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ABSTRACT:  This paper focuses on issue of strengthening the clayey sand (SC) soil of Belapur at Navi Mumbai region, 

used as subgrade material through layered woven geotextile reinforcement. The reinforcement systems i.e. single layer 

placed at top (T), middle (M) and bottom (B), and double layers placed at top-middle (T-M), top-bottom (T-B), and 

middle-bottom (M-B) and three layers placed at top-middle-bottom of CBR sample. The CBR test was carried out for both 

un-soaked and soaked conditions to identify the most efficient geotextile reinforcement system for SC type of soil. The 

effectiveness of woven geotextile is governed by the no of layers used and the position of the layer. Test results shows that 

placing geotextile at top of the soil sample gives the most effective results. Test results shows that single layer of 

geotextile and double layer of geotextile also increases the bearing capacity of soil subgrade and ultimately, overall 

structural stability of the subgrade increases.   
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1 Introduction

A pavement is usually built up in several layers, each 

layer having a specific function. Generally, a pavement 

consists of three basic components: wearing course, 

base courseand sub-base course. In India, soft soil lies 

near the coastal regions. The shear strength of these 

soils are low. Also, due to its low bearing capacity, 

high consolidation settlement and low permeability, it 

is very difficult to construct any structures like roads. 

Roads constructed on such grounds are incapable of 

supporting modern traffic loads. These roads are 

economical for low traffic volume. When they undergo 

large deformations, periodic maintenance of these 

roads are limited due to cost considerations. This leads 

to expensive maintenance, requiring continual grading 

to smooth out the effects of concentrated drainage 

flowing across the road surface. Hence, there is a need 

to improve such roads. Road map to India estimates 

nearly 3 lakh crore rupees investment in to road 

infrastructure. Also NHAI planning towards 6000 km 

of road projects per year, which is the maximum road 

built on prevailing condition. Considering this 

proposed quantum of road and other infrastructure 

construction, the quality of the road should be good 

and if it is built on soft strata we need to improve the 

soil strata by various ground improvement techniques 

(Vashi et al, 2011). Due to the quantum jump in road 

development programmers in the country, availability 

of quality aggregates is becoming an area of concern. 

For construction of low volume rural roads, it is 

possible to use locally available marginal materials and 

soft aggregates by suitably modifying them with 

addition of lime or cement or an additive other than 

cement/lime and even through mechanical stabilization 

depending upon their strength characteristics and other 

chemical properties (including water absorption, etc.). 

The immediate focus may be to promote and maximize 

the use of locally available marginal materials and soft 

aggregates. Steps may also be taken to promote the use 

of geo-textiles such as coir and jute in the construction 

of road pavements where drainage is a problem, as well 

as in areas where the soil properties can be improved 

with geo-synthetics. This would not only help in cost 

reduction but also in protecting the environment, 

reducing carbon footprint in the process as well as time 

of construction.  

The present study deals with woven geotextiles as an 

alternative method to improve soil subgrade 

stability/propeties for roads. Also the benefit of 

inclusion of a single/double/triple layer of geotextile at 

interface of soil compared to the former effect without 

geotextile is also of much importance. The objectives 

of the present studies are as: (1) To reduce the 

thickness of the pavement subgrade using woven 

geotextile TF41. (2) To find the effect of woven 

geotextile TF41 over soil in varying layers and its 

effect on the improvement of strength of soft subgrade 

soil. 
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Geotextiles are a class of geo-materials that are used to 

improve soil conditions for a number of applications. 

Theyare consist of manufactured polymeric materials 

which are used in contact with soil materials in 

pavement systems for both paved and unpaved 

roadways (Abhijit 2015). Construction of road on soft 

soil normally encounters the problems like construction 

of embankment, uniformly strong pavement and a good 

riding surface. All the problems can be addressed 

economically with the use of geotextiles. When laid on 

the subgrade of road, it initially increases bearing 

capacity of soil, which with the drainage of excess 

water consolidates and becomes stronger. It keeps the 

subgrade free from excess water preventing it from 

becoming soft and weak (Basu et al., 2009; Imad et al., 

2012; Jaime and Palmeira, 2015; Mahdi et al., 2012; 

Zornberg et al 2014; Yang and Jie, 2013.) 

