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ABSTRACT

The object of this study is to prove the quality and reliability of recycled aggregate concrete by finding a way
to improve the durahility of the material through the experiment on the accelerated carbonation, freezing and
thaw, and drying shrinkage, analysing the influence on the durability to promote more active use of recycled
aggregate concrete. The result of study as follows. (1) Resistibility to the freeze and thaw of the recycled
aggregate concrete showed relative dynamic modulus of elasticity over 90 % which is very good, and all cycles
show 99.2~01.09% dynamic modulus of elasticity which is improved compared with the 975~906% relative
dynamic modulus of elasticity of ordinary concrete made of broken stone. (2) Carbonated thickness of the
recycled aggregate concrete and the normal concrete was similar or it appeared with the tendency which it
diminishes more or less. (3) Length change rate in drying contraction of the recycled aggregate concrete made of
the recycled aggregate was lower than the ordinary concrete made of the broken stone by 185~39% in all

blending.
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Table 1 Location of study

Recycled aggregate concrete

Property Mechanical Durability
Type Recycled aggregate | Recycled aggregate
(KS F 2573) 1 2 3 - 1 2 3 -

L0SrPEOn 39 | 5% | 7% | 7% | 3% | 5% | 7% | 7%
/1 down | down | down | up |down|down |down| up

Year
2003~ 0 © 0 o)
2000~ 2002 @) 0 0 O ] 0
~1999 © | @10 o | o

*# O 1 1~2 Time, © : 3~4 Time, @ : 5 Time up

Table 2 Properties of fly-ash

Chemical properties(%) Physical properties

Fine Ratio of Ratio of

Moisture | [gnition Si0, Densxty

~ness |unit water comp.
content | loss (g/cm®) (emYg) %) strength (%)
0.2 27 5861 225 | 3,770 100 88.4

e=23CIESE =28 M7= 35(2005)



=A< AEL Table 37 2t} =8 AAZAY A
o 2 EFIAY YEEELE Fg 13 2t}

3.14 =4

€ AN AR JEAe dAN AF e AR
3Hth B3 43& KS F 504249 viF 4 &5
F AEEH), KS F B6(EAY 9983 5F AEY
Wl et 7|2 248 Adstdled, 1 dde te
Table 49 2t

32 it E

= A AEST &
Fe A 4R ‘JHL%*J% EEs, o8 A

Olr

AEAE AT BF A Bl RA7] Slal]
e Adssin ANEA 2agEd g 2 g

2

o]

4 B4 Aol g B4 B EAVIEAEE T2
487 MR dA ‘ﬂ%&i AHEEIL Qe AMPaZ
AR &) REIA Hg) thh 22 A=
Aol EAE st E*H?%Lc 175, 18kg/m' o2 2
Aot 1 TEAS vaElsich dehAdl EAES
E3A2M9 Fly-Ashe o 7~12%71F AMEEHE AL
2 B3 Hi glov E A¥H dAelMe gexd 4
Ao AAAES Astd 0, 10%Z thAstd AREA
e 3t Qs BAstax} sk

T3 7|E FEHOIU AAT ] ofshd, WA o
g QA Y EYEL o B~N% TELE UY
A glod B dfelAe ZW*ZIH 4540 &85 9
3t O, 15, 30, 45, 60%4 F 5/ T GAER oA
o], AAFLEAY dA g 2 54 HiE #A53)
3} e

olo] W2 W 912 R FF L Table 59 2tk

je

33 4

re

3.3.1 5283 LA

ABEA ZABEY FAFH Ao g U7 A
5 AE37] 98k 80x100x400 mme] f\Wiﬂ?— A =st
of 277 $FUAL AN T KS F 246 (3% 54%
ol gk FAEESY AFAEH)] AEYH T B
A 7FFE, e 272 FIAYE A =
o Wy olzte) exst Y4 o¥e e Fr)Hoz
7¥stel 48e AAB,

3.3.2 st A3

’Q?MH Axde AEAE 298 5 FaE A
202 TS #A3H 453 A3k, Bdls=

WY 2IES URSL0| e B o7

100

80

60

40

20

Weight of passing sieve{%)}

2.5 5 15 25 40
size(mm)

Fig. 1 Combined aggregate grading

Table 3 Properties of recycled coarse aggregate

Tyoe Unit volum:? Densﬁ;f Absorptio|  Solid Finess
yp weight (t/m°) | (g/cm’) | n (%) |volume (%)| modulus
Aggregate 167 2.69 115 56.43 7.28
Recycled | ) 5 261 | 262 | 6127 | 664
aggregate

