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Abstract - Bamboo commonly introduced as a giant tree grows in tropical and sub-tropical country. In the rural areas of 
developing country like India, bamboo still widely used as a construction material for housing which are nicely adopted by 
natural environment. Now a day, production of low cost sustainable housing for rural areas are of great concern. Bamboo 
which is abundantly locally available and also cheap can be used in replacement of steel reinforcement in cement concrete. 
In this study an attempt is made to evaluate the suitability of bamboo reinforcement in replacement of steel reinforcement in 
cement concrete for economic housing. To assess this, flexural strength test of bamboo reinforcement concrete (BRC) beam 
is performed and the results are compared with steel reinforcement concrete (SRC) beam. Experimental results prove that 
bamboo is suitable as a reinforcing material in cement concrete for low cost sustainable housing. 
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I. INTRODUCTION 
 
Bamboo commonly introduced as a giant tree grows 
in tropical and sub-tropical country. In the rural areas 
of developing country like India, bamboo still widely 
used as a construction material for housing which are 
nicely adopted by natural environment. Now a day, 
production of low cost sustainable housing for rural 
areas are of great concern. Bamboo which is 
abundantly locally available and also cheap can be 
used in replacement of steel reinforcement in cement 
concrete. Concrete is one of the most widely used 
building materials because of easily available and low 
cost. But it cannot use in some structural elements 
because of its low tensile strength. To overcome this 
problem tensile material steel is used in concrete. But 
the availability and cost of steel in rural areas of 
developing country like India is a big problem. The 
substitute of this, bamboo, easily available in local 
market, can be used as a replacement of steel in low 
cost sustainable housing.  The tensile strength of 
bamboo is relatively high and can attain 370 MPa 
[1]which makes bamboo an attractive substitute to 
steel in tensile loading applications. The strength of 
bamboo increases with its age and reaches to the 
maximum strength at 3-4 years and then starts to 
decline in strength [2]. Bamboo is also an 
environmental friendly plant because it 
absorbs a lot of nitrogen and carbon dioxide in the air 
[3].  
In this paper, flexural property of bamboo is 
evaluated and suitability of the use of bamboo as 
reinforcing bar in concrete in replacement of steel is 
checked.  
 
II. MATERIALS PROPERTIES 
 
A. BAMBOO 

Bamboo is a perennial grass. Three years old bamboo 
was collected from nearby market. The diameter of 
the bamboo was 100 mm and average weight was 0.7 
kg/m. They were cut into pieces as per the required 
dimensions for the casting of the trial beams. The size 
of the trial beam was 150 mm x 150 mm x 700 mm. 
The compressive strength and tensile strength of the 
bamboo was 52 MPa and 145 MPa respectively. The 
modulus of rupture and modulus of elasticity was 84 
MPa and 16100 MPa respectively. 
B. CEMENT 
43 grade Ordinary Portland cement was used for the 
experiment. The normal consistency, initial setting 
time and final setting time of cement was 31%, 24 
min., 540 min. respectively. The compressive 
strength at 28 days as 41MPa was used throughout 
the test. 
C. FINE AGGREGATE 
Locally available fine aggregates used in this 
experiment were zone III type as per IS: 383-
1970[4].Fine aggregate was in surface saturated dry 
(SSD) condition and the fineness modulus value was 
found 2.6. 
D. COARSE AGGREGATE 
Crushed stone was used as coarse aggregate in the 
experiment. The maximum aggregate size of coarse 
aggregate was 25 mm. Fineness modulus of used 
aggregate was 9.51. Gradation of coarse aggregate 
was performed according to IS: 383-1970 [4].Coarse 
aggregate was in surface saturated dry (SSD) 
condition. Figure 1 shows the Gradation Curve for 
Coarse Aggregate.  
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Fig 1: Gradation of coarse aggregate 

III. SAMPLE PREPARATION 
 
BAMBOO REINFORCEMENT (BR) 
Bamboo was cut into pieces as per the required 
dimensions for the casting of the trial beams. For 
calculating the average dimension of the sample, the 
dimensions were measured at three points along the 
cross section and length of the sample. 
Reinforcements were rectangle in shape and cross 
sectional area of bamboo reinforcement was 7 mm x 
15 mm. Total twelve numbers of bamboo cages were 
prepared for the testing and each were having three 
numbers of top reinforcement and two numbers of 
bottom reinforcement. The size of the reinforcement 
was 7 mm x 15 mm. Spacing between main bars was 
taken 55 mm. Spacing between stirrups was taken 
220 mm center to center. Standard clear cover was 
considered i.e. 20 mm as per IS: 456-2000[5].Fig: 2 
and Fig: 3 shows preparation of bamboo 
reinforcement cage and prepared cage.  
 

