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Abstract: Utilizing recycled or reclaimed coarse aggregates in producing recycled concrete for structural applications helps in preserving natural resources from depletion 
and reduces the volume of waste created throughout construction and demolition. Recycling makes the concrete production more sustainable and environment-friendly, by 
narrowing the traditionally vast area needed to be occupied as landfills. In this research, four types of mixes were prepared using recycled concrete aggregates and reclaimed 
crushed aggregates as substitution of natural coarse aggregates in different replacement percentages. Series of tests were conducted to investigate the properties of fresh 
and hardened concrete samples prepared from mixes with various compositions. The effects of adding recycled or reclaimed aggregates are presented in this paper. The 
results reveal that recycled concrete with 50% replacement of natural coarse aggregates with recycled or reclaimed aggregates can have adequate fresh and hardened 
properties. However, with full replacement ratio, although the compressive strength of recycled concrete was higher than that of conventional concrete, the workability of the 
recycled concrete mix significantly decreased. 
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1 INTRODUCTION  
 

Development of building and construction industry 
plays an essential role in satisfying the growing needs of 
humanity driven by the rapid increase in population and 
urbanism. As this development permanently grows, it 
escalates the rates of consuming the natural materials and 
has a deleterious effect on the environment. Concrete has 
been widely considered as the most efficient construction 
material for different types of structures in the construction 
industry. Thus, tremendous amounts of concrete are being 
consumed around the World [1]. Even though concrete is 
characterized by very profitable advantages ranging from 
very good compressive strength, durability, fire resistance, 
cost-effectiveness and availability, the continuous 
production of conventional concrete (i.e. concrete 
produced from natural virgin aggregates and portland 
cement) has been proven to negatively affect the 
environment as a result of exhausting the natural resources 
besides the CO2 emissions from the cement production [2-
3]. Furthermore, a challenging problem arises when a huge 
volume of construction and demolition waste (C & DW) is 
created as a result of regular urban development when new 
structures replace old ones [4]. In Europe, according to FIR 
(Fédération Internationale du Recyclage), the (C & DW) 
approximately account for 30% of the total waste volume 
[5]. 

Producing recycled aggregates by conducting 
treatments and processes on C & DW is not absolutely 
new; according to the European Aggregates Association 
report in 2019, about 12% of the total aggregate production 
in the European region was from recycled and reused 
aggregates [6]. Although it is allowed by the European 
Standard (EN-206) to use recycled aggregate 
(recommendation: up to 50% recycled coarse aggregate in 
concrete, depending on the exposure classes and the 
properties of the aggregate), the utilization of recycled 
aggregates is still limited to low-grade applications or road 
constructions in most of the European countries [7]. 
Recycled aggregates are classified depending on their size 
as coarse (D > 4 mm) and fine (D ≤ 4 mm). The size of the 
recycled aggregate characterizes its properties and 

consequently the field of application. There is a significant 
difference between the properties of recycled coarse 
aggregate and recycled fine aggregate that contains more 
amount of attached mortar [8]. Accordingly using fine 
aggregate in producing concrete is not recommended since 
it causes a reduction in workability and strength of the 
recycled concrete [8-10]. Excluding the presence of other 
contaminants, water absorption and density are the two 
main properties to assess the quality of the coarse 
aggregate as these properties are related to the adhered 
mortar that causes undesirable effects [11]. 

