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Abstract  The use of natural aggregates in the 

manufacture of concrete, if carried out continuously, can 

result in a crisis in the availability of natural materials. This 

should be of concern to all of us because natural resources 

must be maintained in a sustainable manner. This study 

aims to utilize construction waste from the demolition of 

rigid pavement roads on the Trans-Sumatra toll road. One 

of the main parameters in the design of concrete structures 

is compressive strength. The compressive strength value in 

this study is the result of a combination test of a mixture of 

RCA and natural aggregate (NA) with 3 compositions of 

RCA coarse aggregate mixture, namely: 30%, 50%, and 

70%, and the rest is filled using NA material and 4 

compositions of water-cement ratio, namely 0.3; 0.4; 0.5; 

0.6. The mix design used is based on SNI 7656: 2012 by 

modifying the need for coarse aggregate to be replaced with 

RCA. The test results show that at the age of 7 days, the 

concrete produces a compressive strength of 25.32 MPa; 

this achievement is obtained for the RCA composition of 

50% and the water-cement ratio is 0.3, while at the age of 

14 days, the concrete produces a compressive strength of 

25.921 MPa obtained from the mixture. RCA 70% and 

water cement ratio 0.3. The phenomenon of increased 

strength at 70% RCA is indicated because the high quality 

of RCA produces relatively high new concrete, but the 

bonding process between aggregates is hampered because 

the cement paste still sticks to the RCA. 

Keywords  Recycled Concrete Aggregates, 

Construction Waste, Sustainable Development 

 

1. Introduction 

After the demolition of old roads and buildings, concrete 

is often rendered worthless and thrown away as demolition 

waste. By collecting scrap concrete and breaking it down 

into recycled concrete aggregate in the 1970s, the United 

States began introducing the use of recycled concrete 

aggregate (RCA) in non-structural uses, such as: fills, 

foundations, bases, and ingredients. Since then, several 

studies have been conducted regarding the feasibility of 

RCA as an option to replace natural aggregate (NA) in 

structural concrete [1]. 

The total operation of toll roads in Indonesia by the end 

of June 2022 has reached 2500 km which are divided into 

66 toll road sections and 46 toll road business entities 

(BUJT) spread across the islands of Java, Sumatra, 

Kalimantan to Sulawesi. From the length of toll roads that 

are in operation, at several points, there are damages that 

must be repaired. Repairs start from minor repairs such as 

patching, scrape, overlay to reconstruction. 

Toll road reconstruction generates large amounts of 

construction waste and is a problem for the environment. 

Garbage from rigid pavements has been disposed of at the 

Final Disposal Site or used for landfilling in the framework 



2896 Reuse of Construction Waste for Sustainable Development  

 

of soil stabilization. Development causes severe 

environmental damage and can endanger its sustainability. 

Exploitation of natural resources, especially non-renewable 

natural resources, in the construction sector generates 

millions of tons of demolition construction waste every 

year, and most agencies do not have specific rules 

regarding the plan for processing these materials; they send 

them to landfills instead of being used return in the form of 

using RCA [2]. 

Today, sustainable concrete construction is very popular 

and the goal of the construction industry is to ensure the 

well-being of the population by reducing CO2 emissions 

and encouraging the use of natural resources. The most 

important constituent in concrete is aggregate volume 

because it has a large impact on the properties and has a 

large influence on the cost of the concrete mix. In addition, 

the increase in the construction industry has led to a 

decrease in accessible natural resources to be utilized in the 

construction of structures. The amount of natural resources 

used in the construction industry in the UK is more than 

165 million tons every year. Then around 109 million tons 

per year are generated by construction waste and 60 million 

tons of which are concrete. This made us aware of the 

importance of recycling concrete waste to conserve natural 

resources and replace the proportion of aggregate with 

recycled materials into more sustainable concrete. The use 

of recycled concrete can also minimize the release of 

carbon dioxide and reduce energy consumption in concrete 

production [3]. Figure 1 shows the process of dismantling 

concrete roads on toll roads using heavy equipment and 

figure 2 shows chunks of concrete road construction waste. 

In Concrete mix design, w/c ratio is a parameter that 

characterizes properties related to the performance and 

durability of concrete [4-6]. The relationship between w/c 

and concrete properties is related to the capillary porosity 

of the cement paste which is proportional to the w/c ratio. 

