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Abstract: Stiffness is the main parameter of the beam’s resistance to deformation. Based on advanced
research, the stiffness of bamboo-reinforced concrete beams (BRC) tends to be lower than the stiffness
of steel-reinforced concrete beams (SRC). However, the advantage of bamboo-reinforced concrete
beams has enough good ductility according to the fundamental properties of bamboo, which have
high tensile strength and high elastic properties. This study aims to predict and validate the stiffness of
bamboo-reinforced concrete beams from the experimental results data using artificial neural networks
(ANNs). The number of beam test specimens were 25 pieces with a size of 75 mm× 150 mm× 1100 mm.
The testing method uses the four-point method with simple support. The results of the analysis
showed the similarity between the stiffness of the beam’s experimental results with the artificial
neural network (ANN) analysis results. The similarity rate of the two analyses is around 99% and
the percentage of errors is not more than 1%, both for bamboo-reinforced concrete beams (BRC) and
steel-reinforced concrete beams (SRC).

Keywords: bamboo-reinforced concrete (BRC); stiffness prediction; artificial neural network (ANN)

1. Introduction

Some of the advantages of bamboo include having high tensile strength [1], easy to split, cut,
elastic fibers, optimal in bearing loads, and it is not a pollutant. At the same time, the weakness of
bamboo as a construction material is easily attacked by insects, because the starch content in bamboo
is quite high. Therefore, bamboo as a building material requires treatment, such as immersion in
water [2,3] and the application of adhesives and waterproof layers [3]. The application of adhesive
and waterproof coating has increased the load capacity and stiffness of the BRC beam [4]. Bamboo as
a reinforcement of concrete structural elements has been widely used, among other things, as beam
reinforcement [2,5–7], bridge frame reinforcement [8], plate or panel reinforcement [9–11], and column
reinforcement [12,13].
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The most important mechanical properties of bamboo-reinforced concrete beams are stress, strain,
and stiffness. Some previous researchers concluded that bamboo-reinforced concrete beams have lower
stiffness compared to steel reinforced concrete beams but have elastic properties and high ductility,
so that they are effective in absorbing earthquake energy [14,15]. However, low rigidity will lead to
reduced construction integrity and excessive structural deformation. The behavior of materials and
construction elements, especially the stiffness parameters can be known through the relationship of
load and deflection, as shown in Figure 1.
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Figure 1. The load vs. deflection relationships of the reinforced concrete beam [15].

The stiffness of bamboo-reinforced concrete beams (EI) is the main factor of structural resistance to
the bending deformation of BRC beams. Beam stiffness is a function of the modulus of elasticity of the
material (E) and the moment of inertia (I). Moments of inertia before cracking use Ig, and after cracking
they use Icr. The effective inertia moment is the value between Ig and Icr. This understanding can be
seen from the behavior of the load vs. deflection relationship in Figure 1. In general, the determination
of beam stiffness is based on the results of the beam flexural test, while the calculation of elasticity
modulus (E) of BRC beams for testing beams with two load points can follow Equations (1) and (2) [15].

E =
23PL3

648∆I
(N/mm2) (1)

∆ =
23PL3

648EI
(mm) (2)

where E is the elasticity modulus, ∆ is the initial crack, P is the initial crack load, L is the span, and I is
the inertia moment of the cross-section.

Making conclusions from the results of research on the behavior of bamboo-reinforced concrete
beams (BRC) is not easy to take. Correct conclusions must go through data validation and data analysis
with other methods, such as statistical analysis, the finite element method [16], or the artificial neural
network (ANN) method [17]. The determination of the stiffness of bamboo-reinforced concrete beams
(BRC) from the experimental results must be validated by other methods, such as the artificial neural
network (ANN) method.

Artificial neural networks (ANNs) consist of many neurons. Neurons are grouped into several
layers. Neurons in each layer are connected with neurons in other layers. This does not apply to the
input and output layers but only to the layers in between. Information received at the input layer is
continued to the layers in ANN one by one until it reaches the output layer. The layer that lies between
the input and output is called the hidden layer. However, not all ANNs have a hidden layer; some are
only input and output layers.

Artificial neural networks (ANNs) are a powerful tool for solving complex problems in the field
of civil engineering. Many researchers have used the ANN method for many structural engineering
studies, such as predicting the compressive strength of concrete [18], axial strength of composite
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columns [19], and determination of displacement of concrete reinforcement (RC) buildings [20].
Determination and control of BRC beam stiffness are based on load vs. deflection diagrams. Load data
and deflection of experimental results are used as input data and target data in the analysis of artificial
neural networks (ANNs).

Some previous researchers have concluded that artificial neural networks (ANNs) can be an
alternative in calculating deflection in a reinforced concrete beam. The results of deflection calculations
on reinforced concrete using ANN proved to be very effective [21]. ANN is also very well used
to predict deflection in the concrete beam with a very strong correlation level of 97.27% to the test
data [22]. Likewise, the use of ANN to predict deflection in cantilever beams produces very accurate
outcomes [23]. In this paper, we use uniform load input data, while the target data are the deflection
of laboratory test results. Distribution of ANN model data composition consists of 70% training,
15% validation, and 15% testing. The schematic of ANN architecture for rectangular beams is shown
in Figure 2.
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The purpose of this study is to validate the behavior and stiffness of the BRC beam experimental
results with the artificial neural network (ANN) method. Errors resulting from experimental data are
usually caused by some things, such as human errors, calibration of tools that have expired, test method
errors, and test items that do not match. Therefore, the experimental data are evaluated and compared
with the results of the artificial neural network (ANN) method. In this study, the experimental data
are thought to have a large deviation from the results of the artificial neural network (ANN) method.
Then, an efficient ANN-based computational technique is presented to estimate the load vs. deflection
of bamboo-reinforced concrete blocks (BRC). Furthermore, stiffness observations are made at the same
loading point.

2. Materials and Methods

Experimental data were obtained from a single reinforced BRC beam bending test with two load
points based on ASTM C 78-02 [24]. The size of bamboo reinforcement is 15 mm × 15 mm, which is
treated first through immersion, drying, and the waterproof coating using Sikadur®-752 [3]. As a
strengthening of bamboo reinforcement used diameter hose-clamps 3

4 ” [8]. The number of beam test
specimens were 25 pieces with a size of 75 mm × 150 mm × 1100 mm consisting of 24 BRC beams
and 1 SRC beam with steel reinforcement. The detailed image of the BRC beam specimen is shown in
Figure 3. The design of the concrete mixture in this study was Portland Pozzolana Cement (PPC), sand,
coarse aggregate, and water with a proportion of 1:1.81:2.82:0.52. The average compressive strength of
concrete at the age of 28 days is 31.31 MPa. The steel used is plain steel with fy = 240 MPa.
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Figure 3. Geometry and details of bamboo-reinforced concrete beams.

