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ABSTRACT

Utilization of demolished-concrete as recycled aggregate has been researched for the purpose of substituting for
insufficient natural aggregate, saving resources and protecting environment. There, however, are some problems not
only the large difference of qualitics in recycled aggregates but also a little deterioration of mechanical properties in
recycled aggregate concrete in comparison with that of natural aggregate concrete.

In this study, the test results of freez and thaw durability of concrete with demolished-concrete recycled
aggregate(DRA) are as follows. Improvement of crushing process is an important assignment because that adhered
mortar on source-concrete recycled aggregate(SRA) and DRA highly affects the qualities of recycled aggregate. The
compressive strength of recycled aggregate concrete was not highly different in comparison with that of control
concrete. But the resistance to penetration of Cl in recycled aggregate concrete was shown smaller than that of
control concrete because of adhered mortar on recycled aggregate. The resistance to freezing and thawing of recycled
aggregate concrete was highly different due to adhered mortar on recycled aggregate, and durability factor of
concrete with NA-SRA and DRA was more decreased than that of control concrete. On the other hand, durability

factor of concrete with AA-SRA was larger than that of control concrete.

It, therefore, is necessarily required that

recycled aggregate including adequate entrained air should be used for satisfying the freez and thaw durability of

recycled aggregate concrete.

Keywords: source-concrete recycled aggregale, demolished-concrete recycled aggregate, entrained air, durability factor,

freeze and thaw durability
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Table 1 Physical properties of recycled aggregates and crushed stone

Type of - . Absorption Soundeness  |Crushing value of| Adhered mortar
aggregate Specific gravity (%) FM. (%) 10 tonf (%) (%)
CS 2.65 0.94 6.48 91 357 0
AAl 241 5.58 6.57 48.3 5.19 55.0
AA3 2.50 391 6.39 134 1.73 324
NAl 2.44 557 6.67 47.0 3.65 55.7
NA3 247 507 6.60 28.1 2.06 455
DRAL 2.57 557 6.92 50.2 5.36 41.8
DRA2 2.56 3.76 7.07 17.3 3.30 26.4
Table 2 Mixture proportions of source-concrete
Source | W/C .| Slump Air Unit weight(kg/m’) Admixture(Cx%) Compressive
concrete| (%) (cm) (%) W c G |HWRA| WRA |ACA+| strength(kgf/cm®)
ASC 450 10.0 40 170 378 749 1004 09 - - 425
NSC 45.0 2.0 1.2 175 3838 769 1031 03 - 0.002 569

Table 3 Mixture proportions of recycled aggregate concrete

Gmax | W/C S/a Unit_ weight(kg/m") Admixture(Cx2) Slump Air Type of
(mm) (%) (%) W C S WRA AEA {cm) (%) | aggregate
20 %5 46.0 165 300 347 0.25 0.026 5.1 7.0 CS
20 55 46.0 160 291 857 0.25 0.024 48 8.5 AAl
20 55 44.0 157 285 826 1,001 0.25 0.020 5.0 7.0 AA3
20 55 45.7 160 290 851 0.25 0.016 4.7 85 NAl
20 55 435 156 284 817 0.25 0.016 41 8.0 NA3
20 55 44.0 160 291 803 1,018 0.25 0.020 41 70 DRA1
20 50 44.0 160 291 803 1,014 0.25 0.020 40 7.5 DRA2
MMEE AlESH 232|E90| 28 ek 309



oA 2 A2IES A7 a8 A4e T4
= 2

Aotaly] flsiol A vE D B4eL EA%
JE Al Fig 20t o agolx] BaEe] wFol
266900 Hlato] AAEAL WFE 250 A uk% U

