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Abstract- Recently, considering global warming, lack of resources and ecofriendly issues, the use of natural materials has 
become active in the construction industry. Bamboo has been in wide usage as a vital material for construction due to its low 
cost, high strength, flexibility, light weight, earthquake resistance, etc. This study explores the feasibility of usage of bamboo 
as reinforcement in concrete beams for rural construction. The untreated and treated bamboo reinforced concrete beams are 
casted with different stirrup materials. The shear link materials used were bamboo and Thermo Mechanically Treated (TMT) 
rods. Bamboo has been treated with a thin layer of epoxy to the surface followed by a coating of fine sand. Conventional 
steel reinforced concrete beam is tested for its flexural strength, modulus of elasticity, deflection and crack pattern. Same 
tests were carried out for the treated and untreated bamboo reinforced beams with TMT rod stirrups and bamboo stirrups. 
Sand has been replaced by quarry dust as a fine aggregate in concrete due to its inadequacy. Finally the comparison and 
analysis is carried out for the conventional steel reinforced concrete beam over the treated and untreated bamboo reinforced 
concrete beams with the help of experimental values obtained.  
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I. INTRODUCTION  
 
In the recent years, due to an increase in the cost has 
led to the use of naturally available material for the 
reinforcement of concrete beams in the rural 
constructions. In the developing countries like India, 
have more than 80 percent of the population living in 
Rural [3]. Bamboo is one of the widely used 
construction materials since ancient times due to its 
low cost, high strength, feasibility, low weight, 
earthquake resistance, etc. It has started appearing 
recently in designer homes as flooring, walling and 
paneling material. Bamboo is especially preferred by 
poor and for rural construction. It is unpopular in 
conventional construction due to low durability, lack 
of structural design data, exclusion from building 
codes etc.  
 
Ghawami (2005) reported that bamboo has been used 
as reinforcement in structural concrete elements [1]. 
Studies were made by Masakazu Terai et al. (2011) 
on the fracture behavior and mechanical properties of 
Bamboo Reinforced Concrete to assist the seismic 
retrofit of the masonry structures in the design and 
construction of bamboo reinforced structures [2]. A 
comparative study of Bamboo reinforced concrete 
beams using different stirrup materials for rural 
construction has been done by the researchers by 
testing the beams to failure under four point bend test 
[3]. The researches carried out a study on Bamboo as 
reinforcement in cement concrete by using bamboo as 
a reinforcing material without any treatment and 
stirrups [4]. In this study, the concrete beam with 
conventional steel reinforcement have been casted 

and tested for its flexural strength, modulus of 
elasticity, deflection and crack pattern. The stirrup 
material used for the conventional steel reinforced 
beam is Thermo Mechanically Treated (TMT) rods. 
In similar manner, bamboo with and without 
treatment have been used as reinforcement in beams 
which were casted and tested at 28 days. The stirrup 
materials used for the bamboo reinforced beams are 
TMT rods and bamboo itself. With the help of 
experimental results obtained, the comparison and the 
analysis is carried out for the conventional steel 
reinforced beam over the treated and untreated 
bamboo reinforced beams. 
      
II. MATERIALS 

 
A. Bamboo 
Bamboo, which is a perennial grass has been 
procured from nearby market. They were  cut into 
pieces as per the required dimensions for the casting 
of the trial beams. The bamboo is so treated by 
applying a thin layer of epoxy solution to the surface 
and it is followed by the coating of fine sand. The 
compressive strength of the bamboo ranges from 50 
to 100 MPa. The tensile and bending strength of the 
bamboo ranges from 111 to 219 and 86 to 229 MPa 
respectively.  
 

 
Fig.1. Different Species of bamboo 
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Fig.2. Bamboo reinforcement used 

 
B. Concresive Master Inject1315 (epoxy) 
Concresive 1315 is a two-component, low viscosity 
epoxy resin based crack injection resin system, with 
long mixed pot life designed for sealing cracks in 
concrete, increasing the bond strength and restoring 
its structural integrity. It gives excellent bond strength 
and restores structural integrity. It yields high elastic 
modulus and ensures effective transfer of stresses at 
bond interface.  

 

 
Fig.3. Concresive Master Inject 1315 solution 

 
The applications of Concresive Master Inject 1315 
include:  

 Stabilized cracks in structural elements. 
 Unfilled voids behind tiles, stone facades. 
 Gap behind the steel plate for epoxy plate 

bonding. 
 Coating of the concrete reinforcing 

materials. 
The typical properties of the Concresive 1315 are 
listed below in table I. 

