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Abstract  

Concrete is one the most used material in construction. Considering its 

capacity to harden upon water contact, solidification, and acquisition of 

full strength, concrete becomes capable of withstanding significant 

stress. Over the past century, concrete structures have gained immense 

popularity and found extensive application in diverse architectural 

project. This prominence places concrete at the forefront of 

contemporary design and high-performance structure construction, due 

to its inherent structural benefits. Consequently, concrete production 

has witnessed a surge, facilitated by on-site production methods and 

straightforward construction processes. However, this heightened 

production has led to a significant generation of concrete waste, 

reaching up to 80 percent of the original produced volume in some 

regions worldwide. Recognizing the environmental implications, the 

reduction of concrete waste through recycling has emerged as a 

sustainable approach. Extensive research has been conducted to explore 

methods such as concrete recycling and the incorporation of other waste 

construction materials into concrete, thereby investigating their effects 

on concrete properties. This comprehensive review delves into the 

various material mixtures employed and their implications on the 

application of recycled concrete. 

 



1. Introduction  

 Environmental management and sustainable development compel all 

industries, including construction, to adopt proper methods for 

environmental protection. Extensive extraction of natural resources for 

building construction jeopardizes sustainability and sparks concerns 

from environmentalists (1), as construction by nature is not an 

environmental-friendly industry.. The building industry significantly 

contributes to global warming, prompting various suggested alternatives 

to mitigate its impact on the environment. However, comprehensive 

building development and redevelopment plans in different countries 

exacerbate construction-related issues, particularly with building 

demolition (2, 3). Long-term plans need to be considered while trying to 

optimize the use of natural resources especially regarding construction 

recycling. The disposal hierarchy comprises six levels based on their 

varying environmental impact, which includes reduce, reuse, recycle, 

compost, incinerate, and landfill. From these methods reuse, recycle and 

reduction are collectively called the ‘‘3R” (4, -6). To effectively minimize 

construction waste generated on-site, it is crucial to foster 

comprehensive coordination among all parties involved in the design and 

construction processes. A sustainable construction process should form 

to (7, 8):  

 

• Enhance customer satisfaction and improve overall quality of life.                         

• Provide flexibility and effectively address anticipated future user 

demands. 

 

• Create and support desirable natural and social environments 

 



• Optimize the efficient utilization of resources.     

 

• Minimize the demand for new resources  

 

•  Lower transportation and production energy expenses  

 

•  Promote the reuse of waste materials that would otherwise end 

up in landfills 

Construction and demolition waste including demolished concrete, 

bricks and masonry, wood, glass, insulation, roofing, wire, pipe, rock, 

and soil constitutes a significant component in the total waste . 

Concrete is one of the most widely used materials in construction due 

to its stability and exceptional strength in withstanding high levels of 

stress . One of the most important applications of concrete is Concrete-

Filled Double Steel Tubular (CFDST) columns, which has revolutionized 

the construction industry by introducing a new level of structural 

integrity and safety. The steel fibers dispersed throughout the concrete 

matrix, enhances the material's ductility and crack resistance. This 

unique property allows CFDST to absorb energy and distribute loads 

more effectively, mitigating potential failure points and enhancing 

overall structural performance . Over the past century, concrete 

structures have gained significant popularity and have been employed 

in various types of construction projects. Nonetheless, the extensive 

use of concrete has resulted in the generation of a considerable 

amount of waste. In specific regions, this waste can account for up to 

80 percent of the originally produced volume. To tackle this issue, 

methods such as concrete recycling and incorporating other waste 



construction materials into concrete have emerged as crucial 

approaches in recent decades . In this review, we focus on examining 

different material mixtures and their impact on the application of 

recycled concrete. Our objective is to elucidate sustainable practices 

that minimize concrete waste and promote the effective utilization of 

recycled concrete in construction projects.the concrete practice in 

Australia was compared to the suggested concrete recycling methods in 

terms of financial benefits . At that time the construction waste in 

Australia was dumped in landfills and new products were produced 

from the rocks and supplied to the site for new concrete production. 

