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Abstract

Recycled concrete aggregates are one of the most important supplementary building
materials used in the production of "green concrete" or recycled aggregate concrete. They
are collected from construction and demolition trash, which decreases construction
industry waste (RAC). By size, aggregates are divided into coarse and fine aggregate.
Focus of research is on the replacement of coarse aggregate in concrete using coarse
recycled concrete aggregate (CRCA). It is vital to provide a major overview on the main

developments and advancements in the characterization of CRCA and

in the

comprehension of the behaviour of concrete containing this, taking into account its varied
attributes such as freshness, hardness, and durability. Because of the weak attached
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Importance of Coarse Recycled Concrete Aggregates as Alternative Construction Materials

mortar present on its surface, CRCA's performance in all areas falls as the replacement
percentage rises. Different treatments such as washing and drying of aggregate, changed
mixing sequences, carbonation, slurry and microbiological treatments, CO2
mineralization and air jigging process can mitigate the negative effects of CRCA in the
concrete. This study discusses the issues raised by the widespread use of CRCA on
concrete and the effectiveness of the numerous treatment solutions that are now available
in the industry.

1. Introduction

Increased levels of construction demolition waste (CDW) have a
number of negative effects on the environment, including resource
depletion, landfill exhaustion, air pollution, noise pollution, and water
pollution. In order to address this, numerous years of research have been
put into finding new uses for leftover concrete. Concrete crushers are used
to create the coarse recycled aggregates, depending on the aggregate size.
This article analyzes earlier research on using waste concrete as coarse
aggregates, also known as coarse recycled concrete aggregates (CRCA), in
place of natural coarse in a variety of applications, including the
production of concrete. Concert that consists of recycled concrete is
termed as recycled aggregate concrete. Although extensive research on
CRCA over the years, its use is still somewhat restricted, especially when
it comes to structural and high-grade concrete because of the presence of
old attached mortar that has been glued to the surface of aggregates.
CRCA is more porous than natural coarse aggregates (NCA) because of
the high proportion of pore spaces and the micro structure produced by the
attached mortar on the interface (and occasionally in the inter facial
transition zone (ITZ2)).

Previous research have shown that CRCA's properties can be enhanced
using a variety of techniques, including treating recycled aggregate to
increase performance and enhancing the binder by fortifying the attached
mortar. The extensive reviews and analyses of a few published sources for
the maximal replacement of CRCA by NA in structural concrete are
presented in this work, along with suggestions to help direct future
research. This study examined findings from the preceding two decades
that shows how switching from NCA to CRCA considerably affects
certain properties.
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2. Previous Studies on CRCA and Their Value Addition

2.1 Studies on Properties of CRCA

The impact of Coarse Recycled Concrete Aggregates (CRCA) on green
concrete was studied by [1]. According to this investigation, the values for
specific gravity and water absorption are 5.23 and 2.03, respectively.
According to the studies in [2] and [3], CRCA has a specific gravity that is
lower than NCA and ranges between 2.2 and 2.6 under saturated surface
dry conditions.

According to [4]’s examination of the durability and strength of
recycled aggregate concrete using milled gas as a partial cement
replacement, they found that CRCA had a water absorption rate of 4.23%.
Different studies on RCA were conducted by [5] , [6] and [7], who also
detailed the water absorption characteristics of CRCA and reported that
the value is very large compared to the NCA. When compared to NCA,
CRCA has a much larger capacity to absorb water because of the attached
mortar material that is present on its surface. When concrete is hydrated
with water, the water droplets are absorbed by the mortar holding the
concrete together instead of settling on the surface of the particles [8].

According to investigations by [1] and [2], the bulk density (kg/m®)
likewise exhibits a lower value than NCA.

According to a study by [9], the ability of concrete to absorb CO2 is
significantly influenced by the water content of the mix. These values are
impacted by natural carbonation, which depends on the RCA types. The
amount of carbonated portlandite present, the effect of RCA's size on gas-
to-RCA physical interactions, and the increase in CO2 diffusion at the
surface of RCA all have an effect on the amount of carbon dioxide that
CRCA can absorb.

