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ABSTRACT 

This study investigates the utilization of recycled concrete aggregate as a replacement for natural 

aggregate in concrete mixtures. Various mixture variations were created by replacing both coarse 

and fine aggregates with recycled concrete waste at percentages of 20%, 40%, 60%, and 80%. 

Additionally, 10% rice husk ash was added as a partial replacement for cement. Material and mix 

design tests were conducted to achieve a target concrete compressive strength of 30 MPa. 

Cylindrical test specimens were cured for 28 days and then tested for their compressive strength. 

The test results were analyzed to determine the effect of recycled concrete waste on the concrete's 

compressive strength. This research is expected to provide a basis for the effective and sustainable 

use of recycled concrete waste in the construction industry. 

Keywords: recycled concrete waste, concrete compressive strength, recycled aggregate, waste 

utilization. 

INTRODUCTION 

The construction industry has a crucial role in the country's economic growth, but it also generates 

large amounts of waste, including concrete waste. Concrete has now become one of the main 

materials in buildings that is very important to meet the needs of the property and civil building 

industries [1]. The increasing volume of concrete waste from construction and demolition of 

buildings is a serious problem related to environmental management and resource sustainability. 

The contribution of concrete waste to construction waste piles is quite small [2]. Concrete waste, if 

left untreated, will damage the environment without the handling of the waste [3]. Concrete is a 

construction material consisting of constituent materials in the form of cement, aggregate, water and 

other additives [4]. Normal concrete is concrete that has a content weight of 2200–2500 kg/m³ using 

natural aggregates that are broken down or unbroken [5]. 

In this situation, recycling concrete waste is a promising solution to reduce the negative impact of 

the construction industry on the environment. The recycling process converts concrete waste into 

recycled aggregates, which have the potential to be reused in new concrete mixes. The utilization of 

recycled concrete waste not only reduces the amount of waste that needs to be disposed of, but also 

reduces the need for the extraction of natural aggregates such as sand and gravel, which often causes 

environmental damage. Green concrete supports three pillars of sustainability: environmental, 

economic, and social impact [6]. The reuse of concrete waste will increase the material use life of 

the waste itself [7]. According to Scott, some of the cement can be replaced with rice husk ash with 

the aim of reducing cement use so as to minimize the impact of cement production on global 

warming due to CO2 emissions [8]. The use of rice husks can reduce waste from rice milling [9]. 

As one of the main factors in structural design, compressive strength determines how much load a 

concrete building can withstand and how safe it is. The replacement of natural aggregates with 

recycled concrete waste can affect the compressive strength of concrete due to differences in 

physical and mechanical characteristics between the two types of aggregates. 

Research on the effect of recycled concrete waste on the compressive strength of concrete has 

yielded mixed findings. The advantages of concrete compared to other construction materials are 

fireproof, durable, minimal maintenance, high compressive strength and easy to form when still 

fresh [10]. The results of the study varied depending on the quality of the recycled concrete waste 
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used, the percentage of replacement of natural aggregates with recycled concrete waste, and the 

design of the concrete mixture applied. Therefore, further research is needed to comprehensively 

understand how the use of recycled concrete waste affects the compressive strength of concrete. A 

better understanding of this will help in the more effective and safe utilization of recycled concrete 

waste in the construction industry. 

The Indonesian National Standard (SNI) plays an important role in ensuring the quality and 

performance of concrete used in construction in Indonesia. SNI establishes the requirements and 

testing methods that must be met by concrete materials, including aggregates. This study will refer 

to the relevant SNI standards to ensure that the compressive strength testing of concrete is done 

correctly and that the results can be compared with other studies using the same standard. There are 

various types of testing methods to obtain concrete compressive strength values, including concrete 

compressive strength with the hammer test method and concrete compressive strength with 

compression test, the hammer test method is used for non-destructive concrete compressive strength 

test and the compression test method is used for destructive concrete compressive strength test [4]. 

One of the relevant SNI standards is SNI 1974:2011 [11], which discusses how to test the 

compressive strength of cylindrical concrete. This standard provides detailed guidance on concrete 

test piece preparation, test procedures, and compressive strength calculations. In addition, the 

recycling aggregate testing will also refer to the SNI 03-1969-2008 [12] standard on Methods of 

testing specific gravity and absorption of coarse aggregate water, and SNI 03-1970-2008 [13] on 

Methods of testing specific gravity and absorption of fine aggregate water. By following this 

standard, this study will produce accurate and reliable data on the effect of recycled concrete waste 

on the compressive strength of concrete. The effect of material exploitation will damage the 

environment, therefore, there needs to be alternative materials to replace coarse and fine aggregates 

in concrete [14]. 

