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Numerical Study of Concrete

by { ¥ Vipulkumar Ishvarbhai Patel
Crystals 2021, 11(1), 74; https://doi.org/10.3390/cryst11010074 - 18 Jan 2021
Viewed by 526

Abstract This Special Issue, “Numerical Study of Concrete”, consists of 22 research articles [...] Full article
(This article belongs to the Special Issue Numerical Study of Concrete)

Research

Jump to: Editorial

Numerical Analysis of a Novel Shaft Lining Structure in Coal Mines Consisting of Hybrid-
Fiber-Reinforced Concrete
by a Xuesong Wang, % Hua Cheng, { " Taoli Wu, {_* Zhishu Yao and {_ " Xianwen Huang

Crystals 2020, 10(10), 928; https://doi.org/10.3390/cryst10100928 - 12 Oct 2020
Cited by 3 | Viewed by 643

Abstract To address the temperature cracking of concrete in frozen shaft linings in extra-thick alluvial layers in coal mines, a novel
shaft lining structure of coal mines consisting of hybrid-fiber-reinforced concrete (HFRC) was developed. Using the Finite Element
Method (FEM), a numerical simulation test [...] Read more.

(This article belongs to the Special Issue Numerical Study of Concrete)

» Show Figures

Analysis of Concrete Failure on the Descending Branch of the Load-Displacement Curve
by € ¥ Gennadiy Kolesnikov

Crystals 2020, 10(10), 921; https://doi.org/10.3390/cryst10100921 - 12 Oct 2020

Cited by 3 | Viewed by 883

Abstract In this paper, load-displacement and stress-strain diagrams are considered for the uniaxial compression of concrete and
under three-point bending. It is known that the destruction of such materials occurs on the descending branch of the load-
displacement diagram. The attention of the presented research [...] Read more.

(This article belongs to the Special Issue Numerical Study of Concrete)

» Show Figures

Compressive Strength Forecasting of Air-Entrained Rubberized Concrete during the
Hardening Process Utilizing Elastic Wave Method

by { % Zhi Heng Lim, {_% Foo Wei Lee, {_* Kim Hung Mo, {_" Jee Hock Lim, ' Ming Kun Yew and {_* Kok Zee Kwong
Crystals 2020, 10(10), 912; https://doi.org/10.3390/cryst10100912 - 09 Oct 2020

Cited by 3 | Viewed by 776

Abstract Conventional compressive strength test of concrete involves the destruction of concrete samples or existing structures.
Thus, the focus of this research is to ascertain a more effective method to assess the compressive strength of concrete, especially
during the hardening process. One of the [...] Read more.

(This article belongs to the Special Issue Numerical Study of Concrete)

» Show Figures

s

Capillary Water Absorption and Micro Pore Connectivity of Concrete with Fractal Analysis

by € ¥ Xiangqun Ding, ! Xinyu Liang, " Yichao Zhang, ! Yanfeng Fang, {" Jinghai Zhou and  * Tianbei Kang
Crystals 2020, 10(10), 892; https://doi.org/10.3390/cryst10100892 - 01 Oct 2020

Cited by 4 | Viewed by 606

Abstract This study focuses on the relationship between the complexity of pore structure and capillary water absorption of
concrete, as well as the connection behavior of concrete in specific directions. In this paper, the water absorption of concrete with
different binders was tested during [...] Read more.

(This article belongs fo the Special Issue Numerical Study of Concrete)

» Show Figures
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Numerical Investigation on Dynamic Response of RC T-Beams Strengthened with CFRP
under Impact Loading

by € % Huiling Zhao, {_" Xiangging Kong, { " Ying Fu, {_* Yihan Gu and {_" Xuezhi Wang

Crystals 2020, 10(10), 890; https:/fdoi.org/10.3390/cryst10100890 - 01 Oct 2020

Cited by 1 | Viewed by 557

Abstract To precisely evaluate the retrofitting effectiveness of Carbon Fiber Reinforced Plastic (CFRP) sheets on the impact
response of reinforced concrete (RC) T-beams, a non-linear finite element model was developed to simulate the structural
response of T-beams with CFRP under impact loads. The numerical [...] Read more.



(This article belongs to the Special Issue Numerical Study of Concrete)

» Show Figures

Constitutive Modeling of New Synthetic Hybrid Fibers Reinforced Concrete from
Experimental Testing in Uniaxial Compression and Tension

by @ S. M. Igpal s. Zainal, @ Farzad Hejazi, {} Farah N. A. Abd. Aziz and {_! Mohd Saleh Jaafar
Crystals 2020, 10(10), 885; https:/ldoi.org/10.3390/cryst10100885 - 01 Oct 2020
Gited by 6 | Viewed by 1416

Abstract Hybridization of fibers in concrete yields a variety of applications due to its benefits compared to conventional concrete
or concrete with single type-fiber. However, the Finite Element (FE) modeling of these new materials for numerical analyses are
very challenging due to the lack [...] Read more.

(This article belongs to the Special Issue Numerical Study of Concrete)

» Show Figures

Prediction of Properties of FRP-Confined Concrete Cylinders Based on Artificial Neural
Networks

by a Afaq Ahmad, t Vagelis Plevris and ¥ Qaiser-uz-Zaman Khan

Crystals 2020, 10(9), 811; https://doi.org/10.3390/cryst10090811 - 14 Sep 2020

Cited by 5 | Viewed by 752

Abstract Recently, the use of fiber-reinforced polymers (FRP)-confinement has increased due to its various favorable effects on
concrete sfructures, such as an increase in strength and ductility. Therefore, researchers have been attracted to exploring the
behavior and efficiency of FRP-confinement for concrete structural elements [...] Read more.

