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ABSTRACT: Recently, the reuse of coarse aggregate derived from demolished concrete was
introduced into practice with two environmental aspects: protection of natural sources of
aggregate and recycling of construction waste, However, recycled aggregate has been used
for the very limited application such as subbase material for pavement and constructional
filling material because it was considered as low quality constructional materials. In the
present study, in order to examine the possibility that recycled aggregate can be used for
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concrete mixing, we conducted varicus experimental tests to identify mineralogical, chemical and

mechanical properties of recycled aggregate and to determine the workability and mechanical

properties of recycled aggregate concrete (RAC). The cement paste and mortar contained in recycled

aggregate significantly affect the basic mechanical properties of aggregate and the workability and

mechanical properties of RAC. However, RCA mixed with the proper replacement ratio of recycled

aggregate shows the comparable compressive strength and freeze and thaw resistance to those of

normal concrete. Therefore, it is considered that recycled aggregate can be widely used for concrete

if the cement paste and mortar can be efficiently removed from recycled aggregate and/or if the

effective replacement ratios of recycled aggregate are applied for mixing concrete.
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Table 1. Mixing of concrete.

e, A4, s

Aj
Size of | Slump | ;rent W/C o . AE
on
Coarse Agg. | (cm) o (%) Water | Cement ne 95 ) Water
(%) Agg. Agg.
(mm) Reducer
19 9£1.0 4.0 45 203 451 820 803 0.902

* Designed Compressive Strength: 280 (kgf/cm?)

Table 2. Rocks and mineral constituents in the different portions of recycled aggregate.

Fine Agg. Fine Agg. Dark Colored | Light Colored
Samples Mortar
(>059 mm) | 25mm~0.59mm) | Coarse Agg. Coarse Agg.
Sample No. C-H59 C-1L59 RE-DB RCW C-CONC
Mineral Q, F, M, H, Q F, C,
L F, C, M , F, C, Ch, M , F
Constituents Q Q Ch Q CSH, M, P
d
Mortar Andesitic Sand *
Source Mortar. Sandstone Cement
+ Coarse Agg. rock Past
aste

* Q: Quartz, F: Feldspars, C: Calcite, M: Micas, H:

hydrate, P: Portlandite

Hornblende, Ch: Chlorite, CSH: Calcium silicate
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Fig. 1. X-ray Diffraction patterns of different
portions of recycled aggregate.

SCEM(H):  hydrated cement paste, RE-DB:
coarse aggregate of andesitic rocks, RCW:
coarse aggregate of sandstone, C-H59: 2.5-0.59
mm size range of recycled aggregate portions,
C-159: < 059 mm size range of recycled
aggregate portions, C-CONC: manually selected
mortar portion contained in recycled aggregate.
Q. quartz, F: feldspars, C: calcite, H:
hornblende, Ch: chlorite, M: mica, P: portlandite,
CHS: calcium silicate hydrate.
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Table 3. Chemical compositions of the different portions of recycled aggregate.

Samples Fine Agg. Fine Agg. Dark Colored | Light Colored Cement
P (>059 mm) | 25mm~059mm) | Coarse Agg. | Coarse Agg. Paste
Sample No. C-H59 C-159 RE-DB RCW SCEM(H)
Si0s 66.521 68.601 60.603 65.306 18.062
Al20O3 10.456 11.049 16.491 11.058 4.874
FesO3 2.852 2.857 6.297 2.308 2.902
MnO 0.073 0.068 0.130 0.057 0.172
Ca0 7.475 6.064 4.952 8.719 58.726
MgO 0.807 0.917 3.145 0.775 2.250
K20 3.090 3.193 2.694 3.609 0.527
NazO 2.315 2.498 3.548 2.322 0.363
P20s 0.072 0.081 0.219 0.051 0.153
TiOs 0.319 0.310 0.754 0.226 0.266
LO1 5.342 4.226 1.145 5.721 11.000
Total(%) 99.322 99.840 100.278 100.152 99.296
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Fig. 3. A diagram showing variation of water

adsorption by aggregate containing the different
ratio of recycled aggregate.

Table 4. The changes in specific gravity and
water adsorption of aggregate containing the
different ratio of recycled aggregate.

Replacement Ratios | Specific | Adsorption
(%) Gravity (%)
N ;tg‘gfégz e 2580 | 1410
Natural Coarse 2740 1335
Aggregate
10% RA 2.738 1.554
20% RA 2.732 1.890
30% RA 2.720 1.950
40% RA 2.715 2.156
50% RA 2.711 2.200
60% RA 2.708 2.450
70% RA 2.706 2.890
100% RA 2.700 3.300
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Table 5. Unite weight of recycled aggregate
and natural aggregate.
Unit: (kgf/m®)

Natural Fine Coarse Aggregate

Aggregate

Natural Recycled

1,511 1,665 1,586

Table 6. Percentage of fine aggregate passing
the No. 200 sieve.

Natural Fine Coarse Aggregate

Aggregate (%)

Natural (%) | Recycled (%)

155 0.72 1.76
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Table 7. Abrasion resistance of
aggregate and natural aggregate.

recycled

Abrasion
Resistance
(%)

976
187

Abrasion
Loss
(g)

483.1
9334

Original
Weight
(g)

4980.1
4991.7

Natural

Recycled
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Fig. 4. Compressive strength of recycled

aggregate concretes mixed with the different
replacement ratios of recycled aggregate.
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Fig. 5. A diagram showing the variation
compressive strength  of recycled aggregate
concretes mixed with the different replacement
ratios of recycled aggregate.
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Table 8. The properties of unconsolidated
RAC mixed with the different replacement ratios
of recycled aggregate.

RA Replacement {Slump| Air Content | Unit Weight
Ratio(%) | (em) | (%) (tonf/m®)

0 9.0 4.1 2.332
10 9.0 4.8 2.313
20 6.5 5.4 2.310
30 7.0 53 2.280
40 75 5.7 2.283
50 8.0 6.2 2235
60 8.0 6.4 2.238
70 75 6.8 2.231
100 7.0 7.1 2.201
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Fig. 6. A diagram showing the variation of

dynamic  modulus

of recycled aggregate

concrete by freeze/thaw cycles.

Table 9. The compressive strength values of recycled aggregate concrete at the different curing
days and after freeze/thaw test.

RA Uniaxial Compressive Strength (kgf/cm®) Percentage of
Replacement Compressive strength
Ratio 3 days 7 days 28 days | After 300 cycles Change
(%) 2 (7 (f9) of F/T (fr) s — fl*100/fs, %)
0 188 223 281 225 22.06
10 192 238 301 247 17.94
20 209 222 291 238 1821
30 188 210 267 211 20.97
40 170 216 273 224 17.95
50 163 191 248 209 15.73
60 188 216 254 206 18.90
70 178 222 260 214 17.69
100 153 195 242 200 16.53
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Fig. 7. A diagram showing the variation of
durability factors of recycled aggregate concretes
mixed with the different replacement ratios of
recycled aggregate.

Table 10. The dynamic modulus and durability
factor of recycled aggregate concrete after 300
cycles of freezefthaw test.

RA After 300 cycles of F/T
Replacement Dynamic Durability
Ratio Modulus Factor
(%) (%) (%)
0 94.5 94.5
10 94.9 949
20 95.4 954
30 96.8 96.8
40 94.0 94.0
50 96.3 96.3
60 97.7 97.7
70 976 976
100 98.1 98.1
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