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Abstract. 

 This research was conducted with the use of recycled 

aggregate as replacement, the use of recycled aggregate 

from the remnants of the destroyed buildings in the city of 

Benghazi and used in concrete in varying proportions 

namely 0,30,50 and 75% of the weight of natural 

aggregate. Moreover, the scope of this study was focused 

on the comparison between the physical properties of 

natural aggregate and recycled aggregate in terms of 

several tests namely, specific gravity, absorption, Los 

Angeles. According to the results, it could be noted that the 

value of specific gravity and apparent specific gravity were 

meet the requirement, while the compressive strength 

decreased with the use of recycled aggregates (100%). 
Keywords—recycled aggregate, specific gravity, lose Angeles, 

compressive strength test, 

I. INTRODUCTION  

Concrete is one of the most important building materials 
because of its positive advantages, especially as it is a cheap 
material. At the end of the last decade of the twentieth 
century, the demolition and reconstruction of buildings 
increased for the purpose of suitable new purposes or 
because of the end of the design life of the buildings. The 
process of recycling has become a policy adopted by many 
developed countries. New Zealand and Denmark are among 
the leading countries in this field. This process consists of 
assembling, processing and reuse of demolition and 
construction waste, bringing it back to its life cycle and 
making it usable for the same purpose or for other purposes. 
This method is environmentally beneficial as it reduces the 
volume of waste generated and thus saves the area of the 
land being used as a landfill and contributes to the 
preservation of the country's original natural resources 

 This paper discusses the possibility of replacing natural 
coarse aggregates (NCA) with recycled coarse aggregates 
(RCA) in structural concrete, the tests are performed on the 
characteristics of the RCA by crushing and grading the 
concrete debris collected from the various demolition sites in 
Benghazi city. 

It could be knowing that the war in Libya caused the 
destruction of a large number of buildings and one those 
cities called Benghazi, where there are large quantities of 

remnants of buildings, which constitute an environmental, 
economic and social problem on the state. from this point of 
view, we must concentrate on recycling as a primary source 
of reduction in the economic cost of materials which has 
used in the production of concrete in the city of Benghazi. 

 

Figure 1: part of the destruction in the Sabri area. 

 

Figure 2: part of the destruction in the alethee area. 

In this study, the recycled coarse aggregate has been used 
from a construction waste material. The researcher manually 
crushed the construction waste material to match the 
specifications of the gradation of the coarse aggregate. Based 
on the recycled aggregate process, there are 2 (two) types of 
recycling plants all over the world: 
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 Stationary recycling plant. 

 On-site recycling. 

Both types have the same process scheme, but the 
stationary plant is located in far areas away of cities and 
urban areas. The equipment in the first type is very big, noisy 
and needs very qualified roads to carry heavy loads. The 
second type is small and movable and can be located in the 
demolished site.  

i. Subject of research 

 Reduce the use of natural resources. 

  Reduce the impact of construction waste on the                 

       environment. 

  Perform different tests on recycled aggregates and       

       natural aggregates and compare their results. 

 
ii. Advantages of recycling building materials. 

 Used in the construction of precast and site casting. 

 Cost savings: - it is expected that the increase in the 
cost of cement can be compensated at a lower cost 
than recycled coarse aggregate (RCA). 

 Conservation of the environment: - There is no 
drilling for the natural resources of the country, and 
also reduce the size of land required to extract the 
aggregate. 

iii. Disadvantages of recycling of building materials . 

 lower quality for example, the compressive strength 
decreases by 10-30%. 

 very high water absorption up to (7%). 

 It has higher shrinkage and drying. 

II. LITERATURE REVIEW 

The discussion about recycled aggregate usually correlate 
with recycled coarse aggregate. Coarse recycled concrete 
aggregate (RCA) is produced by crushing the demolition 
waste of at least 95% by weight of concrete, and having a 
total contaminant level typically lower than 1% of the bulk 
mass. According to the study of this researcher, it could be 
concluded that the recycle concrete aggregate consisting of 
gravel, crushed stone, hydraulic-cement concrete or a 
combination thereof deemed suitable for premix concrete 
production [9]. 

In terms of recycled aggregate, this aggregate is obtained 
from used material which has been through a process. It 
means the recycled aggregate is the used materials which can 
be obtained from construction and demolition and well 
known as C&D, reclaimed aggregate from constructions and 
demolition debris. People can use recycled aggregate after 
the waste material through crushing, and graded inorganic 
particles processed from the materials that have been used in 
the constructions and demolition debris [13]. 

