
Introduction
Geosynthetic materials as soil reinforcement has been widely used as an efficient means of

improving the performance of shallow foundations. Geosynthetic materials like geotextiles, geogrids etc.
generally provide better performance but are costly and non-eco-friendly. Natural geotextiles are manu-
factured mainly from jute and coir fibers, among which coir fiber (obtained from coconut husk) is the
strongest and most durable owing to its high lignin content [1]. However, its benefit as a potential rein-
forcement applicant is underutilized. Studies on various forms of geosynthetic reinforcement were con-
ducted by [2-8]. A few studies have been conducted on reinforced soils under square footing [9-11].
Omar et al. [12] observed that the zone up to which the reinforcement effect was smaller for sand beds
under square footing compared to strip footings. Its use as a reinforcement material for slope protection,
in erosion-controlling blankets, and for subgrade stabilization has been studied in [13-16]. Tension and
pullout behavior of coir geotextiles were investigated in [17]. Studies of various researchers have shown
that the durability of coir is sufficient for long-term reinforcement applications [18, 19]. Generally, the
lifetime of coir geotextiles is around 10-12 years, but it can be enhanced by various treatment methods
(i.e., cement coating, bitumen coating, biological treatment, etc.) [20]. Literature survey shows that the
use of coir geotextile in reinforcing sand foundations is underexplored.

This paper reports a set of laboratory experimental results of woven coir geotextile reinforced
footings. The results reveal the potential of coir geotextiles as an efficient low-cost reinforcement mate-
rial for shallow foundations. The optimum layout for the placement of geotextile was found.
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Soil reinforcement by natural fibers is a cost-effective and reliable technique for improv-
ing the stiffness and stability of soil. Coir is an eco-friendly, biodegradable organic mate-
rial that has high tearing strength, stiffness, and durability compared to other natural
reinforcement materials. In this study, the potential of coir geotextile as a reinforcement
material was studied through a set of laboratory experiments. Remarkable improvement
in strength and settlement properties were obtained with the provision of geotextiles.
Bearing capacity improvement by a factor of 5 and a reduction of footing settlement by
87% was obtained by the suggested method. The optimum benefit was realized with the
provision of three layers of reinforcement for a width of 3B (B is the foundation width),
the topmost geotextile layer being positioned at a distance of 0.25B from the base of
footing. Bearing capacity enhancement by a factor of 2.57 and settlement reduction of
73% was obtained even with the provision of a single layer of coir geotextile.
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Materials
The sand used for the tests had a specific gravity of 2.65, effective size 0.32, coefficient of uni-

formity 2.56, coefficient of curvature 0.88, and friction angle 38.5o. Classification according to the Unified
Soil Classification System (USCS) is SP (poorly graded sand). The grain size distribution curve of sand is
illustrated in Fig. 1. The maximum and minimum dry densities obtained were 16.4 and 14.9 kN/m3 respec-
tively. All tests were done at a relative density of 60% to simulate medium dense condition. The prop-
erties of woven coir geotextiles were determined as per Indian standards: mass 720 g/m2, ultimate load
12.6 kN/m and failure strain (warp direction) 22%, ultimate load 7.2 kN/m and failure strain (weft
direction) 23%, aperture size 6�10 mm, thickness 6.4 mm.

Experimental Procedure
All tests were conducted on a square steel tank of side 750 mm. The footing used for the study

was a square plate 150 � 150 mm with a thickness of 25 mm. A hand-operated hydraulic jack was used
for loading the footing, and a pressure gauge of 100 kN was fitted to measure the load applied. Sand
was poured from different heights, and the height required to get 60% relative density was found (sand
raining technique) [3, 7-9]. After filling the sand up to the top, the footing was placed centrally, so the
load distribution was uniform throughout. The hydraulic jack was carefully positioned above the footing
and was loaded in small increments. Two displacement dial gauges were positioned on either side of the
foundation. The geotextiles were placed at a depth u from the base of footing; d is the distance between
successive layers of reinforcement, and b is the width of reinforcement. The distance d is kept equal to
the optimum placement depth u obtained from [7, 8, 11]. Parameters u, d, b, and settlement S are nor-
malized by dividing it by the footing width B. Normalized settlements are expressed in percentage. To
evaluate the degree of improvement [5-8]:

(1)

where BCr is the bearing capacity of geotextile reinforced soil and BCu is the bearing capacity of unre-
inforced soil at the same settlement;

(2)

where Su is the settlement of unreinforced soil and Sr is the footing settlement for the geotextile rein-
forced case at the same pressure.