2.2 The Impact of CRCA on Fresh Concrete

Considering the investigation by [10], they conducted experiments
showing that the slump value falls as the percentage addition of CRCA
rises. The use of CRCA in concrete is unlikely to achieve the attribute of
fresh concrete, as workability is the primary characteristic of fresh
concrete. According to [11] the air volume gain from recycled coarse

53



Importance of Coarse Recycled Concrete Aggregates as Alternative Construction Materials

aggregate increased by 1.1% to 1.7% at 100% replacement but was
negligible up to a replacement rate of 60%. A replacement rate of 60%
was adequate for the recycled coarse material during the slump tests. The
slump values and consistency of freshly produced concrete decrease if the
CRCA replacement rate reaches 60%. Due to CRCA's very high water
absorption capacity compared to NCA, 5-10% more water was needed for
CRCA to achieve a similar level of workability [5].

According to the study by [12] the use of CRCA has virtually no impact
on the amount of trapped air in freshly prepared concrete. In fact, some
tests have shown a very small increase in the amount of trapped air, up to
1%, which is negligible. The bulk density of concrete having Coarse and
Fine Recycled Concrete Aggregate was discovered to be 5% to 10% lower
than that of concrete made with natural aggregates. However, concretes
having CRCA and fine natural aggregates have a 1% to 5% lower bulk
density. The bulk density of new concrete falls as the percentage of
recycled aggregate increases in the component aggregate.

The particles in recycled aggregates have a high water absorption rate
because of the heterogeneous components in them. Recycled aggregate's
less desirable grain form and texture have a detrimental effect on
consistency and negatively affect the flow ability of the concrete mixture.
The method used to enhance the recycled aggregate's properties before it
is combined with the concrete has significant effects on its desired
characteristics.

The slump cone test was used in the study by [13], to assess the
workability of concrete, and the findings of the experiment showed that
the RCA substitution had a considerable impact on the concrete's
workability .The resulting concrete, made entirely of untreated recycled
aggregate, had a 33-mm slump and was reasonably stiff. The lower
workability of RCA is a result of its higher water absorption.

Due to the rough texture of CRCA, RAC demonstrated a larger initial
strength growth than NAC, according to [1]. The modest growth rate was
lower than NAC.
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2.3 Treatments to Improve Fresh Concrete Properties of CRCA

As per [14], for CRCA of 20mm size, the Los Angeles Abrasion
(L.A)) treatment, the sodium silicate treatment, and, to a lesser extent, the
cement-silica fume treatment were performed. Concrete made with treated
recycled aggregates showed much less absorption of water at the larger
aggregate size (20 mm) compared to concrete having untreated recycled
aggregates of the same size. The LA treatment was the first to obtain the
best water absorption performance, and it was subsequently followed by
treatments using sodium silicate solutions and cement-silica fume slurries
[15]. This considerably strengthened the porous mortar that was sticking.
Although the apparent specific gravity of treated aggregate did not vary
much, treated aggregate had a lower water absorption rate than untreated
CRCA.
According to [16], the use of high range super plasticisers in place of
suitable mineral admixtures and aggregate washing can reduce CRCA
water absorption. Polymer treatments, according to [17], reduce the water
absorption trait of CRCA. This demonstrates how the pore network has
developed a polymeric layer and makes it possible for the capacity to
absorb water to be significantly reduced. The produced film is effective
and alkali-resistant. The amount of polymer-based treatment needed to
decrease aggregate's affinity for water. It is extremely beneficial for the
ability to hold onto water. Polymer-impregnated-based Recycled Concrete
Aggregate (PI-RCA) will be put to the test to see how effectively it
maintains the strength of freshly produced concrete.

The properties of the zone around the aggregates (ITZ) may be
enhanced when RCA is acid-treated and added to freshly cast concrete
using RCA as a base. The micro cracks in this were well responsive to
acid therapy, according to the research [18]. These transition zones are
more affected on the mortar side by acetic acid treatment than on the other
sides. It was also determined that numerous techniques could be used to
enhance the properties of RAC's fresh concrete, including chemical
treatment, mechanical grinding, carbonation and wrapping, carbonation
and calcium meta silicate slurry, warm mix asphalt and hydrated lime,
CO2 curing techniques, waste oil and asphalt emulsion, super plasticizers,
bio-deposition approach, polymer solution, and silane-based water
repellent.
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2.4 The Effect of CRCA on Concrete's Hardened & Durability
Characteristics

