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ABSTRACT

Recently, production cost of ready mixed concrete(remicon) has been increased due to the rising cost of raw
materials such as cement and aggregate etc. cause by the upturn of oil price and increase of shipping charge. The
delivery cost of remicon companies, however, has been decreased owing to their excessive competition in sale.
Consequently, remicon companies began to manufacture the concrete by mixing ground granulated blast furnace
slag(GGBF) in order to lower the production cost. Therefore, the objective of this study was to predict 28-day
strength of GGBF slag concrete by early strength(l day-strength, 7 day-strength) for the sake of managing with
ease the quality of remicon. In experimental results, the prediction equation for 28 day-strength of GGBF slag
concrete could be produced through the linear regression analysis of early strength and 28 day-strength. In order to
acquire the reliability, all mixture were repeated as 3 times and each mixture order was carried out by random
sampling. The prediction equation for 28 day-strength of. GGBF slag concrete by 1-day strength(hot-water method)

won the good reliability.

Keywords : GGBF slag, hot-water method, 1 day-accelerated strength, random sampling, prediction equation of concrete
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Table 1 Chemical components and physical properties of OPC and SG
Items SiO; AlOs FexO3 CaO MgO SO3 0 Specific Specific(surface
Types (%) (%) (%) (%) (%) (%) gravity (cm“/g)
OoPC 21.60 6.00 3.10 61.41 3.40 2.50 315 3,539
SG 33.33 15.34 0.44 42.12 5.70 2.08 2.90 3,480
Table 2 Physical properties of aggregates
Items Grax Specific Absorption FM Unit weight Percentage
Types (mm) gravity (%) o (kg/m®) of solids (%)
Fine aggregate - 2.55 243 2.81 1,677 64.5
Coarse aggregate 20 2.72 0.80 6.72 1,695 62.3
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Unite weight (kg/m®)

W/(OPC+SG)|  S/a  |SG/(OPC+SG)

(%) (%) (%) W OPC SG S G WRAE
0 185 346 0 691 1065 1.038

o " 15 185 294 52 687 1065 1.038
30 185 242 104 684 1065 1.038
45 185 190 156 681 1065 1.038
0 186 382 0 658 1065 1.146

o » 15 186 325 57 655 1065 1.146
30 186 267 115 651 1065 1.146
45 186 210 172 646 1065 1.146
0 187 414 0 630 1065 1.242

5 . 15 187 352 62 625 1065 1.242
30 187 290 124 621 1065 1.242
45 187 228 186 616 1065 1.242
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Compressive Strength of 28 days (MPa)

Fig. 5

Compressive Strength of 28 days (MPa)
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Table 4 Regression equation and correlation
coefficient
SG/ Regression Correlation
(C+SG) equation coefficient (R)
0% fog = 1.09Xf7 + 456 0.94
15% fog = 1.99Xf7; - 17.34 0.96
30% fog = 0.76 X f7 + 20.61 0.97
45% fog = 119X 17 +11.62 0.99
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Table 5 Regression equation and correlation

coefficient

SG/ Regression Correlation
(C+SG) equation coefficient (R)
0% fos = 0.78 Xfhw + 17.58 0.91

15% fog = 111 Xfhw + 14.47 0.88

30 % fos = 0.89 X fhw + 19.82 0.95

45 % fog = 1.16 X fhw + 13.61 0.99
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Table 6 Comparison of measurement strength and prediction strength of concrete

SG/ W/ Measurement strength (MPa) | Prediction strength (MPa) |Prediction/measurement strength

