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ABSTRACT- A Large variety of reinforcing materials 

emerged and have been developed for 

construction  purposes, including: Metal strips, bar mats, 

Geotextile sheets, Geo Grids, and other reinforcing materials 

have emerged and been developed for construction 

applications. During the last few decades, reinforced soil 

technologies have been widely used in the construction of 

roads, bridges, and other structures (railway formation, 

highway embarkments, earth dams and retaining walls). Geo 

synthetics are frequently utilised in engineering practise as a 

reinforcing material to strengthen foundations, slopes, roads, 

pavements, crushed-stone columns, and other structures. 

Pavement is a hard crust that is built over natural dirt to 

provide a level driving surface for automobiles. Soil 

stabilisation in pavement construction is also concerned with 

the construction practise (highways, dams, bridges, and 

railway projects), and it demonstrates the numerous methods 

by which the stabilising responses of diverse soils can be 

found. 

This research discusses the features of soil eostnthetic 

intraction for various types of soils. Four different types of 

soils were utilised with geocomposit reinforced materials to 

conduct CBR tests to determine the density of soil samples 

and the mechanical strength of subgrade soil. These geo 

synthetic goods have aided engineers and builders in solving 

a variety of technical issues when the usage of traditional 

construction materials would be limited or prohibitively 

expensive. 
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I. INTRODUCTION  

The only mode of transportation that can provide the most 

service to everyone is by road or highways. Any country's 

economic, industrial, social, and cultural progress is aided by 

transportation. It is critical for any region's economic 

development because all trade commodities, whether they be 

food, clothing, industrial products, or medications, require 

transportation in the shortest possible time from production 

to distribution. Transportation is required throughout the 

production stage to move raw materials such as seeds, 

manure, coal, steel, and so on. Transportation from the 

production hubs, such as farms and factories, to the 

marketing centres, and then to merchants and customers, is 

required during the distribution stage. Inadequate 

transportation infrastructure stymies socio-economic 

growth.of the country.  

 Pavement construction is a significant undertaking, and this 

research focuses on the growth of one such key property in 

the subgrade soil. Ground enhancement procedures are used 

to increase soil strength, reduce softness, and improve 

performance under applied loads when the soil on the project 

site is unable to support the masses. The field of ground 

improvement techniques has been identified as an important 

and rapidly growing one. A soil mass's unsupported, sloping 

surface is known as an earth slope. Earth slopes are used to 

build railway embankments, main road embankments, earth 

dams, canal banks, and levees, among other things. Swiftness 

down of surface water is essential on slopes that are being 

scraped away. To complete the installation of equipment 

designed to slow down the flow of water,is required. 

II. OBJECTIVE AND SCOPE OF THE STUDY  

The primary goal of this research is to investigate the impact 

of soil strength following the application of geosynthetics. 

The strength of different soils was observed in the current 

investigation. The examination of soil in this thesis was done 

utilising sieve analysis and the CBR test, as well as the 

application of geosynthetics in soils. The future looks 

brighter, with stronger and more durable geosynthetics on 

the horizon, as well as a fibrous system that can be blended 

with soil, providing greater promise and challenge to 

geotechnical engineers in the years ahead. 

The overall behaviour of the reinforced mass is determined 

by the qualities of the reinforcement material, the soil 

parameters, and the nature of the interaction between the soil 

and the reinforcement. Factors such as the state of stress 

inside the strengthened mass, the type of the loading, the 

direction of reinforcement, boundary conditions, and 

material and interface qualities all affect the interaction 

mechanism. Three methods of interaction are found in the 

case of monotonic loading: passive anchorage, increasing 

confinement, and tensile membrane action. 

III. LITERATURE REVIEW 

A. General  

Soil stabilisation is a process that involves blending and 

mixing different elements to improve the qualities of the soil. 

Soil stabilisation can be accomplished in a variety of ways 
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and with a variety of materials. The following are a handful 

of the methods that have been described in the literature. 

1) Soil Stabilization with Cement 

Soil cement is soil that has been stabilised using cement. The 

chemical reactions of cement with siliceous soil during the 

hydration reaction are thought to be the cause of the 

cementing activity. The nature of the soil content, mixing 

conditions, compaction, curing, and admixtures utilised are 

all critical elements determining the soil-cement. 