The beam flexural test is carried out on two simple supports, namely joint support and roller
support. Load in the form of a centralized load divided into two load points with a distance of 1/3L
from the support. The strain gauge is mounted on the bamboo reinforcement with a distance of 1

2 L from
the support to determine the strain that is occurring. To detect deflection, a linear variable differential
transformer is installed at a distance of 1

2 L from the support. To get the stages of loading from zero
until the beam collapses, a hydraulic jack and load cell are used that are connected to the load indicator.
Loading is carried out slowly at a speed of 8 kg/cm2–10 kg/cm2. Load reading on the load indicator is
used to control the hydraulic jack pump, deflection, and strain according to the planned loading stage.
However, when the test specimen reaches the ultimate load, deflection readings become the control of
readings of the strain and load. Hydraulic jack pumping continues to take place slowly according to
the deflection reader command. The collapse pattern is observed and identified through cracks that
occur, starting from the first crack until the beam collapses. The BRC beam test setting is shown in
Figure 4.
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3. Results

Mechanical properties and stress–strain characteristics of steel and bamboo materials are the
dominant factors that influence the shape of the load vs. deflection relationship behavior models.
The difference in the stress and strain relationship pattern of steel and bamboo is seen in the difference
in melting point and fracture stress, as shown in Figures 5 and 6. Steel reinforcement shows a clear
melting point, whereas bamboo reinforcement does not show a clear melting point. Both of them show
a clear stress fracture point, but in bamboo reinforcement, after fracture stress occurs, the strain–stress
relationship pattern tends to return to zero, as shown in Figure 5. This shows that bamboo has good
elastic properties.
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Figure 7 shows the relation between load vs. deflection of the BRC beam and SRC beam from the
analysis of experimental data, while Figure 8 shows the relationship between load vs. deflection of BRC
beams and SRC beams resulting from the analysis of artificial neural network (ANN) methods. The BRC
beam tends to have a large deflection, but when the maximum load is reached, the deflection tends to
return to zero if the load is released, as shown in Figure 9. Documentation of the gradual load discharge
after the ultimate load has been reached can be seen in the following link: https://goo.gl/6AVWmP [14]
and the BRC beam flat back. This shows its compatibility with bamboo strain–stress behavior. The load

https://goo.gl/6AVWmP
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vs. deflection relationship of the SRC beam shows the existence of an elastic limit, elasto-plastic limit,
and plastic, as shown in Figure 7. While the relationship of load vs. deflection of the BRC beam
shows a linear line until the maximum load limit and after the peak load, the deflection returns to zero,
as shown in Figure 9.
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Figure 7. The load vs. deflection relationship of the BRC beam from experiment [14].
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release of the load.

In this case, the ANN studies the network to diagnose the shape and distribution of data from the
deflection of BRC beams and SRC beams with different loads. After reaching small and acceptable
variations of errors, training in neural networks is stopped. Then, the neural network model is tested,
and the results are validated by comparing it with the results of the analysis of experimental data.
Every network created in the ANN is trained, tested, and validated for all data samples to identify
the best technique. The data input for the network used is the deflection data from the experimental
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results of the BRC beam and the SRC beam. The deflection data file of the experimental results is saved
in the form of MS Excel. Data are distributed into training (70%), testing (15%), and validation (15%).

Figures 10–13 show the prediction of the load vs. deflection relationship of the BRC beam and
Figure 14 shows the prediction of the relationship of load vs. deflection of the SRC beam from the
ANN method analysis. The correlation value of laboratory data by using ANN shows an average value
of R Square of 0.999. The results of predictions by the ANN method show that the percentage of errors
is very small, with a maximum error of 0.26%. Overall, the comparison of experimental data with the
results of the ANN method predictions shows no more than a 1% error. From the data results of the
two analyses and the pattern of load vs. deflection relationships, it can be concluded that the stiffness
of the BRC beams is similar. Then, the stiffness prediction with the elasticity modulus parameter can
be calculated based on the load vs. deflection relationship graph, as shown in Figure 15.
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Figure 15 shows the combined relationship of the load vs. deflection beam of the experimental
BRC beam and the ANN analysis results. Figure 15 shows a graph that is coincidental with an error
rate of not more than 1%, so that the combined graph of the load vs. deflection relationship can be
used to determine the modulus of elasticity or the stiffness of the BRC beam.

4. Discussion

Figure 16 shows the results of the two methods of data analysis being a load vs. deflection
pattern. From this load vs. deflection pattern, the stiffness of bamboo-reinforced concrete beams can
be predicted. Prediction of stiffness with the elasticity modulus parameters can be calculated based
on the load vs. deflection relationship graph. The graph of load vs. deflection relationship shows
that at 40% ultimate load, the stiffness of the BRC beam has a stiffness lower to 44% than the SRC
beam. Meanwhile, if viewed from the graph load vs. deflection relationship, ANN analysis results
with experimental results show the same stiffness value up to 80% ultimate load. The stiffness of BRC
beams at loads above 80% indicates a difference, namely the stiffness of the ANN analysis results is
lower than the experimental results, as shown in Figure 16.Crystals 2020, 10, x FOR PEER REVIEW 10 of 12 
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Table 1 shows that the initial crack (elastic region) of the BRC beam is in the range of 20% of
the ultimate load and 40% of the ultimate load for the SRC beam. Whereas the effect of installing
hose-clamps on bamboo reinforcement on the ultimate load of BRC beams is optimum at a distance of
20 cm (BRC-s2) and decreases at a distance of 25 cm, this indicates that installing hose-clamps that are
too tight will reduce the elastic properties of bamboo reinforcement and decrease its ductility, as shown
in Figure 17. Installation of hoses that are too tight does not increase the stiffness of the BRC beam but
instead reduces the load capacity. The control of the load vs. deflection relationship with the ANN
method is taken from the results of the regression analysis of six beam samples in each group, namely
the BRC-s0, BRC-s1, BRC-s2, and BRC-s3 groups, plus one SRC beam, as shown in Figures 7 and 8.
The ANN analysis results for each group are regressed back and used as the final result to determine
the stiffness of the BRC beam, as shown in Figure 15. The ANN analysis results for each group are
shown in Figures 10–13.

Table 1. The value of the average initial crack loads and ultimate loads based on theoretical calculations
and experimental.