This study aims to investigate in depth the effect of the use of recycled concrete waste as a substitute 

for natural aggregates on the compressive strength of concrete. In this study, several variations of 

the concrete mixture will be made by changing the percentage of recycled concrete waste used. This 

variation of the mixture will allow a comprehensive analysis of how changes in the proportion of 

recycled concrete waste affect the compressive strength of concrete. Specifically, this study will use 

a mixture of recycled concrete waste consisting of recycled coarse aggregates of 20, 40, 60% and 

80%, recycled fine aggregates of 20, 40, 60% and 80%, as well as a combination of coarse aggregates 

and recycled fine aggregates of 20, 40, 60% and 80%. 

Through the variation in the percentage of recycled concrete waste in concrete mixtures, this study 

is expected to provide a better understanding of the potential of recycled concrete waste as an 

alternative material in concrete mixtures. This research is also expected to identify the optimal 

percentage of recycled concrete waste to achieve adequate concrete compressive strength. This 

information is critical for the development of effective applications of recycled concrete waste in 

the construction industry. 

The results of this research are expected to make a valuable contribution to the development of more 

sustainable and environmentally friendly construction practices in Indonesia. The widespread 

utilization of recycled concrete waste can reduce dependence on limited natural resources and reduce 

the amount of waste discharged into the environment.  

RESEARCH METHODS 

This research began by conducting an in-depth literature study on the use of concrete mixtures in 

various applications. This literature study involves the collection of a variety of references, including 

scientific books, research journals, and regulations closely related to the topics discussed in this 

study. The goal is to build a strong theoretical foundation and understand previous research that has 

been done in this field. 

The next stage in this research is the collection of materials needed for the manufacture of concrete 

test pieces. Concrete waste is collected and then processed through crushing to obtain coarse 

aggregates and fine aggregates with granules/gradients sizes that conform to applicable standards 
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[15]. Gradation is the distribution of the proportion of the size of the aggregate granules in a concrete 

mixture in addition, for natural aggregate materials and cement to be used as a comparison, material 

testing is carried out at the civil engineering laboratory of the University of Muhammadiyah Malang. 

Testing materials in the laboratory aims to determine the physical and mechanical characteristics of 

the materials to be used in concrete mixtures. This testing includes: 

• Gradation of coarse and fine aggregates in accordance with SNI 03-1968-1990 [15]. 

• Specific gravity and absorption of coarse aggregate water in accordance with SNI 03-1969-

2008 [12]. 

• The specific gravity and absorption of fine aggregate water are in accordance with SNI 03-

1970-2008 [13]. 

• The aggregate sludge content is in accordance with SNI 03-1971-1990 [16]. 

The results of these tests are important to ensure that the materials used meet the good quality 

requirements for the concrete mixture. 

Once the material characteristics are known, the next step is to design the proportion of the concrete 

mix (mix design) for the planned concrete with a compressive strength (f'c) of 30 MPa. The 

calculation of the mix design is carried out by taking into account the results of material testing, 

such as the gradation of coarse and fine aggregates, the cement water factor, and the type and brand 

of cement used. One of the indicators of good concrete quality can be seen from the results of the 

compressive strength test, where the compressive strength of the concrete produced should not be 

lower than the compressive strength of the planned concrete in the mix design [17] In this study, 

10% of the cement weight will be replaced with rice husk ash. The purpose of the mix design is to 

obtain a concrete mixture that is economical but still meets the desired compressive strength 

requirements. Thus, a mix design is needed so that the concrete can meet the specified engineering 

specifications [18]. 

After the composition of the concrete mixture is determined, a cylindrical formwork preparation 

with standard dimensions for the test object is carried out. The formwork is smeared with formwork 

oil to facilitate the removal of the test specimen after the concrete hardening process is completed. 

The materials needed for each mixture, including natural coarse aggregates, natural fine aggregates, 

cement (with 10% replacement of rice husk ash), recycled fine aggregates, and recycled coarse 

aggregates, are taken to the civil engineering laboratory of the University of Muhammadiyah Malang 

for the casting process. 