As per [19], the hardened properties and long-term characteristics of

concrete were examined using recycled aggregates of varying sizes and
compositions. They concluded that substitution of NCA with 25% CRCA
reduces 5% elastic modulus and 8% flexural strength. While it increases
water absorption by 4% and 70-day drying shrinkage by 12%. So, it is
evident that the hardened properties and long-term characteristics of NCA
with 25% CRCA are almost similar to but slightly lesser than those of
NCA concrete with the same target compressive strength.
In the experimental investigation [20], CRCA was used in place of NCA
at 0%, 30%, 50%, 70%, and 100% to determine the hardened properties
and long-term characteristics of five different concrete mixes. The
findings demonstrated that concrete with replacement percentages of 0%
and 30% has substantially equivalent mechanical and durability
characteristics to NAC. Concrete may lose some of its bond strength,
sorptivity, chloride penetration, absorption, permeability, and compressive
strength when an addition exceeds 30%.

After the study conducted by [21], determined the behaviour of RAC in
normal strength and high strength concrete. The normalized bond
strengths of concrete were highest for normal-strength concrete and lowest
for high-strength concrete for levels exceeding 25% RCA replacement.
[22] conducted an investigation on two distinct concrete mixes. FRCA
(Fine Recycled Concrete Aggregate) was used as the fine aggregate in the
first mix, which was made with 100% NCA, and FRCA and 100% CRCA
were combined to create the second mix. Two distinct mixes were
examined to determine it's strengths against compressive load, flexural
load and tensile load; fresh concrete characteristics (workability and
density), and durability characteristics (water permeability and
carbonation). Except for the 90-day strength against compressive load of
concrete mixed with 30% FRCA, the properties of RAC were inferior to
those of NAC The performance discrepancy between NAC and RAC does,
however, narrow as the curing age is raised. The properties of the concrete
were more influenced by the density of RCA than by the water absorption.
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The water permeability of recycled concrete was significantly affected by
the addition of RCA, which was then impacted by the compressive
strength and carbonation level of the concrete.

Total porosity is reduced and the pore structure is improved with less
than 25% of CRCA alone or in combination with FRCA. However, the
properties decrease as replacement levels rise. According to the study, the
splitting tensile strength is increased by the CRCA replacement ratio.
Flexural strength is comparable between Conventional Concrete and RAC
when using less than 75% replacement [23].

2.5 The Effect of CRCA on Microstructural Properties of Concrete
[24] studied the microstructural properties of RAC using a scanning

electron microscope (SEM). They discovered that the addition of Recycled
concrete coarse and fine aggregates to self-compacting concrete (SCC)
had a negative impact on the mix's microscopic structure, which leads to
poorer mechanical properties. The integrity of SCC mixes is enhanced by
the inclusion of microsilica, which densifies the pore structure. According
to [22], SEM analysis of concretes created with FRCA and CRCA showed
significant amounts of macro pores and micro cracks. The study found that
for FRCA amounts of 60% and 100%, CRAC has a compact
microstructure, whereas at 30% FRCA content, the opposite occurs.

In the study [25], presoaked CRCA underwent an accelerated
carbonation process. They performed mechanical testing on the concrete,
such as compressive, splitting tensile, and flexural strength tests, and
micro-property tests, such as Vickers micro-hardness (VMH), X-ray
diffraction, and scanning electron microscope-energy dispersive
spectroscopy (SEM-EDS). The findings demonstrated that calcite had
been inserted into the old mortar (OM) and ITZ pores in the CRCA,
improving the CRCA's characteristics.

2.6 Treatments to Enhance Coarse Recycled Aggregate Concrete’s
Hardened and Durability Characteristics (CRAC)
[10] performed tests on washed CRCA to evaluate the characteristics of

CRAC and came to the conclusion that after washing, properties improve
as a result of the elimination of weak and porous adhering mortar. After
being exposed to carbon dioxide for 28 days, concrete employing natural
and washed CRCA showed no signs of carbonation. When 100% of
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washed CRCA is replaced by NCA, Rapid Chloride Penetration Test
(RCPT) results reveal a modest level of concrete permeability.

According to the study by [16], the techniques used to lower the
detrimental effects of deformation in CRAC are as follows: TSMA (two-
stage mixing approach); (ii) application of high-range superplasticizers;
and (iii) substitution of suitable mineral admixtures. The hardened and
long span charecteristics of CRAC were enhanced by adopting the EMV
(Equivalent Mortar VVolume) approach along with TSMA, which makes
the ITZ of concrete denser and lowers the overall porosity.

