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I.  INTRODUCTION 
 

Transportation contributes to the all-round 

development of a country and hence plays a vital 

role towards its progress. The present scenario in 

India demands maximum transit facilities to be 

developed at a low cost within shortest feasible time. 

India being predominantly rural in nature, road links 

are found to have distinct advantage over other 

modes of communication.  

 

However economy, time, environmental constraints 

and several other factors make a highway 

professional’s job more challenging in delivering a 

safe and cost effective road network to its users. One 

of the major problems faced by the engineers in 

highway construction, in plains and coastal areas of 

India is the presence of soft/loose soil at ground 

level. This strata of being considerable depth cannot 

be removed by excavation, thus leaving no choice to 

build road over them. This condition may be further 

worsened if supplemented with poor drainage or 

lack of it. Assam being situated in a region of high 

rainfall area suffers from poor drainage as well as 

weak subgrade condition.  

 

 

 

 

 

II. GEOSYNTHETICS: - HISTORICAL 

DEVELOPMENT 
 

Geosynthetics is the collective term applied to thin, 

flexible, sheets of material incorporated in or above 

soil to enhance its engineering performance. It 

comprises a variety of products largely grouped 

under geotextiles, geogrids, geomembranes and geo 

composites. Applications of Geosynthetics fall mainly 

within the discipline of civil engineering and the 

design of these applications, due to the use of 

geosynthetics with soils, is closely associated with 

geotechnical engineering. 

 

The earliest of civilizations used natural materials to 

improve soil behaviour. For instance, in the 

ziggurauts of Babylonia, woven mats of reeds were 

used and in the construction of the Great Wall of 

China, tree branches along with leaves were placed. 

In India, it is common to see dry branches and leaves 

of trees being used to reinforce soft soil (or softened 

shoulder on the roadside) on which heavy laden 

trucks get bogged down during monsoon. In the vast 

waterfront areas of Kerala, it has been an age old 
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custom to spread coconut leaves on the ground 

before gravel/aggregate is laid over a road 

formation. Nature itself exercises control on erosion 

through vegetation (more specifically by the fine well 

spread roots which while supporting the plant 

upright, also hold the soil together). Walking on 

bundles of trees has enabled man to cover even 

marshy lands. Such examples are plenty.  

 

In British India, a certain Col. Powell, while 

constructing retaining walls found that the thickness 

of the wall could be reduced by incorporating 

construction waste like bamboos, canvas, etc. into 

the backfill. Textile material was perhaps first used in 

road construction in South Carolina in the early 

1930’s. One of the first mills to produce jute 

geotextile, popularly known as Soil Saver was 

established in Calcutta in the early forties. In the 

Ludlow Jute Mills a separate line was then 

established to manufacture this industrial by-product 

(as it was made from jute caddies, meaning waste 

jute). It was and even now is an export oriented 

product. 

 

III. GEOSYNTHETICS FOR GROUND 

IMPROVEMENT 
 

Long ago, when difficult sites for construction 

purposes were to be dealt, the conventional practice 

was limited to either the replacement of unsuitable 

soils or adopting suitable foundation which 

sometimes increases the cost of foundations. 

Innovative soil modification approaches are evolved 

to solve soil related problems. One among them is 

the usage of geo-synthetics. When used to enhance 

the soil strength they have following advantages. 

1. They are space savings, 

2. Better material quality control, 

3. Better construction quality control, 

4. Cost savings, 

5. Technical superiority, 

6. Construction time saving, 

7. Material deployment, 

8. Material availability, 

9. Environmental sensitivity. 

 

IV. ROADWAY DESIGN USING GEOGRIDS 
 

1. Ease of Construction: The Geogrid can be 

installed in any weather conditions. This makes it 

more demanding.  

2. Land Optimization: This method of Geogrid 

installation in soils makes an unsuitable area 

suitable for preparing it to meet desired 

properties for construction.  

3. Geogrid thus helps in proper land utilization.  

4. Geogrid promotes soil stabilization.  

5. A higher strength soil mass is obtained. Higher 

load bearing capacity. It is a good remedy to 

retain soil from erosion No requirement of 

mortar.  

6. The material is implemented dry. No difficulty in 

material availability. Geogrids are flexible in 

nature.  

7. They are known for their versatility. Geogrids 

have high durability reducing maintenance cost. 

They are highly resistant to environmental 

influences.  

8. Materials are tested based on standard codes 

and regulations. 

 

Certain design principles are common to all types of 

roadways, regardless of the design method or the 

type of geosynthetic (i.e., geotextile or geogrid). 

Basically, the design of any roadway involves a study 

of each of the components of the system, (surface, 

aggregate base courses and subgrade) detailing their 

behavior under traffic load and their ability to carry 

that load under various climatic and environmental 

conditions. All roadway systems, whether permanent 

or temporary, derive their support from the 

underlying subgrade soils.  

 

Thus, when placed at the subgrade interface, the 

geosynthetic functions are similar for either 

temporary or permanent roadway applications. 