Rl on, =9 vlFo| 256 B 25724 B
Hjsto] ozk F gde & 4 U

3, AASAY FTEL FwEd vlst A0 o4

A 2 #& dehhzlen, AdEqe) Fogol A
Folgt olfi= AEA FAE ZEREdge] tad
g% 4% miow Addd AASAH FAE 22
232 dgAd uet aA TS 7] il T
A oA %ﬂ— 4 HEEEHE SA6e] LEpEY 73
—E‘-’F JJr«l A= vehd Aol Fig. 304,
T Aol AEA FAE mEgE
7P§J°ﬂ ne} HSS dgEes 7hassl
< A7 ke d%e Jeigith 1 o]
§*Zﬂ°ﬂ 24 repert vedd W oy
AASARY F20] Eoix7] oz Yzdrt

f&{ AYEA FEE B ﬂﬂ g ados

A R B AgERE EATRER AT Aol
g 4ol AAEAY e T Xé«l Al w2}

i?ﬂ Folge & 5 glon, IAed 9AZE B2 AA3
2 NA3 BAIZAY] sghe feenn o8y 22 g
& HERiY ole SHeA dAE Bol MHoEH
Azl 74 Zaradge] ZaddsEst ohet ¢
o] T2/ FAHE som Fgho] Aopxivia Az
1= C&Zé*é"lEWI oA AEAe] LA WL
2 17~50 % HEEAM FEE 9 % B} 959
e HERislew, A=A g eAlel we}
Agat A E EL5A dEsE IA doldE
T A0

olde Ade T uH, AdIA F4L =
AE 3 H2AYE Xﬂ;‘/\l AHEHE AAEA
Bk opel AAEAl F2d mage RAE
g A ol & ¢ AT WA, A8 FH A
*JF*ZHE g3} HEH e AdEAe F4d Rege

oo

olN

= rll,]

2

[e]

A

=
°l

B oox r|

FS A 3Y ¢ s AR o] SATAR
42,
32 ¢
R 45 2 A

Her 219 Fhg)E(o)s) BERIYE)Y dEn
7} F 400 kef/om’ A=Y Hlste] AAEA AHE 23
2lEQ d5AEs AMEAY TRl web A Adolst

=

3.0

e 7] Specific gravity

- - Absorpnon o 6.0

|
t
»

Specific gravity
Absorption (%)

CS AA1 AA3 NAt1 NA3 DRA1 DRA2
Type of aggregate

Fig. 2 Specific gravity and absorption of SRA and

DRA
Specific 8.0
3.4F Sravity Absorption i
30 © [} CS
A A AA =16.0
> - —_
S 30F O ® NA * - &
g & @  DRA1 - 1 =
6 28F V w DRA2 - -
= v - Voo
3] - S
2 26F < oA J 3
w P - <
2.4+ P - J20
-
22& J
2.0 1 1 1 1 1 0.0
0 10 20 30 40 50 60

Adhered mortar(%)

Fig. 3 Relationship between specific gravity,
absorption and adhered mortar of SRA, DRA

8.0 80

.} Crushing value
H Soundness loss

Crushing value of 10 tonf(%)
Soundness loss(%)

CS AA1 AA3 NA1 NA3 DRA1 DRA2
Type of aggregate

Fig. 4 Crushing value and soundness loss of SRA
and DRA

Fdon Hukorm wEZIERT Q3|7 2
it
5‘6‘], AEAIE AE38A] &L ZIPEE AR 34
3l d& NA RAZAE AFR3E Zavee] g5 E
DEZILAENY, 5% A% M %8 Lhebsleh
?l"‘?j, ﬁ]%ﬂaévg J}Jﬂo]—@] DRA2 jﬂ:LZH A],Jq_
DRAL Jﬁll*ZH A EagERT

=
=} =1
b FE % & Yok T ol AFEY MIRES

we

er=Ear| el =2 M14H 32(2002)



wejsted AAF ¥ uT AdyoR Az DRA2 ¥
Aol FEd REgErt FEE AAHN] W=
AZE, G R AR S dveE vlsd Al
& 5 AT,

oA A, BA 9 A2 ER Azg HAEAel

&A= AYsAol met AdEA 2 Aol Bt
oflel ZA 3 #HZAE Az ARSE HAEA F
Aol weAe FA Aol sk ATUNEAE FA

