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Characterization of Compressive Strength and Elastic Modulus of Recycled Aggregate

Concrete with Respect to Replacement Ratios

MBS s . ZgR

Sim, Jongsung - Park, Cheolwoo - Park, Sung Jae - Kim, Yong Jae

Abstract

As a manufacturing process of recycled aggregate improves the quality of recycled aggregate shall be sufficient enough to be
used for structural concrete. This study characterized compressive strength and elastic modulus of concrete that used recycled
coarse and fine aggregate. Before the strength tests, the fundamental characteristics of recycled aggregate were preliminarily
analyzed and the recycled aggregate satisfied the class 1 requirements in KS F 2573. As the replacement ratio increased, the
compressive strength and elastic modulus of recycled aggregate concrete decreased. When the coarse and fine aggregates were
completely replaced with the recycled, the compressive strength and elastic modulus were decreased by 13% and 31%, respec-
tively. Based on the test results, this study suggests equations for predicting the compressive strength and elastic modulus of the
recycled aggregate concrete with respect to the replacement ratio. The values from the equations were in good agreement with

the test data from this study and others.
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Recycled Aggregate Replacement Ratio

Specimen -
Coarse aggregate Fine aggregate
NN - -
RN Recycled 100% -
RR30 Recycled 100% Recycled 30%
RR60 Recycled 100% Recycled 60%
RR Recycled 100% Recycled 100%
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Recycled Coarse Aggregate Natural Crushed C. A.
Property RCA Quality
KS F 2573 Standard Used KS F 2527 Used
(MOCT)
. Class 1 Class 2 Class 3
Absorption (%) < 3.0 1.82 < 3.0 0.47
< 3.0 < 5.0 <70
Density (g/cm?) >22 >25 2.61 >25 2.64
Abrasion (%) < 40 < 40 21.5 < 40 24.1
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Recycled Fine Aggregate Natural F. A.
Property RCA Quality
KS F 2573 Standard (MOCT) Used KS F 2527 Used
. Class 1 Class 2
Absorption (%) < 4.55 <30 1.16
<50 < 10.0
Density (g/cm’) >22 > 243 >25 261
—214- KA



Gl 20+ 2°CollA 28YU7t A B3l A
o} A|AAY EREE KS F 2405EIES] b5 A=
Al@ wH el F3te] AAlsint. BdAlE AR
o VMRS VFoR Yo MFEACIXE FA%H
5 kol e HIES SAsI =S

31 &8= A 37|
ZAES Wi we e 549 e H
T7Fe 18 10 A2 wet wlwsted etk &
=

N

i
o

=
ZANTRE ARREE A 12cm AEE AA &9
T3k Ho BlwA 2o ghs JERISE FeEAlE A
Ao EFFAZ AF 2T A EHZIE= 1em =
Z7reIRoH, F2ZA9] XFEo] 100% JeldA =
A Agge] T7IFE SHEE Sem A% SR
Z7V5I9t) ol YukH o g A T SFIAE AL
W ZAYES] FALE) At g AR it
== oA, IiEAE ARSE A2 AL A Sl
4 F d¥o] Ay 2 s JRA FHu, A@EE
TEEA e AAETE AAelal AT A )
niRge] ofa dulFez T FElE uA HEE, 14
SHFAY] ARgo R SR} viwE & FATES] A,
SYZ | 23 YANEEE SFTATILNET ¥ Y
A Yehd Aoz Algdd).

