RESEARCH ARTICLE | JUNE 07 2024
Application of artificial neural networks to predict the

compressive strength of rubberized concrete: A review @

Seyed Jamalaldin Seyed Hakim &4; Abdinasir Mukhtar Omar; Nasradeen A. Khalifa; Shahiron Shahidan;
Norwati Jamaluddin; Abdullah Faisal Alshalif

’ @ Check for updates ‘

AIP Conf. Proc. 2991, 030017 (2024)
https://doi.org/10.1063/5.0198659

@ B

View Export
Online  Citation

Q
(&
e
()
-
()
Y
c
@)
o
-
<

Proceedings

APL Energy

Latest Articles Online!

AIP
Read Now fé_ Publishing

$0:¥€:80 #20Z 8unr L



Application of Artificial Neural Networks to Predict the
Compressive Strength of Rubberized Concrete: A Review

Seyed Jamalaldin Seyed Hakim®, Abdinasir Mukhtar Omar, Nasradeen A Khalifa,
Shahiron Shahidan, Norwati Jamaluddin and Abdullah Faisal Alshalif

Department of Civil Engineering, Faculty of Civil Engineering and Built Environment, University Tun Hussein Onn
Malaysia (UTHM), 86400 Parit Raja, Johor, Malaysia.

YCorresponding author: seyedhakim @uthm.edu.my

Abstract: Waste rubber tires have been used in building materials to support the environment and green construction.
There is a growing demand for rubberized materials as they are cost-effective and useful from a sustainable standpoint.
There are several properties of the rubber tire that could be applied usefully such as low density, and waterproofing
properties. Rubberized concrete has composed of waste rubber as natural aggregate and is an alternative solution to the
use of tire rubber particles in the production of concrete. It has been proven that the addition of waste rubber tires to
concrete starts to low strength and this restriction its application in structural elements but benefits to enhance the ductility,
impact resistance, thermal conductivity, and acoustic properties. This paper presents a review of the recent studies on the
application and development of artificial neural networks (ANNs) to predict the compressive strength of rubberized
concrete. From this review, predicting the compressive strength of rubberized concrete by ANNs is generally more
accurate, and their development is inexpensive and time-saving. In this review, the advantages, and limitations of ANNs
to predict the compressive strength of rubberized concrete, as well as some new research trends have been addressed.

INTRODUCTION

Rubber is an important material that is used in a wide range of industrial products. One of these industries is
automobile production, where rubber is utilized in a variety of applications such as rubber tires. Rubber tire production
is estimated to be in the billions of units annually [1]. A large portion of this amount is just thrown away in landfills
without treatment. Tire disposal in landfills takes up a lot of space. There is an urgent need to dispose of waste tires
in a useful and environmentally sustainable manner. Moreover, large amounts of waste rubber bring many problems
for the environment, and human health. From an environmental and economic standpoint, reducing the quantity of the
car tire waste and recycling it, is very significant. It is essential that the vehicle tires be recycled and reused
appropriately to protect natural resources. In the concrete industry, there is a growing demand for recycled materials.
Since the natural resources have become inadequate for concrete production, an emphasis is being increased on the
application of waste materials and the replacement of recycled aggregates such as recycled rubber.

Concrete is an essential building material, and simple to manufacture. Therefore, different research has been done
to improve the technical qualities of concrete and make it cost-effective. In recent studies, industrial by-products have
been utilized to develop the properties of concrete. The basic characteristics of rubberized concrete by replacing
aggregates with rubber particles were the focus of early studies on the use of rubber in concrete technology. In order
to reduce laboratory work and quickly estimate the compressive strength of rubberized concrete, numerous
investigators have applied artificial intelligence techniques such as genetic algorithms, regression analysis, fuzzy
logic, and artificial neural networks (ANN). Artificial intelligence techniques have been used to solve different civil
engineering challenges in recent years [2-5]. Among these methods, ANN is a useful tool for predicting and developing
relationships in complicated problems. ANNs have been successfully employed in concrete mix design for predicting
the compressive, tensile, and flexural capabilities of rubberized concrete. There is not enough review research on the
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impact of combining rubber on the mechanical properties of concrete using ANN s and it is necessary to do an extensive
review on this matter.

The purpose of this paper is to present a comprehensive review of the recent technical literature on the application
of ANN as a strong machine learning technique to predict the compressive strength of rubberized concrete.

ARTIFICIAL NEURAL NETWORKS (ANNS)

This section presents the theoretical background and basic principles of ANNs. ANNs are a useful concept of
natural neurons. An ANN can mimic a remarkable number of human brain functions, such as learning and generalizing
from previous examples to generate accurate answers and solve new challenges [6,7]. ANNs could also be used to
solve issues that do not have algorithmic methods or that have complex solutions. The fundamental architecture of an
ANN contains an input layer, an output layer, and at least one hidden layer, as depicted in Figure 1.

