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Experimental Study on the Properties of Recycled Concrete
using Recycled Coarse Aggregates and Steel Slag Fine Aggregates
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Abstract

The purpose of this study is to investigate the optimum replacement rate and material properties of eco-friendly recycled con-
crete using recycled coarse aggregates and rapid-chilled steel slag fine aggregates. The replacement rate of recycled coarse aggre-
gates was increased from 30% to 50% of total volume of coarse aggregates and the rapid-chilled steel slag aggregates were
substituted for 10% to 50% of total volume of fine aggregates. As a result, the increment of recycled coarse aggregates in con-
crete caused the reduction of the compressive strength. On the other hand, as increasing the replacement ratio of rapid chilled
steel slag aggregates, the compressive strength was enhanced. Furthermore, the optimum use of rapid chilled steel slag aggre-
gates was suggested up to 20~30% of fine aggregates and the use of it could be helpful to expand the replacement rate of recy-
cled aggregates.

Key words : recycled concrete, recycled coarse aggregate, rapid chilled steel slag, compressive strength, bleeding rate

- Received : September 15, 2015 - Ist Revised : October 1, 2015 - 2nd Revised : October 8, 2015 - Accepted : October 19, 2015
*Corresponding Author : Okpin Na (E-mail : okpin.na@hdec.co.kr)

R&D Division, Hyundai E&C, 17-6 Mabuk-ro 240 beon-gil, Giheung-gu, Yongin-si, Gyeonggi-do, 446-912 Korea
(©OThe Korean Institute of Resources Recycling. All rights reserved. This is an open-access article distributed under the terms
of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0/), which permits
unrestricted non-commercial use, distribution and reproduction in any medium, provided the original work is properly cited.

63



64 ol

éj A W =33 FaE
= ZIYE e F }El{— ‘Jé@ﬂ
A ¢} %‘WLE %1%1?} o] 1 71E9
875 'o‘HQoPl
_O_ /\]._Q_?s]— ;(H/Kg—l—zﬂ =
3 ZeY=e] gt A
H71E AEE K0 12‘& HE A= AAZA2
71 2 AAXFAR 5& nREES
E’—EFJE EFAA A= AYZA 9
J3tar Slrh. 23y AIAlE st
%611 FHAAZEAG wilgA] 5] AFe 2 Ag
oy H FAYE F2E FANE AR ﬁ’%
*MP%@ S MNAAFE BHEES TTHIAA +
st F49] ZAE Aibshe AFE JgE lE}.“”
AAFAE F5E0] AL H|Fo] Zon o)F AR
g ZIEE It Z3E v ST 7
7F grom AFAE "ojHuh) weh, =2 XS
= e A8 522 F2 ARRFA L glon,
TPHE7E =& Ao gA ANEEER] Bl Y=
Aoltt. olEe AYZIAYES] H5FS HalA
A& G RIER, SAMER], A AR, SRl
ZEfolofAl Y Tl Uik AT gk At
o] ghom 400 kgflem? o)A+ =2t} 23
ABZA hAE & et 7]5Eo] AN QLD Tk
FAGN AL Ak ZI3ES} A, Az
2 U 2 vER EEolofA] EYEd nE Als
o] EAd a3t e AR Yt 1xg =2
AES] 3 daFte] 72434
St Azl REZe X3 dH
o] *‘E AR A4S BYou, $EEHEY
2-g2o] AU e, 954 As
2ol HolR] kokal BAAIS Ur AAee X|8hgo]
Z7FIHA tha fhasle 4 =
A= A<k %—"—EZHE BT ARE AS 47
Zo} BaAdo| o FHoFslr] Wiz, olE fsiA R
Yy FedzA 58 ARSI Y
AAAZFA 0] &g st Oﬂ%Lﬁ,EU opE} He] ALk
A B AFGFAHEQD A7 *a%:za &8s
He s A7t Tﬁﬁf&ll ATEI Ze) o FAle
oA 19743%E FIAES FAZ EEse o
TAEZ AgEgon 199230 v2Sea ZA| F

