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Abstract. This paper discusses the recycling system for concrete needed 
due to environmental and resource preservation issues. Construction and 
demolition waste is one problem faced in the construction site. One feasible 
solution to overcome this problem is by utilizing construction and 
demolition waste as a recycled coarse aggregate (RCA). This study aims to 
observe concrete mechanical properties using RCA with surface treatment. 
Acrylic-based material is used to treat the surface of recycled coarse 
aggregate (RCA) by spraying it from two sides. It is found that the recycled 
aggregate with surface treatment may reduce water absorption from 7.96% 
to 2.96%. In addition, the concrete using RCA with surface treatment may 
improve the compressive strength, modulus of elasticity and split tensile 
strength. 

1 Introduction 

Sustainable development which is environmentally friendly and focuses mainly on 
environmental preservation has become a necessity in the construction field, including the 
utilization of construction and demolition waste. Construction and demolition waste is 
defined as solid waste generated from the construction, renovation, changing, or demolition 
processes of houses, institutional or government buildings, industrial buildings, and 
commercial facilities as well as other infrastructure such as roads, bridges, dams, tunnels, 
railways, and airports [1], some of which may be utilized as recycled coarse aggregate (RCA) 
[2]. RCA may also result from recycled concrete waste processes. RCA has been used as a 
low added-value utilization for applications including land reclamation, filling, sub-base road 
material, and concrete secondary products manufacturing [3]. However, with the advanced 
development of technology, recent waste management may result in recycled aggregate with 
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quality equal to the natural aggregate (NA). Thus, the potential of RCA as a structural 
element and for high added-value utilization has been rapidly growing [4]. 

The concrete made using recycled aggregate is called recycled aggregate concrete. There 
are some key factors and characteristics of recycled aggregate concrete compared to normal 
concrete. The recycled aggregate normally has a higher water absorption value and lower 
specific gravity than that of the normal aggregate [5]. The porosity of recycled aggregate is 
also much higher than that of natural aggregate [6]. RCA derived from recycled concrete 
waste has a higher water absorption value than NA since there are remaining mortar layers 
attached to the recycled aggregate which enable it to hold more water in its pores [7]. Shayan 
and Xu [8] found water absorption values of 0.5–1% for NA and 4–4.7% for RCA in the 
saturated surface dry condition, up to a difference of 4.2%. Other studies have shown similar 
differences in which RCA absorption was 5.6 and 4.9–5.2% compared to NA absorption of 
1.0 and 2.5% [9, 10]. 

This study aims at observing the mechanical properties of concrete utilizing RCA with 
surface treatment (ST). Tsujino et al. [11] argue that surface treatment on low and medium 
quality recycled aggregate may reduce water absorption. Some studies related to surface 
treatment on RCA have been previously conducted. Junak and Sicakova [12] have modified 
the surface properties of RCA using a geo-polymer material based on fly ash and conclude 
that RCA surface modification results in increased density and compressive strength and 
reduced total water absorption. It is observed that RCA pores were filled with the geo-
polymer slurry, making it difficult for water to penetrate the pores and consequently reducing 
the absorption rate. The study conducted by Spaeth and Tegguer [13] on the improvement of 
RCA properties with polymer treatments demonstrated a significant decrease in RCA water 
absorption. In addition, the polymer treatments appear to be appropriate on RCA. The 
experimental results conducted by Kukadia et al. [14] using three types of treatment under 
consideration for recycled aggregate: abrasion, cement slurry coating, and chemical 
immersion. The results show that recycled aggregate concrete compressive strength may be 
significantly improved, and the strength may reach up to 39.73 MPa which is considered 
sufficient for structural applications. 

2 Experimental work 

The materials used for the concrete mixtures include Portland Pozzolan Cement (PPC), a fine 
aggregate of sand taken from the Progo River, Yogyakarta, as well as a natural coarse 
aggregate taken from Clereng, Kulon Progro, Yogyakarta. The RCA (Figure 1) in the form 
of concrete waste was generated by the Building Structure and Material Laboratory of Atma 
Jaya University, Yogyakarta. The fine aggregate had a specific gravity of 2.63 with a fine 
modulus of 3.54. The natural course aggregate had a specific gravity of 2.57 with a fine 
modulus of 6.49. The RCA without surface treatment had a specific gravity of 2.34 with a 
water absorption value of 7.96%. Surface treatment was conducted on the recycled 
aggregate using acrylic material-based waterproofing with the trade brand Sikagard 800-
G (Figure 2), which is a polymer type regularly used for coating exposed concrete or 
natural stones. The surface treatment resulted in the RCA possessing a specific gravity of 
2.31 and water absorption value of 2.97%. 