Input layer Hidden layer Output layer
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FIGURE 1. The basic architecture of an ANN model

The difference between the output of ANN and the target is called an error. The training of the network can take
place in a supervised or unsupervised way to minimize the error. Among various ANN architectures, the
backpropagation is the most common algorithm and has been applied in modeling to modify the weights of each layer
in order to minimize the errors that appear at the network output [8-10].

In this section the influence of partial or full waste tire rubber replacement of natural aggregate on the compressive
strength of concrete was investigated. From this overview, the compressive strength of concrete was highly dependent
on the types and proportions of binders and aggregates.

AN OVERVIEW ON THE COMPRESSIVE STRENGTH OF RUBBERIZED
CONCRETE

Concrete is a composite material made of cement, sand, and coarse aggregate that is used for structural and building
purposes. Recently, rubber is also one of the decomposable materials which has a negative impact on the environment.
The most important procedure that can be done to reduce the content of waste rubber products is the reuse of it. In this
section, the general overviews of the mechanical properties of the rubberized concrete are reviewed. Rubberizing
concrete can improve its characteristics such as durability, water absorption capacity, damping ratio, flexural strength,
and crack resistance [11]. Based on this study, the compressive strength was decreased after the rubber was added to
the concrete.

Addition of tire shreds in concrete can reduce the strength of the concrete [12]. The low strength of the rubber
elements compared to the replacement coarse aggregates, along with inadequate bonding between the rubber and the
cement paste, were the reasons for the drop in strength. The authors showed that the compressive strength was reduced
by 58% more than flexural strength when coarse aggregates were substituted with rubber in concrete by 15%.

The application of tire rubber particles as a partial replacement of aggregates in concrete is investigated [13]. In
this study, several experimental works for a variety of mechanical properties of concrete that contains rubber aggregate
have been executed. The findings revealed that concrete containing more than 10% rubber aggregate will be unsuitable
for structural elements. This research proved that rubberized concrete can be utilized in the construction of concrete
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slabs and precast concrete due to its smaller unit weight than conventional concrete. Concrete is the most common
material in construction and for this purpose, a very large value of natural resources must be consumed. Therefore,
the use of waste tires in concrete has become technologically feasible, and the resulting concrete is considered light.
It was found that when the percentage of rubber in concrete is higher than a certain amount, the compressive strength
of the concrete decreases.

Moving on, the compressive strength of concrete was tested on shredded and crumb tire materials [14]. The results
revealed that by substituting 2.5% of the coarse aggregate with a shredded tire, the compressive strength of the
concrete improved by 8.5%, while the compressive strength decreased at 5 % replacement and beyond. This indicated
that the aggregate size and percentage of aggregate replacement have an important impact on the strength of the
concrete.

In different research, the performance of concrete mixes containing 5, 7.5, and 10% waste tire rubber as aggregate

and cement replacements was examined [15]. The obtained results demonstrated that replacing 5% of aggregate or
cement with rubber resulted in a minor decrease in compressive strength, with no significant changes in other concrete
qualities. For both grades of rubber used, the biggest reductions were related to 7.5 and 10% rubber replacement.
In recent research, a variety of rubber treatment techniques to develop the mechanical properties of rubber concrete is
presented [16]. The compressive strength of concrete was obtained after substituting the aggregate and sand with
rubber particles. After substituting the coarse aggregate with rubber, the compressive strength was reduced by up to
85 %. When sand was replaced with crumb rubber, the compressive strength was reduced by only 65%. It can be
concluded that, despite the lower compressive strength of rubberized concrete compared to conventional concrete,
there is a huge market for concrete products using rubber aggregates, which will make appropriate use of discarded
rubber tires, which are a major source of pollution.

COMPRESSIVE STRENGTH OF RUBBERIZED CONCRETE USING ANNS

Artificial neural networks (ANNs) offer new advantages and opportunities and they have been used effectively in
varied applications including the compressive strength of rubberized concrete. For example, a novel regression
technique based on a combination of genetic algorithm and ANNs (GA-ANNG) to predict the compressive strength of
rubberized concrete using the ultrasonic pulse velocity technique is developed [17]. In the said research, 158 datasets
collected from previous studies have been used to train the network. These datasets include the information on mix
design, type of cement, and contents of materials such as rubber, coarse and fine aggregate, curing condition and time,
compressive strength, pulse velocity, and sample geometry. The results indicated that the GA-ANN was able to
successfully predict the compressive strength with a high level of accuracy. Results supported that GA-ANNN has the
maximum precision compared to regression methods. Based on this study, the curing time had more impact on
ultrasonic pulse velocity readings.

