
ISSN 2303-4521 

Periodicals of Engineering and Natural Sciences  Original Research 

Vol. 11, No. 1, February 2023, pp.15-29 

© The Author 2023. This work is licensed under a Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/) that 

allows others to share and adapt the material for any purpose (even commercially), in any medium with an acknowledgement of the work's 

authorship and initial publication in this journal.  

 15 

 

 

Investigation of concrete properties using recycled waste concrete 

aggregate 
 

Suha Mohammed1, Sepanta Naimi2 

1,2. Faculty of Engineering and Natural Sciences, Department of Civil Engineering, Altınbaş University 

ABSTRACT   

There are several environmental, economic, and energy reasons why RC is gaining popularity around the 

world. Key environmental problems include the potential for groundwater contamination due to the washing 

out of fresh concrete brought back from project sites, as well as the loss of natural sources of high-quality 

aggregate materials. The RC concrete (RCA) impact on the fundamental characteristics of traditional concrete 

is investigated besides the effect of different ratio effects of water-cement (w/c). The concrete as crushed 

rubble obtained from several Iraqi demolition sites and landfills is utilized to examine the properties of 

(RCA). This work utilized sand as natural, and concrete as crushed from various sources as aggregates around 

Baghdad city. A total of forty-five concrete mixtures were cast into nine groups. Groups were created to 

examine the impact of recycled coarse aggregate (CA) quality/content, dosage of cement, and w/c ratio. 

Strengths of compressing and splitting, and modulus of elastic tests were conducted. The findings 

demonstrated that the concrete rubble (CR) may be turned into recycled aggregate (RC) and utilized in the 

concrete manufacturing with qualities adequate for the vast majority of structural concrete applications in 

Iraq. Furthermore, the concrete strength has decreased by 6% to 30%, depending on the proportion of RC 

utilized to replace natural aggregate and the w/c ratio. 
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1. Introduction 

RC has received growing attention globally because of an environmental multitude, energy and economic 

considerations. Among the main concerns as environmental are natural sources depletion of worthy eminence 

of materials as aggregative, limited landfills availability for the demolished dumping of waste of construction 

and probable groundwater contamination which leads to washing out renewed concrete returned from sites of 

job. If accurately applied, concrete recycled incorporating constituents able to offer economic advantages and 

may result in considerable energy savings [1]. Economic and Environmental Consequences The building 

industry's expansion has raised worries about the availability of natural aggregate supplies, which are 

increasingly depleting. According to recent figures, building aggregate demand will increase to 48.3 billion 

metric tons by 2015, with Asia and Pacific having the biggest consumption. Construction waste is increasing in 

response to the rising demand. Construction trash, for example, accounts for around 31% of total waste creation 

in European Union countries each year [2]. Similarly, Hong Kong produced approximately 20 million tons of 

rubbish in 2011, accounting for roughly half of all worldwide waste creation. The most frequent technique of 

managing construction trash is to dump it in landfills, which results in vast piles of building and demolition 

debris. Efforts to limit this practice and encourage construction and demolition waste Reutilizing in various 

construction applications resulted in the use of up to 10% recovered aggregate in various building applications. 

Concrete Reutilizing has several financial and environmental advantages. Debris landfill prices related to 

construction are ongoing to climb, and the moving cost of the material from one site to another is an extra cost. 

Reutilizing hold back money through minimizing the money amount spent on disposal and transportation. In 

addition to increased expenses, landfills are becoming increasingly regulated, making it impossible for many 

builders and individuals to dispose of certain materials, such as concrete. Concrete reutilizing  is also incredibly 
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environmentally friendly [3].  In landfills, debris of concrete occupies a large space, and a lot of them are not 

able to be handled owing to its volume and size. Reutilizing such materials leaves them out of landfills and 

permits them to be utilized in several ways. Also, reutilizing aids the environment through energy conserving 

which otherwise would be needed to process, mine, or new aggregates transporting. Using RC has its own set 

of advantages. CA6 recycled, for example, is 15% lighter than virgin CA6, which means you'll get 15% more 

volume per ton with your order. When estimating how much material you'll need for a project, this may be quite 

useful [4]. 