Using recycled coarse aggregate as a replacement of 
natural aggregate in producing concrete for structural 
applications has been investigated by many researchers 
[12-18]. However, in many cases the available results are 
incomparable due to a large variety of variables such as w/c 
ratio, water-reducing admixtures and the mixing methods 
used in the tests. Otsuki et al. [19] addressed the correlation 
between expected compressive strength and the bond 
between the old mortar and gravels in the recycled 
aggregates considering the w/c ratio. Khaldoun in [16] 
proposed that the compressive strength of recycled 
concrete is not limited to the strength of the demolished 
concrete that was used to obtain the recycled aggregate. 
While Bui et al. [20] indicated that recycled aggregate 
percentage is conversely proportional to the compressive 
strength, several authors [13, 14, 21, 22] have reported that 
the usage of recycled aggregate of up to 25-30% 
replacement is appropriate to produce concrete for 
structural applications. In other studies [12, 23, 24] the 
authors indicated that the compressive strength was not 
influenced by the replacement percentage when a good 
quality recycled aggregates were used. Hence, a wide range 
of research has been carried out to compare the 
performance of recycled concrete with normal concrete, 
and a few studies have investigated the influence of 
reclaimed and recycled aggregates on the performance of 
recycled concrete for structural applications. Therefore, 
more research is needed to verify the effects of using 
recycled and reclaimed aggregates - with higher substitute 
levels than recommended by standards - on the fresh and 
hardened properties of recycled concrete. Also, solutions 
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should be found to improve these properties to make the 
performance of recycled concrete similar to that of the 
conventional one. In this paper, the experimental program 
aims to investigate the mechanical properties of recycled 
concrete incorporating reclaimed crushed or recycled 
aggregates recovered from demolition waste. 
 
2 MATERIALS 
 

Natural coarse aggregate (N): normal natural 
aggregate with a rounded shape and a smooth surface from 
a local supplier. Separated in two fractions: 4/8 mm 
(fineness modulus: 6.98, Category: GC 85/20 f1.5) and 8/16 
mm (fineness modulus: 7.94, Category: GC 85/20 f1.5). See 
Fig. 1a.  

Recycled coarse aggregate (RCY): These rubbles were 
collected from the waste of a demolished high-rise building 
that was built in the 1970s and demolished in 2012 in Pécs, 
Hungary. After the primary crushing, the sizes of the 
concrete pieces were about 60 mm to 100 mm. Then an 
impact crushing was used to reduce the size of the 
aggregate, and finally, the aggregate was sieved to separate 
it into the required sizes. These aggregates are categorized 

as type "A" aggregate according to EN 206 since more than 
90% of the materials are considered demolished concrete. 
See Fig. 1b. 

Reclaimed crushed coarse aggregate (REC): obtained 
by an impact crushing of lab-test-cubes with different 
grades (from C20/25 to C35/45). See Fig. 1c. The cubes 
were collected after conducting compressive strength tests 
from the quality-control laboratory in Hungary "A-Beton". 
After crushing the cubes, the resulted aggregates were 
sieved and separated according to their sizes. This type of 
aggregate is also categorized as type A according to EN 
206. 

Fine aggregate: The same type of natural sand is used 
in all mixes, the grading curve category is GF 85 f3. 

Cement: the used cement is type CEM II/B-S 42.5N 
for all mixes produced by Duna-Dráva Cement Ltd. (Vác 
industry) and complied with EN197-1 without any 
cementitious replacement. 

Chemical admixtures: water-reducing admixture is 
used to achieve the desired workability. The type of 
superplasticizer used is Sika Viscocrete 7710, (the 
recommended dosage between 0.2-2 m % of the cement). 
 

 

 
(a) Natural Aggregates N 

 
(b) Recycled Aggregates REY 

 
(c) Reclaimed Aggregates REC 

 
(d) Contaminants Bricks tiles etc. 

Figure 1 Different types of aggregates 
 
3 EXPERIMENTAL PROGRAM 
3.1 Concrete Mixes 
 

Four concrete mixes with deferent content of coarse 
aggregates - shown in 0 - were prepared to investigate the 
effect of each type of coarse aggregate on the properties of 
concrete. Mix D4 was done to investigate the full 
replacement of natural coarse aggregate (N) with the 
reclaimed aggregate (REC) from crushed test-cubes. 
Mix D2 and Mix D3 were prepared to compare the 
concrete made with reclaimed crushed aggregate (REC) 
with the one incorporating recycled aggregate (RCY) at a 
50% substitution ratio. 