The RCA used are classified as low quality. BSTx code is utilized to facilitate the  use 
of surface treated RCA in concrete, while BnSTx is a concrete using RCA without surface 
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treatment. Code x shows the quantity of RCA utilized as a natural aggregate substitute. 
This study used RCA proportions of 50% and 100% within the concrete mixture. The 
composition of materials needed per m3 concrete mixture are presented in Table 1. 

 
Fig. 1. Recycled coarse aggregate (RCA). 

 
Fig. 2. Surface treatment materials. 

Table 1. Concrete mixture compositions. 

Specimens BST50 BST100 BnST50 BnST100 
PPC (kg) 465.68 465.68 465.68 465.68 
Fine Aggregate (kg) 644.28 644.28 649.61 649.61 
Natural Coarse Aggregate (kg) 493.66 0 493.66 0 

ST  Recycled Aggregate (kg) 444.29 927.14 0 0 
Non-ST  Recycled Aggregate (kg) 0 0 450.41 934.81 
Water (liter) 204.9 204.9 204.9 204.9 

To verify the workability of the concrete mixtures, a slump test was conducted based on 
SNI 1972: 2008 [15]. A compressive strength test (Figure 3) and a split cylinder strength test 
(Figure 4) were conducted on day 28 on 24 cylindrical test specimens with a height of 300 
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mm and a diameter of 150 mm, based on SNI 1974: 2011 and SNI 03-2491-2002 [16, 17]. A 
modulus of elasticity test was conducted in accordance with SNI 03-4169-1996 [18]. The 
concrete compressive strength was determined using Equation 1. The split tensile strength 
was determined using Equation 2. The modulus of elasticity was determined using Equation 
3. 
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1ε  = Strain corresponding to the stress 1S (MPa) 

 
Fig. 3. Compressive strength test. 
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Fig. 3. Compressive strength test. 

 

 

 
Fig. 4. Split tensile strength test. 

3 Results and discussion 

3.1 Workability 

During concrete blending and mixture, some adjustments especially with the utilization 
of water were performed that influence the value of the W/C ratio, resulting in a 
corrected value of the W/C ratio. Table 2 shows that all compositions of the concrete 
mixture in this study have met the workability standards. 

Table 2. Slump value. 

Specimens Slump Value (mm) W/C Ratio 
BnST50 85 0.44 
BST50 80 0.41 

BnST100 85 0.45 
BST100 80 0.42 

 3.2 Density 

 The surface treatment performed on the recycled coarse aggregate does not influence the 
concrete density. Based on SNI 03-2844-2000 [19], the recycle aggregate concrete generated 
from this study was categorized as normal concrete since the average density of each 
specimen is between 2200-2500 kg/m3 as shown in Table 3. 

Table 3. Concrete density. 

Specimens Density (kg/m3) Category 
BnST50 2404.06 normal concrete  
BST50 2423.61 normal concrete  

BnST100 2393.29 normal concrete 
BST100 2353.64 normal concrete  
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3.3 Mechanical properties 

The substitution percentage increase of RCA from 50% to 100% may decrease the 
compressive strength by 2.84%. To generate recycled aggregate concrete with similar 
consistency to normal concrete, water addition is quite necessary due to the high-water 
absorption of RCA. The water addition is intended to lower the compressive strength. The 
surface treatment performed on the RCA may lower the water absorption level, decreasing 
the quantity of water needed to eventually improve the compressive strength by 2.46% and 
2.38% respectively for the RCA 50% and 100%. For similar reasons, the split tensile strength 
decreased by 5.83% and the modulus elasticity by 5.08% by increasing the substitution of 
RCA from 50% to 100%. Furthermore, the surface treatment performed on the RCA may 
improve the split tensile strength by 2.59% and 8.25%, as well as the modulus of elasticity 
by 13.14% and 0.69%, respectively for RCA 50% and 100%. The testing result of the average 
mechanical properties may be completely seen in Figure 5. 

 
(a) Compressive strength 

 
(b) Split tensile strength 
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(c) Modulus of elasticity 

Fig. 5. Mechanical properties. 

4 Conclusions 
All concrete mixture compositions available in this study have met the workability standards 
based on a slump test. The recycled aggregate concrete used in this study was categorized as 
normal concrete as the average density was 2200-2500 kg/m3. The surface treatment on the 
RCA may have reduced the water absorption from 7.96% to 2.96%. Compressive strength 
increases of 2.46% and 2.38%, spit tensile strength increases of 2.59% and 8.25%, as well as 
modulus of elasticity increases of 13.14% and 0.69% were observed, respectively for 
substitutions of RCA by 50% and 100%. 
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