Specimens
Theoretical Calculations Flexural Test Results

First Crack
Load (kN)

Ultimate
Load (kN)

Average First
Crack Load (kN)

Average Failure
Load (kN)

Average Deflection at
Failure (mm)

(a) BRC-s0 6.87 32.19 8.25 30.25 11.41
(b) BRC-s1 6.87 32.19 7.25 32.00 12.60
(c) BRC-s2 6.87 32.19 8.00 33.25 12.01
(d) BRC-s3 6.87 32.19 7.50 29.75 9.15

(e) SRC 6.51 16.14 10.00 24.00 6.33
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Stiffness (EI) is the main parameter of the resistance of structural elements to bending deformation.
The basic properties and behavior of stress–strain material are the dominant factors determining the
size of the rigidity of structural elements. SRC beam stiffness has a greater stiffness than the BRC beam
stiffness. This is due to the steel reinforcement having an elasticity modulus greater than the elasticity
modulus of bamboo. However, the BRC beam has good elastic properties, in harmony with the pattern
of stress–strain relationships of bamboo. This proves that bamboo material has good earthquake
energy absorption. The behavior of elastic on the BRC beam can be seen in the video at the following
link: https://goo.gl/6AVWmP [14].

Integrity and rigidity in a structure are essential. Therefore, the low stiffness of the BRC beam is
essential to find a solution. Solutions to solve the low stiffness of the BRC beam, such as the graph
diagram in Figure 16, can be done in two ways, namely giving strength to bamboo reinforcement
and applying the principle of confined concrete [7]. Strengthening of bamboo reinforcement can be
achieved by using adhesive, increasing surface roughness, installing hose-clamps that function as

https://goo.gl/6AVWmP


Crystals 2020, 10, 757 11 of 12

hooks and shear connectors, and so on. An equally important solution is to increase the strength of
the concrete to support increasing the stiffness of the BRC beam. Previous studies showed that the
cause of the majority of BRC beam collapse is by slippage [14] and shear collapse [14]. The principle of
confined concrete is fundamental to do by giving shear reinforcement to the BRC beam.

5. Conclusions

Predictions of bamboo-reinforced concrete beam stiffness based on experimental results and
analysis results of artificial neural network (ANN) methods show very close similarities or with an
error prediction of no more than 1%.

Bamboo-reinforced concrete (BRC) beams have a lower stiffness of up to 40% when compared to
steel reinforced concrete (SRC) beams.

The stiffness of the BRC beam of experimental result and the artificial neural network (ANN)
analysis results have in common up to 80% of the ultimate load and, afterward, show differences.

The coatings of adhesives, modification of bamboo reinforcement roughness, and the use of shear
reinforcement are solutions to increase the stiffness and capacity of the BRC beam.

Installation of a hose-clamp that is too tight does not increase the stiffness of the BRC beam but
reduces its elastic properties and reduces its load capacity.
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Abstract: Stiffness is the main parameter of the beam's resistance to deformation. Based on advanced 
research, the stiffness of bamboo-reinforced concrete beams (BRC) tends to be lower than the 
stiffness of steel-reinforced concrete beams (SRC). However, the advantage of bamboo-reinforced 
concrete beams has enough good ductility according to the fundamental properties of bamboo, 
which have high tensile strength and high elastic properties. This study aims to predict and validate 
the stiffness of bamboo-reinforced concrete beams from the experimental results data using artificial 
neural networks (ANNs). The number of beam test specimens were 25 pieces with a size of 75 mm 
× 150 mm × 1100 mm. The testing method uses the four-point method with simple support. The 
results of the analysis showed the similarity between the stiffness of the beam's experimental results 
with the artificial neural network (ANN) analysis results. The similarity rate of the two analyses is 
around 99% and the percentage of errors is not more than 1%, both for bamboo-reinforced concrete 
beams (BRC) and steel-reinforced concrete beams (SRC). 

Keywords: bamboo-reinforced concrete (BRC); stiffness prediction; artificial neural network (ANN) 
 

1. Introduction 

Some of the advantages of bamboo include having high tensile strength [1], easy to split, cut, 
elastic fibers, optimal in bearing loads, and it is not a pollutant. At the same time, the weakness of 
bamboo as a construction material is easily attacked by insects, because the starch content in bamboo 
is quite high. Therefore, bamboo as a building material requires treatment, such as immersion in 
water [2,3] and the application of adhesives and waterproof layers [3]. The application of adhesive 
and waterproof coating has increased the load capacity and stiffness of the BRC beam [4]. Bamboo as 
a reinforcement of concrete structural elements has been widely used, among other things, as beam 
reinforcement [2,5–7], bridge frame reinforcement [8], plate or panel reinforcement [9–11], and 
column reinforcement [12,13].  

Commented [GD1]: Attention AE/ME. The following layout 

issues have not been checked by the English Editing 

Department and must be carefully verified by the AE/Layout 

Department: All callout issues, bold usage of callouts, and 

references to callouts in the text. Correct callout usage in 

figures. Figure and Table layout issues. Footnote formatting 

and Glossaries have not been checked. En dash usage for 

negative values, en dash usage to indicate relationships, en 

dash usage to indicate bonds (especially in chemistry). The 

English Editing Department is not responsible for correct 

italic usage for genes, proteins and technical terminology. 

This responsibility belongs to the authors. The following are 

also not checked: spacing between numbers and units of 

measurement, ratios, en dashes for ranges, date and time 

formats, punctuation in equation lines, and less than/more 

than spacing (< >). Finally, capitalization and layout of 

titles/headings must be properly checked as well as ensuring ... [1]
Deleted:  

Commented [M2]: Please carefully check the accuracy of ... [2]
Deleted:  

Deleted: But 

Deleted:  

Deleted: ,

Deleted:  

Deleted: A

Deleted: N

Deleted: N

Commented [M3]: Changed by multiplication sign, please ... [3]
Deleted: A

Deleted: N

Deleted: N

Deleted: s

Deleted: z

Deleted: or 

Deleted: bamboo r

Deleted: bamboo r

Commented [GD4]: Define if appropriate. 

Deleted: The use of b

Deleted: ve

Deleted: s



Crystals 2020, 10, x FOR PEER REVIEW 2 of 11 

 

The most important mechanical properties of bamboo-reinforced concrete beams are stress, 
strain, and stiffness. Some previous researchers concluded that bamboo-reinforced concrete beams 
have lower stiffness compared to steel reinforced concrete beams but have elastic properties and high 
ductility, so that they are effective in absorbing earthquake energy [14,15]. However, low rigidity will 
lead to reduced construction integrity and excessive structural deformation. The behavior of 
materials and construction elements, especially the stiffness parameters can be known through the 
relationship of load and deflection, as shown in Figure 1. 

 

Figure 1. The load vs. deflection relationships of the reinforced concrete beam [15]. 

