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Effects of Limestone Powder and Silica Fume on the Hydration
and Pozzolanic Reaction of High-Strength High-Volume GGBFS
Blended Cement Mortars
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ABSTRACT To evaluate the effects of limestone powder and silica fume on the properties of high-strength high-volume ground
granulated blast-furnace slag (GGBFS) blended cement concrete, this study investigated the rheology, strength development,
hydration and pozzolanic reaction characteristics, porosity and pore size distribution of high-strength mortars with the water-to-
binder ratio of 20, 50 to 80% GGBFS, up to 20% limestone powder, and up to 10% silica fume. According to test results, compared
with the Portland cement mixture, the high-volume GGBFS mixture had much higher flow due to the low surface friction of GGBFS
particles and higher strength in the early age due to the accelerated cement hydration by increase of free water; however, because of
too low water-to-binder ratio and cement content, and lack of calcium hydroxide content, the pozzolanic reactio cannot be activated
and the long-term strength development was limited. Limestone powder did not affect the flowability, and also accelerate the early
cement hydration. However, because its effect on the acceleration of cement hydration is not greater than that of GGBFS, and it does
not have hydraulic reactivity unlikely to GGBFS, compressive strength was reduced proportional to the replacement ratio of
limestone powder. Also, silica fume and very fine GGBFS lowered flow and strength by absorbing more free water required for
cement hydration. Capillary porosities of GGBFS blended mortars were smaller than that of OPC mortar, but the effect of limestone
powder on porosity was not noticeable, and silica fume increased porosity due to low degree of hydration. Nevertheless, it is
confirmed that the addition of GGBFS and silica fume increases fine pores.
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ground granulated blast-furnace slag(GGBFS), high strength, limestone powder, silica fume, hydration, pozzolanic

o] gl A3 37}
B AWE ALg] B

o}A7] wEe] AlRE A8 Zol7] 9@ wHo] o
% B e

2N

-,

=]
=~

A

rlr

FIgEd 23ty FEA Z3Ae Eg-3feh] Ze-

& &3 Z2AYEY %%/‘3, o 5+A .E_/ﬂ YTAL a:A7]

.
blast-furnace slag, GGBFS)+

o] 7HA] E3kA FollA J‘EEEH:/_(ground granulated
ZAYES] F3RATF 3t

FEAT AT AT A SIS o] As
ZAg8 AT, FAATAE 5L FFA7]H O =)
FARE AT Do) e AMES AR 5 3
4 el TyA AgE T gl

A2 75 (silica fume, SF)S XE5¢ A52 10 E W %

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/ 127
by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



e FAE HEA AREE EIAE, e AE
o] ok 0.1 ym®]aL B EHEAo] 2k 20~25 m¥g JE=Z Y]

At YAz FAE o] & vk o] wi¢ ETh S
JAIsE A7 AIME 43t Abol& vlE 5 3lo] o
A}% H(particle packing) .= £, BAFH ¥=9 Ht
JAE FaAZE™ ek =2 WA o E Qs
ZAYES] FE5s T @alo] AL FH2
= s ArAlY Adeol FolAHA 1 E FAE
O] Aol @Wol AME-EIL Ut
2334 u]F-limestone powder, LP)2 22 E Q] ¢

=2A 549 Vi, B9l Azt e A 59
F7F Q0 filler GO 7 AHES] F3E FTHA]
7= AoE delA Qi
s 2EH 7 o EskAel vlE] AHME X $&
| ol A MES i X&) 7H A ghEbA|u,

tin] 60% oY v EFE B Fr asi ]

WAZE BA gt 1O H A tel] wpE 5’5]

Highell A= el EaFo] uj-g- W) witel] Al
9] F3te] o5t FAbst o] Aol EJ’—,
D A st o] 7172 ol
btk mebA 1 FA B ECA
Fow AREel7] fleiM= 1=
O A7IAY w A fillerE 46
ol 9 tiHo] Fgslit)
d w9 shvE 1EE EH:’—«] HeA S ol ¢
g A=AYE Ageta YARE ofA2 AAgo] v &
zol 3t

oldd il oA o] AFelM= ¢ZE A=AE AHESH

A gy nEEHIE o 2SSt s wiSelA A
Y7 A3)A nEES filler® AMEE e
AME 9 S0 73 9 53 93 54S HET

d

o

1h%
%
ré
k& R

o

Mr kU
(o1}

[
X 1o &
o & H ooy
2 oo |
of\r o,
L
) mlo
ki
ﬂllﬂl
H}r

[‘

O oo )y kI 12 O ki oY 4 ofN
fojo &R 2L HURU R FWO&H
ro
:(I)I:A
b
i
)
=
o[o
PH
m

Table 1 Mixture proportions
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Fig. 1 Schematic representation of binder proportions

Type Admixture amount (%) Water-tq-binder Unit weight (kg/m?)
SF LP GGBFS ratio Water Cement | GGBFS SF LP Sand
Plain 0 0 0 0.2 226 1130 0 0 0 1130
80 0.2 220 220 879 0 0 1099
0 10 70 0.2 220 220 768 0 110 1098
i 20 60 0.2 219 219 658 0 219 1096
0 70 0.2 218 218 762 109 0 1088
10 10 60 0.2 217 217 652 109 109 1087
20 50 0.2 217 217 543 109 217 1086
0 80 0.2 220 220 880 0 1100
0 10 70 0.2 220 220 769 110 1099
S8 20 60 0.2 219 219 658 219 1097
0 10 60 0.2 218 218 653 109 109 1088
20 50 0.2 217 217 543 109 217 1087

US4 : GGBFS fineness 4330 cm%g, ¥S8 : GGBFS fineness 7650 cm?/g
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Table 2 Chemical compositions and physical properties of

binders
Type OPC | S4 | S8 SF LP
Si0, | 20.8 |34.0]32.297.96 | 2.74
ALO;s | 493 |164 | 155 1.67
Fe,0; | 3.50 |0.50 | 1.52 0.744
CaO | 62.4 |37.240.6 93.6
MgO | 1.61 |6.29|4.75| 0.06 |0.721
_ K:0 | 0.90 |0.45]0.55 0.384
Coﬂl;:sl;fizlns Na;O | 033 | 133 1.09 0.009

SO; 221 1271|285 1.03 |0.043

LOI | 274 |0.17 | 026 | 1.6 0.1

(O 58.1 - - - -
(O 15.0 - - - -
GA 8.1 - - - -
C4AF | 9.2 - - - -

Density (g/cm?) 3.18 |2.891290 | 231 | 2.81

Fineness (cm?/g) 3270 |4330| 7650 [167000| 5060

—Cement

Volume (%)

0.01 0.1 1 10 100 1000
Particle size (#m)

Fig. 2 Particle size distributions of binders
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Fig. 3 Flow test results
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