= 8~11)
# a%de % 5

aelez AYEA A 2aTES AEYEE HEE
AgjEs} WK R AYIA A ZAYES ITH
2 A8 AERoME 2 FAVE 9 FoR Azt

M

o

33 &8 A

ook

3.3.1 BAIEA AR 238 E] SH LS

AEA M 22 EY $AF3] A S doprr]
ff8te] AEAl ARE el mE BAZAE AR 24
ZEE 300rtol24A A §HlE HHEste] Al
AAFE Yehd Zo] Fig. 60]tt

of ZgellA AA EAEA AR ZAES] Fdsw
ATE BAZAYESY BgAd BAle] FeEs
Aee ZaAERT 2 8% Are & ARE Uthy
A} HhE, NA RAEA ¥ 2F AL ZaEY A
FHAATE REZAE 49 X = gL ds
L}E}lﬂ‘}ioﬂi 60%1]/\1 NA RAZAe] Z&d wet 7+
7t BAGE AlelFo] 45 L 150 AER "WoHELS ¢
T A

ojsh o] AA EAEA AH ZAHES AT
AT7F REEIZERT & o]+ AA RA|ZA Bt
¥ REERZFY AgE7] wid FAe8e] HEAeS
W2 AA BAlEA] e WMol Ag] wEeR Azt
gk g, NA ZAEA AR Z2YES JdisadA
F7b A "ofAE olf+= NA EXH“ZHOH Rag o

2 A7t gle % TAeoe gl

1o I

o

sfae] NA wAlEA)e) 3 ﬂol Goldl o 4z
ojfoi= AA 2 NA BA2A] AHE 232 EE 3004}

o #7A FAGAE WEaRA o Hao|Buit BHY
B2 243t0] QolWsaZ A% el Fig 7ol

o ZYeIA & 5 o] AL HAFA T EF A
2oy AojHshEe pEALEY MSAY O
7 AL g verhglon NA BAEA F £F A
§ 2P AoHare s nETAENT 959 2
2 EIRIch NA3 BAlEA) AL 23aEe) Aol
skl 71 27 Uehk olfis A, NA 2AlEag
£ 43749 WAL Hol NA3 mAlEAe ey
oA NA EAlEAle] P49 weeed wA# il

HYBE Alget 2Icl=0| SASH el

PyE sroln, S7 NAL 5 NA3 BA|2ae)=e] ARA)
AHgaA ke stom AZEd ems AaEd
A4 wasee sae TASH AIHE HA37) 3
s mAlEse)Ee] A4%e) ABA AFS3 dio] A
W SEAE Sisks Alo] 2549 adoE AzEr

29, AA T NA EAZA A8 2FEE 004012
AA SAGHE WRSEA o WolFu fazE

lm m”'

500

28 days

450 -

400

350

Compressive strength (kgf/cm?)

300
CS AA1 AA3 NA1 NA3 DRA1 DRA2

Type of concrete

Fig. 5 Compressive strength of SRA and DRA
concrete

100

80

60

40

Relative dyn. mod. of ela. (%)

20

0 60 120 180 240 300
Freezing and thawing cycles

Fig. 6 Relative dynamic modulus of elasticity of
SRA concrete

3000
i —® — CS
¢ —— AA1
2000 | — & - AA3
] —=— NA1
- / — B - NA3

—_
=]
(=]
(@]

Length change (x107°)

0 60 120 180 240 300
Freezing and thawing cycles

Fig. 7 Length change of SRA concrete

311



9 THE 3l FHAEE AYS Ao] Fg 8ltk.

BAZA AHS 23 E] FHHAES FATHA o
g A dolatglen, SAE Atolgo] Sl et
FEgago) A TGS ¢ F Utk TA83 30 A
o|FM FYHAELE HEEAYE 22 % A%, AA B
AZA AHE 2AHEE Bl #Agle] 1 % P
o7 HEFEAERT 4 e & vEhigth

