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Abstract: recycling of concrete debris can make a contribution to reduce the total environmental impact of the
building sector. The use of demolished concrete debris as aggregates in concrete results in significant economical
and environmental benefits. Reuse of Construction waste gives two aims, the first is to remove large quantities of
pollution resulted from these waste, the second provides cheap resources for concrete aggregates. In present work,
an attempt has been made to study the effect of recycled aggregate on behavior the properties of concrete. The
experimental program includes using the Pozzolana and replacement of natural aggregates by recycled aggregates.
Five aggregate replacement of 0%, 25%, 50%, 75% , 100% were accounted in experimental program. Experimental
results show up to 23% reduction in compressive strength, 24% reduction in split tensile strength, 20% reduction in
modulus of elasticity and when use Pozzolana due to increasing the properties of concrete.
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Ypaumu Anu A66ac Xycceiin — mazucmpanm,
2Konocosa Hamanvs bopucosna — doyenm, nouémmuuiii pabomuux evicuieco npogeccuonanrvuo2o oopasosanus PO, cmapuuii
npenodasamerv,
Kageopa cmpoumenbcmea YHUKAIbHBIX 30aHULL U COOPYIICEHUL, UHIICEHEPHO-CMPOUMenb bl haKyibmem,
Canxm-IlemepOypeckuii 2ocydapcmeenHblil noaumexnuueckutl ynugepcumem um. Ilempa Benukoeo,
2. Canxm-Ilemepoype

Annomauus’. ymunuzayus OemMOHHO20 MYcCOpa MOXNCEM GHECmU 6KIA0 6 CHUNCeHUe 00ujezo 6030eucmeust
CMPOUMENbHO20 CeKmopa Ha oKpycarowyio cpedy. Hcnonvzosanue cnecenHvix OemMOHHbIX 0DIOMKO8 8 Kauecmee
azpezamos 8 KOHKPEMHbIX Pe3yibmamax umeen 3HauumenbHvle SKOHOMUYecKue U IKOJI02UYECKUe NpeumMyuecmaed.
ITlosmopHoe ucnonv3o8anue cCmpoumenrbHbiX 0OmMxo0008 umeem 08e Yeiu . nepéas 3aKuoiaemcs 8 yOaieHuu 00abuo2o
KOMU4ecmea 3acpsi3HeHUll, 6bI36AHHLIX OMUMU OMX00amu, 6mopas obecneuusaem Oewiegble pecypcvl OJis
KOHKpemHbIX azpe2amos. B nacmosweti pabome OvLia npeOnpunsima nonsimKka u3y4ums enusiHue nepepadomanno2o
azpecama Ha nogedeHue ceolcme Oemouda. DKCNepUMEHMANbHASL NPOSPAMMA BKIOYdem 6 ceOs UCHOIb308aAHUe
NO330]IAHA U 3AMEHY HAMYPATbHBIX A2Pe2amos nepepadomanHbIMu azpecamamu. B sxcnepumenmanvbHotl npocpamme
ovL10 yumeno name acpezamuvix 3amen 6 0%, 25%, 50%, 75%, 100%. Oxcnepumenmanvhvie pe3ynbmamol
NOKA3bI8AIOM CHUdICEHUe NpouyHocmu cocamuss Ha 23%, ymenvuieHue paspvléa Ha pacmsadxcenue Ha 24%,
yMeHbuleHue Mooyaa ynpyeocmu Ha 20% u ucnons308anue no3301ana 3a cuem yseaudeHus ceoticme bemona.
Kniouesvle cnosa. nepepabomannviii acpeeam, KOHCMPYKYUOHHLIL Mamepuan, OemoH, nepepadomanubvlil
aepecamuwiii 6emon (RAC). Ilozzonana, npounocmo Ha cocamue, MOOYIb YAPY2OCTlL.

Introduction:

Recycling as part of environmental considerations has become a common feature in the construction industry.
Use of recycled aggregate with natural aggregate in concrete may be useful for environmental protection. Recycled
aggregates are the materials for the future. By collecting the used concrete and breaking it up. In this study focuses
on coarse RCA which is the coarse aggregate from the original concrete. The use of recycled aggregate has been
started in a large number of construction projects of many European, American and Asian countries, these countries
have gained many experiences on application of RAC in their construction industry [1, 2, 8]. Most of properties of
recycled coarse aggregates are similar to the properties of natural coarse aggregates.

Advantages of recycling of construction materials:



e Cost saving: - There are no detrimental effects on concrete & it is expected that the increase in the cost of
cement could be offset by the lower cost of Recycled Concrete Aggregate (RCA).

e Save environment: - There is no excavation of natural resources & less transportation. Also, less land is
required.

e Save time: - There is no waiting for material availability.

Disadvantages of recycling of construction material

e Less quality (e.g. compressive strength reduces by 10-30%).

e Very high-water absorption (up to 6%).

e Land, special equipment machineries are required (more cost) [3].

