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Abstract: 

The cracks in BRC beams are usually less and do not spread 

when compared to SRC beam cracks. The initial crack of the 

BRC beam is always followed by the propagation of the crack 

in the same location and no cracking occurs at the new 

location. The majority of cracks are horizontal and only 

slightly vertical. This study aims to increase bond strength and 

evaluate crack patterns of BRC beams of double 

reinforcement by strengthening bamboo reinforcement using 

hose clamps and adhesives. Beam test specimens were made 

in 4 pieces with different treatments. The dimensions of the 

bamboo reinforcement are 1.5 cm x 1.5 cm. The dimensions 

of the concrete beam are 12 cm x 20 cm x 210 cm. The tensile 

reinforcement ratio is used at 4.67% and the compression 

reinforcement ratio is 1.88%. The beam test is carried out 

using a four-point load. The test results showed an increase in 

the bond-strength at the BRC beam with strengthening the 

tensile reinforcement and the crack is more diffuse when 

compared with the BRC beam no strengthening.  

Keywords: Keywords: Cracked Pattern, Bamboo Reinforced 

Concrete (BRC), Bond-Strength, Double Reinforcement. 

 

I. INTRODUCTION 

Bamboo grows most in areas of the country that have a 

tropical climate. Indonesia is a country with a tropical climate 

with abundant bamboo plants. Bamboo is widely used as 

household appliances but is also widely used as a construction 

material as non-permanent warehouses, simple rural houses, 

bridges and so on. Some reasons bamboo is widely used 

because it has high tensile strength and low prices. However, 

bamboo has the disadvantage that bamboo resistance is very 

low if not treated first. 

Bamboo as concrete reinforcement must be soaked, dried and 

covered with a waterproof coating. This is intended to prevent 

the action of absorbing each other between bamboo and 

concrete. Water absorption occurs in two stages. The first 

phase of wet concrete will be absorbed by bamboo and after 

the concrete has hardened, the water in the bamboo will be 

absorbed by the concrete. This process is called the 

hygroscopic and hydrolysis process which lasts for an infinite 

amount of time. If bamboo is not coated with a waterproof 

layer, it will absorb each other and the bamboo will shrink as 

shown in Figure 1 [1]. Various types of waterproof coatings 

that are widely used include Sikadur®-752 [2], [3], [4], [5], 

[6], Sikadur 32 Gel [7], [8], Sika Hibond [9], etc. 

 

 

Fig. 1. Swelling of bamboo reinforcement in concrete and 

occurrence micro-cracking [1] 

 

Bamboo has a variety of types. In Indonesia, bamboo species 

that have high tensile strength are Petung bamboo 

(Dendrocalamus asper) and Ori bamboo. Petung bamboo is a 

bamboo that has a large stem circumference, covered with 

brown feathers to black, segment long among 40-50 cm and 

12-18 cm in diameter, overall reed reaches up to 20 m high 

with a curved tip. Petung bamboo wall thickness between 11 

to 36 mm [10] in Wikipedia Indonesia (2016). 

Bamboo as a reinforcement of concrete beams still shows slip 

failure due to the low bond-stress between bamboo 

reinforcement and concrete. The use of bamboo reinforcement 

in reinforced concrete beams requires treatment. Eliminating 

starch content, drying, applying the waterproof coating, and 

sand treatment is a must. However, the collapse of the 

bamboo reinforced concrete beam element still occurred due 

to the slip on the bamboo reinforcement. To increase the shear 

capacity of the bamboo reinforcement, strengthening is 

needed to modify the surface roughness of the bamboo 

reinforcement, one of which is giving a hose-clamp as a shear 

connector and an adhesive as a waterproof layer. 

Modification of bamboo reinforcement roughness has been 

done a lot, including notches [11], wire and coir windings 

[12], and the addition of hooks. This method can increase the 

carrying capacity of the beam, but there are still many 

weaknesses, such as the implementation is relatively difficult 

and the notch process can weaken bamboo reinforcement. To 

increase the stickiness of bamboo reinforcement with 

concrete, a hose-clamp is installed on the bamboo 

reinforcement which also functions as a shear connector. 

The use of hose-clamps on bamboo reinforcement is based on 

the concept of using deform bars on concrete, where when the 

pulling force occurs there will be an interaction between 
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friction and fulcrum between concrete and bamboo 

reinforcement [5]. 

The bamboo reinforcement must also function as a waterproof 

layer and sand sprinkle adhesive on the bamboo 

reinforcement. Some types of adhesives that have been widely 

used by researchers include Water-based epoxy coating with 

coarse sand, Water-based epoxy coating with fine sand, 

TrueGrip EP with coarse sand, BP TrueGrip with coarse sand, 

Exaphen with coarse sand, and Enamel [1]; Araldite, Epoxy 

Resin, and Coal Tar [13]; dry paint and sand [14]; epoxy and 

fine sand [15]; Negrolin, Sikadur 32 Gel [7]; Araldite, 

Tepecrete P-151, Anti Corr RC, and Sikadur 32 Gel [8]; and 

asphalt and sand bamboo reinforcement [16]. From some of 

the studies mentioned above Sikadur 32 Gel adhesive is the 

adhesive with the best test results. However, PT. Sika 

Indonesia does not produce Sikadur 32 Gel. The produce of 

PT. Sika Indonesia is currently Sikadur®-752 [4]. 