The author evaluated the beneficial difference of the mentioned 

method with recycling method at each level. In terms of the financial 

benefits and costs, the concrete recycling method achieved a positive 

net benefit while the time practice method received a negative net 

benefit. The recycling method also caused less air pollution (about 

16.5% of landfill space charge), noise pollution (about 17.7% of landfill 

space charge), gas emission (about 17.4% of landfill space charge), and 

energy consumption (about 23% of landfill space charge). The author 

reported that aggregate produced by the recycling methods was more 

economical in long-term than using natural materials. Although, one of 

the factors affecting the viability of aggregate recyclers was the 

availability of feed materials, which could limit the recycler ability to 

operate at or near capacity. It also could affect the quality and 

uniformity of the recycled products, which pose a risk to use of recycled 

materials in the industry. Natural material producers continue to supply 

bulk materials for buildings and road construction because they are 

able to supply sufficient high-quality materials for a wide variety of 

high-grade applications. However, it might be challenging for the 

recycler to maintain a predictable revenue stream because of 

uncertainty related to future feed availability and quality or market 



price fluctuations (14). In another study by Vivian W.Y. Tam in 2009, the 

effectiveness of concrete recycling was compared between the 

Australian and Japanese construction industries, focusing on 

environmental considerations and the recycling process (15). The 

research findings indicated a high level of awareness about concrete 

recycling in both countries. The major benefits identified in 

implementing concrete recycling were reducing the need for new 

landfills and conserving natural materials. However, challenges were 

also identified, including the high cost of recycled products and limited 

applications for recycled concrete. To promote the use of recycled 

materials, it was suggested to define more detailed classifications, 

particularly for recycled aggregate. The assessment revealed different 

challenges in the transition to concrete recycling for each country. 

Australia faced difficulties with limited applications of recycled 

concrete, forming recycling teams, and preparing comprehensive plans. 

In Japan, challenges included high charges for sending concrete waste 

to recycling companies and difficulties in on-site placement of recycling 

machines. Poor quality of recyclable products was also found as one of 

the major difficulties in implementing concrete recycling in Australia, 

while Japan as a leading country in using recycled aggregate developed 

various concrete recycling technologies to improve the quality of 

recycled aggregate. Japan enacted clear standards and technical 

specifications for different grades of recycled concrete. Notably, the 

Australian concrete recycling practice lagged behind Japan's (15). 

Drawing from Japan's experience, recommendations for improving 

concrete recycling in Australia included 

• Developing a unified policy in concrete recycling  

• Providing government financial support  

• Establishing clear technical specifications and standards for using 

recycled aggregate in structural applications 



In studies conducted by Shima et al in 1999 and 2000 (8, 16), authors 

developed a technology to produce high-quality aggregate from 

demolished concrete using a ‘heating and rubbing method’ (HRM). In 

HRM aggregate can be recycled as raw material for ready-mixed 

concrete, while fine powder (HRM powder) from cement paste will be 

recycled as raw material for cement, cement admixture, or soil 

stabilizer. This technology can be fully implemented in concrete 

recycling. Even though the production of recycled aggregate using the 

HRM requires considerable fuel for heating and electricity for rubbing, 

the life-cycle analysis showed that the implementation of the HRM 

would be able to decrease the CO2 emissions through the utilization of 

the HRM powder as cement-related inputs . 

 

 

Schematic flow of concrete recycling system 



multiple scenarios for future scenario with regard to concrete recycling 

system and analyzed the results based on the applicability of the 

technology in Japan (8). The scenarios that were assessed in the 

research included influence of carbon tax, subsidy, and the spread of 

cutting overlay method. The model is connected to an inputoutput 

table that has been extended by a detailed description of concrete-

related industries as well as some concrete recycling processes. The 

authors then developed multiple models based on concrete lifetime 

under different scenario assumptions that was mentioned to predict 

the amount of recycling concrete for the future 

 