The stiffness of bamboo-reinforced concrete beams (EI) is the main factor of structural resistance 
to the bending deformation of BRC beams. Beam stiffness is a function of the modulus of elasticity of 
the material (E) and the moment of inertia (I). Moments of inertia before cracking use Ig, and after 
cracking they use Icr. The effective inertia moment is the value between Ig and Icr. This understanding 
can be seen from the behavior of the load vs. deflection relationship in Figure 1. In general, the 
determination of beam stiffness is based on the results of the beam flexural test, while the calculation 
of elasticity modulus (E) of BRC beams for testing beams with two load points can follow Equations 
(1,2) [15]. 

 (1) 

 
(2) 

where E is the elasticity modulus, Δ is the initial crack, P is the initial crack load, L is the span, and I 
is the inertia moment of the cross-section. 

Making conclusions from the results of research on the behavior of bamboo-reinforced concrete 
beams (BRC) is not easy to take. Correct conclusions must go through data validation and data 
analysis with other methods, such as statistical analysis, the finite element method [16], or the 
artificial neural network (ANN) method [17]. The determination of the stiffness of bamboo-reinforced 
concrete beams (BRC) from the experimental results must be validated by other methods, such as the 
artificial neural network (ANN) method. 

Artificial neural networks (ANNs) consist of many neurons. Neurons are grouped into several 
layers. Neurons in each layer are connected with neurons in other layers. This does not apply to the 
input and output layers but only to the layers in between. Information received at the input layer is 
continued to the layers in ANN one by one until it reaches the output layer. The layer that lies 
between the input and output is called the hidden layer. However, not all ANNs have a hidden layer; 
some are only input and output layers. 

Artificial neural networks (ANNs) are a powerful tool for solving complex problems in the field 
of civil engineering. Many researchers have used the ANN method for many structural engineering 
studies, such as predicting the compressive strength of concrete [18], axial strength of composite 
columns [19], and determination of displacement of RC buildings [20]. Determination and control of 
BRC beam stiffness are based on load vs. deflection diagrams. Load data and deflection of 
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experimental results are used as input data and target data in the analysis of artificial neural networks 
(ANNs). 

 

Figure 2. Schematic of ANN architecture for rectangular beams. 

Some previous researchers have concluded that artificial neural networks (ANNs) can be an 
alternative in calculating deflection in a reinforced concrete beam. The results of deflection 
calculations on reinforced concrete using ANN proved to be very effective [21]. ANN is also very 
well used to predict deflection in the concrete beam with a very strong correlation level of 97.27% to 
the test data [22]. Likewise, the use of ANN to predict deflection in cantilever beams produces very 
accurate outcomes [23]. In this paper, we use uniform load input data, while the target data are the 
deflection of laboratory test results. Distribution of ANN model data composition consists of 70% 
training, 15% validation, and 15% testing. The schematic of ANN architecture for rectangular beams 
is shown in Figure 2. 

The purpose of this study is to validate the behavior and stiffness of the BRC beam experimental 
results with the artificial neural network (ANN) method. Errors resulting from experimental data are 
usually caused by some things, such as human errors, calibration of tools that have expired, test 
method errors, and test items that do not match. Therefore, the experimental data are evaluated and 
compared with the results of the artificial neural network (ANN) method. In this study, the 
experimental data are thought to have a large deviation from the results of the artificial neural 
network (ANN) method. Then, an efficient ANN-based computational technique is presented to 
estimate the load vs. deflection of bamboo-reinforced concrete blocks (BRC). Furthermore, stiffness 
observations are made at the same loading point. 

2. Materials and Methods 

Experimental data were obtained from a single reinforced BRC beam bending test with two load 
points based on ASTM C 78-02 [24]. The size of bamboo reinforcement is 15 mm × 15 mm, which is 
treated first through immersion, drying, and the waterproof coating using Sikadur®-752 [3]. As a 
strengthening of bamboo reinforcement used diameter hose-clamps ¾" [8]. The number of beam test 
specimens were 25 pieces with a size of 75 mm × 150 mm × 1100 mm consisting of 24 BRC beams and 
1 SRC beam with steel reinforcement. The detailed image of the BRC beam specimen is shown in 
Figure 3. The design of the concrete mixture in this study was Portland Pozzolana Cement (PPC), 
sand, coarse aggregate, and water with a proportion of 1:1.81:2.82:0.52. The average compressive 
strength of concrete at the age of 28 days is 31.31 MPa. The steel used is plain steel with fy = 240 MPa. 

The beam flexural test is carried out on two simple supports, namely joint support and roller 
support. Load in the form of a centralized load divided into two load points with a distance of ⅓L 
from the support. The strain gauge is mounted on the bamboo reinforcement with a distance of ½L 
from the support to determine the strain that is occurring. To detect deflection, a linear variable 
differential transformer is installed at a distance of ½L from the support. To get the stages of loading 
from zero until the beam collapses, a hydraulic jack and load cell are used that are connected to the 
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load indicator. Loading is carried out slowly at a speed of 8 kg/cm2–10 kg/cm2. Load reading on the 
load indicator is used to control the hydraulic jack pump, deflection, and strain according to the 
planned loading stage. However, when the test specimen reaches the ultimate load, deflection 
readings become the control of readings of the strain and load. Hydraulic jack pumping continues to 
take place slowly according to the deflection reader command. The collapse pattern is observed and 
identified through cracks that occur, starting from the first crack until the beam collapses. The BRC 
beam test setting is shown in Figure 4. 

 

Figure 3. Geometry and details of bamboo-reinforced concrete beams. 

 

Figure 4. Test arrangement of bamboo-reinforced concrete beams. 

3. Results 

Mechanical properties and stress–strain characteristics of steel and bamboo materials are the 
dominant factors that influence the shape of the load vs. deflection relationship behavior models. The 
difference in the stress and strain relationship pattern of steel and bamboo is seen in the difference in 
melting point and fracture stress, as shown in Figure 5 and Figure 6. Steel reinforcement shows a 
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clear melting point, whereas bamboo reinforcement does not show a clear melting point. Both of them 
show a clear stress fracture point, but in bamboo reinforcement, after fracture stress occurs, the 
strain–stress relationship pattern tends to return to zero, as shown in Figure 5. This shows that 
bamboo has good elastic properties. 

 

Figure 5. The stress–strain relationship of 
normal bamboo reinforcement 

 
Figure 6. The stress–strain relationship of 
steel reinforcement. 

