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Cement Composites Depending on Its Mix Design
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This study investigates the compressive strength of high-strength cement composites with 64 mixture designs and 2 curing
conditions. The cement composites were designed with varying water-to-binder ratios, silica fume content to cement, and
binder content per unit volume of cement composite to explore compressive strength development depending on its mix
design. An increase in the water-to-binder ratio decreased the compressive strength of the composites, having consistency
with the trend in normal concrete. The compressive strength increased with ages at an ambient curing temperature, but it
was not identified at high-temperature curing. The compressive strength development was negligible in case that silica fume
content to OPC is 15%~~25%, but a decrease in the content below 15% reduced compressive strength. It was more obvious
in the specimen of low water-to-binder ratio. The specimen with 84okg/m® of binder content per unit volume had the
highest compressive strength in this study, and the decrease in binder content reduced the compressive strength of high
strength cement composites in low silica fume content.
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1LME oz nEEn AIREE 25H|9 4 42 (component)2| i
401 g i (wall effect) L 12 S7Kloosening effect)2] 1124
s MUE S MAE fIet tigd 7|e0] XIEHe 0l mhat Chefet 20| 7HH*EIO17§iEf(Kwan et al. 2013;
2 2IX5tD QIrt YUbtHMoz IMS A[HE E25k|9| HiEHA A Mangulkar and Jamkar 2013), M2 Ot HEE E&s6k= 22
£ ?loll YAt e 2(particle packing model)0| ZEECH(Yu UXI| HEH, MEsle stefestr el Ed, YAt #H 25
et al, 2015; Zhou et al, 2021), X CHe 22 ARNE ] 1Y (water fimQ| 7, UXSSl EdlHdispersion) H S
M=o S UEg 7P otz 74X CHE Lt(dry packing (agglomeration) S& 13450 CrUs BSS0| etz QICt
density)& Al2ok= 281 WA THZ(liquid material)2t 0=t (Zhou et al, 2021),
Y T=ete E%(m eraction)0f Qg Hets &l 12g YA O 2SS 7(BIO2 1 AHE S8R9 fHeH £
U= H2 CHE U= (wet packing density)E Taioh= ZYC= g2 7Htez sk= FHet 7(8E HiEAAl B (rheology—based
LI+ I,_HZHZho t al, 2021), £3] AIREZlE 1% Ofr 2= mixture design)(Jiao et al, 2017), B2 M0 QHSIH EN2
B2 0 E%(discrete model), ¥4 2 &(continuous model) J|BFO 2 BH= HiEHAI| Bil(Wang et al, 2017), EAIX HIiEHA
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7| BiH(statistical mixture design)(Barrett 2009
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3.1%, S4AT(anhydrite) 1.7%2 ZRAFE|0] YEEXOI OPCO| =
Mot SAEE S0ISKAECE &S E5kAl|(mineral admixture) 2=
CHRIZ=aF 2 200kg/mP0] EAFC] Al2|7} E(silica fume, SF)S, T2
& AHIE =ZgfH|o] ZXMZ= SAtel Ae|7t 2 silica powder,
SP)1 TtAKsilica sand, SS)S AFRSIFC} SP & SSO| Y| =2f
© 242k 2,.650kg/m® 2 2,648kg/m’22 ZALEQICE 2t HE Q|
AN EHE2 Ml At SYUotCHJeong et al. 2020). =X|
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Z32|E HIES 7|FEHcontrol) Q2 MAEGHD, HigiEAS 4
SIFCE Control HiEH2 =/ZASHHH|(w/b) 0.2, OPC:SF:SP:SS
= 1:025:025110|0, ©| XY ASKHOPC+SF)Z
1,040kg/m>0|C},

Control Higfe| &S E5ff (1)
| F

= =
Ch HolAE 0| Buiz T M@ control thglol N 2/Z e
HIS 0,225, 0.25, 0275 % 0,322 HABISC, Table 1(b)s A
25 B BYS HPB 145 AHE 2EH HEES
LIEHHC} HO|AE S| SIZ DHFH AEHZ OPC | Al2|7}
EO| M{HIZ 02, 0.15, 0.1, 0.05 & 022 HA5I, 2t A0
S/AS HIZ 02 025 4 0392 HISEZ AL}
Table 1(c)= THZEIRHZEC| HEFS 301517| @5t HiEIx=71S
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C}. Table 10i LIEFH A[HFO| HF2 Fig. 101 LIEHARACE,

Specimen label explanation
Ex)
SF0.25/wc0.25/1040s
Binder content per unit voulme
Ex) 1040s -> OPC+SF is 1,040 kg/m?