Concrete waste recycling Benefits 

In attention to sustainable and environmental development it is 

important to adopt the most protected methods of construction 

globally. The hierarchy of disposal options categorizes environmental 

impacts into six levels, from low to high: to reduce, reuse, recycling, 

compost, incinerate and landfill (17). Waste concrete generated about 

50% of the waste landfills, and one way resulted in generated concrete 

waste on site reduction is the method involves “3R”, which is defined as 

recycle, reuse, and reduction. Minimizing waste strategies, recycling 

has three benefits (i) cut down on new resources demand, (ii) reduce 

costs of the transport and production energy, (iii) waste utilization (14, 

18). If these methods are not properly implemented, there would be a 

lot of waste generated (Figure. 2). Applying the combination of all these 

three methods is essential to prevent mass waste generation on site. 

Five major causes noticed to be responsible for concrete waste listed 

as: (i) over ordering, (ii) lost during transportation, (iii) installation 

waste, (iv) poor workmanship, (v) design change. One of the most 

efficient way to manage the waste generating is to recycle the concrete 



at construction in order to protect the environment by reducing filling 

the landfills with waste concert. Considering concrete as a form of solid 

waste, recycling emerges as a viable option for optimizing construction 

waste 

  



production. Assessing the costs and benefits of concrete recycling 

reveals a balanced approach that transforms waste into new 

production, thus aligning with environmentally friendly practices (19).  

 

 

Estimated amount of demolished concrete 

Counting concrete waste as the solid generated waste at construction, 

cause recourse shortage and environmental issues. To address the 

interplay between environmental hazards, economic growth, and 

resource utilization, the "6R" principles were employed, focusing on 

reducing inefficiencies and eliminating concrete waste. These principles 

encompass practices such as reuse, recycle, recover, reduce, redesign, 

and remanufacture (21). The mass production of concrete more than 

nominal needed amount resulted in major environmental pollution in 

construction industry. To reduce the associated costs as well as the 

environmental footprint of construction materials, numerous attempts 

have been made to incorporate locally available solid waste materials 

(22, 23). Among the most locally available solid waste materials that 



has a high availability, glass is an amorphous, sustainable concrete for 

circular economy non-crystalline material that has a high content of 

Silicon (Si) (24, 25). Glass is estimated to have a waste production of 

around 100 million tons, annually, where only around 26% of it has 

been reported to be recycled. Glass offers versatile applications in the 

realm of construction. Not only can it partially replace Ordinary 

Portland Cement (OPC) or serve as a filler in fine sizes, but it can also 

function as fine sand, serving as a primary ingredient in concrete (26, 

27). Presently, glass is predominantly manufactured using three main 

types: Borosilicate, alum inosilicate, and soda-lime based glass. 

Embracing sustainable design practices, recycling waste materials can 

significantly reduce costs while minimizing environmental harm. The 

utilization of glass in producing porcelain cement offers advantages 

from both a sustainability perspective and an energy consumption 

standpoint. When employed in powdered form, glass can effectively 

reduce the porosity and permeability of the concrete. Conversely, 

larger glass particles can decrease the Interfacial Transition Zone (ITZ), 

generate air voids and water-filled pores, and ultimately leading to a 

reduction in density (14, 28-30) Often, recycled concrete is utilized for 

non-structural elements like road bases and foot pathways due to 

concerns about its inferior quality. To enhance the quality of recycled 

concrete, various methods have been employed (31). These methods 

encompass different aspects that influence concrete characteristics 

such as density, elasticity, resistance, permeability, and mechanical 

properties. Concrete durability refers to its ability to withstand damage 

caused by environmental factors. Higher water absorption can lead to a 

decline in surface quality, ultimately compromising the material's 

strength and suitability for use in the design process (7). The methods 

used to improve the quality of recycled concrete and address these 

challenges were divided into three areas: 