 
Figure 2: Preparation of Bamboo cage 

 

 
Figure 3: Final Bamboo reinforcement cage 

 
STEEL REINFORCEMENT (SR) 
Conventional steel reinforcement cage was prepared 
for the same sample beam size. Total twelve numbers 

of steel reinforcement cages were prepared for the 
testing and each were having three numbers of top 
reinforcement and two numbers of bottom 
reinforcement. Diameter of main bars were 10 mm 
and spacing considered between them was 50 mm. 
Diameter of stirrups was 6 mm and spacing was 220 
mm. Standard clear cover was considered i.e. 20 mm 
as per IS: 456-2000[5].Fig: 4 shows prepared steel 
reinforcement cage. 
 

 
Figure 4: Final Steel reinforcement cage 

 
MIX PROPORTIONING 
IS: 10262-2009 [6]was considered for mix 
design.M20 grade of concrete was used with nominal 
mix proportions.The mix proportions used to prepare 
both bamboo reinforcement and steel reinforcement 
cement concrete was 1:1.5:3. Water cement ratio was 
taken 0.5. 
 
BEAM SPECIMEN 
In this experiment two types of beam were used 
namely bamboo reinforcement and steel 
reinforcement beam. For each type twelve numbers of 
beams were prepared.  
 
IV. FLEXURAL STRENGTH TEST  
 
The flexural strength of concrete beam was 
performed by three point loadingtest in accordance 
with IS: 516- 1959 [7].The beam was carefully placed 
under the testing machineand supports were placed at 
the measured location of 50 mminside from each end. 
Dial gauges are also provided atmidspan to calculate 
the deflection. After placing the beam,one point 
loading was applied gradually at the midspan. The 
breaking load of thebeam at midspan was measured at 
regular interval of loading. Fig: 5 shows the flexural 
strength test set up.  
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Figure 5: Flexural strength test set up 

 

 
Figure 6: Flexural strength test on Bamboo reinforcement 

beam 
 

V. RESULTS AND DISCUSSION 
 
In this study, bamboo reinforced and steel reinforced 
beam were tested for its flexural strength. The failure 
was sudden and brittle. The failure pattern of the 
bamboo reinforced beam and crack pattern is shown 
in figure 6. A set of three beams were tested for 
breaking load bearing capacity after 7 days, 28 days, 
3 months and 6 months respectively for both bamboo 
and steel reinforcement beams.   
 

Testing time Breaking load 
(kN)  [BRC] 

Breaking load 
(kN) [SRC] 

7 days 10.80 64.81 
28 days 17.66 82.75 

3 months 32.44 85.54 
6 months 43.02 88.51 

Table 1: Breaking Load of BRC and SRC  
 

In the present study the breaking load carrying 
capacity after 28 days of bamboo reinforced beam 
was found to be 4.68 times lesser than steel 
reinforced concrete beam. Fig: 6 shows comparison 
of flexural strength of BRC and SRC. Breaking or 
failure load of BRC is one fourth of failure load of 
SRC (Table: 1). The strength pattern of BRC is same 
as SRC but only small in values.  
 

 
Figure 7:  Comparison of Flexural Strength of BRC and SRC 

 
CONCLUSION 
 
This work concludes that bamboo is feasible to use as 
concrete reinforcement for flexural members of low 
cost sustainable housing. In order to investigate the 
flexural behavior ofBamboo Reinforced Concrete 
members, 12 beam cages of bamboo and steel were 
prepared and the three point flexural strength testwas 
carried out. By analyzing the test results, the 
following statements can be concluded: 

 The failure load and strength significantly 
increases with aging time. 

 The failure strength of BRC is 7.46 MPa 
which is half of SRC. 

 Failure load carrying capacity of BRC is one 
fourth of SRC after 28 days.  

Therefore, bamboo can be used as a flexural member 
concrete structure for low cost housing in rural areas. 
Some realistic methods need to be adopted to 
construct of bamboo reinforced structure. This study 
is one of the steps towards sustainable low cost rural 
housing construction using bamboo reinforcement 
concrete as flexural member.  
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