The casting process or manufacture of the test specimen is carried out based on the composition of 

the mixture that has been pre-designed. For each stirring of the concrete mixture, a slump test is 

carried out in accordance with SNI 1972:2011 [19] on the Concrete Slump Test Method to measure 

the consistency or ease of fresh concrete workmanship. For each variation of the concrete mixture 

studied, as many as nine standard size cylindrical test pieces were made. Casting is done in stages 

to ensure that the concrete is well filled in the formwork. The variations of the mixture used are: 

• Recycled coarse aggregates only: 60% and 80% 

• Recycled fine aggregates only: 60% and 80% 

• Combination of coarse aggregate and fine aggregate recycled: 60% and 80% 

After the casting process of the test pieces is completed, the formwork is carefully opened one by 

one. Then, the concrete test object that has been removed from the formwork is soaked in a water 

bath for 28 calendar days for the curing process. This soaking process is important to ensure that the 

cement hydration process runs perfectly so that the concrete reaches optimal strength. 

After the 28-day treatment period ends, the concrete test piece is lifted from the immersion bath and 

the surface is dried. Furthermore, compressive strength testing was carried out in accordance with 

SNI 1974:2011 [11]. Of the nine test specimens made for each mixture variation, three test 

specimens are used for compressive strength testing. Testing is carried out in stages for each 

variation of the concrete mixture that has been made.  
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In the final stage of the study, an analysis and comparison of compressive strength test results of 

each variation of concrete mixture was carried out. Compressive strength data from each mixture 

was compared to determine the effect of the use of recycled concrete waste with different 

percentages on the compressive strength of concrete. The results of this analysis will be the basis for 

drawing conclusions and providing recommendations regarding the use of recycled concrete waste 

in concrete mixtures. 

RESULT AND DISCUSSION 

Effect of Recycled Concrete Waste on the compressive strength of concrete  

The test was carried out on a standard cylindrical concrete sample measuring 15 cm in diameter and 

30 cm in height. These samples are tested after being treated for 28 days, which is the typical time 

the concrete reaches sufficient strength to be evaluated. Testing at this age provides an early picture 

of the mechanical performance of concrete under field conditions. The results of this test will be the 

basis for assessing the quality and potential use of the concrete mixture being studied. The 

compressive strength of concrete is a key parameter to know and can give an idea of almost all of 

the other mechanical properties of concrete [20]. 

Analysis of the compressive strength of concrete is an important process in designing and 

manufacturing quality concrete [21]. Each type of test is carried out in accordance with the rules set 

out in the Indonesian National Standard (SNI). The use of this standard ensures that the method of 

testing and the results obtained are trustworthy and compared with other studies in Indonesia. By 

following standards, this research data has a strong scientific basis and can be accounted for. 

Compliance with standards also helps in understanding the position of this research in the context 

of concrete science and technology at the national level. 

To measure the strength of concrete in resisting pressure, SNI 1974:2011 [11] is used. This standard 

describes the steps of preparing the test object, by applying pressure in stages, and calculating the 

compressive force based on the maximum load that the test object can hold. The results of this test 

show how strong concrete is in withstanding pressures from above, such as the weight of the building 

itself. Compressive strength is one of the most important properties to determine the safety of a 

structure. 

Based on laboratory testing on the compressive strength of concrete with a mixture of recycled Crude 

Aggregate (AK) based on the percentage of the table below and 10% of the husk ash of portland 

cement and the rest is natural aggregate where each mixture of 3 test objects, the following results 

were obtained: 

Table 1. Recycled Coarse Aggregate Mix Press Test 

Mixed type Weight (Kg) Compressive Strength (Mpa) 

AK 0%.1 12,45 30,34 

AK 0%.2 12,50 31,54 

AK 0%.3 12,55 29,02 

AK 20%.1 12,35 29,21 

AK 20%.2 12,30 26,07 

AK 20%.3 12,40 27,99 

AK 40%.1 11,90 26,19 

AK 40%.2 12,20 28,77 

AK 40%.3 12,00 27,53 

AK 60%.1 12,25 29,67 

AK 60%.2 11,90 30,57 

AK 60%.3 12,00 30,31 

AK 80%.1 11,95 27,98 

AK 80%.2 11,85 25,22 

AK 80%.3 11,90 28,71 
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Figure 1. Graph of the results test of the recycled coarse aggregate mixture  

