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The aim of research is inducing the optimum proportion of fly ash(FA) and blast furnace slag(BS) for ternary cement. In this research,
hence, the fundamental properties of mortar mixtures were evaluated depending on various proportion of FA and BS. The results of
the experiment, within the scope of the study, obtained the following conclusions. Flow of the mixtures was increased with addition of
binary supplementary cementitious material(SCM), and especially, portion of FA. The air content of the mixtures was increased with
addition of binary SCMs, while it was decreased with increased FA content. In the case of unit mass, increased value was obtained due
to the increased air content within 25 to 45% of binary SCM content, while it was increased within 65 to 100% of binary SCM up to only
20% of FA content and decreased more than 20% of FA because of the low density of FA. The setting time of the mixtures was delayed
with addition of binary SCM and FA. In the case of compressive strength, at 91-day age, the highest value was obtained with 25 and 45%
of binary SCM with the proportion of FA to BS of 40 to 60. Therefore, based on the compressive strength, it is considered that the
binary SCM content of 25 and 45% with the proportion of FA to BS of 2 : 3 is the most favorable conditions in this research scope.
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Table 1. Experimental plan

Table 2. Mixture proportions of Mortar

Factors Levels
B : SV - 1:3
W/B(%)” 1 - 45
Target flow(mm) - 120£10
Admixture ey
replacement(%)” 5 0%, 25, 45, 65, 100
Mixture FA® BS”
0 100
Admi 20 30
ro :)rrltl?otllqlz‘?/) 6 40 60
prop ° 60 40
80 20
100 0
- Flow
Fresh mortar 4 . Alr.content
. - Unit mass
Experi- - Setting time
ment - Compressive strength
Hardened mort: 1
ardened mortar (3, 7, 28, 91days)
YBinder : Sand DWater/Binder
I{(FA+BS)/OPC}x100 “Plain

SFly ash ®Blast furnace slag powder
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Serics Mass for unit volume of
wW/B| WV mortar(kg/m°)
0 3

Type | FA | BS (e OPC”| FA | BS | S | AE?
0 0 0 233 518 0 0 ]1,553|0.155
0 100 232 387 0 129 | 1,547 |0.155
20 80 231 386 | 26 | 103 |1,543|0.154
40 60 231 385 | 51 77 | 1,540 | 0.154
2 60 40 230 384 | 77 51 |1,535]0.153
80 20 230 383 | 102 | 26 |1,532|0.153
100 0 229 382 | 127 0 ]1,5290.153
0 100 232 283 0 232 | 1,543 |0.154
20 80 230 282 | 46 184 [1,535]0.154
45 40 60 229 280 | 92 138 1,529 0.153
60 40 228 279 | 137 | 91 |1,522]0.152
80 20 227 278 | 182 | 46 |1,515]0.152
100 0 | 45 226 277 | 226 0 ]1,509 | 0.151
0 100 231 180 0 333 | 1,539 |0.154
20 80 229 178 | 66 | 265 |1,528 |0.153
&5 40 60 228 177 | 132 | 197 | 1,519 |0.152
60 40 226 176 | 196 | 131 | 1,509 | 0.151
80 20 225 175 | 260 | 65 | 1,500 |0.150
100 0 224 174 | 323 0 [1,4910.149
0 100 229 0 0 510 |1,5290.153
20 80 227 0 101 | 404 |1,515|0.151
100 40 60 225 0 200 | 300 | 1,501 |0.150
60 40 223 0 297 | 198 | 1,487 0.149
380 20 221 0 393 | 98 |1,473|0.147
100 0 219 0 486 0 [1,459]0.146

DWater DOrdinary portland cement

% Air-entraining

Table 3. Physical properties of cement

Setting time | Compressive
Density Blaine | Soundness| (min.) strength(MPa)
(¢/em’) | (em%g) (%) I 37 |28
Initial | Final
days | days | days
3.15 3,390 0.05 230 | 345 |24.8(39.3|56.9

Table 4. Physical and chemical properties of FA

Density Blaine L.0.1" Si0, Moisture
(g/em?) (cm?/g) (%) (%) content(%)
2.27 3,850 2.50 51.3 0.10

YLoss on ignition

Table 5. Physical and chemical properties of BS

Density | Blaine | L.O.I Chemical components(%)

(¢em’) | (emg) | (%) | SiO, | ALOs | Fe,05 | CaO | MgO

2.89 4,520 1.50 | 342 | 146 | 032 | 423 | 64




Table 6. Physical properties of crushed fine aggregate

Density Solid Passing ratio of Fineness
(g/em®) volume(%) 0.08mm sieve(%) modulus
2.62 56.9 0.30 2.92
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Fig. 1. Mixing of mortar
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Admixture Replacement Ratio
25 % —A—45% @65 % v 100 %