(This article belongs to the Special Issue Numerical Study of Concrete)

» Show Figures

Determination of Mohr-Coulomb Parameters for Modelling of Concrete

by € Selimir Lelovic and {_* Dejan Vasovic

Crystals 2020, 10(9), 808; https://doi.org/10.3390/cryst10090808 - 13 Sep 2020

Cited by 3 | Viewed by 796

Abstract Cohesion is defined as the shear strength of material when compressive stress is zero. This article presents a new
method for the experimental determination of cohesion at pre-set angles of shear deformation. Specially designed moulds are
created to force deformation (close to 1-axis) [...] Read more.

(This article belongs to the Special Issue Numerical Study of Concrete)

» Show Figures

The Impact Resistance and Deformation Performance of Novel Pre-Packed Aggregate
Concrete Reinforced with Waste Polypropylene Fibres

by { “ Fahed Alrshoudi, { “ Hossein Mohammadhosseini, { * Rayed Alyousef, { ¥ Mahmood Md. Tahir,

" Hisham Alabduljabbar and {_" Abdeliazim Mustafa Mohamed

Crystals 2020, 10(9), 788; https://doi.org/10.3390/cryst10090788 - 06 Sep 2020

Cited by 8 | Viewed by 801

Abstract Pre-packed aggregate fibre-reinforced concrete (PAFRC) is an innovative type of concrete composite using a mixture of
coarse aggregates and fibres which are pre-mixed and pre-placed in the formwork. A flowable grout is then injected into the
cavities between the aggregate mass. This study [...] Read more.

(This article belongs to the Special Issue Numerical Study of Concrete)

» Show Figures

Thermal Performance of Alginate Concrete Reinforced with Basalt Fiber

by { ¥ Seyed Esmaeil Mohammadyan-Yasouj, { * Hossein Abbastabar Ahangar, { " Narges Ahevani Oskoei,
@ Hoofar Shokravi, @ Seyed Saeid Rahimian Koloor and { ¥ Michal Petru

Crystals 2020, 10(9), 779; https://doi.org/10.3390/cryst10090779 - 03 Sep 2020

Cited by 5 | Viewed by 1093

Abstract The sustainability of reinforced concrete structures is of high importance for practitioners and researchers, particularly in
harsh environments and under extreme operating conditions. Buildings and tunnels are of the places that most of the fire cases
take place. The use of fiber in [...] Read more.
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Effects of Erosion Form and Admixture on Cement Mortar Performances Exposed to
Sulfate Environment

by { % Peng Liu, { " Ying Chen and {  Zhiwu Yu

Crystals 2020, 10(9), 774; https://doi.org/10.3390/cryst10090774 - 01 Sep 2020
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Abstract The effects of the admixtures, erosion age, concentration of sulfate solution, and erosion form of sulfate attack on the
mechanical properties of mortar were investigated. Simultaneously, the microstructure, pore characteristics, kinds and
morphologies of erosion products of mortar before and after sulfate attacks [...] Read more.
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A Coupled Modeling Simulator for Near-Field Processes in Cement Engineered Barrier
Systems for Radioactive Waste Disposal
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L“Fumio Hirano, { " Yusuke Takayama, {* Morihiro Mihara and { “ Akira Honda

Crystals 2020, 10(9), 767; https://doi.org/10.3390/cryst10090767 - 29 Aug 2020
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Abstract Details are presented of the development of a coupled modeling simulator for assessing the evolution in the near-field of
a geological repository for radioactive waste disposal where concrete is used as a backfill. The simulator uses OpenMI, a standard
for exchanging data between [...] Read more.
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The Prediction of Stiffness of Bamboo-Reinforced Concrete Beams Using Experiment Data
and Artificial Neural Networks (ANNs)
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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 [...] Read more.
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Numerical Evaluation of the Perfobond (PBL) Shear Connector Subjected to Lateral
Pressure Using Coupled Rigid Body Spring Model (RBSM) and Nonlinear Solid Finite
Element Method (FEM)

by € Muhammad Shoaib Karam, { ! Yoshihito Yamamoto, { ! Hikaru Nakamura and {} Taito Miura
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Abstract An analytical investigation focusing on the concrete damage progress of the PBL shear connector under the influence of
various lateral pressures, employing a coupled RBSM and solid FEM model was carried out. The analytical model succeeded in
simulating the test shear capacities and [...] Read more.
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Numerical Simulation of Adsorption of Organic Inhibitors on C-S-H Gel

by € Zijian Song, {_“ Huanchun Cai, {_" Qingyang Liu, {_* Xing Liu, " Qi Pu, {_" Yingjie Zang and {_" Na Xu
Crystals 2020, 10(9), 742; https://doi.org/10.3390/cryst10090742 - 23 Aug 2020
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Abstract Corrosion inhibitors are one of the most effective anticorrosion technigues in reinforced concrete structures. Molecule
dynamics (MD) was usually utilized to simulate the interaction between the inhibitor molecules and the surface of Fe to evaluate
the inhibition effect, ignoring the influence of cement [...] Read more.
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New Prediction Model for the Ultimate Axial Capacity of Concrete-Filled Steel Tubes: An
Evolutionary Approach

by € Muhammad Faisal Javed, { ! Furgan Farooq, {_ Shazim Ali Memon, { ! Arsian Akbar, ) Mohsin Ali Khan,

