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ABSTRACT 

This paper presents the outcome of an experimental 

investigation of the behavior and strength of reinforced 

concrete beams with bamboo reinforcement. A total of five 

beam specimens were tested in flexural under four point (pure 

bending) loading. A plain concrete beam (B1) served as a 

control beam. Two specimens (B2 and B3) were longitudinally 

reinforced with four bamboo culms and steel stirrups. The last 

two specimens (B4 and B5) had similar longitudinal 

reinforcement but bamboo pieces were used as shear stirrups.  

The bamboo culms used in two specimens (B2 & B4) were 

treated with bitumen along with sprinkling of fine particles of 

sand to achieve rough surface for better bonding with concrete. 

The introduction of bamboo reinforcement increased the 

stiffness, strength, and ductility of beams significantly as 

compared to the plain concrete beam. The ultimate load 

carrying capacity of bamboo reinforced concrete beams was 

found to be 2.49 to 3.29 times that of control beam. The 

observed ultimate load was 25% and 13% more for specimens 

with coated reinforcement in case of steel stirrups and bamboo 

stirrups respectively. The specimen with coated bamboo 

reinforcement and steel stirrups achieved the highest ultimate 

load among all specimens. 

Keywords:Bamboo, mechanical properties, bamboo reinforced 

concrete, four point loading. 

1. INTRODUCTION 

Bamboois a financially feasible, structurally strong and 

durable, and environmentally sustainable material [1]. It has 

over 1300 species and found all over the world [2]. The tensile 

strength of different bamboo species varies between 70-210 

MPa, compressive strength between 20-65 MPa, elastic 

modulus between 2500-17500 MPa, and modulus of rupture 

between 50-200 MPa [3-11]. The tensile strength to specific 

weight ratio of some bamboo species is six times greater than 

that of steel [12]. Ghavami [13] found out that the mean 

specific weight of bamboo varies between 6.5 kN/m3 and 9 

kN//m3. He determined the tensile strength for two species as 

135 MPa and 170 MPa, compression strength in the range 12-

53 MPa, and shear strength was between 40 MPa and 62 MPa. 

These characteristics make bamboo as a viable candidate for 

reinforcement in concrete members. 

Bamboo can also be converted into an engineered material in 

the form of laminated sheets or bamboo scrimber.  Bamboo is 

pressed and flattened to form laminated strips which are then 

glued together in layers to form laminated bamboo boards [14-

16]. These boards are used in similar applications as wooden 

plywood. The bamboo fibers are treated with adhesives and 

highly compressed at higher temperature to form a very 

compacted material known as bamboo scrimber[16]. 

Laminated bamboo and bamboo scrimber have shown superior 

behavior than existing timber [17]. 

Bamboo is also used as a reinforcement in concrete members. 

Investigation of bamboo reinforced concrete (BRC) have been 

reported as early as 1950 [18]. Kankam et al. tested ten simply 
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supported one-way bamboo-reinforced slabs under line loading 

and observed three types of failures; compression failure in 

concrete, both shear and compression failure in concrete, and 

tension failure in bamboo [19]. The authors also tested ten 

bamboo-reinforced concrete beams under short term monotonic 

loading and six beams under long term loading and observed 

that failure occurred through diagonal tension failure of the 

concrete in the shear span [20]. The behavior of BRC beams is 

generally far better than PCC beams. The  shear and flexure 

behavior of BRC with 3.8% bamboo reinforcement becomes 

very similar to RCC beam with 1.23% steel reinforcement [21]. 

Bamboo can also be used as reinforcement in columns and 

slabs [22, 23]. 

This paper investigates the suitability of locally (Peshawar, 

Pakistan) available bamboo as a longitudinal and transverse 

reinforcement for concrete beams. These members can be used 

in low cost houses to improve their seismic capacity. Brick and 

stone masonry buildings have shown significant improvement 

in seismic capacity with the introduction of reinforced concrete 

confining elements [24, 25]. However, due to financial 

constraints, many people do not incorporate these elements in 

their buildings. Bamboo reinforced concrete elements can be an 

economical and sustainable alternative to steel reinforced 

concrete for such buildings. 

