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ABSTRACT

The research conducted to study the potential practicability of recycled aggregate concrete by analyzing the
characteristics of concretes made of recycled quality aggregates produced by wet and dry process has found the

following results.

The air content of recycled aggregate concrete increased with increase of the substitution rate due to mortar
included while producing recycled aggregates. However, the concretes with aggregate produced by dry process had
relatively low rate of increase in air content. The slump showed generally decreasing trend as the substitution rate of
recycled aggregate increased regardless of the wet or dry process. It was assumed that the mortar particles remained
in recycled aggregate absorbed the surplus hydration in concrete and decreased fluidity.

The compressive strength generally decreased as the substitution rate of recycled aggregate increased, however
there was an increasing trend as well due to decreasing effect of water-cement ratioc when the substitution rate of
recycled aggregate reached 25, 50 % after mix. This phenomena also appeared in early age, which meant that recycled
aggregate concrete should not be retarded in setting when applied in the field. The tensile strength also reached the
maximum when wet or dry recycled aggregate replaced with 25 %.

To conclude, recycled aggregates for concrete produced by wet or dry process are expected to demonstrate
essential characteristics of concrete without significant decline in physical or dynamic quality when the substitution
rate is below 250% although there are variations subject to water-cement ratio. However, slight differences are
expected due to types of recycled aggregate and physical quality.
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Table 1 Physical properties of cement

Sett_ing ‘ Compressive
Densit 91 Fineness (min) Sound- | strength (N/mm %)
(g/em”) | (em™g) [ [ |ness) | 3 | 7 28
Initial | Final

days| days | days
315 3,400 | 230 | 390 0.1 228|297 | 40.6

Table 2 Chemical compositions of cement

Ca0 | SiOz |AlOs|Fex03| MgO | SO3 | Free Loss on
(%) | (%) | (%) | (%) | (%) | (%) |Cal(9%6)] Ignition(96)

613211 52 { 28 | 40 | 24 0.6 20

Table 3 Physical properties of fine aggregates with
production methods

KS F 2573

(Recycled
el aggregate for

REA concrete)

1 2
Grade | Grade

Densit,
(a/om 9’ 259 240 237 | 218 > 2.20

Absorpf
fon(og) | 090 312 | 480 | 600 | 5> | 10>

Unit welght -
/md) | 1816|1748 | 1650 | 1,370

Solid con-
tents(og) | 100 | 740 696 | 630 > 53

Clay con-
tents(%)

Fineness | 54 32 32 4.1 2.3~32
modulus

Material
finer than _ : -
0.08mm 0.09 1.10 6.60 50 >
sieve(%)
Sound- B
ness(%) 3.2 51 23.5 10 >
* NFA : Natural Fine Aggregate
= WRFA @ Wet type Recycled Fine Aggregate
#x* DRFA :© Dry type Recycled Fine Aggregate
*xxx RFA . Recycled Fine Aggregate

PR

NFA'|WRFA™ |DRFA

- 0.4 0.6 1.2 1.0 >

96
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HEAZI0EN o4 He @ ZA Mo 753 A
g = Tﬂ?/] FAE o]&ste] A FAEAo
o2 AR A4 2P

03}04 Hmm °5tE A HEIHEES
5712 5mm °)3} £2 B3N
1 Ao|22E ol§3ke] o187 B Eg AAT F, 2
o 23d YA o Mo|lEE FTAN £F] £9