Table 4 Properties of fine aggregate

T Density [Absorption| Finess | Unit volume Solid
YR (g/em®) (%)  |modulus |weight (t/m®)|volume (%)
Sand| 2.57 1.42 2.79 1.62 55.76

Table 5§ Factors and levels of mixing

Fly-ash
fck w Recycled aggregat
Type =5 | Teplacement
(MPa) |(kg/m3)| replacement ratio (%) ratio(%)
Factors| 24 |[175, 185 0, 15, 30, 45, 60 0, 10
Levels - 2 5 2
T 20127 g2¥ggHdA Tl 4377 AA-Ax3Y
o E2EE ARe A R 8F A% F eE

20:2°C, FHEE 6015%, BWIAEE 50:02%9) =
Aoz Yaioirt APA FHY Bdzde d5sHA ¢
7) g A]fsuuq A7 Dim ooz 37 AR
5

8 o 5cm d7oz ﬂ%ﬁ}ﬂ, 1%o »ﬂima | g9

& BAR ¥, 2adE ERAA BRSNS
ﬂa-g— A vwl HMOVé\’J«ﬂ 22 AZH| 3

AT

333 1zx4%
AYEA Baelee] Azsde) g Lous APe
KS F 204 Uee}e % 2a0im Bolds AP



10°mm7A 238 Axslen, %Alxﬂ% 100x100x400
mmZ KS F 51069 103 7143 AZ4E AA A2
43, 22209 Al G4 4108 F 49 2
NZE Hel 2Rk B8 F L& 002 TAA $5%
sk, AF 780 HAL W 2= 20:27TC, FE 60£5%
o FeYrAolA tholdAolAE 1Yt} 245}, ol
NAE 71Z02 1, 4 8 12549 E32FE ie] 9o
F 3o mE S3us Yre 2
4. A8 Y 2Y
41 SEEH XMy
411 BEEAAS

1% ANFLEAE

Y AgAH 1% AHLE
2AYEY T ATE
A A&l BAGo] A wiFtel A 90 %E
+3 A% vy w3 17

r‘lﬁ

A& vt EEIAZ e A
AZIEE 24MPagl AAEA 2aEY] FZHg A

ANE AREE 15
= 300 cyclee] A3 T 24

A&

S
SECIEIE

HEEA

o

¢

cycledl e 92~91.0%2 AsEH4ATe] HHE B
o UM S ALgE BE ZaE AusedAr
Holel 975~90.6 %0l

sl

o] 31 3k a )J-Q

AzA,

ABZA DAL 0% oL UE
slgel AshEcks slEe A7ER 9 ta Aol
o )& ATl ASEUE ANSAY 4

Hlg e WS ReFn

rOK' ol

201 7% ol¥o2A @A) KS F BREIIES 442
N 152 BEHA TYD FLN V108 Aoz A}

EEE]
412 A1 E
oz FATHIE Jatel 2aAEA 4
£ 2990 goby @0z Qs 2ared
g2 WANPOZA 28 BAIA Bk

Table 6 Properties of fresh and hardened concrete
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Fig. 2 Freezing-thawing cycle and relative dynamic
Young's modulus
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Specimen | fa (MPa) | W(kg/m®) Rerp;lgg?;:?nt Slump (cm) |Air content (%6) 3 d;c;mpressw?e dz;r:ngth (Néga()jays
1 -a-1 0 16.5 45 129 18.3 27.8
1 -a-2 15 175 4.8 129 19.2 27.7
I-a-3 175 30 165 49 12.3 20.7 28.9
1-a-4 45 17.0 43 14.4 20.1 28.4
1 -a-5 94 60 175 5.0 16.1 24.0 30.7
I -b-1 0 185 4.2 13.8 19.9 279
1 -b-2 15 20.0 4.0 13.6 20.6 276
1 -b-3 185 30 20.0 4.6 13.9 21.1 286
1 -b-4 45 185 4.5 15.2 23.1 29.7
I -b-5 60 20.5 5.0 15.6 23.0 31.0

388

& M172 33(2005)



o
a

——30% FA-10%
—#—60% FA-10%
—o—30% FA-0%
—&-60% F&0%

g

Q

o
T

©
«

©Q
Q

T

1

i

|

1

|

Relative dynamic
Young's modufus(%])

ez}
(51
T
|

I
I

0 30 60 90 120 150 180 210 240 270 300
Freezing - thawing cyde

Fig. 4 Relative dynamic Young's modulus of concrete
with fly-ash

W FEAALTE BT B2%2 Eefoldd] FEY A4
27 ZaES] U8% Hrt ANA thA&Y T}
| the e 23t vedoh