According to [26], one sort of thorough treatment approach for mortar
removal and reinforcing is an acetic acid solution. The external
reinforcement of the RAC structure using fibre and gel materials was done
in order to fill the microstructural cracks and pores and to improve the
shrinkage resistance of the RAC. Fibre-reinforced polymer materials have
the potential to considerably improve a structure's hardening properties.

Structural concretes with a typical strength of 30 MPa and the ability to
linearly lower global warming potential, according to [23]. [27] asserts
that the resistance to compression load, flexural load and tensile load of
RAC made from superior CRCA concretes with strengths greater than 50
MPa remain unaffected. We can infer that the strength of the original
concrete affects the properties of RAC. RAC with reduced elastic modulus
and inferior hardened properties is produced from low to moderate
strength primary or original concrete. According to [28], air jigging
process promoted a reduction in the amount of mortar and ceramics in
RCA and increased the amount of rock in RCA thus reduced water
absorption, and increased the resistance to compression load of concrete.

Particle shaping will enhance the long span properties of RAC and the
quality of CRCA, as claimed [29].To improve the properties of concrete,
the old adherent mortar of the CRCA needs to be removed and improved.
The durability can be increased by carbonation treatment of CRCA,
adopting an efficient mixing method for the RAC mixture, grading the
CRCA, and adding nanomaterial.
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Methods for improving Properties of CRAC
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Increase the workability of fresh CRAC

Fig. 1. Methods of improving the properties of CRCA
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3. Conclusion

There have been numerous studies done on the use of CRCA, and
many more are under way. The paper analyses research done on
concrete-based CRCA characteristics. Prior research's experimental
findings were examined in order to utilise recycled coarse aggregates
in concrete manufacturing. The outcomes of the research are as
follows:

The origin of RCA and quality control have been determined to be
important aspects in determining the quality of concrete made from
recycled aggregates, according to numerous studies. However, more
investigation is required to evaluate the effectiveness of RCA
treatment techniques and to ascertain the overall performance of
concrete generated from C&D waste.

The fresh, hardened, and durability properties of concrete decreased
with each percentage addition of CRCA in place of NCA. The
fundamental cause of the increased water absorption and consequently
greatly diminished workability of CRCA is the attached mortar that is
present in the recycled aggregates.Many techniques are available to
improve the quality of CRCA such as:

» washing and drying of CRCA,

» changed mixing sequences,

»  carbonation, slurry & microbiological treatments,

» CO2 mineralization,

»  airjigging.

The best design strength for recycled aggregate concrete that is used as
structural concrete is 30 MPa. The majority of research advised
substituting NCA with CRCA in structural concrete up to 30% without
jeopardising its hardness and durability properties.

It is possible to add high range super plasticizers in the concrete to
achieve workability while reducing the high water absorption features
of CRCA.

Less dense concrete has a higher parent concrete grade. Due to the
rich adhering mortar's higher absorption, the water absorption
increased along with the parent concrete's enhanced richness.
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e The use of RCA for High performance concrete and high strength
concrete was investigated with the addition of mineral admixtures,
thermo-mechanical treatment of the RCA, and other procedures, and
yielded successful results.

¢ Since the microstructural properties show the compactness of concrete,
they directly indicate its strength. The densification of the pore
structure of RAC can be achieved by accelerated carbon treatment of
CRAC and the addition of polymers and fibres to concrete.

The review study makes it abundantly evident that recycled concrete
aggregate may be utilised to produce sustainable concrete. However, more
investigation is required to apply RCA outside of the lab.

References

[1]

[2]

[3]

[4]

[5]

M. Shahria Alam, E. Slater, and A. H. M. Muntasir Billah, “Green
Concrete Made with RCA and FRP Scrap Aggregate: Fresh and
Hardened Properties,” J. Mater. Civ. Eng., vol. 25, no. 12, pp.
1783-1794, 2013.
https://doi.org/10.1061/(asce)mt.1943-5533.0000742.

A. Katz, “Properties of concrete made with recycled aggregate from
partially hydrated old concrete,” Cem. Concr. Res., vol. 33, pp.
703-711, 2003, https://doi.org/10.1016/S0008-8846 (02) 01033-5.
M. C. Limbachiya, T. Leelawat, and R. K. Dhir, “Use of recycled
concrete aggregate in high-strength concrete,” Mater. Struct.
Constr., vol. 33, no. 9, pp. 574-580, 2000.
https://doi.org/10.1007/bf02480538.