130

Flow (mm)

110 :
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BS 100 80 60 40 20 0

Fig. 2. Flow in accordance with the admixture replacement ratio
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Fig. 3. Air content in accordance with the admixture replacement
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Fig. 4. Unit mass in accordance with the admixture replacement
ratio

StaridesixIsts| =27 2016 6 145



ror
rzt
-+
1z
0x
=

35
\ Admixture Replacement Ratio 25 % \
30 9
g [
2251
8 = Plain
s 20F Fe—FAO0 %
2 —A—FA 20 %
o 15+ —¥— FA 40 %
c <4 FA 60 %
S i > FA 80 %
s 10 -e— FA 100 %
5 5
5] L
i [t et}
O -
1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20
Time (H)
35
\ Admlxture Replacement Ratio 45 % \
30 J
2251
8 —a—Plain
20 Fe—FAO0 %
2 —A—FA 20 %
® 15t —v—FA 40 %
c <4 FA 60 %
2 L > FA 80 %
s 10 —¢— FA 100 %
2
& 5¢ S /E O —
Initial set
O -
1 1 1 1 1 1 1 1 1
0o 2 4 6 8 10 12 14 16 18 20
Time (H)
35
\ Admixture Replacement Ratio 65 % \
30 4
Rl e | .
S 251
8 / = Plain
® 20 —e—FA 0 %
2 —4— FA 20 %
15} —¥— FA 40 %
c —<4— FA 60 %
2 —»— FA 80 %
s 10F —e— FA 100 %
& 5. (gl .
Initial set
or
1 1 1 1 1 1 1 1 1
o 2 4 6 8 10 12 14 16 18 20
Time (H)
35
[ Admixture Replacement Ratio 100 % |
30 M
g T S :
S 251 e / I
§ —=— Plain
& 20 e FAO %
2 -A— FA 20 %
© 15 —v— FA 40 %
c < FA 60 %
2 > FA 80 %
s 10 & FA 100 %
2
Jo}
< oL e = ~{Initial set |-
0
1 1 1 1 1 1
0 10 20 30 40 50 60 70

Fig. 5. Penetration resistance in accordance with the time
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Plain | | | Admixture Replacement Ratio 25 %
| —m— 3 day —®— 7 day —4— 28 day —v— 91 da
x J/r/,,,/—rf**””\\\
l e
-
1 1 1 1 1 1 1
FA O 20 40 60 80 100
BS 100 80 60 40 20 0
Plain | | | Admixture Replacement Ratio 45 %
N —=— 3 day —@— 7 day —&— 28 day —v— 91 da
¥
L @ -
A/‘_/\\‘\w‘
[ ] o—©& O
r Te—
— e
e
1 1 1 1 1 1 1
FA 0 20 40 60 80 100
BS 100 80 60 40 20 0
Plain | | | Admixture Replacement Ratio 65 %
| —m— 3 day —@— 7 day —4— 28 day —v— 91 da
| X
e
]
1 1 1 1 1 1 1
FA 0 20 40 60 80 100
BS 100 80 60 40 20 0
Plain | | | Admixture Replacement Ratio 100 %
| —m— 3 day —®— 7 day —4— 28 day —v— 91 da
| X
e
-
o v—
.\ .

1 1 1
FA 0 20 40 60 100

BS 100 80 60 40 20 0

replacement ratio

357 AIIEOIA FA 2 BSOS FxEEIZ TE0f Bt

Compressive strength ratio (%) Compressive strength ratio (%) Compressive strength ratio (%)

Compressive strength ratio (%)

100

50

100

50

50

Admixture Replacement Ratio 25 % ‘
—&— 3 day —®— 7 day —A— 28 day —v— 91 day

1 1 1 1 1
FA 0 20 40 60 80 100
BS 100 80 60 40 20 0

Admixture Replacement Ratio 45 % ‘
—&— 3 day —®— 7 day —A— 28 day —v— 91 day

ST e

1 1 1 1 1
FA 0 20 40 60 80 100
BS 100 80 60 40 20 0

Admixture Replacement Ratio 65 %
—®— 3 day —®— 7 day —A— 28 day —¥— 91 day

1 1 1
A 0O 20 40 60 80
S 100 80 60 40 20 0

100

[soliyl

Admixture Replacement Ratio 100 %
—&— 3 day —®— 7 day —4— 28 day —v— 91 day

[ Plain |
ha—
1 L I | :
FA 0 2040 60 80 100
BS 100 80 6O 40 200

admixture replacement ratio

SlRZiAA BRI RISt

Fig. 7. Compressive strength ratio in accordance with the

=27 20163 62 147



3
4. A= 0ls SEolH REy, 371E ¥ &4 52 1 1
3 ANHE= S| X|2ks 25% 3! 45%0 A FA : BSQ| HIE

