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Abstract

This paper is to investigate experimentally the effect of substitution of recycled coarse aggregate(RCA) under 13mm
on the engineering properties of the concrete using gap graded coarse aggregates. Concretes with 0.4 of water to
cement ratio(W/C) were fabricated to achieve 30MPa of design strength with coarse aggregate over 13mm in size with
the maximum size of 25omm. RCA was substituted for coarse aggregate over 13mm from 1096 to 50% and crushed
coarse aggregate under 13mm was also substituted for coarse aggregate over 13mm from 20% to 40%, respectively.
Test results indicated that the replacement of RCA up to 20% resulted in an increase of fluidity and strength. It also
caused a decrease in the drying shrinkage due to dense packing effect by achieving continuous grading of mixed
aggregates. For practical application of RCA, when properly substituted, the use of RCA enabled the concrete to reduce
water contents and sand to aggregate ratio in mixing design stage of the concrete. And, it can also enhance the

compressive strength of the concrete.
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Table 1. Design of experiment

liems Factors
W/C (%) 40
Target slump (mm) 150425
' Target air
Mixt  contents (%) 45%15
ure .
Replacement of O(Plain)
coarse aggregates 8 Crushed 20, 40
under 13mm(%) Recycled 10, 20, 50 40, 50
* Slump - Unit volume
Fresh concrete 3 . Air contents weight

Test
Hardened concrete 2

- Compressive strength
(3, 7, 28, 56 days)
« Length change(1~180 days)




Table 2. Mixture proportions of concretes

Aggregates Weight (kg/m®)
Aggregat- Replace- W/C  S/a
e under ment (%) (%) AE SP w ¢ s a6t c?
13mm (%)
Plain 0 175 437 680 942 -
Crushed 20 175 437 680 754 188
(CCAI 4o 175 437 680 565 377
10 175 437 680 848 94
40 43 0.01 024
20 175 437 680 754 188
Recycled
(RCA) 30 175 437 680 659 282
40 175 437 680 565 377
50 175 437 680 471 471

1) Coarse aggregate over 13mm 2) Coarse aggregate under 13mm
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Table 3. Physical properties of cement
Setting time  Compressive strength

Density  Fineness ~ Sound- (min.) (MPa)
(@m’)  (emT@ ness (%) _ 3 7 28
Initial ~ Final days days days
3.15 3 390 0.05 230 345 248 393 569
Table 4. Physical properties of aggregates
) Finen— Passin Solid
A " Density ess AE)tsorp O.08mmg volume
ggregates (g/em®)  modul- (0|/o)n sieve  percent-
© size(%)  age(%)
River sand 251 2.32 0.46 0.30 -
Crushed stone
(over 13mm) 2.59 6.55 0.58 0.40 55.9
Recycled coarse
aggregate 2.55 6.70 3.00 0.88 58.4
(under 13mm)
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Figure 1. Grading curve of coarse aggregate in response to
the replacement of coarse aggregate under 13mm

Table 5. Physical properties of chemical agents

Main Appear- Density
Agents ingredient ance Color (glem?)
High range
vvatgr Polycarbo- Liquid Dark brown 1.05
reducing xylate
admixture
o - Light dark
AE agent Negativeion Liquid brown 1.04
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Figure 2. Slump variation of concrete with increase of
RCA and CCA
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Figure 3. Air contents variation of concretes with increase
of RCA and CCA
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Figure 4. Unit volume weight of concretes with increase of
RCA and CCA
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Figure 5. Strength development of the concrete with the increase Figure 6. Strength development of concretes with the increase of

of RCA and CCA (3 days)
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Figure 7. Strength development of concretes with the increase of Figure 8. Strength development of the concrete with the increase

RCA and CCA (28 days)
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Figure 11. Evolution of the drying shrinkage of the concrete
depending on RCA replacement with age
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