
© April 2026 | IJIRT | Volume 12 Issue 11 | ISSN: 2349-6002 

IJIRT 198749            INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY   9849 

Soil Stabilization Using Natural Fibre (Luffa) 
 

 

Prof. V. T. Patil Vikas S. Gaykwad, Premkant P. Giradkar, Akash S. Parghane, Vedant D. Mule, 

Mahesh D. Padkonde.  

HOD, Department of Civil Engineering, Government College of Engineering Jalgaon Maharashtra, India. 

Students, Department of Civil Engineering, Government College of Engineering, Jalgaon, Maharashtra, India. 

 

Abstract—Soil stabilization is an important technique 

in geotechnical engineering used to improve the 

engineering properties of weak soils for construction 

purposes. In many construction sites, the natural soil 

available does not possess sufficient strength or 

stability to support foundations, pavements, or 

embankments. Traditional stabilization methods 

involve the use of cement, lime, and chemical 

additives, which increase construction cost and may 

cause environmental impacts. Therefore, the use of 

natural fibres has emerged as a sustainable and eco-

friendly alternative for soil reinforcement. This 

research investigates the use of natural luffa fibre as 

a reinforcement material to improve the engineering 

properties of soil. Luffa fibre, obtained from the 

dried fruit of Luffa cylindrica, is lightweight, 

biodegradable, and possesses a fibrous structure that 

can interlock with soil particles. Laboratory tests 

such as moisture content determination, specific 

gravity test, particle size distribution, and 

compaction tests were carried out on untreated and 

fibre- reinforced soil samples. The results show that 

the addition of luffa fibres improves soil stability, 

increases load-bearing capacity, and reduces soil 

deformation. The study demonstrates that luffa fibre 

can be used as an environmentally friendly and cost-

effective soil stabilization material for applications 

such as road subgrades and foundation soils. 

 

I. INTRODUCTION 

 

1.1 Background and History 

Soil is one of the most important natural materials 

used in construction. It acts as the foundation for 

roads, buildings, dams, and other infrastructure. 

However, not all soils possess the required 

engineering properties for construction. Weak 

soils often exhibit low bearing capacity, high 

compressibility, and sensitivity to moisture 

changes, which can lead to structural instability 

and settlement problems. To overcome these 

problems, engineers have used various soil 

stabilization techniques for many decades. 

Traditionally, materials such as cement, lime, and 

bitumen were used to improve soil strength and 

durability. While these methods are effective, they 

are often expensive and may have negative 

environmental effects due to high carbon 

emissions. In recent years, sustainable 

construction practices have encouraged the use of 

natural materials for soil stabilization. Natural 

fibres obtained from plants such as jute, coir, 

bamboo, and sisal have been widely studied for 

their ability to reinforce soil and improve its 

mechanical properties. Among these natural 

materials, luffa fibre has gained attention due to its 

fibrous structure and natural roughness, which 

allows strong interlocking with soil particles.The 

fibre acts as a reinforcement within the soil matrix, 

improving strength and resistance to deformation. 

 

1.2 Definitions and Key Terms Soil Stabilization 

Soil stabilization refers to the process of improving 

the physical and engineering properties of soil to 

increase its strength, durability, and load-bearing 

capacity. 

Natural Fibre Reinforcement 

Natural fibre reinforcement involves mixing 

biodegradable fibres into soil to enhance soil 

strength and reduce cracking or deformation. 

Luffa Fibre 

Luffa fibre is a natural fibrous material obtained 

from the dried fruit of Luffa cylindrica. It consists 

of a network of cellulose fibres that provide tensile 

strength and flexibility.  

Compaction 

Compaction is the process of increasing soil 

density by reducing air voids through mechanical 

means. 

CBR (California Bearing Ratio) 

CBR is a test used to evaluate the load-bearing 

capacity of soil, especially for pavement design. 

Existing Evidence 

Several researchers have investigated the use of 

natural fibres for soil stabilization. Studies have 

shown that natural fibres improve the shear 

strength, compressive strength, and bearing 

capacity of soil. For example, research on jute and 

coir fibres has demonstrated significant 
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improvement in soil strength when fibres are 

mixed with clay soils. Similarly, studies using 

bamboo and vetiver fibres have shown increased 

cohesion and reduced soil permeability. 