Based on the data from the test results of the compressive strength of concrete with variations of 

Recycled coarse agregate(AK) mixtures, it was obtained that the mixture without Recycled coarse 

agregate(0% AK) produced the highest compressive strength with values of 30.34 MPa, 31.54 MPa, 

and 29.02 MPa, respectively, and an average of around 30.30 MPa. The 20% AK mixture showed a 

decrease in compressive strength with values of 29.21 MPa, 26.07 MPa, and 27.99 MPa, and an 

average of about 27.76 MPa. In a 40% AK mixture, the compressive strength obtained was 26.19 

MPa, 28.77 MPa, and 27.53 MPa with an average of about 27.50 MPa, which shows a fairly stable 

value although slightly lower than that of 20% AK. Interestingly, in the 60% AK mixture, the 

compressive strength values increased again to 29.67 MPa, 30.57 MPa, and 30.31 MPa, with an 

average of about 30.18 MPa, almost matching the results of the Recycled coarse agregate-free 

mixture. However, in an 80% AK mixture, the compressive strength decreases again to 27.98 MPa, 

25.22 MPa, and 28.71 MPa with an average of about 27.30 MPa. In general, the graph shows a 

fluctuating pattern where the compressive strength decreases at the addition of 20% and 40% 

Recycled coarse agregate, increases at 60%, then decreases again at 80%. This shows that the 

addition of Recycled coarse agregatein a certain proportion (specifically 60%) is still able to 

maintain even close to normal concrete strength, but an addition that is too high such as 80% can 

significantly reduce the compressive strength of concrete. 

Based on the results of the compressive strength test on the mixed test specimen of the variation of 

the recycled coarse aggregate, the use of the mixed variation of the 60% recycled coarse aggregate 

has a greater yield than the other variations, which is 30.57 Mpa. While the use of the coarse 

aggregate mixture variation was 80% lower than the other variation, which was 25.22 Mpa, the use 

of the 60% mixed variation showed better performance compared to other types of mixtures. This 

shows that the proportion of recycled coarse aggregates used in concrete mixtures greatly influences 

the compressive strength produced. In the 0% mixture variation or without recycled aggregates, the 

compressive strength produced is also very high, reaching 31.54 MPa, indicating that normal 

concrete still has superior performance. However, test results show that mixtures with 60% recycled 

coarse aggregate are able to approach or even equal the strength of normal concrete, so they can be 

an effective alternative in efforts to utilize recycled materials. On the other hand, the addition of 

recycled aggregates excessively, such as in 80% mixtures, actually significantly reduces the 

compressive strength. The mixture variations of 20% and 40% produce moderate compressive 

strength, with average values of about 27.76 MPa and 27.50 MPa, respectively. Thus, it can be 

concluded that the use of recycled coarse aggregates in concrete mixtures is still possible to produce 

high-strength concrete, especially at the proportion of 60%, but must still pay attention to the optimal 

limits of its use so as not to degrade the overall structural quality of concrete. 

Based on laboratory testing on the compressive strength of concrete with a mixture of recycled fine 

aggregates (AH) based on the percentage of the table below and husk ash 10% of portland cement 

and the rest is natural aggregate where each mixture of 3 test objects, the following results were 

obtained: 

Table 2. Recycled Fine Aggregate Mix Press Test 
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Mixed type Weight (Kg) Compressive Strength (Mpa) 

AH 0%.1 12,45 30,34 

AH 0%.2 12,50 31,54 

AH 0%.3 12,55 29,02 

AH 20%.1 12,05 25,74 

AH 20%.2 12,00 24,94 

AH 20%.3 12,05 24,97 

AH 40%.1 12,25 28,05 

AH 40%.2 12,10 30,38 

AH 40%.3 12,20 26,73 

AH 60%.1 11,90 22,93 

AH 60%.2 11,85 22,41 

AH 60%.3 11,85 23,50 

AH 80%.1 12,30 21,80 

AH 80%.2 12,10 21,04 

AH 80%.3 12,35 22,81 

 

 