L Fahid Aslam, {_* Rayed Alyousef, {_* Hisham Alabduljabbar and {_* Sardar Kashif Ur Rehman

Crystals 2020, 10(9), 741; https://doi.org/10.3390/cryst10090741 - 22 Aug 2020

Cited by 17 | Viewed by 1295

Abstract The complication linked with the prediction of the ultimate capacity of concrete-filled steel tubes (CFST) short circular
columns reveals a need for conducting an in-depth structural behavioral analyses of this member subjected to axial-load only. The
distinguishing feature of gene expression programming (GEP) [...] Read more.
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Applications of Gene Expression Programming and Regression Techniques for Estimating
Compressive Strength of Bagasse Ash based Concrete

by L ¥ Muhammad Faisal Javed, {" Muhammad Nasir Amin, {_ Muhammad Izhar Shah, {_* Kaffayatullah Khan,
L Bawar Iftikhar, {_" Furgan Farooq, {_" Fahid Aslam, {_" Rayed Alyousef and {_" Hisham Alabduljabbar
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Abstract Compressive strength is one of the important property of concrete and depends on many factors. Most of the concrete
compressive strength predictive models mainly rely on available literature data, which are too simple to consider all the
contributing factors. This study adopted a [...] Read more.
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Use of Flue Gas Desulfurization Gypsum, Construction and Demolition Waste, and Oil
Palm Waste Trunks to Produce Concrete Bricks

by { ¥ Lalitsuda Phutthimethakul, {* Park Kumpueng and { * Nuta Supakata

Crystals 2020, 10(8), 709; https://doi.org/10.3390/cryst10080709 - 18 Aug 2020

Cited by 5 | Viewed by 840

Abstract This research aims to study the utilization of waste from power plants, construction and demolition, and agriculture by
varying the ratios of flue-gas desulfurization (FGD) gypsum, construction and demolition waste (CDW), and oil paim trunks (OPT)
in concrete production. This research used these [...] Read more.
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A Comparative Study on Blast-Resistant Performance of Steel and PVA Fiber-Reinforced
Concrete: Experimental and Numerical Analyses

by % Le Chen, " Weiwei Sun, { ¥ Bingcheng Chen, {* Sen Xu, { " Jianguo Liang, { “ Chufan Ding and { “ Jun Feng
Crystals 2020, 10(8), https://doi.org/10.3390/cryst10080707 - 16 Aug 2020
Cited by 2 | Viewed by 827

Abstract This paper deals with the blast-resistant performance of steel fiber-reinforced concrete (SFRC) and polyvinyl alcohol
(PVA) fiber-reinforced concrete (PVA-FRC) panels with a contact detonation test both experimentally and numerically. With 2%
fiber volumetric content, SFRC and PVA-FRC specimens were prepared and comparatively tested [...] Read more.
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Enhanced Performance of Concrete Composites Comprising Waste Metalised
Polypropylene Fibres Exposed to Aggressive Environments

by { " Rayed Alyousef, {_ " Hossein Mohammadhosseini, {* Fahed Alrshoudi, {_* Mahmood Md. Tahir,

" Hisham Alabduljabbar and {_* Abdeliazim Mustafa Mohamed

Crystals 2020, 10(8), 696; https://doi.org/10.3390/cryst10080696 - 12 Aug 2020

Cited by 10 | Viewed by 905

Abstract The utilisation of waste plastic and polymeric-based materials remains a significant option for clean production, waste
minimisation, preserving the depletion of natural resources and decreasing the emission of greenhouse gases, thereby
contributing to a green environment. This study aims fo investigate the resistance [...] Read more.
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Effect of Aggregate Type and Specimen Configuration on Concrete Compressive Strength

by (@ Sherif Yehia, { ) Akmal Abdelfatah and { ¥ Doaa Mansour
Crystals 2020, 10(7), 625; https://doi.org/10.3390/cryst10070625 - 19 Jul 2020
Cited by 6 | Viewed by 990

Abstract In this paper, concrete mixes utilizing two sizes of natural aggregate and two sources of lightweight and recycled
aggregates were used to investigate the effect of aggregate type and specimen size and shape on the compressive strength of
concrete. In addition, samples from [...] Read more.
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Durability Assessment of PVA Fiber-Reinforced Cementitious Composite Containing Nano-
Si0, Using Adaptive Neuro-Fuzzy Inference System

by ¥ Ting-Yu Liu, { “ Peng Zhang, { * Qing-Fu Li, { " Shao-Wei Hu and {_" Yi-Feng Ling

Crystals 2020, 10(5), 347; https://doi.org/10.3390/cryst10050347 - 28 Apr 2020

Cited by 3 | Viewed by 1122

Abstract In this study, the durability of polyvinyl alcohol fiber-reinforced cementitious composite containing nano-SiO, was
evaluated using the adaptive neuro-fuzzy inference system (ANFIS). According to the structural characteristics of the cementitious
composite material and some related standards, the classification criteria for the evaluation [...] Read more.
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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
(ANNSs). 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 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.

Load, P (kN)
2

Displacement, A (mm)

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 Iy, and after cracking
they use I.;. The effective inertia moment is the value between Ig and I.,. 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].