Experimental investigations have also shown that 

natural fibres act as reinforcement within the soil 

mass by creating a three- dimensional interlocking 

network that distributes stresses and prevents soil 

cracking. Although many natural fibres have been 

studied, limited research is available on the use of 

luffa fibre for soil stabilization, which highlights 

the importance of conducting further experimental 

studies. 

 

1.3 Objectives of the Study 

To study the basic engineering properties of soil 

used in the experiment. 

To investigate the effect of adding natural luffa 

fibres on soil properties. 

To determine the optimum percentage of luffa 

fibre required for maximum improvement in soil 

strength. 

To evaluate the compaction characteristics of 

fibre-reinforced soil. To compare the 

performance of untreated soil and luffa fibre- 

stabilized soil. 

To examine the suitability of luffa fibre for use in 

geotechnical engineering applications. 

 

1.4 Research Gap 

Although many studies have been conducted on 

natural fibre reinforced soil, thereare still several 

areas that require further investigation. Most 

existing research focuses on fibres such as jute, 

coir, sisal, and bamboo, while limited work has 

been done on luffa fibre stabilization. Additionally, 

the long-term durability of natural fibres in soil 

environments is not fully understood. Another 

important gap in research is the degradation 

behavior of natural fibres under environmental 

conditions, including moisture variation and 

chemical exposure. Understanding how luffa 

fibres degrade over time is essential for evaluating 

their long-term effectiveness in soil stabilization. 

Therefore, this study aims to address these gaps by 

investigating the performance and durability of 

soil reinforced with natural luffa fibres. 

 

1.5 Scope 

Studying the basic properties of soil through 

laboratory tests. Investigating the effect of adding 

different percentage of luffa fibre in soil for 

evaluating strength and compaction 

characteristics. Comparing untreated soil with 

fibre-reinforced soil. Evaluating the potential use 

of luffa fibre in geotechnical engineering 

applications such as road construction and 

foundation improvement. 

 

1.6 Constraints 

The research is limited to laboratory-scale 

experiments. Only a specific type of soil is used in 

the study. Environmental conditions such as 

rainfall, temperature variation, and long-term field 

performance are not considered. Fibre durability 

over very long periods requires further 

investigation. 

 

II. MATERIALS AND METHODS 

 

2.1 Materials Used in the Experiment 

2.1.1 Soil Sample 

The soil used in this study was collected from a 

selected location and brought to the laboratory for 

testing. The soil was air-dried, pulverized, and 

sieved to remove large particles and organic 

matter. Basic soil properties were determined 

through standard laboratory tests. 

2.1.2 Luffa Fibre 

Luffa fibre was obtained from matured luffa fruits. 

The fibres were cleaned, dried, and cut into 

uniform lengths before mixing with soil. The fibre 

acts as a reinforcement element within the soil 

matrix and improves tensile resistance. 

2.1.3 Water 

Clean water was used during the preparation of soil 

samples and for conducting compaction tests. 

2.2 Mix Proportions 

To analyze the effect of fibre reinforcement, soil 

samples were prepared with different percentages 

of luffa fibre by weight of dry soil 

Sample. Fibre Content 

S1. 0% 

S2. 0.5% 

S3. 1% 

S4. 1.5% 

Each mixture was thoroughly blended to 

ensure uniform distribution of fibre in the soil. 

 

2.3 Experimental Procedure (Step-by-Step) 

Step 1: Soil Collection 

Soil samples were collected from the selected site 

and transported to the laboratory in sealed bags to 

prevent moisture loss. 
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Step 2: Soil Preparation 

The collected soil was air-dried and passed 

through a sieve to remove gravel and impurities. 

Step 3: Fibre Preparation 

Luffa fibres were washed to remove dust and 

organic matter, dried in sunlight, and cut into small 

uniform pieces. 

Step 4: Mixing of Soil and Fibre 

The prepared fibres were mixed with soil in 

predetermined proportions (0.5%, 1% and 1.5%). 