P

A

S oolo £ my oX oo
ﬂmlﬂlmﬁ—?ﬁm
N
N
O
:p_EL

o o
o[‘

mmmmﬁ

=

J. of Korean Inst. Resources Recycling Vol. 24, No. 5, 2015

vl

Al JIS 5011(ZZHES 2 ZANS Agsise

), 8 EE39} 1FsE= 7 sl FIFE
*1%11%‘*13 - 59 DW’ o= 199739 KS F
2535(=28 A& ol tig F4e A,
2006 ArPAFIFoF g o] Ardseia Bl AEA
HEARIALe] AEE A0S B3 o gUE He
WS AASALED 2 S FAe E3RE
ETAA M E ZIYESE SAZ AT F AES
stal ot A7} oS, A= Sy
A8 7 As|Ro] Hy HEo] WX F2]43]e]
ol 1% o4 74 FZES] AR ES i

HEg ZAEA AL Adsiz Yok wekba A

lo

F

|

7 sdael AR sdede fAslel dege
27l ol B0l YA il Bhit
Holghx & 5 Ak SHS) LU 19 B

71 oejn~ES AF%oM A7} EYP2E FYAT)

2 Aol 7ol ke EFZo] 8 AIA7T Lo
AW FEag)e) diae tiE i olzgk
FY AEN s dEoE AEAE A 5
&o] W mjiiy e 7o AP
2898, AN At &
9%{_];}.13,16 17)

B AZ= ZIEoX 70%S A e HAZAS
HZIYERRE ALLE AN F2zA9 A&
OZRE dojdl &Y AFAE LEste] ARSI
FAgtee A E Udt EAS welsied

2zlo] it} 0|2 el F7H, £HE, Egd, =

oot
o
m Lﬂ
rlo
o
o
oy
£ (o3
-
e ox
i~
oy —
3o

A= iﬂxu °F 30% Xt_i
o} & wigste A lf&é}

2 FAE 0% HEeT HS- %‘*@H~ 71 B
wslol] tisk Al =] 71918k Ao, 39 AdE
Pz ZZAe} AR F FAeke] EYo] il
2 g GotE Fart k. 2 A= Al
AZA el (&S F2ZA AHQ 30%, 40%, 50%



A FesAst ST TAE AR A EaR|E] Sg0 A% A 65

2 Agsen, dEAEA 39 AdEHae] = o] wWE wigtEE Table 49 72Tt
& A=A AA 10%5E 50%7H 10%2 77%]
Ak ole w9 AUz ATEo] IS 2 2.2, AEdHy
A E] A ST 2 ARl A A9 2 d7s AN F22AE ARE 71 SR
50%= 43 75 Asde ddol T2l 2B o] Aol s AR A
Ho) AREES A AA ] 50%= Agsidoh SIS o83 A A FAYE I H5S
TEAeh #2 Ao wigHEe] we dduss 2Fs] A3 ZxATEA, AdSAt 3 A
Table 10 Jeplilch A &2 ZAish I=AE ol #2e] Aggol] mhe SHZ 7% i B
e 71N A dEAsk A FeEAE AF AET] SJste] KS F 2421 (W 93 24 &
3 AEER) 22l S ZEA AN FeE & TAYES INF *l:i%‘?é)ﬂr KS F 2402 (2=

el

s ru[> ru

l

&

ANE S APMFRS)E WHrold 2 548 Lot Y Ee] &9Z AFR)l wEt 3R £H82E 5

Bz} i), At =3, 34 l dE 1o g SUI= A
B AFA AMES ARIEE HAR 1% BE XE AFwe] el ek A wignE ety $lste

A= AREOPC)oIH, sttt 84 Hde KS F 2414 EIFE 289 Aol &3l 2e

Table 28} 2T} FoTA 2 ALE ZApZe] dees 94 Zgs9eH, Beldee (1) o83l 3t

2.6, THEL 53701H, AR TEE 25 ZHES Art.