Figure 7 shows the relation between load vs. deflection of the BRC beam and SRC beam from 
the analysis of experimental data, while Figure 8 shows the relationship between load vs. deflection 
of BRC beams and SRC beams resulting from the analysis of artificial neural network (ANN) 
methods. The BRC beam tends to have a large deflection, but when the maximum load is reached, 
the deflection tends to return to zero if the load is released, as shown in Figure 9. Documentation of 
the gradual load discharge after the ultimate load has been reached can be seen in the following link: 
https://goo.gl/6AVWmP [14] and the BRC beam flat back. This shows its compatibility with bamboo 
strain–stress behavior. The load vs. deflection relationship of the SRC beam shows the existence of 
an elastic limit, elasto-plastic limit, and plastic, as shown in Figure 7. While the relationship of load 
vs. deflection of the BRC beam shows a linear line until the maximum load limit and after the peak 
load, the deflection returns to zero, as shown in Figure 9. 

 

Figure 7. The load vs. deflection relationship of 
the BRC beam from experiment [14]. 

 
Figure 8. The load vs. deflection 

relationship of the BRC beam from the 
ANN method. 
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Figure 9. The load vs. deflection relationship of the BRC beam and the SRC beam until the gradual 
release of the load. 

In this case, the ANN studies the network to diagnose the shape and distribution of data from 
the deflection of BRC beams and SRC beams with different loads. After reaching small and acceptable 
variations of errors, training in neural networks is stopped. Then, the neural network model is tested, 
and the results are validated by comparing it with the results of the analysis of experimental data. 
Every network created in the ANN is trained, tested, and validated for all data samples to identify 
the best technique. The data input for the network used is the deflection data from the experimental 
results of the BRC beam and the SRC beam. The deflection data file of the experimental results is 
saved in the form of MS Excel. Data are distributed into training (70%), testing (15%), and validation 
(15%). 

 
Figure 10. The correlation value of 
laboratory data and the ANN method (BRC-
1 beam). 

 
Figure 11. The correlation value of 
laboratory data and the ANN method 
(BRC-2 beam). 

0

5

10

15

20

25

30

35

40

-16-14-12-10-8-6-4-20

Lo
ad

 (k
N

)

Displacement  (mm)

BRC - s0

BRC - s1

BRC - s2

BRC - s3

PC

SRC

Deleted: N

Deleted: N

Deleted: D

Deleted: i

Deleted: s

Commented [M11]: 1.Please provide sharper images 

for all your figures, Please use the original images. 

 



Crystals 2020, 10, x FOR PEER REVIEW 7 of 11 

 

 

Figure 12. The correlation value of 
laboratory data and the ANN method (BRC-
3 beam). 

 

Figure 13. The correlation value of 
laboratory data and the ANN method 
(BRC-4 beam). 

 

Figure 14. The correlation value of laboratory data and the ANN method (SRC beam). 

Figures 10–13 show the prediction of the load vs. deflection relationship of the BRC beam and 
Figure 14 shows the prediction of the relationship of load vs. deflection of the SRC beam from the 
ANN method analysis. The correlation value of laboratory data by using ANN shows an average 
value of R Square of 0.999. The results of predictions by the ANN method show that the percentage 
of errors is very small, with a maximum error of 0.26%. Overall, the comparison of experimental data 
with the results of the ANN method predictions shows no more than a 1% error. From the data results 
of the two analyses and the pattern of load vs. deflection relationships, it can be concluded that the 
stiffness of the BRC beams is similar. Then, the stiffness prediction with the elasticity modulus 
parameter can be calculated based on the load vs. deflection relationship graph, as shown in Figure 
15.  

Figure 15 shows the combined relationship of the load vs. deflection beam of the experimental 
BRC beam and the ANN analysis results. Figure 15 shows a graph that is coincidental with an error 
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rate of not more than 1%, so that the combined graph of the load vs. deflection relationship can be 
used to determine the modulus of elasticity or the stiffness of the BRC beam. 

  
Figure 15. The load vs. deflection relationship the experimental results and ANN analysis. 

4. Discussion 

Figure 16 shows the results of the two methods of data analysis being a load vs. deflection 
pattern. From this load vs. deflection pattern, the stiffness of bamboo-reinforced concrete beams can 
be predicted. Prediction of stiffness with the elasticity modulus parameters can be calculated based 
on the load vs. deflection relationship graph. The graph of load vs. deflection relationship shows that 
at 40% ultimate load, the stiffness of the BRC beam has a stiffness lower to 44% than the SRC beam. 
Meanwhile, if viewed from the graph load vs. deflection relationship, ANN analysis results with 
experimental results show the same stiffness value up to 80% ultimate load. The stiffness of a BRC 
beam at a load above 80% ultimate load indicates a stiffness difference that is the stiffness of the BRC 
beam, so the ANN analysis results are lower than the experimental results, as shown in Figure 16. 

Table 1. The value of the average initial crack loads and ultimate loads based on theoretical 
calculations and experimental. 

Specimens 

Theoretical 
Calculations Flexural Test Results 

First Crack 
Load (kN) 

Ultimate 
Load 
(kN) 

Average First 
Crack Load (kN) 

Average 
Failure 

Load (kN) 

Average 
Deflection at 
Failure (mm) 

(a) BRC-s0  6,87 32,19 8,25 30,25 11,41 

(b) BRC - s1 6,87 32,19 7,25 32,00 12,60 

(c) BRC - s2 6,87 32,19 8,00 33,25 12,01 

(d) BRC - s3 6,87 32,19 7,50 29,75 9,15 

(e) SRC 6,51 16,14 10,00 24,00 6,33 

Table 1 shows that the initial crack (elastic region) of the BRC beam is in the range of 20% of the 
ultimate load and 40% of the ultimate load for the SRC beam. Whereas the effect of installing hose-
clamps on bamboo reinforcement on the ultimate load of BRC beams is optimum at a distance of 20 
cm (BRC-s2) and decreases at a distance of 25 cm, this indicates that installing hose-clamps that are 
too tight will reduce the elastic properties of bamboo reinforcement and decrease its ductility, as 

Deleted: bamboo r

Commented [GD13]: Please check meaning retained.  

Deleted: Ultimete

Deleted: s



Crystals 2020, 10, x FOR PEER REVIEW 9 of 11 

 

shown in Figure 17. Installation of hoses that are too tight does not increase the stiffness of the BRC 
beam but instead reduces the load capacity. The control of the load vs. deflection relationship with 
the ANN method is taken from the results of the regression analysis of six beam samples in each 
group, namely the BRC-s0, BRC-s1, BRC-s2, and BRC-s3 groups, plus one SRC beam, as shown in 
Figure 7 and Figure 8. The ANN analysis results for each group are regressed back and used as the 
final result to determine the stiffness of the BRC beam, as shown in Figure 15. The ANN analysis 
results for each group are shown in Figures 10–13. 