2. MATERIAL PROPERTIES 

Two sizes of locally available bamboo were used in this study; 

0.7 in. diameter culm for longitudinal reinforcement and 0.3 in. 

diameter culm for transverse reinforcement. The specimens are 

tested for tensile strength parallel to grains and tensile strength 

perpendicular to grains according to ASTM D638-14 and 

ASTM D143-14 respectively. The smooth surface of bamboo 

culm is not suitable for holding in the jaws of universal testing 

machine (UTM) during tension test. Therefore, the ends of the 

specimens were wrapped with GI (galvanized iron) wire along 

with the application of epoxy in order to make them rough and 

hard enough to be mounted properly in the UTM as shown in 

Figure 1. 

 

  
Figure 1. Test setup for tensile test parallel to grains 

Table 1.Results of tensile tests parallel to grains 

No. Dia. 
(in) 

Tensile 
Strength 

(ksi) 

Avg. Tensile 
strength 

(ksi) 
Failure Behavior 

1 
0.70 

19.82 

20.12 

Clamping Failure  

2 20.15 
Gauge Failure 

3 20.39 

4 0.25 
15.30 

15.75 Clamping Failure 
5 16.19 

6 0.50 
17.09 

17.60 Gauge Failure 
7 18.10 

8 0.60 
18.76 

19.00 Gauge Failure 
9 19.24 

Overall Average 18.12  

Results of tensile tests parallel to grain are given in Error! 

Reference source not found.. The tensile strength varies in the 

range between 15 ksi and 20 ksi. The mean value of tensile 

strength for all specimens was found to be 18.12 ksi. The 

specimens for tensile strength perpendicular to grains were 

prepared with specified dimensions and notches as shown in 

Figure 2. The tests were conducted in a testometric machine as 

shown in Figure 2. 

The image part with relationship ID rId14 was not found in the file.
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Figure 2. Test setup for tensile test perpendicular to grains 

The load carried by the three samples tested was 326 lbs, 333 

lbs, and 319 lbs.  The mean load taken by the specimens 

perpendicular to grains was found to be 326 lbs. The beam 

specimens were casted in 1:2:4 (cement: fine aggregate: coarse 

aggregate) concrete commonly practiced in Pakistan with a 

water cement ratio of 0.5. The average compressive strength of 

concrete was found to be 1570 psi. ASTM A615 Grade 40 steel 

with a specified yield strength of 40 ksi was used as stirrups in 

two beam specimens. 

3. TEST SPECIMENS 

A total number of five beam specimens were tested; a control 

beam in plain concrete and four beams with bamboo as 

reinforcement. The longitudinal and transverse reinforcement 

details are given in Error! Reference source not found. and a 

typical long section and cross sections are shown in Figure 3. 

All specimens were 60 in. long and had 8 in. x 6 in. cross 

section. Four bamboo culms of 0.7 in. diameter were used as 

longitudinal reinforcement, two for compression and two for 

tension. Two specimens were provided with ¼ in. diameter 

steel stirrups at 6 in. center to center. In the remaining two 

specimens, 0.5 in. culms pieces at 6 in. center to center were 

used as stirrups. 

 

Table 2. Reinforcement details all specimens 

Speci
men Description Longitudinal  

rebars 
Transverse  

reinforcement 

B1 Plain concrete 
beam NA NA 

B2 Uncoated culms 
with steel ties 

4 culms of 0.7 
in. diameter 

¼ in. diameter 
rebars @6 in. c/c B3 Coated culms 

with steel ties 

B4 Uncoated culms 
with bamboo ties 0.3 in. diameter 

culm @6 in. c/c B5 Coated culmswith 
bamboo ties 

 

 
(a) 

  
(b) 

Figure 3. (a) Long section of the test specimen, (b) Cross sections of 
the test specimens 

In order to strengthen the bond between concrete and bamboo 

and to reduce water absorption of bamboo, reinforcement 

skeletons in two specimens (one with steel stirrups and one 

with bamboo stirrups) are coated with coal tar along with 

sprinkling of sand.A typical coated reinforcement cage is 

shown in Error! Reference source not found.. 

 

Figure 4. Coated reinforcement cage with steel stirrups 

The last two specimens had uncoated reinforcement with aim 

to get behavior of specimens with both coated and uncoated 

reinforcement. A typical uncoated reinforcement cage with 

bamboo stirrups is shown inError! Reference source not 

found.. 
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Figure 5. Uncoated reinforcement cage with bamboo stirrups 

The specimens were tested under four point loading (pure 

bending) as shown in Error! Reference source not found..  

The load was gradually increased until failure of the specimens. 

