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Abstract: 
     The reuse of  construction waste in the  production of concrete achieves two goals; the first is 

the  removal of large  amounts of sources of  environmental pollution resulting from these  

wastes and, the  second objective is to  provide cheap  sources of concrete aggregate. This  study 

included test  properties for two types of  concrete mixes: concrete made with natural  aggregate 

(NAC) and, the other  mixes was made with fine natural aggregate and recycled coarse aggregate 

(local waste). These wastes were used in the second mix after removing the large pieces of 

gravel and well washing and grading. The results showed that recycled aggregate has a lower 

specific gravity and higher water absorption  compared to the natural  aggregate. The results also 

revealed that the concrete produced using the recycled aggregate has acceptable compressive 

strength and water absorption ratio and it has a higher flexural strength and less density 

comparing with concrete made with natural aggregate. So it is appropriate to use the concrete 

made using recycled aggregate in the work of paving concrete roads, casting of cars carriages, 

casting sidewalks and road paths. 
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 :الخلاصت
فً إَخبج انخزسبَت ٌحمك ْذفٍٍ؛ الأٔل ْٕ إسانت كًٍبث كبٍزة يٍ يظبدر انخهٕد انبٍئً انُبخى عٍ  إعبدة اسخخذاو َفبٌبث انبُبء

ْذِ انُفبٌبث، ٔانٓذف انثبًَ ْٕ حٕفٍز يظبدر رخٍظت نزكبو انخزسبَت. حضًُج ْذِ انذراست فحض خظبئض نُٕعٍٍ يٍ 

(، ٔانخهطت انثبٍَت خهطج ببسخخذاو انزكبو NACعً )انخهطبث انخزسبٍَت: الأنى ًْ انخزسبَت انًظُٕعت يٍ انزكبو انطبٍ

انطبٍعً انُبعى )انزيم( ٔانزكبو انخشٍ انًعبد حذٌٔزِ )انُفبٌبث انًحهٍت(. اسخخذيج ْذِ انُفبٌبث فً انخهٍط انثبًَ بعذ إسانت 

َٕعً الم ٔايخظبص  انمطع انكبٍزة يٍ انحظى ٔيٍ ثى غسهٓب ٔحذرٌدٓب. أظٓزث انُخبئح أٌ انزكبو انًعبد حذٌٔزِ نّ ٔسٌ

أٌ انخزسبَت انًُخدت ببسخخذاو انزكبو انًعبد حذٌٔزِ  اٌضب اعهى نهًبء يمبرَت ببنزكبو انطبٍعً انًسخخذو فً انعزاق. بٍُج انُخبئح

نٓب يمبٔيت ضغط َٔسبت ايخظبص نهًبء يمبٕنخٍٍ ٔيمبٔيت اَثُبء اعهى ٔألم كثبفت يمبرَت يع انخزسبَت انًظُٕعت يٍ انزكبو 

ٍعً. نذنك فًٍ انًُبسب اسخخذاو انخزسبَت انًظُٕعت ببسخخذاو انزكبو انًعبد حذٌٔزِ فً أعًبل رطف انطزق انخزسبٍَت، انطب

 .ٔطب يٕالف انسٍبراث، ٔطب الأرطفت ٔيًزاث انطزق

 ، انبٍئًانخزسبَت، اعبدة اسخخذاو، انزكبو انخشٍ :الكلماث الذالت
 

1. Introduction 
         Concrete waste is the  debris resulting from the  construction and demolition of different 

structures that is  produced from repairs to  existing structures or the demolition of the old ones or 

the  construction of new  buildings. These  wastes are also produced from the production factories 

of ready-made concrete units such as Tiles, Block, flages, etc., as well as ready-made construction 

factories. It consists of pieces of stones or bricks or concrete or mortar of different sizes. These 

wastes are dumped in waste collection sites and accumulate annually in large quantities and, 
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because they are highly durable and do not decay or decompose naturally, thus become a growing 

pollution problem annually around the world .  

      In the EU, for example, 850 million tons of construction and demolition waste is produced 

every year [1], In the USA, it produces 123 million tons per year, where only 5% of these wastes 

were reused, while the residue is dumped into landfills [2].  One of the ways in which this type of 

waste can be minimized is the reuse of concrete demolition products in the production of new 

concrete . Recycled concrete aggregate (RCA) produced by crushing the clean of demolished 

concrete that does not contain any pieces of wood or reinforcing bars or gypsum product residues, 

to sizes similar to the scale of the gravels, and then washing and sieving on different screeners sizes. 