  
Table 1 Coarse aggregate ratio in each mix 

Mix code REC RCY N 
Mix D1 - - 100% 
Mix D2 - 50% 50% 
Mix D3 50% - 50% 
Mix D4 100% - - 

 
The targeted concrete strength was C30/37 and the 

desired consistency class was plastic (flow: 400-440 mm). 
The absolute volume method was adopted to design the 
mix proportions of the concrete compositions. The 
concrete mixtures proportions are shown in 0. Mixture 

proportions were determined in accordance with the 
following concept: 

The cement type and content were the same in all 
mixtures. The water/cement ratio was the same in all mixes 
(w/c = 0.52). The source, size distribution, and wetness 
condition of the natural coarse or fine aggregate were the 
same in all mixes. The Maximum diameter of the coarse 
aggregate was dmax = 16 mm. The grading curves of the 
natural coarse, reclaimed, and recycled aggregates were 
similar. The mixing method was the same for all mixes in 
terms of the sequence of adding materials and the mixing 
time. The natural coarse and fine aggregates were in oven-
dried condition while the recycled and reclaimed 
aggregates were in their original condition (air-dried 
condition) without saturation or adding any additional 
water. 

The physical properties of these aggregates were tested 
(particle density and water absorption of crushed aggregate 
complying with EN1097-6). The results of the test are 
shown in Tab. 3. The grading curves of the aggregates are 
presented in Fig. 2. These curves are produced in 
accordance to EN 933-1. The presence of other 
contaminants like wood, paper, tiles, bricks and metal 
debris was noticed in RCY type, see Fig. 1d. The total mass 
of these contaminants was less than 10% (Rc 90 and Rcu 95) 
which makes it type A. Only coarse aggregate with sizes 
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between (4-16) mm was classified into two standard 
fractions of coarse aggregate, namely the 4/8 mm and 8/16 
mm form 44%, 56% respectively of the coarse aggregate 
volume. The volume of the different aggregate fractions 
was the same in each mixture. 0/4 fraction 40%, 4/8 
fraction 26% and 8/16 fraction 34%. 

 
3.2 Concrete Batching Procedure 
 

The mixing procedure was adapted based on the 
described goals and was as practical as possible. A pan type 
mixer with 50 litres capacity was used for the preparation 
of all concrete mixtures.  

The conventional mixing approach was applied by 
adding the coarse aggregate, then the cement, followed by 
sand in order to cover the cement and prevent it from 
dusting. After that, a dry mixing was continued for about 
30-60 seconds, then the water was added gradually during 
the mixing and was distributed equally. The wet mixing 
lasted for about 1-2 minutes during which different dosages 
of the superplasticizer were gradually added to the mixture 

to achieve the targeted workability. This last step was 
repeated until reaching the desired properties of the fresh 
concrete. 
 

 
Figure 2 Particles size distribution

 
Table 2 Concrete Mix proportions for 1 m3 concrete 

Concrete 
Mixture 

Cement / kg Water / kg w/c Sand / kg 
Coarse Aggregate / kg 

Plasticizer / kg 
Density / 

kg/m3 N RCY REC 
Mix D1 350 182 0.52 732 1098 - - 0.86 2363 
Mix D2 350 182 0.52 732 549 495 - 1.43 2310 
Mix D3 350 182 0.52 732 549 - 506 1.72 2320 
Mix D4 350 182 0.52 732 - - 1012 4.57 2276 

 
3.3 Tests on Concrete Mixes 
3.3.1 Fresh Concrete Properties 
 

1. The flow table test was prepared according to 
EN 12350-5:2009 to determine the consistency class of 
fresh concrete. 

2. The fresh density of the concrete was measured and 
calculated according to EN 12350-6:2009. 

3. The air content was measured with the pressure 
gauge method according to EN 12350-7:2009. 

 
3.3.2 Hardened Concrete Properties 

 
1. The compressive strength was determined 

according to EN 12390-3:2009 using three standard size 
(150 mm) cubical specimens from each mix at 28 days of 
age. The specimens were immersed in water for 7 days 
before they were cured in air condition (according to the 
Hungarian standard, MSZ 4798:2016). 