The appropriate amounts of cement needed for different 

types of soils may be as follows: Gravels – 5 to 10%, Sands 

– 7 to 12%, Silts – 12 to 15%, andClays – 12 – 20% The 

quantity of cement for a compressive strength of 25 to 30 

kg/cm2should normally be  sufficient for tropical climate for 

soil stabilization.If the layer of soil having surface area  of A 

(m2), thickness H (cm) and dry density rd(tonnes/m3), has to 

be stabilized with p  percentage of cement by weight on the 

basis of dry soil, cement mixture will  be((100XP)/(1+P)) 

and, the amount of cement required for soil stabilization is 

given by Amount of cement required, in tonnes =  

 

Lime, calcium chloride, sodium carbonate, sodium sulphate 

and fly ash are some of the  additives commonly used with 

cement for cement stabilization of soil.  

2) Soil Stabilization Using Lime 

Treatment of heavy polymeric clayey soils with slaked lime 

is particularly successful. Lime can be used alone or in 

conjunction with other materials such as cement, bitumen, or 

fly ash. These combinations can also be used to stabilise 

sandy soils. Lime has mostly been used to stabilise road 

bases and subgrades. 

Lime has pozzolanic properties and affects the character of 

the adsorbed layer. The addition of lime to soil lowers the 

plasticity index of extremely plastic soils. The optimum 

water content rises, the maximum compacted density falls, 

and soil strength and durability rise.Soil Stabilization using 

Geosynthetic Material (Bamboo Fibers)  

Normally 2 to 8% of lime may be required for coarse grained 

soils and 5 to 8% of lime  may be required for plastic soils. 

The amount of fly ash as admixture may vary from 8 to  20% 

of the weight of the soil.  

3) Soil Stabilization with Bitumen  

Bituminous compounds such as asphalts and tars are used to 

stabilise soil, primarily for pavement building. When 

bituminous materials are introduced to a soil, they provide 

cohesiveness as well as a reduction in water absorption. 

Bitumen stabilisation is categorised into four groups based 

on the above actions and the composition of the soils: 

 Bitumen stabilisation with sand 

 Bitumen stabilisation in the soil • • Bitumen stabilisation 

in the soil  

 Waterproofed mechanical stabilisation in the soil 

 Oiled earthd.  

4) Chemical Stabilization of Soil 

Calcium chloride is utilised as a water retentive addition in 

mechanically stabilised soil bases and surfaces because it is 

hygroscopic and deliquescent. The vapour pressure drops, 

the surface tension rises, and the rate of evaporation falls. 

The freezing point of pure water is lowered, resulting in frost 

heave prevention or reduction. 

The salt inhibits the water pick-up and thus the loss of 

strength of fine-grained soils by depressing the electric 

double layer. Calcium chloride functions as a soil flocculant, 

making compaction easier. To compensate for the chemical 

loss due to leaching, it may be required to apply calcium 

chloride on a regular basis. The relative humidity of the 

atmosphere must be greater than 30% for the salt to be 

effective. 

Another chemical that can be used for this purpose is sodium 

chloride, which has a stabilising effect comparable to 

calcium chloride. 

Sodium silicate, in combination with other chemicals such as 

calcium chloride, polymers, chrome lignin, alkyl 

chlorosilanes, siliconites, amines and quarternary 

ammonium salts, sodium hexametaphosphate, and 

phosphoric acid mixed with a wetting agent, is another 

chemical used for this purpose. 

5) Electrical Stabilization of Clayey Soils 

Geosynthetic Material for Soil Stabilization (Bamboo 

Fibers) 

Electro-osmosis is a technique for electrically stabilising 

clayey soils. This is an expensive type of soil stabilisation 

that is mostly utilised for cohesive soil drainage. 

6) Soil Stabilization by Grouting  

Stabilizers are injected into the soil using this technique. Due 

of their low permeability, clayey soils are not suitable for this 

approach. This is a pricey soil stabilising technology. This 

strategy is best for sustaining underground zones with a 

small footprint. The following are the several types of 

grouting techniques: 

 Clay grouting  

 Chemical grouting  

 Chrome lignin grouting  

 Polymer grouting, and  

 Bituminous grouting  

 Soil Stabilization by Geotextiles and Fabrics 

Porous fabrics consisting of synthetic materials such as 

polyethylene, polyester, nylons, and polyvinyl chloride are 

known as geotextiles. Geotextiles are available in woven, 

non-woven, and grid form. Geotextiles are extremely 

durable. It helps to the stability of the structure when 

correctly entrenched in the soil. It's used to build unpaved 

roads on soft soils. 