>,

4.14 7135 Wr8AF
UlgAest Weadlds 5 Wrds XES W 2
A Aesta gl= °1Z}°1 *71 g3} A M%XH ZazE

o[r

9 2 7L° m’“ﬂﬂ«] 734— ‘/‘rE}‘ﬂv‘E AL o
Yol Mg} o] A 4L ANEA TadEy B Ay
Aste] $71% W92 38~53%ANE WS ofn
d TAL glg Aoz AdEdh T3 AHEAY tiAE

>
3o
=
N

o) Eolgel met 2A e AWIA £AEY T
& B oMl 43S e, o) ANE A

Z}Q ARF7)E TP mar2e JFoz mul
I ik ol d §4 mariad] YA pXe
Te £ 4% B HEREA giskos, ol
Aot g FA9 13 AEANEZ A8
o2 YR ez Flgm d4Asee
HAE T3t AdEA 22YE £ BE F32¢
9‘r PRI Z Weede 7] dale Eaze
Aol 2AT 371% Belsh ARAl F 2 1914 W
A4 37139 gu7t 998 Aoz Addrh

%o&.‘ﬂ—{m

B
i

o L F}I M rlo F—{% 1%
o o?_‘, N
f % L—U

-

_O‘lll

Ad

IEH S

Mt X

I~
[§®)
I
>
02t

4.2.1 AAZA AL whe ZAeitsl Zlo]
AREA ZAEY itel AL ARSI £
NE REEEZ BASE e 988 o) 4E
o B%¥ ZAYEHT thh ¥ Aeg delA ot 2
AEA AT AAFLZAE YAl ) HES
Aok £ ARG AAEA A ESY AR AE)

4 A¥A%= Fg. 69 2ok

age AYFSTAE A AAEA 2agey @
A3t o] MEE 74 AR el Aoz BE 23
2 EQ 75 &3l Zol 166~729mmE UER), A4

._l.4

BN BICIES LIPSO 25+ MER o7

100
® 95 | :
5 y =3.696x +74.467 *%
S R? = 0.9049
> 80T - (3
=
[
3 85 fF -~~~ T s -
80
0 2 4 6 8
Air content( %)

Fig. 5 Air content and durability factor

10.0
@
@
£ 80
Q
=
SEBO
L e
S 40 f
<]
2
s 2.0 r
[&]
0.0 !
0 1 4 8

Ace(week)

Fig. 6 Carbonated thickness of recycled aggregate
concrete

[@ra0% |

. |oFa-10%)

Carbonated thickness{mm)

0% 15% 30% 45% 60%
Replacerrent ratio( %

Fig. 7 Carbonated thickness of recycled aggregate
concrete with fly-ash

ZAZ gAge] wE ek3l Zlo] WY 074~6.71 mms}
FAE AFS Uei £28 15 AAFSSAE giA s
AYEA ZAYEE AF 8FolN9 Hets Zole
A&l 15, 30, 45, 60% S71stel Wl 671, 6.70, 6.06,
554mmE AEA 48 BE ZAES 79mmst &
AbAY thad Zashe Heke Jehglth ojeld A
& AAEARZ 100% AT QPS4 EFEY olike}
B A AEAS QTSR 4H5% oM E BE
ZAEY Aolg Holz] gom eraksl FAto] FAs)
A A=A et HT A7 %E%} AR ARz
ol HMET} Bl T2 YFE /A ol U4F A
ANEHR Qg AAEY Z7P)t £3YE YRE 943}
Al BHEo] Bibbse) AT AQd Aow wdtwch

!

422 Feolofa] B W 0B Qo]
Fig. 72 AYFLEAE A& we 28 R34

389



AEA ZIHEAN Eoldd 10% &9 Fe4d w
sl w2 ZXEAE gojg yehd Aolth AAFSEA
& tiAEd] met ERAHESt, AlRE AR S2ho]of
7 10% YT AAEA SaeE Eedold4E FEA
& S FAYERT HYAEH A& FAgle] F
5% AE9 g3 o7t HPHE A= BT ©f
A% FEL Edfolojsle] 2T A& A AHE F3t
AREQ FABEEY LHE FUNA FaHEY ¢
EE ASAA gsE SA7E Aes dddn