1.1. Selection of an appropriate aggregate 

Aggregates affect the concrete/mortar properties i.e., requirement of water, cohesiveness, and concrete body 

workability in the plastic phase, as well as density, strength, durability, surface finish, permeability, and color 

in the stage of hardening. Generally, granules are divided into 2 types: manufactured/processed and natural. 

Aggregates can be made from granite, basalt, limestone, gabbro, quartzite, or schist rock, among other things. 

Igneous (basalt or granite) or limestone (sedimentary) rock is the primary resources. In general, anyone is proper 

for concrete based on the weathering degree, shape, and specific gravity (SG) [5].  

The surface aggregate texture affects the bond between cement and aggregate. A surface as smooth, like that 

detected on gravel, is of a poor bond. When combined with cement, aggregates as crushed have a texture being 

rough and provide a better bond mechanically. Nevertheless, aggregates as rounded, or gravel were tried for 

high concrete strength with no any severe problems due to poor bond. When the gravel is well washed and 

clean, the differences between rich and poor bonds are greatly reduced [6] .  

In order of desirability, aggregate shapes can be broadly classified as irregular rounded, rounded, flaky angular, 

cubical, flaky elongated, elongated [7]. Shapes as rounded are of smaller area of surface for close to adequate 

mass compared to another shapes, so for bonding they need less paste of cement when comparing to another 

shapes. As a result, for a given ratio of cement-aggregate in a mix of concrete, workability will be greater if 

aggregates as rounded are utilized instead of others[8]. Also, flaky aggregates have a minimum dimension that 

is ˂ 3/5 of their mean dimension (MD), i.e. the MD of an aggregate go by a 40 mm sieve and reserved on a 20 

mm sieve. The aggregate is flaky if the smallest dimension is less than 18 mm [9]. Elongated aggregates are 

another property in this field. They are aggregates with a length that is 1.8 times their MD. When the MD 

exposed above is 30 mm, and then aggregates with a length larger than 54 mm (1.8x30mm) are categorized as 

elongated. Concrete made with elongated and flaky aggregates is likely to have segregation, has a finish of poor 

surface, and has a high sand and cement demand. In the body of concrete mixes, rounded, rounded irregularly, 

and cubical shapes are favored [10, 11] 

1.1.1. Aggregate sizes 

The nominal CA maximum volume must be as great as possible within the specified limits, nonetheless no more 

than 1/4 of the minimum member thickness. For the majority of projects, 20 mm aggregate is adequate [12]. The 

nominal maximum aggregate volume must typically be limited to 5 mm ˂ the minimum distance as figurative 

between the chief bars or 5 mm ˂ the minimum cover to the reinforcement for RCC as heavily parts as ribs in 

which of chief beams, whichever is smaller. 

1.1.2. Quality of the aggregate 

Aggregates should be composed of natural sources (crushed or uncrushed) stones, sand, gravel, or a combination 

of them. They should be strong, hard, dense, and long-lasting, free of veins and clear and adherent coating, and 

free of damaging disintegrated pieces amounts, vegetable matter, alkali, and other damaging materials. 

Elongated and flaky pieces are evaded whenever possible. Visual clay lumps detection, silt, coating as clay, 

grading, and shape is required for gravel and natural sand, whereas aggregates as crushed and inspection of sand 

is required for flaky shape, stone dust, and grading. When the silt, clay dust, or mud is recent and has not been 

the resistance by washing, it might generate mini strength concrete [13].The value of aggregate crushing is a 

comparative measure of a resistance of aggregate to crushing under a progressively applied load as compressive. 

The crushing value of aggregate could not surpass 45% for aggregate utilized for concrete other than for surfaces 

wearing, and 30 percent for the body of concrete used for surfaces wearing i.e., roads, runways, and pavements 

[14]. The impact of aggregate value offers a relative resistance of aggregate measure to impact or sudden shock. 

In addition to value of crushing, the aggregate magnitude impact must not go above 45%  by wt. for aggregates 

utilized for concrete other than for wearing surfaces and 30 percent by weight for concrete other than for surfaces 

wearing I.e., roads, runways, and pavements [15]. Also, SG, a specified low gravity designates porosity as high, 

resulting in poor strength and durability. Above the SG, the concrete density varies significantly. A nature as 
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porous (increase in wt. by extra than 10% of their DW following immersion) [16]. Aggregate for concrete bodies 

soundness of prone to frost action, fine and CAs must pass an accelerated Na or Mg sulphate soundness exam 

[17]. 