Metallic strips are inserted into the soil for support, and an 

anchor or tie back is provided to constrain a facing skin 

element. 
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7) Stabilization of Black Cotton Soil Using Lime and 

Geogrid  

Sujitkawade et al. investigated the impact of lime and 

geogrid on soil characteristics. Their primary goal was to 

compare the qualities of the soil before and after adding lime 

and geogrid to it. Natural moisture content determination, 

specific gravity, Atterbergs limits, compaction test, and 

compressive strength test were among the other tests they 

conducted. The ideal lime level was discovered to be 15% 

after studying and completing the aforesaid test, and they 

concluded that the compressive strength of the soil had 

increased significantly. 

Geosynthetic Material for Soil Stabilization (Bamboo 

Fibers) 

8) Improvement in CBR Value of Black cotton Soil by 

Stabilizing it with Vitrified  Polish Waste  

Vegulla, Raghudeep, and colleagues investigated the impact 

of vitrified polish waste on soil characteristics. Their goal 

was to see if the addition of polish waste resulted in a 

reduction in pavement thickness due to a rise in CBR. Grain 

size distribution, Atterbegs limits, compaction tests, and 

CBR testing were conducted on soil alone and with the 

addition of vitrified polish waste. They discovered that 

adding 10% vitrified polish waste to the mix resulted in a 

considerable improvement in CBR value and a significant 

reduction in pavement thickness. 

B. Geotextiles: An Overview 

AyushMithal and Dr. ShalinuShukla investigated the 

efficiency of geotextiles as a soil reinforcing material for 

various engineering projects. Their goals were to learn about 

and introduce the properties of geotextiles (such as physical, 

mechanical, hydraulic, endurance, and durability), geotextile 

fibres (natural and synthetic fibres), types of geotextiles, 

functions of geotextiles, applications of geotextiles, and the 

impact of geotextiles on the environment. They came to the 

conclusion that geotextiles can be used in a variety of critical 

civil engineering projects due to their range of functions. 

Geotextiles save money not just during construction but also 

during maintenance. 

C. Effects of Jute Fibers on Engineering Characteristics 

of Black Cotton Soil  

Harshita Bairagi et al. investigated the efficacy of jute fibres 

in controlling the swelling behaviour of black cotton soil in 

the laboratory with and without the use of randomly 

reinforced jute fibres in the soil. Their goals were to figure 

out the soil's CBR values and unconfined compressive 

strength. Sieve analysis, Atterbergs limits, differential 

swelling test, proctor test, CBR test, and unconfined 

compression test were among the other tests performed. 

According to the results of the test, the soil's shrinkage limit, 

optimal hydration, dry density, CBR value, and shear 

strength all increased significantly, and the addition of jute 

fibres to black cotton soil reduced swelling behaviour. 

D. Types of Reinforcement  

Reinforced Soil Structures square measure classified loosely, 

into three classes: 

 Mechanically-Stabilized Earth (MSE) Walls   

 Reinforced Slopes and Embankments  

 Reinforced Foundations   

Soil Reinforcement is also created with variety of materials:  

 Woven Geotextiles  

 Polymer Geogrids of synthetic resin (usually uniaxial) 

&amp; plastic (usually biaxial)   

 Polyester and covering material Geogrids (often 

unwoven or sewn at junctions) and  frequently coated 

with a chemical compound like synthetic resin or PVC or 

with  hydrocarbon.  

 Steel Strips  

 Welded wire mesh 

IV. GEOSYNTHETICS 

Geosynthetics with high tensile strength have been proven to 

be effective in the design of many civil engineering 

applications when combined with soil with high compressive 

strength. Many researchers have discussed the use of 

Geosynthetics in the fields of geotechnical, transportation, 

hydraulics, and geo-environmental engineering. 

The materials used in the production of geosynthetics are 

mostly synthetic materials produced from crude oil oils, 

however rubber and fibreglass are also used. Geosynthetics 

is a generic term for a wide range of planar products 

manufactured from composite materials. Geotextiles, 

geogrids, geonets, geomembranes, and geocomposites are 

the most popular, and they're used in contact with soil, rock, 

and/or other materials as part of a man-made project or 

construction. The term ‘geosynthetics’ has 2 parts:  

 ‘GEO’ touching on Associate in Nursing finish use related 

to rising the performance of applied science works  involving 

earth/ground/soil.  

‘SYNTHETICS’ touching on the very fact that the materials 

square measure virtually solely from artificial  merchandise  

A. Types  

The various types of geosynthetics that are available 

in the market are named below:  

 Geotextiles (GT) 

 Geogrids (GG)  

 Geonets (GN)  

 Geomembranes (GM)  

 Geosynthetic clay liners (GCL)  

 Geopipe (GP)  

 Geofoam (GF)  

 Geocomposite  

1) Geotextiles GT 

Geotextiles are one of the two major groups of geosynthetics. 