(OPC+SG) | (OPC+SG) frw t; fos A B Aftos B/

17.1 24.7 31.3 315 30.9 1.01 0.99

53% 18.6 24.9 32.7 31.7 32.1 0.97 0.98

176 24.8 32.0 316 314 0.99 0.98

22.4 215 33.9 346 351 1.02 1.04

0% 49% 23.6 27.2 34.1 352 36.0 1.03 1.06

23.0 283 34.0 355 356 1.04 1.05

258 303 395 375 377 0.95 0.95

45% 26.1 315 38.3 38.8 37.9 1.01 0.99

259 30.9 38.8 38.2 377 0.98 0.97

17.4 255 33.2 33.3 33.8 1.00 1.02

53% 18.0 254 32.6 331 345 1.02 1.06

176 254 32.9 33.1 34.0 1.01 1.04

214 215 38.1 374 382 0.98 1.00

15% 49% 19.5 28.0 38.8 384 362 0.99 0.93

20.1 218 384 38.0 36.8 0.99 0.96

23.3 28.7 41.8 39.8 404 0.95 0.97

45% 254 299 40.2 42.1 42.6 1.05 1.06

23.5 29.4 412 41.2 40.6 1.00 0.99

18.8 20.3 36.8 36.1 36.6 0.98 0.99

53% 17.7 19.0 344 351 356 1.02 1.03

18.1 19.5 35.8 35.5 36.0 0.99 1.01

211 244 39.0 38.9 38.6 1.00 0.99

30% 49% 20.2 241 378 39.0 37.8 1.03 1.00

20.6 242 38.4 39.8 38.1 1.04 0.99

26.2 282 415 42.0 431 101 1.04

45% 241 213 423 414 41.3 0.98 0.98

24.5 27.8 41.9 41.7 41.7 1.00 1.00

154 17.2 32.2 32.0 315 0.99 0.98

53% 16.2 16.7 31.1 31.5 32.3 1.01 1.04

15.7 17.0 31.6 31.8 31.8 101 1.01

20.0 20.6 36.6 36.1 36.8 0.99 1.01

45% 49% 19.9 22.0 37.8 317 36.7 1.00 0.97

19.8 21.2 372 36.8 36.7 0.99 0.99

22.6 23.2 40.1 39.3 39.9 0.98 1.00

45% 228 243 39.4 40.6 40.1 1.03 1.02

22.7 235 | 397 39.6 40.1 1.00 1.01
R T B3 9k ol Fig 14 2 15914 ehtse) &A%
5 | g g cErten A 2 SG EgeRE %ww I &3 Bt
g 11f o o =euge A% 289 A& Ho) 1% 2L A 0% E=ESY
s | 2 ? . 7 A T YEAEE A 2% Y Ak A% £U
B il el -+ of A4 BY YR WY 2HT YEYE goz
8 ool ‘ wioposse dZally] WEos wawth et A PN 7

I % = 2=

5 D o greld Wud we AEE Yehd F g s
.1% 08 ' . s 45%(Accelera:ed) TE xlo]_x:]/q AZghatsl 2is J8 5 glou} Ay
=0 15 30 45 gl W e} 2] wguelep] nrke 2] AR
SG / (OPC+SG) (%) o))

Fig. 13 Comparison of measurement strength and

prediction strength

she o] Qe 943 FAPERA Y
SRS A Ant oha Axgel He 7
108

=) Sk e A A4 A8EAE 85
3 }

%
=
als
—r
)
&t ©

on St
R
i
=)
%
2

SREA0 eSS =2 Mi6H 15(2004)



Compressive Strength Ratio
of Accelerated / 28 days (%)

120
W/! (OPC+SG)

[ Js%
BT 0%
80 r . 5%

40

15 30 45
SG / (OPC+5G) (%)

Fig. 14 Ratio of 28 days and 1 day compressive

Compressive Strength Ratio

ctrength

120

W/ (OPC+56)

(]
o
T

e
o
T

of 7/ 28 days (%)

15 30 45
SG / (OPC+SG) (%)

Fig. 15 Ratio of 28 days and 7 days compressive

strength

4.4 B
w Ao 292 Aeshd thEa 2t
1) E-2AFAM 3750, 9 % B%H 1rsyani
T EHE 4750, 15 30 2 H5 %ol AE 74 ¥ 28
49 ZAYESY FFHFEA mAE FFE EAEY
g Ay nzean|EY ETFES Y 799 B¢
vt FFE AL ddler AH RUME T

N
° ml‘i o o

o

e} vA) e Ao vehg
-AZAN] 39745, 49 2 53%)F nE&EYIuE

41:

EFE 4720, 15 0 2 HRW) "M EF

A AR T A= 7“101]*1 BY A5FEE F4
71 Hlell SEE AAlt 90‘%4 ATk g
e FAA tid FEAFE 0% oldos
T AE e 2t
= AGAN] 37ED, 19 9 BR)H LR2EHIE
T EFE 420 15 0 B H %Y "N B
Fl o3 2AREEA VY PEAEE FAW
el SR AAlste] 909%S TS ERlst
QA3 F44 B AT wREYanieE &

A-2Eo)) 25t n2senjRY S5 23

L

0?~
rki
LAY
o
i
4%
T

A 79 GERE
A4k A=y
CRERE

r&@
&
e,

"3’ ) i’“ﬂﬂlﬂl% % AP%@ %ﬂa}g ESS
2001, pp.1~3.