23pL3 5
E= Gasar NV/mm) M)
23PL3
= oaser "™ @)

where E is the elasticity modulus, A 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 (ANNSs) 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 (ANNSs) 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 (ANNSs) 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.

Input layer Hidden layer Output layer

& :

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 x 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” [8]. The number of beam test
specimens were 25 pieces with a size of 75 mm X 150 mm X 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 f;, = 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 ' /3L
from the support. The strain gauge is mounted on the bamboo reinforcement with a distance of 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 %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/cm?-10 kg/cm?. 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.

N

- Hydraulic jacks
b

‘Load cell

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

Seress (MPaj
170

160 /
Fraciure Stress /

150
140
130
120

— M

[T R 02 03 0 05
Stram (%)

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

Stress (MPa)
400 e F

—

R vield point

W
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o
00 02 04 06 08 10 12 14 16
Stran (%)

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/6 AVWmP [14]
and the BRC beam flat back. This shows its compatibility with bamboo strain-stress behavior. The load
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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.

40
P=-0.1256 A% - 4.1374 A + 0.5517
35 + L g R?=0.9988
] | i * ",9
£ &
30 0<A<A, .,
’E‘ 25 A, = Deflection at the load P00
=2
= 20 + | = Linear elastic region
g Il = Elastoplastic region
- 15 + 11l = plastic region
104 s EXp - BRC Beam
m——— Exp - SRC Beam
5 -
0 ¥

0 2 4 -6 8 -0 -2 -4 -6
Displacement, A (mm)

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

40 T
P =-0.1421 A? - 4.2595 A + 0.5536
35 1 JR¥=0.9771
I 11 11 . s

30 L7 0<A<A, ..
Z 25
=<
=
= 20 1
g I = Linear elastic region
- 15 4 11 = Elastoplastic region

111 = plastic region

= ANN - BRC Beam
ANN - SRC Beam

0 2 -4 -6 -8 -10 -12 -14 -16
Displacement, A (mm)

Figure 8. The load vs. deflection relationship of the BRC beam from the ANN method.
20 T
35 4

30 T

25 +

20 +
e BRC - SO

Load (kN)

15 4 BRC-s1

s BRC - 52
10 +

BRC-s3

PC

5 —8— SRC

0 -2 -4 -6 -8 -10 -12 -14 -16

Displacement (mm)

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
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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 10. The correlation value of laboratory data and the ANN method (BRC-1 beam).
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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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Figure 15. The load vs. deflection relationship the experimental results and ANN analysis.

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.
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1 in the stiffness of the ’ )
! BRC beam and SRC '
! The difference stiffness
: between ANN-BRC and Exp-BRC
i occurs when the load is above
i 80% ultimate load
& i
=l Pse_r!ic_e ______________ E
g |
= L 1100%
P=04Pyme ) J A 60%
Pcr = O'Z_fyl_tir_nit : \ __ _\'BRC - Exp/ANN ! : | == Exp - BRC Beam
i i A 140% | e EXp - SRC Beam
: | i : ANN - BRC Beam
120% | : :
v vV V V
‘ A- : . A
|Bsre Displacement, A
| B-sre

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

Theoretical Calculations Flexural Test Results
Specimens First Crack Ultimate Average First Average Failure Average Deflection at
Load (kN) Load (kN) Crack Load (kN) Load (kN) 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
10 T
8 -
=
=
e 6T
5 M@ (a) Ab=450 mm?2,so=0cm
2 @ (b) Ab=450 mm?2,s1=15cm
= 4T
‘g E(c) Ab=450 mm?2,s2=20cm
A 2 1 (e) @ (d) Ab= 450 mm?,s3=25cm
O (e) As =100,48 mm?2 (Steel reinforcement)
0

Bamboo Reinforced Concrete with
spacingvariation of hose clamp

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/6AVIWmP [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
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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.

Author Contributions: Conceptualization, M., S., and A.G.; methodology, M., S., and A.N; software, S.,S.A., AN.,
and A E.W,; validation, M., L., and I.C.D.; formal analysis, M., S., and M.D.; investigation, N., and T.A.; resources,
N.; data curation, M., and S.; writing—original draft preparation, A.N. and F.; writing—review and editing, M.
and S.D.G.; visualization, M.R. and S.H.; supervision, N.; project administration, R.B.H.; funding acquisition, N.
and L.M. All authors have read and agreed to the published version of the manuscript.

Funding: APC was financed entirely by the DPRM Republic of Indonesia and LPPM of the University of
Muhammadiyah, Jember, Indonesia.

Acknowledgments: Funding Research is fully borne by the research Program, Directorate of Research and
Community Service, Directorate General of Research and Technology Strengthening and Development of the
Ministry of Research, Technology, and Higher Education of the Republic of Indonesia.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Ghavami, K. Bamboo as reinforcement in structural concrete elements. Cem. Concr. Compos. 2005, 27,
637-649. [CrossRef]

2. Agarwal, A,; Nanda, B.; Maity, D. Experimental investigation on chemically treated bamboo reinforced
concrete beams and columns. Constr. Build. Mater. 2014, 71, 610-617. [CrossRef]

3. Muhtar, M. Experimental data from strengthening bamboo reinforcement using adhesives and hose-clamps.
Data Brief 2019, 27, 104827. [CrossRef] [PubMed]

4. Muhtar, M. Cracked Pattern of Bamboo Reinforced Concrete Beams Using Double Reinforcement with the
Strengthening on Tensile Reinforcement. Int. |. Eng. Res. Technol. 2020, 13, 608-612.