Figure 2. Graph of the results test of the recycled fine aggregate mixture  

Based on the results of the compressive strength test of concrete with a variation of recycled fine 

aggregate (AH) mixture, it was obtained that the mixture without recycled fine aggregate (AH 0%) 

produced the highest compressive strength, which was 30.34 MPa, 31.54 MPa, and 29.02 MPa, with 

an average of about 30.30 MPa. In the 20% AH mixture, there was a significant decrease in 

compressive strength, with results of 25.74 MPa, 24.94 MPa, and 24.97 MPa, respectively, resulting 

in an average of about 25.22 MPa. Meanwhile, in the 40% AH mixture, the recompressive strength 

increases to 28.05 MPa, 30.38 MPa, and 26.73 MPa, with an average of about 28.38 MPa, suggesting 

that the addition of recycled fine aggregate up to 40% is still capable of producing compressive 

strength close to normal concrete. However, in the 60% AH mixture, the compressive strength 

values again decreased to 22.93 MPa, 22.41 MPa, and 23.50 MPa, with an average of about 22.95 

MPa. A sharper decline occurred in the 80% AH mixture, with compressive strengths of 21.80 MPa, 

21.04 MPa, and 22.81 MPa, averaging about 21.88 MPa, which was the lowest value in all test 

variations. Overall, the data show that the use of recycled fine aggregates in concrete mixtures has 

an effect on the compressive strength produced, where the maximum proportion that is still able to 

maintain the strength of the concrete is in the range of 40%. The use of recycled aggregates above 

these proportions tends to significantly reduce the compressive strength, so it needs to be limited to 

maintain the structural quality of concrete. 
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This shows that the use of recycled fine aggregates in concrete mixtures is still possible to produce 

high compressive strength when used in the right proportions. In mixtures without recycled 

aggregate (0% AH), the compressive strength produced is also relatively high with a value of 31.54 

MPa, making it a reference for normal concrete performance. Meanwhile, mixtures with 20% 

recycled fine aggregates experienced a significant decrease in compressive strength, with an average 

value of about 25.22 MPa. The 60% and 80% mixtures even showed further declines, with average 

values of about 22.95 MPa and 21.88 MPa, respectively. From these results, it can be concluded that 

the addition of recycled fine aggregates of more than 40% begins to significantly reduce the quality 

of concrete. Therefore, the proportion of the mixture of 40% is the optimal limit that can still keep 

the strength of concrete close to normal concrete standards, as well as potentially an environmentally 

friendly alternative in recycling materials without sacrificing the overall structural strength of 

concrete. 

Based on laboratory testing on the compressive strength of concrete with a mixture of recycled fine 

aggregate (AH) and recycled Crude Aggregate (AK) based on the percentage of table below and 

10% husk ash from portland cement and the rest is natural aggregate where each mixture of 3 test 

objects, the following results were obtained: 

Table 3. Fine Aggregate & Recycled Coarse Aggregate Mix Press Test 

Mixed type Weight (Kg) Compressive Strength (Mpa) 

AH 0%.1 12,45 30,34 

AH 0%.2 12,5 31,54 

AH 0%.3 12,55 29,02 

AH AK 20%.1 12,45 29,77 

AH AK 20%.2 12,60 28,15 

AH AK 20%.3 12,35 26,49 

AH AK 40%.1 12,55 23,86 

AH AK 40%.2 11,95 24,68 

AH AK 40%.3 12,35 23,21 

AH AK 60%.1 11,95 23,38 

AH AK 60%.2 12,05 22,36 

AH AK 60%.3 11,80 22,48 

AH AK 80%.1 12,05 23,10 

AH AK 80%.2 11,75 22,08 

AH AK 80%.3 11,90 21,26 
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Figure 3. Graph of the results test of the mixture of fine aggregate and recycled coarse aggregate 

Testing data of concrete mixtures with variations in the use of recycled fine aggregate (AH AK) 

showed a clear pattern in the weight and compressive strength of concrete. For mixtures without 

recycled aggregates (0% AH), the weight of the mixture ranges from 12.45 to 12.55 kg with a 

relatively high compressive strength, which is between 29.02 to 31.54 Mpa. When recycled 

aggregate is used as much as 20% (AH AK 20%), the weight of the mixture is still stable in the 

range of 12.35 to 12.60 kg, but the compressive strength of concrete begins to decrease, which is in 

the range of 26.49 to 29.77 Mpa. At an increase in the percentage of recycled aggregate to 40% (AH 