R. U. D. Nassar and P. Soroushian, “Strength and durability of
recycled aggregate concrete containing milled glass as partial
replacement for cement,” Constr. Build. Mater., vol. 29, pp. 368—
377, 2012. https://doi.org/10.1016/j.conbuildmat.2011.10.061.

M. B. Leite, J. G. L. Figueire Do Filho, and P. R. L. Lima,
“Workability study of concretes made with recycled mortar
aggregate,” Mater. Struct. Constr., vol. 46, no. 10, pp. 1765-1778,
2013. https://doi.org/10.1617/s11527-012-0010-4.

61



Importance of Coarse Recycled Concrete Aggregates as Alternative Construction Materials

[6] K. Seps, J. Fladr, and I. Broukalovd, “Resistance of Recycled
Aggregate Concrete to Freeze-thaw and Deicing Salts,” Procedia
Eng., vol. 151, pp. 329-336, 2016.
https://doi.org/10.1016/j.proeng.2016.07.367.

[7] C.S. Poon, Z. H. Shui, L. Lam, H. Fok, and S. C. Kou, “Influence
of moisture states of natural and recycled aggregates on the slump
and compressive strength of concrete,” Cem. Concr. Res., 34(1) pp.
31-36, 2004. https://doi.org/10.1016/S0008-8846(03)00186-8.

[8] A-A. E. Yahya and J.M.Irwan, “Reuse the concrete waste to
replace Coarse Aggregate: A Review.” Recent Trends in Civil
Engineering and Built Environment, 3(1), 1810-1819.

[9] M. Sereng, A. Djerbi, O. Omikrine Metalssi, P. Dangla, and J. M.
Torrenti, “Accelerated carbonation of recycled concrete
aggregates,” fib Symp., no. 1, pp. 238-245, 2020.
https://doi.org/10.1016/j.jcou.2022.101885

[LO] N. Jain, M. Garg, and A. K. Minocha, “Green Concrete from
Sustainable Recycled Coarse Aggregates: Mechanical and
Durability Properties,” J. Waste Manag., vol. 2015, pp. 1-8, 2015,
https://doi.org/10.1155/2015/281043.

[11]J. H. Kim, J. H. Sung, C. S. Jeon, S. H. Lee, and H. S. Kim, “A
study on the properties of recycled aggregate concrete and its
production facilities,” Appl. Sci., vol. 9, no. 9, 2019.
https://doi.org/10.3390/app9091935.

[12] M. Malesev, V. Radonjanin, G. Broceta, “Mechanical properties of
recycled aggregate concrete,” ARPN J. Eng. Appl. Sci., 11(19), pp.
11233-11238, 2016. https://doi.org/10.1201/9781482267075-14.

[13] P. Saravanakumar, D. Manoj and S. Jagan, “Properties of concrete
having treated recycled coarse aggregate and slag,” Rev. la Constr.,
20(2), pp. 249-258, 2021. https://doi.org/10.7764/RDLC.20.2.249.

[14] A. S. Algarni, H. Abbas, K. M. Al-Shwikh and Y. A. Al-Salloum,
“Treatment of recycled concrete aggregate to enhance concrete
performance,” Constr. Build. Mater., vol. 307, p. 124960, 2021,
https://doi.org/10.1016/j.conbuildmat.2021.124960.

62



Anasna Kareem and Dipak Kumar Sahoo

[15] B. J. Odero, R. N. Mutuku, T. Nyomboi, and Z. A. Gariy,
“Contribution of Surface Treatment on Physical and Mechanical
Properties of Recycled Concrete Aggregates,” vol. 2022, 2022.

[16] V. W. Y. Tam, M. Soomro, A. C. J. Evangelista, and A. Haddad,
“Deformation and permeability of recycled aggregate concrete - A
comprehensive review,” J. Build. Eng., vol. 44, p. 103393, 2021,
https://doi.org/10.1016/j.jobe.2021.103393.

[17]1 V. Spaeth and A. Djerbi Tegguer, “Improvement of recycled
concrete aggregate properties by polymer treatments,” Int. J.
Sustain. Built Environ., vol. 2, no. 2, pp. 143-152, 2013.
https://doi.org/10.1016/j.ijsbe.2014.03.003.