 

Figure 6. Test setup for four point loading 

4. RESULTS AND DISCUSSION 

The test results for specimens B2 and B3 are represented as 

load vs midspan deflection in Figure 7 and 8. The results for 

control beam are also shown in each figure for comparison. 

The introduction of bamboo reinforcement increased the 

stiffness, strength, and ductility of beams significantly as 

compared to the plain concrete beam. The ultimate load for B2 

(uncoated culms with steel stirrups) and B3 (coated culms with 

steel stirrups) was recorded as 8.69 kips and 10.90 kips 

respectively. The coating resulted in 25% increase in ultimate 

load carrying capacity of specimen B3 as compared to B2. 

Moreover, the ultimate displacement was also significant 

higher in B3 as compared to B2. 

 

Figure 7.  Load-deflection relations of specimen B2 and control beam 

 

Figure 8. Load-deflection relations of specimen B3 and control beam 

The final cracking of specimens B2 and B3 is shown in Figure 

9. A major flexure crack was observed near midspan in 

specimen B2 and under the point load in specimen B3. The 

bamboo culms appear to have hold the beams from breaking 

apart. 
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Figure 9. a) Final cracking in specimen B2, b) Final cracking in 
specimen B3 

The test results for specimens B4 and B5 are shown in Error! 

Reference source not found.10 and 11 along with control 

beam. The introduction of bamboo reinforcement increased the 

stiffness, strength, and ductility of beams significantly as 

compared to the plain concrete beam. The ultimate load for B4 

(uncoated culms with bamboo stirrups) and B5 (coated culms 

with bamboo stirrups) was recorded as 8.24 kips and 9.34 kips 

respectively. The coating resulted in 13% increase in ultimate 

load carrying capacity of specimen B5 as compared to B4. 

 

Figure 10. Load-deflection relations of specimen B4 and control beam 

 

Figure 11. Load-deflection relations of specimen B5 and control beam 

The final cracking of specimens B4 and B5 is shown in Figure 

1212. Major flexure cracks were observed near midspan and 

under the point load in specimen B4 along with spalling of 

cover concrete. However, only one major crack was observed 

in specimen B5 under the point load along with spalling of 

concrete at the same location. The bamboo culms appear to 

have hold the beams from breaking apart. 

  
(a) (b) 

Figure 12. a) Final cracking in specimen B4, b) Final cracking in 
specimen B5 

The combined load-deflection relationships are shown in 

Figure 1313 and the ultimate load and deflection values are 

summarized in Error! Reference source not found.. Bamboo 

reinforcement increased the ultimate load carrying capacity, 

stiffness, and ductility of all specimens significantly. The best 

results were obtained for specimen B3 where coated bamboo 

culms were used with steel stirrups. The ultimate load for 

specimen B3 was found to be 3.29 times the ultimate load of 

control beam. 

 

Figure 13. Load-deflection relations of all specimens 
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Table 3. Ultimate load-deflection values of all specimens 

Specimen Ultimate load, 푃  
(kips) 

Deflection at ultimate 
load, ∆ (in) 

푃
(푃 )  

B1 3.31 0.279 NA 

B2 8.68 0.557 2.62 

B3 10.90 0.986 3.29 

B4 8.24 0.280 2.49 

B5 9.34 0.280 2.82 

5. CONCLUSIONS 

The performance of bamboo reinforced concrete beams was 

experimentally investigated. Four concrete beams reinforced 

with longitudinal bamboo culms and steel/bamboo stirrups 

were tested under four point loading. The following 

conclusions can be made based on the analysis of test results: 

 The tensile strength of locally available bamboo was 

found to be in the range 15 ksi to 20 ksi. This makes 

bamboo as a potential replacement for steel 

reinforcement in concrete members, especially for 

low cost housing in rural areas.  

 The introduction of bamboo reinforcement increased 

the stiffness, strength, and ductility of beams 

significantly as compared to the plain concrete beam. 

The ultimate load carrying capacity of bamboo 

reinforced concrete beams was found to be 2.49 to 

3.29 times that of plain concrete beam.  

 The specimens with coated reinforcement performed 

better than their uncoated counterparts. The observed 

ultimate load was 25% and 13% more for specimens 

with coated reinforcement in case of steel stirrups 

and bamboo stirrups respectively. 

 The specimen with coated bamboo reinforcement and 

steel stirrups performed the best where the observed 

ultimate load was 3.29 times that of plain concrete 

beam. 
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