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The Prediction of Stifiness of Bamboo-Reinforced Concrete Beams Using Experiment Data and Artificial
Neural Networks (ANNs)
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Numerical Study of Concrete

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 x 150 mm x 1100 mm. The testing method uses
the four-point method with simple support. The results of the analysis showed the similarity between the
stiffiness 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).

bamboo-reinforced concrete (BRC); stiffness prediction; artificial neural network (ANN)
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Response to Reviewer 1 Comments

Point 1: Abstract: the abstract also should refer to the results of the comparison of bamboo
and steel reinforced beams.

Response 1: The results of the analysis showed the similarity between the stiffness of the
beam's experimental results with the Artificial Neural Networks (ANN) analysis results. The
similarity rate of the two analyzes is around 99% or the percentage of errors is not more
than 1%, both for bamboo reinforced concrete beams (BRC) and steel-reinforced concrete
beams (SRC). This sentence was written in the last sentence of the abstract

Point 2: Line 38: please check if there is a mistake here.
Response 2: It's true there was a typo. This has been fixed inline 39 on the paper

Point 3: Materials and methods: The concrete mix recipe and the cement and steel grade/class used
should be described.

Response 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 f, = 240 MPa. on the paper. This sentence has been written in the sub-
title 2. Materials and Methods" the last three sentences of the first paragraph.

Point 4: Figure 3 - the abbreviation "PC" should be explained.

Response 4: It has been fixed as shown in Fig. below

Steel bars 2¢8 mm

150 [mm sc 4 4, |, SRC

. i —_25mm
~

150 |mm PC

— Bamboo reinforcement
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Information:
SRC = Steel reinforced concrete
BRC =Bamboo reinforced concrete
PC  =Plain concrete
SG = Strain gauge
s = Distance of hose-clamp
(Variation of s0 =0 cm, s1 =15 em, s2 =20 cm, and s3 =25 cm)
A, = Area of steel reinforced (4s = 100,48 mm?)
A, = Area of bamboo reinforced
(Variation of 4b = 140 mm?, 200 mm?, and 450 mm?)

Point 5: Figures 5 and 6 should be clearer (sharpened).

Response 5: It has been clarified as shown in the Figure below.
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Point 6: Areas |, Il, Il are marked in Figures 7, 8 and 15 - they should be described.

Response 6: It has been clarified as shown in the Figure below.
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Point 7: Figures 7, 8 and 15, 16 - In the formula "P" and the value of "R*" as a separator there

should be a dot instead of a comma.

Response 7: It has been clarified as shown in the Figure below.
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Point 8: The font in figure 9 is different from 7 and 8. This should be made uniform.

Response 8: It has been clarified as shown in the Figure below.
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Point 9: Figure 11 - mistake in the title. Shouldn't there be BRC-2?.

Response 9: Yes, it's not true, it should be a BRC-2 beam. The correction has been made on
the paper

Point 10: The study considered different distances of hose-clamp and different areas of bamboo
reinforcement. Please indicate the differences in the results in the sections "discussion" and
"conclusions".

Response 10: The discussion and conclusions have been added to the paper as follows:

Discussion:



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

experimental
Theoretical calculations Flexural test results
Specimens A
First crack  Ultimete Average first f;:,i(l!zie Average deflection
load (kN) load (kN) crack load (kN) load (kN) at failure (mm)
(a) BRC-s0 6,87 32,19 8,25 30,25 11,41
(b) BRC - sl 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 decreases its ductility, as shown in Figure 17. Installation of hoses that
are too tight does not increase the rigidity of the BRC beam but instead reduces the load

capacity.