It is, therefore, a cheap source of concrete aggregate, especially in countries that do not contain 

gravel or broken stones suitable for making concrete.  

      The use of this type of aggregate also reduces the extraction of gravel layers or cracking rocks 

to produce natural aggregate. Thus, these operations damage large areas of the natural environment 

in the world.  The  Concrete   Produced  in this Type of  aggregate is  called the  recycled Aggregate  

Concrete   (RAC) . This concrete carries the characteristics of the same old concrete and the same 

compounds. The mixture may consist of many types of concrete, this affects the concrete properties 

that produced from this aggregate, therefore, it is used for paving roads, paving sidewalks, or 

producing prefabricated concrete blocks that used in road and sidewalk borders. Thus, a  little use to 

production for structural concrete, as it does not use more than 20% of the total aggregate used in 

this concrete. It is combined with the natural aggregate to produce this concrete if it is used [2].  

The selection of a well-formed aggregate can improve the properties of the resulting concrete . In 

Finland, the production of concrete from the recycled aggregate giving resistance up to three times 

that of the local broken concrete [1].  

      The recycled aggregate is a less specific weight, greater absorption, and low workability 

because of its irregular surface, comparing with natural Iraqi aggregate. This requires more 

quantities of water to obtain concrete with workability equal to that produced by using natural 

aggregate. It absorbs water, during and after mixing, so it is best to mix it when it is saturated with 

water when producing the concrete.  
 

2. Properties of Concrete with Recycled Aggregate 
When demolished concrete is crushed, a certain percentage of cement mortar will remain 

attached to recycled aggregate   from the   original   concrete.  This   attached   mortar with   

recycled   aggregate is the main   reason for RCA is of lower   quality   when compared to   natural   

aggregate (NA). There is a set of differences between RCA and NA Based on accessible 

investigational proofs, as follows : 

- Increased water absorption, crushability, a quantity of powder particles and quantity of organic 

impurities,  [3,4,5]. 

 - Decreased specific gravity and, bulk density [3,6]. 

    The results of the tests available for recycled aggregate concrete are a difference in wide limits, 

sometimes opposite. However, the general conclusions about the properties of concrete with 

recycled aggregate compared to natural concrete are: 

-  Increased   creep, drying   shrinkage and,   absorption water   up to 50% [7, 8, 9, 10]. 

-  Decreased compressive   strength up to 25% and,   modulus of   elasticity up to 45%. 

      The technique of RAC producing is different from the production of concrete with NA due to 

the presence of attached mortar. Recycled aggregate has higher absorption of water than a natural 

aggregate. For this reason, to obtain the required workability of recycled aggregate concrete, it is 

necessary to add another amount of water for the purpose of the saturation of the RA before or 

during the mixing process. Water Reducing and Set-Controlling Admixtures may be used if water is 

not added. The  amount of water  added is  calculated based on the  absorption of the  recycled 

aggregate in a  prescribed time . 
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3. Materials 
3.1. Cement: Ordinay Portland cement was used from Karbala Cement Factory that corresponds to 

Iraqi standards [11]; the results of cement testing are shown in the Table (1). 

3.2. Recycled and natural aggregate: The tested concrete cubes were used after crushing them and 

removed the large pieces of gravel, and then sieving it to conform to Iraqi specification standard 

[11], a maximum aggregate size of 20 mm. The used cubes represent different concrete mixtures 

that have been tested by the structural laboratory of the Department of Civil Techniques / Musayyib 

Institute for various types of structures executed by the private and state. The normal coarse 

aggregate was (5-20) mm and its source was from Al Nebaee area and it corresponds to Iraqi 

specification standard [11]. Table (2 and 3) shows the properties of recycled and normal aggregate 

respectively. Figures (1 and 2) show the graduation of recycled and normal aggregate compared to 

the specification limits respectively. 

3.3. Fine aggregate (sand): The used sand was supplied from Al-Akheider reagion               

Karbala city. After washing, Sand sieving was performed, and the results showed that it is located 

in the second gradient zone according to the Iraqi specification standard [11], as shown in the Table 

(4). Figure (3) shows the gradation of sand compared to the specification limits. 

3.4. Water: Drinking water (tap water) was used for mixing and curing the concrete. 
 

4. Hardened concrete Test results    
      Two concrete mixes were made with normal and recycled aggregate. Materials used in concrete 

mixes were chosen by weight ratio (1:1.5:3) and water/cement (w/c) ratio equal to (0.50). The 

aggregate used in both mixes was in saturated dry surface condition. Tables (5) show the results of 

hardened concrete testing, which represents mean values for two concrete mixes. For each mix was 

used (15 cubes) three had tested at 7 days and the rest (12 cubes) at 28 days. Tests for the other 

properties of concrete, as in the table were obtained by examining three cubes for each property at 

the age of 28 days. Three prisms were also prepared and were tested at the age of 28 days for the 

purpose of obtaining flexural strength of concrete. All tests were done according to the British 

standards [12, 13, 14]. 
 

