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ABSTRACT 
Bamboo is a natural reinforcement material, manufactured by bamboo strips, and has been accepted as a substitute 
to geogrid for reinforcement applications, due to its tensile strength properties.An effective use of bamboo grid 
depends upon their configuration of mats.This paper presents the results of interface friction parameters between 
bamboo grid of different opening size and sand. Three bamboo grids of different square opening sizes 10 mm, 15 
mm and 20 mm with sand were used in this study. Another bamboo grid of the hexagonal opening was used to 
compare the effect of aperture shape on interface shear strength parameters. Large size shear box of length 300 
mm, width 300 mm and height 200 mm is used. The shear strength parameters of sand were tested in large direct 
shear apparatus with and without bamboo grid. The test results indicatethe tridirectional bamboogrid provides better 
performance than the bidirectional bamboo gridreinforcement. 
 
 
 
1 INTRODUCTION 
 
Geosynthetics have been successfully used as a 
reinforcement layer in the soil from last 35 years. The 
influence of geosynthetic materials are increasingly felt 
in various civil engineering areas. In wider term, they 
include natural and synthetic products and composite 
materials, which are used extensively in India and other 
countries. The acceptance of natural reinforced material 
in geosynthetic family has however been slow in the 
world. This is due to lack of communication between 
industries and civil engineers. In India, the availability 
and cost of geosynthetic materials are the key 
parameter for selection of material.The high cost of 
polymer based geosynthetic materials and the 
sustainable aspect of natural reinforced materials have 
encouraged researchers to explore the application of 
natural materials in place of commercial geosynthetic 
material.Several studies have performed on cohesive 
and cohesionless soils with various types of 
reinforcement (Cazzuffi et al.1993, Ingin et al. 1998, 
Palmeira et al. 2009, Anubhav and Basudhar2010,Liu 
et al. 2010, Sayeed et al. 2014). However, very few 
experimental studies have conducted on interface 
characteristics of bamboo gird with sand. Pull-out tests 
have performedto investigate the interaction behavior of 
bamboo grids and polymer grids with clay and 
(Bergadoetal.1987).They observed that the bamboo 
grids have higher pullout resistance than polymer 
geogrids. A Field study has conducted on Interface 
behavior of natural nonwoven geotextile in conjunction 
with bamboo strip reinforcement for the base of roads 
(Datye and Gore 1994).Direct shear tests have 
performed on sand with bamboo grids and interface 
friction angle found more when bamboo strip placed in 
transverse direction as compared to longitudinal 
direction (Khan and Saran 2005).In the present study 
large size direct shear tests were performed to know 
the influence of aperture size and shape on the 
interface characteristics of bamboo grid and sand. 
 

2 MATERIAL USED  
 

2.1 Granular soil 
 
The material used in this experimental study was river 
sand. The grain size analysis test was conducted 
according to IS: 2720 part IV (1995) for gradation curve.  
The grain size distribution curve of sand is shown in 
Fig. 1. The range of sand particle sizes is between 0.6 
mm to 1.3 mm.  The soil is classified as poorly graded 
sand (SP) according to the Indian standard soil 
classification system IS: 1498-1970 reaffirmed (2002). 
The other geotechnical properties of the sand used in 
the experimental study summarized in Table 1.The 
average dry unit weight and the relative density of sand 
maintained for all tests at 14.6 kN/m3 and 71 % 
respectively. 

