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Introduction
Generally the placement of the foundation of the structure on the loose soil strata causes 
the structural damage. These loose soil strata have no capacity to sustain the structural 
load of the structures. As a result settlement and cracks are developed on the structures 
and structure will undergo collapse. So people choose the deep foundation to construct 
their structure in these loose soil strata. But sometimes the costs for the construction of 
structures are more due to the adoption of deep foundation. Hence, to avoid the above 
problems, the ground improvements are adopted. The use of geo synthetics is most 
common method for the improvement of ground. These geo synthetics are used as rein-
forcing agent to reinforce the soil strata, as a result the density and strength (bearing 
capacity) of the soil strata increased.

The term reinforced soil refers to a soil that has been strengthened by placement 
of reinforcing material within the soil mass in the form of strips, bars, sheets or grid 
(meshes). When load is applied to the reinforced soil mass, these materials resist tensile 
stresses which develop within the reinforced soil mass. When the tensile strength of an 
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element is low, it can break or yield and become ineffective. If the tensile strength is 
adequate but its extension under stress is high, then the soil may show large movement 
or settlement because of the inadequate stiffness of the soil-reinforcement system.

Most of the studies are on strip or circular footings in spite of the fact that the rec-
tangular and square footings are far more common in practice. The resting of square 
footings on the reinforced soils are studied by very few researchers like Akinmusuru and 
Akinbolade [2], Omar et al. [22], Adams and Collin [1], Ghazavi and Lavasan [14], Latha 
and Somwanshi [19], Kumar and Kaur [18], Lavasan and Ghazavi [20], Farsakh et al. [12] 
and Ronad [27]. Very few of the earlier researchers studied the difference in the effect of 
reinforcement for different footing shapes. Omar et al. [22] studied the effect of geogrid 
reinforcement for both strip and square footings resting on sand.

The favorable use of reinforcement materials like metal strips and geosynthetics to 
increase the bearing capacity of sand has been clearly traditional. Extensive research has 
been carried out by several researchers like Binquet and Lee [4, 5], Fragaszy and Lawton 
[13], Huang and Tatsuoka [15], Khing et al. [17], Yetimoglu et al. [34], Shin and Das [31], 
Dash et al. [11], Sitharam and Sireesh [32] and Patra et al. [23] to understand the role of 
reinforcement materials in improving the bearing capacity of foundation soils. From this 
study, it is concluded that the extent of effective reinforcement zone and the optimum 
width of the reinforcing layers are less for square footings compared to strip footings. 
More studies are needed in this direction to establish precise design procedures for geo-
textile reinforced square footings (RSF) in field.

Geo textile reinforcements are effectively used as a construction material to increase 
the bearing capacity and reduce the settlement of foundation resting on weak or poor 
soils. It can be used for many geotechnical constructions like foundations, retaining 
walls, embankments etc. Geo textiles are permeable fabrics which, when used in associa-
tion with soil, have the ability to separate, filter, reinforce, protect or drain. As the use of 
geotextile fabrics has expanded there has been the introduction of geotextile composites 
and the development of products such as geogrids and meshes. Overall these materials 
are referred to as geotextiles and related products.

Geotextiles are broadly classified as natural or synthetic geotextiles depending upon 
the material of their composition. Geojute and coir nets are the commonly used biode-
gradeable natural geotextiles, whereas geotextiles made from synthetic polymer materi-
als are the permanent and not biodegradable. Geojute is derived from jute plants grown 
mostly in India and Bangladesh. In recent years attempts are being taken to use jute geo-
textile (JGT) in many civil engineering applications.

Ranganathan [24] presented the development and potential of JCT and reported that 
once a road has been fully constructed and is in use, the geotextile becomes superfluous 
and hence the biodegradability of jute does not pose problems for this end use. Rao and 
Balan [25] reported that tensile strength of JGT embedded in soil would be negligible 
after 3–4 months. Rao and Vensiri [26] reported successful performance of an embank-
ment over soft clay with JGT as a reinforcing layer at the base of the embankment. He 
concluded that aging of soil improves the overall performance of reinforced bed in spite 
of reduction in tensile strength of JGT. Sahu et al. [30] studied the behavior of Geojute 
reinforced in soil bed under cyclic loading. They observed that overall performance of 
pavement is not impaired even after complete biodegradation of Geojute. Jadhav and 
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Damgir [16] successfully used jute geotextile JGT for reinforcement of soil to improve 
bearing capacity.