1.2. Reused strategy 

Concrete, whether contaminated or not, requires screening and crushing machines to be broken down into re-

usable concrete aggregate (CA). Whether contaminated or not, the body of concrete must be broken down with 

the help of crushers and screening machines in order to create reusable CAs [18]. Because waste cement from 

roadways and structures holds bars of steel and other reinforcing ingredients, these impurities and 

contaminations must be removed during the process of crushing. Generally, heavy equipment of crushing is 

able to minimize old concrete to a thickness of 5-50 mm. Based on several studies, coarse RC aggregate can 

substitute up to 30% of non-artificial coarse crushed aggregate with no affecting whichever concrete act [19]. 

As construction techniques become more refined, the market for RC aggregates has expanded. Various crushers 

types able to reduce big blocks of concrete to smaller volumes, even to powder [20]. Concrete crushers jaw, 

horizontal-shaft influence crushers, cone crushers, crushers as compound, crushers as roll, crushers as hammer, 

and other common concrete crusher machines When Reutilizing concrete, all machines are frequently designed 

to be portable or mobile crushing equipment since mobile crushers able to transfer freely and work 

professionally in environments being harsh. Screening apparatus: High-frequency screen, circular vibrating 

screen. Water flotation machines, separators, and magnets are examples of contamination removal equipment 

[21].  

Concrete waste from construction and crushing, even when crushed through crushers, comprises small 

combustibles amount i.e., plastic and wood chips. After crushing, sieving, and contamination removal, a 

calcination and grinding process is added to yield a purer and extra valued recycled body of CA [22]. For 

calcination, the course used CA is sent to a rotary kiln that can burn the combustible impurities into ashes. Ball 

mills and Raymond mills are used to grind the calcined aggregate into powder. The method of treatment of 

calcination removes combustibles from the recycled body of CA and minimizes content of moisture, laying the 

groundwork for the grinding mill powder to yield concrete powder of fine size. More than that, it reduces the 

cost of construction waste disposal [23]. 

2. Material and methods  

2.1.  Compressive power 

The strength as compressive of RC aggregate is pretentious by a variety of factors, include the ratio of 

water/cement (w/c), the CA% replaced with RC aggregate, absorption of water, and the adhered mortar amount 

above the RC aggregate. In most cases, RC aggregate CA is stronger compared to concrete as natural when the 

source concrete body is stronger compared to the RC aggregate body of concrete's intended performance [24]. 

2.2.  Tensile splitting Strength  

In tension terms, RCA concrete sometimes outperforms NA concrete combined. Because of the constant mortar 

attached amount to the RC aggregate, an epitome bond between the mortar matrix and aggregate the can be 

generated [25]. 

2.3.  Elasticity and rupture moduli 

If the w/c ratio is greater, RCA concrete achieves better in rupture modulus terms compared to traditional 

concrete. If the source concrete of strength as high and low absorption of water, the RCA body will execute 

similarly to concrete as traditional. The modulus of elasticity for the aggregate itself is the chief factor that 

influences the elasticity concrete RCA modulus. An increase in tensile strength combined with an increase in 

RCA would almost certainly be connected with an increase in elasticity [25]. 

2.4.  Crack spacing and width 

Despite RCA beams being superior crack width and smaller spacing crack when compared to natural CA, there 

is no cause to reject their use for the reason that the difference in those parameters between concrete NA and 

RCA bodies is so small. As a result, RC aggregate does not pose a problem for members of structural concrete 

[26].  
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2.5. Experimental program 

To achieve the purpose of the current work, an inquiry was conducted into the RCA properties acquired from 

various sources, followed by a comparison of the fundamental properties of concrete created with RCA. Cement 

was evaluated in accordance with the Iraqi Standard Specifications. The utilized cement met the requirements 

of ESS 4756-1/ 2009. Throughout the investigation, tap water as potable was utilized for mixing concrete. To 

compare the qualities of RAC, 45 concrete mixtures divided into the eight groups listed in table 1 to table 3 

were created. The traditional concrete mixes creation and testing with w/c ratios of 0.45, 0.55, and 0.65 in the 

laboratory. All mixtures were designed to produce concrete with workability as medium (slump 8 to 12 cm). 