Their expansion over the last 35 years has been nothing short 

of amazing. They're textiles in the traditional sense, but 

they're made of synthetic fibres rather than natural ones like 

cotton, wool, or silk. As a result, biodegradation and the 

resulting limited lifespan aren't a burden. Normal weaving 
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machines can turn these artificial fibres into multifunctional, 

porous fabrics, or they can be matted together in a random 

non-woven fashion. Some are also untied. There are at least 

a hundred different applications for geotextiles that are being 

developed, but the material must always perform at least one 

of four functions: separation, reinforcing, filtration, and/or 

drainage. 

Based on the manufacturing process, geotextiles are divided 

into the following categories: 

 Woven GT   

 A geotextile made by interwoven, sometimes at right 

angles, 2 or a lot of sets of yarns or  

 Other parts employing a typical weaving method with a 

weaving loom.  

 Non-woven GT   

 A geotextile made from directionally or willy-nilly 

oriented fibres into a loose internet by bonding 

with  partial melting, needle punching or chemical 

binding agents.   

 Knitted GT A geotextile made by inter-looping one or a 

lot of yarns beside a textile machine rather than 

a  weaving loom  

 Stitched GT  

 A geotextile within which fibres or yarns or each ar 

interlocked by handicraft or stitching. 

 

 

Figure 1: Categories of geotextiles 

2. Geogrids (GG)  

Geogrids are a rapidly expanding subset of geosynthetics. 

Geogrids are polymers fashioned into an incredibly open, 

grid-like arrangement, requiring large holes between 

individual ribs in both the transverse and longitudinal 

directions, rather than being a plain-woven, non-woven, or 

unwoven textile material. Geogrids can be stretched in one 

or both directions to improve their physical qualities. Using 

typical textile manufacturing methods, such as weaving or 

knitting machinery. Using bonding rods or straps along the 

way. 

3) Geonets (GN) 

Geonets, also known as geospacers, are a specialised phase 

of the geosynthetics field. They're made by extruding parallel 

sets of chemical compound ribs at acute angles to one 

another indefinitely. When the ribs are opened, the 

comparatively large apertures are formed into a web-like 

pattern. Biplanar and triplanar are the two most common 

types. Their style work is entirely confined to the 

geographical area where they are accustomed to transporting 

various liquids. 

4) Geosynthetic Clay Liners (GCL)  

Rolls of manufactory made-up skinny layers of clay clay 

sandwiched between two geotextiles or guaranteed to a 

geomembrane are geosynthetics clay liners. Needle 

punching, stitching, or physical bonding are used to ensure 

the structural integrity of the ensuant composite. 

5) Geofoams (GF)  

Geofoam is a product made via a compound enlargement 

process that results in a foam made up of many closed, but 

gas-filled cells. 

6) Geocomposite (GC)  

During a work fictional unit, geocomposite is made up of a 

combination of geotextiles, geogrids, geonets, and/or 

geomembranes. In addition, any of those four components 

can be coupled with another artificial material, such as 

unshapely plastic sheets, steel wires, or soil.nded compound 

material are:  

 Tensile strength  

 Burst strength  

 Grab strength  

 Tear strength  

 Resistance to ultraviolet light degradation for two weeks 

exposure with negligible strength loss  

B. Resistance Properties  

It must be capable of withstanding static and dynamic loads, 

high pore pressure, and severe abrasive action during the 

course of its life. The properties under question include:  

 Puncture resistance  

 Abrasion resistance  

 Elongation resistance  

C. Permeability Properties  

It must resist severe clogging and blinding while allowing 

water to freely move across and within the geotextile's plane. 

At the same time, it must be capable of filtering particulates 

from the subgrade and holding them. The properties in 

question are: 

 Cross plane permeability   

 In plane permeability   

 Apparent opening size   
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V. EXPERIMENTAL PROGRAMME 

A. Soils Used in the Project  

Some major kinds of soils that are encountered are:   

 Black cotton soil – marshy regions, dried up river or lake 

beds, etc.   

 Marine clay – river delta, high rainfall zones, d/s of 

erosion prone areas.   

 Granular soil– Desert regions, coastal areas, etc.   

 Red laterite soil – Plateaus, boulder regions.   

Black cotton soils are expansive in nature, shrinking in dry 

seasons and expanding greatly in wet seasons, depending on 

the mineral content. It has low strength characteristics, such 

as load bearing capacity. Because this is a negative quality 

for pavement construction, the soil must be evaluated for a 

variety of engineering properties, including the depth of the 

layer to compensate for the amount of expansion and 

shrinkage. Marine clay is a pure clay with fine sand 

contained in it that belongs to the same family as pure clays. 