FIGURE 2. The architecture of ANN to predict the compressive strength of rubberized concrete [18]

In a recent study, a procedure to estimate the compressive strength of rubberized concrete subjected to elevated
temperature using ANNS is presented [18]. In this study, the input datasets contain different fiber contents (RF), and
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six different levels of temperatures (T) with three display durations (t) along with three water-cement ratios. The
output parameters were consisting of compressive strength of rubberized concrete for water-cooled (fwc) and air-
cooled (fac), static and dynamic modulus of elasticity (Es, Ed), and mass loss (Mj). The architecture of ANN is
depicted in Figure 2. From the sensitivity analysis, it was found that the temperature has the maximum influence on
the compressive strength of rubberized concrete followed by various fiber content whereas, the water-cement ratio
had a relatively lower impact. In this study, the durability properties of rubberized concrete exposed to elevated
temperatures have not been considered.

Moving on, a method based on ANN and fuzzy logic to predict the material properties of rubberized concrete is
developed [19]. In this study, waste vehicle tires were used in the production of rubberized concretes. A multilayer
ANN with a backpropagation algorithm was employed to distribute the error of the ANN. The inputs of the network
were cement, sand, water, fine crushed stone, coarse crushed stone, fine rubber, and coarse rubber. The concrete’s unit
weight (UW) and flow table (FT) were considered as the outputs of the ANN. The architecture of ANN is shown in
Figure 3. According to the results of this study, it was proven that the properties of concrete could be found without
doing any laboratory test by using ANNs. The results from the experiment were very similar to those of the ANN
method. There have been errors of less than 10% between the output values and the experimental findings according
to this study. The authors in a similar order [20] predicted the rubberized mortar properties employing ANNs and
fuzzy logic. In this research, waste rubber was applied as sand to produce mortar. The flexural and compressive
strength of mortar were considered as output of the network. In the procedure of training, time, cement, sand, fine
rubber, coarse rubber, and water (W) were considered as inputs of ANN. From this study, it was concluded that the
properties of rubberized mortar can be determined using ANNs and fuzzy logic techniques with a very high level of
accuracy.
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FIGURE 3. The architecture of ANN to predict the concrete’s unit weight and flow table [19]

Recently, different mixes of rubberized concrete by incorporating the ground blast furnace slag (GBFS) using
various percentages of discarded rubber tire crumbs (DRTCs) is studied [21]. The mechanical properties of the
rubberized concretes were assessed using an ANN incorporated with the genetic algorithm (GA) and compared with
the datasets from laboratory. In the said research, the compressive strength (CS), tensile strength (TS), and flexural
strength (FS) of rubberized concrete were evaluated and the average value of three specimens at 3, 7, 28, 90, 180, and
365 days of curing age were prepared to assess the mechanical properties. From this study, the concrete mix prepared
with DTRCs of 30% showed the highest compressive strength after 28 days of curing period. All the three material
properties of rubberized concrete contain compressive, tensile, and flexural concrete were decreased with the increase
of more than 30% of DTRCs content. Achieved results showed that the combination of genetic algorithm and ANN
provided acceptable outcomes for the mechanical properties of the rubberized concrete.

In another research, a novel technique to predict the compressive strength of rubberized concrete by using a deep
neural network model is purposed [22]. In this study, a rubber concrete is constructed using 12 input parameters
consisting of binder, cement, cement replacement materials, specimen geometry, superplasticizer, water, water/binder,
water/cement, fine and coarse aggregate, crumb rubber, and chipped rubber as input parameters of ANN. The
compressive strength of rubberized concrete was considered as output, as shown in Figure 4. A deep ANN structure
with the architecture of (12-16-14-3-1) was constructed and evaluated to validate the results.
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The proposed network showed high reliability with a correlation of 99%. From the results of this study, it is claimed
that the ANN model reveals very good accuracy in predicting the compressive strength of rubberized concrete
according to the coefficient of correlation and root mean square error (RMSE).
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FIGURE 4. Deep neural network structure to predict the compressive strength of rubberized concrete [22]

A sensitivity analysis was implemented to show the impact of input parameters on the results. It was demonstrated

that the crumb and chipped rubber have a negative effect on the results of compressive strength, while the volume of
coarse and fine aggregates had a considerable impact on compressive strength.
In another study, the influence of using the waste rubber tire crumbs (WRTCs) on the strength performance of the
alkali-activated rubberized concrete (AARC) is presented [23]. In this research, the waste rubber tire crumb was used
as a partial substitution for the natural aggregates. The rubberized alkali-activated concrete was containing fly ash
(FA) and ground blast furnace slag (GBFS). ANNs were carried out to assess the applicability of the rubberized
concretes for the compressive strength, tensile strength, flexural strength, workability, and water absorption. From the
results of this research, the alkali-activated rubberized concrete with 30% of waste rubber tire crumb demonstrated
improved mechanical strength. The experimental results matched the results from ANNs and proved the ability of
ANN:Ss to predict the properties of alkali-activated concrete containing rubber with minimum error and a high value of
correlation. Also, the suggested mixes were not expensive and environmentally friendly compared to the traditional
concretes.