IV A ARE Al oF 4.3% oller, sdkse
ZA A Al oF 04% A= TaEPE I2A] 23]
SIS vlas ke AEgS eI ST 1
& 10x9} o] AAHQL HEe] M= ofF wAd =
2 8] Xggo) W F7)H msle] dadAle 5§
2R e Aoz Yepdth

oj9lgto] FHTAE AREZE FIES LHE Y IV
g EAMEN], FAY, SIFATHF 2 TFY, E3H4)
Al ARE- Y o 71A] Wl wie) tE Ay
Yepd ¢ glomg AR APughS Sile] Sy
2 7o) it 548 vg] Felsl] wolop & o=z
AgEc),

g wa

20 5

W SEI (cm)

¢ * 27|12 (%)
16
.
= 12 3
E
=
H| mo
i =
] 8 2
4 1
0 L]
NN RN RR30 RRS0 FR

Al

J8 1. =eEMel xEk=0l| e SH= % 371 Hs)

e

(%)

3

=

264 1AM - 20065 1A

A2 (MPa)

NN RN RR30 RR60 RR
AEA

2l 2. #8kZxlo| X&) uE U=ZE H5)

32 U=

A A=Y s T7 200 Btk kARl
Aol o] FEEAle] 2|3hgo] TGS ST 7
23l A4S eI F23 A SSEAZ 100%
A3IAS AT oF 2 MPad] AEAANS HloH, &
2ZA 4 AFAE TFEAR AF X Feolle oF
4 MPa2] 7R ATt idldo] Yelstt. ol8g &3k
Aol Xghgo wE P 7E XTE 30% oSl
785, Blard ks 9hA) X138 30% o3 A A=t
2717 oA & A0 = YERTE ©]83 (2004)9] AT
o oJshd FEEAY] XFHEo] 60%el Y BF =R
A71E7E T SRl ZoE Ueith uebr £k
AZIES] IS5 EE FEAle X0 30-60%Y H5F-
2 H3lE 7HA 5 & 4 ok

olg|gt A= o83l FEIA] AFge HE 3=
AZIBES] ASHTAS A=E FgsluAt sller, 1
F9212 A1)} Zo] ARSI AR 4412 ik
FES] PEHEE VIFE0E 3T XFEo) wE <
FAEAAENE aEEl], 1 s F5e FEHE A
Al B3 Akt Fg41e B AFe] Ay 9l v
A= A9 HE SEAEasEe] 5T At
Aolle cF2EAle RGO FEEAY] dFde] o
2 Aoz FEglon, o] XL ek == 2)(1)
3} o] Age] FHlZ H831A)

Hah FERol| st FA29] Al o] & Ao
AA7} Wk ope} Wjeh e A¥Axp) eshy, =
AEAZIREE oAl 27 widd=e] Z7]d w
2} 1 o] ZA gAY, 544 AlkkS 9k A4y
7F FlelAle oFF REIIEE F5 ATE S VIEAE
A B AE ARIEIHoH, TduE S840 AR Jigle
axAPel o3l ke vlwad FHo] FIFIFAE ARESH
HISE 30-50 MPae] TEZAIEIRIER Al

~

¥

Fopr =£4—0.017G—0.04S (1)

A7VA, fors TRFANTIES] FAHAUSIE (MPa), fone
A ZIYEL] d5HE (MPa), G= T¥=2=A19
Z8E(%)elH, S= =SEA Q] 2F-E (%ot

B Aol Afdyig e dojzl sSEAEIES] o

-215-



70

R? = 09168 i
o UMy
1
5 s YWY
x &%
£ xol2e
g a0 e0|¥Ha |
8 + =EY
* o MFfel
30 = 0|5 b
O F-1
o o4 #
2 & HX|8a |
x HX| 8b
x gAY
10 1 L 1 1 —
10 20 30 40 50 60 70
AHI (MPa)

O3 3. &4=UE FNUE 71E Agitel vl
Z3E FANL 712 BE ATERSAAAA 5,
2004; AZA F, 2003; AEZF T, 2003; AL T,
2001; 1% 5, 2001; oJE7F 5, 1999, 2003; °AE =,

o
[\
(=3
S
»
o
)
%

S, 2004a, 2004b; 5
AREE o183t (1) Wl - HES}
TEEAIEIRE A7) AdAE
=0 PSAE T4l didste] dold gt