Porosity and pore size distribution greatly affect the 

mechanical characteristics and strain in concrete, which is 

manifested as shrinkage or swelling [7]. Generally, when 

talking about the strength of concrete, what we think of is 

the compressive strength of concrete and the split tensile 

strength of concrete. Compressive strength is greatly 

influenced by the quality of the types of constituent 

materials. If the quality is good according to the 

specifications, it will produce a relatively high compressive 

strength, and vice versa. The split tensile strength was 

obtained from the loading test of a cylindrical specimen 

placed parallel to the compressive test surface according to 

the SNI-03-2491-2002 method. The results of the split 

tensile strength test are used to determine the tensile 

strength of concrete. 

[8] in his research tried to improve the quality of RCA 

concrete with simple curing methods that were able to 

reduce mortar adhesion and reduce negative effects so as to 

create better RCA quality and compete with normal 

concrete. The effect of adding fly ash is proven to 

significantly increase the durability properties. The results 

of [9] show that considering the mechanical properties,  

100% replacement of coarse aggregate by RCA is possible 

if the RCA is produced from natural concrete with a 

minimum compressive strength of 60 MPa. If durability is 

considered, concrete produced with a 50% RCA 

composition can yield concrete used in the production of 

high performance concrete. 

 

Figure 1.  Dismantling of the rigid pavement of the Trans Sumatra-

Lampung toll road 

 

Figure 2.  Chunks of concrete road construction waste. 

In this study, recycled RCA coarse aggregate with NA 

natural coarse aggregate with various mix compositions 

and combinations of water-cement factor (w/c) will be used 

to obtain optimal mix results. The difference between this 

study and previous research is that there is a change in w/c 

followed by a change in the composition of the mixture of 

RCA and NA being analyzed so that an optimal regression 

equation is obtained. This study aims to develop the 

optimal utilization of RCA for use in the manufacture of 

new concrete to reduce the use of NA in order to achieve 

sustainable natural preservation. 
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2. Materials and Methods 

2.1. Materials 

2.1.1. Cement 

In this study, portland composite cement (PCC) brand 

TIGA RODA was used with the illustration that PCC used 

for buildings in general is the same as portland cement type 

I with the same compressive strength. PCC has a lower 

hydration heat during the cooling process compared to type 

I portland cement so that the process will be easier and 

produce concrete with a denser and smoother surface. 

The results of the cement setting time test using the Vicat 

tool have been carried out with the results shown in Figure 

3 which shows that for a decrease of 25 mm it takes 108 

minutes to set. 

Then a hydraulic cement density test was carried out 

using a Le Chatelier tube with the test results shown in 

Table 1 with an average density of 3.161 g/cm3. The test 

was carried out 2 (two) times using the same material and 

brand. 

2.1.2. Recycled Concrete Aggregates (RCA) 

Recycled concrete aggregate is concrete aggregate that 

is crushed and reused as aggregate in new concrete mixes. 

Recycled aggregate concrete, using recycled concrete from 

old buildings such as roads, bridges and other structures as 

raw materials, is crushed and screened to form concrete 

aggregates, as shown in figure 4. With the continuous 

increase in awareness of environmental protection over 

time, it is more and more difficult to obtain high-quality 

aggregate in many areas, and concrete recycling is 

becoming increasingly important. This recycling can 

protect the environment and recover a new type of 

aggregate from the parent concrete, which is derived from 

natural aggregates [10]. 

 

Figure 3.  Graph of initial setting time of PCC using the vicat tool 

Table 1.  Density of cement 
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No. Information  Unit 
Sampling 

A B 

1 Bottle Mass+Kerosene (M1) gr 339,55 340,12 

2 Bottle Mass+Cement+Kerosene (M2) gr 402,95 403,70 

3 
Cement Weight 

(BS = M2-M1) 
gr 63,40 63,58 

4 Initial Read (V1) cm³ 0,00 0,50 

5 Final Read (V2) cm³ 19,90 20,70 

6 Weight of water at 20 ⁰C (BA) gr/cm³ 0,9982 0,9982 

7 Density (BS / (V2-V1) x BA) gr/cm³ 3,180 3,142 

8 Average Density  gr/cm³ 3,161 
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RCA properties such as specific gravity, absorption, and 

the number of contaminants present in it contribute to the 

strength and durability of concrete [11]. The main 

difference between Recycled Concrete Aggregate (RCA) 

and Natural Aggregate (NA) is that the mortar adheres to 

the surface of the RCA [8]. The interfacial transition zone 

(ITZ) is an important phase that influences the mechanical 

properties of RCA. The beneficial influence on the 

mechanical properties of RCA can be made by improving 

the properties of the new ITZ [12]. 