Water-to-binder ratio in weight
Ex) wc0.25 -> water/(OPC+SF)=0.25

Silica fume ratio depending on OPC
Ex) SF0.25 -> OPC:SF=1:0.25
* 'FV indicates fixed volume of fillers (silica powder and sand),
indicating the volume of binder is also fixed.

Fig. 1. Explanation of specimen label used in this study

S5t Balil= MY SENS HEY 4 ol 402 192
AEBIIOD, Table 10 HAS E3tlo] U2 55 Sabo| 1
B s J|ZOR JISSISIT BEH0 ZEE 43S Y
2 MBI HESYS ZHGH0! RS AU



THE ABIE SgA9 tigzdol e Y5dE g 54
Table 1. Mix design of high-strength cement composites
(a) change in water/binder(w/b) ratio
Binder
Label pea— . Sili(clz(ig po:vder Silica s?nd Wate§ wh Admixt}ure
(k) (kgfer) m’) (kg/m) (kg/m) (kg/m)
Control 832 208 208 915.2 208 0.200 9.6
SF0.25/wc0.225/FV 795.2 198.8 208 915.2 223.65 0.225 8.8
SF0.25/wc0.25/FV 762 190.5 208 915.2 238.13 0.250 8
SF0.25/wc0.275/FV 731.4 182.85 208 915.2 251.42 0.275 7.2
SF0.25/wc0.3/FV 703.2 175.8 208 915.2 263.7 0.300 6.4
(b) change in silica fume content
Binder
Label R r— Siliz:lz:g/ po:vder Silica s?nd Wateg wh Admixt;ne
(k) (k) m’) (kg/m) (kg/m) (kg/m)
SF0.2/wc0.2/FV 874 174.8 208 915.2 209.76 0.200 9.6
SF0.2/wc0.25/FV 800 160 208 915.2 240 0.250 8
SF0.2/wc0.3/FV 737 147.4 208 915.2 265.32 0.300 6.4
SF0.15/wc0.2/FV 920 138 208 915.2 211.6 0.200 9.6
SF0.15/wc0.25/FV 841.6 126.24 208 915.2 241.96 0.250 8
SF0.15/wc0.3/FV 775 116.25 208 915.2 267.38 0.300 6.4
SF0.1/wc0.2/FV 972 97.2 208 915.2 213.84 0.200 9.6
SF0.1/wc0.25/FV 888 88.8 208 915.2 2442 0.250 8
SFO0.1/wc0.3/FV 817 81.7 208 915.2 269.61 0.300 6.4
SF0.05/wc0.2/FV 1030 51.5 208 915.2 216.3 0.200 9.6
SF0.05/wc0.25/FV 940 47 208 915.2 246.75 0.250 8
SF0.05/wc0.3/FV 864 432 208 915.2 272.16 0.300 6.4
SFO/wc0.2/FV 1094 0 208 915.2 218.8 0.200 9.6
SFO/wc0.25/FV 998 0 208 915.2 249.5 0.250 8
SFO/wc0.3/FV 917 0 208 915.2 275.1 0.300 6.4
(c) change in binder content per unit volume
Binder
Label e | e s Sili(cle:g/po;)vder Silica s;ind Wateg wh A(Lnﬂxtsure
(kg) (ki) m’) (kg/m) (kg/m) (kg/m)
SF0.25/wc0.25/1040s 832 208 208 771 260 0.250 8
SF0.25/wc0.3/1040s 832 208 208 640 312 0.300 6.4
SF0.15/wc0.2/1040s 915.2 124.8 208 945 208 0.200 9.6
SF0.15/wc0.25/1040s 915.2 124.8 208 808 260 0.250 8
SF0.15/wc0.3/1040s 915.2 124.8 208 670 312 0.300 6.4
SF0.05/wc0.2/1040s 998.4 41.6 208 975 208 0.200 9.6
SF0.05/wc0.25/1040s 998.4 41.6 208 837 260 0.250 8
SF0.05/wc0.3/1040s 998.4 41.6 208 699 312 0.300 6.4
SF0.25/wc0.2/940s 752 188 208 1059 188 0.200 82
SF0.25/wc0.25/940s 752 188 208 935 235 0.250 6.6
SF0.25/wc0.3/940s 752 188 208 810 282 0.300 5
BRI EIRIISIE] =R 20214 128 587
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Binder
Label pa— T Silica po;vder Silica s;md Wateg wh Admixt;lre
n ! (kg/m’) (kg/m’) (kg/m’) (kg/m’)
(kg/m’) (kg/m)