10 +

8
=
S 6
S M@ (a) Ab=450 mm?,so=0cm
S
> 4 E (b) Ab=450 mm?,s1=15cm
§ B (c) Ab= 450 mm2,s2 = 20 cm
a = (d) Ab= 450 mm2, 53 = 25 cm

O (e) As = 100,48 mm? (Steel reinforcement)
0

Bamboo Reinforced Concrete with
spacingvariation of hose clamp

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

Conclusions:
5. Installation of 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



Response to Reviewer 2 Comments

Point 1: The "Discussions" and "Conclusions" chapters could have been broader. The conclusions
are far too expeditious.

| wish to see more information on initial tests - a table of various sizes that were on the 25 cases

Response 10: The discussion and conclusions have been added to the paper as follows:
Discussion:

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

experimental
Theoretical calculations Flexural test results
Specimens
First crack  Ultimete Average first ?:iifliie Average deflection
load (kN) 1load (kN) crack load (kN) at failure (mm)
load (kN)

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

(b) BRC - sl 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 decreases its ductility, as shown in Figure 17. Installation of hoses that
are too tight does not increase the rigidity 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 6 beam samples in each group, namely the
BRC-s0, BRC-s1, BRC-s2, and BRC-s3 groups, plus 1 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.
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Conclusions:
5. Installation of 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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The prediction of stiffness of Bamboo Reinforced Concrete Beams Using Experiment Data and Artificial
Neural Networks (ANN)
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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). But the advantage of bamboo reinforced concrete beams has enough
good ductility. This is caused by the basic nature of bamboo which has 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 (ANN). The number of beam test specimens
were 25 pieces with a size of 75 mm x 150 mm x 1100 mm. The testing method uses the four-point method
with simple support. The results of the analysis showed the similarity between the stifiness of bamboo
reinforced concrete beams experimental results with the Artificial Neural Networks (ANN) analysis results.
The similarity rate of the two analyzes is around 99% or the percentage of errors is not more than 1%.

Authors' Responses to Reviewer's Comments (Reviewer 1)

Author's Notes

Response to Reviewer 1 Comments

Point 1: Abstract: the abstract also should refer to the results of the comparison of bamboo and steel
reinforced beams. !

Response 1: The results of the analysis showed the similarity between the siiffness of the beam's
experimental results with the Artificial Neural Networks (ANN) analysis results. The similarity rate of the two
analyzes is around 99% or the percentage of errors is not more than 1%, both for bamboo reinforced
concrete beams (BRC) and steel-reinforced concrete beams (SRC). This sentence was written in the last
sentence of the abstract

Point 2: Line 38: please check if there is a mistake here.
Response 2: It's true there was a typo. This has been fixed inline 39 on the paper

Point 3: Materials and methods: The concrete mix recipe and the cement and steel grade/class used
should be described.

Response 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 f, = 240 MPa. on
the paper. This sentence has been written in the sub-itle "2. Materials and Methods" the last three
sentences of the first paragraph.

Point 4: Figure 3 - the abbreviation "PC" should be explained.

Response 4: It has been fixed as shown in Fig. below .

Point 5: Figures 5 and 6 should be clearer (sharpened).

Response 5: It has been clarified as shown in the Figure below.

Point 6: Areas |, II, Ill are marked in Figures 7, 8 and 15 - they should be described.
Response 6: It has been clarified as shown in the Figure below.

Point 7: Figures 7, 8 and 15, 16 - In the formula "P" and the value of "R*" as a separator there should be a
dot instead of a comma.

Response 7: It has been clarified as shown in the Figure below.

Point 8: The font in figure 9 is different from 7 and 8. This should be made uniform.

Response 8: It has been clarified as shown in the Figure below.

Point 9: Figure 11 - mistake in the title. Shouldn't there be BRC-27.

Response 9: Yes, it's not true, it should be a BRC-2 beam. The correction has been made on the paper

Point 10: The study considered different distances of hose-clamp and different areas of bamboo
reinforcement. Please indicate the differences in the results in the sections "discussion” and "conclusions".

Response 10: The discussion and conclusions have been added to the paper as follows:

Discussion:
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and experimental

Theoretical calculations  Flexural test results

Specimens Firstcrack  Ultimete Average first ::;I(:lr:eg::ad Average deflection
load (kN) load (kN)  crack load (kN) (kN) at failure (mm)

(a) BRC-s0 6,87 32,19 825 30,25 11,41

(b)BRC-s1 6,87 32,19 725 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 decreases its ductility, as shown in Figure 17. Installation of
hoses that are too tight does not increase the rigidity of the BRC beam but instead reduces the load
capacity.

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

Conclusions:

5. Installation of 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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Does the introduction provide sufficient

background and include all relevant references?