5. Discussion and conclusions 
    In this study, two concrete mixtures were compared, one of which used natural coarse aggregate 

and the other used the recycled aggregate obtained by crushing old tested cubes. These cubes 

represent different concrete mixtures with unknown compressive strength. According to the results, 

the following conclusions are made. 

1.  From the results obtaining shown in the table (4) and, figures (3 and 4) we can conclude that the 

difference in compressive strength is not significant. This conclusion indicates that the recycled 

coarse aggregate is of high quality if we know that the compressive strength of concrete mainly 

depends on the quality of aggregate.  Therefore, and for the  production of new  concrete with 

good  compressive strength, it is necessary to use the recycled aggregate obtained by crushing 

higher strength class concrete. However, in this work, the recycled aggregate was obtained from 

the crushing concrete cubes of unknown compressive strength . 

2. According to the results of the flexural strength shown in Table (4) and figure (5), we can 

conclude that the flexural strength of concrete made with recycled aggregate is higher than the 

concrete produced by a natural aggregate. This high value is due to the roughness of the surface 

of the used recycled aggregate that leads to strong bonding with cement paste. 

3. Based on the results, the water absorption of concrete produced by recycled aggregate is higher 

than the concrete produced by the natural aggregate as shown in the table (4) and, figure (6). 

Although, of this water absorption value of the concrete produced by using recycled aggregate, it 

can be considered acceptable according to the specifications for the concrete used to make 

concrete blocks, concrete curbs and channels and, precast concrete flags. The value of the water 

absorption in a table (4) is considered acceptable if it is compared with the Iraqi specifications 

[10] for the concrete products mentioned above which should not exceed 10% . 
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4. As shown in the tables (2 and 3), we note that the value of the specific gravity of recycled 

aggregate is less than of the natural aggregate. In the same tables, we can notice that the 

absorption value of the recycled aggregate is higher than in the natural aggregate. The water 

absorption value of the natural aggregate is usually (0.5 -1) %. This is because the percentage of 

porosity within the recycled aggregate is higher than of natural aggregate. This will reduce the 

specific gravity and increases the absorption ratio. This conclusion leads us to the need to adjust 

the mixing proportions based on the proportion of recycled aggregate to obtain the required 

workability . 

5.  Table (4) shows the results of concrete density, According to the results, it can be concluded that 

the density of the concrete produced by recycled aggregate is less than that produced by a natural 

aggregate. Although the results of compressive strength of concrete have not been affected 

much, there may be an impact on the durability of concrete in the future. So it is appropriate to 

use the concrete made using recycled aggregate in the work of paving concrete roads, casting of 

cars carriages, casting sidewalks and road paths, in Addition to what was mentioned earlier . 

 

6. References 
[1] Fisher, C.; Werge, M. EU as a Recycling Society; ETC/SCP Working Paper 2/2009; Available 

online: http://scp.eionet.europa.eu.int (accessed on 14 August 2009). 

[2] Poon C.S.,kou S. and Lam L. " Use of Recycled Aggregates in Molded Concrete Bricks and 

Blocks", available via internet at the web site: 

 http://www.cedd.gov.hk/eng/services/recycling/doc/use _rec_agg.pdf., 2011. 

[3] Hansen, T.C., Ed. “Recycling of Demolished Concrete and Masonry”, Taylor and Francis: 

Oxfordshire, UK, 1992; p. 316. 

[4] Rahal, K. “Mechanical properties of concrete with recycled coarse aggregate”. Build. Environ. 

2007, 1, 407-415. 

[5] Evangelista, L.; Brito, J. “Mechanical behavior of concrete made with fine recycled concrete 

aggregate”. Cem. Concr. Compos. 2007, 5, 397-401. 

[6] Sanchez de Juan, M.; Gutierrez, P.A. “Influence of recycled aggregate quality on concrete 

properties”. In Proceeding of the International RILEM Conference: The Use of Recycled 

Materials in Building and Structures, Barcelona, Spain, 8–11 November 2004; pp. 545-553. 

[7] Domingo-Cabo, A.; Lázaro, C.; López-Gayarre, F.; Serrano-López, M.A.; Serna, P.; Castaño-

Tabares, J.O. “Creep and shrinkage of recycled aggregate concrete”. Constr. Build. Mater. 