3, NA EAEA AHE: E3EEY] FFgado] &
olfre FHHE DANA TAE NA EAEAl 29
REg29 ggo] AN WEAEOR st F
€ olzgly] fEor Azt

ojde] dATfA BAFA A ZAES FHHE
FAEE Ao Z A7t Y ol EASAYE
o FAFAel oJgt FFuke 03 EAZA ] F3F
" REEl29] 37|98 oo gt g3l Avty A7
HER RAYZAES] AEA] $IEA] AEA|9] Alo] A
Ysfojob gt Az},

o

@

’-1:1

3.3.2 HZA AHE ZAESY FHE3

AA 2AYE +2E AN dAHE JZIYES
e 2 TH HSA A Z3EY e
Adoldgg 2 FHAES 47 AY$ Alo] Fig. 9~11
ojth.

HZA AH 23yE] 5283 00rk01 27 A
SEAAGE Ukl Aol Fig 924, HEZAYEY]
s AT 300Xkl Sl A 87 % AZRIE 1§k
DRA1 2 DRA2 HZA A 2ABEY JdisaAAT
680 %Y o FAFE Alo]E2 2447 40 2 10 ARE Y
Ebirh

g, HEA AME 23YES FAE 00Ak1E7HA
o dojWigtg-g AT Aol Fg 10024, BEZay
ES Zo|Hglgd F4E3 AlolEY Tl #ARe]
A9l Wsprl itk 23y, DRA1 2 DRA2 HZA| Al
£ ZAES JNFEEAT 60 % ol He FAE

3.0
—® - CS
[ A AAT
— & —  AA3 ®
-
20 —EH— NA1 Y
-~ ® - NA3 e

Weight loss (%)

0 60 120 180 240 300
Freezing and thawing cycles

Fig. 8 Weight loss on SRA concrete

312

3 Alo)E 40 2 120 ALolA ZoHaeL 22 700
600<10° Al 2 gk JeEpgL

3 HE3A AR 23YEY FHRAES AY
o] Fig. 11°]™, DRAl 2 DRA2 #1ZA) A 238
SAGH AlolE 60 2 1300A 44 FEFRAES 06 2
10 % A=E Yepliglou, AdsadAT7E 60 % ©
7F HlerR [ o) F4o ErFssdt 13U,
HEZIEY FHRLEL %7) 48T Alo|ZdlA
= HI3A A 23 ESY Z Aolrt gldloy, T483)

)

o
=
o W

[=p] lm
g

100
g [ 2 -— o —0- 'S P l
% 80 |-
© L
3 6o} _*- G
IS —S— DRA1
c B —&— DRA2
3 .0k
[45]
2
i L
&’ 20 n 1 i 1 N 1 . 1 1
0 60 120 180 240 300

Freezing and thawing cycles

Fig. 9 Relative dynamic modulus of elasticity of
DRA concrete

3000
- — e - CS
~ —&—  DRAT
o 2000 [~ —_— DRA2
3
o r
2
s 1000 -
[&)
E -
2 —— @
@ 0 -o— & —— @ —@o— L 4
|
1 1 1 1 1 1 1 1 L
0 60 120 180 240 300
Freezing and thawing cycles
Fig. 10 Length change of DRA concrete
3.0
P -7
9 -
(2]
[©2]
o
=
o
(]
=
1 1
0 60 120 180 240 300

Freezing and thawing cycles

Fig. 11 Weight loss on DRA concrete

=32 |ESlSE| =g M43 33(2002)



Aol 300914 FHA
BT

HEA A 2alEY] FH89 AYES NA EA
A AHE ZAES v&d AES YERioY B
#agENT Y4 £ %tov% I ol HEA F
e REglEd 377l A& el 7|0Edtkn A
249tk DRAL 2 DRA2 #IZA) A8 2339 44
8 Aol ozt ol olf= HIA HAE R=g
2o 747} 418 % 264 %24, DRA2 HZAle) A
nagade] 37 Wigel Aog AzteEc)