Moreover, according to (Fumoto and Yamada (2006), 
there were no visual detrimental effects in the concrete. The 
cost of recycled concrete aggregate was expected that the 
cost of cement content can be replaced by recycled concrete 
aggregates. 

Although RCA has an economic benefit aspect, it also 
has weakness in terms of lower specific gravity (2.44–2.46) 
and higher water absorption (4.5–5.4) than most natural 
aggregates. Fine RCA also has a lower SG of around 2.32 
and a very high water absorption of 6.2%. RCA concrete has 
unit weight in the range of 2240–2320 kg/m3.It has higher 
water demand and gave lower compressive strength than 
control concrete made from natural aggregate at equal water 
to cement ratio RCA concrete has similar flexural strength 
but lower elastic modulus than control. RCA also resulted in 
higher drying shrinkage and creep but comparable expansion 
to control. The adherence of mortar to the surface of RCA 
was the main cause of higher water absorption, lower SG and 
poor mechanical properties. Excessive expansion or swelling 
can be caused by contamination by plaster and gypsum. 
Adjustments of the mix design would be necessary to offset 
the effect of RCA on workability, absorption, strength and 
shrinkage [11]. 

Moreover, the use of RCA will be effected to the high 
water absorption of recycled fine aggregate which will be  
increased shrinkage and permeability of concrete [11]. 

Concrete rubble can be converted into useful Recycled 
aggregates used in the production of concrete with suitable 
properties for most structural concrete applications in Egypt. 
The few properties of recycled aggregates such as absorption 
and corrosion resistance were lower than those required by 
Egyptian concrete rules. Recycled aggregates with a 
replacement ratio of up to )100% (of natural aggregate and 
(400 Kg/m3). Cement content produced concrete with 
(33Mpa) strength suitable for most structural concrete 
applications in Egypt. [12] 

When using recycled aggregates, the environment can be 
protected from the harmful residues of buildings. This 
technology has been developed in South Africa, Japan, 
Russia, France and Germany.[15] 

The use of recycled aggregates up to 30% does not affect 
the functional requirements of the structure according to the 
test results. Various tests conducted on recycled aggregates 
and results compared to natural aggregates are satisfactory as 
(IS2386). It provides construction, energy and the cost of 
transporting natural resources and prospecting heavily. This 
in turn directly reduces the impact of waste on the 
environment. [16] 

75% of recycled aggregates are not very useful. They 
gave values close to the values given by the mixture 
containing 100% of recycled aggregates. The elasticity 
coefficient is clearly affected by the use of recycled 
aggregates, so it is necessary to pay attention that the issue 
type of concrete is used, in terms of the impact on the 
hardness of the structural elements. [17] 

The selection of a well-reposted rubble source can 
increase the properties of the resulting concrete. In Finland, it 
was possible to produce concrete from the recycled 
aggregates, which gave up to 2-3 times the resistance of the 
concrete produced from the local broken rocks. [16] 

III. METHODOLOGY 

This research aims to study the strength of the concrete 

recycled aggregate, which is completely recycled and 

partially substitute for the natural coarse aggregate, and the 

study of the physical properties of recycled aggregates to be 
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compared with natural aggregates, as well as the slump test 

and compressive test for concrete. The percentage of natural 

aggregates to recycled aggregates (0% RCA), (30% RCA), 

(50% RCA), (75% RCA). 

This research was conducted in laboratory of College of 

Technical Sciences /Bani Waleed and the material which 
was used in this research can be explained as: 

 

 Cement. 

      Portland cement type I was used throughout the      

investigation. The cement was obtained from local 

concrete manufacture and kept in dry location. 

 Water. 

      The water that was used is tap water, potable without 

any salts or chemicals. 

 Natural Aggregates. 

     Two main categories of aggregate are used, coarse and    
fine aggregates. The classification of aggregate into 

fine and course is referred to ASTM C33 (ASTM, 

2004). 

 Natural Coarse aggregate: 

The coarse aggregate in this study is local from bani 

waleed city.  two sizes of coarse aggregate will be used 

with nominal size 20mm and 10mm, with the 

composition of recycle coarse aggregate 0%, 30%, 

50% and 75% then should meet the sieved as shown in 

Table 1.   

