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Abstract: This paper discussed the recycled aggregates produced from construction and demolition waste and their
utilization in concrete construction. Along with a brief overview of the engineering properties of recycled
aggregates, the paper also summarizes the effect and use of recycled aggregates on the properties of fresh and
hardened concrete. The recycled aggregates were treated with epoxy resin to reduce the water absorptions with
different percentages of resin such as 0%, 25%, 50%, 75%, and 100%. Epoxy resin is widely used in recent years
owing to the enhancing of mechanical and durability of the concrete. This research also showed, recycled
aggregate concrete are close proximity to normal concrete in terms of split tensile strength, compression strength
and wet density. The low usage of resin was obtained good strength concrete compared to high percentage
contained treated aggregates due to low bonding between material.
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1. Introduction

Using the waste concrete construction as aggregates to produce the new recycled concrete is an important
development direction in construction materials and for environmental protection (Pepe et al. 2016; Pandurangan et al.
2016; Shahidan et al. 2013; Md Nor et al. 2011; Kudus et al. 2012; Shahidan et al. 2011; Shahidan et al. 2017).
According to Silva et. al., (2018), 2008 European legislation in Directive 2008/98/EC aims that by 2020 a minimum of
70% by weight of all non-hazardous and non-natural construction and demolition waste (CDW) should be reuse and
recycled (Silva, de Brito & Dhir, 2018). Whereas, in Hong Kong, 37,000 tonnes of CDW were produced daily, hence
the government adopted a policy to support any innovative programmes that promotes the use of recycled aggregates
(Poon et al. 2004). Extensive researches had been done regarding recycled aggregates, however, practitioners still
unsure due to several reasons such as limited existing standards and specification regarding the effects of recycled
aggregates on the performance of concrete (Silva, de Brito & Dhir, 2018: Tam, Soomro & Evangelista, 2018).

Recycled aggregates are normally having high water absorption rate as compared to natural aggregate (Knaack &
Kurama, 2012: Barbuta, Harja & Baaran, 2010; Qasrawi, Marie & Tantawi, 2013; Ramlan et al., 2020). In some cases,
the used of plasticizer is needed in order to increase the workability of the concrete mixed containing recycled
aggregates (Ahmad, Tech & Singh, 2016). Matias et al. (2013) added high performance super plasticizer in concrete
mixes with 25% and 100% replacement ratio and it was observed that slump increased about 7.31% and 25.80%,
respectively. In addition, by adding water repellent agent such as saline increased slump of recycled aggregates
concrete up to 75% (Zhu et al. 2013).
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Moisture content of recycled aggregates may also have an effect on the concrete strength properties (Hansen &
Hedegard, 1984; Wan lbrahim et al. 2014; Ali et al. 2016; Buck, 1977; Abdul Rahim et al. 2014). The effect of
moisture content of recycled aggregates on fresh and hardened concrete is similar to the effect of moisture content
natural aggregates (Shahidan, Isham & Jamaluddin, 2016). Based on review by Silva, de Brito & Dhir (2018), there
were two methods that can be used in order to achieve equivalent workability levels as natural aggregates, i.e., the pre-
saturation approach and water compensation during mix. The letter showed much better track history. However, there
were some issues regarding this method since the water absorption rate depends on recycled aggregates absorption
capacity and size. The inability of recycled aggregates to absorb water faster will lead to initial slump levels that
equivalent to control concrete. As the recycled aggregates absorb more water with time, the workability will also
reduce with time Silva, de Brito & Dhir (2018). Beltran et al. (2014) conducted a study where with increment of
recycled aggregates, certain amount of cement was added into the mix in order to obtain equivalent slumps and
compressive strength. For 100% replacement of recycled aggregates, 12% more cement was added to maintain the
slumps and compressive strength. Even though extra cement can cater for the decrement in workability and
compressive strength caused by increased percentage of recycled aggregates, extra cement leads to less economic and
environmental friendly approach.

Density depends on the type of aggregates grade used, the moisture content and the mix proportions (Shahidan et
al. 2011). The density of recycled aggregates was observed to be lower than natural aggregates (Kou & Poon, 2009).
The difference between recycled aggregates and natural aggregates is the presence of adhered mortar. Therefore, low
density in recycled aggregates were contributed by low specific gravity of mortar that adhered on the surface of these
aggregates (Kou & Poon, 2009). According to Wagih et al. (2013), recycled aggregates possess low density due to its
high porosity than natural aggregates. Again, high porosity of recycled aggregates concrete can be attributed to the
presence of adhered mortar.

