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ABSTRACT

This study investigates fundamental properties of recycled aggregate concrete which incorporated 100 % recycled
coarse aggregate and various amount of recycled fine aggregate. In addition, for the purpose of the improvement of
long term strength and durability, a part of cement was replaced with fly ash. Compressive strength and resistance
to chloride ion penetration and carbonation were investigated. When the coarse aggregate was completely replaced
with the recycled the replacement ratio of the fine aggregate with the recycled was recommended to be limited below
60% in the consideration of strength. The strength of the steam-cured specimen was very comparable to the
wet-cured at 28 days. As fly ash content increased the resistance to chloride ion penetration was increased. The
chloride ion penetrability based on the charge passed was found to be low at 21 days and very low at 56 days,
respectively. Carbonation depth and carbonation velocity coefficient increased as the fly ash content increased and the
relationship between the carbonation depth and recycled fine aggregate replacement ratio was not clear. Up to 28
days, however, the measured carbonation depth was mostly less than 10mm which could be considered as low.
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Table 1 Properties of used recycled aggregate with respect to KS F 2573

Recycled coarse aggregate Recycled fine aggregate Natural fine aggregate
(KS F 2573) (KS F 2573)
Class 1 | Class 2 | Class 3 Used Class 1 | Class 2 Used Used
Absorption (%) < 3 <5 <7 1.68 <5 < 10 6.45 2.56
S. G. > 22 2.55 > 2.2 2.28 2.56
Abrasion (%) < 40 215 - - -
Solid volume (%) > 55 60 > 53 62.5 63.5
25 mm 95~100 100 - - -
20 mm - 96 - - -
15 mm 30~70 33 - - -
Sieve 10 mm - 32 100 100 100
passing | 5mm 0~10 0 90~100 100 100
percent | 2.5 mm 0~5 0 30~ 100 82 88
%) | 1.2mm - - 50~90 54 61
0.6 mm - - 25~65 30 36
0.3 mm - - 10~35 10 ' 17
0.15 mm - - 2~15 2 6
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Table 4 Recycled aggregate concrete mix proportlons
for the 1st stage test (kg/m®)

FA) iﬂE]EJ 2 ‘—7'41‘7&}‘— /‘]@‘% 34k FagEY & Replacement ratio Aggregate
RAAREE OMPa2 AR om £8zo) Frjge of recy(%}e)d fines| C w Coarse Fine
B o Natural |Recycled
8cem & 5 %7t HEE w4 st 22 $SAEA] 0 659 0
ol AHeE ZAEY oA SdolojdE AUE 30 461 176
Fu2 EQFN o AA A £3L Y x 20 03 | 13| o5 |2 | ™A
60 264 352
70 198 410
Table 2 Properties of used fly ash with respect to 100 0 287
KS L 5405
KS L 5405] Used Table 5 Recycled aggregate concrete mix
Si0, (Min. %) 45 58.2 proportions for the 2nd stage test (kg/m )
g_};;r;}gzls Moisture content (Max, %) 1.0 0.1 Replacement ratio Aggregate
Ignition loss (Max, %) 5.0 3.2 (%) C |[F/A| W c Fine
S. G. Min, %) 1.95 2.2 Rec'd fines|Fly ash 04S¢ | Natural| Rec'd
Specific surf@ce area (Min, 9400 3550 0 493 0 |173] 925 659 0
Physical cm’/g) - 0 15 [419] 74 [173] 910 | 648 0
: ater requlrement, percen
properties of control (Max, %) 102 99 30 345|148 173 | K95 638 0
- - 0 493 0 |173| 925 446 191
Compressive strength ratio 60 94 —
at 28 days (Min, %) 30 15 [419] 74 {173] 910 | 439 [ 1883
30 345[148173| 895 432 185
_ 3 . _ 0 l403] o [173] 925 | 246 | 370
Table 3 Chemical composition and basic physical 60 15 |419| 74 |173] 910 | 242 | 364
properties of cement used 30 [345]148]173] 895 | 238 | 358
Si0z2|Al2Os|Fez03| CaO | MgO | SOs|Ig, loss g |Surface area 0 4931 0 J173] 925 0 587
(96) | (%) | (%6) | (96) | (96) |(%6)] (%) T (cmz/g) 100 15 4191 74 {173 910 0 577
2081 6.3 | 3.2 |612] 33 {23 1.0 {315 3,200 30 3451148173 895 0 568
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Fig. 1 Chioride ion penetration test apparatus
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Compressive strength (MPa)

Recycled fines replacement ratio (%)

Fig. 2 Compressive strength of mortar cubes
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Fig. 3 Compressive strength of 1st stage concrete
cured under 100 % RH
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Fig. 4 Compressive strength of 1st stage concrete
cured under steam curing
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Compressive strength (MPa)

I
I
| 1
| I
I | | l ——F/A 0%
e e s < S /N -
! | I
| | I | [ +F/A30%
L e B B el e Tl At ==
| i | I | \ |
| ! | | | I |
0 . .
0 7 14 21 28 35 42 49 56
Age (days)

* (a) Recycled fines replacement ratio (0 %)

T
o
=3
=y
‘6’, |
c |
2 |
@ | | | | |
2 [ [ \ ! I —e—F/A 0%
B0t e
a I | | | I —4&—F/A 30%
VI S e e e e
o 1 1 | 1 t 1 |
I [ | 1 | I I
0 ! ! ! !
0 7 14 21 28 35 42 49 56
Age (days)

(b) Recycled fines replacement ratio (30 %)

Fig. 5 Compressive strength of 2nd stage concrete with
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(c) Recycled fines replacement ratio (60 %)
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respect to replacement ratio of recycled fines
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Fig- 8 Carbonation depth
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