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Abstract— A pavement structure consists of a number of 

layers for the purpose of transmitting and distributing traffic 

loads to the sub-grade. Rutting is one form of pavement 

distresses that may influence the performance of road 

pavements. Soft sub-grade soils are distinguished by their low 

undrianed shear strength and high compressibility. Thus, such 

type of sub grade is required to improve by either replacing 

the existing soil, which is not  a practical and feasible option, 

thus it is required to stabilize the soil and improve its strength 

Nowadays reinforcement has been provided to get the 

desirable strength of sub grade, This dissertation work deals 

geo-grid reinforcement which are nothing but planar, 

polymeric (synthetic or natural) materials used in contact 

with soil/rock and/or any other geotechnical material, for 

Filtration, drainage, Separation, Reinforcement, Protection, 

Sealing and Packing. This work describes the beneficial 

effects of reinforcing the sub-grade layer with a single layer 

of geo-grid at different positions and thereby determination 

of optimum position of reinforcement layer. The optimum 

position was determined based on California Bearing Ratio 

(CBR value) and unconfined compression tests were 

conducted to decide the optimum position of geo-grid. The 

CBR of a soil increases by 50-100% when it is reinforced 

with a single layer of geo-grid. The amount of improvement 

depends upon the type of soil and position of geo-grid. CBR 

of sub-grade soil is 6.53% without reinforcement and when 

geo-grid was placed at 0.2H from the top, the CBR value 

increased to 19.66%.  Soaked Condition CBR of sub-grade 

soil is 4.77% without reinforcement and when geo-grid was 

placed at 0.2H from the top, the CBR value increased to 

4.46%. 
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I. INTRODUCTION 

In pavements, sub-grade is native material beneath created 

road, pavement or railway track. It additionally referred to as 

formation level. Sub-grade is usually compacted before the 

development of a road, pavement or railway track. 

 For any construction work, like building works, road 

works etc, type of soil and its condition plays a very vital role 

as it is one of the important foundation materials. For any road 

construction work, minimum value of California Bearing 

Ratio (CBR) of the soil must be more than 3 %. In many areas 

of the subcontinent like India, the sub grade soil having more 

than 3% California Bearing Ratio (CBR) is not available. For 

such areas, either we need to borrow sub grade soil from some 

other areas or alternatively, soil strength needs to be 

improved by various soil stabilizing methods. Soil 

stabilization may be a procedure wherever natural or 

synthesized additives ar accustomed improve the properties 

of soil. within the past, several analysisers have carried out 

their research work for rising the strength of sub grade soil 

using different additives/stabilizing materials. The present 

dissertation work deals with the reinforcement of soil using 

Geo-grids. 

 This involves asphalt thickness savings from fifty 

millimeter to a hundred millimeter, or the flexibility to hold 

2 or 3 times a lot of traffic masses for equal thicknesses. 

Nejad and tiny (1996) investigated the influence of geo-grid 

reinforcement of the granular base of a versatile pavement 

made on sand. They found that geo-grid might considerably 

decrease the permanent deformation within the pavement by 

40% to 70%. 

A. Geo-Grid 

Geo-grids represent a little however speedily growing phase 

of the geo-synthetics space. Instead of being a woven, 

nonwoven or knit textile (or textile-like) material, geo-grids 

are plastics shaped into a really open, grid like configuration, 

i.e., they need apertures bigger than1/4" to allow interlocking 

with surrounding soil, rock, earth and other surrounding 

materials. Often they are stretched in one or two directions 

for improved physical properties. By themselves, there is a 

list of application areas like under parking lots, airport 

runways, gravel construction roads, highways, earth retaining 

wall construction, Steepened Slopes, dam and railroad tracks 

etc. It works in two ways: reinforcement and separation 

which are the techniques of humanizing  soil having 

expansive in nature with geo-grid, to increase the stiffness 

and load carrying capacity of the soil through frictional 

interaction between the soil and geo-grid material. 

B. Soil Reinforcement 

To allow reinforcement to the soil there are 3 strategies. 1st 

is by physical technique that is completed by vibration, 

thermo-electrical solidify and thaw. Second is by mechanical 

technique exploitation fibrous materials from Geo-synthetic 

family (Geo-grid, Geo-textile, Geo-composite, Geo-net, Geo-

cell). The third is by chemical technique exploitation standard 

materials, enzymes &amp; chemical compound resins. 

Reinforcing soil may be a terribly recent and effective 

technique. 

II. OBJECTIVE OF THE PROJECT 

The basic objectives of study of black cotton soil are as 

following: 

 To compare the strength of virgin soil and geogrid 

reinforced soil on the basis of CBR value under soaked 

and unsoaked condition. 