Objectives of the study: -

e To find out the % use feasible for construction.

e To carry out different tests on recycled aggregates & natural aggregates & compare their results.

Experimental Program:

The main object of this study is to compare the properties of concrete with different amount of recycled
aggregate. Two concrete groups were tested within the research program. Every group had five types of concrete as
given in Table-1.

Table.1. Percentage of aggregate used in each mix

Grou Type of | Mix
P aggregate Mix 1 Mix2 Mix3 Mix4 Mix5
Group 1 without Pozzolana NA 100% 5% 50% 25% 0%
P RCA 0 25% 50% 75% 100%
. NA 100% 75% 50% 25% 0%
0
Group 2 with 15% Pozzolana RCA 0 250 50% 750 100%

1. Materials Used

1.1- Cement: In this research ordinary Portland cement (OPC) (Type I) manufactured by Kufa Factory. The
chemical composition and physical properties are given in Tables (2) and (3), respectively. Test results indicate that
the adopted cement conforms to Iraqi specifications (IQS No.5/ 1984) [4].

Table 2. Physical properties of cement

. . Limit required by Iraqi standard
Physical properties Test results no.5-1984
Fineness, m?/kg : (Blaine) 260 Min. 230
Time of setting, min : (Vicat)
Initial set 80 Min.45
Final set 170 Max.600
Compressive strength, MPa
3 days 18.4 Min.15
7 days 26.9 Min.23
Table 3. Chemical properties of cement
. . . Limit required by lraqi standard
Chemical properties Present by weight no.5-1984q y q
Silicon dioxide (Si0,) 21.267 -
Calcium oxide (CaO) 65.894 -
Aluminum oxide (Al,03) 3.684 -
Ferric oxide (Fe,05) 4.771 -
Magnesium oxide (MgO) 1.638 Max. 5.0
Sulfur trioxide (S03) 2.237 Max. 2.8
Loss on ignition 3.88 Max. 4.0
Insoluble residue 0.9 Max.1.5




1.2- Fine aggregate: Use river sand, and the natural fine aggregate from Al- Al-Akhdar region was used
throughout this work. The chemical composition and physical properties are given in Table (4), respectively. Test
results indicate that the adopted cement conforms to Iragi specifications (IQS No. 5/ 1984) and (ASTM C 127) [5].

Table 4. The properties of fine course aggregates

Properties Sieve size . Limit of Iragi specification No.45/1984
Percent passing — — _ S
(mm) Minimum limit Maximum limit
10 100 100 100
4.75 97 90 100
2.36 78 75 100
grading 1.18 63 55 90
0.6 52 35 59
0.3 23 8 30
0.15 7 0 10
Specific gravity Bulk (oven dry basis) 2.7
i:lpkarsesnltj basis 2;3 accordance with ASTM C127
Water absorption % 1.28

1.3- water: Use the normal tap water in the concrete work.

1.4- Coarse aggregate:

Natural aggregate:

River crushed gravel was used as aggregate in natural concrete mixes. The particle shape of the crushed gravel is
angular and the surface texture is generally rough. The chemical composition and physical properties are given in
Table (5), respectively. Test results indicate that the adopted aggregate conforms to Iraqgi specifications (IQS No.45/
1984) and (ASTM C 127).

Table 5. The properties of natural course aggregates

Properties Sieve size . Limit of Iraqi specification No.45/1984
Percent passing — — - —
(mm) Minimum limit Maximum limit
375 100 100 100
grading 20.0 98 95 100
10.0 40 30 60
5.0 4 0 10
. . Bulk (oven dry basis) 2.61
Specific gravit
pectiic gravity Bulk SSD basis 2.67
Apparent 2.77 accordance with ASTM C127
Water absorption % 2.2
Unit weight (kg/m3) 1335

Recycled aggregate:

Recycled aggregate was prepared by crushing the cubes and cylinders made from natural concrete manually.
Crushing products were screened. In order to produce the recycled coarse aggregate, the various size fraction was
recombined to give a grading similar to that of the natural crushed grave the chemical composition and physical
properties are given in Table (6), respectively. Test results indicate that the adopted aggregate conforms to Iraqi
specifications (1QS No.5/ 1984) and (ASTM C 127).

Table 6. The properties of natural course aggregates

Properties Sieve size Percent passing Limit of Iragi specification No.45/1984
(mm) Minimum limit Maximum limit
37.5 100 100 100
grading 20.0 96 95 100
10.0 45 30 60
5.0 6 0 10
Specific gravity SE:E (Sosvlgnbigsbasw) ggi accordance with ASTM C127




| Apparent 2.76
Water absorption % 4.5
Unit weight (kg/m?) 1280

2. Concrete Mix:

Two sets of mixtures were prepared:

o The first group used ordinary Portland cement and four different ratios of RCA (0%, 25%, 50%, 75%, 100%).

o The second group was used for normal Portland cement with the use of natural limestone as addition to the
mixture by 15% of the weight of the cement used by four different ratios of RCA.