However, due to different performance requirements, 

design methodologies for temporary roads should 

not be used to design permanent roads. Temporary 

roadway design usually allows some rutting to occur 

over the design life, as ruts will not necessarily impair 

service. Obviously, ruts are not acceptable in 

permanent roadways. 

 

For temporary roads, our design basically uses 

geosynthetics for the construction and traffic support 

of the roadway section allowing for a specific 

tolerable amount of rutting. Recommended design 

procedures for temporary roads are presented in 

Section 6 for geogrids. Approaches for using 

geogrids in permanent roads for stabilization and 

base reinforcement are covered in Section 2. Design 

for each application is based on the function(s) of the 
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geosynthetic and the properties required to perform 

the intended functions as covered in the following 

sections. 

 

Functions of Geogrids in Roadways and Pavements 

 As indicated in the introduction section, the geogrid 

improves the pavement system performance through 

reinforcement, which may be provided through three 

possible mechanisms.  

 Lateral restraint of the base and subgrade through 

friction (geotextiles) and interlock (geogrids) 

between the aggregate, soil and the geosynthetic 

(Figure 3.2a).  

 Increase in the system bearing capacity by forcing 

the potential bearing capacity failure surface to 

develop along alternate, higher shear strength 

surfaces (Figure 3.2b).  

 Membrane support of the wheel loads (Figure 3.2c). 

 
 

Figure 1 Possible reinforcement functions provided 

by geosynthetics in roadways: 

 

 Lateral restraint,  

 Bearing capacity increase, and  

 Membrane tension support (after Haliburton, et 

al., 1981). 

 

V. CONCRETE MIX DESIGN 
 

1. Parameters for mix design  

The blend plan M-40 evaluation for Pier gave here is 

to reference reason as it were. Real site conditions 

change and along these lines this ought to be 

balanced according to the area and different factors. 

Parameters for mix design  

Evaluation Designation = M-40  

Sort of concrete = O.P.C-43 evaluation  

Admixture = Plasticizer 

Fine Aggregate = Zone-II  

Sp. Gravity Cement = 3.15  

Fine Aggregate = 2.61  

Coarse Aggregate (20mm) = 2.65  

Coarse Aggregate (10mm) = 2.66  

Least Cement (according to contract) = 400 kg/m3  

Greatest water bond proportion (according to 

contract) = 0.45 

Mix Calculation: – 

1. Target Mean Strength 

Target Mean Strength = 40 + (5 X 1.65) = 48.25 Mpa 

2. Selection of water cement ratio:- 

Accept water concrete proportion = 0.4 

3. Calculation of cement content: – 

Accept concrete substance 400 kg/m3  

(According to contract Minimum concrete content 

400 kg/m3) 

4. Calculation of water: – 

400 X 0.4 = 160 kg Which is under 186 kg (according 

to Table No. 4, IS: 10262)  

Thus o.k. 

5. Calculation for C.A. & F.A.:  

V = [ W + (C/Sc) + (1/p) . (fa/Sfa) ] x (1/1000)  

V = [ W + (C/Sc) + {1/(1-p)} . (ca/Sca) ] x (1/1000)  

Where  

V = supreme volume of crisp solid, which is 

equivalent to net volume (m3) short the volume of 

ensnared air ,  

W = mass of water ( kg ) per m3 of cement ,  

C = mass of bond ( kg ) per m3 of cement ,  

Sc = explicit gravity of concrete,  

(p) = Ratio of fine total to add up to total by 

supreme volume,  

(fa) , (ca) = absolute mass of fine total and coarse 

total (kg) per m3 of  

Concrete separately, and  

Sfa , Sca = explicit gravities of immersed surface dry 

fine total and Coarse total individually. Accept F.A. by 

% of volume of absolute total = 36.5 %  

 

0.98 = [ 160 + ( 400/3.15 ) + ( 1/0.365 ) ( Fa/2.61 )] ( 

1/1000 )  

 

FA = 660.2 kg  

 

0.98 = [ 160 + ( 400/3.15 ) + ( 1/0.635 ) ( Ca/2.655 )] ( 

1/1000 )  

CA = 1168.37 kg. 
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Considering 20 mm : 10mm = 0.6 : 0.4 

20mm = 701 kg .  

10mm = 467 kg .  

Subsequently Mix subtleties per m3  

Water = 160 kg  

Fine total = 660 kg  

Coarse total 20 mm = 701 kg  

Coarse total 10 mm = 467 kg  

Admixture = 0.6 % by weight of bond = 2.4 kg.   

Water: cement: F.A.: C.A. = 0.4: 1: 1.65: 2.92 

 

Table 1  Composition. 

 

VI. PROPERTIES OF GEOGRID 
 

The biaxial type of geogrid was used as a drying 

shrinkage restraining layer. This is because the 

arrangement of ribs and roughness of nodes in 

biaxial geogrid’s surface will provide an appropriate 

bond between the geogrid layer and the surrounding 

concrete. Biaxial type of geogrid is shown in Fig 5.1. 