Step 5: Sample Preparation 

Water was added gradually to achieve the required 

moisture content, and the mixture was thoroughly 

blended. 

Step 6: Laboratory Testing 

The following tests were conducted on the soil 

samples: Moisture Content Test 

Specific Gravity Test Atterberg Limits Test 

Standard Proctor Compaction Test Strength 

behaviour observation Step 7: Data Recording 

The results obtained from each test were 

recorded carefully for analysis and comparison. 

 

III. RESULT AND DISCUSSION 

 

This result and discussion section represents 

collected data analysis and work to be conducted. 

This research purpose is to compare soil physical 

and mechanical properties with different luffa fibre 

percentage and increase the strength and stability 

of soil. All observation data can see in table and 

graph. 

Water Content Test 

The water content (w) of bare soil sample is 

defined as mass of water present in the voids 

divided by mass of soil solids. The natural water 

content of the soil gives the details about the how 

much water present in the soils. 

Moisture content of bare soil sample by using oven 

drying method is 14.40 %. 

 

Specific Gravity Test 

Specific gravity of the soil is the ratio of the mass 

of unit volume of soil at a stated temperature to the 

mass of the same volume of water at stated 

temperature. Equipment required for the evaluate 

Specific gravity are Pycnometer of about 1liter 

capacity, balance accurate to 1g, glass rod, de-

aired distilled water. 

By using Pycnometer Bottle the specific gravity of 

soil sample is 2.26. 

 

Particle Size Distribution 

This test helps to found out the percentage of 

different grain sizes contained within soil. The 

mechanical or sieve analysis determines the 

distribution of coarse-grained soil and helps 

classify soil as gravel, sand, silt or clay. Sieves 

used: 4.75 mm, 2.0 mm, 1.0 mm, 600 µm, 300 µm, 

150 µm, and 75 µm (IS 460-1962). 

 

 
 

 
 

The particle size distribution analysis test Evaluate 

data of the soil, which is contained the 0.13% 

gravel, showing a negligible coarse fraction. The 

sand content is about 39.13%, representing a 

moderate proportion of coarse particles. A 

significant portion of the soil, 60.74%, consists of 

fine particles passing the 0.075 mm sieve. This 

high percentage of fines indicates that the soil is 

predominantly fine-grained. 

 

Compaction Test (Standard Proctor Test) 

The compaction test determines the relationship 

between moisture content and dry density of soil 

under compression effort. With this test we 

calculate the optimum moisture content (OMC) 

corresponds to the maximum dry density (MDD). 

Test procedure: - soil filled in mould in 3 equal 

layers; 25 blows per layer from 2.6 kg rammer 

dropping from 310mm height (light compaction). 
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1. Bare soil sample test result 

 
 

 
 

The result after performing the compaction test on 

bare soil the optimum moisture content (OMC) 

value is 15.5% and maximum dry density (MDD) 

value is 18.8 KN/m3. 

 

2. Bare soil sample + 0.5 % luffa fibre test result 

 
The result after performing the compaction test on 

bare soil with mixing of 0.5% of luffa fibre the 

optimum moisture content (OMC) value is 21.5% 

and maximum dry density (MDD) value is 18.2 

KN/m3. 

 

3. Bare soil sample + 1.0 % luffa fibre test result 

 
 

 
 

The result after performing the compaction test on 

bare soil with mixing 1.0 % of luffa fibre the 

optimum moisture content (OMC) value is 31% 

and maximum dry density (MDD) value is 18.355 

KN/m3. 

 

4. Bare soil sample + 1.5 % luffa fibre test result 

 
 

The result after performing the compaction test on 

bare soil with mixing 1.0 % of luffa fibre the 

optimum moisture content (OMC) value is 29.6% 

and maximum dry density (MDD) value is 16.85 

KN/m3. 
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Plastic Limit Test 

The plastic limit is the minimum water content at 

which the soil can be rolled into a thread of 3 mm 

diameter without crumbling. Procedure: Take 

about 20 g of air-dried soil, add water to prepare a 

plastic mass, roll into a thread on a glass plate, and 

determine moisture content when the thread starts 

cracking at 3 mm diameter. 