 
 

 
Figure 1. Grain size distribution curve for sand. 
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Table 1. Characteristics of tested soil 
 

Property Value 

Specific gravity 2.64 

D10(mm) 0.65 

D30(mm) 0.78 

D50(mm) 0.92 

D60(mm) 0.98 

Coefficient of uniformity (Cu) 1.51 

Coefficient of curvature (Cc) 0.96 

 
 

2.2  Reinforcement  
 

The bamboo strips used in this experimental study were 
collected from Dadar, Mumbai. The bamboo strips of 
required length were cuts from fresh green bamboo. 
The bamboo strip used in the grid was a width of 3 mm 
and 1 mm thick. The bamboo strips were 
configuredtogether in the planer form of bidirectional 
(square aperture) and tridirectional (hexagonal 
aperture) are shown in Fig. 2 The connection pattern 
were inter-woven, orthogonally and diagonally 
interlocked for maintaining the equal aperture size 
during the preparation of bamboo grids. The tensile 
strength properties of bamboo grid tested according to 
the procedure given in ASTM D 4595-17. Physical and 
mechanical properties of bamboo grids presented in the 
Table 2. The bamboo strips were immerged in the 
solution of CCA (Copper chrome arsenic),for 24 hours. 
Chemical preservative CCA (Copper chrome arsenic) 
used to enhance its durability and protection from 
insects. Bamboo strips were dried in open space for 
direct contact of sunlight. 
 
 
Table 2. Properties of bamboo grid 
 

Property BG10mm BG15mm TBG 

Mass per unit area 
(g/m2) 

225 202 285 

Thickness (mm) 2.3 2.2 2.4 

Ultimate tensile 
strength (kN/m) 

20.5 15.6 28 

Failure strain (%) 2.9 2.5 3.3 

Secant stiffness 
(kN/m) 

575 640 865 

Percent open 

area (%) 

48 58 41 

 
 

 
Figure 2. Bamboo grid specimens used in the test 

 

 
3 LABORATORY TESTING PROGRAM 
 
The large-size direct shear test was initially conducted 
to measuring the shear strength parameters of sand. 
Subsequently, the interface shear strength tests were 
conducted to determine the shear resistance that 
develops between the sand and the bamboo grids.A 
direct shear apparatus of a large box of size equal to 
300 mm x 300 mm was used in the present study, for 
investigation the interface shear properties of sand 
bamboo grids. It consists of two hollow boxes of size 
equal to 300 mm x 300 mm x 100 mm namely lower 
half box and upper half box. The lower part of box of 
large direct shear setup was fixed with a rigid dummy 
wooden block of dimensions 295 mm x 295 mm x 100 
mm which was used for fixing geogrids on the top 
surface of the wooden block. The sand was used at a 
water content of approximately 4%, in the experiment 
which corresponds to air-dried condition. The dry unit 
weight of compacted sand was 14.6kN/m3. The initially 
large direct shear test was performed by filling upper 
and lower parts of the shear box at a relative density of 
71%. 
 
 

 
Figure 3. Photo of large size shear box apparatus 

 
 
For obtaining the interface shear strength properties 

of sand-bamboo grid, the large-size direct shear tests 
were conducted according to ASTM D5321/D5321M-
14. The geogrids fitted on the top surface of dummy 
wooden block which was placed in the lower part of the 
shear box shown in the fig 3. The upper part was 
placed properly on lower half by inserting pins and filled 
with sand. For achieving target density, sand was 
placed in layers of 25 mm thickness and tamped with 
the square metal plate. The constant normal stress of 
50 kPa, 100 kPa, and 150 kPa was applied on the 
sample. The test was performed at a displacement rate 
of 1 mm/min for all tests. The same procedure was 
adopted for other bamboo grids. 
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4. RESULTS AND DISCUSSION 
 
The large direct shear tests (LDST) were performed to 
determine the internal shear strength of sand and 
interface shear strength parameters between the 
bamboo grid and the sand.Figure 4 shows the shear 
stress and shear displacement plots obtained from 
LDST performed on sand, sand and bamboo grid of two 
different aperture size (10 mm and 15 mm) at three 
different normal stress values. The peak shear stress 
values of sand obtained from LDST on sand is normally 
more than that obtained from LDST on the sand-
bamboo grid interface.The shear stress versus shear 
displacement pattern of the sand-BG10interface shows a 
different than that the sand-BG15interface.  
 