The proportions of CA in mixtures comprising slag aggregate are the same as given in Table 3, but the 

replacement ratio determines the CA percentage. 

Table 1. the first group of samples 

group mix w/c ratio RCA cement content 

(Kg/m3) 

1 SSA-1 0.45 0% 350 

1 SSA-2 0.45 25% 350 

1 SSA-3 0.45 50% 350 

1 SSA-4 0.45 75% 350 

1 SSA-5 0.45 100% 350 

2 SSA-6 0.55 0% 350 

2 SSA-7 0.55 25% 350 

2 SSA-8 0.55 50% 350 

2 SSA-9 0.55 75% 350 

2 SSA-10 0.55 100% 350 

3 SSA-11 0.65 0% 350 

3 SSA-12 0.65 25% 350 

3 SSA-13 0.65 50% 350 

3 SSA-14 0.65 75% 350 

3 SSA-15 0.65 100% 350 

Table 2. the second group of samples 

group mix w/c ratio RCA cement content (Kg/m3) 

4 SSA-16 0.45 0% 375 

4 SSA-17 0.45 25% 375 

4 SSA-18 0.45 50% 375 

4 SSA-19 0.45 75% 375 

4 SSA-20 0.45 100% 375 

5 SSA-21 0.55 0% 375 

5 SSA-22 0.55 25% 375 

5 SSA-23 0.55 50% 375 

5 SSA-24 0.55 75% 375 

5 SSA-25 0.55 100% 375 

6 SSA-26 0.65 0% 375 

6 SSA-27 0.65 25% 375 

6 SSA-28 0.65 50% 375 

6 SSA-29 0.65 75% 375 

6 SSA-30 0.65 100% 375 

 

Table 3. the third group of samples 

group mix w/c ratio RCA cement content (Kg/m3) 

7 SSA-31 0.45 0% 400 

7 SSA-32 0.45 25% 400 
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group mix w/c ratio RCA cement content (Kg/m3) 

7 SSA-33 0.45 50% 400 

7 SSA-34 0.45 75% 400 

7 SSA-35 0.45 100% 400 

8 SSA-36 0.55 0% 400 

8 SSA-37 0.55 25% 400 

8 SSA-38 0.55 50% 400 

8 SSA-39 0.55 75% 400 

8 SSA-40 0.55 100% 400 

9 SSA-41 0.65 0% 400 

9 SSA-42 0.65 25% 400 

9 SSA-43 0.65 50% 400 

9 SSA-44 0.65 75% 400 

9 SSA-45 0.65 100% 400 

The cubes were made and cured at a temperature of 25o (+-2o) C in the laboratory, then tested for strength as 

compressive at 7 and 28 days of age. The strength of concrete was recorded as the mean of three values. 

Mixtures of concrete containing rubble were created by substituting a portion of the CA with rubble while 

maintaining all other factors constant. The ratio of rubble to CA was 25, 50, 75, and 100 percent by weight. 

3. Results  

The strength as compressive of any concrete relies on the aggregate quality used in making the concrete and 

also weak aggregate is a source of weakness in concrete. The strength of compressive of concrete composed 

of RC aggregate varies with the strength as compressive of that composing of natural aggregate. It's also been 

discovered that RCA has at least 2/3 the strength as compressive and natural concrete aggregate elasticity 

modulus. The strength as compressive observe in this study several results: 

 
Figure 1. the compression test machine 
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Table 4. the first group of samples results 

group mix ratio of w/c  RCA content of 

cement 

(Kg/m3) 

Fc7 days Fc28 days 

1 SSA-1 0.45 0 350 31.33 42.21 

1 SSA-2 0.45 0.25 350 26.18 37.44 

1 SSA-3 0.45 0.5 350 25.12 35.93 

1 SSA-4 0.45 0.75 350 23.80 34.42 

1 SSA-5 0.45 1 350 21.56 33.43 

2 SSA-6 0.55 0 350 28.87 36.32 

2 SSA-7 0.55 0.25 350 23.27 32.39 

2 SSA-8 0.55 0.5 350 22.33 31.08 

2 SSA-9 0.55 0.75 350 21.15 30.10 

2 SSA-10 0.55 1 350 18.14 28.12 

3 SSA-11 0.65 0 350 23.43 27.67 

3 SSA-12 0.65 0.25 350 19.80 26.20 

3 SSA-13 0.65 0.5 350 18.89 25.06 

3 SSA-14 0.65 0.75 350 17.90 24.05 

3 SSA-15 0.65 1 350 16.34 20.98 

Table 5. the second group of samples results 

group mix ratio of 

w/c  

RCA content of 

cement 

(Kg/m3) 