AK 40%), the weight of the mixture varied slightly from 11.95 to 12.55 kg, while the compressive 

strength decreased further, ranging from 23.21 to 24.68 Mpa. Furthermore, in a mixture with 60% 

recycled aggregate (AH AK 60%), the weight of the mixture is around 11.80 to 12.05 kg and the 

compressive strength is reduced to between 22.36 to 23.38 Mpa. Finally, in the mixture with the 

highest percentage of recycled aggregate, which is 80% (AH AK 80%), the weight of the mixture is 

in the lowest range of 11.75 to 12.05 kg, with the lowest compressive strength of concrete, which is 

between 21.26 to 23.10 Mpa. From these data, it can be concluded that the higher the percentage of 

recycled fine aggregates used in concrete mixtures, the compressive strength of concrete tends to 

decrease, although the weight of the mixture is relatively stable and there is little variation.  

Based on the results of compressive strength tests on the test specimen of recycled coarse aggregate 

and recycled fine aggregate variations, the use of a mixture variation of recycled coarse aggregate 

and 20% recycled fine aggregate mixture had a greater yield than the other variations of 29.77 Mpa. 

Meanwhile, the use of a mixture of recycled coarse aggregate and recycled fine aggregate is 80% 

lower than the other variation, which is 21.26 Mpa. This shows that the addition of recycled 

aggregate at a level of 20% can still maintain the strength of concrete quite well, close to a mixture 

without recycled aggregates. However, an increase in the percentage of recycled aggregates up to 

80% leads to a significant decrease in the compressive strength of concrete, which indicates that too 

much use of recycled aggregates can reduce the quality and strength of the material. In general, the 

weight of the concrete mixture at various variations in the percentage of recycled aggregate is 

relatively stable, ranging from 11.75 to 12.60 kg, but the decrease in compressive strength that 

occurs indicates a negative effect of the increase in the content of recycled aggregate on the 

durability of concrete. Therefore, the use of recycled aggregates needs to be optimized so that the 

strength of concrete remains in line with standards and meets construction needs. 

CONCLUSION  

Based on the results of the compressive strength test given, the following conclusions can be drawn: 

Variations of Recycled Coarse Aggregates: 

The use of recycled coarse aggregate with a 60% mixture variation yields the highest compressive 

strength (30.57 MPa), the use of recycled coarse aggregates with 80% mixed variation yields the 

lowest compressive strength (25.22 MPa), overall, the 60% mixed variation gave better results than 

other variations, suggesting that increasing the proportion of recycled coarse aggregate to some 

extent can increase compressive strength. 

Variations of Recycled Coarse and Fine Aggregates:  

The use of a mixture of recycled coarse and fine aggregates with a 20% variation results in the 

highest compressive strength (29.77 MPa), the use of recycled coarse and fine aggregate mixtures 

with 80% variation results in the lowest compressive strength (21.04 MPa), a 20% mix variation 

shows better performance than other variations, indicating that the combination of recycled coarse 

and fine aggregates in the right proportions can produce good compressive strength, but high 

proportions can significantly degrade performance. 

Variations of Recycled Fine Aggregates: 

The use of recycled fine aggregates with a 40% mixture variation results in the highest compressive 

strength (30.38 MPa), the use of recycled fine aggregates with a 20% mixture variation results in 

the lowest compressive strength (21.04 MPa), the 40% mix variation gives better results than other 
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variations, suggesting that recycled fine aggregates can also contribute positively to the compressive 

strength of concrete to a certain extent. 

The results show that the compressive strength of concrete is greatly influenced by the proportion 

and type of recycled aggregate used. The use of recycled aggregates, both coarse and fine, in the 

right proportions has the potential to produce concrete with competitive compressive strength. 

However, it should be noted that too high a proportion of recycled aggregates in concrete mixtures 

tends to lower their compressive strength. This confirms the importance of blended design 

optimization when utilizing recycled materials. Further research is needed to determine the optimal 

proportions of different types of recycled aggregates to suit a wide range of concrete applications. 

This research has provided valuable insights into the utilization of recycled concrete waste in the 

construction industry. This has great potential to improve sustainability and reduce the 

environmental impact of the construction sector in the future.   
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