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Effects of Replacement Ratio and Fineness of GGBFS on the
Hydration and Pozzolanic Reaction of High-Strength High-Volume
GGBFS Blended Cement Pastes

Ji-Yong Jeong,” Seung-Yup Jang,"* Young-Cheol Choi,” Sang-Hwa Jung,” and Sung-1l Kim"
YHigh-speed Railroad Systems Research Center, Korea Railroad Research Institute, Uiwang, Gyeonggi-do 437-757, Korea
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ABSTRACT This study investigated the fluidity, heat of hydration, setting time, strength development, and characteristics of
hydration and pozzolanic reactions of high-strength high-volume ground granulated blast-furnace slag(GGBFS) blended cement
pasts with the water-to-binder ratio of 20% by experiments, and analyzed the effects of the replacement ratio and fineness of GGBFS

on the hydration and pozzolanic reaction. The results show that, in the high-strength mixtures with low water-to-binder ratio, the

initial hydration is accelerated due to the “dilution effect” which means that the free water to react with cement increases by the
replacement of cement by GGBEFS, and thus, strengths at from 3 to 28 days were higher than those of plain mixtures with ordinary
Portland cement only. Whereas it was found that the long term strength development is limited because the hydration reaction rates
rapidly decreases with ages and the degree of pozzolanic reaction is lowered due to insufficient supply of calcium hydroxide
according to large replacement of cement by GGBFS. Also, the GGBFS with higher fineness absorbs more free water, and thus it
decreases the fluidity, the degree of hydration, and strength. These results are different with those of normal strength concrete, and
therefore, should be verified for concrete mixtures. Also, to develop the high-strength concrete with high-volume of GGBFS, the
future research to enhance the long-term strength development is needed.

Keywords : ground granulated blast-furnace slag(GGBFS), high strength, cement replacement ratio, fineness, hydration reaction,

pozzolanic reaction

.M £

H A el Ax 2ATEA AES A% ¥l
B 3tk ZAYE Aol ME AHMES] Ak
A WiEEE oltERAE FolV] Sl ETholofAl,
nesf g 2 Fed TS UFor AHE
W A eZer el g2 FAHMES] sty dEe ATt
&) APH L Sk 53] A2 725 £9ste)

A Y 14 ‘é% Slal A FAES] A8
s A oL AIRE AETt ol s AHER] STt

kP

*Corresponding author E-mail : syjang@krri.re.kr
Received August 12, 2014, Revised December 10, 2014,
Accepted December 22, 2014

(©2015 by Korea Concrete Institute

Hu
i)
[t
e
4 oo

1o
4y of
o M
w e
H me oy
;omor“iﬂ
ﬂﬁzuﬂgﬁz‘,

> N
Eﬁ?ﬁi
m::loﬂo
‘N‘“lﬂé

'O
E,Of(’%oi:kﬂ
o >
qugé
"“_Xioiu
0% o
EOEWFTE

=
md'éolnr>m5
_1),V‘1U£“ rlo
2 g Ay
.OSmErF
psl
B rroofN |m

30
=

1 gex AHMES diAlshe 24
= ZEolelAl, M3 v, AR & ARt
Zefolofrl= A-R 7HA n2Ed Ul e } A
P58 2Ea gl Wb, ISR 2#o] stol AlE
ALl 10~30% HE= w2 ©hglo] gl A 34 wit
T2 ZAES] dE2A 549 I, BeEe AL,
Tt A B A B g Aol e E3kA

g5 @slxﬂ ol ﬂm 60~80%77}?<1 7<l
=7

nlm
_dfo
Orl.q.

3

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ 115
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



ojA|uk obA Zfjo] ¥ Aol Qlar vINk-eAd AEE Al
HE djAlgo] FefolofAlwct of vtk Aggt F2 &
D7} ol AJHE A} AfolE vll-p-= YA (particle
packing) 2§02 S|, EA% J‘:L-J Ha YB8s 1

A A AP EE f‘z}é}f\l 714 "F A7 50 2 A
7F QA =2 AEH] uite] 14T ki 21T 23
ZE T A Qi)

pEEHT vEdo] AFAE FHoh 80%7HA x| &3

AA T, AWEZS] Zag B volA = Ans
Z 7] Wz 60% o1 thEF AFES FET) v
2 MARZAGE Fof| F3H 1, 1P E 2T E M
g A AEA FFollA A7 DI Qe
olglgt A= AsHE FHsta 1EE n) 2 ehs o
Fo 7 A fl8l dEl ASAE o] gAY 1 E
L1 BEEE Fo] AEE FIATIE ol Algt
w3 Qh ey ddkeE] A=A Q] s o] ot 1
Y ofx AgHog g AREHXA skl 9t
oo B A= yHE wsEF y2&da ZIYE
M-S Q3 7| % AT 22X 1HE ZAGENA AHE
o] A 80%7H4 HFow nEEHY 7 nELS x5
g 28 E9 43 W LZEd jhgA o] ofw A dehx]

=7HE AR A AREY T vEwe] AdEY} 2

4>

|
Ll

ﬂll

2 WFE slo] E/4A3AH] 20%2 THE HolA
AFAE A&stal 7 W5 {54, 73198 54, 271
=5

8 A 91A O] B B4, AR WA, B
58 2gsa BAANE AN,

2. &

gk

A

o

g
0x
i3

21 HEAHE

WREY 7 vRTo] Burol X3kEo] wE Ho]A
Eo EAS A Ey] Y8 nRSY 1] BU= 4330,
7,650 ecm’/g] F 7HA = =

FHZ 0, 35, 50, 65, 80%°] 57FA FFOFE SHSITh
Aol AFS-H Wigh Table 17} Aot ZAE &3 %
=5 80 MPa o] 0.2 A5t Auujehs &

Table 1 Mixture proportions

GGBFS Water-to- | Binder compositions
Type replacement binder (Water : Cement :
ratio (%) ratio GGBFS)
Plain 0 17 : 83 : 0
35 17 : 54 : 29
GGBFS 50 0.2 17 : 42 : 42
(S4/58") 65 17 : 29 : 54
80 17 : 17 : 67
* S4 : Fineness of GGBFS = 4,330 cm/g

S8 : Fineness of GGBFS = 7,650 cm®/g
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Table 2 Chemical compositions and physical properties of

binders
GGBFS
Type Cement
S4 S8
SiO, 20.8 34.0 322
ALO; 4.93 16.4 15.5
Fe,O3 3.50 0.50 1.52
CaO 62.4 37.2 40.6
MgO 1.61 6.29 4.75
' K,O 0.90 0.45 0.55
Chemical 10 0 ] 033 1.33 1.09
compositions
SOs 221 2.71 2.85
LOI 2.74 0.17 0.26
CsS 58.1 - -
C.S 15.0 - -
C;A 8.1 - -
C,AF 9.2 - -
Density (g/cm) 3.18 2.89 2.90
Fineness (m’/kg) 327 433 765
16 -
12 | ~ —Cement
12 / N GGBFS 54
10 4 I — —GGBFS 58
@ 8 1
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Fig. 1 Particle size distributions of binders
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Fig. 2 Flow test results according to replacement ratio
and fineness of GGBFS
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