2. The hardened density of the concrete was calculated 
according to EN 12390-7:2009. 

3. The water penetration test was performed according 
to EN 12390-8:2009 to determine the maximum water 
penetration depth under pressure (5 bars pressure for 72 
hours). 
 
4 RESULTS AND DISCUSSION 
4.1 Characteristics of Recycled and Reclaimed Coarse 

Aggregate 
 

The tests show that the physical properties of the 
recycled aggregates differ from those of natural aggregates, 
especially the water absorption and the density. The water 
absorption of RCY and REC was 5-8 times higher than N 

and the specific density of REC/RCY was 7-10% lower 
than N aggregate (see Tab. 3). These results are in line with 
previous studies and mainly induced by the presence of the 
old residual adhered cement-paste, which has less density 
and its structure contains more pores and more voids than 
the natural aggregate [10, 25, 26]. Furthermore, the 
physical properties of REC type aggregates were slightly 
better than the REY type properties (see Fig. 3). 

 
Table 3 Coarse aggregate density and water absorption 

Type 
Fraction 

(N) (RCY) (REC) 
4/8 8/16 4/8 8/16 4/8 8/16 

Density 
/ g/cm3 

2.63 2.64 2.36 2.39 2.41 2.44 

Water 
absorption / % 

1.2 1.1 7.6 6.2 5.1 4.4 

 

Figure 3 Water absorption vs density 
 
This improvement in the properties is mainly related to 

the mortar content and the quality of the original 
aggregates. In addition to the density and water absorption, 
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the particle shape of the recycled and reclaimed aggregates 
is angular irregular with rough surface texture, which 
differs from the used natural rounded aggregate having a 
smooth surface. This fact has an impact on the fresh 
concrete properties [25, 27]. 
 
4.2 The Fresh Concrete Properties 
4.2.1 Workability 
 

The flow table test was conducted immediately after 
the mixing. The results are shown in Tab. 4. The 
workability of recycled concrete incorporating 100% 
reclaimed crushed coarse aggregate (Mix D4) was 
significantly decreased and did not meet the targeted flow 
range (see Fig. 4). This deviation is mainly caused by the 
higher water absorption of the reclaimed aggregate that 
absorbs water from the mix reducing the effective water 
content and workability of the concrete. This result is 
consistent with the conclusions of previous studies [24], 
[27]. Other factors that may have accounted for the lower 
workability are the rough texture and the angular shape 

with more pores in the recycled aggregate, as more cement 
paste is required. Previous studies addressed that using 
natural rounded aggregate with a smooth surface gives 
better workability than crushed angular aggregate [28]. By 
Mix D2 with 50% of RCY, similar workability was 
achieved with a higher dosage of superplasticizer. 
However, at the same replacement percentage, a lower 
workability class was achieved with REC aggregate type 
(Mix D3) even with a higher dosage of superplasticizer 
(see Fig. 5). 
 
4.2.2 Air Content 
 

The results of measured air content and fresh density 
of recycled concrete are shown in Tab. 4. According to the 
test results, with substitution of up to 50% of natural coarse 
aggregate, there was no observable variation in the air 
content of fresh concrete; while with full replacement of N 
with REC, the air content remarkably increased.  

 
Table 4 Fresh properties of concrete mixes 

Mix Code 
Superplasticizer 
quantity / mc % 

Flow diameter / mm 
Fresh concrete density / 

kg/m3 
Consistency class Air Content 

Mix D1 0.25 440 2372 F3 1.4% 

Mix D2 0.43 430 2325 F3 1.2% 

Mix D3 0.5 400 2357 F2 1.4% 

Mix D4 1.35 300 2330 F1 2.2% 

 

(a) MIX D1 (b) MIX D2  (c) MIX D3  (d) MIX D4  
Figure 4 Flow table test results 

 