5. Rahman, M.M.; Rashid, M.H.; Hossain, M.A.; Hasan, M.T.; Hasan, M.K. Performance evaluation of bamboo
reinforced concrete beam. Int. J. Eng. Res. Technol. IJET-IJENS 2011, 11, 113-118.

6. Dewi, S.M.; Nuralinah, D.; Munawir, A.; Wijaya, M.N. Crack behavior study of bamboo reinforced concrete
beam with additional pegs in reinforcing. Int. |. Civ. Eng. Technol. 2018, 9, 1632-1640.

7. Dewi, S.M. The flexural behavior model of bamboo reinforced concrete beams using a hose clamp. Proc. Mater.
Sci. Eng. Chem. 2019, 276, 1033.

8. Mubhtar, A.; Gunasti Manggala, A.S.; Nusant, A.FP,; Hanafi, A.N. Effect of reinforcement details on precast
bridge frames of bamboo reinforced concrete to load capacity and crack patterns. Int. . Eng. Res. Technol.
2020, 13, 631-636.

9.  Puri, V,; Chakrabortty, P.; Anand, S.; Majumdar, S. Bamboo reinforced prefabricated wall panels for low-cost
housing. J. Build. Eng. 2017, 9, 52-59. [CrossRef]

10. Maruthupandian, G.; Saravanan, R.; S Suresh, K.S.; Sivakumar, B.G. A Study on Bamboo Reinforced Concrete
Slabs. J. Chem. Pharm. Sci. A 2016, 9, 978-980.


http://dx.doi.org/10.1016/j.cemconcomp.2004.06.002
http://dx.doi.org/10.1016/j.conbuildmat.2014.09.011
http://dx.doi.org/10.1016/j.dib.2019.104827
http://www.ncbi.nlm.nih.gov/pubmed/31828188
http://dx.doi.org/10.1016/j.jobe.2016.11.010

Crystals 2020, 10, 757 12 of 12

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Daud, N.M.; Nor, N.M,; Yusof, M.A_; Yahya, M.A.; Munikanan, V. Axial and flexural load test on untreated
bamboocrete multi-purpose panel. Int. J. Integr. Eng. 2018, 10, 28-31.

Tripura, D.D.; Singh, K.D. Mechanical behavior of rammed earth column: A comparisonbetween unreinforced,
steel and bamboo reinforced columns. Mater. Constr. 2018, 68, 174. [CrossRef]

Rameshwar, S.; Kale, A.; Rashmirana, P. Suitability of Bamboo as Reinforcement in Column. Int. ]. Recent
Innov. Trends Comput. Commun. 2016, 4, 270-272.

Dewi, S.M. Enhancing bamboo reinforcement using a hose-clamp to increase bond-stress and slip resistance.
J. Build. Eng. 2019, 26, 100896.

Dewi, S.M. The Stiffness and Cracked Pattern of Bamboo Reinforced Concrete Beams Using a Hose Clamp.
Int. ]. Civ. Eng. Technol. 2018, 9, 273-284.

Muhtar, M. Numerical validation data of tensile stress zones and crack zones in bamboo reinforced concrete
beams using the Fortran PowerStation 4.0 program. Data Brief 2020, 29, 105332. [CrossRef]

Suryanita, R.; Maizir, H.; Jingga, H. Prediction of Structural Response due to Earthquake Load using
Artificial Prediction of Structural Response due to Earthquake Load using Artificial Neural Networks. In
Proceedings of the International Conference on Engineering & Technology, Computer, Basic & Applied
Sciences, Bangkok, Thailand, 20-21 June 2016.

Naderpour, H.; Kheyroddin, A.; Amiri, G.G. Prediction of FRP-confined compressive strength of concrete
using artificial neural networks. Compos. Struct. 2010, 92, 2817-2829. [CrossRef]

Ahmadi, M.; Naderpour, H.; Kheyroddin, A. Utilization of artificial neural networks to prediction of
the capacity of CCFT short columns subject to short term axial load. Arch. Civ. Mech. Eng. 2014, 14,
510-517. [CrossRef]

Khademi, F.,; Akbari, M.; Nikoo, M. Displacement determination of concrete reinforcement building using
data-driven models. Int. J. Sustain. Built Environ. 2017, 6, 400-411. [CrossRef]

Kaczmarek, M.; Szymanska, A. application of artificial neural networks to predict the deflections of reinforced
concrete beams. Stud. Geotech. Mech. 2016, 38, 37-46. [CrossRef]

Abd, A.M,; Salman, W.D.; Ahmed, Q.W. Ann and statistical modelling to predict the deflection of continuous
reinforced concrete. Diyala J. Eng. Sci. 2015, 134-143.

Ya, T.T.; Alebrahim, R.; Fitri, N.; Alebrahim, M. Analysis of Cantilever Beam Deflection under Uniformly
Distributed Load using Artificial Neural Networks. MATEC Web Conf. 2019, 4, 06004.

ASTM C78/C78M-02. Standard Test Method for Flexural Strength of Concrete (Using Simple Beam with Third-Point
Loading); ASTM International: Sikangshihoken, PA, USA, 2002.