 

II. MATERIAL AND METHODS 

A. Bamboo, Hose clamp, and Adhesive 

The bamboo used is bamboo "petung" (Dendrocalamus asper) 

aged 3-5 years with a length of 3-6 meters from the bottom of 

the bamboo trunk. Bamboo is cut and shaped reinforcement 

according to the planned size. Then the treatment process is 

carried out [4]. The waterproof coating used is the adhesive 

"Sikadur®-752” [4]. Sikadur®-752 is a solvent-free liquid, 

super low viscosity, and high-strength epoxy resin. Usually 

used to seal concrete cavities and cracks, increase bond 

strength and improve structural integrity. The hose-clamps 

used are made in Taiwan with a diameter of ¾”. Treatment of 

bamboo reinforcement with Sikadur®-752 and sand are shown 

in Figure 2. The application of bamboo reinforcement which 

has been treated with Sikadur®-752 and sand on the BRC 

beam is shown in Figure 3. 

 

Fig. 2.  Treatment of bamboo reinforcement with Sikadur®-

752 and sand 

 

 

Fig. 3.  The specimens of beam BRC of double reinforcement 

with hose-clamp and adhesive 

B. Testing Methods 

The dimensions of the bamboo reinforcement are 1.5 cm x 1.5 

cm x the length of the bamboo. The dimensions of the double 

reinforcement concrete beam are 12 cm x 20 cm x 210 cm, 

with a tensile reinforcement ratio (ρ) of around 4.68% and a 

compression reinforcement ratio (ρ') of around 1.88%. Shear 

reinforcement used steel reinforcement with a diameter of 6 

mm. Four test beams were made with different tensile 

reinforcement treatments, namely: (B1) normal reinforcement, 

(B2) with hose-clamps, (B3) with waterproof layers, and (B4) 

with waterproof layers and hose-clamps as shown in Figure 4. 

Figure 4 shows the dimensions and details of beam 

reinforcement. The beam test is carried out using a four-point 

load. Beams are tested for bending after 28 days of treatment. 

The specimens were tested on a loading frame capacity of 150 

kN and a load cell with a capacity of 100 kN. The test and 

loading scheme is shown in Figure 5. 

 

Fig. 4.  The reinforcement details and size of bamboo 

reinforced concrete beams 

 

Fig. 5.  The setting of BRC beam flexural test using the four-

point method 
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III. RESULTS AND DISCUSSION 

A. Beam flexural test 

The analysis of flexural bamboo reinforced concrete beams 

using double reinforcement in this study refers to the Ghavami 

study [7,2]. The balance between the compressive forces on 

the concrete (C = Cb’+Cc) and the tensile forces (T) must be 

met as shown in Figure 6. Tensile force to bamboo 

reinforcement (T) is obtained by multiplying the stresses by 

juxtaposition (Tensile test results) with the shear 

reinforcement area because based on previous research the 

collapse of bamboo reinforced concrete beams caused by the 

loss of bond between bamboo and concrete. 

Bond-strength of bamboo reinforcement with concrete can be 

seen of bond-stress that occurs between bamboo 

reinforcement with concrete. The bond-stress (u) calculation 

on the BRC beam from the flexural test results is based on 

Equation (1) and Equation (2) [5], the calculation results are 

shown in Table 1. Data from the results of the calculation of 

the bond-stress of the experimental results of the BRC beam 

are shown in Table 1. 

      ojd

V
u




.
     

(1) 

 
)( 2

1 adjd 
    

 (2) 

where ∑o is the circumference of the nominal surface area of 

the bamboo reinforcement in length units, V is the shearing 

force of the beam, d is the distance from the center of 

maximum press field to the center of bamboo tensile 

reinforcement area, and a is the height of concrete stress block 

equivalent. 

Figure 7 shows that slip starts to occur when the load is 

around 20% of the ultimate load. As load and bond-stress 

increase, slips continue to increase. The bond-stress (u) vs slip 

(s) curve tends to be linear and flat until the maximum 

bonding stress occurs. 