Biaxial geogrid was formed by stretching of 

punching sheets in both transverse and longitudinal 

directions so that the material exhibits tensile 

strength in both directions. The ribs of the biaxial 

geogrid are interconnected at one point called the 

node (junction). The size of the biaxial geogrid rib 

was 35mm×35mm. The physical and mechanical 

properties of geogrids are presented in Table 5.1. 

 

 
 

Figure 2 Biaxial geogrid. 

 

 

 

Table 2 Physical and mechanical properties of 

geogrid. 

 

 
1. Soil Test 

Following are the various types of soil tests for 

pavement construction: 

In-situ Moisture Content 

The moisture content of soil test is carried out in 

laboratory. It is expressed as percentage of water in 

soil to its dry mass. The moisture content in a soil 

signifies the various properties of soil such as 

compaction, permeability, particle size etc. 

 

2.Specific gravity of soil 

Specific gravity of soil is the ratio of the weight of 

soil in air of a given volume at a standard 

temperature to the weight in air of an equal volume 

of distilled water at the same stated temperature. 

This test is also carried out in laboratory. 

 

VII. RESULT AND ANALYSIS 

 
1 .Site Investigation 

Location: Khultabad Phulambri Road 27 km stretched 

Dist. Aurangabad Maharashtra 

In site investigation initial field study, ground 

investigation, field study report and construction 

over soft soil should be monitored. 

 

2. Selection of Soil Sample and Geogrid 

 Soil: The soil is collected from Khultabad Phulambri 

Road. 3 samples are collected from a depth of 5m at 

an interval of 0.5Km Geogrid: The geogrid is 

collected. The grade of the geogrid is G-150/60. 

 

3. Experimental Analysis and Test Results 

1. Tensile Strength Test 

 Test specimens must contain one rib with 3 

junctions in the direction of concern. Use junctions at 

each end of the specimen for clamping; the center 
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node represents the repeat unit. Test 3 specimens in 

each direction. 

 
Figure 3 Tensile strength testing of the geogrid. 

2. Pullout Strength Test. 

 

Table 3 Peak load for geogrid. 

 

 
Tensile Strength Test along Machine Direction  

 

1. Grade of geogrid: G-160/50  

2. For 1m length of geogrid 41 ribs were present  

 

Table 4 The peak tensile strength for geogrid along 

machine direction. 

 
 

Thus the ultimate peak load of the geogrid is 

1.7957KN which is the maximum value from above 

test.  

 

Along Cross Direction  

1. Grade of geogrid: G-160/50  

2. For 1m length of geogrid 36 ribs were present  

 

Table 5 the peak tensile strength for geogrid along 

cross direction. 

 

Thus the ultimate peak load of the geogrid is 

0.7735KN which is the maximum value from above 

test.  

 

3. CBR Test  

The laboratory CBR apparatus consist of a mould 

150mm diameter with a base plate and a collar, a 

loading frame with a cylindrical plunger of 50mm 

diameter and a dial gauge for measuring the 

expansion on soaking and the penetration value.  

 

Table 6 Load and penetration values for unsoaked 

soil sample. 

 
 

Table 7  Load and penetration values for soaked soil 

sample. 

 
 

 
Figure 4. Load vs Penetration graph for unsoaked 

condition. 
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Figure 5 Load vs Penetration graph for soaked 

condition. 

 

Table -6 various position of geogrid. 

 

VII. COMPRESSIVE STRENGTH (MPA) 
 

 
 

 

The Geogrid construction in pavement construction 

have following features  Improvement of subgrade: 

The subgrade, which is the most important load-

bearing strata, is made solid and strong by the 

Geogrids. The problem of soft subgrade can be 

solved by this method.  

 

Reinforcement of pavement base: The thickness of 

base if increased would increase the stiffness of base. 

But increasing thickness enormously is not 

economical. The reinforcement of a given base layer 

would give adequate stiffening that helps in 

reduction of thickness and time of construction. This 

also helps in increasing the life of the pavement. 

 

VIII. CONCLUSIONS 
 

 The results of field, laboratory and numerical studies 

have demonstrated the benefits of using geogrid to 

improve the performance of pavements. Tensile 

strength of the geogrid significantly affects the 

degree of improvement represented in terms of the 

reduction in the aggregate thickness. Based on the 

results of this study the following conclusions are 

drawn:   

 

1.Interfacing soil with a geogrid material increases 

the penetration resistance and the CBR strength in 

both soaked and unsoaked conditions. Therefore the 

performance of a subgrade material in a pavement 

system is better with the inclusion of a geogrid. 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 3.6% without reinforcement 

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

the CBR value increased to 8.7%. Placing one layer of 

geogrid at the top of layer 3 has more effective 

performance in penetration resistance in unsoaked 

condition than soaked conditions for geogrid.   
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