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The Fundamental Characteristics for Mix Proportion of Multi-Component Cement

Tae-Wan Kim'™, Jae-Woo Jeon®, Min-A Seo’, Hyeon-Hyeong Jo’, Su-Yeon Bae’

Abstract: The aim of this research work is to investigate the mix proportion of multi-component cement incorporating ground granulated blast
furnace(GGBES), fly ash(FA) and silica fume(SF) as an addition to cement in ternary and quaternary combinations. The water-binder ratio was 0.45.
In this study, 50% and 60% replacement ratios of mineral admixture to OPC was used, while series of combination of 20~40% GGBES, 5~35%
FA and 0~15% SF binder were used for fundamental characteristics tests. This study concern the GGBFS/FA ratio and SF contents of multi-component
cement including the compressive strength, water absorptions, ultrasonic pulse velocity(UPV), drying shrinkage and X-ray diffraction(XRD) analysises.
The results show that the addition of SF can reduce the water absorption and increase the compressive strength, UPV and drying shrinkage. These
developments in the compressive strength, UPV and water absorption can be attributed to the fact that increase in the SF content tends basically to
consume the calcium hydroxide crystals released from the hydration process leading to the formation of further CSH(calcium silicate hydrate). The
strength, water absorption and UPV increases with an increase in GGBFS/FA ratios for a each SF contents. The relationship between GGBFS/FA ratios
and compressive strength, water absorption, UPV is close to linear. It was found that the GGBFS/FA ratio and SF contents is the key factor governing
the fundamental properties of multi-component cement.
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Table 1 The chemical properties of materials

Table 2 Mix properties
Mix ratio(%o)
Level GGBFS/FA
OPC GGBFS: FA SF
1 35 15 0 2.33
2 35 10 5 3.50
3 35 5 10 7.00
4 30 20 0 1.50
5 30 15 5 2.00
6 30 10 10 3.00
A 7 50 25 25 0 1.00
8 25 20 5 1.25
9 25 15 10 2.50
10 20 30 0 0.67
11 20 25 5 0.80
12 20 20 10 1.00
1 40 20 2.00
2 40 15 5 2.67
3 40 10 10 4.00
4 35 25 0 1.40
5 35 20 5 1.75
6 35 15 10 2.33
va 7 40 30 30 0 1.00
8 30 25 5 1.20
9 30 20 10 1.50
10 25 35 0 0.71
11 25 30 5 0.83
12 25 25 10 1.00
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Chemical components(%) Density Fineness Ig-loss
Si0,  ALO  Fe,0 MgO  CaO KO  SO; (¢/mm’) (m%/kg) (%)
OPC 21.32 5.61 3.12 3.94 61.72 0.79 2.51 0.00315 330 2.31
GGBFS 35.30 12.58 0.79 3.19 41.30 0.63 4.75 0.00284 420 0.32
FA 71.00 16.92 3.73 0.95 2.97 1.22 0.61 0.00223 390 2.86
SF 95.50 1.00 0.30 0.50 0.40 1.00 - 0.00200 22000 2.00
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Fig. 1 Compressive strength of different mix proportion
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Fig. 2 Relationship of compressive strength and GGBFS/FA ratios
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2 7Rl we} CS7} A48tal CCe S7bshe Ad8e |
BRI AL IRATE o] 23k A= A% o] 57l Wl portlandite
(P)7} 225]0] C-S-HO} 22 W4 o] WS EA L ghe
£l AR 510] 245 A0 R BT, S SF) A B E
o] Z7kgtell wtek sFe e MY Aelke] Fht Ee
Lrl:ﬂ;ﬂo] GGBFS‘/]'FAQ]-«] §].‘_8_|L3—1' /k—]ﬁ. 61:)\]-/\]7;] 7L1:
g TS nX= o FE AAHATKErdem and Kirca,
2008).

4.8 E

OPC9] 50%2} 40%= GGBFS, FA 181 SFE £33 ok
AEA AHES] wjghi|o] w2 7| 2EA ol A3 AF+E}
O 2o AE2S AL AU

1) YEFHA==SF HIHEC] 5% A 10%E S71EFE 7}
7t 57V AES Btk o= W AP EA T AIY

A 22 Yol FE v Y FE= filler T3} Y5 Si A H9]
C-S-H(calcium-silicate-hydrate) /gl 7]o3tHA =
el 3] EHE UYeillE 2102 Azt =3
5 SF HigHE ol A GGBFS/FA W7} 845 =4
£ 2 3E YT 2 AT Mol B o 50%
OPC Hi ol 4= GGBFS/FA H17}2.0014, 40% OPC Hi
gtollM=22 o4 W) Z}H SF HigHEO A Ee AErt =
A= ATk

2) FFEFUPV A= SF X|3Hgo] F71EFE v &
€7 %2 UPVE YEUTE &8 F7&7 UPV &
GGBFS/FAY]7} 57F8kal SF | &H-go] F71e<
Al W7 228 X DeHA st =gl 344
E HA = 2102 YERT o|2fdt A 4S5 EA
o} FARHAl SF9 filler E39} C-S-H(calcium-silicate-
hydrate) 2] &2l 7|3 So] Axtg Azhar,

3) AXFFL SFO| X 8Hg-o] 7ol wet F71stitt o
ESFO] =2 Bl AR E A o2 dkEth GGBFS/
FAS} A 2753e] dAl= TRk g o] YehtA] &
et 5% Ol—o‘H SF X|8+&-0ll 4] GGBFS/FA7} &5 o 4
& o2 HAzrFo| AA YERT
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72 S2PESXICESX| M2 25 =27 M 204 H3Z(2016. 5)

T-o] ¥ 9jol| A Ay E ul, GGBFS/FA 2] B2} SF&] %]
we} oA AR E L] 7] 2E A o] thefsiAl Hsts]

= & A

=
SH-5-of

o]
A

Rl
= rg

oo

T 2

o] =R-22015d % A ST ] AP oz F=ATAG
2] A& who} =30 % AFY(NRF -2015R1D1A3A01019583).
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