 
Figure 16. The difference in stiffness between the SRC beam, BRC beam, and BRC beam of ANN 
analysis result. 

 
Figure 17. The effect of hose-clamp distance on the ductility value. 

Stiffness (EI) is the main parameter of the resistance of structural elements to bending 
deformation. The basic properties and behavior of stress–strain material are the dominant factors 
determining the size of the rigidity of structural elements. SRC beam stiffness has a greater stiffness 
than the BRC beam stiffness. This is due to the steel reinforcement having an elasticity modulus 
greater than the elasticity modulus of bamboo. However, the BRC beam has good elastic properties, 
in harmony with the pattern of stress–strain relationships of bamboo. This proves that bamboo 
material has good earthquake energy absorption. The behavior of elastic on the BRC beam can be 
seen in the video at the following link: https://goo.gl/6AVWmP [14]. 
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Integrity and rigidity in a structure are essential. Therefore, the low stiffness of the BRC beam is 
essential to find a solution. Solutions to solve the low stiffness of the BRC beam, such as the graph 
diagram in Figure 16, can be done in two ways, namely giving strength to bamboo reinforcement and 
applying the principle of confined concrete [7]. Strengthening of bamboo reinforcement can be 
achieved by using adhesive, increasing surface roughness, installing hose-clamps that function as 
hooks and shear connectors, and so on. An equally important solution is to increase the strength of 
the concrete to support increasing the stiffness of the BRC beam. Previous studies showed that the 
cause of the majority of BRC beam collapse is by slippage [14] and shear collapse [14]. The principle 
of confined concrete is fundamental to do by giving shear reinforcement to the BRC beam. 

5. Conclusions 

Predictions of bamboo-reinforced concrete beam stiffness based on experimental results and 
analysis results of artificial neural network (ANN) methods show very close similarities or with an 
error prediction of no more than 1%. 

Bamboo-reinforced concrete (BRC) beams have a lower stiffness of up to 40% when compared 
to steel reinforced concrete (SRC) beams. 

The stiffness of the BRC beam of experimental result and the artificial neural network (ANN) 
analysis results have in common up to 80% of the ultimate load and, afterward, show differences. 

The coatings of adhesives, modification of bamboo reinforcement roughness, and the use of 
shear reinforcement are solutions to increase the stiffness and capacity of the BRC beam. 

Installation of a hose-clamp that is too tight does not increase the stiffness of the BRC beam but 
reduces its elastic properties and reduces its load capacity. 
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Abstract: Stiffness is the main parameter of the beam's resistance to deformation. Based on 

advanced research, the stiffness of bamboo-reinforced concrete beams (BRC) tends to be lower than 

the stiffness of steel-reinforced concrete beams (SRC). However, the advantage of 

bamboo-reinforced concrete beams has enough good ductility according to the fundamental 

properties of bamboo, which have high tensile strength and high elastic properties. This study aims 

to predict and validate the stiffness of bamboo-reinforced concrete beams from the experimental 

results data using artificial neural networks (ANNs). The number of beam test specimens were 25 

pieces with a size of 75 mm × 150 mm × 1100 mm. The testing method uses the four-point method 

with simple support. The results of the analysis showed the similarity between the stiffness of the 

beam's experimental results with the artificial neural network (ANN) analysis results. The 

similarity rate of the two analyses is around 99% and the percentage of errors is not more than 1%, 

both for bamboo-reinforced concrete beams (BRC) and steel-reinforced concrete beams (SRC). 

Keywords: bamboo-reinforced concrete (BRC); stiffness prediction; artificial neural network 

(ANN) 

 

1. Introduction 

Some of the advantages of bamboo include having high tensile strength [1], easy to split, cut, 

elastic fibers, optimal in bearing loads, and it is not a pollutant. At the same time, the weakness of 

bamboo as a construction material is easily attacked by insects, because the starch content in bamboo 

is quite high. Therefore, bamboo as a building material requires treatment, such as immersion in 

water [2,3] and the application of adhesives and waterproof layers [3]. The application of adhesive 

and waterproof coating has increased the load capacity and stiffness of the BRC beam [4]. Bamboo as 

a reinforcement of concrete structural elements has been widely used, among other things, as beam 
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reinforcement [2,5–7], bridge frame reinforcement [8], plate or panel reinforcement [9–11], and 

column reinforcement [12,13].  

The most important mechanical properties of bamboo-reinforced concrete beams are stress, 

strain, and stiffness. Some previous researchers concluded that bamboo-reinforced concrete beams 

have lower stiffness compared to steel reinforced concrete beams but have elastic properties and 

high ductility, so that they are effective in absorbing earthquake energy [14,15]. However, low 

rigidity will lead to reduced construction integrity and excessive structural deformation. The 

behavior of materials and construction elements, especially the stiffness parameters can be known 

through the relationship of load and deflection, as shown in Figure 1. 

 

Figure 1. The load vs. deflection relationships of the reinforced concrete beam [15]. 

The stiffness of bamboo-reinforced concrete beams (EI) is the main factor of structural 

resistance to the bending deformation of BRC beams. Beam stiffness is a function of the modulus of 

elasticity of the material (E) and the moment of inertia (I). Moments of inertia before cracking use Ig, 

and after cracking they use Icr. The effective inertia moment is the value between Ig and Icr. This 

understanding can be seen from the behavior of the load vs. deflection relationship in Figure 1. In 

general, the determination of beam stiffness is based on the results of the beam flexural test, while 

the calculation of elasticity modulus (E) of BRC beams for testing beams with two load points can 

follow Equations (1,2) [15]. 
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where E is the elasticity modulus, Δ is the initial crack, P is the initial crack load, L is the span, and I 

is the inertia moment of the cross-section. 

Making conclusions from the results of research on the behavior of bamboo-reinforced concrete 

beams (BRC) is not easy to take. Correct conclusions must go through data validation and data 

analysis with other methods, such as statistical analysis, the finite element method [16], or the 

artificial neural network (ANN) method [17]. The determination of the stiffness of 

bamboo-reinforced concrete beams (BRC) from the experimental results must be validated by other 

methods, such as the artificial neural network (ANN) method. 

Artificial neural networks (ANNs) consist of many neurons. Neurons are grouped into several 

layers. Neurons in each layer are connected with neurons in other layers. This does not apply to the 

input and output layers but only to the layers in between. Information received at the input layer is 

continued to the layers in ANN one by one until it reaches the output layer. The layer that lies 

between the input and output is called the hidden layer. However, not all ANNs have a hidden 

layer; some are only input and output layers. 
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Artificial neural networks (ANNs) are a powerful tool for solving complex problems in the field 

of civil engineering. Many researchers have used the ANN method for many structural engineering 

studies, such as predicting the compressive strength of concrete [18], axial strength of composite 

columns [19], and determination of displacement of RC buildings [20]. Determination and control of 

BRC beam stiffness are based on load vs. deflection diagrams. Load data and deflection of 

experimental results are used as input data and target data in the analysis of artificial neural 

networks (ANNs). 