O

2ol F4e) o) NEE e 53
AL Qow] 1 @A} E rjHe.
2 1S Ae S & 5 ek T 30 MPa oJ5te] B
Sl Fggko] ARGl Hlsl ok Wl 412

e Holm glont, 7] ok wlwA =4 e

B, dolA e T30 U ARstel 1
03B AR & e ACE AlRET, weA B AT
oA Ak FPAe e Agkgol W w8

VAl

S
=

—— QB

—&— FFat (KCI)
—t— = FI (Hera)
— A (aEEl) |

NN

RN RR30 RRE0 RR

50 47 A 41 38
[=]

YEAT (MPa)

O 4 BRI SEY X £EU

TAYES] YFAEE el vlwd A 8T 5
U= ASZ AlREH, FEEAIE ARSSE 2ABES] A,
A 2 Ao AREShedl VIRAIEEA] TS &8
F AL Ao Fkdn)

3.3 EFMAIE

Ao zRE Tl edAG= 18 40 VER} Qe
] AT} vRVIAR £8EAe] XFEo] SIS
e Aaslnh 2A1Y] ARS SEEAR X3S
ZIE] BAGE oF 8GPa A% THAEE Aow =
A=A}

i 5 APHSEY U SFEAEIES] 49 o
A 2l@2)eF 2ol dd) EagE FREAVEEaE
EZTIL 30 MPa o3 A-9elx 2T ES] S
e eAS S vlwske] Yehia Qo

E,=0.030L3[f.,+7.700(/,,230MPa,w = 1,450~2,500kg/m’)

@)
E 4 E32|=H1E
Unit volume weight (kg/m?)
Specimen | W/C(%) (%f) w . C.A. F. A HI?ESA ‘?:)
Natural Recycled Natural Recycled
NN 851.4 0 661.7 0
RN 0 841.7 661.7 0
RR30 33 44 189.1 580.5 0 841.7 463.2 184.8 44 22
RR60 0 841.7 264.7 369.7
RR 0 841.7 0 616.1
5 BHYAIS S 8] Hla
) Jek E, by test E, by KCI E, from eq. (3)
Specimen
(MPa) Reduction (%) (MPa) Reduction (%) (MPa) Reduction (%) (MPa) Reduction (%)

NN 45.0 - 24,185 - 29,836 - 29897 -

RN 433 3.8% 20,440 15.5% 29,417 1.4% 28058 6.2%
RR30 428 4.8% 17,981 25.7% 29,292 1.8% 26902 10.0%
RR60 41.7 7.3% 20,000 17.3% 28,870 3.2% 25485 14.8%

RR 39.1 13.1% 16,516 31.7% 28,325 5.1% 23881 20.1%

-216 - Rt A e



A7IM, Ex FATESY AT (MPa), we ZIATEY
HEAAZFH kgmdelH, f= TATES] AFUE (MPa)
o]t}

£ AelN diisAlEadES] A4S S 83
oF 5GPa ko] 2|7} WAL o= vHAI 94
o] FFAEHE o8t A AT wE FHL 5 3
TE AR o=z B Aol Ayje} thi o7t wAS
Aoz o, Ty SFEAEI ] e X$E0]
SIS 5= w2 eARY] A dvEA)
ZaEe] o W gl visle =4 Jehp, &
st 3 FIYE FRAAVIEY 942 olHSt s
HdetA] Estar ok 27 4049} o] 3 FATE
TERAAZIES] SAG 5829 71T E EEAlE AL
B35 9ot g2 e vehaglen, wepx duEAl
eS| BAF FHAS TEEFAEIRE H83hk=
AL FA-As o= ddEo] vt Zo| wdEAEa
B &3 5 Jv TG T84S AR

Ecr=0.03w1-5fm+(1,700—14.26—10.9S) 3)

(£.4=30MPa,w=1,450~2,500kg/m’)
A7|A, E& SEEAE T ZAEY AT
(MPa), we ZIE G883 kgm’), furs THZA
Iz FAUEAE = SITAEZIES] ==
(MPa), G&= T8F2ZAY] A& (%)elH, S& o=
o] X&&(%)°]t}.