2. Rahhal, VF. and Bantic, OR., “Mineral Admixtures

Contribution to the Development of Heat of Hydration
and Strength,” Cement, Concrete and Aggregates,
CCAGPD, Vol16, No2, 194, pp.150~158,

3. Hogan, F. J. and Meusel, J. W, “Evaluation for Durability

4 H|Y, "aRedIuEEs 2

5}

7.

8.

9.

6. SAATA “‘2aZE AN 33 FEE AF

and Strength Development of a Ground Granulated
Blast Furnace Slag,” Cement, Concrete and Aggregutes,
Vol.3, No.3, 1981, pp40~52.

2, 19%, pp.7~12.

w3y, 9, 244, ‘n2&yoavRe
gE] 2klnld o3t Ar 237 diBER
=4, 2218 A6-A%, 2001, pp.967~976.

ZAE 5 459 2 AlE H(R5EA
WY, KS F 2827, Sh=r¥58 3], 199, pp.1~2.

M. Tokyay, “Strength Prediction of fly ash Concretes
by Accelerated Testing” Cement and Concrete
Research, Vol.29, No.11, 1999, pp.1737~1741.
Corina-Maria Aldea, “Effects of Curing Conditions on
Properties of Concrete Using Slag  Replacement,”
Cement and Concrete Research, Vol.30, No.3, 2000,
pPp.465~472.

HIEESS “mReg AME B u2&Yan|E
Gs AMEE 2aEY HA AFAR(CY, RESR
83} 19%, pp.10~15.

10. 39, A%, JAR, A71%, “EAE LR,

= ZA|ESE), 1997, pp.199~184

11. Thomas Anwar, “Metallurgical and Slag Cements, the

12. ACl, “Accelerated Strength Testing,”

Indispensable Energy Savers,” General Practices,
IEEE Cement Industry 21 Technical Conference,
1979, pp.108~126.

Publication
SP-56, ACI, Detroit, USA, 1978.

109



13. 249, el ol “EATEY 7Y BEE o|&dt 15 J), “23E FH9 Z|wAgel #I A7
BY B A7, ZIYEFIA, Al0E, 135, AR = A, Adadigha gishe, 1987, ppll
1998, pp.119~124. 7~118.

14. Neville, A. M, “Properties of Concrete,” Fourth 16. Sandor Popovics, “Strength and Related Properties
Edition, John Wiley & Sons, New York, 199, o Concrete,” John Wiley & Sons, New York, 1998,
pp.359~36b. pp.21~24.

2 o

1.

o
.
32

2 ARE 9 34 5 A48 el A R AAHA 74 ki g 2EH e SR
o 2y AR AzdAE 7&4 W3R eR Qaf riEe) gE ks 3]y HeHx e 4
A9 9goD Al AZAEE AUzl AZWIE 5002 S0l e vl 5 3
ollAE TBAR MBS G 2 Ty olE B2 P e ZaES
€ EE Aol mety, & dvelde nesaned 3 2AvES] BY dSAES 2]
A Y FRP) O 7 SHYEE ol8sln, nEsYRY EUE 92 YAARYS
;} T 90969 AF e UERSI) e Ag9 ARge wolr] fs) BE uighe 33 whEsigla, wigeA
LA o].o:h;]. 0]\—"/1?5]' Nz‘ﬂ@_‘,} od/ko};,pgmoﬂ /]5}. 1 é;f_%l'}ikl ﬂi_/_‘:gﬁlul\ﬂul- 25]- Lﬂﬂgg ZH;(—])
2 o2 % gl FA4e A4S s 4T A,

HAZO : &AM BT, A5, FARE, AUFE, F34

Al o
Az
QL
N

oxl
o,
)

o
2
PN
e
. ~N
o 7

=
b
|
b
il
RO

=]
Mt
1=}
i1
2
o 1 &

[} =
TEH
ey
£ﬂ1

i
_% £ oy
P‘L A i
r 2
§é i “‘f}' -
i
juiy RV
Tt g rt
% ¥ r2 o

110 =232 EEE| =2 H163H 15(2004)