EAAFHEZ 03mm ojste] IE L o2 FU-

ReAA A FEAIT) Table 3¢ HA At

Az A FLBA) AAEEA 20 R e
A24

IE A AEA, 19T AT o % R AATHL

d5tel 4L £ T B A A2A g &
24 43¢ Yepd Zoitk ool mew S Ay 2F
Aol vlatel 2, #4 A AFA BF KS F 57322
dEg ABEANAN T A 22 159 27 F
A WEAIE Ao vehgeh o/, Fgs. 2, 32
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Fig. 1 Production process of recycled fine aggregates
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Ao ARE FHEIAE diEQ AuesE E37 232 Z7|%
E AzA AEHIL S Hmm olsel A2 KS F 371 KS F 2020(2A 9 2aziEe] ¢
BREAES AR TS U= A F2 g go) g% AT gt A9EE P
A 159 87 FEE WSATIE SAE AHSstglen, =x7)2 243590}
olojgt 24 4442 Table 49 2t
2.1.4 Z7)A8A(AEA) Table 4 Physical properties of coarse aggregates
AEA= A blALo] =(synthetic tensides)7} 43891 W5 agcgorfgsaete Un(iligjvrﬁ%)ght I()ge}réfnlt% Abs(o%tion Remark
1200029} Y E3HARA 2 542 Table 5% 2. Crushed | 1509 264 123 25mm >
215 d oo Recycled | 1,579 2.62 112 | g e
KASS 050102.1.39] #Ae] we d-esg H¥es
2 Agsisnt Table 5 Physical properties of air entraining agent
- HH 3|_74|§’ Type | Color Ingredierllt Toxicity S}?}lggég ]()ge/réilm?’
c TR Liquid| Dark | Synthetic | g no 1.20£0.02
2 dFdMe 4 2 44 Aoz e A4
A (013}, AR ZP‘ZHF/} gholl digt FAEL AA Table 6 Mixing factors and numbers
ZHEFA A 8IS wetsly] Hete] A FHEA Slump| W/C | Replacement ratio | Replacement ratio
2 AR ABAR IRuE AR} §A0 AN FeB o) o) o JUA Col | of ROA G0
A0l A SEo] WE Sm7Ed Bod . sy =4 Factor| 180 |45, 55| 0, 25, 50, 75, 100 0, 30
£ sojsp] 99 ket e MIARE ARG T e - -

) 2 5 * RFA : Recycled Fine Aggregate
7;1]9—:]./‘], AANZAEE AN/ S N/mMm S EE=2 ** RCA : Recycled Coarse Aggregate
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KS F 46(ZAEY 4E4% Addd)d w} =4 %A= 4219 2 $(WRAN - WRAR 55)9] 4.0~6.1%,
stglon, 38 4@ Bdd 7153 7149 Z9-(DRAN - DRAR 55)°ll 39~56%= Ueht 2
HAoE Yo FAFEY A £ FU|FS B
2.3.5 AW E(Z AAHE)
AAAE(RY IFFE)E KS F 142322 E9 27 3.1.1 AA AER) 2Bgd wE TP
?PE;}%E }‘]@Ho}%)oﬂ m]“j/]' ZH OH‘J-E 0.5N/mm ~m1n.4 Zﬂ’ﬁ ﬂ’%%ﬂ&ﬂ f(]?_}»—%o] 77].1‘;:]-01] U:}E]— %7] ao]:p_
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Table 7 Mix proportions of concrete

W/C Replacement ratio Unit weight(kg/m®)"™*
Specimen® Ratio RFA
(96) | RFA(%) | RCA(%) | Cement | Water CCA RCA NFA
Wet Dry
RAN 45/0 0 380 171 971 0 779 0 0
RAN 45/25 25 380 171 971 0 584 180 178
RAN 45/50 45 50 380 171 971 0 390 361 356
RAN 45/75 75 330 171 971 0 195 541 535
RAN 45/100 100 0 380 171 971 0 0 722 713
RAN 55/0 0 330 182 983 0 780 0 0
RAN 55/25 25 330 182 978 0 589 182 180
RAN 55/50 55 50 330 182 978 0 393 364 359
RAN 55/75 75 330 182 978 0 196 546 539
W D RAN 55/100 100 330 182 978 0 0 727 718
’ RAR 45/0 0 380 171 679 289 779 0 0
RAR 45/25 25 380 171 679 289 584 180 178
RAR 45/50 45 50 380 171 679 289 390 361 356
RAR 45/75 75 380 171 679 289 195 541 535
RAR 45/100 100 0 380 171 679 289 0 722 713
RAR 55/0 0 330 182 688 293 780 0 0
RAR 55/25 25 330 182 685 291 589 182 180
RAR 55/50 55 50 330 182 685 291 393 364 359
RAR 55/75 75 330 182 685 291 196 546 539
RAR 55/100 100 330 182 685 291 0 727 718
* : .
}{VAl\II) : n\g] ?epgﬁ):eenﬁggt ?)?yretzgggled coarse aggregate o ggﬁ : }%gsgfedd %fzfrssee %ggrreegaatfe
RAR : .30 % replacement of rgcycled coarse aggregate NFA N atﬁral Fine Agg regggat eg
45, 55 : Water cement ratio (96) RFA : Recycled Fine Aggrogate

