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Fig. 1. a)Old mortar attaching to aggregate b)Old mortar as
aggregate c)broken Natural aggregate
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The Humidity Water Speciality
maximum before absorption of
diameter(mm)  (%)Construction  (s.s.d)(%) aggregates
19 0.96 13 Recycled
aggregates
19 0.19 5.36 Natural
aggregates
19 0.61 8.08 Both(50%)

Table. 1. Speciality of recycled and natural aggregates
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Fig. 2. Grading curve a)Fine Natural aggregate b)Fine Recycled
aggregate c)Coare Natural aggregate d)Coarse Recycled
aggregate
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Air entrainment  Cement Water (0-4 mm) Sand (4-19 mm) Gravel Sample Name -
Admixture (kg) (kg) (kg) (kg) water/cement ratio
(gr) Natural Recycled Natural Recycled
175 350 157.5 - 1230.12 - 662.37 RC-45
175 350 157.5 1230.12 - 662.37 - NC-45
175 350 157.5 615.1 615.1 331.2 331.2 RN-45
175 350 192.5 - 1207.37 - 650.12 RC-55
175 350 192.5 1207.37 - 650.12 - NC-55
175 350 192.5 603.7 603.7 325.06 325.06 RN-55
Table. 2. Mix proportions
Olosw Slasein ¥ J g
Si0,  ALO; FeO3 CaO MgO SO; K,O  Na,O Chemical compounds
21.9 4.86 3.3 63.32 1.15 2.1 0.56 0.36 Weight percentage Cement
Table. 3. Specifications of cement and Air-entrained admixture
S Ol oyl Clasiie £ Jgd
Chloride (ppm) Density in 20°C physical state  lonic nature PH color Air-entrained
500 0.98-1.02 (kg/lit) Liquid Anionic 7.5-9.5  Colorless admixture
Table. 4. Specifications of Air-entrained admixture
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Relative Dynamic Weight (kg)
Mod.ulius of Loss 300 0 cycle Sample
Elasticity(%) (%)  cycles Name
93.75 1.3 4.840 4905 | NC-45
95.3 1.8 4541  4.625 | RN-45
95.36 1.98 4792  4.880 | RC-45
92.66 2 4.253 4.34 NC-55
93.93 2.12 4479 4576 | RN-55
94.36 2.75  4.186 4305 [ RC-55

Table. 5. Loss of Weight and Relative Dynamic Modulus of
Elasticity
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Fig. 5. Damage of corner areas of specimens after 300 freeze-
thaw cycles
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Fig. 6. Loss of specimen’s weights after freeze-thaw cycles
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Abstract

Recycling of concrete has been the focus of researchers owing to the large volume of concrete waste and the
limited resources of valuable materials. Recycled Aggregate Concrete (RAC) contains aggregates of various
types of concrete and building materials that have been destroyed due to their shelf life or as a result of war
and natural disasters. In order to use different types of Recycled Aggregates (RA), it is necessary to conduct
more detailed and sensitive research on the behavior of Recycled Aggregate Concrete (RAC) in order to reach
the highest possible level of quality and cost in the construction process. On the other hand, recycled aggregates
(RA) are made of concrete with different properties and its aggregates have been subjected to different form
of loading, hence it is important to carefully examine their behavior and properties. On the other hand, the new
approach of researchers to the durability of concrete structures that have emerged in recent years, such as
durability of concrete, has been considered. Therefore, in this study, the strength and the durability of Recycled
Aggregate Concrete (RAC) after freeze and thaw cycles were compared with natural concrete while different
water/cement ratios are used. Concrete waste with a compressive strength of 25 to 30 MPa was used. Concrete
scrap in crushers and crushers became suitable grains for concrete application and were used without change
in aggregation

In this study, Recycled Aggregates (RA) were extracted from demolished waste concrete specimens and
used to produce three mixtures named RC, RN and NC while 100, 50 and 0O percent of Recycled Aggregates
(RA) were replaced respectively. Water to cement ratio were kept as 45 and 55 percent of cement. A total
number of 57 samples for flexural, compressive, tensile strength and ultrasonic tests were made. 24 samples
were placed in the refrigerator and freeze and thaw cycles were applied on. 18 and 15 specimens were prepared
for testing at 28 and 120 days of age, respectively. According to ASTM C666, the relative dynamic modulus
of the specimens was tested using ultrasonic test after each 40 cycle’s period. After the test was finished,
compressive strength, single point bending, indirect tensile tests and elastic modulus were determined for each
specimens. Finally, the behavior of recycled and natural concrete was compared. The purpose of this study
was to evaluate the behavior of recycled concrete against the melting and freezing cycles.

The results showed that the freeze and thaw cycles reduced the resistance of both Recycled Aggregate
Concrete (RAC) and NAC. Recycled aggregates have 2.5 times more water absorption than Natural
aggregates. RAC has lost 41%, 18%, 10% and 28% of its compressive, flexural, tensile strength and modulus
of elasticity, after the freeze and thaw cycle, respectively. The 100% replacement of RA reduced even more
the mechanical behavior of samples. The relative dynamic modulus at the end of the cycles for RAC was 2%
higher than that of NAC, indicating its better durability properties against freeze and thaw cycles. Concrete
with 50% replacement of recycled aggregate has almost the same durability and strength as NAC, hence is
recommended to be use in similar condition. Concrete with 50% replacement recycled aggregate has the same
durability and strength as natural concrete.

Keywords: Recycled Aggregate Concrete, Freeze and Thaw Cycle, Water to Cement ratio, Recycled
Aggregate, Durability.
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