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
‘ @ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.3989/mc.2018.11517
http://dx.doi.org/10.1016/j.dib.2020.105332
http://dx.doi.org/10.1016/j.compstruct.2010.04.008
http://dx.doi.org/10.1016/j.acme.2014.01.006
http://dx.doi.org/10.1016/j.ijsbe.2017.07.002
http://dx.doi.org/10.1515/sgem-2016-0017
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

Joumaks Information Author Services Initiatives Abaut

Advanced

Article Menu

Brticle Overvigw A

Abcragt
Opan Accase and Pamiesiong
Share and CHie
Adtioe Meimcs
Rslafad Arcks
Cuger Afticie Raponts

Aticle Versions

Aelaed Ao Links

Wone by Authers Links

Anstract Views 210
Fuill-Teat Views 16

Citations k]

Preprints

RESEARCH
ON
covip-19

service

N structure
Eh’e{_/ validation

10 338061y

| open scoeox | e |

The Prediction of Stiffness of Bamboo-Reinforced
Concrete Beams Using Experiment Data and Artificial
Neural Networks (ANNs,'l

f) Wuftanur Rah
8 A ke oy ! B w‘ Fufl Buds e awibew T -

! Faculy of Engnasring, University of Jambar, Jember ndansia 88121, mdoesia
£ Faculy of Agricatuesi Technology, University of Jemoer Jember inconesla 63121, Indoness
® _Author in whom cormespondencs snouid bs accressed

Cryatais 030, NG 75T, Wit ol v 16 FEVery a1

Hoeaived: 3 August 2020 1 Rovisad: 18 A ugust 2030 [Accopted: 19 Aogust 2030 | Dabiishcd: 37 August F000

(Thiz arick belangs to he Spacinl kssue Humerical Study o

Ahstract

Sifness & Iha man parEmetsn of e bear s resistancs tn delnmstion. Basud on advanced 1es gann, he siifness ol Cambx-
Teinfaiced conciet Deams {BACH Ends (o be lower an e siiness of sisekeinkrced concrele Deams (SACH. Howaver, he
advaniaps of harmbog-reintorted concrele beams kas enough good dudtifty accoeding fo T fandamentsl properties of bemboo,
which havve hign Tensie E"UnW‘ and high useac proparties The shaoy @ms 1o pradict 54 valdate e sfness of bamboo-
r=nforced x the z k= drta using eriifi o nefworts (AlNal The number of geem et
epecimens were 25 pices will & size of 75 mm - T50mm = 1100 mm. The tesimg methed uzes e four-point meihod wiil
simpls coppen The facils of Iha anay sz showed the el batwaan tha £5Mnacs of he baam's sxarimantal mauls win e
2NNCAI neural rework (AN Snalcs esuls. The SRBTR rle o the hwe analysos i 2imund 00% and the parconiaga of amors
s nok move han 1%, tioth for bamboo-renforced concrete beams (BAC) and =ieekrenioresd cotrele beams (BRG] View Full-

Ter

naLral namorK |ANN

1], aifmaas

KByt NEmO0c-rentonced Concrats | waNlIna;

¥ Show Fig

-~
Laad, I (kN)

Displacement, & (mm)

Figura 1

(£} Thisi= an npen acoess artide dstibuled undar e Crmatys Commans A : whikch parmits unastriciod
use. ditribuion, and reproduchon i any medsem. providsd the onginal work = progery died

mww papers matching yous iesearch
mplwrs fram selected authors

Share and Cite

=1 lin] flafe] s

MDS1 and ACS Style
Muhtar GunassL A Suhars; Nursast: rawvah; Disl | C: Dasl B Amrani. 5 Fanana: Mahmud! 1 : Ahadt T Rahman. M
Hadgymisten, . Nilogr, A Deats Gain, 5 B ALl hawa, A The Prs of Stifnecs of Bampoo-

Reinforced Goncreie Besms Usng Exerrment Data asd Ariicial Neural Networks [ANN3) Civarats 2020, 46, 757
itns:A o orgH B 3300y Et 100607 5T

AMA Sty

Muntar, Cunash A Suhandl Nursak Irawatl, Dewt IC. Dasuki M, Aryan! 3, Fivana, Mahmudi ! Aback T, Rahman M. Hiayatulah
3, Niloginl A, Deala Saluh 5, Eko Wardoys &, Bud Hamdusibaws R The Prediction of SETess of Bamboo-Reinforced Conciets
Bi=ams Lsing Experiment Dafa and Aficial Newal Meteorks G0Nz, Crrale's. 2000 10(31:787

hitpsHdn. ore1 0 1ID0K R 00G0T 5T

ChicageTerabian Style

TAuntar Gunasi Ame; Surardy; Nuraid rawalt Dawl llanka © Dacswsa Man - Aman, Spta; Frinana; Manmudl lors; Abadl
Taufan, Ranman, Witahur, Hidayalulah, Sparl, Nikgii, Agung, Besta Balun, Serkl: Bho Weedogo, &1 Bud Hamdusiaana, Ral
2020 “The Prediction of Sifiness of Bambog-Reiniored Concrebe Beams Lsing Expeoment Dets and Aciiical Neurel Netsors
[ANNST' Crysfats 10, no. @ 75T hitips.Taol. ongi 10 33000rystt 00D0T 5T

Find Othes Styles.

{E} Macte Mat from the 3rst m=u= o 2012 MOP! joumals = artide numbess nsi=ad of pags rumbers. See fuither detsis

Article Metrics

Citations.