37] AelA] dnEAlE AR 9] A ke
&) AR 3 2oar 7o, YukEa|E
o] EMAIG FA2e] AEdtel] FA)Y] X8l e Al
ge Fsle SFFAEIYES] oA Xeheol =
AT s aefsith. B, 1 A 17l 49 2
o] Xg&go] 75l wel SEAEIES] A 7
ago] s Ae 1 5 AT

ST 7447 vV AR 2 A79] A3 d7 =R E]
dolzl FFEAIEAEY] A F424S Ve B

32 : .
30 : )

28

ZHi (GPa)

] o ok FFE

" A KCl £d3t
_________________ ® ________._|
24 . ! Mok M4
L '
e T
22 1 L
22 24 26 28 30 32
N (GPa)

T 5. EAPAS FEUT 7IE AEtel vl

264 1AM - 20065 1A

ATE=R-E0| (1R 5, 2004; AAQ 5, 2001; o]ET 5,
2003; B8 5, 2002) FoIR ARES o83l 4 (3)
< ¥ - HESY 1 A9E a9 5ol EAF 0= YR
Ak 28 sollA AXe B =FoA Ak A )y
olggt g4 B Akl o3l AT I|FEA AolH,
e d8 Fa2E FRAAVIE ANE duikEAEa
YEREZE 30 MPa o] Al 382418 3=
AT ES AE3%s Aeoltt. 18 S2RE] Aol
AAslE F44e cEEAIEITES] BASTE HlwA
QA FskE ACE UeRtom, oldf| gt s &
FNE FRAA7IEY AL FEEAE AN Ea8ES
A= 9 G 8HAFe] IAE THIolE ES)
i olg EE3Pldle 1 AP AEE 2 As E 5 A
o & d3) FIYE AT o3l c¥EAlEas
Eo] eMAITE 9 A9 AAEG 24 = 5
om A gAIGTE RodeE, e ) SMEhd, &
AT ES] PSSl AY SfEAle] X$ke
o] ZolESE, 11 O3= vs A BHE F IS 9

e},

4.2 E

2 AdEe aAE sgEAE AR SaEEs o
NI EShe o] S B Aot glon, & A
TolXE o3 sEEARIRES] TR H8-S f,
FANETEZS] A siA A 7P V1o E AEH
= =R A= A 54e dveilth &
A Hls B Alell SRlEAlEaREs dNkEaE 1]
| €527t a9 ols dhFez sd=Ae] 52 AFel
7IRIske Blo& wdhdnt. =gk eI EY] &8k
A A& F71F] Wsole & Il fle AeE &
e}, 2y =3EA)e] Ageo] IS SRS
Frslletl, S22 ARBE A oF 4% 8= &
A B AZA A 2D A oF 13% F=o]
A go] BEH. ol e VIRE EA
YFAEE =8EA) A wet 4D 5 e 794
S Ao H, 718 AaE vl HES A7 vl
A FgEch =9, sEEATas e SATE
ST A, e ISRt Fde vehidin kARt
ceEAe] AgHeol mE AR FaFe FeIA
& N3RS BeolE oF 15%8% AAaHNeH, HeF
A %A A cEEAE NG Aol oF 31%
Ao At BFER olHd IS HiRer w8
Aol Agkge] wt HIAFE F4L & e FHAE
ARt om, Ake AT 78] AmEt vlagt
A ASA e} FAA7L FEs) AR & 58I B
Arrte @RS AR FATES] 5= B
Ass vl st 2ged wet 248 5 gle F
AL ARkl e, ol FANEE sHEAE AR
ZARNE TR A sl T2 28 &
e Aoz deEd. £ 6 B dPAEsc] S449
o, o3t FEASS TR w2 Ass TR &

o

[ef

¢

N

it e

-217 -



%0,
tlo
2
}ﬂc.){
el
P

i
O

B A7E 933716703 Y0x XYk HEadES)
TR Ae7 e 2 sl Adsks o
I ES] IRIPE] AYEE 93 72T Yslo g
FYEJem= o] TA=HUT.

e

AEH(2004) =B FHIIE@Q. pp. 2-27.