[18]J. Vengadesh Marshall Raman and V. Ramasamy, “Various
treatment techniques involved to enhance the recycled coarse
aggregate in concrete: A review,” Mater. Today Proc., vol. 45, pp.
63566363, 2020, https://doi.org/10.1016/j.matpr.2020.10.935.

[19] T. Ozbakkaloglu, A. Gholampour, and T. Xie, “Mechanical and
Durability Properties of Recycled Aggregate Concrete : Effect of
Mechanical and Durability Properties of Recycled Aggregate
Concrete : Effect of Recycled Aggregate Properties and Content,”
2017, https://doi.org/10.1061/(ASCE)MT.1943-5533.0002142.

[20] W. Mahmood, A. Khan, and T. Ayub, “Mechanical and Durability
Properties of Concrete Containing Recycled Concrete Aggregates,”
Iran. J. Sci. Technol. Trans. Civ. Eng., no. June, 2021.
https://doi.org/10.1007/s40996-021-00692-X.

[21] M. J. R. Prince and B. Singh, “Bond behaviour of normal- and high-
strength recycled aggregate concrete,” 1, pp. 5670, 2015.
https://doi.org/10.1002/suc0.201300101.

[22] R. Singh, D. Nayak, A. Pandey, R. Kumar, and V. Kumar, “Effects
of recycled fine aggregates on properties of concrete containing
natural or recycled coarse aggregates: A comparative study,” J.
Build. Eng., vol. 45, no. May 2021, p. 103442, 2022,
https://doi.org/10.1016/j.jobe.2021.103442.

[23] P. Plaza, I. F. Saez, M. Frias, M. I. S. De Rojas, and C. Medina,
“Use of recycled coarse and fine aggregates in structural eco-

63



Importance of Coarse Recycled Concrete Aggregates as Alternative Construction Materials

concretes . Physical and mechanical properties and CO 2
emissions,” Constr. Build. Mater., vol. 285, p. 122926, 2021,
https://doi.org/10.1016/j.conbuildmat.2021.122926.

[24] N. Bahrami, M. Zohrabi, S. Ali, and M. Akbari, “Optimum recycled
concrete aggregate and micro-silica content in self-compacting
concrete : Rheological , mechanical and microstructural properties,”
J. Build. Eng., vol. 31, no. March, p. 101361, 2020,
https://doi.org/10.1016/j.jobe.2020.101361.

[25]J. U. N. Wu, Y. Ding, P. Xu, M. Zhang, M. Guo, and S. Guo,
“Effects of Carbonated Recycled Concrete Aggregates on the
Mechanical Properties Of Concrete and the Micro-Properties Of
The Interfacial Transition Zone,” vol. 66, no. 1, pp. 113-127, 2022,
https://doi.org/10.13168/cs.2022.0006.

[26] Y. Zheng, Y. Zhang, and P. Zhang, “Methods for improving the
durability of recycled aggregate concrete : A review,” J. Mater. Res.
Technol., vol. 15, pp. 6367-6386, 2021.
https://doi.org/10.1016/j.jmrt.2021.11.085.

[271E. A. Ohemeng, S. O. Ekolu, and H. Quainoo, “Models for
predicting strength properties of recycled concretes made with non-
treated CRCAs: Empirical approach,” Constr. Build. Mater., vol.
307, no. August, p. 124585, 2021.
https://doi.org/10.1016/j.conbuildmat.2021.124585.

[28] G. N. Malysz et al., “Natural and Accelerated Carbonation in
Concrete Associated with Recycled Coarse Aggregate Treated by
Air  Jigging  Technology,” vol. 34, mno. 7, 2022,
https://doi.org/10.1061/(ASCE)MT.1943-5533.0004276.

[29] Z. Ma, Q. Tang, D. Yang and G. Ba, “Durability Studies on the
Recycled Aggregate Concrete in China over the Past Decade: A
Review,” Adv. Civ. Eng. 2019.
https://doi.org/10.1155/2019/4073130.

[30] H. Guo, C. Shi, X. Guan, J. Zhu, Y. Ding and T. Ling, “Durability
of recycled aggregate concrete - A review,” Cem. Concr. Compos.,
vol. 89, pp. 251-259, 2018.
https://doi.org/10.1016/j.cemconcomp.2018.03.008.

64