Results and Discussion
The applied pressure versus footing settlement by placing the reinforcement at different d, b, and

n is shown in Fig. 2. Figure 3a shows the strength improvement for reinforcement placed at various
depths, measured at different normalized settlement of 2.5, 5, 10, 15, 20, 25, and 30% [13]. It can be
seen that the woven coir geotextile reinforced foundation provides better performance than the unrein-
forced one. This is mainly due to the interface friction developed between soil and coir geotextile. A
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Fig. 1. Grain size distribution of soil.



minimum overburden length is necessary for the mobilization of frictional resistance between coir geo-
textile and soil. The optimum benefit was attained when the reinforcement was positioned at a distance
of 0.25B from the base of the footing, beyond which the improvement was found to decrease as the
reinforcement falls out of the most effective zone. It was also noticed that by placing the geotextile at
B, the soil behavior was similar to the non-reinforced case. For a normalized settlement of 30%, the
increase in bearing capacity by placing the geotextile at a distance of 0.25B was about 2.57 times that
of the non-reinforced soil, i.e., an increase of about 157% was obtained.

The position of reinforcement was fixed at 0.25B from the base of the footing, and the width of
the reinforcement b was varied (b/B = 1, 2, 3, 4). The strength improvement factor for various widths of
reinforcement at different normalized settlements is shown in Fig. 3b. The settlement reduction factor ver-
sus improvement factor for different b at a normalized settlement of 30% of the non-reinforced soil [13]
is shown in Fig. 4. It can be seen that with the addition of width greater than 3B, there is no appreciable
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Fig. 2. Applied pressure versus footing settlement: a) at different placement depths of reinforcement; 
b) at different widths of geotextiles; c) for several layers of geotextile.
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Fig. 3. Strength improvement factor versus: a) u/B for different normalized settlements; b) normalized 
settlement at different widths; c) number of layers.
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enhancement in strength improvement factor and settlement reduction factor. This signifies that a length of
3B is sufficient for effective mobilization of passive pressure and for providing necessary anchorage.
Hence, 3B is taken as the optimum width of reinforcement. The percentage increase in strength with
increase in width of geotextile for a normalized settlement of 30% of unreinforced sand bed [13] is shown
in Fig. 5a. It is seen that 95% improvement can be obtained even by providing coir geotextile of width B.

A reinforcement width of 3B is provided at optimum placement depth (u), and the number of
layers are increased from 1 to 5. Figure 2c depicts the variation of footing settlement with applied pres-
sure for several layers of reinforcement. The strength improvement factor for various numbers of layers
of reinforcement at different normalized settlements is shown in Fig. 3c. It shows that the bearing
capacity increased from 1.363 to 5.5 as the number of layers increased from 1 to 5. The settlement
reduction factor versus strength improvement factor for various layers of reinforcement at a normalized
settlement of 30% of the non-reinforced soil is shown in Fig. 4. It is clear that a decrease in settlement
of about 80% and a bearing capacity improvement of about 4 is obtained by providing two layers of
reinforcement. By the inclusion of three layers of reinforcement, a settlement reduction of 87% and
strength improvement of about 5 is obtained. Beyond three layers there is hardly any improvement as
the reinforcement may be placed out of the effective zone. Therefore, in this study the number of layers
considered to be optimum is 3. Figure 5b shows the percentage increase in strength with increase in
number of layers for a normalized settlement of 30% of unreinforced sand bed. 

Conclusions
1. Coir geotextile as a sustainable cost-efficient reinforcement application in shallow foundations

has tremendous possibilities.
2. Optimum placement depth, width of reinforcement, and number of layers of reinforcement

were obtained as 0.25B, 3B and 3 respectively (B is the width of footing).  
3. An increase in bearing capacity of 95% can be obtained even by providing a single layer of

geotextile for a width B.
4. An increase in bearing capacity of 2.57 and a settlement reduction of 73% was obtained by

providing optimum width and placement depth of reinforcement.
5. A bearing capacity improvement of 5 and a settlement reduction of 87% was obtained when

the number of layers of reinforcement at optimum width and placement depth of reinforcement was 3.
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Fig. 5. Percentage increase in strength with: a) geotextile width; b) number of layers.

Unreinforced B to 2B 2B to 3B  3B to 4B Unreinforced 1 to 2 2 to 3   3 to 4  4 to 5
Width Number of layers

Pe
rc

en
ta

ge
 i

nc
re

as
e 

in
 s

tr
en

gt
h 100

80

60

40

20

0

Pe
rc

en
ta

ge
 i

nc
re

as
e 

in
 s

tr
en

gt
h 160

140

120

100

80

60

40

20

0



3. M. Abu-Farsakh, Q. Chen, and R. Sharma, "An experimental evaluation of the behavior of footings 
on geosynthetic-reinforced sand," Soils Found., 53(2), 335-348 (2013).