In a review by Kisku et al. (2017), compressive strength of recycled aggregates concrete with similar water-cement
ratio (c/w ratio) decreased with increased percentage of recycled aggregates replacement. In general, the percentages of
decrement is around 10% of compressive strength of concrete with natural aggregates. However, some researcher
reported that the compressive strength of recycled aggregates concrete remains unaffected or slightly increased for
replacement up to 25% Kisku et al. (2017). This due to good grading of recycled aggregates. It was also reported that
100% replacement of recycled aggregates lead to 50% increase in standard deviation of the samples. And this can be
attributed to heterogeneity nature of recycled aggregates.

Split tensile strength of recycled aggregates depends on variety of factors such as percentage of replacement,
water-binder ratio, mixing methods, type of cement used in the mix, curing age and quality of recycled aggregates
Kisku et al. (2017). There were contradictory finding on tensile strength of recycled aggregates concrete as reported by
Kisku et al. (2017). The first one was tensile strength of recycled aggregates concrete were 6%, 10% and 40% less than
the tensile strength of normal concrete when the percentage of replacement were 25%, 50% and 100%. Contrary,
studies by Fonseca, de Brito & Evangelista, 2011 and Pereira, Evangelista & de Brito, 2012 reported that tensile
strength of recycled aggregates concrete remain the same and some even exceeded the tensile strength of normal
concrete when replacement of recycled aggregates were limited to not more than 30%. In addition, the tensile strength
improved as the curing age of recycled aggregates concrete increased. However, this only true for replacement up to
50% of recycled aggregates. Higher replacement ratio results in almost similar values of tensile strength (Fonseca, de
Brito & Evangelista, 2011).

Adhered mortar were one of the main problem when dealing with recycled aggregates. The presence of adhered
mortar was believed to be the main reason for strength reduction in recycled aggregates concrete (Saravanakumar,
Abhiram & Manoj, 2016). Furthermore, adhered mortar forms weak interfacial transition zone that leads to cracks in
concrete. In order to minimize the effect of adhered mortar, recycled aggregates needed to go through treatment.
According to Saravanakumar, Abhiram & Manoj, 2016, there were three type of treatment; (1) mechanical treatment
(i.e., ultrasonic cleaning, ball milling), (2) chemical treatment (i.e., presoaking recycled aggregates in acidic
environment) and (3) thermal treatment (i.e., heating the recycled aggregates). However, in recent years many research
studies on epoxy resin have been conducted. The researchers observed that epoxy resin enhanced the mechanical and
durability of the concrete (Tabatabaeian et al., 2019). In addition, Fernandez-Ruiz et al., (2018) observed that the
presence of epoxy resin improved bond, strength, impermeability, chemical resistance as well as durability of both
mortar and concrete.

Obijective of this research is to determine the fresh and hardened properties of recycled aggregates concrete and the
optimum percentage of resin treated recycled aggregates concrete.

2. Recycled Aggregates

Crushed aggregate from either demolition concrete or from hardened leftover concrete can be regarded as an
alternative coarse aggregate (Shahidan et al. 2016; Ramlan et al., 2020). The use of 100% recycled coarse aggregate in
concrete, unless carefully managed and controlled, is likely to have a negative influence on most concrete properties
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such as compressive strength, modulus of elasticity, shrinkage and creep, particularly for higher strength concrete (Rao
& Jha, 2007; Hansen & Narud, 1983).

The sources of material from which a recycled aggregate came are unknown and the variability and strength of the
recycled aggregate concrete (Ho et al. 2013; Vegas et al. 2015). Recycled aggregate concrete can be manufactured
using recycled aggregate at 100% coarse aggregate replacement where the parent concrete were processing of the
recycled aggregate and the manufacture of the recycled aggregate concrete are all closely controlled (Salleh, Mohd Sam
& Mohd Yatim, 2015). However as target strengths increased, the recycled aggregate can limit the strength, requiring a
reduction in recycled aggregate replacement (Sharma and Singla, 2014; Benge, Pena & Ortiz, 2010; Yaqub & Bukhari,
2007). Table 1 presented the physical properties of recycle aggregates.