Some previous researchers have concluded that artificial neural networks (ANNs) can be an 

alternative in calculating deflection in a reinforced concrete beam. The results of deflection 

calculations on reinforced concrete using ANN proved to be very effective [21]. ANN is also very 

well used to predict deflection in the concrete beam with a very strong correlation level of 97.27% to 

the test data [22]. Likewise, the use of ANN to predict deflection in cantilever beams produces very 

accurate outcomes [23]. In this paper, we use uniform load input data, while the target data are the 

deflection of laboratory test results. Distribution of ANN model data composition consists of 70% 

training, 15% validation, and 15% testing. The schematic of ANN architecture for rectangular beams 

is shown in Figure 2. 

 

Figure 2. Schematic of ANN architecture for rectangular beams. 

The purpose of this study is to validate the behavior and stiffness of the BRC beam 

experimental results with the artificial neural network (ANN) method. Errors resulting from 

experimental data are usually caused by some things, such as human errors, calibration of tools that 

have expired, test method errors, and test items that do not match. Therefore, the experimental data 

are evaluated and compared with the results of the artificial neural network (ANN) method. In this 

study, the experimental data are thought to have a large deviation from the results of the artificial 

neural network (ANN) method. Then, an efficient ANN-based computational technique is presented 

to estimate the load vs. deflection of bamboo-reinforced concrete blocks (BRC). Furthermore, 

stiffness observations are made at the same loading point. 

2. Materials and Methods 

Experimental data were obtained from a single reinforced BRC beam bending test with two 

load points based on ASTM C 78-02 [24]. The size of bamboo reinforcement is 15 mm × 15 mm, 

which is treated first through immersion, drying, and the waterproof coating using Sikadur®-752 [3]. 

As a strengthening of bamboo reinforcement used diameter hose-clamps ¾" [8]. The number of 

beam test specimens were 25 pieces with a size of 75 mm × 150 mm × 1100 mm consisting of 24 BRC 

beams and 1 SRC beam with steel reinforcement. The detailed image of the BRC beam specimen is 

shown in Figure 3. The design of the concrete mixture in this study was Portland Pozzolana Cement 

(PPC), sand, coarse aggregate, and water with a proportion of 1:1.81:2.82:0.52. The average 

compressive strength of concrete at the age of 28 days is 31.31 MPa. The steel used is plain steel with 

fy = 240 MPa. 
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The beam flexural test is carried out on two simple supports, namely joint support and roller 

support. Load in the form of a centralized load divided into two load points with a distance of ⅓L 

from the support. The strain gauge is mounted on the bamboo reinforcement with a distance of ½L 

from the support to determine the strain that is occurring. To detect deflection, a linear variable 

differential transformer is installed at a distance of ½L from the support. To get the stages of loading 

from zero until the beam collapses, a hydraulic jack and load cell are used that are connected to the 

load indicator. Loading is carried out slowly at a speed of 8 kg/cm2–10 kg/cm2. Load reading on the 

load indicator is used to control the hydraulic jack pump, deflection, and strain according to the 

planned loading stage. However, when the test specimen reaches the ultimate load, deflection 

readings become the control of readings of the strain and load. Hydraulic jack pumping continues to 

take place slowly according to the deflection reader command. The collapse pattern is observed and 

identified through cracks that occur, starting from the first crack until the beam collapses. The BRC 

beam test setting is shown in Figure 4. 

 

Figure 3. Geometry and details of bamboo-reinforced concrete beams. 

 

Figure 4. Test arrangement of bamboo-reinforced concrete beams. 

3. Results 
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Mechanical properties and stress–strain characteristics of steel and bamboo materials are the 

dominant factors that influence the shape of the load vs. deflection relationship behavior models. 

The difference in the stress and strain relationship pattern of steel and bamboo is seen in the 

difference in melting point and fracture stress, as shown in Figures 5 and 6. Steel reinforcement 

shows a clear melting point, whereas bamboo reinforcement does not show a clear melting point. 

Both of them show a clear stress fracture point, but in bamboo reinforcement, after fracture stress 

occurs, the strain–stress relationship pattern tends to return to zero, as shown in Figure 5. This 

shows that bamboo has good elastic properties. 

 

Figure 5. The stress–strain relationship of normal bamboo reinforcement. 

 

Figure 6. The stress–strain relationship of steel reinforcement. 

Figure 7 shows the relation between load vs. deflection of the BRC beam and SRC beam from 

the analysis of experimental data, while Figure 8 shows the relationship between load vs. deflection 

of BRC beams and SRC beams resulting from the analysis of artificial neural network (ANN) 

methods. The BRC beam tends to have a large deflection, but when the maximum load is reached, 

the deflection tends to return to zero if the load is released, as shown in Figure 9. Documentation of 

the gradual load discharge after the ultimate load has been reached can be seen in the following link: 

https://goo.gl/6AVWmP [14] and the BRC beam flat back. This shows its compatibility with bamboo 

strain–stress behavior. The load vs. deflection relationship of the SRC beam shows the existence of 

an elastic limit, elasto-plastic limit, and plastic, as shown in Figure 7. While the relationship of load 

vs. deflection of the BRC beam shows a linear line until the maximum load limit and after the peak 

load, the deflection returns to zero, as shown in Figure 9. 
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Figure 7. The load vs. deflection relationship of the BRC beam from experiment [14]. 

 

Figure 8. The load vs. deflection relationship of the BRC beam from the ANN method. 

 

Figure 9. The load vs. deflection relationship of the BRC beam and the SRC beam until the gradual 

release of the load. 

In this case, the ANN studies the network to diagnose the shape and distribution of data from 

the deflection of BRC beams and SRC beams with different loads. After reaching small and 

acceptable variations of errors, training in neural networks is stopped. Then, the neural network 

model is tested, and the results are validated by comparing it with the results of the analysis of 

experimental data. Every network created in the ANN is trained, tested, and validated for all data 

samples to identify the best technique. The data input for the network used is the deflection data 

from the experimental results of the BRC beam and the SRC beam. The deflection data file of the 

experimental results is saved in the form of MS Excel. Data are distributed into training (70%), 

testing (15%), and validation (15%). 
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Figure 10. The correlation value of laboratory data and the ANN method (BRC-1 beam). 