Fc7 Fc28 

4 SSA-16 0.45 0 375 35.32 45.41 

4 SSA-17 0.45 0.25 375 29.85345 40.1346 

4 SSA-18 0.45 0.5 375 28.64725 38.513 

4 SSA-19 0.45 0.75 375 27.1395 36.8914 

4 SSA-20 0.45 1 375 24.99 35.67 

5 SSA-21 0.55 0 375 34.23 42.92 

5 SSA-22 0.55 0.25 375 26.02215 35.49645 

5 SSA-23 0.55 0.5 375 24.97075 34.06225 

5 SSA-24 0.55 0.75 375 23.6565 32.9866 

5 SSA-25 0.55 1 375 18.34 29.79 

6 SSA-26 0.65 0 375 27.93 31.88 

6 SSA-27 0.65 0.25 375 24.77301 29.18833 

6 SSA-28 0.65 0.5 375 23.63125 27.86825 

6 SSA-29 0.65 0.75 375 22.3875 26.69485 

6 SSA-30 0.65 1 400 21.82 22.79 
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Table 6. the third group of samples results 

group mix Ratio 

of w/c  

RCA content of 

cement 

(Kg/m3) 

Fc7 Fc28 

7 SSA-31 0.45 0 400 41.89 52.63 

7 SSA-32 0.45 0.25 400 36.3132 47.6289 

7 SSA-33 0.45 0.5 400 34.846 45.7045 

7 SSA-34 0.45 0.75 400 33.012 43.7801 

7 SSA-35 0.45 1 400 31.47 43.59 

8 SSA-36 0.55 0 400 41 49 

8 SSA-37 0.55 0.25 400 32.87295 42.17895 

8 SSA-38 0.55 0.5 400 31.54475 40.47475 

8 SSA-39 0.55 0.75 400 29.8845 39.1966 

8 SSA-40 0.55 1 400 25.41 36.21 

9 SSA-41 0.65 0 400 23.43 27.67 

9 SSA-42 0.65 0.25 400 25.30582 31.09375 

9 SSA-43 0.65 0.5 400 24.1395 29.6875 

9 SSA-44 0.65 0.75 400 22.869 28.4375 

9 SSA-45 0.65 1 400 27.39 25.32 

Commonly, the concrete strength as compressive is regarded as its most valued mechanical attribute since it 

provides a comprehensive picture of the material's quality and is related directly to other characters. In this 

research, the loss in strength as compressive was 5–14%. Elevating the ratio of replacement to greater than 

50% resulted in a non-linear decline in strength as compressive of range from 13 to 22% below control concrete. 

Complete replacement with RCA resulted in a 15% to 25% decrease in strength as compressive. According to 

the obtained results, it is possible to manufacture high-quality structural concrete with 25–50% RCA 

replacement, depending on RA characteristics and proportions of mix. 

4. Discussion  

The ability of a material or structure to sustain compression, measured in shear, is known as its strength as 

compressive. The resistance of the concrete to cracking and fracturing is a measure of its strength as 

compressive. The compressive load is defined as the extreme load where the specimen fails. By applying a 

compressive force to concrete test specimens, we are able to focus on the material's ability to withstand 

compressional stresses in buildings, rather than the more generalized tensile and axial stresses that are typically 

addressed by reinforcing or otherwise modifying the concrete. Figures 2-6 show the findings from 7-day and 

28-day aging experiments on specimens made with 45 different mix patterns. Using regression relations, it was 

discovered that two relations outperformed all others in terms of accuracy; they were also much simpler to 

apply and had a larger R2 value. New models are offered to improve the accuracy of estimation. 