In order to improve the durability of JGT, a good number of investigations have been 
carried out. Macaulay [21] evaluated the influence of alkali treatment of jute fabrics rein-
forced epoxy composite, which concludes that improving the fibre-matrix adhesion that 
generally results in an increased tensile, flexural and impact properties of jute–epoxy 
composite compared to untreated fabric. The experimental results obtained in the above 
study have confirmed the work done by Rong et al. [28, 29] and Cao et al. [7]. A jute-
based product may not last long enough when subjected to elements of nature due its 
bio-degradability. Banerjee and Ghosh [3] studied the mechanical behavior of jute in 
asphaltic medium upon hygral treatment and enzyme treatment simulating microbial 
attack which reveals that hygral treatment of even a 6-month period is ineffective in 
damaging the jute–asphalt interface and the encased jute because, asphalt acts as pro-
tector for jute against microbial attack. Further, it is observed that the use of jute geotex-
tile as reinforcement material in soil is cost effective and technically viable, even though 
the jute is biodegradable in nature [8–10].

A number of laboratory test results and a few field test results have been published 
that is related to the ultimate and allowable bearing capacity of shallow foundations 
supported by geotextile reinforced sand and clay. Vidal [33] of France introduced the 
reinforcing mechanism to improve the bearing capacity of soil. However, the basic prin-
ciples underlying reinforced soil is not completely investigated till dated. However, a 
very few research works are available on bearing capacity improvement using geojute 
reinforcement.

Hence, in the present study an attempt has been made to study the improvement in 
the bearing capacity of soil (sand) by using locally available geo jute (natural geo textile) 
as reinforcement.

Objectives of the present study
The aim of present work is to study the behavior of reinforced sand by using jute geotex-
tile as reinforcement. The scope of the present study is

 i. To determine the load settlement behavior without geotextile and with geotextile.
 ii. To determine the optimum depth and optimum size of reinforcement.
 iii. To evaluate the improvement in bearing capacity of reinforced soil.

Materials used
To study the ultimate bearing capacity of reinforced sand, sand is collected from the 
Mahanadi river at Sambalpur, Odisha whereas, geojute is collected from the local 
market.

Sand

The Sand is collected from the Mahanadi river bed at Sambalpur, Odisha. The collected 
sand is washed and cleaned to make it free from organic matters. Then the sand is oven 
dried and properly sieved to get the required grading. Dry sand is passed through the IS 
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sieve of 2 mm and retained in 75 micron IS sieve. As per Bureau of Indian Standards: [6] 
IS 1498, the sand is classified as poorly graded sand (SP). The specific gravity (G) of sand 
is found to be 2.62. The details geotechnical properties of sand are reported in Table 1.

Geojute

In the present study geojute (Fig. 1) is used as geotextile. This geojute is prepared from 
the jute gunny bags which are collected from the availability of local market. From the 
jute gunny bags, required size of cut piece of geojute is prepared. The thickness of each 
strand of jute thread used in the fabric is approximately 1.0 mm and tensile strength 2.4 
kN/m.

Experimental programme
Based on the objectives of the present study, a detail experimental programme is pre-
pared to study the improvement of bearing capacity of soil by using geojute (geotex-
tile). A laboratory model is prepared to study the bearing capacity of reinforced soil 

Table 1 Geotechnical properties of sand

Properties Sand

D10 (mm) 0.28

D30 (mm) 0.37

D60 (mm) 0.68

Coefficient of uniformity  (Cu) 2.42

Coefficient of curvature  (Cc) 0.71

Bulk unit weight  (gd) in dry condition (kN/m3) 15.9

Maximum unit weight  (gd(max)) in compacted condition (kN/m3) 16.7

Minimum unit weight  (gd(min)) in loose condition (kN/m3) 14.8

Maximum void ratio  (emax) 0.77

Minimum void ratio  (emin) 0.57

Relative density  (Id) (%) 61.92

Specific gravity 2.62

Free swelling index (%) 0

Shear strength

 c (kPa) 0

 φ (degree) 36°30′

Fig. 1 Geojute
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(sand-geo jute layer). According to the experimental programme, different sizes of geo-
jutes (1B × 1B, 1.5B × 1.5B, 2B × 2B, 2.5B × 2.5B, 3B × 3B, 3.5B × 3.5B and 4B × 4B) are 
used to reinforce the sand layers. In the sand layers, geojutes are placed at 0.25B, 0.5B, 
0.75B, 1.0B, 1.25B, 1.5B, 1.75B and 2.0B depth, whereas B is the width of the footings. 
Here two types of model square footings i.e., 50 mm × 50 mm and 75 mm × 75 mm are 
used.