• Matrix improving of recycled concrete  

• Adhered mortar removing  

• Adhered mortar strengthening 

These methods can have both positive and negative effect included 

mechanical grinding treatment, which can result in micro- cracks on the 

recycled concrete surface. But mortar strengthening can result in 

surface coating with calcium carbonate and pozzolan slurry. Matrix 

improving can modify Batching with limiting water absorption during 

mixing process (32, 33). A variety of material can be used in recycled 

concrete lead in different forms of sustainability. Material like coal ash, 

increase attention to adding multi- functional known as waste material 

has the potential to replace Portland cement (7, 31). In most area of 

the world, the waste produced concrete is exceed the amount that 

needed for road subbase. To add quality, rubbing and heating methods 

were used in recycling concrete. Carbon tax is effectively promoting 

sustainable recycling system (8). various research studies have shown 

that incorporating glass mixtures into concrete offers beneficial 

impacts, particularly as a substitute for fine aggregates in self-

compacting concrete (SCC) mixes with recycled waste glass, typically at 

levels ranging from 10% to 50% by volume. However, it's worth noting 

that most of these studies have observed a reduction in concrete 

density when waste glass is added. Nonetheless, the inclusion of glass 

waste in the concrete mix has demonstrated a promising reduction in 

the overall dead load (10, 34). 

  



Lifecycle design  

An essential consideration in life cycle design is the value of materials, 

which highlights the importance of incorporating recycling concepts. 

This approach, often referred to as inverse manufacturing or the 

recycling factor of the design system, plays a pivotal role in accelerating 

the transition towards a closed-loop system 

  

Relationship between design objectives representing the essential 

functions of structures 

Concrete recycling technology has been developed significantly. Making 

recycled material despite the problem of high costs appears to be 

favorable regarding its vital proposition. Recycling material in a closed 

loop is more environmentally friendly but it’s a great challenge too 

regarding the vast of energy consumption (8, 35) The Effect of Recycled 

Concrete Aggregate (RCA) Incorporating Wastepaper Sludge Ash 

(WPSA) as Partial Replacement of Cement Concrete serves as a 

predominant construction material in the erection of numerous 



buildings. To enhance the essential strength characteristics of concrete, 

a considerable body of research and innovation is imperative to achieve 

the desired objectives. In the concrete mix, WPSA been used as 

cementations material with partially replace of OPC. The concrete 

mixture comprises of concrete cubes containing a blend of Water-Pre-

Soaked Aggregates (WPSA), OPC, regular coarse aggregates, fine 

aggregates, and coarse Recycled Concrete Aggregates (RCA) with a 

maximum size of 20 mm, along with the appropriate water content. 

Notably, the WPSA was incorporated into the mixture as a fibrous 

admixture. To enhance the mixing efficiency, the lumps of WPSA were 

pre-blended with water using an electrical mixer before incorporating 

them into the concrete mixture (36, 37). 

 

To investigate the efficacy of utilizing industrial WPSA and RCA as a 

sustainable approach in concrete production, a series of experimental 

tests were conducted. According to the test results, the following 

conclusions were drawn: 

 

• A 5% replacement of cement by WPSA with 50% RCA and a water-

cement ratio of 0.45 exhibited optimum compressive strength 

development compared to the normal mix concrete with grade 

C25 

  



• Cement in concrete can be replaced by up to 5% of WPSA by 

weight, resulting in a 15% increase in compressive strength at 28 

days Concrete mix workability improves as the WPSA content 

decreases. 

 

•  With decrease in WPSA content, mean weight increases for 

mixture with 15% WPSA content and all percentage of RCA thus 

making concrete light weight. 

  

• The use of WPSA as a partial replacement for cement effectively 

addresses the limitations of recycled aggregate, particularly 

higher water absorption, in the production of recycled aggregate 

concrete.  

 

• The strength and physical quality of concrete mixtures with WPSA 

blended cement and RCA can be accurately assessed by 

measuring their compressive strength.  

 

• Incorporating WPSA in concrete contributes to the conservation 

of natural resources used in cement manufacturing, promoting a 

more sustainable and environmentally friendly concrete 

construction industry By using RCA in concrete, greener concrete 

can be achieved. 

 

• Different concrete strengths can be achieved by varying the 

proportions of coarse aggregates, RCA, and WPSA. 