Crossrel Scopus Webaof Science  Google Scholas

Article Access Statistes

Article access statistics

0H Be B A




& Full-Teat Views - ADSUECLViews

For more infonmation on he joursal stetisfcs, cick b

() Mukiple raguests fos e same 1P sddrass 16 colnied 35 N8 view

Related Articles

The Fradichon of Sifhass Seduction Mon-Linaar Phass in Resozrchers Lsa alRca neura natworks 1o siraaminag
Bamboo Rerdorced Concrete Beam Usng the Finde malenals {==ang

Etermanit Matnod (FEM| anad Ariicial e | Netuons
1ANNE|

Pragicting MAK Snait.ife Based on Alifeial Meurs
Mahwiona and Headipaca Gas Chromatogranic Oata
Precichon of Momant Radkirbution in Statcaly

Indeterminate Reinirced Concrete Structures Usng

Artificial Meural heebwork snd Suppod Vecter Regression

Numenca madslng of Hgn welocily Impac apphad to
ANI-Bazad Snear Cagacsy of Sed Fibar-Rentad TEATINTGed Cancrats pansl
Concrets Baams wihout Strupe 1

Rochals Instasarat Shows Na FFE Baneht m Fhasa 1l
Evalualing the Effects of Simel Fioers on Mechancal Bemarkar-Gaded THEC Tral
Properfies of Utve-High Perfomeance Conciele Using i
AMTCIE Mairal Networks

Saarch mars from Scili

barmboo-reniorced concrete

Farther iInformaton uldsdines MDPI Initiatives. Follow MDP1

Aticle Processing Charges For Authors. Instititional Open Access
Progeam (M
] nswslatrers. fiom MOR! joamals S

Jobs @l MOP)

MO Biog

mmer  Torms and

Badto Tep'




P
ﬂ crystals 'mDPY
lArticle‘

The Prediction of Stiffness of Bamboo-Reinforced

Concrete Beams Using Experiment Data and
Artificial Neural Networks (ANNs)

‘Muhtar L)*, Amri-Gunasti!, Suhardi? Nursaid !, Irawati?, Ilanka-Cahya Dewi?!, Moh.-Dasuki?,

Sofia-Ariyani?, Fitriana1, Idris-Mahmudi?, Taufan-Abadi?, Miftahur-Rahman?, Syarif-
Hidayatullah?, Agung-Nilogiri?, Senki-Desta Galuh?, Ari Eko Wardoyo! and Rofi-Budi
Hamduwibawa?

1 University of Muhammadiyah Jember, Jember, 68121, Indonesia; amrigunasti@unmuhjember.ac.id (A.-G.);
nursaid@unmuhjember.ac.id (N.); irawati@unmuhjember.ac.id (I.); ilankadewi@unmuhjember.ac.id (I.-
C.D.); moh.dasuki22@unmuhjember.ac.id (M.-D.); sofia.ariyani@unmuhjember.ac.id (S.-A.);
fitriana@unmuhjember.ac.id (F.); idrismahmudi@unmuhjember.ac.id (I.-M.);
taufan.abadi@Qunmuhjember.ac.id (T.-A.); miftahurrahman@unmuhjember.ac.id (M.-R.);
syarifhidayatullah@unmuhjember.ac.id (S.-H.); agungnilogiri@eunmuhjember.ac.id (A.-N.);
senki.desta@unmuhjember.ac.id (S.-D.G.); arieko@unmuhjember.ac.id (A.-E.-W.);
rofi. hamduwibawa@unmuhjember.ac.id (R.-B.H.)

2 University of Jember, Jember, 68121, Indonesia; hardi.ftp@unej.ac.id (S.)

* Correspondence: muhtar@unmuhjember.ac.id

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 ensuringl]

beams (BRC) and steel-reinforced concrete beams (SRC).

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

(ANNg).
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Figure 2. Schematic of LANNlarchitect‘ure for rectangular beams.
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2. Materials and Methods

Some previous researchers have concluded that artificial peural networks (ANNSs) can be an ( Deleted: s
alternative in calculating deflection in a reinforced concrete beam. The results of deflection o, ] (Deleted: A
calculations on reinforced concrete using ANN proved to be very effective [21]. ANN is also very J(Deleted: N
well used to predict deflection in the concrete beam with a very strong correlation level of 97.27% to A [Deleted: N
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The purpose of this study is to validate the behavior and stiffness of the BRC beam experimental - - (Deleted: N
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usually caused by some things, such as human errors, calibration of tools that have expired, test [Deleted: s
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compared with the results of the agtificial neural network, (ANN) method. In this study, the
experimental data are thought to have a large deviation from the results of the artificial neural R (Deleted: N
network, (ANN) method. Then, an efficient ANN-based computational technique is presented to . - h [Deleted: N
estimate the load vs. deflection of bamboo-reinforced concrete blocks (BRC). Furthermore, stiffness * - (Delete d: s
observations are made at the same loading point. %
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Experimental data were obtained from a single reinforced BRC beam bending test with two load ‘ [Deleted: N
points based on ASTM C 78-02 [24]. The size of bamboo reinforcement is 15 mm x 15 mm, which is [Deleted: N
treated first through immersion, drying, and the waterproof coating using Sikadur®-752 [3]. As a ! [Deleted- .
strengthening of bamboo reinforcement used diameter hose-clamps %4" [8]. The number of beam test .
specimens were 25 pieces with a size of 75 mm x 150 mm x 1100 mm consisting of 24 BRC beams and (Ddeted: bamboo r