Moving on, an ANN to predict the compressive strength of concrete modified with NaOH treated crumb rubber is

established [24]. In this study, concrete was formed by adding crumble rubber, resulting in lower greenhouse gas
emissions, disposal costs, and building expenses, all of which support sustainable construction. The founded model
could suggest a consistent base for growing the use of crumble rubber for construction activities.
In a research study, a novel method to predict the compressive strength, flexural strength, and tensile strength of
polymer concrete composite with tire rubber powder using ANNSs is presented [25]. In this research, ten experimental
mixes were determined to obtain the values of mechanical properties by changes in the quantities of the tire powder.
From the results of this study, the maximum compressive strength was achieved for 0.3 tire powder. Maximum tensile
strength was obtained for experimental values of 0.17 tire powder. In this study, ANN generated the mixes with the
lowest possible expense and maximum compressive.

In different study, a database containing 457 combinations in which aggregate was substituted with waste rubber
to obtain the compressive strength of concrete using ANNs was created [26]. Several ANNs were developed for
predicting the compressive strength of concrete using tire rubber. The findings of this research showed that a
developed ANN with three hidden layers was the best network to predict the compressive strength of rubberized
concrete as it has the greatest correlation value and the lowest root mean square error. Based on this study, it can be
stated that the ANN model can be considered an alternate and effective method to predict the compressive strength of
rubberized concrete.
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In another study, a developed ANN was implemented to predict the compressive strength of rubberized concrete
[27]. The obtained results from ANNs were compared to the database of 20 rubberized concrete experimental
measurements to verify the model. The laboratory test included recycling 5, 10, 15 and 20% percentage of aggregate
with various powder sizes of 0.2, 0.4, 0.6, and 0.8 mm of rubber. Results showed the high ability of ANN in the
prediction of compressive strength of rubberized concrete compared to multilayer regression with a correlation
coefficient of 0.965.

In another research, an ANN was applied to predict the compressive strength of rubberized concrete [28]. In this
study, a model using ANN with three variables that were water/cement ratio, superplasticizer, and granular squeleton
was built to predict the compressive strength of rubberized concrete as the output of ANN. The granular squeleton
gathers fine aggregates, coarse aggregates, crumb rubber, and tire chips. The applicability of the model has been
evaluated by using mean square error and correlation coefficient. The results revealed that ANN has the capability to
estimate the compressive strength of rubberized concrete with satisfactory accuracy by utilizing new parameters. From
this study, without doing any laboratory tests, the compressive strength of rubberized concrete can be predicted using
ANN.

Also, in recent years, the interest of applying ANNs to predict compressive, tensile, and flexural strength of
concrete has increased and several attempts have been made to estimate the material properties of concrete in civil
structures using ANNs [29-36]. In this section, the research findings committed to determining the compressive
strength of rubberized concrete have been discussed. From this overview, ANN has been demonstrated to give superior
accuracy in predicting the compressive strengths of rubberized concrete.

CONCLUSION

The natural resources are restricted and usage of them must be preserved. On the other hand, waste rubber storage
causes environmental pollution and endangers human health. One of the best solutions to overcome these problems is
to combine the waste rubber and tire chips into the concrete and partially substitute natural aggregate such as fine and
coarse aggregate. This ensures that both natural resources are preserved, and people’s health is not endangered.
Obtaining the compressive strength of rubberized concrete samples in the laboratory is time-consuming and costly.
Recently, artificial intelligence techniques have been used to predict the compressive strength of concrete without
laboratory work and using existing datasets.

ANNSs are one of the most important artificial intelligence techniques that have been applied to predict the
compressive strength of the rubberized concrete by many researchers. In this study, the literature of the recent studies
utilizing ANNS to predict compressive strength of rubberized concrete have been reviewed.

Based on the statistical indicators such as correlation coefficient, and root mean square error, the performance of ANN
models demonstrated an excellent prediction of compressive strength of rubberized concrete compared to the
conventional methods.

Based on this review, the findings of ANNs were very similar to the laboratory results and showed that the addition
of tire rubber to concrete leads to low compressive strength of rubberized concrete and this limits its use in structural
applications but helps to improve the ductility, higher toughness, higher impact resistance, lower thermal conductivity,
and higher noise reduction factor. According to the available literature, ANN is an efficient and cost-effective method
for predicting the characteristics of the rubberized concrete. It is tremendously useful in situations when accurate and
experimental setups need a lot of time and are expensive.
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