Is the research design appropriate? (x) ) () ()

Are the methods adequately described? () (x) ) )

Are the results clearly presented? () ) (x) )

Are the conclusions supported by the results? () () (x) ()

Comments and  The article presents interesting research on the static work of bamboo-reinforced concrete

Suggestions for Authors e The behavior of the beams under loading is compared to a classic beam with steel bar

reinforcement. The stiffness results obtained experimentally are compared with the results
obtained using the Artificial Neural Networks method. Before publication, please consider the
following comments:

-Abstract: the abstract also should refer to the results of the comparison of bamboo and steel
reinforced beams.

-Line 38: please check if there is a mistake here

-Materials and methods: The concrete mix recipe and the cement and steel grade/class used
should be described.

-Figure 3 - the abbreviation "PC" should be explained.
-Figures 5 and 6 should be clearer (sharpened).
-Areas |, I, Il are marked in Figures 7, 8 and 15 - they should be described.

-Figures 7, 8 and 15, 16 - In the formula "P" and the value of "R2" as a separator there should be
a dot instead of a comma.

-The font in figure 9 is different from 7 and 8. This should be made uniform.

-Figure 11 - mistake in the title. Shouldn't there be BRC-2?



-The study considered different distances of hose-clamp and different areas of bamboo
reinforcement. Please indicate the differences in the results in the sections "discussion” and
"conclusions”.
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The prediction of stiffness of Bamboo Reinforced Concrete Beams Using Experiment Data and Artificial
Neural Networks (ANN)

Muhtar Muhtar * , Amri Gunasti , Suhardi Suhardi , Nursaid Nursaid , Irawati Irawati , llanka Cahya Dewi ,
Moh. Dasuki , Sofia Ariyani , Fitriana Fitriana , Idris Mahmudi , Taufan Abadi , Miftahur Rahman , Syarif
Hidayatullah , Agung Nilogiri , Senki Desta Galuh , Ari Eko Wardoyo , Rofi Budi Hamduwibawa

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). But the advantage of bamboo reinforced concrete beams has enough
good ductility. This is caused by the basic nature of bamboo which has 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 (ANN). The number of beam test specimens
were 25 pieces with a size of 75 mm x 150 mm x 1100 mm. The testing method uses the four-point method
with simple support. The results of the analysis showed the similarity between the stifiness of bamboo
reinforced concrete beams experimental results with the Artificial Neural Networks (ANN) analysis results.
The similarity rate of the two analyzes is around 99% or the percentage of errors is not more than 1%.

Authors' Responses to Reviewer's Comments (Reviewer 2)

Author's Notes

Response to Reviewer 2 Comments

Point 1: The "Discussions” and "Conclusions” chapters could have been broader. The conclusions are far
too expeditious.

| wish to see more information on initial tests - a table of various sizes that were on the 25 cases

Response 10: The discussion and conclusions have been added to the paper as follows:
Discussion:

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

Theoretical calculations  Flexural test results

Specimens First crack  Ultimete Average first gzﬁjr:eg:)ad Average deflection
load (kN) load (kN)  crack load (kN) (kN) at failure (mm)

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

(b) BRC - 51 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 687 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 decreases its ductility, as shown in Figure 17. Installation of
hoses that are too tight does not increase the rigidity 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 6 beam samples in each group, namely the BRC-s0, BRC-s1, BRC-s2, and BRC-
s3 groups, plus 1 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 17. The effect of hose-clamp distance on the ductility value

Conclusions:

5. Installation of 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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This paper is interesting because it proposes the use of an advanced method of optimization with
neural networks for the prediction of stiffness of Bamboo Reinforced Concrete Beams.
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Using neural networks for prediction of stiffness of Bamboo Reinforced Concrete Beams is
assessed by the ability of neural networks to adapt phenomena Box black with a strong nonlinear
character.
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The "Discussions" and "Conclusions” chapters could have been broader. The conclusions are far
too expeditious.

| wish to see more information on initial tests - a table of various sizes that were on the 25 cases.

It would have been useful for the accuracy of the results to use advanced experimental planning
using the Design of experiment method.

The bibliography could have been more consistent for such a subject.
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