 Find out the following properties of virgin soil : 

 Liquid Limit 

 Plastic Limit 

 Obtain relation between dry density and water content by 

Heavy Compaction test. 

 To determine the effect of strength of geogrid 

reinforcement on the basis of CBR value at various 
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thickness of a sample under  unsoaked and soaked 

condition 

 To determine the CBR at 0.2 H. 

 To determine the CBR at 0.4 H. 

 To determine the CBR at 0.6 H. 

 To determine the CBR at 0.8H 

Comparing the CBR of given sample of geogrid at various 

thickness. 

III. EXPERIEMENTAL ANALYSIS 

A. Introduction 

The entire investigations have been conducted on Black 

Cotton Soil (from kurud, bhilai). Initially experiments were 

conducted to find out different properties of soil such as index 

properties, grain size distribution etc. Later on significant 

compaction tests were conducted to search out out the 

optimum moisture content &amp; corresponding maximum 

dry density. Then CBR tests were created at totally different 

completely different} wetness contents together with OMC 

and analysis created to analyze the variation of CBR with 

respect to different days of soaking, i.e. from unsoaked (day 

0) to soaked (day 4). The variations were conjointly created 

with respect to moisture content at different completely 

different} layers together with different positions (east, west, 

north, south, centre positions) and , the variations of moisture 

content with relevancy completely different days of soaking 

were determined. 

B. Atterberg limit 

1) Liquid Limit Test 

A sample of 200gm of soil and acceptable water was 

completely mixed to make a paste. The soil paste was then 

placed within the cup of the liquid limit device and a grove 

was created in middle of soil on the diameter, dividing the 

soil into a pair of elements .then handle of the device was 

turned until the 2 parts within the cup joined Then no of blows 

was noted and little amount of soil was taken for 

determination of moisture content. 

 
Fig. 4.1: Liquid Limit 

2) Plastic Limit Test 

Around 300 gm of soil was taken and mixed with sufficient 

quantity of water and so a little of soil was taken into a ball 

and rolled it into a thread of uniform diameter. Then some 

crumbled soil pieces taken for calculation of moisture 

content. 

3) Compaction Test 

6000gm of oven dry soil was passed through the 4.75mm 

sieve. Enough water was added to the sample 7% (sandy soil) 

&10% (clayey soil). The soil was compacted into the mould 

in FIVE layers using a 10 pound hammer and 56 blows per 

layer. Weighed the mould and the sample and recorded on 

data sheet. Small quantity of soil sample was taken for 

determining moisture content. The experiment was repeated 

by increasing the moisture content. A graph was plotted 

between water content vs. dry density to scale on chart paper 

and ideal OMC and MDD was determined. 

1) OMC: 20.14 

2) MDD: 1.75 

 
Fig. 4.2: Heavy Compaction to Calculate OMC and MDD 

4) CBR Test 

Using the moisture content and corresponding dry density the 

amount of soil used for CBR was calculated. Geo grid use 

0.2H, 0.4H, 0.6H and 0.8h height from top of the sample.  The 

sample was tested using the CBR instruments and each layer 

was soaked for 4 day and corresponding CBR values was 

found out. Unsoaked CBR was also determined for every 

sample. Also the moisture content at different points (i.e., at 

different height &at its different locations like north, south, 

east, west and centre) was determined. 

C. CBR Value Calculated Unsoking Condition 

1) Without Geo Grid the Sample 

 
Fig. 4.3: Unsoaked CBR Value Determination without Geo-

Grid 

 CBR at: 2.5 mm 6.53 

 CBR at: 5.0 mm 6.07 
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2) GEO Grid Use 0.2 H Height from Top of the Sample 

 
Fig. 4.4: Unsoaked CBR Value Determination Geo Grid use 

0.2 H height 

 CBR at  2.5 mm: 19.6642 

 CBR at  5.0 mm: 18.1606 

3) GEO Grid Use 0.4 H Height from Top of the Sample 

 
Fig. 4.5: Unsoaked CBR Value Determination Geo grid use 

0.4H Height 

 CBR at  2.5 mm: 16.6423 

 CBR at  5.0 mm: 15.5707 

4) GEO Grid Use 0.6 H Height from Top of the Sample 

 
Fig. 4.6: Unsoaked CBR value Determination Geo Grid use 

0.6H Height 

 CBR at  2.5 mm: 11.34 

 CBR at  5.0 mm: 10.51 

5) GEO Grid Use 0.8 H Height from Top of the Sample 

 
Fig. 4.7: Unsoaked CBR Value Determination Geo Grid use 

0.8H Height 

 CBR at  2.5 mm: 8.9781 

 CBR at  5.0 mm: 8.17518 

D. CBR Value Calculated Soaked Condition 

1) Without GEO Grid the Sample 

 
Fig. 4.8: Soaked CBR Value Determination without Geo-

Grid 

 CBR at  2.5 mm: 4.77372 

 CBR at  5.0 mm: 4.55474 

2) GEO Grid Use 0.2 H Height from Top of the Sample 

 
Fig. 4.9: Soaked CBR Value Determination Geo Grid Use 

0.2H Height 
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3) GEO Grid Use 0.4 H Height from Top of the Sample 