& 22 % AEZ oA AA

3.3.3 ZA 2 HIFA AME ZagEe 2483 EA

24 2 FHEA AR Zag e AdSE A

olFE olgBtel A7 78 T A5 AR Aol
Fig. 120]t}. o] Z&ejlx AA ZAEA A} E

o@o
h ©
1
)

100 -

Durabillty factor

CS AA1 AA3 NA1 NA3 DRA1 DRA2
Type of concrete

Fig. 12 Durability factor of SRA and DRA concrete

WA A5e o ojato e REZIZERT o7k 2 3t
S Yeplio, NA 24 2 H3A] 7 E/E 47 A
43 ZAYUEY YA Are L o¥tE Y53 2
e YERSITH

A BA 9 HEA A 22EES XH
Z3YEY Y4 Avs 45UE e ¢
wskere #AR Ueld Aol Fig. 130]th

Fig. 13 @A & F dxe] BAl 2 HEA AE 2
A E] LH%“WTQ} U7} Afololle HEEA
YES e @ AAFAE ZolE & glSith oA Z)
A, BA B HE3A AM ZABES] $E7ET} Sl
& Estn tdAsE Q8 2A "HolAle wHE
TAE YT 53], NA3 EAIEA] M- E22E
=T AA BAZA AR E2adERD 0 % As
A% &8ty Uit Age 953 AA ekt

s, B2A] 2 HEA AR ZAEY HolHslen
Uld Aeeke] FAZ YER Alo] Fig. 13 (h2A] AA
BAEA AR ZARES WTA Aot ZHolwisgee
BEEIYUESY FARBIHOW, NA B4 2 #HFA AL
ZAYEY YT AFe ZS BHF ope} Ho|Hske
2 50x10° oo i?ﬂ VR

oldel AgAnE FH3 B W, AA EAEA AME
ZaYEY FHG AYALL: REIZITERT} F9ho
W NA 52 9 #H3A AR 23EY 3483 AF
e BEZATEY Huwste] Y53 Holrl= AlHo]
ATk 1EE AFEFA AR SAYEY FHed §
Bago] gt AZ4e Fusp] sixe Z2YES
HA F71%H4~6 R)tozE WEHE 4 glon] HAY o
FT7E 7HAE AAEAY A 2 AdE gAEAHES
AR AAZA L] Ago] Fasira AYzrEch

100 B~ ~ - A a
@ [ J
5 80 =
o)
©
8
E’ 60 [~ -
%
5 40 = —
a| m| |
20 <* a <&
< u - <>
0 i 1 1 1 1 1 1 1 1
380 400 420 440 460 -100 100 300 500 700
Compressive strength Length change
(kgf/cm?) (x10°%)
(a) (b)

Fig. 13 Relationship between compressive strength, length change and durability factor of recycled aggregate

concrete

MYSME Alget 232|E0| sd&d Ay

313




4.8 B

D A4EAS Frge veeE ¥R gl o
2 B8] Wsto] At 6 H Ao & golglon, sk
e PREDICELESE IR LR R EE B

[U r

=

wAl wet 2A oldkd E}. = 29 4

gHsl7] AEMe 3 REgEES Y 7 e
ﬂ%ﬁlﬂéOI Agisojo} gt

2) AREA AH ZAES 9 Yol A=A
of #Ad regedk s I/ A9He AHE F
A3k wigzAolA NA3 BAEA AHE Z32EY 45
FEE REZAYERY & 0 % AE & ooy,

24 2 H2A AN ZAYEE HFEATES} v
3t ASAEE eI,

3 AA EAZA AHE 2IEY AdeadATE B
FZAYEHT oFF 2 Folow, HoustE 4 F
ZagE A L}E}"‘E} Ty, NA EAEA AR 24
2 E9 AdseATE 60 %olA 424 283 Ale]
gol 4 2 190 ogi/ﬂ HEZIERT 4 2 3%
o]glon 710]&1%2. Y53 2 3 Yl

4 A=A F FF A 2aYEY FESN AP
2 E_EE}E—’—%‘:OH ot ozt Aolst ot NA EAE
A AR ZaES Hsd Fgs vt o= ¥
A FAE REp2d AgE7)rt A2 70EHUE
B ohe} AN BAE w2 nAd &
Fo| LAEIG] Wit Azhert.