TABLE I 
 TYPICAL PROPERTIES OF CONCRESIVE 1315  

S.No Components Properties 
1. Aspect Pale yellow 

liquid 
2. Mix density 1.05Kg/litre 
3. Mix Ratio, by weight 77:23 
4. Pot life 50 Minutes at 

25 °C 
5. Compressive Strength 70 Mpa at 7 

Days 
6. Tensile Strength 18 Mpa at 7 

Days 
7. Shear Bond Strength 18 Mpa at 7 

Days 
8. Flexural Strength 55 Mpa at 7 

Days 
9. Shrinkage Passes  

III. MIX PROPORTIONING  
 
Concrete mix design is done as per IS 10262. The 
grade designation adopted is M20. The type of 
cement used is OPC 43 grade and the cement is 
partially replaced by 20% of fly ash. The maximum 
size of coarse aggregate used is 10mm.  Maximum 
water cement ratio adopted is 0.45 and maximum 
cement content used is 450kg/m3. Mix calculation is 
done for 1cubic meter of concrete. The cross section 
of the beam specimen is 150*150mm. The total 
length of the beam is 1000mm. The mix proportion 
calculated for the required size of the beam specimen 
is listed in table II. 
 

TABLE II 
 MIX PROPORTIONS FOR M20 GRADE OF 

CONCRETE 
S.No Components Quantity 

1. Cement 346.8 kg/m3 

2. Fine aggregate 760.32 kg/m3 
3. Coarse aggregate 967.68 kg/m3 
4. Water-Cement  ratio 0.363 
5. Ratio 1 : 2.19 : 2.79 

 
IV. EXPERIMENTAL INVESTIGATION 

 
C. Conventional Steel Beam 
Steel reinforced beam is casted as the conventional 
beam for this experimental investigation. The 
characteristics of the test specimen are as follows. 
The size of longitudinal tension bar is 12mm diameter 
and the stirrup and spacing is of 8mm diameter bar @ 
100mm c/c respectively. The clear cover of the beam 
is 30mm. 
     

 
Fig 4: Conventional steel beam specimen 

 
D. Untreated Bamboo Reinforced Beams 
Untreated bamboo reinforced beams are casted using 
different stirrup materials. The stirrup materials used 
are Thermo Mechanically Treated (TMT) rods and 
Bamboo.  
 

Fig 5: Bamboo Reinforced Beams with TMT rod Stirrup 
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Fig 6: Bamboo Reinforced Beams with Bamboo Stirrups 

 
E.  Treated Bamboo Reinforced Beams 
Bamboo reinforced beams with Thermo 
Mechanically Treated (TMT) rods and Bamboo as a 
stirrup material is treated by applying a thin layer of 
epoxy followed by a coating of fine sand. The epoxy 
solution used for treating the bamboo is Concresive 
Master Inject 1315. This treatment of Bamboo gives 
high bonding strength. 

 

 
Fig 7: Treated Bamboo Reinforced Beam 

 
V. RESULTS 
 
The conventional steel beam and the treated and 
untreated Bamboo reinforced beams were casted and 
under curing for about 28 days. After this, the 
specimen is tested for its flexural strength, modulus 
of elasticity, deflection and crack pattern. The tests 
were conducted with two-point loading. The sample 
load Vs deflection graph is shown in fig. 8. 

 

 
Fig.8. Load Vs Deflection graph for Conventional Beam 

 
From the load and deflection values, the modulus of 
elasticity (E) is obtained by the equation, 

E= (23*W*L3) / (648* ܫ*ߜ), where 

W= Load, L= Length of the beam, = ߜ= Deflection, 
I= Moment of Inertia. In the same way, the treated 
and untreated bamboo reinforced beam specimens are 
tested and analyzed. 
 
CONCLUSION 

 
F. Analysis of the Result 
The comparison and analysis is carried out for the 
conventional steel reinforced concrete beam over the 
treated and untreated bamboo reinforced concrete 
beams. From the experimental values obtained, the 
adjacent value among the bamboo reinforced beams 
closer to the conventional beam value is taken into 
consideration and explained for its durability, cost-
effective and sustainability. 
 
G. Future work 
The treated and untreated bamboo reinforced beam 
specimens is to be taken after 28 days of curing and 
should be tested for its flexural strength, deflection, 
crack pattern and modulus of elasticity. Finally the 
results obtained should be compared and analyzed 
with the conventional steel reinforced concrete beam. 
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