Test bed preparation

A brick masonry tank of size 0.65 m × 0.65 m × 0.3 m is constructed in the laboratory for 
the test purpose. The size of the tank is so decided that the failure zones developed dur-
ing tests on model footings are not restricted due to presence of the sides and bottom 
of the tank. Then the test bed is prepared in the tank by using sand with or without geo 
jute (Fig. 2a). At first, the volume of the test tank is calculated by measuring the inside 
dimensions of the tank accurately. As per the volume of the tank, the required quantity 
of dry sand is taken by considering the unit weight of sand as 15.9 kN/m3. The above dry 
sand is poured in the tank through funnel in such a manner that the tip of the funnel 
remained at a height of 10 cm above the sand surface. This is done to attain a uniform 
density of sand medium inside the tank. During pouring, the funnel is moved spirally 
from the edge towards the center of the tank. After completely filling of the tank, the top 
surface of the sand is made smooth by a straight edge. The horizontality of the top sur-
face of the sand is checked by means of a spirit level.

For test with reinforced soil bed, the reinforcing material such as geo jute is placed 
at the required depth and the tank is filled up with sand with the help of the funnel 
as described above. Before placing the geo jute (reinforcing material), the sand sur-
face at the depth is leveled by means of a straight edge. Care is taken to maintain the 

a Test tank with sand bed

b Experimental set up of load test c Schematic view of experimental set up
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Fig. 2 Experimental set up
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horizontality of the surface. For subsequent testing, the tank is emptied fully and filled 
with sand by similar procedure.

Methodology of test

After the preparation of test bed, the model square footing of required size i.e., 
50 mm × 50 mm or 75 mm × 75 mm is placed at centre of the test bed. Then the fabri-
cated loading frame (loading platform) is placed centrally on the model square footing. 
The loading platform with its self-weight and the weight of the footing is only released 
which acted as the seating load as per IS 1888-1982. Then the shaft of the loading plat-
form is arrested by locking screws. The dial gauges are fitted at the bottom surface of the 
loading platform to record the settlement of the footing. At the locked condition of the 
loading platform, the initial readings of the dial gauges are recorded. Then the locking 
screw of the loading platform is loosened carefully so that the load on the platform is 
transformed to the footing and thus the footing is allowed to settle under the load inten-
sity. Settlement of the footing is recorded by dial gauges. After the stable of the footing 
(ensured by the no deflection of dial gauges), then next load is applied on the platform 
and record the settlement of the footing. The load test is continued till either the footing 
punched into the sand or the settlement exceeded to 0.2B mm. On completion of load 
test, the equipment are removed, the test tank is emptied and due preparations are made 
for the next set of load tests. A total of 32 numbers of load tests on model footings are 
conducted in the laboratory. Figure 2b shows the photograph of experimental set up of 
load test and Fig. 2c shows the schematic view of experimental set up.

Results and discussions
When the reinforcement is placed in varying depth and size in sand bed, the settlement 
and ultimate bearing capacity has been changed due to effect of depth and size of rein-
forcement. So these are studied and discussed through Figs.  3, 4, 5, 6, 7, 8, 9, 10, 11, 
and 12. To quantify or compare the performance, the BCR defined as the ratio of bear-
ing capacity with reinforcement to the bearing capacity without reinforcement are com-
puted at a given rate of settlement.         
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Fig. 3 Bearing pressure-settlement behavior of 50 mm square model footing on geojute reinforced sand
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Fig. 6 BCR of reinforced soil for 1, 2 and 3% strain for 50 mm square footing
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Fig. 7 BCR of reinforced soil for 1, 2 and 3% strain for 75 mm square footing
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Fig. 9 Bearing pressure-settlement behavior of 75 mm square model footing on geojute reinforced sand 
(reinforcement depth ‘Dr’ = 0.50B)
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Fig. 11 BCR of reinforced soil for 1, 2 and 3% strain for 50 mm square footing with size of reinforcement 3.5B
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Effect of depth of reinforcement