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),
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strength of concrete at the age of 28 days is 31.31 MPa. The steel used is plain steel with f, = 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 5L
from the support. The strain gauge is mounted on the bamboo reinforcement with a distance of V4L

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

differential transformer is installed at a distance of %4L 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/cm?. 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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E s )

— Bambeo rénforcement

hose-clamp
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15D oy l.e:é.l i 156, l¢ 1 {20 :". ¥
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Information:

SRC = Steel reinforced concrets
BRC = Bamboo reinforced concrete

PC  =Plain concrete
SG = Strain gauge
s = Distance of hose-clamp
(Variation of s0 =0 cm. s1 = 15 cm. 2 = 20 cm. and 53 = 25 cm)
A, =Areaof steel reinforeed (As = 100.48 mm’)
Ay = Area of bamboo reinforced

(Variation of 46 = 140 mm’, 200 mm’, and 450 mm?)

Figure 3. Geometry and details of bamboo-reinforced concrete beams.
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Figure 4. Test arrangement of bamboo-reinforced concrete beams.
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3. Results

Mechanical properties and stress—gtrain 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.

[RECAC L R
0N p
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/
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Stress (WP} 8 20 |
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Figure 5. The stress—strain relationship of Figure 6. The stress-strain relationship of

normal bamboo reinforcement 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 peural petwork, (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://g00.gl/6AVWmP [14] and the BRC beam flat back. This shows its compatibility with bamboo

strain-gtress 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 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 petwork model is tested,
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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
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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 js 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.
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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@ }the ANN analysis results are lower than the experimental results, as shown in Figure 16.
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Table 1. The value of the average initial crack loads and ultimate loads based on theoretical
calculations and experimental.
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Theoret.lcal Flexural Test Results
Calculations
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pecimens First Crack imate Average First v?rage ver;.ige (Deleted. Ultimete
Load (kN) Load Crack Load (kN) Failure Deflection at
0a (kN) ack -oa Load (kN) 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
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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.
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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
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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—gtrain relationships of bamboo. This proves that bamboo
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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

NN

essential to find a solution. Solutions to solve the low stiffness of the BRC beam, such as the graph [Deleted: like
diagram in Figure 16, can be done in two ways, namely giving strength to bamboo reinforcement and (Delete d: ening
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 pamboo-reinforced concrete beam stiffness based on experimental results and [Deleted: bamboo r
analysis results of artificial neural network (ANN) methods show very close similarities or with an [Delete d: A
error prediction of no more than 1%. o
Bamboo-reinforced concrete (BRC) beams have a lower stiffness of up to 40% when compared . (Ddeted: N
to steel reinforced concrete (SRC) beams. 1 ‘[Deleted: N
The stiffness of the BRC beam of experimental result and the artificial neural network (ANN) | N ‘ [Deleted: s
analysis results have in common up to 80% of the ultimate load and, afterward, show differences. B
The coatings of adhesives, modification of bamboo reinforcement roughness, and the use of o [Deleted: Bamboo r
shear reinforcement are solutions to increase the stiffness and capacity of the BRC beam. ‘[Deleted:
Installation of a hose-clamp that is too tight does not increase the stiffness of the BRC beam but [Deleted: A
reduces its elastic properties and reduces its load capacity. (D oted: N
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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 (ANNSs). The number of beam test specimens were 25
pieces with a size of 75 mm H 150 mm x 1100 mm. The testing method uses the four-point method
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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.

Load, P (kN)
>

Displacement, A (mm)

Figure 1. II'he load vs. deflection relationships of the reinforced concrete beam [15][7”

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 I,
and after cracking they use Ir. The effective inertia moment is the value between Iy and Ir. 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].

3
£ 23PL

2
_M(N /mm?) 1)
RSP 2
648EI

where E is the elasticity modulus, A 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 (ANNSs) 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 (ANNSs) 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 h{d 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 (ANNSs).

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.

Input layer Hidden layer Output layer

iFigure 2. Schematic of ANN architecture for rectangular beams.]
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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 x 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 %" [8]. The number of
beam test specimens were 25 pieces with a size of 75 mm x 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 5L
from the support. The strain gauge is mounted on the bamboo reinforcement with a distance of %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 2L 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/cm?-10 kg/cm?. 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.

Steel bars 2¢8 mm
150 |mm e < 4|, SRC
. <3 — :_ —_25mm
~
150 {[mm PC
— Bamboo reinforcement
hose-clamp
lé%l BRC
150 ma I 1 1 156 I¢ I Y Ap |
I t 1 e ST A T | t | ol o5
L B o
wmm oo o sm &
I . ' H
[¢—— r-1000mm ——|
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?)

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

v

- Hydraulic jacks
%

Load cell

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.

Stress (MPa)
170

Fracture Stress

00 01 02 03 04 05
Stran (%)

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

Stress (MPa)
400

{_—Yield Point

300

— m

00 02 04 06 08 10 12 14 16
Strain (%)

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 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 e

rrors, 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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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.

s R?=0.9988 (Exp - BRC)
Plastic limit —
50 N\
\
R =0.9771 (ANN - BRC)
F-J \J/

— Elastoplastic limit

Load (kN)

Exp - BRC Beam
. e EXp - SRC BEAM
— Elastic limit e ANN - BRC Beam

0 2 4 % s i 12 4 16
Displacement, A (mm)

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 beamL S0 }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.
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(c) BRC - 52 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 24.00 633

rTable 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.
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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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