2.310Ith AAZA= KS F 2573 =0l w2 15 2 y

FPEL AYZAYEN 5SS 126, W 242, Y BRZVBXIOO(%) 8))

F& 5700]\:} zﬂﬂéaﬂl ;q]z ._Jx-])\]— AR %oﬂ

12&Ha 2§43 S(Free Ca0)Z 0.1 ~20%7HA] o]7]A4, BR : Bleeding rate

3t o, faAdsle] o] 1% oY A Vg: Volume of bleeding water (cm3)

< ZIYE AAWZL doZ 4 Qith B A V : Volume of water in concrete (cm3)

A ARE AREH s 58 AEHE ¥ 345,

ZYE 3.100]9 s}shd ZAul= Table 39} 72t} Zag e 93z EAS motelr] s, KS F
FAYES] MFAEE 24 MPaolH, E-AHE H] 2403 (ZAYES] A& A& FAA Azl &

0.55, €82 200+ 15 mme]t}. Table 1°] AAE A ko] AZeE @100 x 200 mm A AU A|FA S 5%

Table 1. Test parameters

Series Composition of aggregates Fine aggregates Coarse aggregates
N OPC + natural sand + natural aggregates Natural sand 100% Natural aggregates 100%
R OPC + natural sand + recycled aggregates Natural sand 100% Recycled aggregates 30 ~ 50%
RS OPC + steel slag + recycled aggregates Steel Slag 10~ 50% Recycled Aggregates 30 ~ 50%

Where, R: Volume ratio of recycled aggregate to total coarse aggegates; S: Volume ratio of rapid chilled steel slag to total fine aggegates

Table 2. Chemical compositions and physical properties of cement
Si0, (%) | AlLO; (%) | Fe,05 (%) | CaO (%) | MaO (%) | SO, (%) | Igloss (%) [Specific gravity Surface area (cm?/g)
20.9 52 23 64.4 2.8 2.9 1.27 3.15 343

Table 3. Chemical compositions of rapid chilled steel slag
SiO, (%)|ALO; (%)|Fe;05 (%) CaO (%) | MaO (%) | SO, (%) IMnO (%)| TiO, (%) [Free CaO (%) Specific gravity| Absorption
13.8 1.5 17.5 443 6.4 0.07 53 1.5 bleow 0.15 3.45 0.42
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Table 4. Mixing table of concrete

g | ey | we | s ot s )
(%) (%)
R S w C Gl G2 S s2
N 0 0 951 0
R3 30 0 666 265
610 0
R4 40 0 571 354
RS 50 0 475 442
R3S1 10 549 84
R3S2 20 488 168
R3S3 30 30 666 265 427 252
R3S4 40 366 337
R3S5 50 305 421
R4S1 10 55 40 224 407 549 84
R4S2 20 488 168
R4S3 40 30 571 354 427 252
R4S4 40 366 337
R4S5 50 305 421
R5S1 10 549 84
R5S2 20 488 168
R5S3 50 30 475 442 427 252
R5S4 40 366 337
R5S5 50 305 421

R: Volume ratio of recycled aggregate to total coarse aggregate,
S: Volume ratio of rapid chilled steel slag to total fine aggregate
G1: Natural coarse aggregate, G2: Recycled coarse aggregate,
S1: Natural fine aggregate, S2: Rapid-chilled steel slag
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Fig. 5. Relative strength vs. Replacement ratio of RCSS.
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Table 5. Compressive strength and tangent modulus

Specimens Compressive Tangent Specimens Compressive Tangent
P strength(MPa) modulus (MPa) P strength(MPa) modulus (MPa)
N 26.2 2.17E+04 R4S1 23.06 2.21E+04
R3 22.71 2.07E+04 R4S2 23.38 2.38E+04
R4 21.15 2.01E+04 R4S3 23.97 2.21E+04
RS 18.56 1.97E+04 R4S4 20.27 1.91E+04
R3S1 23.32 2.30E+04 R4S5 19.86 1.88E+04
R3S2 24.24 2.49E+04 R5S1 19.47 2.13E+04
R3S3 23.53 2.37E+04 R5S2 20.49 2.24E+04
R3S4 21.46 1.98E+04 R5S3 20.62 2.12E+04
R3S5 21.81 1.95E+04 R5S4 19.84 2.13E+04
R5SS 18.47 2.01E+04
120 4.0
1s 114.87 ~+-R3S series ~+—R3S series
= —=-Ras series
% 110 10958 TResseries :: series
2 T 35
E S
g 1 % 3,'125 3.07 - 3.08
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Fig. 6. Relative tangent modulus vs. Replacement ratio of
RCSS.
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