 

                   Figures 2. The Finding from 7- Days and 28 days - Aging Experiments (Group 1) 
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                    Figures 3. The Finding from 7- Days and 28 days - Aging Experiments (Group 2) 

 

 

                    Figures 4. The Finding from 7- Days and 28 days - Aging Experiments (Group 3) 
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                    Figures 5. The Finding from 7- Days and 28 days - Aging Experiments (Group 4) 

 

 

Figures 6. The Finding from 7- Days and 28 days - Aging Experiments (Group 5) 

 

 

Figures 7. The Finding from 7- Days and 28 days - Aging Experiments (Group 6) 

Since the paste lubricates the aggregates, increasing the volume of the paste improves workability. When the 

cement proportion is decreased, the concrete becomes more rigid but less workable than it would be with the 

original water content. When the cement content of concrete is high, the material becomes extremely cohesive 

and sticky. The desired workability can be attained with the right amount of cement content, preventing any 

unintended consequences. Aggregates because aggregates account for 60–75 percent of concrete's overall 

y = 1.0173x - 10.814
R² = 0.9913

0

10

20

30

40

35 37 39 41 43 45 47

7
 d

ay
s

28 days

group 4

MPa

M
P

a

y = 1.1672x - 15.468
R² = 0.9852

0

5

10

15

20

25

30

35

40

28 30 32 34 36 38 40 42 44

7
 d

ay
s

28 days

group 5

MPa

M
P

a

y = 0.6658x + 5.6767
R² = 0.8467

0

5

10

15

20

25

30

20 22 24 26 28 30 32 34

7
 d

ay
s

28 days

group 6M
P

a

MPa



 PEN Vol. 11, No. 1, February 2023, pp.15-29 

24 

volume, they must be carefully chosen during the mix design phase. The particles' gradation, shape, porosity, 

and surface roughness all impact the workability of concrete. Because fine aggregates require a high water 

amount because of their high surface specific area, and an insufficient amount of fine aggregate cause’s 

mixtures to stiffen up and segregate, it's important to utilize properly graded aggregates if you want to get the 

results you want in terms of workability. Workability is affected by aggregate shape and texture because of 

how much paste of cement is needed. Aggregates that are more spherical, well-rounded, and smooth on the 

surface are easier to deal with than those that are more angular, elongated, and rough on the surface, which can 

lead to segregation. 

 

Figures 8. The Finding from 7- Days and 28 days - Aging Experiments (Group 7) 

 

 

Figures 9. The Finding from 7- Days and 28 days - Aging Experiments (Group 8) 

 

Figures 10. The Finding from 7- Days and 28 days - Aging Experiments (Group 9) 
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The present results that the high w/c ratio decreases the relationship between 7 and 28 days of concrete strength 

as compressive. It is common practice to extrapolate seven-day strengths to 28-day ones. Obviously, the 

amount of strength improvement measured on the 7-day and 28-day tests is different. The amount of strength 

improvement to be anticipated is affected by a factors number, include the type of cement used and the curing 

circumstances. An overarching principle is provided by Mindness and Young's Concrete, which states: 7-day 

strength is typically between 60% and 75% of 28-day strength, and is typically greater than 65% of 28-day 

strength. This corresponds to a ratio of 1.3 to 1.7, with less than 1.5 being the norm. For a higher strength as 

compressive to allow for variation. When you increase the mix water amount, the w/c ratio increases, which 

weakens the concrete. 

 

Figures 11. Results of The Relationship between The 28/7 Days Compressive Strength Test and The Amount 

of Recycled Concrete (350 Kg/m3) 

 

Figures 12. Results of The Relationship between The 28/7 Days Compressive Strength Test and The Amount 

of Recycled Concrete (375 Kg/m3) 

 

Figures 13. Results of The Relationship between The 28/7 Days Compressive Strength Test and The Amount 
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The results observe a high correlation in cement content 400-450 kg and weak correlation in cement content 

350 kg.  

