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Strength Development and Durability of High-Strength
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To develop high-strength high-volume ground granulated blast-furnace slag (GGBFS) concrete, this study investigated the
characteristics of strength development and durability of concrete with the water-to-binder ratio of 23% and the GGBFS replacement
ratio of up to 65%. The results show that the compressive strength of GGBFS blended concrete is lower than that of ordinary Portland
cement (OPC) concrete up to 3-day age, but the becomes higher after 7-day age. Together with strength increase, the pore structure
becomes tighter, and thus the resistance to chloride ion penetration increases. Therefore, the GGBFS blended concrete has high
resistance to freezing and thawing without additional air-entraining, and high resistance to carbonation despite low amount of
calcium hydroxide (Ca(OH)2). On the other hand, if silica fume (SF) is blended with GGBFS, the strength becomes lower than that of
the concrete blended with GGBFS only, and the resistance to chloride ion penetration deceases. Therefore, it needs further studies on
the reaction of SF in high-strength high-volume GGBFS concrete.
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1. M| 2 GGBFS7t Al8 & 232|EQ| YFd: L2 Z=7(0] HX[T
7|2 245 LI B30l Qs Stcls A2 Y2 ACH
zZ 232|E MM FEE SRSt HESQ 1EAE (Hogan et al, 1981), 125271 0|22 YEHo= ZAeTH9)
ot T3t 2atA =S Yot AIES AZE 45 & Z|Ci 60~80%77LX| X|ete 4 UX[EH X[2tE0] 4T =OFX[H 4~
0| Lol ZIA=|T QT AHE ABH| ZEE fla Z210] Ar2tZ&(CalOH),) Mol Lot =&t BI30f 2fet H7[4&=9)
O+, 1250t 22 =8 =3 2 AEsiHL S717F LHEHLX] 9271 Z0l(Ryu et al. 20122) UHE Z32|E
X@Z2|Het 22 PARMES| JiHu getE A7t 2els| Ty Ol M= X220 40% Otz Mete|o] g el QU udE 1
T UCKChoi et al, 2013; Cho et al, 2012), S2F GGBFS 232 E0| CHEt Hs ASAl 30 AMDE XIS
4=2 S5 7124| E5| 124211 01E%(ground granulated 1 QUCKRyu et al, 2012a, b; Gengying et al. 2003; Chong et
blast—furnace slag, GGBFS)2 Z32|EQ| £ofHef ZtA 2 al, 2012; Halit et al. 2010).
S A7 IZE T, Y B, Foll X sZESoH MY, 2 Jeong et al, (2015a)2 S-Z&fXiH| 20%2] nZ& A[HE o
AMEA SEA 50| RS ZH(Hester et al. 2005; Leng et al, O|AEO0| M GGBFSE AIHIEQ| 35~80%7HX| i@&@ +5t 3
2000), AIRIE O} M3 7124 (420 25 M0 @l EER IS SN HESIC S A 1128 GGBFSR Al
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Table 1. Mixture proportions
e |WB @ GGBFS S Unit weight (kg/m’) HRWRA"
(%, binder weight) | (%, binder weight) | Water | OPC | GGBFS SF Sand | Gravel | (%, binder weight)
OPC 0 0 169 735 0 0 571 987 0.52
BS65 23 65 0 169 257 478 558 965 0.58
" BS60-SF5 | 60 5 169 | 257 | 441 | 37 | 554 | 958 0.60
Dhigh-range water-reducing admixture
HEEZ Cj2F X|St6lH AHES} HIS5H= XS4 (free water)Q) 2. AlSi7|E
0| Z7tEl= s|M g T (dilution effect)df] QJal A|HIE L5171 &
FEOZMN X7 UETt S70kE A= LIENG T M 91 7| 2.1 HYSH|
ZOZ GGBFSQ| X|BHE0| 65%Y U U=t 71 A LIE} 2tE DEE DEasa Zop|E0 2T W AT L
Al O] SIS SIS BOUPa OISR W SIEZANE  mote ool Table 134 20 2320 sEHiE st 2
GREFSE Ot Bo% 018 MB0l= 201 SIS ANPRL M0 yyoroy ot 2mim B0t 21 nim eimges Amen, u
e COPPSS EaE Heee 558 TAE B AR S woig ot szeel KE AlEL BT Ss AR, 240
UST pASIEES LANZCZN UTHEE SMAZILE 22 © s XA ABIS ALJBIACH
A0 = TJeong et al, 20158) CCBFSS g BRE 70| 28| A0 W2t OPC 100%, OPC 35% + GGBFS 65%
T X7 4520 B7I2 Qlsff 2=280| ZAstn 22 377t %
iéfOJ):'I_DJ; u||1;llg| ;;OI lj%' x|D'5Hr x|;,ﬁ¢ﬁ§|é; (8865),;OPC + 36% + GDGBFS 60% :— SF 5% (BS60-SF5) Al
o] A= pHE E0|= Zus =efiste] Lze| S St it e HH%QE sk, EEEilE o JEIH_E .
& ZAol| ol 28t MEdE 2 @Et(r\/lmdess t al, 2003; E;ggar%ﬂ oS BT EEH_EEAM‘ i_g avig
B SHY 0.56~0.6% 71 ASoIUCHFig. 2 F=X).

E NHENM #Z5t= 15
X111, GGBFSE KS F 2563:2009

Table 2. Chemical compositions and physical properties of

binders
Type OPC GGBFS SF
SiO, 21.2 34.0 97.96
AL Os 4.64 16.4
Fe,05 2.91 0.50
CaO 61.9 37.2
MgO 1.87 6.29 0.06
Chemical K-,0 1.22 0.45
compositions Na:0 0.29 1.33
SOs 2.31 2.71 1.03
LOI 2.48 0.17 1.6
CsS 55.3 - -
C.S 17.9 - -
CA 7.1 - -
C4AF 10.7 - -
Density (g/cm’) 3.15 2.89 231
Fineness (cmz/g) 3,250 4,330 167,000
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Fig. 1. Particle size distributions of binders
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Fig. 6. Chloride diffusion coefficient with age
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