To fulfill the objective mentioned above, scopes of 

work are mentioned below: 1. Procurement of the 

materials to be used in the study- soil and woven 

geotextile TF41. 2. Determination of engineering 

properties of soil by routine laboratory tests. 3. 

Determination of compaction characteristics of soil like 

OMC and MDD. 4. Determination of CBR values of 

collected soil sample (from Belapur site, Mumbai) at 

optimum moisture content for unsoaked and soaked 

condition. 5. Determination of CBR values of collected 

soil reinforced with woven geotextile TF41 at optimum 

moisture content for unsoaked and soaked condition for 

single/double/three geotextile layers. 

2 Experimental Work 

2.1 Materials 

The soil is collected from construction site at Belapur, 

Navi Mumbai. After collection the soil is oven dried, 

pulverized. The grain size distributions of all the 

materials were determined based on wet sieve analysis 

(Figure 1). The index properties were determined for 

soil passing through 425 micron IS sieve and results 

are shown in Table 1. 

  

Fig.1 Grain size distribution curve 

It is clear from the results that the soil is SC type. 

Figure 2 shows the graph of OMC and MDD. All the 

tests were performed as per requirement of Indian 

standards code IS: 2720.  

Table 1 Properties of soil  

Soil 

Type 
G 

LL 

(%) 

PL 

(%) 

OMC 

(%) 

MDD 

g/cc 

SC 2.41 49.68 23.56 15.1 1.65 

 

Fig.2 Graph of OMC & MDD 

2.2 Geotextile 

The geotextile (TF-41) used in this study was provided 

by „Techno fabrics Geo-synthetics Pvt. Ltd.‟ in Surat, 

Gujrat(Table 2). 

Table 2 Properties of Woven Geotextile 

            Properties Test Method Unit  Value 

Mass per unit area ASTM D5261 g/m
2
 >130 

Tensile 

strength 
Warp 

IS 1969 

kN/m >30 

Weft >27 

Elongation 

at 

designation 

load 

Warp 

% 

<30 

Weft <28 

Trapezoidal 

tear 

strength 

Warp 

ASTM D4533 N 

>400 

Weft >350 

Puncture strength ASTM D4833 N >400 

Apparent opening 

size ASTM D4751 Micron 
<75 

Water permeability ASTM D4491 l/m/ s > 9 

 

2.3 Methodology  

CBR test is performed at OMC for both unsoaked and 

soaked condition as per IS 2720 part 16 (1987) 

specification of soaking for 4 days. Also the CBR test 

is performed for reinforced with woven geotextile for 

both unsoaked and soaked conditions. Following 

combination are analyzed to obtain most effective 
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reinforcement system under soaked and unsoaked 

conditions as given below.  

(1). (CBR)R –T: single layer of geotextile placed at top 

of the CBR mould for unsoaked condition. (2). 

(CBR)R–T: single layer of geotextile placed at top of 

the CBR mould for soaked condition. (3). (CBR)R–M: 

single layer of geotextile placed at middle of the CBR 

mould for unsoaked condition. (4). (CBR)R–M: single 

layer of geotextile placed at middle of the CBR mould 

for soaked condition. (5). CBR)R–B: single layer of 

geotextile placed at bottom of the CBR mould for 

unsoaked condition. (6). (CBR)R–B: single layer of 

geotextile placed at bottom of the CBR mould for 

soaked condition. (7). (CBR)R–T–M: double layer of 

geotextile placed at top and middle of the CBR mould 

for unsoaked condition. (8). (CBR)R–T–M: double 

layer of geotextile placed at top and middle of the CBR 

mould for soaked condition. (9). (CBR)R–T–B: double 

layer of geotextile placed at top and bottom of the CBR 

mould for unsoaked condition. (10). (CBR)R–T–B: 

double layer of geotextile placed at top and bottom of 

the CBR mould for soaked condition. (11). (CBR)R–

M–B: double layer of geotextile placed at middle and 

bottom of the CBR mould for unsoaked condition. 