 
Figure 5 Flow vs superplasticizer 

 
4.3 Hardened Properties of Recycled Concrete 
4.3.1 Compressive Strength 
 

In this research, the reclaimed/recycled aggregates 
were used in their original condition (air-dried condition) 

without saturation or adding any additional water to the 
mix to avoid the loss in compressive strength [29]. The 
average values of the compressive strength at 28 days are 
presented in Fig. 6. The compressive strength of the 
recycled concrete incorporating 100% and 50% reclaimed 
coarse aggregate was higher than the compressive strength 
of conventional concrete with about 45% and 21% 
respectively. By increasing the replacement ratio of 
reclaimed aggregate, the compressive strength of recycled 
concrete increased as well. This confirms that a higher 
replacement ratio does not necessarily result in lower 
concrete strength, contrary to its effect on the air content. 
The increase in the compressive strength could mainly be 
caused by a lower effective w/c ratio since the recycled and 
reclaimed aggregates absorb more water than natural 
aggregate, therefore it reduces the effective w/c ratio and 
increases the compressive strength. Furthermore, the same 
replacement ratio of recycled aggregate introduced lower 
compressive strength than reclaimed aggregates. This 
reduction in compressive strength may result from the 
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existence of contaminants in the recycled aggregate. The 
results demonstrate that it is possible to produce high 
strength recycled concrete when good quality recycled 
aggregate and a proper mixing method are combined. 
 
4.3.2 Hardened Concrete Density 
 

The hardened concrete density of REC was lower than 
that of N. However, there was no significant difference 

between the density of the hardened recycled and hardened 
conventional concrete (Mix D3 and Mix D1) when the air 
content was similar, see Fig. 6. The aggregate density of 
RCY type was lower than that of the REC type aggregate. 
Thus, the hardened concrete density of Mix D2 was lower 
than Mix D3. The lowest hardened concrete density was by 
Mix D4. This reduction in the density is mainly caused by 
the high air content.

 

 
Figure 6 Compressive strength and hardened concrete density 

 
4.3.3 Water Penetration Depth 
 

The depth of water penetration decreased with the 
increase of REC replacement ratio as shown in Fig. (7). 
The trends are similar to the results reported by other 
studies [30]. The reason could be the ability of the REC to 
keep the water in and the low saturation level. 

 

 
Figure 5 Water penetration depth 

 
5 CONCLUSION 
 

The main purpose of the carried-out study was to 
determine the effect of replacing natural coarse aggregate 
with recycled or reclaimed crushed aggregates. The main 
conclusion that can be drawn from the experiment is that 

recycled and reclaimed aggregates can provide adequate 
valuable alternatives to natural coarse aggregate not only 
for low-grade concrete applications but also producing 
concrete for structural applications. It should be noted 
however that this conclusion is valid under the conditions 
of this experiment with special consideration for the 
durability requirements. Despite the fact that the physical 
properties of natural aggregate are better than those of 
recycled one, the analysis of these differences has to be 
considered alongside with the environmental and 
sustainability aspects.  

  A significant (approx. 45%) increase in the 
compressive strength of recycled concrete was achieved 
with 100% reclaimed aggregate compared to reference 
conventional concrete while the compressive strength of 
recycled concrete with 50% recycled and 50% reclaimed 
coarse aggregate substitution was 12% and 20% higher 
than the strength of conventional concrete, respectively. 

  The influence of reclaimed aggregate in terms of 
compressive strength was better than that of recycled 
aggregate. This effect could be related to a difference in the 
quality of aggregate in addition to the presence of other 
contaminants among the recycled aggregate. 

  The workability of recycled concrete incorporating 
up to 50% substitution ratio was approximately similar to 
the workability of the conventional reference, while a 
significant decrease was found with 100% reclaimed 
coarse aggregate substitution.  
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  The water penetration depth of the recycled concrete 
was lower than the penetration depth of the conventional 
one.  

  The use of superplasticizer to enhance the 
workability of recycled concrete was found to be effective 
up to 50% replacing ratio of the coarse natural aggregate 
without adding extra water to the mix. 

Based on the results of the experiments, it can be 
deduced that it is extremely important to determine the 
amount of the water absorbed by the recycled/reclaimed 
aggregate, and also find the relationship between the 
volume of the attached old mortar in the composition and 
the amount of absorbed water. Another interesting question 
for future research is to determine the durability and 
pumpability of recycled concrete. 
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