 

 
Figure 4. Variation of shear stress and shear 
displacement for sand-bamboo grid  

 
 

 
Figure 5. Shear strength envelopes for sand and sand-
bamboo grid 

 
 

As shown in Figure 5the shear strength envelopes 
of sand with and without bamboo grid of two different 
aperture size in terms of the peak states for different 
normal stress values. According to the Mohr-Coulomb 
failure criterion, the parameters of shear strength 

(cohesion c and angle of internal friction ø) were found 
for sand to be 2.67 kPa and 40.88°. These plot also 
presents, the interface shear strength of sand against 
bamboo grid for 10 mm square aperture4.67kPa and 
31° at peak state.Similarly, bamboo grid of 15 mm 
square aperture the interface shear strength 
parameters are6.33kPa and 27° at peak state.It is 
clearly seen that the sand-BG10 interface is more 
efficient and effective than the sand-BG15 interface. 
This may be due to that the BG10has lower percentage 
of open area which creates more surface area for 
interface mobilization. Similarly BG15 provides less 
surface area and more opening area for generating 
interface shear strength. The surface friction and 
opening of geogrid are contribute the internal shear 
strength in sand-geogrid interface.The plots also shows 
the decrease in friction coefficient with increase in 
aperture size. 

Figure 6 presents the plots of shear stress and 
shear displacement for sand-tridirectional bamboo 
gridat three different normal stress. Tridirectional 
bamboo grid (TBG) used in LDST to know the influence 
of aperture shape on stress displacement behaviour at 
interface of sand-TBG. It is clearly seen the peak stress 
values obtained from sand-TBG interface are higher 
than the sand-BG interface. 
 
 

 
Figure 6. Variation of shear stress and shear 
displacement for sand-tridirectional bamboo grid  
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Figure 7. Shear strength envelopes of sand and sand-
bamboo grid for different aperture shape.  

 
 
Figure 7presents the shear strength envelopes of 

sand with and without tridirectional bamboo grid of two 
different aperture shape in terms of the peak states for 
different normal stress values. The shear 
strengthparameters were obtained (cohesion c and 
angle of internal friction ø)for sand-TBG to be 6.67 kPa 
and 32°. It is clearly seen the value interface shear 
strength parameters of sand-TBG are higher than the 
sand-BG interface. The higher interface value obtained 
as a results of better interlocking and confinement 
provides by tridirectional bamboo grid due to its 
aperture shape. 
 
4.1 Coefficient of Interface Shear Strength 
 
The interface shear strength coefficient is defined as 
the ratio of the shear strength in a soil-geosynthetics 

direct shear testsoil/geo to the in the direct shear test on 

soilsoilunder same normal stress. 
 
 

 
 
 

 
 
Where csoil cohesion, ca soil-geosynthetic interface 

apparent cohesion, cicoefficient of interaction, normal 

stress, δ soil-geosynthetic interface friction angle, Φ soil 
internal friction angle.Table 3 summarize the values of 
the interface shear strength coefficient of the interface 
for normal stresses of 50,100 and 150 kPa. 
 
 
Table 3. Coefficient of interaction for sand-bamboo grid 
interface 
 

Interface material Coefficient of interaction 

Sand-BG10                  0.73 

Sand-BG15                  0.65 

Sand-TBG                  0.81 

 

 

5 CONCLUSIONS 
 
Performances of bamboo grid of different aperture size 
and shape were investigated through large size direct 
shear test. It was observed that the effect of aperture 
shape and size of bamboo grid also play a significant 
role other than its tensile strength characteristics. Some 
of the conclusions obtained from this study are 
summarized below: 
1. The results of direct shear tests on sand-bamboo 

grid indicate that the aperture size has a 
noticeableinfluence on interface shear strength. 

2. Due to surface roughness of bamboo grid the 
interface shear strength increased with decreasing 
aperture size of bamboo grid. 

3. The tridirectional bamboo grid interface was more 
efficient than the interface with the bamboo grid of 
square aperture with respect to generating of 
direct shear strength. 
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