 

 
 

Liquid limit test 

The liquid limit is the minimum water content at 

which a pat of soil cut by a groove of standard 

dimension will flow together for 12 mm under an 

impact of 25 blows in the Casagrande device. 

Procedure: Mix soil with water, place in cup, cut 

groove, and count blows required to close groove 

for 12 mm. Repeat at different water contents (15–

35 blow range). 

 

Bare Soil Sample 

 
The liquid limit of the bare soil sample is 32 % 

 

2. Bare Soil Sample + 0.5% Luffa Fibre 

 
The liquid limit of the bare soil sample with mixing 

of 0.5 % of luffa fibre is 31.81%. 

 

3. Bare Soil Sample + 1.0 % Luffa Fibre 

 
The liquid limit of the bare soil sample with mixing 

of 1.0 % of luffa fibre is 32.73 %. 

4. Bare Soil Sample + 1.5 % Luffa Fibre 

 
The liquid limit of the bare soil sample with mixing 

of 1.5 % of luffa fibre is 34.19 % 

 

The consistency limits results are critical for 

understanding the plastic behaviour of silty clay 

soil sample. Liquid Limit (LL), Plastic Limit (PL), 

Plasticity Index (PI) and Consistency Index (Ic) 

 

 
 

From the above A limit test results, the bare soil 

sample (0% fibre) shows a plastic limit of 22.83%, 

liquid limit of 32% and plasticity index of 9.17%, 

indicating low to medium plastic nature with 

limited cohesion. On adding 0.5% fibre, the plastic 

limit increases slightly to 23.09% and liquid limit 

to 32.82%, with plasticity index rising to 9.73%, 

which reflects a small improvement in soil 

plasticity and bonding characteristics. Further 

increase to 1% fibre content gives the plastic limit 

as 23.98% and liquid limit as 33.92%, resulting in 

the highest plasticity index of 9.94%, showing 

better interaction between soil particles and fibres, 

thereby improving cohesion. However, at 1.5% 

fibre content, the plastic limit decreases to 23.12% 

and liquid limit to 32.70%, with plasticity index 

reducing to 9.58%, indicating that excess fibre 

disturbs the soil structure and reduces 

effectiveness. Thus, the trend shows that plasticity 

and cohesion increase up to 1% fibre and then 

decrease beyond that. Since higher plasticity index 

higher the cohesion strength. 

 

Cohesion 

Cohesion is the force that holds particles together 

even without any external pressure and provides 

resistance against separation. It depends on 

consistency limits like liquid limit and plasticity 

index, where higher plasticity usually indicates 
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stronger bonding. As these limits vary, cohesion 

also changes. Increased cohesion improves shear 

strength and leads to higher compressive strength, 

while lower cohesion reduces resistance and 

weakens the overall strength behavior under load. 

 

 
 

 

 

From the test, it is clearly seen that the UCS 

strength increases as fibre content is added up to a 

certain limit. The bare soil shows a UCS of 47.5 

kPa, which gradually increases to 57.5 kPa at 0.5% 

fibre. The maximum strength of 65 kPa is achieved 

at 1% fibre content, indicating optimum 

reinforcement. Beyond this point, at 1.5% fibre, 

the UCS decreases to 55 kPa as shown in both 

graph and data. This reduction may be due to 

excess fibre causing poor bonding within soil 

structure. Hence, 1% fibre content can be 

considered as the optimum value for improving 

soil strength. 

 

IV.DISCUSSIONS 

 

The soil under study is mainly fine-grained, 

consisting of about 60.64% silt with some clay, 

39.13% sand, and very little gravel, indicating a 

matrix sensitive to moisture variation and 

relatively low inherent strength. With a specific 

gravity of 2.26 and natural water content of 

14.40%, the soil shows suitability for improvement 

through fibre reinforcement. When natural fibre 

was introduced, noticeable changes occurred in 

consistency limits. The liquid limit, plastic limit, 

and plasticity index initially increased, reaching 

peak values at around 1% fibre content, suggesting 

higher water demand due to the hydrophilic nature 

of fibres. 