• RCA usage in concrete can prove to be inexpensive as it is 

undesirable material that can be obtained freely without cost (36-

38) 

 

Utilization of Recycled Concrete as Aggregates for 

Sustainable Development  

Sustainable development involves many interlinked aspects including 

nature, environment, society, economy, technology and politics, and it 

is an embodiment of an integrated performance index. In developing 

countries, due to great efforts in infrastructure constructions, the 

urbanization process is surely accelerated at a high-speed rate. 

However, along with the rapid development of construction, 

construction waste has been produced continuously, which exerts a 

side effect on environmental quality (39, 40). The term “construction 

and demolition waste (CDW)” has been widely used for referring to the 

solid waste produced during new construction, renovation, and 

demolition of buildings. To a large extent, CDW has caused a series of 

terrible environmental problems, and produced a bad effect on 

economic construction and social development. Worldwide, CDW often 

constitutes 10%–30% of the solid waste found at numerous landfill 

sites. Remarkably, in China, it constitutes a substantial 30%–40% of the 

total municipal solid waste, raising significant concerns about waste 

management practices. Notably, waste concrete stands out as the 

predominant component of CDW, accounting for more than 40% of the 

overall volume, necessitating effective strategies for sustainable waste 

reduction and resource utilization (39, 40). In order to effectively utilize 

the waste concrete, it is necessary to employ it as recycled aggregate of 

new concrete, which can be named as recycled aggregate concrete 

(RAC). Consequently, mechanical properties of RAC need to be deeply 



investigated to expand the application scope of RAC, especially in 

building structures. In China, RAC has attracted much attention from 

construction departments as a structural concrete. So far, some 

research has been carried out on its material properties. Substantial 

research has been conducted on its material properties, exploring 

various aspects of its performance. 

For instance, china. investigated the thermal properties of concrete 

blocks prepared with lowgrade recycled aggregates (41), while china. 

studied the behavior of RAC under drop weight impact load (42). 

Additionally, Belen et al. analyzed the structural RAC with 100% 

recycled coarse aggregate (RCA) content (43), and Xiao et al. conducted 

a series of tests on shear transfer across cracks in RAC (44). Moreover, 

several researchers have launched studies on the durability properties 

of RAC (45, 46). It is noteworthy that the mentioned strength indexes of 

RAC were all evaluated after a standard curing period of 28 days (41-

46). It seems that the research on time-based mechanical properties of 

RAC under uniaxial compression and flexural condition is still limited for 

using the original RCA, and the experimental data based on the long 

age concrete are in a state of blank. Meanwhile, previous studies just 

selected rough and large interval of RCA replacement ratio, which 

might lose some special performances of RAC under certain kinds of 

RCA replacement ratio. Further, the constitutive relationship between 

stress and strain also needs to be clarified for RAC with micromesh 

increasing ratio when it is applied to structural members. Based on the 

results of this experimental investigation, the following conclusions are 

drawn  

• The peak strain value of RAC generally increases with the increase 

of the RCA content. For the RCA replacement ratios of 80%, 90% 

and 100%, the peak strain values increase by about 15% 

compared to that of the NAC  



• The compressive strength of RAC including the prism compressive 

strength at the standard age and at two years, the flexural 

strength and the cube compressive strength generally increase 

with the increase of RCA content. 

Strength Characteristics of Recycled Aggregate 

 Concrete is a composite construction material composed primarily of 

aggregate, cement and water. In general, aggregate make up 60%-75% 

of total concrete volume, so their selection is important. Also, they 

control concrete properties, aggregate provide bulk, strength, and wear 

resistance in this application. Hence, the selection and proportioning of 

the aggregate should be given careful attention. The aggregate is 

generally coarse gravel or crushed rocks such as limestone, or granite, 

along with a fine aggregate such as sand or stone dust. Bulk of 

pavement structure is formed by aggregate (47, 48). Recycled asphalt 

pavement (RAP) is the removed and reprocessed pavement material 

containing asphalt and aggregate. The use of RAP has become a 

common practice in the construction of new, reconstruction of new, 

reconstruction of old, and hot mix asphalt pavements. However, little 

research has been done to examine the potential of incorporating RAP 

into cement concrete (49, 50) A study by india. (1997) investigated the 

use of combinations of course and fine RAP aggregate in normal 

concrete mixes and compared the results of compressive strength to 

conventional mixes with 0.4 and 0.5 water cement ratios (51). 