 

Fig. 6.  Diagram of stress-strain distribution in a cross-section of the BRC beam of double reinforcement 

 

Table I: Comparison of flexural test results and theoretical calculations 

 

 

Specimens 

Theoretical calculations Flexural test results 
Bond stress flexural 

beam (μ) (MPa) 

First crack 

load (kN) 

Ultimete 

load (kN) 

First crack 

load (kN) 

Failure 

load (kN) 

Deflection at 

failure (mm) 
 

B1-Normal 21.6 78.3 16.0 60.0 28.5 0.75 

B2-Hose clamp 10 cm 21.6 82.5 16.5 52.5 29.6 0.66 

B3- Sikadur®-752 21.6 183.6 20.0 98.3 33.3 1.62 

B4- Sikadur®-752 + Hose-

clamp 10 cm 

21.6 198.5 19.5 80.5 28.2 1.46 

 

Fig. 7.  The relationship graph of bond-stress vs slip of BRC beam 
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B. The crack patterns and the relationship of load vs 

 deflection 

Figure 8 and Figure 9 show the relationship of load (P) vs 

deflection (Δ) and crack patterns of bamboo reinforced 

concrete beams. Figure 9 shows the crack pattern of a bamboo 

reinforced concrete beam with Sikadur®-752 adhesive and 

hose-clamp having more cracks and more spread. This shows 

that strengthening on bamboo reinforcement using hose-clamp 

and Sikadur®-752 adhesive can increase the load capacity and 

increase cracking which is more spread as shown in Figure 9 

and the video on the following link: http://bit.ly/2IYw5VG. 

However, the installation of a hose-clamp that is too tight can 

cause the elasticity of bamboo is reduced. The installation of 

hose clamps that are too tight causes the BRC beam to 

become less ductile. Therefore, further research is needed for 

effective hose-clamp mounting distances. 

Fig. 8.  The relationship graph of load vs displacement  

of BRC beam 

 

The deflection of the beam is recorded for every 0.5 kN load 

increase until the beam has collapsed or up to the ultimate 

load. Data from the results of the calculation of the maximum 

load of experimental results and the results of theoretical 

calculations of the BRC beam are shown in Table 1. Figure 8 

is the relation of load vs displacement from the results of the 

BRC beam bending test with the following explanation: 

1. B1 Normal Beam 

The load and deflection relationship at the beginning of 

loading is still a straight line showing full elastic behavior 

until the load is 16 kN or at the beginning of the crack occurs. 

The curve after the initial crack occurs tends to be linear until 

the beam collapses. The linear load-deflection curve stops at a 

collapse load of 60 kN with a maximum deflection of 28.57 

mm. 

2. B2 Beam withe hose-clamps 10 cm  

The load and deflection relationship of the B2 beam is almost 

the same as the B1 beam, but there is an initial crack load 

increase of 0.5 kN to 16.5 kN. The curve after the initial crack 

is slower than curve B1 but still behaves linearly. Likewise, 

the collapse load is lower than the B1 collapse load, which is 

52.5 kN with a maximum deflection of 29.60 mm. 

3. B3 Beams with Sikadur®-752 

The load and deflection relationship from initial loading to 

initial crack is a straight line, which shows full elastic 

behavior until a load of 20 kN or at the initial crack occurs. As 

the load increases, the curve is slightly more gentle and tends 

to be linear until the beam collapses. The collapse load occurs 

at a load of 98.30 kN with a maximum deflection of 33.26 

mm. The increase in initial crack load and collapse load of B1 

and B2 beams is due to the influence of the Sikadur®-752 

adhesive and the sand coating on the bamboo reinforcement. 

Bamboo reinforcement with adhesive Sikadur®-752 increases 

the capacity and ductility of bamboo reinforced concrete 

beams. This can be seen from the more diffuse crack pattern, 

the deflection increases with the increasing load without 

collapse, and the collapse load is greater than other beams, 

and returns flat after the load release without significant 

damage. The crack pattern of the four beams is shown in 

Figure 9. 

 

Fig. 9.  Crack patterns and fracture behavior of bamboo 

reinforced concrete beams specimens 

 

4. B4 Beams using Sikadur®-752 + hose-clamp 10 cm 

The load and deflection relationship at the beginning of 

loading is still in the form of a straight line showing full 

elastic behavior until the load is 19.50 kN. As load increases, 

curves are more gentle and tend to be linear. But at this step, 

fluctuating deflection up and down and the sound on the test 

beam. This shows the sound of shear transfer from bamboo 

reinforcement to concrete through hose-clamps. B4 beam 

collapse occurs at a load of 80.50 kN with a maximum 

deflection of 28.24 mm. The B4 beam has a capacity similar 

to the B3 beam. However, the B4 beam has smaller ductility, 

this is caused by the reduced flexural properties of bamboo 

reinforcement due to the installation of hose-clamps too 

tightly. 
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IV. CONCLUSION 

- Based on the results of experiments on BRC beams 

using double reinforcement show crack patterns and 

collapsing due to failure of slippage, but BRC beams 

with bamboo reinforcement coated by waterproof 

material and hose-clamps have more cracks and 

spread before collapsing. 

- Strengthening the tensile reinforcement by modifying 

the roughness of the bamboo reinforcement using a 

hose-clamp and give a waterproof coating can 

increase the bond-strength and the BRC beam 

capacity. 

- Installation of hose-clamps can increase the stiffness 

and bond-stress, but the installation of a hose-clamp 

that is too tight can reduce the ductility of bamboo 

reinforced concrete beams. 

- Installation of hose-clamp on bamboo reinforcement 

without adhesive or waterproof coating does not affect 

the BRC beam capacity. 
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