4.1.  The relationship between w/c ration and strength as compressive  

The w/citious ratio, or w/cm ratio, is the cementations percentage of materials by wt. in concrete divided by 

the total water amount used in the mix (less the water amount absorbed by the aggregates). The ratio of w/cm 

is a variation of the traditional (w/c ratio), which described the proportion of water to portland cement by weight 

in concrete (excluding water absorbed by the particles). The w/cm ratio is preferable because modern concretes 

typically include supplemental cementations elements such slag cement, fly ash, natural pozzolans, or silica 

fume. Use the water-to-cementations-materials (w/cm) ratio for both concretes with and without supplemental 

cementations materials to avoid any ambiguity. The cementations materials and water create a paste or adhesive 

that, once hardened, binds the aggregates together. When cementations materials are subjected to water, a 

chemical reaction occur that causing the hardening of cement. This process is known as hydration. Adding 

more water, or raising the w/cm ratio, dilutes the hardened paste and reduces the concrete's strength as shown 

in the figures. 

 

Figure 14. Cmparison between different W/C ratios with different Cas replacement for first group 

 

 

Figure 15. Comparison between different W/C ratios with different CAs replacement for second group 
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Figure 16. comparison between different W/C ratios with different CAs replacement for third group. 

The correlation between the CA % that replaced by CRs and the strength as compressive after 28 days. 

Utilization of the rubble led to a decline in strength as compressive. This decline grows as the quantity of rubble 

increases. Similar outcomes are demonstrated by Limbachiya et al. in 2004 and Qasrawi et al. in 2012. Through 

paste density increasing, decreasing the w/cm ratio enhances several attributes of hardened concrete, including 

its water tightness, permeability, durability, and freeze-thaw cycles resistance, winter scale, and chemical 

attack. Concrete that uses less water tends to be of higher quality. However, sufficient water is required to act 

as a lubricant and offer workable slurry that able to be mixed, put, consolidated, and completed with no incident. 

Maximum or limits ratios of w/cm and minimum strength as compressive s have been established by building 

codes since this ratio governs both strength and durability. Limit concrete's permeability by adhering to the 

code-mandated ratios of maximum w/cm and strengths as minimum.  

5. Conclusion  

Based on the test findings, the RCA performance, even with the complete coarse natural aggregate replacement 

with coarse RC, is largely acceptable, not just in mechanical characters terms, nonetheless likewise in terms of 

the other needs connected to such concrete type of mixture proportion production and design. The single 

parameters that are inferior to those of aggregate concrete as natural are the shrinkage deformation and elasticity 

modulus. Owing to this, it is not suggested to use such concrete type for elements of structure that are susceptible 

to large deformations. Likewise, such forms of concrete should not be utilized for constructions subjected to 

harsh environmental circumstances with no prior examining, as the existing research reaches contradictory 

findings regarding the durability-related qualities of RAC. In these tests, the coarse RCA amount increasing to 

100 percent enhanced the compressive stress of concrete by 27%. The deflections of tested beams are 

independent of the kind and amount of aggregate used in the region as elastic; deflections as identical were 

observed regardless of concrete kind. In the post-elastic region, however, the deflection value rose as the coarse 

RC quantity increased. 

This thesis discusses the research technique's accomplishments as well as initiatives to close research gaps. This 

work offers a series of processes and conditions for the processing of actual applications for concrete mining. 

This thesis seeks to discover how concrete reacts when different RAC percentages and W/C effects are added 

to concrete mixtures. The conclusions as following can be drained from the research described in such article.  

CR are able to be utilized as CA in standard concrete compositions. This aids in the mitigation of environmental 

issues caused by the discharge of these goods. Depending on the replacement ratio and concrete grade, the CRs 

utilized as CA in concrete mixtures led to a decrease in strength. This effect can be minimized by lowering the 

ratio of weight to mass. The incorporation of debris of Concrete has a substantial effect on the strength as 

compressive of concrete. 

• It is feasible to use CRs as CA in traditional concrete mixtures. 
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• This helps decrease the environmental difficulties reasoned to the discharge of these items. 

• Depending on the ratio replacement and the concrete kind, the CRs utilize as CA in concrete mixtures 

decreased the strength. This effect can be mitigated through declining the w/c ratio. 

• The effect is greater on strength as compressive than on tensile strength. 

• The usage of concrete fragments has a noteworthy influence on the concrete workability. 

• Nonetheless, as is famous, the super plasticizers and plasticizers usage will aid in the resolution of this 

issue [27]. 

• Prior to applications, it is vital to achieve additional work on the utilization of these materials. Properties 

such as shrinkage and durability must be thoroughly and thoroughly researched. 
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