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Abstract
In the construction industry, concrete has shown to be among the most essential and commonly using construction materials. 
In the present era of global warming resulting from the over dependence on the use of conventional cements, there has been 
a necessity to employ green technologies especially in the production of concrete to meet the millennium developmental 
goals (MDGs) for a more sustainable infrastructure and safer environment. The reason has propelled an investigation into 
the utilization of recycled aggregate (RA) materials of different consistencies to explore the potentials of their application 
in concrete production that meets both the structural design standard and MDGs requirements. In this research, an extensive 
search was undertaken to gather multiple experimental data from research works concentrating efforts around the utilization 
of recycled aggregates among other elements in eco-friendly concrete production. Those from where 302 datasets were col-
lected had proven the effectiveness of the RAs on improving the flexural strength (fck) of concrete. These data were deployed 
to propose an intelligent predictive model using the artificial neural network (ANN) of the 9-6-1 network. The database was 
trained and validated using 70–30% of the data, respectively. The proposed model performance has shown an accuracy of 
98.5% with a unique close-form equation, which is rare with the use of ANN. This shows that the developed model can be 
applied in solving recycled aggregate concrete (RAC) problems both with software manipulation and manually (using the 
closed-form equation). Generally, overall shows the importance of predicting the production and performance of a greener 
concrete from recycled aggregates (RAs) of both fine and coarse consistency for sustainable structures.
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Introduction

Research background

Concrete has shown to be one of the most essential and 
widely utilized building materials in recent years, and it is 
expected to continue to be so. Though, the manufacturing 
procedure of concrete is usually related with the extensive 
use of raw materials derived from natural resources, the 
release of carbon dioxide as a result of the large-scale manu-
facture of ordinary Portland cement (OPC) and the consum-
ing of a large amount of electricity (power), all of which 
contribute to a variety of problems pertaining to the nature 
and the advancement of human civilization (Majhi et al., 
2020). Sustainable development might be accomplished 
via the reduction of the use of environmental assets and the 
optimal usage of diverse industrial wastes in the produc-
tion of various kinds of building materials. Expenses for 
materials and construction, eco-friendly and the ensuring 
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the preservation of environmental assets for the benefit 
of forthcoming generations are all key issues to consider 
when designing a sustainable building project, according to 
experts (Mehra et al., 2016). This may be achieved using a 
variety of waste items into building projects, such as RCA, 
fly ash, coal bottom ash, slag, wheat straw ash and among 
others (Ahmad et al., 2021b; Dinakar et al., 2013; Huang 
et al., 2017; Nassar & Soroushian, 2012; Surya Tejaswini 
& Venkateswara Rao, 2020). Concrete, the most exten-
sively used building material, is not typically recognized 
as an environmentally eco-friendly. The massive expansion 
in the use of concrete in different building activities over 
the last several years has resulted in a number of issues, 
including the depletion of environmental assets, the rise in 
concentrations of air pollutants and the development of a 
large quantity of trash aggregates, which are the primary 
constituent of concrete, are generally obtained from min-
ing of different natural resources. The huge improvement in 
concrete manufacturing now taking place around the globe 
is having a substantial influence on the availability of natural 
aggregates. Therefore, several regions around the world have 
been experiencing a severe deficiency of natural aggregates. 
As a result, the price of construction has increased by a fac-
tor of several hundred.

However, construction and destruction (CD) wastes 
account for a significant part of worldwide solid waste crea-
tion with the majority of this waste being utilized for fill-
ing purposes. The disposal of CD wastes in landfills which 
primarily pollutes the soil and water. The fast expansion of 
industrial sectors has also resulted in a massive build-up 
of the end goods produced by those industries. To address 
the aforementioned issues, recycling of waste materials 
created during building and demolition activities, as well 
as the exploitation of industrial waste as an alternative for 
natural raw materials in the creation of innovative construc-
tion materials, may be viable options. The use of recycled 
coarse aggregates may be helpful in this respect which are 
produced after a series of operations (screening, crushing 
and sieving) are performed on the scraps of leftover concrete 
that were gathered from the construction site may be use-
fully substituted for natural coarse aggregates in a variety of 
applications (Behera et al., 2014; Kisku et al., 2017). RCA 
is created by crushing, sifting, and cleaning waste material 
from destroyed concrete, which is then used to make new 
concrete aggregate. By reducing the need for raw materials 
by extracting them from the earth, the use of recycled aggre-
gates (RA) also helps to mitigate the negative environmental 
consequences of construction projects. Natural aggregates 
account for 60–70% of the total volume of concrete, with 
the remaining 30–40% consisting of mortar. Roughly recy-
cled concrete aggregate (RCA) is formed by destroyed old 
constructions and eliminated or destroyed infrastructure 
such as dams, bridge canal and pavement, etc. These are the 

most significant source of recycled aggregate concrete in 
the environment (Anderson et al., 2009). The extra concrete 
that was returned to the ready-mixed facility was added to 
the waste concrete from the demolition project [11] are also 
a significant source of RCA.

Numerous research have been conducted to determine 
how recycled aggregate concrete (RAC) behaves in con-
crete production (Arabi et al., 2019; Kisku et al., 2017; 
Kurad et al., 2017). The characteristics of the parent con-
crete have an impact on the flexural strength and other 
RCA parameters, the workability of the concrete, the 
amount of the mix, and other factors (Berndt, 2009). Com-
paring the mechanical and durability performance of RCA 
to that of natural aggregate concrete, the performance of 
RCA is much worse. The inferior performance of RCA 
might be improved by partially addition of pozzolanic 
materials into the concrete. RCA permeability is reduced 
as a result of micro filling the pores of the RCA porous 
microstructure, which increases the longevity of the RCA 
(Xie et al., 2015). Because of the addition of RCA to con-
crete results less workable concrete. As a result of the 
physical characteristics of RCA particles i.e., angular and 
porous, as well as significantly rougher than the natural 
aggregate. In particular, the irregular particles of RCA 
decreased the flowability of the concrete and increased the 
harshness of the mix. Moreover, the inadequate particle 
size distribution of recycled aggregate led to the reduc-
tion in the flowability of concrete (Safiuddin et al., 2011). 
Research revealed that the mechanical strength such com-
pressive and split tensile strength decreased with substitu-
tion of RCA in concrete. However, the performance can 
be improved with addition of steel fiber of GGBS (Ahmad 
et al., 2021a). The inadequate bond between the RCA and 
the fresh cement paste is the cause of the lower strength 
when using RCA. Contrarily, according to the results of 
one study, RCA had no substantial detrimental impact on 
the compressive capacity of concrete. Except for the con-
crete containing 100% RCA, the compressive strength of 
the concretes with and without RCA was identical. The 
concrete with 100% recycled concrete aggregate shows 
compressive capacity lower than reference concrete, par-
ticularly after 28 days of curing treatment. However, the 
drop in 28-day compressive capacity seen in the current 
research was just 12.2% when compared to the control 
concrete (Safiuddin et al., 2011). Despite the fact that recy-
cled concrete aggregate was inferior to natural aggregate 
owing to the permeable side generated by the adhesion of 
cement paste, it did not considerably reduce the compres-
sive capacity of the concrete mixture. As a result of the 
presence of rough RCA, the interfacial bonding between 
the aggregate and the mortar is stronger (Tabsh & Abdel-
fatah, 2009). A drop in the elastic modulus occurred when 
recycled aggregate concrete was employed as a fractional 
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