This could have happened as a result of clayey soils being 

exposed to desert winds and degraded soils. These sand 

grains have served as coarse aggregate in concrete and have 

helped to strengthen the soil, but they are not good enough 

for engineering uses. When compared to clays, the expansion 

behaviour is less. 

Red laterite soils have good strength properties, but when 

exposed to high moisture, they behave like clay and can 

cause pavement failure, necessitating a strength study. We 

discovered from our literature review that expanding nature 

is not as extreme in clays. 

B. Collection and Storing of Samples  

Red laterite soil:  

Red soil is collected from the laboratory premises where a 

work for gardening was undergoing. The soil was 

broken  down to make it free from lumps and all the non-

required waste was carefully picked out and cleaned.   

Marine clay:  

This soil was collected from Maisammaguda  

Black cotton soil: 

Black cotton soil was also collected from the Narsapur 

Medak.  

Granular soil:  

Granular soil was also collected from the Bahadhurpally.  

C. Application of Geosynthetics.  

Except for the inclusion of geosynthetic layers into the soil 

and compacting at different heights of the soil within the 

mould, the testing technique is the same for each case. The 

geotextile and, as a result, the geogrid were taken as round 

pieces that would fit into the mould perfectly. When 

compacting the soil, which might grow to be the top of the 

second layer and fourth layer when inverting the mould for 

cosmic microwave background testing and CBR testing, 

layers were placed higher than the primary and hence the 

third layer. 

 

VI. EXPERIMENTAL RESULTS & SCOPE 

OF THE WORK 

Red laterite (CBR test)  

Table: 1 CBR test (Red laterite) 

Penetration  

(mm) 

CBR  

(plain 

soil) 

CBR  

GG(40*40) 

CBR  

(GT) 

2.5  10.571  22.02  13.2145 

5  9.9843  21.143  12.920 

7.5  9.6368  20.88  12.390 

10  9.488  20.115  12.144 

12.5  9.387  19.78  12.07 

 

The usage of geosynthetics is predicted to become more 

common, and geosynthetics will be the standard material of 

choice for a variety of applications. It can be utilised in 

landfill projects as part of environmental engineering. It can 

also be used for antifiltration, anti-seepage, drainage, 

protection, and reinforcing in railway construction. Needle 

punched staple fibre nonwovens were employed as filtration 

for subgrades. 

VII. CONCLUSION  

Granular soil showed an increase in CBR values for 

Geogrids, nearly doubling for penetrations of 2.5mm and 

5mm, implying that using Geogrids for pavements in 

Granular soil can lower the layer thickness by nearly half of 

the original depth. 

CBR values were greater in granular soil. This was due to the 

fact that sands contained a higher proportion of coarse grains 

than soils with higher fines and clayey properties. When 

Geogrids 40x40 were utilised to reinforce black cotton soil, 

the strength of the soil was tripled. These Geogrids for Black 

Cotton Soils formats can be used to build low-volume roads 

at a lower cost for the same amount of traffic. 

In contrast to the Sandy soils, all three clayey soils, namely 

red laterite, marine clay, and black cotton soil, have 

responded favourably to the Geotextile. When the load was 

exerted on the soils, the Geotextile, which was non-woven, 

was squeezed. 

Geotextile can be used to treat and fortify clayey soils that 

have a lot of moisture in them. This is because the Geotextile 

absorbed water from the soils, and the soils had a high clay 

content, which made them rigid and improved the soil's load 

bearing capacity.  

When the 40x40 Geogrid was utilised to reinforce the marine 

clay, it showed significant improvement, with the load 

bearing capacity more than doubling. The strength 
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enhancement was not as great in the other Geogrids as it was 

in the 40x40 Geogrid. 

When no other commercially viable soils are available in the 

area, geogrids are used. Also, the margins of the sand stratum 

should have firmer soils with high fines to prevent sand 

particles from flowing when high moisture is created. This 

will serve as the foundation for future research into the cost-

effective construction of pavements on a weaker subgrade, 

sub-base, and base soils using various reinforcing 

technologies.  

Some of our future research ideas include using Geocells to 

hold sands in place and attempting to avoid clayey soil 

expansion. In addition, woven Geotextiles will be used to 

compare the CBR value enhancement and cost feasibility of 

woven Geotextiles to Geogrids and non-woven Geotextiles.  
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