4.2.3 282138} 2ol FEIA

Hie 2B THRE Hgste YEoR
A3 FAHELTE By} ROl A dr. uleba
ATlNE HAVFEE AMPaE AAFLSAE WAl
&o w EFAES ASA SaYES el A
B B AYEA Z3YES 2SR SEAUS
Zolote] BAE Fig. 8a)oll, U=7=st SIS 2ol
gte] #AE Fig. 8(b)ell Hepfigich

dutgo g FAYEs SISATYS SAWEN]
oaf BrtsoiAa glov, & A9H A7 WedMe
FYLE SZEA HojAT, thiyvl kst Fol9] Aol
7h Bol Ao ey -l 2ol A=A A&
of ®AQOl BAEl Zojd 253} £ B BAE o
o FFAE Atolole HlwH F2 tgo] B H7] o
T 4EFEE P72, EFYE WFE 2L

(A iis)

=X

L

100

@

@

£

]

£

°

o

5

i=

Q

o

8 20 F------ oo
(&3

00 —
4.4 4.5 48 4.7

Ultrasonic speed(km/sec)

(a) Carbonated thickness and ultrasonic speed

10.0

BO [---- o R
>

60 booo- e

40 frommmmm e S——-- -

20 f----mmmm oo

Carbonated thicknes
(mm)

0.0 !
26 28 30 32

Compressive strength(N/mm?)
(b) Carbonated thickness and compressive strength

Fig. 8 Carbonated thickness and effect factor of
recycled aggregate concrete

390

e Ao 93 ANITA ZAYEJHE HE IZIYE
FOAY R st AR WFEEE gR

431 AREA A& e ZolHsE

Akl QA ZAESY AzxFSHo| T Adojw
3} 54L& ABSAY tiAEe] 74l wet a0
33 we2g2rt §SsE ZoHgse tih AAE
Aoz guAd gou, £ ATHslddMe] d¥dde
Fig. 9olAiel Zo] 13 AMFLBAE £ AT 18
AREA ZAYES AF 1279 AxrHd oI
Zoldistge A wFdA 41~46x10* AEZ Ueh),
A A ke BE FagEee] dojAske 48«10
B} 185~39% FA Ukt

432 F2o|o) Bl The Zoldste
Foolojls Be ¥EUE AME

3
o
|

5 =
GE=Y
H
L

22 3~Nnm 37|19 FFL A z
Aol gomg mAHE F3E ol Bt &
g A 2aREE gwder E xS

re Hr

oo
N
S

]
S Yepdttn o}
ATHYoA AP ABEA Z3EY] A&

B —— 0%
F500 F-m oo s m T sy -~ 15%
Ta00 b - == ~ — __ :32:
5]
€300 |- - oo % 60%
5200 F fL - mmm e e
T
8100 ffmm e
3
0.00 1 .
1 4 8 12
Age{week)

Fig. 9 Length change ratio of recycled aggregate
concrete

BFA-0%
B FA-10%)

0 15 30 45 60
Replacement ratio( %

Fig. 10 Length change ratio of recycled aggregate
concrete with Fly-ash

BIR2EICIESE| =28 M7 35 (2005)



Zaolojy] EQlo] WE A4F 1259 dolWEeL Fig
105 zow, A WA SatolojaE E93 AAEA
2ag)E9] Zojwslgo] Zfolojy] TEQ ANBHY 2
ARt AT 40% A Jerdth 2 o)E BE
#agle) 81%e AN $Zo2 ANITA 2IPEY
ZAoldgtgo] glo] Eetolojs] Eo] BE FAE)
s Audor gRHd Roz Ao

oleld A TUG ZAFAH e BE IE
e AdES Zdolddd tg WFEL Hlmet], X
£ wjdolA Zelolol4)7t HE ZEAS AWE w3
A 2 AzsE AYES JehitE 7129 a7 4y
7} fALEHgL olE QWHHV}% 18 o AlES] o
nE Zdolo|d 2 XS B, Zeto] oAl B A
MeaA gomw WE z%?as A dlEd| 1 3 %EMOH
474 o i% MEH]%

z2ordd

oft
sl

AyEAE 728 ZAYESY EAE E83}7] st
ARFLZAE Al net EFBAR sk A=A
+2?4E4 WS Bet AgH A74ds tss 2