 

Figure 4.  RCA that has been broken down to replace NA coarse 

aggregate 

Before being crushed, the RCA was cut using a core 

drilling machine which produced 5 (five) units of 

cylindrical specimens with a diameter of 10 cm and a 

height of 20 cm. Next, measure the compressive strength 

using a compression testing machine to obtain quality 

information from RCA. Testing of core drill samples 

adapts research conducted [13] and is based on Indonesian 

national standards [14]. The test results show that the 

average compressive strength of the cylinder is as shown in 

table 2. 

Table 2.  Obtaining and testing drilled cores and sawed beams of 
concrete 

 

The Figure 5 shows the process of cutting an RCA core 

drill which is then compressed using UTM. The results of 

the cracks show that the specimen has a vertical collapse 

pattern which indicates that the RCA has a fairly high 

characteristic. 

   

a b c 

Figure 5.  Sample drilling process (a); sample weighing (b); and sample testing (c) 

No. Code 
Weight 

Maximum 

Load (P) 

Compressive 

Strength 

Before 

Corection 

Vertical 

Drilling 

Direction 

Correction 

Factor 

Compressive 

Strength 

After 

Corection 

f'c f'cc 

(Kg) (KN) (N) (N/mm²) (C0) (N/mm²) 

1 A 3,560 189 189000 24,055 0,92 22,130 

2 B 3,590 242 242000 30,800 0,92 28,336 

3 C 3,595 214 214000 27,236 0,92 25,057 

4 D 3,640 292 292000 37,164 0,92 34,191 

5 E 3,590 229 229000 29,145 0,92 26,814 

 Average f'cc (N/mm²) 29,680  27,306 
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2.2. Natural Aggregates 

2.2.1. Coarse Aggregate 

In this study, the coarse aggregate was selected using 

query sources from Tanjungan, South Lampung. Good 

coarse aggregate must meet the requirements listed in [15] 

concerning Concrete Aggregate, Quality, and Test Method, 

namely hard grain, non-porous; not damaged or destroyed 

due to the influence of the weather; does not contain more 

than 1% sludge; must not contain substances that are 

reactive to alkalis; fine aggregate granules should not be 

more than 20%; grain modulus between 6-7.1; grain size 

does not exceed 1/5 of the smallest distance between areas 

of the mold, 1/3 of the concrete slab, clear distance between 

reinforcement; and grain gradations as can be seen in table 

3. 

Table 3.  Coarse Aggregate Requirements 

 

The results of the coarse aggregate sieve test in this study 

are as described in Figure 6 where it can be seen that the 

coarse aggregate line is still below the minimum limit, this 

is due to variations in size that are too uniform and sizes 

that are too small. relatively the same and quite large. 

 

Figure 6.  Coarse aggregate grading curve 

Maximum Percent Passing 

Sieve Size (mm) 40 mm 20 mm 12,5 mm 

38,10 95 – 100 100 – 

19,00 35 – 70 95 – 100 100 

9,52 10 – 40 30 – 60 50 – 85 

4,76 0 – 5 0 – 10 0 – 10 
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2.2.2. Fine Aggregate 

The fine aggregate used in this study came from Mount 

Sugih, Central Lampung which is described in Figure 7. 

According to [16] fine aggregate is natural sand or sand 

produced from the stone-breaking industry which has the 

largest grain size of 4.75 mm. Fine aggregate as a filler for 

concrete must meet the following requirements: sharp and 

hard grains with a hardness index < 2.2; does not contain 

more than 5% sludge; does not contain too much organic 

matter; grain fine modulus between 1.5-3.8 with grain 

variations according to standard gradation. 

 

Figure 7.  Fine aggregate natural aggregate (NA) 

2.3. Method 

2.3.1. Mix Design 

Referring to [17] the concrete mixture is a combination 

of materials and constituents, characteristics, and 

properties of the materials that will affect the design results. 