                   
                TABLE 1: GRADING OF NATURAL COARSE AGGREGATE 

Sieve Size ASTM C33-03 

(mm) Min Max 

37.5 100 100 

25 100 100 

19 90 100 

12.5 60 90 

9 20 55 

4.75 0 10 

2.63 0 5 

 

 Natural Fine Aggregate 

Aggregate should meet the requirement of ASTM C33-

03 test sieve and containing not finer material than is 

permitted for the various works as required. 
 

                                          TABLE 2: FINE AGGREGATE 

Sieve 
No 

Opening ASTM Limits 

mm Min Max 
1 ½” 37.5   

1” 25   

¾” 19   

½” 12.5   

3/8” 9.5 100 100 

#4 4.75 95 100 

#8 2.36 80 100 

#16 1.18 50 85 

#30 0.6 25 60 

#50 0.3 5 30 

#100 0.15 2 10 

#200 0.2 0 0 

  

 Recycled Aggregate 

The recycled aggregate has been used from Building 

waste material from city of Benghazi. The researcher 

manually crushed the Building waste material to match 

the specifications. The Recycled coarse aggregate that 

was collected should meet the sieved ASTM C33-03. 

 Specific Gravity: The determination of specific gravity 

of coarse and fine aggregate was done according to 

ASTM C 127 and ASTM C128. The specific gravity 

calculated at two different conditions which are dry and 

saturated surface dry conditions. 

 Aggregate absorption: Absorption of aggregate is the 

weight of water presenting aggregate pores expressed as 

percentage of aggregate dry weight. ASTM C127 is used 

to determine coarse aggregate absorption and ASTM 

C128 for fine aggregate. 

 Concrete Mix Design. 
In this research was used 4 types of mix concrete which 

are made from OPC. Each type contains 0%, 30%, 50% 

and 75% recycled aggregate. Researcher adopted the 

method of Mix design of Concrete: British stander BS 

5328 and BS 8110 for the design of concrete mix and the 

target is to achieve 30 MPa after 28 days of concrete 

age. The materials which were used are local fine 

aggregate and coarse aggregate with a 20 mm max for 

batch 1 and 10 mm for bath 2  

The BATCH 1will be as following. 
 

                                  TABLE 3: Batch1 with (0.54) w/c 

Volume Weight 

(kg) 

Water 

(l) 

Cement 

(kg) 

Fine Agg. 

(kg) 

Coarse 

Agg. 

(kg) 

1 m3 2370 190 351.85 542.445 1285.7 

                                    

TABLE 4: Batch2 with (0.47) w/c 

Volume Weight 

(kg) 

Water 

(l) 

Cement 

(kg) 

Fine Agg. 

(kg) 

Coarse 

Agg. 

(kg) 

1 m3 2400 160 340 515 1385 

 

The table 5:  shows the number of samples in this research 

BATCH 1 
COMPRESSIVE 

STRENGTH TEST 

Mix 1(0.54) w/c + 100% NCA + 
0% RCA) 4 

Mix 2(0. 54) w/c + 70% NCA + 

30% RCA) 4 

Mix 3(0.54) w/c + 50% NCA + 
50% RCA) 4 

Mix 4(0.54) w/c + 25% NCA + 
75% RCA) 4 

BATCH 2 COMPRESSIVE 

STRENGTH 

TEST 

Mix 1(0.47) w/c + 100% NCA + 

0% RCA) 

4 

Mix 2(0. 47) w/c + 70% NCA + 

30% RCA) 

4 

Mix 3(0.47) w/c + 50% NCA + 

50% RCA) 

4 

Mix 4(0.47) w/c + 25% NCA + 

75% RCA) 

4 

Total  32 
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IV. RESULTS AND DISCUSSIONS 

This will describe the results of the test program designed to 
study the properties of the various recycled aggregate 

concrete mixes as described in the test program. The slump 

test and compressive strength test, of concrete specimens 

were discussed to investigate the influence of recycled 

aggregate on concrete properties. 

 

 

 Fine aggregate  

Figure 4 shows that the gradation of fine aggregate has meet 

the standard requirement for mixture where its curve 

gradation lay between upper and lower limit of suggested 

gradation. 
 

 
Figure 4:  Gradation of Fine Aggregate 

      Natural Coarse Aggregate Test. 

