

Table 3: Compaction Test Results 

Maximum dry density decreased from 18.66 to 

17.28 kN/m³ (7.4% reduction) while optimum moisture 

content increased from 16.97% to 18.75% (10.5% increase). 

These changes are attributed to fiber inclusion creating 

additional void spaces and the hygroscopic nature of jute fiber 

requiring higher water content for optimal compaction. 

C. California Bearing Ratio Enhancement 

The CBR test results demonstrate significant strength 

improvements with jute fiber reinforcement as shown in 

Table 4. 

Jute Fiber 

Content 

(%) 

Un-

soaked 

CBR (%) 

Soaked 

CBR (%) 

Improvement 

over Control (%) 

0 2.54 1.71 - 

0.25 3.15 3.77 120.5 

0.5 3.72 5 192.4 

0.75 4.47 6.93 305.3 

1 6.35 8.59 402.3 

1.25 5.78 7.81 356.7 

Table 4: CBR Test Results for Different Jute Fiber Contents 

The optimal jute fiber content was determined to be 

1.0%, providing maximum CBR improvement. Soaked CBR 

increased dramatically from 1.71% to 8.59% (402.3% 

improvement), while un-soaked CBR improved from 2.54% 

to 6.35% (150% improvement). The significant improvement 

in soaked conditions demonstrates the effectiveness of fiber 

reinforcement under saturated field conditions. 

D. Environmental Degradation Effects 

Environmental conditioning studies revealed varying degrees 

of performance degradation depending on exposure 

conditions. Table 5 presents the 28-day environmental 

exposure results. 

Environmental 

Condition 

Initial 

CBR (%) 

Final 

CBR (%) 

Degradation 

(%) 

Water Exposure 8.59 6.23 27.5 

Acid Exposure 8.59 3.9 54.6 

Leachate 

Exposure 
8.59 5.17 39.8 

Freeze-Thaw 8.59 8.42 2 

Table 5: Environmental Effects on CBR (1% Jute Fiber - 28 

Days) 

Time-dependent degradation patterns are presented in Table 

6. 

Duration 

(Days) 

Water 

Exposure 

(%) 

Acid 

Exposure 

(%) 

Leachate 

Exposure 

(%) 

Freeze-

Thaw 

(%) 

7 7.8 6.49 7.1 10.87 

14 7.1 5.44 6.4 9.82 

21 6.62 4.65 5.79 9.03 

28 6.23 3.9 5.17 8.42 

Table 6: Time-Dependent Environmental Effects (CBR at 

2.5mm) 
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E. Discussion of Results 

− Fiber Content Optimization: The study identified 1% jute 

fiber content as optimal for maximum soil improvement. 

Beyond this percentage, performance declined due to 

fiber clustering and reduced soil-fiber interaction 

efficiency. 

− Environmental Durability: Freeze-thaw cycles 

demonstrated excellent resistance with minimal 

degradation (2%), making jute fiber reinforcement 

suitable for cold climate applications. Conversely, acid 

exposure caused maximum vulnerability (54.6% 

degradation), indicating the need for protective measures 

in acidic environments. The high lignin content of jute 

fiber (12-15%) provides some resistance to 

biodegradation, but chemical attack from acidic 

conditions accelerates degradation processes. 

− Mechanism of Improvement: The fiber reinforcement 

mechanism operates through tensile resistance provided 

by randomly distributed fibers, creating a three-

dimensional reinforcement network. This results in 

improved ductility, increased peak strength, and reduced 

post-peak strength loss through composite material 

behavior. 

IV. CONCLUSIONS 

This experimental investigation on jute fiber reinforced black 

cotton soil reveals several significant findings: 

1) Optimal fiber content of 1% provides maximum strength 

enhancement with soaked CBR improving by 402.3% 

and unsoaked CBR by 150%. 

2) Plasticity characteristics improve substantially with 

59.5% reduction in plasticity index, indicating better soil 

workability and reduced swelling potential. 

3) Environmental durability varies significantly with 

exposure conditions - freeze-thaw resistance is excellent 

(2% degradation) while acid resistance is poor (54.6% 

degradation). 

4) Compaction characteristics remain manageable despite 

5.6% reduction in maximum dry density and 8% increase 

in optimum moisture content. 

5) Most degradation occurs within 14 days of 

environmental exposure, followed by gradual 

stabilization. 

The research demonstrates that jute fiber 

reinforcement offers a cost-effective, environmentally 

sustainable solution for improving black cotton soil 

properties. However, environmental protection measures are 

essential for applications in aggressive chemical 

environments. The methodology provides a framework for 

evaluating natural fiber reinforcement durability under 

various climatic conditions. 
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