0, 25, 50, 75, 100 : replacement ratio of recycled fine aggregate (%)

98 =222 E8E| =28 M7 15(2005)



Tabel 8 Test results of recycled aggregate concrete

. Slump (cm) Compressive strength (N/mm® | Tensile strength
Specimen Air content (%) 0 min 30 min 60 min 90 min 3days 7 days 28 days (N/mm®)

Wet Dry |Wet|Dry|Wet|Dry | Wet| Dry | Wet | Dry | Wet | Dry | Wet | Dry | Wet | Dry Wet Dry

RAN 45/0 4.0 40 [15.0(15.0{63 |63 | 40140 | 3535 |140{140(21.4|21.4136.1|36.1 3.4 34

RAN 45/25 44 42 135]150 65160 | 55| 45| 35| 30 |152]153|21.3|24.2 | 329 | 384 3.5 3.6
RAN 45/50 46 41 125|120| 6.0 | 60 {1 45 | 35 3.0 | 25 | 123|158 184|26.0| 320 | 36.1 35 3.5
RAN 45/75 49 47 [11.0]70| 35 (35|20 30| 25|20 |142}131(182|238|31.234.1 36 3.3
RAN 45/100 55 53 85145130 125)35}120)20]10)140/119]191|229|322 /319 3.6 2.9
RAN 55/0 39 39 1951195(165(165(12.0|12.0(10.0|10.0 | 13.8|13.8|20.2 | 20.2 | 29.8 | 29.8 2.7 2.7

RAN 55/25 4.0 3.9 195(20.0| 155160 11.5[125]| 9.0 | 85 |142|143]184{21.7| 309 | 304 2.6 2.8
RAN 55/50 41 43 [17.0]20.0|12.0(105|12.0)1 85 | 70 | 65 |145]|14.0|179 (235|294 | 283 2.5 2.7
RAN 55/75 45 49 165(14.0|1 105|100 | 85| 75| 50 | 3.0 {13.4(12.4120.4|20.8 | 295 | 276 2.3 2.6
RAN 55/100 53 50 [155(14.0| 7.0 | 60 |40 (50 1.0 | 40 |13.1(108(193(196( 274|259 2.4 2.5
RAR 45/0 52 52 |180(18.0{ 95195 | 75| 75|50 |50 |144144)226|226|34.4 | 344 3.2 3.2

RAR 45/25 5.8 5.3 16.0]16.0) 65 | 65 | 45 | 45 | 25| 25 |164|150]26.1 | 23.3| 352 | 36.0 34 3.3
RAR 45/50 6.8 54 [14.0({105| 55 | 50 | 50| 30| 25| 20 |172]|139|253257| 351 | 32.0 3.7 3.0
RAR 45/75 7.0 56 |125|751457130|30|20]| 10| 15]151|134]259(21.0| 343 31.3 3.6 3.0
RAR 45/100 6.8 59 9514512512015 15| 15|10 [163|123(251|199133.3|283 34 2.8
RAR 55/0 51 51 19.0(19.0|145{145|125(125( 75 | 75 {140{140]22.1]22.1 | 30.3 ] 30.3 29 2.9

RAR 55/25 55 5.3 17.0(195(14.0{14.0 135120 7.0 | 8.0 [134143}21.2 228 | 282 | 30.8 3.1 3.0
RAR 55/50 55 55 |17.0{195(135|125| 85| 90 | 65 | 6.0 [11.2|145]|222|236| 26.1 | 31.2 29 2.8
RAR 55/75 58 54 j165]16.0] 70 | 90 | 75 | 75| 40 | 45 |1241129|21.3|21.2| 256 | 29.7 3.1 2.7
RAR 55/100 6.1 56 165|145 55 | 40 | 45|45 | 25] 30 [120]11.2]21.0|205| 245 | 281 3.1 2.7
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Fig. 10 Tensile strength with replacement ratios of
recycled fine aggregate
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