5 AEA AHE SaYEY FEEH AL 24
ZlEe] A4 Iv|FgnogE WSS £ glon A
of Fate REE29) Aggy] R wet A A
ojeigore 4G AL AN Harie A
A dadg71E 7 A=A AH R A 3
& A2 APEAY Aol FAlolgt AzhEr

ﬁl

2
S

trw

i

rok

128

[u—y

LA AAEAY 3 3 AR dEEay
E&s)A] A9E 63, 1997. 12, ppll~17.

2. Henrichsen A., “Use of Recycled Aggregates in
Europe,” International Workshop on Recycled
Concrete, JSPS 76 Committee on Construction
Materials, 2000.9, pp.1~38.

3. Vazquez E., “Recycling of Aggregates in Spain,”
International Workshop on Recycled Concrete
JSPS 76 Committee on Construction Materials,
2000.9, pp.27~41.

4. RHE BER ESEo YA 7»/“ (é;—d)f SRR
HAEMIRRE @R F6RAE, V¥4 70,
1997, pp.1~7.

5. %@ 9 3%, “A4EA 2azee Heerigd) B
g AgA A daEagess =3, A 4
3, 19998, pp.13~20.

6. & 9 2%, “HEZAYERY AAE A FH
Bl B Q7 AREA s =R, 129 5
%, 2000. 10, pp.3~12.

7. T8 9 39, “EeolofAlE EE A 238

E9 Bx o %7“011 547, S ae)ES ] 7S
gz s =5 199911, pp241 ~244.

8 SHATF 9 41, ‘Zﬂ*gﬂxﬂ«l F4 w2 A 237
E9] EAd et A¥H A7) djed5es] shed
B3 =83 A184 13, 19984, pp923~928.

9. R #g 0 B, il —Z, ‘et E w2
Y7 )= A b e a7 ) — M,

No. 52, 1998, pp.462~467.

0. 500 4 148, "= > 7Y — b o B BE e o
) — oI RIZT R av 7))~ TE
Hx BIE Vol 23, No. 1, 2001, pp.241~246.

11 AT 44 24, “2 > 7 ) — FRAEEHO#EER 2
)= IEERHE, Vo 23 No.o 1, 2001,
Pp.247~252.

12. SCAE 4 3%, “EdEtar 7 ) — oA B
Aol 2> b B NEEEHIER, €4 M, 2000
o, PpA26~421.

ok
WIS 5 o, A 9 IAnE o) BAow EAEE AWIAZ AREE] AT A APH
Qork z}]xg*xﬂ_,] EAWFo] F #al ol AAFA AHE Z2EEL) Oﬂzﬂ-;{-] Ado] REZAZES} vlwsly ik W)

A= gA8l AR Yk
2 Aol A2 A Fages

52§ AL Hel7] Sl QA Qe
P—*“ 2 A RAY Zaelede) i) et AAEAY Fho| 2A HPEDE FA o] wS-

39A%E ackd thew 2y
Fag 34

2 Azkan, 4424 Mg SaelE0 SRS RERALES vl 2 Aolr} gglo, d5E o2 AFHL A4
Al ¥39 B2El2g wgo) ngeadswn 2 olde & + YAt AUFA A8 2= 5289 494

2 AYEA 548 2

2et2o] Aggr|gel wel A7 Aolstsion, NA

oA 2 A3 A TP hraAe

BEZALEd Hsto] €50] oo, AA BAEA AR 2AEE 238 E fgYe & AT THEE AASA

g 2aPE B

SHAZ0 : ZAFA), A,

259 ARRE T AN AR QNS EH ANEA 8ol BEA et

QAF7, WA AF, FEeH A

314

=z de| Bl =28 H143 35(2002)