4. S. M. Haeri, R. Noorzad, and A. M. Oskoorouchi, "Effect of geotextile reinforcement on the mechanical 
behavior of sand," Geotext. Geomembr., 18(6), 385-402 (2000).

5. Y.W. Yoon, S.H. Cheon, and D.S.Kang, "Bearing capacity and settlement of tire-reinforced sands," 
Geotext. Geomembr., 22(5), 439-453 (2004).

6. O. Khalaj, S. N. Moghaddas Tafreshi, and A. R. Dawson, "Pilot-scale load tests of a combined 
multilayered geocell and rubber-reinforced foundation," Geosynth. Int., 20(3), 143-161 (2013).

7. S. N. M. Tafreshi, and A. R. Dawson, "Comparison of bearing capacity of a strip footing on sand 
with geocell and with planar forms of geotextile reinforcement," Geotext. Geomembr., 28(1), 72-84 
(2010).

8. G. Madhavi Latha, and A. Somwanshi, "Effect of reinforcement form on the bearing capacity of 
square footings on sand," Geotext. Geomembr., 27(6), 409-422 (2009).

9. J. O. Akinmusuru, and J.A. Akinbolade, "Stability of loaded footings on reinforced soil," J. Geotech. 
Eng. Div, ASCE., 107(6), 819-827 (1981).

10. A. Ghosh, and A.K. Bera, " Bearing capacity of square footing on pond ash reinforced with jute-
geotextile," Geotext. Geomembr., 23(2),144-173 (2005).

11. G. Madhavi Latha, and A. Somwanshi, "Bearing capacity of square footings on geosynthetic rein
forced sand," Geotext. Geomembr., 27(4), 281-294 (2009).

12. M. T. Omar, B. M. Das, V. K. Puri,and S. C. Yen, "Ultimate bearing capacity of shallow foundations 
on sand with geogrid reinforcement," Can. Geotech. J., 30, 545-549 (1993).

13. P. Vinod, A. B. Bhaskar, and S. Sreehari, "Behaviour of a square model footing on loose sand reinforced 
with braided coir rope," Geotext. Geomembr., 27(6), 464-474 (2009).

14. G. L. Sivakumar Babu, and A. K. Vasudevan, "Strength and stiffness response of coir fiber-reinforced 
tropical soil," J. Mater. Civ. Eng., 20(9), 571-577 (2008).

15. K. R. Lekha, and V. Kavitha, "Coir geotextile reinforced clay dykes for drainage of low-lying areas," 
Geotext. Geomembr., 24(1), 38-51 (2006).

16. E. A. Subaida, S. Chandrakaran, and N. Sankar, "Laboratory performance of unpaved roads reinforced
with woven coir geotextiles," Geotext. Geomembr., 27(3), 204-210 (2009).

17. E. A. Subaida, S. Chandrakaran, and N. Sankar, "Experimental investigations on tensile and pullout 
behaviour of woven coir geotextiles," Geotext. Geomembr., 26(5), 384-392 (2008).

18. G. V. Rao, and K. Balan, Coir Geotextiles − Emerging Trends, The Kerala State Coir Corporation Ltd,
Alappuzha, Kerala (2000).

19. K. R. Lekha, "Field instrumentation and monitoring of soil erosion in coir geotextile stabilised slopes 
− a case study," Geotext. Geomembr., 22 (5), 399-413 (2004).

20. T. S. R. Ayyer, and M. S. Girish, "Improvement of durability of coir geotextiles," Proceedings of the 
Indian Geotechnical Conference, Bombay, 309-310 (2000). 

64


	Soil reinforcement by natural fibers is a cost-effective and reliable technique for improvingthe stiffness and stability of soil. Coir is an eco-friendly, biodegradable organic materialthat has high tearing strength, stiffness, and durability compared to other naturalreinforcement materials. In this study, the potential of coir geotextile as a reinforcementmaterial was studied through a set of laboratory experiments. Remarkable improvementin strength and settlement properties were obtained with the provision of geotextiles.Bearing capacity improvement by a factor of 5 and a reduction of footing settlement by87% was obtained by the suggested method. The optimum benefit was realized with theprovision of three layers of reinforcement for a width of 3B (B is the foundation width),the topmost geotextile layer being positioned at a distance of 0.25B from the base offooting. Bearing capacity enhancement by a factor of 2.57 and settlement reduction of73% was obtained even with the provision of a single layer of coir geotextile.
	Introduction
	Materials
	Experimental Procedure
	Results and Discussion
	Conclusions
	REFERENCES