o AHArL 04041;}‘

) AR ZAYEY FAFH A AdolA A
EEWﬁ]*“ 0 cyclee] BB F, A wigelA D
%% g3 5% AgEA didE AHE B
% FaEY A FEAAGT WAL 975~906 %
AR YEsslde EO#—’FE At
2) AAFA FaYEY i 2 ]E BE Z3g
ES FABIAY ta ZAdte AFoE Yehton,
AHE A2 Setolof4] 10% Léf{ AREA 2
AYEE SPo|f4E FEUT AWIA F3YE
o AAZA Al JFglel F 5% FES £3
Akl Zol7k £X 5+ ASE YR
3) ANEA ZAYEY UxTHA o3 Ho|Hdle
RE Zglee] ZojdHslgHr}t 185~39% 2HA
ehath SEbolol4lE EY ANEA E2ES 2
ojHglge Zdlolof4] FEU AMSA ZAYERTG
BT 40% =4 HEs o, ol BE F2YE 81
%o Awt Foz YA ZAYESY Holwsts
of glo] Zeolola] o] BHE FTAYE Hlg| 4
Heoz gaAy Aoz FAdrt

J

AT

SR

WM 23CIES LIRSH0 2t &8

1A

o7

]

ra

bl

1. =Eageds) ZIYEY ANLE, I=2ZAET
"3, 2004, pp.13~14.

2. A2 ERS, QYA F AREA FAYE A
A 7)le An, SdEa B, 2004, V-1~5.

3 Kasai Y., “Durability of concrete using recycled
coarse aggregate, Reuse of Demolition Waste”, Vol.2,
1988, pp.623~632.

4. ImLARE TETE AR CREEMGRERHED

)— RSB 4B, BEAREESX
SEMITEEERNTSE MR - T, 1997, 9, pp.1069~1070.

5. MiEF L, “HUTH, SEREREN e edtEo
> 7)) = MHT A, 2 7)) — P TEF RS,

VOl 22, No. 2, 2000, pp.1123~11728.

6. YEHEAE, “WET 0 AR L N EkL - EREEE
Far7)— oM, 2> 7)) — P IBERGE
Vol.23, No.2, 2001, pp.61~66.

7. i, SR “BAEMEARAFEHL2—7Y ok

BT 2 BRI 20 3 HHREREEERICOW T,
AARKEEE T B iaae uﬁa)i%, 1983, pp.187~188,

8, FjiHs, EIESAL, %ok T, LRAC, “BAEMOm
BrEta—7) MEYRICRIEITHE, AAESEgR
SRR 4747, 1995, 8 pp.l1l~20.

0. MIEHAE, EHAR “BE2—7) 0BT 5
BERAISE, A~ b - 2—71) |, No50, 19%.

10. F4a > 7)) — b oFRABEOREE(Z 02), FROFE
WEE, WBEEHREEHAE L £ —, TRTEA,
0.399~400.

1L 0%, 39, “AASAE A Z3FEY WE

84", ﬂ%*irﬂ‘“‘ﬁ hegredRs=ey, 1349
23, 2001, pp.8H~83,

12 O[3, A4E, 8%, “AAEIYE UT4A B
3 Agdy, URtEESE =4, 238 1A%, 2003
1, pp.8~93.

13. TS, PEEE, “Mda v 7)) — t o iBE B &
CERISE I RIZTHAERE ORENEE, 2> 7
) — b TESFE KamcidtE, Voll7, Nold, 19%.

14 AHE, AXE, “Ne]FE] A4 THLE Artd A

*gﬂizﬂa Abget ZadEee FAAYAY 2 A%
FZo| B3 AP A, UdAE3|gEd R =T
d, 244 15, 2004, pp.267~210.

391



2 o

Are AdEA 2IEY HFAA B8E At AYFLIAE dA S ut EFEAR e AEA 2R
Agd ALY, st AP R Axrse] g AYS ANt drSAY dFads g8 LH‘TL/“ FALLE
BreeEd AAEA e FE3 A4S FHsled I B30 . A7 e ted 2ok () AdEEAE
EFEAR sk AASA 2B FEEH AL BE qASNH N%E 3k AHTTATE et 9
@ﬂé iﬁ"“ﬁ A AplEel e 92~910%9] HHE "éﬁl-r«l HHE B JH*” MR BE 23YEY A 847

MU 975~906 %0l Hla FdE U deR YET. (2 AMEA SAYES] A Zole diAlgo] ST
EPE} EHZ*]‘W B BE ZIYES} ARG ba Fiske FEes yeygt. Q) 4dFEAE EESAE s AN
TA 2AYEY AZFZo] gk do[Hglee A wilA A4E AR 1F E32EHRT 185~39% AA YERTH

SH I.g : z]])-g—'—z}]’ E} 5}, 7{‘_&‘)‘:%, %é%aﬂ, I‘H?_}é

392 sia=IIEsts =2 M7 35(2005)



