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ABSTRACT
Bamboo is popular among the general public in Sri Lanka since ancient times due to its fascinating properties
like wider availability, strength, light weight, flexibility and durability. Evidences for the applications of
bamboo poles and strips can still be found in the skeletons of conventional adobe walls in low rise buildings and
in false work constructions. However, this has not been used as a structural element except in load bearing
adobe walls. Nowadays, bamboo is being proposed as a low cost reinforcing method for small scale building
projects such as single story or two story houses in many parts of the world mainly because of its high tensile
strengths. The properties of bamboo and their applications have been investigated in countries like India and
some states in the USA. However, the applications of these findings have not been used effectively in Sri Lanka.
Therefore, the main objective of this study is to investigate the performance of bamboo reinforced concrete
beams.
For this purpose, a simply supported bamboo reinforced concrete beam is analysed experimentally to obtain the
force-deformation relationship under a point load applied at the mid length of the beam and subsequently, it is
compared with the experimental force-deformation curve. Furthermore, a sectional analysis is performed to
obtain the bending capacity.
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1.

INTRODUCTION

The suitability of low cost building materials and
long lasting methods for the building constructions
are greatly benefitted to the poor people in the third
world countries in significantly reducing the cost of
small scale house constructions. Apart from the
different methods in reducing the cost of building
construction, bamboo is being proposed to be used
as a low cost reinforcing method for small scale
building constructions. In other words, bamboo
could be used as a substitute for steel reinforcement
bars in concrete beam and column constructions.
Another advantage of using bamboo instead of
reinforcing bars is the weight. It is considerably
lighter. The declination of the self-weight of the
beam reduces bending moment and shear force
acting on the beam.

effectively in Sri Lanka.
Therefore, the main objective of this study is to
investigate preliminarily the performance of a
bamboo reinforced concrete beam under the
combined actions of shear and bending
deformations.
For this purpose, a simply supported bamboo
reinforced beam is tested under a point load applied
at the mid length of the beam to obtain the
experimental
force-deformation
curve
and
subsequently, it is compared to the numerical
curve. Furthermore, sectional analysis is also
performed to obtain the bending capacity. It is
important to note that tensile properties are
extracted from the experimental programme
reported in the literature [1].
2. EXPERIMENTAL PROGRAMME

The properties of bamboo and their applications
have been investigated in countries like India and
some states in the USA [1, 2 and 3]. However, the
applications of these findings have not been used

Figure 1 illustrates geometric characteristics of the
bamboo reinforced concrete beam section before
the test. There are two layers of bamboo
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and wood preservatives for 2 to 3 hours. Finally,
they were sun-dried again for few hours before
using them in the concrete beams.

Figure 1: Geometric characteristics of the
bamboo reinforcing beam.
The bamboo type which was chosen to be used in
this beam was “green bamboo”. This was selected
because it is the most common type of bamboo
available in Sri Lanka.
A typical bamboo reinforcement layer is shown in
Figure 2. This was arranged using bamboo strips
which were obtained by dividing one bamboo pole
into 8 parts, and connecting those strips using steel
connectors. Subsequently, three of these strips were
connected together using short connecting bamboo
pieces as shown in the figure 2 to form a single
layer of bamboo reinforcement. These pieces were
approximately 6 cm apart from each other. Average
thickness of a bamboo strip was 0.4 - 0.6 cm.
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Figure 3: Testing arrangement
Figure 3 shows the testing arrangement. The length
of the simply supported beam is 1000 mm with
support length of 900 mm and the cross section of
150 x 200 mm. Incremental point load of 0.98 kN
is applied exactly at the mid point of the beam until
the failure is observed. Deflection at the mid span
was measured using a dial guage. The design grade
of the concrete is 30.

3.

TEST RESULTS

Figure 4 illustrates the tri-linear vertical force
deformation curve obtained from the test. The first
branch of the curve indicates the linear elastic
behaviour with the highest stiffness while the
second branch indicates that the stiffness is
significantly reduced after the first bending crack
appeared at the bottom of the mid region of the
beam. Third branch shows the force-deformation
response after yielding of the bamboo
reinforcement.
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Furthermore, it is important to note that the
bamboo strips used in the beams were treated with
burnt oil or wood preservatives to prevent termite
infestations.
All the bamboo strips were sun-dried to remove the
moisture and then soaked in a mixture of burnt oil
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Figure 4: Vertical force-deformation curve
obtained from the experiment
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for the experimental vertical force-deformation
curve. This idealization is based on the equal
energy concept that the areas under the two curves
are equal. As shown in Figure 4, the yield
displacement and ultimate displacement are 3.3 and
9.6 mm, respectively. Therefore, the ductility that
is defined as the ratio of ultimate displacement to
yield displacement is approximately equal to 3.
Furthermore, it is important to note that the failure
occurs due to propagation of shear crack before the
compression crushing of concrete due to bending
action.
Figure 5(a) and (b) illustrate the crack patterns
observed at the first appearance of the flexural
crack and the failure of the beam, respectively.

Flexural Crack

4. MOMENT-CURVATURE ANALYSIS
Sectional analysis is performed using OpenSees
computer programme [4]. Beam section is defined
using a fibre section which is constructed using a
patch and two bamboo reinforcement layers. The
material nonlinearity of the concrete represents a
uniaxial Kent-Scott-Park concrete material model
with degraded linear unloading/reloading stiffness
according to the work of Karsan-Jirsa. This
material model also consider the tensile strength of
the concrete. Since there are no adequate shear
reinforcements provided in the beam, the
confinement effect of the core concrete is
minimized. The strain components εc at the peak
compressive strength and εu at the concrete
crushing are estimated using Eq. (1) and (2),
respectively as specified in uniaxial Kent-ScottPark concrete material model.
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The material nonlinearity of the bamboo represents
a uniaxial bilinear material model. The properties
of the bamboo strips are taken from the research
reports [1]
Figure 6 shows the moment-curvature plot obtained
from the sectional analysis. The moment capacity
obtained from the section analysis is 12 kNm while
it is 11 kNm obtained from the experiment.
12

The failure of the beam in shear rather than in
flexure highlights the importance of estimating the
shear capacity of the beam in the design stage. The
shear links are provided in typical reinforced
concrete beams to prevent the premature failure in
shear. Since there is no shear reinforcement
provided in the bamboo reinforced beam, the shear
strength is limited to the shear strength of concrete
which depends on the interface shear stress, often
called aggregate interlocking.
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Figure 5: Crack pattern (a) at the first
appearance of bending crack (b) at the failure of
the beam
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Figure 6: Moment-curvature response
5. CONCLUSION
In this study, our main objective was to preliminary
investigate the use of bamboo strips as an
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construction of single or two story buildings. Based
on the analytical and experimental investigations,
following conclusions can be drawn.
By replacing the steel reinforcement with bamboo
strips, adequate ductility can be achieved before the
failure. However, premature shear failure of the
beam can be expected as observed in the
experiment since there is no shear reinforcement
provided in the bamboo reinforced concrete beam.
Therefore, beam design is mainly governed by the
shear forces.
Further experimental and numerical investigations
are required to propose an alternative solution to
prevent the premature of shear failure of the beam
and hence optimize the design.
6.
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