SF0.15/wc0.2/940s 827.2 112.8 208 1086 188 0.200 82
SF0.15/wc0.25/940s 827.2 112.8 208 962 235 0.250 6.6
SF0.15/wc0.3/940s 827.2 112.8 208 838 282 0.300 5
SF0.05/wc0.2/940s 902.4 37.6 208 1113 188 0.200 82
SF0.05/wc0.25/940s 902.4 37.6 208 989 235 0.250 6.6
SF0.05/wc0.3/940s 902.4 37.6 208 865 282 0.300 5
SF0.25/wc0.2/840s 672 168 208 1203 168 0.200 6.9
SF0.25/wc0.25/840s 672 168 208 1092 210 0.250 53
SF0.25/wc0.3/840s 672 168 208 981 252 0.300 3.7
SFO0.15/wc0.2/840s 739.2 100.8 208 1228 168 0.200 6.9
SF0.15/wc0.25/840s 739.2 100.8 208 1116 210 0.250 53
SF0.15/wc0.3/840s 739.2 100.8 208 1005 252 0.300 3.7
SF0.05/wc0.2/840s 806.4 33.6 208 1252 168 0.200 6.9
SF0.05/wc0.25/840s 806.4 33.6 208 1141 210 0.250 53
SF0.05/wc0.3/840s 806.4 33.6 208 1030 252 0.300 3.7
SF0.25/wc0.2/740s 592 148 208 1348 148 0.200 6.5
SF0.25/wc0.25/740s 592 148 208 1250 185 0.250 4.7
SF0.25/wc0.3/740s 592 148 208 1152 222 0.300 33
SF0.15/wc0.2/740s 651.2 88.8 208 1369 148 0.200 6.5
SF0.15/wc0.25/740s 651.2 88.8 208 1271 185 0.250 4.7
SFO0.15/wc0.3/740s 651.2 88.8 208 1173 222 0.300 33
SF0.05/wc0.2/740s 710.4 29.6 208 1391 148 0.200 6.5
SF0.05/wc0.25/740s 710.4 29.6 208 1293 185 0.250 4.7
SF0.05/wc0.3/740s 710.4 29.6 208 1195 222 0.300 33
SF0.25/wc0.2/640s 512 128 208 1492 128 0.200 6
SF0.25/wc0.25/640s 512 128 208 1407 160 0.250 4.1
SF0.25/wc0.3/640s 512 128 208 1322 192 0.300 3.6
SF0.15/wc0.2/640s 563.2 76.8 208 1510 128 0.200 6
SF0.15/wc0.25/640s 563.2 76.8 208 1426 160 0.250 4.1
SF0.15/wc0.3/640s 563.2 76.8 208 1341 192 0.300 3.6
SF0.05/wc0.2/640s 614.4 25.6 208 1529 128 0.200 6
SF0.05/wc0.25/640s 614.4 25.6 208 1444 160 0.250 4.1
SF0.05/wc0.3/640s 614.4 25.6 208 1360 192 0.300 3.6

The amount of admixture is based on solid content, and water content includes the water in admixture.

HIEI RO DYTHZE 7[AA BIME Ar&sto] 522 2H[Y i Eret AIHIE =ERHI= 50X50X50mm’ HEHH| S=0f Ef
(dry-mix)& dAGtH 22 M=z9| & &(homogeneity)S 2 dotien, Hxas YRS flol S2AE HE2 HME dHe
Hoii0), g DdM=0] setEstm|et tigE Soto] & USSIACE, EHEet AME Sgidls 25 20°C, diiEE 65%2)
S0 22 W7 L= Higs HAGINLL R &L S2EYGOIM 2402E Y = IR Eet ME2 T
T IR0IM 22, MK0M 22 0t HiEE Solf =X 2 Al A S 2o YEE £ AT SYsiACt Ji= 22
E =g #EgS HEstxt SRt 20°C, Y%= 65%2| =& aollN o= YdS HAlGIND,
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Compressive strength (MPa)

40 —0—w/b=0.2, 28d —4—w/b=0.2, 3d
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(a) Specimens cured at ambient temperature

Compressive strength (MPa)
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Silica fume raio

(b) Specimens cured by heat treatment

Fig. 4. Compressive strength at 3 and 28 days depending on silica
fume content
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Fig. 5. Compressive strength of ambient cured specimens depending

on binder content per unit volume
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