The load-settlement behaviour of footings on reinforced sand at various depths of rein-
forcement i.e. 0.25B to 2.00B is compared with that of unreinforced sand. The results are 
reported in Figs. 3 and 4. The effect of bearing capacity ratio with respect to the depth of 
reinforcement is expressed in Fig. 5. It is observed that the bearing capacity ratio of rein-
forced soil is initially increased up to the depth 0.5B and then gradually decreased with 
the increase of depth of reinforcement up to 2.0B. The most effective zone of reinforce-
ment is observed in between 0.25B and 0.75B depth. So, 0.5B is found to be as optimum 
depth. At the optimum depth of reinforcement, the UBC is increased by a factor 2.76 
and 3.37 for 50 mm and 75 mm square footing respectively with geojute. The increase 
and decrease of bearing capacity ratio with respect to increase of depth may be due to 
the stress distribution theory. When a load is act on the foundation depth, the load is 
distributed within the influence zone of 2.0B depth. The load intensity is high at the mid 
height of the influence zone i.e., 1.0B. But in the present study, the load intensity is high 
within the zone of 0.25B to 0.75B and obtained maximum value at 0.5B by the applica-
tion of reinforcement.

The BCR of reinforced soil (at different depth of reinforcement) for low strain (s/B = 1, 
2 and 3%) are presented in Figs. 6 and 7 for the footing 50 mm and 75 mm respectively. 
At optimum depth of reinforcement, the bearing capacity ratios of reinforced soil are 
improved by factors 2.03 to 2.40 and 2.09 to 2.47 for 50 mm and 75 mm square footing 
respectively when compared with the un-reinforced soil.

Effect of size of reinforcement

The load tests are also carried out at the optimum depth (0.5B) of reinforcement by vary-
ing the size of reinforcement from 1.0B × 1.0B to 4.0B × 4.0B. The results of the tests are 
presented in Figs. 8 and 9. The effect of size of reinforcement on the bearing capacity is 
expressed in Fig. 10. It is revealed that there is practically no gain in UBC when the size 
of reinforcement is equal to the size of footing. But, after that the UCB of reinforced soil 
increased with the increase of size of reinforcement up to 3.5B and then decreased at 
4.0B.

At low strain (i.e. s/B = 1, 2 and 3%), the BCR value of reinforced soil with the rein-
forcement depth 0.5B is also studied and the results are presented in Figs. 11 and 12. It is 
revealed that the BCR of reinforced soils with reinforcement size 3.5B are increased by 
the factors 1.92 to 2.38 for 50 mm square footing and 2.05 to 2.40 for 75 mm square foot-
ing when compared with the un-reinforced soil.

Conclusion
Total thirty-two  model load tests are conducted to evaluate the potential of geotextile 
(geojute) for bearing capacity improvement. A single layer of geojute (for reinforcement) 
is placed beneath the 50 mm and 75 mm square footings in sandy soil. The ratio of depth 
of reinforcement to width of footing (Dr/B) is varied from 0.25 to 2. Also, the area of 
reinforcement is varied from 1B × 1B to 4B × 4B. Based on the experimental results the 
following conclusions are drawn:
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1. The maximum gain in ultimate bearing capacity is observed when the reinforcement 
is placed at a depth of 0.5B.

2. The most effective zone of reinforcement lies between depths of 0.25B to 0.75B.
3. At the optimum depth of reinforcement, UBC is increased by a factor 2.76 to 3.37 

depending on footing size.
4. BCR also increased by a factor of 2.03 to 2.47 at low strains i.e. 1, 2 and 3%.
5. The optimum size of reinforcement is found to be 3.5B × 3.5B irrespective of size of 

footing.
6. At optimum size and optimum depth of reinforcement, the UBC is increased by the 

factor of 2.7 to 3.6 when compared to the un-reinforced soil.
7. Hence, the geojute (natural geotextile) with size 3.5B (B is the width of footing) and 

at the depth of 0.5B can be used to improve the bearing capacity of sandy soil.
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