Table 1 - Physical properties of recycled aggregates (Qasrawi, Marie & Tatawi, 2013)

Physical property Recycled aggregates concrete
Nominal Max.Size (mm) 20
Fineness modulus 6.79
Bulk Density (kg.m3) 1250
Saturated surface dry specific gravity 2.53
Oven-dry specific gravity 2.48
Porosity (vol. (%)) 5.03
Absorption (wt. (%)) 2.03
Moisture content (wt. (%)) 157
Angularity number 9.50
Aggregate impact value (wt. (%)) 12.7

A. Resin

Epoxy resin (Sika Floor 161-HC) is typically used in applications such as the aerospace industry and motor racing
to takes the higher end of the performance spectrum. Some epoxies are cured at ambient temperatures, thus giving a
reduction in production costs. Such epoxy resins are of particular interest in structural engineering applications, due to
their structural performance and durability (Qasrawi, Marie & Tantawi, 2013; Gamashta & Gumashta, 2006).

As mention previously, recycled aggregates possess high water absorption rate, therefore epoxy resin was used in
this research to coat the aggregates surface. Hence minimizing the water absorption and improved the workability of
concrete mixes. Table 2 shows the physical properties of epoxy resin used in this research.

Table 2 - Physical properties of epoxy resin (Sika Floor 161-HC)

Properties Epoxy
Viscosity at 250 (cP) 12,000 - 13,000
Density (g/cmd) 1.16

Heat distortion temperature (°C) 100
Elastic modulus (GPa) 5.0
Flexure strength (MPa) 60
Tensile strength (MPa) 73
Maximum elongation (%) 4

3. Laboratory Works

Treated recycled aggregates percentages used in this study were 0%, 25%, 50%, 75%, and 100%. Total of 75
samples with size 100mm x 100mm x 100mm (60 cubes) and 150mm x 200mm (15 cylinders) were prepared using
different percentage of resin. The samples were tested for 7 and 28 days (

Table 3). All the specimens were tested with fresh and hardened stated of concrete using splitting tensile test,

compressive strength and water absorption. A general understanding for the task involved was important and planning
of activities was done accordingly (ASTM C131, 2006; ASTM C496/C496 M, 2011; ASTM C33/C33 M, 2013).
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Table 3 - Number of sample tested

Percentage of treated Number of cube sample Number of cylinder sample
recycled aggregates (%0) 7 days 28 days 28 days
0 6 6 3
25 6 6 3
50 6 6 3
75 6 6 3
100 6 6 3

A. Recycled Aggregates Preparation

Concrete wastes were collected from laboratory. All the wastes were put into crushing machine to crush into small
pieces. Crushed concrete then sieved to maximum size of 20mm. the crushing machine was equipped with sieving
panels. The process of preparing the recycled aggregates is shown in Fig. 1.

(c) (d)
Fig. 1 - Recycle aggregates process: (a) Concrete wastes were transferred into machine; (b) Concrete wastes
were transferred by conveyer; (c) Crushing process; (d) Crushed aggregates were sieved

B. Recycled aggregates treatment

Recycled aggregates were treated using epoxy resin. The mix ratio of resin and hardener used was 4:1. The treated
aggregates were dried for 24 hours. The treatment process of recycled aggregates is shown Fig. 3.

Fig. 2 - Recycled Aggregates treatment : (a) Epoxy resin; (b) Ratio 4:1 used for resin and hardener; (c)
Resin and hardener were mixed together; (d)
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Fig. 3 - Recycled Aggregates treatment : (e) The soaked aggregates were putted in plastic; (f) Aggregates
leaved to dried for 24 hours. (Cont...)