The design of the concrete mixture is intended to determine 

the composition and proportions of the concrete 

constituents which are determined based on the following 

steps: Maximum water-cement ratio or water: cement ratio; 

Minimum cement content; air content; degenerate; 

Maximum aggregate grain size; Targeted compressive 

strength; Other requirements related to strength. And the 

composition is presented in table 4. 

After the design is made, the next step is to make test 

specimens with variations in the RCA composition of 30%, 

50% and 70% as a substitute for NA, with variations in the 

water-cement factor of 0.3; 0.4; 0.5; and 0.6. The test time 

was carried out when the concrete specimens were 7 days 

and 14 days. 

2.3.2. Compressive Strength Test 

Testing the compressive strength of concrete is an 

attempt to obtain the compressive strength of concrete by 

applying pressure to a cylindrical concrete sample with a 

diameter of 15 cm and a height of 30 cm. In this study, the 

Universal Testing Machine (UTM) test equipment was 

used as shown in Figure 8. 

Table 4.  Mix design recycled concrete for 10 samples (kg) 

 

 

Figure 8.  Testing the compressive strength of concrete using UTM 

The test was carried out in the Civil Engineering 

Laboratory of Muhammadiyah Metro University by first 

treating the test object by immersing it in a water bath and 

lifting it the day before the test. 

3. Result and Discussion 

3.1. Test Result 

Table 5.  7 days concrete compressive strength test results 

 

No. (w/c)
Percent 

RCA
Cement Water 

Coarse 

Aggr 

(NA)

Coarse 

Aggr 

(RCA)

Fine 

Aggr

Coarse 

Aggregate 

Total (%)

Fine 

Aggregate 

Total (%)

1 30% 31,998 9,599 40,051 17,165 29,003 66,36 33,64

2 50% 31,998 9,599 28,224 28,224 29,771 65,47 34,53

3 70% 31,998 9,599 16,704 38,975 30,540 64,58 35,42

4 30% 23,999 9,599 40,051 17,165 37,002 60,73 39,27

5 50% 23,999 9,599 28,224 28,224 37,771 59,91 40,09

6 70% 23,999 9,599 16,704 38,975 38,539 59,10 40,90

7 30% 19,199 9,599 40,051 17,165 41,802 57,78 42,22

8 50% 19,199 9,599 28,224 28,224 42,570 57,01 42,99

9 70% 19,199 9,599 16,704 38,975 43,339 56,23 43,77

10 30% 15,999 9,599 40,051 17,165 45,002 55,97 44,03

11 50% 15,999 9,599 28,224 28,224 45,770 55,22 44,78

12 70% 15,999 9,599 16,704 38,975 46,539 54,47 45,53

0,5

0,6

0,3

0,4
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The compressive strength test using a universal testing 

machine at the age of 7 days is shown in table 5. And the 

compressive strength test at the age of 14 days is shown in 

table 6. 

Figure 9 and Figure 10 illustrate the results of the 

concrete compression test at the age of 7 days, where the 

RCA content of 30% and the water-to-cement ratio of 0.3 

produced better strength compared to the others. While the 

results of the compressive test at 14 days old showed 70% 

RCA content and a water-to-cement ratio of 0.3 resulted in 

better strength. 
 

 

Table 6.  14 days concrete compressive strength test results 

 

 

Figure 9. The results of testing the compressive strength of concrete at the age of 7 days (left) and 14 days (right) 

 

Figure 10. Effect of water-cement ratio and RCA content on the compressive strength of concrete 
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Figure 11.  Regression graph of the compressive strength of concrete 

with RCA and water cement ratio of 0,3 

The empirical results of the tests carried out produced a 

regression equation y=-0.1725x+28.24 with a termination 

coefficient R2 = 0.7157 categorized as strong and 

influential, as illustrated in Figure 11. 

4. Conclusions

This research resulted in an optimum mix design at w/c 

0.3 with a composition of 70% RCA with compressive 

strength f'c = 25.327 MPa. These results prove that the use 

of RCA for toll road concrete slab construction waste 

exceeds the planned compressive strength target of f'c = 25 

MPa. This is obtained because the quality of RCA from toll 

road construction waste has a fairly high compressive 

strength. 

Further research is needed regarding the design of 

concrete mixtures using low quality RCA but can produce 

new concrete with high compressive strength. 
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