(12). (CBR)R–M–B: double layer of geotextile placed 

at middle and bottom of the CBR mould for soaked 

condition. (13). (CBR)R–T–M–B: three layer of 

geotextile placed at top, middle and bottom of the CBR 

mould for unsoaked condition. (14). (CBR)R–T–M–B: 

three layer of geotextile placed at top, middle and 

bottom of the CBR mould for soaked condition. 

3 Results and Discussion 

The SC type of soil were compacted as per IS light 

compaction and unsoaked value of CBR observed 10.3 

% and the soaked value observed 7.7 %. The load 

penetration graphs for single layer of geotextile under 

unsoaked conditions and soaked conditions are shown 

in Figure 4 and 5 respectively. The load penetration 

graphs for double layer of geotextile under unsoaked 

condition and soaked conditions are shown in Figure 6 

and 7 respectively. The load penetration graphs for 

three layer of geotextile under unsoaked condition and 

soaked conditions are shown in Figure 8. Figure 4 to 8 

shows the increase of CBR value due to adding 

geotextile layers to soil. Thus it can be concluded, from 

the Figure 4 and 5 that placing geotextile TF-41 at top 

layer is more effective in case of single reinforcement 

system rather than placing geotextile at bottom & 

middle.  In case of double layer geotextile reinforced 

system, placing of geotextile at top & middle is more 

effective rather than placing at top-bottom and middle-

bottom (Figure 6 and 7). But from economic point of 

view placing double layer geotextile can reduce 

pavement thickness. Also by using three layers of 

geotextile one can reduced the subgrade thickness and 

economized the project (Figure 8). 

 

Fig. 4 Load vs penetration graph for soil reinforced with 

single layer of geotextile under un-soaked condition 

 

Fig. 5 Load vs penetration graph for soil reinforced with 

single layer of geotextile under soaked condition 

 

Fig. 6 Load vs penetration graph for soil reinforced with 

double layer of geotextile under unsoaked condition 

 

Fig. 7 Load vs penetration graph for soil reinforced with 

double layer of geotextile under soaked condition 
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Fig. 8 Load vs penetration graph for soil reinforced with 

three layer of geotextile under un-soaked & soaked 

condition 

Table 3 shows the CBR values for soil reinforced with 

single and double layer of geotextile. CBR value has 

been considered for the penetration of 2.5 mm, because 

the value of 2.5 mm was greater than that of 5.0 mm as 

per IS 2720 – part 16 (1987). 

Table 3 CBR Values for Soil Reinforced with Single & 

Double Layer of Geotextile 

Un-Soaked CBR Test 

Pene-

tration 

(mm) 

CBR 

With-

out 

Reinfo

rced % 

CBR 

Rein-

forced 

Single 

Layer % 

% 

Incre

ased 

CBR 

Rein-

forced 

Double 

Layer % 

% 

Incre

ased 

2.5 10.3 

 

 

 

 

13.50 

Top 

31.06 20.4  

(T-M) 

98.05 

12.2 

Middle 

18.44 19  

(T-B) 

84.46 

11.4 

Bottom 

10.68 17.5  

(M-B) 

69.90 

Soaked CBR Test 

2.5 7.7 10.69 

Top 

38.83 15.2  

(T-M) 

97.40 

8.9 

Middle 

15.58 13  

(T-B) 

68.83 

7.9 

Bottom 

3.0 11.5  

(M-B) 

49.35 

4 Conclusion  

The following observations were made on the 

behaviour of un-reinforced soil, soil reinforced with 

single layer &double layer geotextile by both un-

soaked and soaked CBR test.  

The effectiveness of geotextile is governed by the no of 

layer used & the position of the layer. Test results 

shows that placing geotextile at top of the soil sample 

gives the most effective results. Test shows the single 

layer of geotextile and double layer of geotextile also 

increases the bearing capacity of soil subgrade. 

Economy lies in use of this geotextile placed at various 

positions of subgrade such that infusion of geotextile 

reinforced at various levels of subgrade note only 

improves CBR value but also increase bearing capacity 

of soil subgrade and ultimately, overall structural 

stability of the subgrade increases. 
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