 

At lower additions (0.5%–1%), fibres absorbed 

moisture and improved soil plastic behavior, but 

beyond this (1.5%), a slight reduction in limits was 

observed as fibres began replacing active fine 

particles. A similar trend was seen in strength 

characteristics. Cohesion increased significantly 

from 38 kPa in untreated soil to a maximum of 52 

kPa at 1% fibre, showing improved interparticle 

bonding and resistance due to fibre bridging. 

 

The unconfined compressive strength followed the 

same pattern, rising from 47.5 kPa to 65 kPa at 

optimum fibre content, indicating better stress 

distribution and delayed failure. However, excess 

fibre (1.5%) reduced both cohesion and UCS, 

likely due to poor bonding and fibre clustering. 

Overall, the results indicate that around 1% fibre 

content is optimal, beyond which performance 

declines. 

 

V. CONCLUSION 

 

The present study focuses on the stabilization of 

soil using natural luffa fibre and evaluates its 

effect on various engineering properties of soil 

through laboratory testing. The soil used in the 

investigation is predominantly fine-grained, 

consisting of about 60.74% fines, 39.13% sand, 

and negligible gravel, indicating low natural 

strength and high sensitivity to moisture 

variations. The natural moisture content of the soil 

is found to be 14.40%, and the specific gravity is 

2.26, confirming its suitability for stabilization. 

The compaction characteristics of untreated soil 

show an optimum moisture content (OMC) of 

15.5% and maximum dry density (MDD) of 18.8 

kN/m³. With the addition of 0.5% luffa fibre, the 

OMC increases to 21.5% and MDD slightly 

decreases to 18.2 kN/m³. At 1% fibre content, the 

OMC further increases to 31%, while MDD 

shows variation due to fibre interference in 

compaction. For 1.5% fibre content, the OMC is 

29.6% and MDD reduces to 16.85 kN/m³, 

indicating that excess fibre reduces compaction 

efficiency. 

 

The Atterberg limits test results indicate that the 

plastic limit of untreated soil is 22.83% and liquid 
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limit is 32%, giving a plasticity index of 9.17%. 

With 0.5% fibre, the plastic limit increases to 

23.09% and liquid limit to 32.82%. At 1% fibre 

content, the plastic limit reaches 23.98% and liquid 

limit 33.92%, resulting in the highest plasticity 

index of 9.94%. However, at 1.5% fibre, both 

limits decrease slightly, indicating reduced 

effectiveness. 

 

The cohesion of soil increases significantly with 

fibre addition. The untreated soil shows a cohesion 

of 38 kPa, which increases to 46 kPa at 0.5% fibre 

and reaches a maximum of 52 kPa at 1% fibre 

content. At 1.5% fibre, the cohesion decreases to 

44 kPa due to excess fibre content affecting soil 

bonding. 

 

Similarly, the unconfined compressive strength 

(UCS) of soil improves with fibre addition. The 

UCS of untreated soil is 47.5 kPa, which increases 

to 57.5 kPa at 0.5% fibre and reaches a maximum 

value of 65 kPa at 1% fibre content. However, at 

1.5% fibre, the UCS reduces to 55 kPa, indicating 

a decline in strength beyond the optimum level. 

Overall, the results clearly show that the addition 

of luffa fibre enhances soil properties by 

improving interlocking, bonding, and resistance to 

deformation. The fibre absorbs moisture and 

increases water demand, leading to higher OMC 

values. At the same time, it reinforces the soil 

matrix and improves strength characteristics up to 

an optimum level. 

 

However, beyond 1% fibre content, the 

performance of soil decreases due to fibre 

clustering, reduced soil contact, and poor 

compaction. Excess fibre disrupts the soil structure 

and reduces the efficiency of reinforcement. 

 

Thus, it can be concluded that 1% luffa fibre is the 

optimum content for soil stabilization, providing 

maximum improvement in strength and stability. 

The use of luffa fibre is economical, 

biodegradable, and environmentally friendly 

compared to conventional stabilizers like cement 

and lime. 

 

Therefore, luffa fibre can be effectively used 

in geotechnical engineering applications such as 

road subgrades, embankments, and foundation 

soils, contributing to sustainable construction 

practices. 
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