2 o= S| XIBHE 0, 25, 45, 65 L 100%01lA] FA2} B3Q] S2:32% ZFol= 40| 2 A7 el Uoll M= 21X =8|

SEH[8S 0:100~100 : 022 Z Y| BIgtA|7, 0l @2 20| 5 & 4+ AL

D2E29| 7|=M E4E EMC2M 3EEA AIHIEM =

0| FAQ} BSO| =8iH|gS E=SotAt olieH, 1 Zus 22 References

si® ch2at 2o,

Beak, C.W., Kim, H.S,, Choi, SW., Jo, H.T., Ryu, D.H, (2015).

1. E2= S5l X|[2tg 2 FAS =8tH|g0| &7t w2} FA Durability assessment of high strength concrete with high
O £ AUY0| AHE Z2Et2 LHOAM 2 EH|0E HE2E 4 volume mineral admixture, Journal of the Korea Concrete
sty 71915t S7tskect Institute, 27(6), 641-649 [in Korean],

2 27|22 S X2 I FAS| SEH|E0| S7IEE FAS Choi, SJ., Jeon, Y.S. (2015). The fluidity and hardened
O|HAERRZO| AEX| E2121E0] 7|016tH LUAste deks Lt properties of eco—friendly low cement concrete with 3types
EFLHRACH of binders, Journal of the Architectural Institute of Korea,

3, HRIMEZS S| X|BE 25% L 45%0|Als 27|20 31(11), 6370 [in Korean],

HH[2|5te B LIEHHAX(CE S| X|&e 65% 2! 100% Han, M.C, (2009), Effect of mineral admixture types on the
Ol M= 27 |2ko] Ak} FARF BSC| L= X[0|of QJal FAS] engineering properties and the drying shrinkage of the
S8H|80] &71e4e=2 Xolol= AE0|2ct concrete, Journal of the Korea Institute of Building Construction,

4. SBAMZ 23 Xlete | FAS| 2EHIE0| S7IErE 9(5), 121127 [in Korean],

2 AHEZF ZEA0| 7|Q161H XHE= ZerS LIEHLHSIC Jeon, KN, Lee, JA,, Choi, SY, Baek, D.H,, Han, M.C, Han,

5. U= S| XB0| TIIE4E ZiAask=s o2 L} C.G. (2009). “Improving quality of fly ash replace concrete
Efit=nl & S31X X2t 25% L 45%01| A= FA : BSQ| H by second—class blast furnace slag powder and gypsum,”
=01 40:60, 2 :3Y I 7t 246t ZAOZ LIEKGD =5} Proceeding of the Korea Institute of Building Construction,
T x|2H2 65% 2 100%0 A= 100 : 0 = BSTHS AL2S! of 9(1). 97-100 [in Korean].
1A L4610 Song, Y.L, Zhao, Y., Min, KC,, Han, D.Y., Han, M.C_, Han, C.G,

(2015), “Hydration reactivity between blast furnace slag and
fly ash,” Proceeding of Korea Concrete Institute, 27(1), 451452
[in Korean].
=7 AMHENN FA % BSQ| £[M=giHlg &0 &st g7
2 S7s 3EEA AHIE|M FARF BSS| R XEEHIES =&al7| gt X0ICt &, 2= Xlgte & FA & BSQ| Chefsot
SgHIE0 ME Z2EI29| 7|2H E4S MelstIAt oiiCt Azt 2 79 He| Lol C3at 22 288 ULt
229 %= =3 xEkE I FAC| 28itIE0| B7Ie0] wet S7tch=s AR LIENGT! 372 23l X[etg0] 716t
FAQ| 28H|E0| E7IE45E dAGIRCH HYSHETR S X|E 25% H 45%0| M= 37(20| dAgrE SIksh=
Zo=2 LIEfSX[DE 65% L 100%0lA= FA X|2HE 20%7IX = S7I51HX2E 1 0|A0IAM= FAS MUE Fsfo2 ZASIFICE
SEAZ 23 Rlgke 3 FAS| E8HIE0| S7teloll et X|Aels Aoz LIEfHTE YSAE0| Z9e= THE o120 S5
RISHE 25% & 45%0M FA : BSC| HIE0] 40 :t 602! HHEHOI A PS S48t e S LIEHUDE M2t ASZE=X0l
ZHE TeHez g 1f 23 X2t 25% A 45%21 AR0IM FA 1 BSC| HIE 2 32! A7t 2 A+ Ee LHolM=
M9 SglEel Aoz HFLUCE

148 vol. 4, No. 2 (2016)