4. Result and discussion

A. Slump test
Fig. 4 shows the slump test result. The slump were design to be in the range of 30 — 60mm. From Fig. 4 and

Table 4, the slump increased with percentages of treated recycled aggregates. The presence of epoxy resin that
coats the outer layer of recycled aggregates were able to prevent excessive absorption of free water during mixes.
However, epoxy resin alter the physical appearance of the recycled aggregates into smooth and angular surface.
Therefore, increment in percentage of recycled aggregates into the mixes leads to less friction between aggregates.
Thus, making the recycled aggregates slide easily during the slump test (high slump value). Nevertheless, the slump for
all mixes still fall within the designed range which is 30 — 60mm.
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Fig. 4 - Slump test results
Table 4 - Slump test result
Replacement percentages (%) Slump (mm)
0 40
25 40
50 45
75 50
100 55

B. Split tensile test
Fig. 5 and Table 5 show that the 25% of recycled aggregates has obtained highest tensile strength value of
2.14Mpa compared with others. As the percentages of replacement increased, tensile strength decreased. This can be
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associated with porous microstructure of recycled aggregates concrete that made the recycled aggregates concrete
breaks easily under small pressure. Hence, this finding supported findings by Fonseca, de Brito & Evangelista, (2011)
and Pereira, Evangelista & de Brito, (2012).
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Fig. 5 - Split tensile test results
Table 5 - Split tensile strength result
Replacement percentages (%6) 28 days average strength (MPa)
0 1.90
25 2.14
50 1.48
75 1.79
100 1.57

C. Compression test

Compressive strength was conducted by using Universal Testing machine (UTM) that was available at Faculty of
Civil and Environmental Engineering (FKAAS), UTHM (Fig. 7). In general, compressive strength of treated recycled
aggregates concrete decreased with increased replacement percentages. However, highest compressive strength is
38.8MPa for 25% of recycled aggregates replacement (Fig. 6 and Table 6). There is 10% decrement in compressive
strength when compared to control concrete. Treating the recycled aggregates with epoxy resin smoothen the surface of
the aggregates. It benefitted in preventing the aggregates from absorbing the free water. However, the smoothen surface
weakened the bond between aggregates thus reducing the compressive strength. Nevertheless, the compressive strength
of 25% recycled aggregates replacement still achieved targeted strength of 30MPa.

Control concrete had highest compressive strength due to better interfacial bond between aggregates and cement
paste. In addition, better interlocking of natural aggregates were obtain because of the angular shape of the aggregates.
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Fig. 6 - Compression test results

Table 6 - Compression test result

Replacement percentages (%6) 7 days (MPa) 28 days (MPa)
0 39.4 43.3
25 33.1 38.8
50 33.0 35.8
75 25.6 33.1
100 22.7 25.7

Fig. 7 - Compression test

D. Water absorption test

Fig. 8 and Table 7 indicated that control concrete obtained higher water absorption rate at 5.5% for 7 days
compared to recycled aggregates concrete. However, 100% recycled aggregates concrete obtained the lowest water
absorption at 1.4%. Generally, as the percentage of replacement increased the water absorption rate decreased. Hence,
epoxy resin successfully reduced the water absorption rate of recycled aggregates. All pores in recycled aggregates
concrete are completely filled with resin, therefore water absorption rate is lower compared to control concrete. Control

concrete absorb more water due to its porous surface.
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Fig. 8 - Water absorption test results
Table 7 - Water absorption result
Replacement percentage (%) 7 days (%0) 28 days (%)
0 55 6.0
25 4.0 5.5
50 3.1 5.0
75 2.3 4.6
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100 1.4 3.7

5. Conclusion

Based on the result of a slump test, it can be said that slump of recycled aggregates concrete increased with
increased percentages of recycled aggregates. However, the slump value was still in the designed range.

As for compression test, control concrete obtained compressive strength of 43.3MPa. Whereas, the highest
compressive strength achieved by recycled aggregates concrete is 38.8MPa with 25% replacement. This is due to
treating recycled aggregates with epoxy resin makes aggregates smoother which cause reduction of concrete material
bonding in concrete. Meanwhile control concrete have better interfacial bond between aggregate and cement paste that
caused high strength in compression test.

For the split tensile test, recycled aggregates concrete with 25% replacement obtained highest strength and even
exceeded the tensile strength of control concrete. This result is supported by many other researchers where 25%
replacement of recycled aggregates enhance the tensile strength of the concrete. However, further increment of recycled
aggregates seems to eliminate this effects.

Based on compressive and tensile strength test, it can be concluded that 25% replacement of recycled aggregates
are the optimum replacement percentage. Coating recycled aggregates with epoxy resin were able to prevent high water
absorption rate. However, the presence of epoxy resin did not alter the strength (compressive and tensile strength) of
the recycled aggregates concrete.
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