Compressive strength values were found to decrease with the increase 

in RAP content. Another study by china (2005) found that RAP could be 

incorporated into Portland cement concrete without any modification 

to tube conventional equipment or procedures (52). Without any 

treatment, there was a systematic reduction in compressive and split 

tensile strength with the incorporation RAP in concrete saudi arabia 



(2009) also used RAP as a coarse aggregate, substitute in two different 

normal Concrete mixes having 28 days cube compressive strengths of 

33 and 50 MPa. RAP was used with 25, 50, 75,100% replacement of 

coarse aggregate. According to test result, the slump decreased with 

the increase RAP content and the compressive and flexural strength 

decreased with the increase in RAP content. However, the surface 

absorption was not significantly affected by the addition of RAP. The 

results indicated the viability of RAP as an aggregate in nonstructural 

concrete applications A laboratory experiment by Saudi Arabia (2018) 

investigated the physical and mechanical properties of cement concrete 

comprising of RAP, in different proportions. Recycled asphalt pavement 

used in this study was obtained from the debris of dismantled asphalt 

road (50). The aim was to determine the strength characteristic of RAP 

for application in high strength concrete, which will give a better 

understanding on the properties of concrete with RAP as an alternative 

material to fresh coarse aggregate in concrete. This might help in 

achieving economy in road construction as well as saving 

environmental degradation in term of reduced mining and less 

pollution. Use of RAP would also conserve resources, landfill space and 

generate profit for the recyclers. The project's core objective was to 

create ecofriendly concrete suitable for transportation applications, 

focusing on aggregate properties, compressive, and flexural strength 

(50). Regarding aggregate characteristics, RAP proved economically 

advantageous and exhibited a lower specific gravity (2.49) and higher 

water absorption (1.3) than fresh aggregate. RAP aggregate's gradation 

met requirements for replacement of fresh coarse aggregate. Both RAP 

and fresh aggregate had comparable crushing values, adhering to mix 

design standards except for bitumen content. In terms of strength, 

compressive strength comparisons were made between RAP mixes (B, 

C, D, E) and fresh mix M30 (A) after 7 days. RAP mixes' compressive 



strength was lower by 10.4% to 39.5%, with a consistent reduction in 

M30's strength (approximately 60%) when RAP was used. RAP also 

slowed the rate of strength gain. Flexural tensile strength comparisons 

after 28 days showed diminishing values for RAP mixes (4.1% to 29.1%), 

with M30's strength dropping about 70% using RAP aggregate. Overall, 

the study concluded that RAP inclusion primarily affected compressive 

strength (50). 

 

  



Conclusion 

The construction industry's ecological impact underscores the urgency 

for innovative waste reduction solutions. Concrete and demolition 

waste emerge as a significant proportion of the overall waste, 

considering concrete's widespread use in construction. To effectively 

tackle this issue, the incorporation of the 3R principles — reduce, reuse, 

recycle — presents a potent means to curtail waste generation. Among 

these principles, recycling, particularly concerning concrete, yields 

multiple advantages, including diminished resource demand and 

lowered energy expenses. This recycling practice not only attends to 

environmental apprehensions but also holds economic benefits. Several 

research studies have showcased the viability of integrating Recycled 

Concrete Aggregates (RCA) into fresh concrete mixes. Yet, this 

endeavor is not without challenges in terms of maintaining consistent 

quality. However, techniques like the HRM have emerged to enhance 

the caliber of recycled aggregates. Concurrently, the reutilization of 

waste materials, like glass, in concrete production underscores 

sustainability. The adoption of life cycle design principles further 

accentuates the significance of recycling to establish a closed-loop 

system. Ultimately, these collective endeavors synergistically contribute 

to fostering a more sustainable construction industry, all while 

effectively addressing the complexities posed by environmental and 

resource-related concerns. 
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