The purpose of the coarse aggregate test was to verify 
that coarse aggregate was identical to the concrete mix 
specifications. After washing the coarse aggregate to 
get rid of dust and drying it, the results of the tests were 
as described in Table 6 

Table 6: The Results of Natural Coarse Aggregate Test 

No. Test Result 
Specification 

WSDOT(2009) 

1 
Specific 
Gravity 2.4 2.4 – 2.9 

2 
Apparent 
Specific 
Gravity 

2.65 - 

3 Absorption 0.9% 0.8-3.7% max 

4 
Los 

Angeles 16.85% 15-30% max 

 

To investigate that the coarse aggregate was good 
enough as one of the components of the concrete mix, 
we had done some important tests. The tests were 
specific gravity test, water absorption test, los Angeles 
test and gradation test. By the results of tests carried out 
on the coarse aggregate, it was clear that coarse 
aggregate was fit. The specific gravity was 2.4 within 
the limits of a specification (2.4 to 2.9). As well as the 
water absorption was less than the maximum allowable 

in accordance with the specification. Los Angeles result 
and gradation result were acceptable. 

 Recycled Aggregate Test. 
In this study, the recycled aggregate has been used from 
an Building waste material. The researcher manually 
crushed the concrete to match the specifications of the 
gradation of the coarse aggregate. After the washing 
process to get rid of dust and drying, the researcher tested 
the recycled aggregate such as coarse aggregate. 

 

            Table 7 :The Results Of Recycled Aggregate Tests 

No. Test Result 
Specification 

WSDOT(2009) 

1 
Specific 
Gravity 2.2 2.4 – 2.9 

2 
Apparent 
Specific 
Gravity 

2.66 - 

3 Absorption 6.9% 0.8-3.7% max 

4 
Los 

Angeles 34.77% 15-30% max 

 

Based on Table 6,7 it can be seen that specific gravity 
was lower than the specification. The lower score of 
specific gravity than specification because of impure 
aggregate used in the mixture. The impure condition of 
recycled aggregate happened because the aggregate was 
mixed with cement concrete in the previous time. Then, 
the condition of this recycled aggregate will absorb 
more water.  

Water absorption of recycled aggregate can be proven 
from the higher percentages of water absorption than 
the specification. In the context of this research, water 
absorption was 6.9% and this score was higher than the 
(WSDOT (2009) ) specification in 3.7% maximum. 

The reason of the increase of high absorption when  
utilization of recycled aggregate was the paste on 
gravel. Cement paste which was stick to gravel had 
many pores which will influence the ability of 
absorption. 

High levels of water absorption in the recycled 
aggregate, will greatly affect the mix design activities 
that will be performed on phase for further research., 
the amount of water required at the stage of mixing 
design was more than the mix design. 

Moreover, in terms of Los Angles test for this research 
was higher than the specification. This condition 
happened when the recycled coarse aggregate is used 
for the manufacture of concrete with no natural 
aggregate composition. The high level of the break-out 
is also due to the aggregate of the tested actually been 
used with the hardened cement paste, which when 
inserted into the machine Los Angeles cement paste 
will be easily eroded, whereas the cement paste is 
calculated as the weight of the object being tested 
(5000gram). Thus, from these tests can be seen also that 
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the recycled aggregate is already contains quite a lot of 
cement paste. 

 Slump Test  

The test was run in accordance with ASTM C143. The 
slump is very useful in detecting variations in the 
uniformity of a mix of given nominal proportions; it is 
a measure of consistency of the fresh concrete. This test 
is conducted immediately after the concrete has been 
made. 

Based on the slump test, the following results were 
obtained in table 8. 

 

Table 8: Slump Test 

BATCH 1 
SLUMP 
VALUE 

(CM) 

Mix 1 (0.54) w/c + 100% NCA + 0% RCA) 11 

Mix 2 (0. 54) w/c +70% NCA + 30% RCA) 9.3 

Mix 3 (0.54) w/c + 50% NCA + 50% RCA) 8.4 

Mix 4 (0.54) w/c + 25% NCA + 75% RCA) 8.1 

BATCH 2 SLUMP 

VALUE 

(CM) 

Mix 1 (0.47) w/c + 100% NCA + 0% RCA) 10 

Mix 2 (0. 47) w/c +70% NCA + 30% RCA) 8.8 

Mix 3 (0.47) w/c + 50% NCA + 50% RCA) 7 

Mix 4 (0.47) w/c + 25% NCA + 75% RCA) 7 

  

  Based on the result of slump test, we can notice the 
different value of slump  . When the researcher did not 
added the Recycle Aggregate in batch 1 to mixture, the 
slump value was 11 cm, and then when the researcher 
added Recycle Aggregate into 30%, 50% and 75% the 
value of slump were 9.3 cm. Then the result of slump test 
was keep on decreasing when the researcher added more 
recycled aggregate into mixture. 