 
Fig. 4.10: Soaked CBR Value Determination Geo Grid use 

0.4H Height 

 CBR at  2.5 mm: 8.93431 

 CBR at  5.0 mm: 8.3122 

E. GEO Grid Use 0.6 H Height from Top of the Sample 

 
Fig. 4.11: Soaked CBR Value Determination Geo Grid use 

0.6H Height 

 CBR at  2.5 mm: 5.9562 

 CBR at  5.0 mm: 5.3561 

1) GEO Grid Use 0.8 H Height from Top of the Sample 

 
Fig. 4.12: Soaked CBR Value Determination Geo Grid Use 

0.8H Height 

 CBR at 2.5 mm: 4.46715 

 CBR at 5.0 mm: 4.2439 

IV. RESULT & DISCUSSION 

A. Result 

The results which we get from our analysis are mentioned       

bellow. 

B. Atterberg Limit 

Liquid Limit Test 42.35 

Plastic Limit 19.01 

OMC 20.13 

MDD 1.75 

Table 5.1: Atterberg Limit and OMC & MDD 

1) CBR Value Unsoking & Socking Condition 

Sr. 

No. 

Position of geo-

grid from top of 

specimen 

UNSOAKED 

CBR 

SOAKED 

CBR 

b No geo-grid 6.53 4.77 

2 0.2H 19.66 13.13 

3 0.4H 16.64 8.93 

4 0.6H s 11.34 5.95 

5 0.8H 8.97 4.46 

Table 5.2: CBR Value Unsoking and Socking Condition 

V. DISCUSSION 

In the present study, reinforced benefits of different layers of 

a flexible pavement are evaluated in terms of their strength 

parameters like, CBR value and the important discussions of 

this research are summarized below: 

1) The CBR of a soil increases by 50-100% when it is 

reinforced with a single layer of geo-grid. The amount of 

improvement depends upon the type of soil and position 

of geo-grid. 

2) CBR of sub-grade soil is 6.53% without reinforcement 

and when geo-grid was placed at 0.2H from the top, The 

CBR value increased to 19.66%. 

3) Soaked Condition CBR of sub-grade soil is 4.77% 

without reinforcement and when geo-grid was placed at 

0.2H from the top, The CBR value increased to 4.46%. 

VI. CONCLUSION & RECOMMENDATION 

A. Conclusions 

Based on the results of this study the following conclusions 

may be drawn: 

1) The strength has been compared on the basis of CBR for 

virgin and geogrid reinforced soil under unsoaked and 

soaked conditions. 

2) Results are mentioned 

Presence of Reinforcement 
Unsoaked 

CBR 

Soaked 

CBR 

No Reinforcement 6.53 4.77 

Reinfoced with Geo-grid at 

optimum position 
19.66 13.13 

Table 6.1: 

 The result implies that when sub-grade is reinforced 

with geo-grid it’s CBR increases as for virgin soil CBR is 

6.53 and it increases to 19.66 with geo-grid under unsoaked 

condition. 
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 For soaked condition CBR of geo-grid as 13.33 

which is higher than virgin soil CBR of 4.77 under soaked 

condition. 

3) In this project soil sample of KURUD BHILAI has been 

tested for following test shown in table bellow 

Liquid Limit Test 42.35 

Plastic Limit 19.01 

OMC 20.13 

MDD 1.75 

Table 6.2: 

Interfacing soil with geo-grid material at various positions , 

increases the penetration resistance and hence CBR strength  

in both unsoaked and soaked condition while comparing the 

thickness (position of geo-grid) following results has been 

observed: 

Sr. 

No. 

Position of geo-

grid from top of 

specimen 

UNSOAKED 

CBR 

SOAKED 

CBR 

1 No geo-grid 6.53 4.77 

2 0.2H 19.66 13.13 

3 0.4H 16.64 8.93 

4 0.6H 11.34 5.95 

5 0.8H 8.97 4.46 

Table 6.3: CBR Value Unsoking and Socking Condition 

 From above table it has been proved that strength is 

maximum at 0.2 H for both soaked and unsoaked conditions. 

B. Recommendations 

Geo-grids have a good potential to reduce the cost of 

pavement layers if weak sub-grade are encountered on the 

alignment. On low volume paved roads, designers should 

consider the installation of geo-grid to improve the California 

Bearing Ratio, Reduce layer thickness and increase structural 

number of pavement. 
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