A4, BRIE, ZHA3E, 3495-(2003) AUFAEAS ARRS 22
Z|ES] VxEAdel ek AYA A7 smEae|ests| Jte
steuRsl=2d, Al15d, 2%, pp. 116-119.

ARA, P, 285, EE2004) AYEFA A EL] Fw
2 054 A3, sRE=stE| =2y, IFwess A6,

HEp, WA 94, HA9, §53(2003) AW 52 =AE
ARSSE A ZIEES] EhA SAo #AgE AP A
s=E3c|Ess| g stetEs|=2d, Al153, 13, pp. 25-
30.

W3 (1995) MMERIZI|E| ZEN SMo st MEH o
T AR, SIS, pp. 35-40.

AAQN, FEle i, TE(2001) STololAS T3 A
A ZaYES] WA, sREae|Ests| =2, =T
2 ES}3], 4139, 15, pp. 23-29.

AT, 78, o|ME, A& (2004) AAYZA] ABrbT2e] Aol
of M2 A FHIAle] FAEA N T vl AT thErA
&85 #AsteLEl s =27, 2004, pp. 195-198.

oV, oI, M, HAK, H3E, A5-3H2001) HZAF A
AEAY] 71254 2 giAge] OE 1=ES AREA
ZAYES] A gt AFF AF. simE3R|Ess &
stearms| =27, A134, 13, pp. 495-500.

oI, §715(1999) YA 25| W ZAT|ES] Hgt
2 BA. s=E3z|ests| Jte stawEs| =23, A,

-218 -

2%, pp. 119-122.

olgTt, Bs}, §115.(2003) AYZZNES] el Agk A
AT HEESEs =23, UESSS], A23Y, 1A3,
pp. 85-93.

o[Ald, MA5(2001) = G| AYEA FAES] =
A B4, sREge|ests| =2, e, 4137,
63, pp. 575-583.

0|84 (2004) =2IFHAE TEHE 25t S2lojof4 = M=
HE232|Eo| MsHIL AAFERel=E, I, pp. 34-
54.

AG, 2, A3, FeT, PRH004a) ABTAL] Fe

mE Zaglee] ¥ 54 pRamn|ssts| Jlg Hay

E3|=2%, Al16d, 23, pp. 197-200.

&, Ze, A2004b) FE AYEAE AT 8

Eo B4, si=Ege|EsS| 8 statusl=r, A7, 1

<, pp. 384-387.

8, o, A7, sk, HSH(2002) A=A A7}
ZAYE Aol viXe 9F. 2232 eS| Jtg sta
75|=23, Al144, 2%, pp. 233-238.

259, s, udE(2003) AEFA ZaAES] EFE ot
€ FIYE ASAE. HetEsss| My|skatls =23
pp. 2922-2926.

= nEEHE S (2004) ST S| siakkot. pp. 1-43.

Hansen, T.C. (1992) Recycling of Demolished Concrete and
Masonry. Report of Technical Committee 37-DRC, Demoli-
tion and Reuse of Concrete, RILEM, Routledge, 1992.

Mukai, T. et al. (1979) Study on Reuse of Waste Concrete for
Aggregate of Concrete. Proc. Energy and Resources Conserva-

A

5

tion in Concrete Technology, Japan-US Cooperative Science
Programme, San Francisco, US.

Rashwan, M.S. and Abourizk, S. (1997) The Properties of Recy-
cled Concrete, Concrete International, ACI, Vol. 19, No. 7, pp.
58-60.

Salem, R.M., Burdette, E.G., and Jackson, N.M. (2003) Resistance
to Freezing and Thawing of Recycled Aggregate Concrete.
ACI Materials Journal, ACI, Vol. 100, No. 3, pp. 216-221.

(5L 2005.8.12/4124 :2005.10.20/4 -2 2 2005.11.17)

KA