 

Figure 11. The correlation value of laboratory data and the ANN method (BRC-2 beam). 
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Figure 12. The correlation value of laboratory data and the ANN method (BRC-3 beam). 

 

Figure 13. The correlation value of laboratory data and the ANN method (BRC-4 beam). 

 

Figure 14. The correlation value of laboratory data and the ANN method (SRC beam). 
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Figures 10–13 show the prediction of the load vs. deflection relationship of the BRC beam and 

Figure 14 shows the prediction of the relationship of load vs. deflection of the SRC beam from the 

ANN method analysis. The correlation value of laboratory data by using ANN shows an average 

value of R Square of 0.999. The results of predictions by the ANN method show that the percentage 

of errors is very small, with a maximum error of 0.26%. Overall, the comparison of experimental 

data with the results of the ANN method predictions shows no more than a 1% error. From the data 

results of the two analyses and the pattern of load vs. deflection relationships, it can be concluded 

that the stiffness of the BRC beams is similar. Then, the stiffness prediction with the elasticity 

modulus parameter can be calculated based on the load vs. deflection relationship graph, as shown 

in Figure 15.  

Figure 15 shows the combined relationship of the load vs. deflection beam of the experimental 

BRC beam and the ANN analysis results. Figure 15 shows a graph that is coincidental with an error 

rate of not more than 1%, so that the combined graph of the load vs. deflection relationship can be 

used to determine the modulus of elasticity or the stiffness of the BRC beam. 

 

Figure 15. The load vs. deflection relationship the experimental results and ANN analysis. 

4. Discussion 

Figure 16 shows the results of the two methods of data analysis being a load vs. deflection 

pattern. From this load vs. deflection pattern, the stiffness of bamboo-reinforced concrete beams can 

be predicted. Prediction of stiffness with the elasticity modulus parameters can be calculated based 

on the load vs. deflection relationship graph. The graph of load vs. deflection relationship shows 

that at 40% ultimate load, the stiffness of the BRC beam has a stiffness lower to 44% than the SRC 

beam. Meanwhile, if viewed from the graph load vs. deflection relationship, ANN analysis results 

with experimental results show the same stiffness value up to 80% ultimate load. The stiffness of a 

BRC beam at a load above 80% ultimate load indicates a stiffness difference that is the stiffness of the 

BRC beam, so the ANN analysis results are lower than the experimental results, as shown in Figure 

16. 

Table 1. The value of the average initial crack loads and ultimate loads based on theoretical 

calculations and experimental. 

Specimens 

Theoretical 

Calculations 
Flexural Test Results 

First Crack 

Load (kN) 

Ultimate 

Load 

(kN) 

Average First 

Crack Load (kN) 

Average 

Failure 

Load (kN) 

Average Deflection 

at Failure (mm) 

(a) BRC-s0  6.87 32.19 8.25 30.25 11.41 

(b) BRC - s1 6.87 32.19 7.25 32.00 12.60 
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(c) BRC - s2 6.87 32.19 8.00 33.25 12.01 

(d) BRC - s3 6.87 32.19 7.50 29.75 9.15 

(e) SRC 6.51 16.14 10.00 24.00 6.33 

Table 1 shows that the initial crack (elastic region) of the BRC beam is in the range of 20% of the 

ultimate load and 40% of the ultimate load for the SRC beam. Whereas the effect of installing 

hose-clamps on bamboo reinforcement on the ultimate load of BRC beams is optimum at a distance 

of 20 cm (BRC-s2) and decreases at a distance of 25 cm, this indicates that installing hose-clamps that 

are too tight will reduce the elastic properties of bamboo reinforcement and decrease its ductility, as 

shown in Figure 17. Installation of hoses that are too tight does not increase the stiffness of the BRC 

beam but instead reduces the load capacity. The control of the load vs. deflection relationship with 

the ANN method is taken from the results of the regression analysis of six beam samples in each 

group, namely the BRC-s0, BRC-s1, BRC-s2, and BRC-s3 groups, plus one SRC beam, as shown in 

Figures 7 and 8. The ANN analysis results for each group are regressed back and used as the final 

result to determine the stiffness of the BRC beam, as shown in Figure 15. The ANN analysis results 

for each group are shown in Figures 10–13.  

 

Figure 16. The difference in stiffness between the SRC beam, BRC beam, and BRC beam of ANN 

analysis result. 
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Figure 17. The effect of hose-clamp distance on the ductility value. 

Stiffness (EI) is the main parameter of the resistance of structural elements to bending 

deformation. The basic properties and behavior of stress–strain material are the dominant factors 

determining the size of the rigidity of structural elements. SRC beam stiffness has a greater stiffness 

than the BRC beam stiffness. This is due to the steel reinforcement having an elasticity modulus 

greater than the elasticity modulus of bamboo. However, the BRC beam has good elastic properties, 

in harmony with the pattern of stress–strain relationships of bamboo. This proves that bamboo 

material has good earthquake energy absorption. The behavior of elastic on the BRC beam can be 

seen in the video at the following link: https://goo.gl/6AVWmP [14]. 

Integrity and rigidity in a structure are essential. Therefore, the low stiffness of the BRC beam is 

essential to find a solution. Solutions to solve the low stiffness of the BRC beam, such as the graph 

diagram in Figure 16, can be done in two ways, namely giving strength to bamboo reinforcement 

and applying the principle of confined concrete [7]. Strengthening of bamboo reinforcement can be 

achieved by using adhesive, increasing surface roughness, installing hose-clamps that function as 

hooks and shear connectors, and so on. An equally important solution is to increase the strength of 

the concrete to support increasing the stiffness of the BRC beam. Previous studies showed that the 

cause of the majority of BRC beam collapse is by slippage [14] and shear collapse [14]. The principle 

of confined concrete is fundamental to do by giving shear reinforcement to the BRC beam. 

5. Conclusions 

Predictions of bamboo-reinforced concrete beam stiffness based on experimental results and 

analysis results of artificial neural network (ANN) methods show very close similarities or with an 

error prediction of no more than 1%. 

Bamboo-reinforced concrete (BRC) beams have a lower stiffness of up to 40% when compared 

to steel reinforced concrete (SRC) beams. 

The stiffness of the BRC beam of experimental result and the artificial neural network (ANN) 

analysis results have in common up to 80% of the ultimate load and, afterward, show differences. 

The coatings of adhesives, modification of bamboo reinforcement roughness, and the use of 

shear reinforcement are solutions to increase the stiffness and capacity of the BRC beam. 

Installation of a hose-clamp that is too tight does not increase the stiffness of the BRC beam but 

reduces its elastic properties and reduces its load capacity. 
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