   Based on the result of slump test, it can be known that the 
added of recycled aggregate to the mixture was decrease 
the value of slump. the water absorption for Recycle 
aggregate was 6.9 % and doesn’t meet the specification 
that max 3,7% so that will possible decrease in slump test. 
The value of slump test is keep on decrease as the 
researcher added more percentage of Recycled Aggregate, 
30% , 50% , 75%. in batch 1 and batch 2. 

 Compressive Strength. 

Compressive strength is defined as the maximum 

resistance of a concrete cube to axial loading. Testing of 

specimens was carried out after curing. Specimen 

dimensions were measured before testing. Clean and 

surface dried specimens were placed in the testing 

machine. The platen was lowered and touched the top 

surface of the specimen. The load was applied at the 

gradually and maximum load was the recorded. Then we 

can see the results from table 9. 

 

 
 

Table 9: characteristic Strength (MPa) 

addition of recycled 

aggregates in batch 1 

28 days 

 

0 % 33 

30 % 28.8 

50 % 26.6 

75% 24.4 

addition of recycled 

aggregates in batch 2 

28 days 

 

0 % 31 

30 % 28 

50 % 25 

75% 22 

 

Based on the test results of these experimental, it could be 

seen that compressive strength of recycled aggregate 

concrete depends on the strength of original concrete, and 
that it is controlled by a combination of the water cement 

ratio of the original concrete and water –cement ratio of the 

recycled aggregate concrete. 

 Figure 5:  Compressive strength result . 

 

Based on the result, it can be seen that the result of 
compressive strength of the use of recycled aggregate 

will not decrease the compressive strength. The 

replacement of recycled aggregate in 30%,50% and 75% 

on concrete will decrease the compressive strength. In the 

context of Batch 1, the compressive strength for 0% was 

33 MPa, 30% Recycled Aggregate was 28.8 MPa, 50% 

Recycled Aggregate was 26.6 MPa and 75% Recycled 

Aggregate was 24.4 MPa.  

The decrease in compressive strength was very small 

variation between 0% to 30% replacement of RCA then 

after 30% replacement of RCA increasing will see 

significant decrease. 
Also the properties of recycle aggregate in absorption and 

specific gravity was 6.9% and 2.2 doesn't meet the 

specifications that will possible decrease in the value of 

compressive strength   . 

V. CONCLUSIONS AND RECOMMENDATIONS 

A. conclusios 

 

 The value of specific gravity and apparent specific 

gravity, of Natural Coarse Aggregate were met the 

requirement. However, the Recycled Aggregate doesn’t 

meet the requirements and was lower than the Natural 
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Coarse Aggregate. Then, the value of absorption and los 

Angeles of Natural Coarse Aggregate was lower than 

Recycled Aggregate and meet the requirements. 

 The Recycled aggregate has rough – textured, angular 

and elongated particles where natural aggregate is smooth 

and rounded compact aggregate. 

 From the result of the absorption ratio of aggregates it is 

clear that the natural coarse aggregates conform to the 

approved technical specifications, but the recycled coarse 

aggregates did not meet the technical specifications, 

therefore it was effected on the concrete mix design. 

 The Compressive strength decreased with the use of 

recycled aggregates (100%). 

 The value of Recycled Aggregate with 0% that is normal 

concrete was the highest score for compressive strength, 

Then, when Recycled Aggregate was added to the 

mixture, the value of compressive strength, were 
decrease. It can be concluded that the value of 

compressive strength will be decreased when more 

Recycled Aggregate was used. 

 When using the recycled aggregates percentage of (50%), 

the compressive strength of the concrete shall not be less 

than the design value. 

B. Recommendatios 

 Recycled Aggregate can be used as material replacement 

with low percentage, because when Recycled Aggregate 

was added more than 50% the value of compressive 

strength was decreased. 

 Based on research result the water absorption of RCA 

influence in the concrete which recommended to add 

admixtures such as super plasticizer and silica fume into 

the mix design to get better workability without change 

w/c. 
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