2009, 7, 2545-2553. 

[8] Gómez-Soberón, J.M.V. “Shrinkage of concrete with replacement of aggregate with recycled 

concrete aggregate”. ACI Spec. Publ. 2002, 209, 475-496. 

[9] Gómez-Soberón, J.M.V. Creep of concrete with substitution of normal aggregate by recycled 

concrete aggregate. ACI Spec. Publ. 2002, 209, 461-474. 

[10] Ajdukiewicz, A.; Kliszczewicz, A. Influence of recycled aggregates on mechanical properties 

of HS/HPC. Cem. Concr. Compos. 2002, 2, 269-279. 

 .4891( نسُت 5انًٕاطفت انمٍبسٍت انعزالٍت "انسًُج انبٕرحلاَذي" رلى )  [11]

 [12] B.S. 1881: part 108: 1993 "Method for making Test Cubes from Fresh Concrete, 1993. 

[13] B.S. 1881: part 109: 1983 " Method for Making Test Beams from fresh Concrete", 1983. 
[14] B.S. 1881: part 114: 1983 " Method for Determination of Density of Hardened Concrete", 1983. 

 

 

 

 

 

 

 

 

 

 



Journal University of Kerbala , Vol. 15 No.4 Scientific . 2017 
 

115 

 

Table (1) properties of cement used 

Physical test 
Notes 

Item Spec. limit Test results 

Compressive strength (Mpa) 
3 days (min) 15 15.9 Conformable 

7 days (min) 23 24.1 Conformable 

Time setting 
Initial (mint) 45 min 87.5 Conformable 

Final (hrs) 10 max 6.5 Conformable 

Chemical test 
Notes 

Item Spec. limit Test results 

Sio2 %  23.71  

AL2O3 %  3.92  

Fe2O3 %  4.12  

CaO %  62.97  

MgO % 5 max 2.77 Conformable 

Free Cao  0.87  

So3 % max 
C3A < 5 % 2.5 

2.31 Conformable 
C3A > 5 % 2.5 

Loss on ignition % 4 max 2.02 Conformable 

Insoluble residue % 1.5 max 0.96 Conformable 

C3S  37.26  

C2S  40.1  

C3A 3.5 max 3.42 Conformable 

C4AF  12.52  

L.S.F % 0.66-1.02 0.88 Conformable 
 

Table (2) properties of recycled aggregate 

Sieve size mm Percentage passing % Standard limitation 

5..5 100 411 

01 97 85 – 411  

41 42 51 – 01  

5 5 1 – 41  

Fines content through 75 micron 

sieve % 
2.4 < 3 

Percentage of So3 % 0.076 < 0.1 

Specific gravity 2.23 

Water absorption % 3 

Bulk density, compacted kg/m
3
 1.31 

 

Table (3) properties of normal aggregate 

Sieve size mm Percentage passing % Standard limitation 

5..5 100 411 

01 99 85 – 411  

41 59 51 – 01  

5 3 1 – 41  

Fines content through 75 micron 

sieve % 
1.2 < 3 

Percentage of So3 % 0.04 < 0.1 

Specific gravity 2.66 

Water absorption % 0.4 

Bulk density, compacted kg/m
3
 1.57 
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Table 4. properties of fine aggregate 

Sieve size mm Percentage passing % Standard limitation 

4.75 94.8 90-100 

2.36 87.7 75-100 

1.18 74 55-90 

0.6 51.9 35-59 

0.3 23.8 8-30 

0.15 5 0-10 

Fines content through 75 

micron sieve % 
2.99 < 5 

Percentage of So3 % 0.398 < 0.5 
 

Table 5. Results of hardened concrete testing. 

Concrete 

type 

Compressive strength 

(MPa) 
Water 

absorption 

(%), 28 days 

Concrete 

density 

(kg/m
3
), 28 

days 

Flexural 

strength 

(MPa), 28 

days 
7 days 28 days 

Normal 

concrete 

aggregate 

17.54 23.87 4.3 2.395 5.1 

Recycled 

concrete 

aggregate 

15.51 21.3 7.6 2.210 7 

 

 
Figure 1. Graduation of recycled aggregate. 
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Figure 2. Graduation of normal aggregate. 

 

 
Figure 3. Graduation of sand. 

 

 
Figure 4.Compressive strength for concrete cubes at 7- days 
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Figure 4. Compressive strength for concrete cubes at 28- days 

 

 
Figure 5. Results of concrete flexural strength. 

 

 
Figure 6. concrete water absorptions. 