3. Laboratory Tests:

Test on hardened concrete:

1. Compressive strength:

Compressive strength is defined as the maximum resistance of a concrete cube to axial loading. For each group
six concrete cube with dimensions (15*15*15CM) were prepared, then manually pound on layers and then processed
by placing them in water until the test date according to ASTM C39 [6]. Three cubes (7 days) were examined, and
three cubes (28 days) were examined and each was average.

2. Split Tensile strength test:

Split tensile test was conducted on specimens of size 150mm diameter and 300mm height. Six concrete
specimens were prepared, then manually pound on layers and then processed by placing them in water until the test
date according to ASTM C496. Specimen (28 days) were examined and each was average

3. Modulus of Elasticity:

Modulus of elasticity test was conducted on specimens of size 100mm diameter and 300mm height. Six concrete
specimens were prepared, then manually pound on layers and then processed by placing them in water until the test
date according to ASTM C463. [7] Specimen (28 days) were examined and each was average.

Table 7. The properties of natural course aggregates

Compressive strength | Split tensile | Modulus of
Group Mix (Mpa) (Mpa) elasticity (GPa)
7 days 28 days 28 days 28 days
Mix 1 (0% RCA) 27 36 2.8 30.9
Mix 2 (25% RCA) 26.2 35 2.6 28
Group 1 | Mix 3 (50% RCA) 25.3 34 2.4 26.1
Mix 4 (75% RCA) 23.6 32.8 2.3 24.3
Mix 5 (100% RCA) 22.5 31 2.1 23.1
Mix 1 (0% RCA) 31 43 31 33
Mix 2 (25% RCA) 30 41 2.9 30
Group 2 Mix 3 (50% RCA) 27 36 2.6 28
Mix 4 (75% RCA) 25 35 2.4 26
Mix 5 (100% RCA) 23 32 2.33 25

Results and discussion:

Compressive strength:

Compressive strength is the major parameter which influences other properties of concrete. Compressive strength of
different concrete specimen with different recycled coarse aggregates (0%, 25%, 50%, 75%, 100%) was found to be
respectively for first group 27 Mpa, 26.2 Mpa, 25.3 Mpa, 23.6 Mpa and 22. and for second group 31 Mpa, 30 Mpa, 27
Mpa,25 Mpa and 23 Mpa. From the test results, it is mean that when natural coarse aggregate is replaced with RCA, the
compressive strength is found to be reducing. The same was observed by many the earlier researchers. This may be due
to the fact that the reducing of normal strength concrete is caused by mortar failure. The bond between mortar and
recycled concrete aggregate is weaker than that of natural concrete aggregate. But many researchers said on (High
strength concrete), the concrete failure is due to aggregate crushing. In group two when used Pozzolana (15% of the
weight of cement) the compressive strength is found to be increasing than in group one (fig. 1).
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Fig. 1. Variation of Compressive strength with % of RCA

Split Tensile strength:

Split Tensile strength of different concrete specimen with different recycled coarse aggregates (0%, 25%, 50%,
75%,100%) was found to be respectively 2.8 Mpa, 2.6 Mpa, 2.4 Mpa, 2.3 Mpa and 2.1 Mpa for first group and 3.1
Mpa, 2.9 Mpa, 2.6 Mpa, 2.4 Mpa and 2.33 Mpa second group. Also, from the results, when natural coarse aggregate
is replaced with recycled concrete aggregate, the Split tensile strength is found to be decreasing. form the results of
the second group was found the use Pozzolana led to improve the value of split tensile strength (fig. 2).
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Fig. 2. Variation of split tensile strength with % of RCA

Modulus of Elasticity:

Modulus of elasticity of concrete specimens with different recycled coarse aggregates (0%, 25%,
50%,75%,100%) was found to be respectively 30.9 GPa, 28 GPa, 26.1 GPa,24.3 GPa and 23.1 GPa for first group
and 33 GPa, 30 GPa, 28 GPa, 26 GPa and 25 GPa for second group. from the test results as same as a reduction of
modulus of elasticity. when natural coarse aggregate is replaced with RCA that time modulus of elasticity is found to
be reducing. But when use Pozzolana with RCA that time modulus of elasticity is found increasing (fig. 3).
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Fig. 3. Variation of Modulus of Elasticity with % of RCA

CONCLUSIONS:

From this we can conclude the following:

1- Use of recycled aggregate up to 30% does not affect the functional requirements of the structure as per the
findings of the test results.

1- Recycled aggregate without additions is not suitable for structural uses because of low mechanical properties
and is therefore more suitable for non-structural uses such as road works, block construction, non-carrying walls, and
mass dams.
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