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Abstract

Recently, production cost of ready mixed concrete 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 ready mixed concrete
companies, however, has been decreased owing to their excessive competition in sale. Consequently, ready mixed concrete
companies began to manufacture the concrete by mixing ground granulated blast furnace slag(GGBF) and fly-ash in order to
lower the production cost. Therefore, the objective of this study was to predict 28 days strength of GGBF slag concrete by
early strength(warm and hot water curing method) for the sake of managing with ease the quality of ready mixed concrete. In
experimental results, the prediction equation for 28 days compressive strength of GGBF slag concrete could be produced
through the linear regression analysis of early strength and 28 days 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 days strength
of GGBF slag concrete by 1 day compressive strength(accelerated testing) according to warm and hot water curing method won
the good reliability.
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Table 1 Chemical components and physical properties
of OPC and GGBF

Items OPC* GGBF**
Si0; 21.60 33.33
Al,O3 6.00 15.34
Fe;03 3.10 0.44
CaO 61.41 42.12
MgO 3.40 5.70
SO3 2.50 2.08
Density(g/cm) 3.15 2.90
Blaine Fineness(cii/g) 3,539 3,480

* OPC : Ordinary portland cement
**GGBF : Ground granulated blast furnace slag
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Table 2 Physical properties of aggregate

Items Fine aggregate |Coarse aggregate
Gmax - 20
Density(g/ci) 2.55 2.72
Absorption(%) 2.43 0.80
F.M. 2.81 6.72
Unit weight(kg/m®) 1,677 1,695
Percentage of solids(%) 64.5 62.3
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Fig. 1 Cycle of accelerated testing

Table 3 Mix design of concrete

w/p | Replacement Unit mass(kg/m®)
ratio of GGBF
(%) © W |OPC|GGBF| S* |G** | WRAE
0 1851346 | 0 | 691 (1,065 1.038
15 1851294 | 52 | 687 (1,065 1.038
» 30 185 | 242 | 104 | 684 (1,065 1.038
45 1851190 | 156 | 681 (1,065 1.038
0 186|382 | 0 | 658 (1,065 1.146
15 186 | 325 | 57 | 655 (1,065 1.146
o 30 186 | 267 | 115 | 651 (1,065 1.146
45 186 | 210 | 172 | 646 (1,065 1.146
0 187414 | 0 | 630 (1,065 1.242
15 187 1 352 | 62 | 625 (1,065 1.242
® 30 1871290 | 124 | 621 (1,065 1.242
45 187 | 228 | 186 | 616 (1,065 1.242
* S : Fine aggregate
** G : Coarse aggregate
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Fig. 2 Relationship of ages and ratio of compressive
strength according to GGBF (W/B = 53%)
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Fig. 3 Relationship of ages and ratio of compressive
strength according to GGBF (W/B = 49%)



160 Table 4 Result of one-way ANOVA
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g W 7| Within ) 954008 | 32 | 7.941 | - | - i
i s groups : : i
| % 60 Total | 563.930 | 35 - - - |
| k] Between |
g X ou | 68957 | 3 | 22.986 (2104 0119 |
| © |
1 = 20 28 | Within 1
| groups | 349.653 | 32 | 10927 | - - |
3 0 28 56 Total | 418610 | 35 | - - - 3
i Ages (days) *odf . Degree of freedom i
' Fig. 4 Relationship of ages and ratio of compressive ** Sig. of F: Significant probability i
3 strength according to GGBF (W/B = 45%) i
| — |
| YAX+B+t(n2:a/2)><S€\/1+l+(X7X)A2 @ |
3 Table 4= GGBF] &350, 15, 30 ¢ 45 wsb7}h ¢t EEDIC Py |
 FaEl nlAe 3 doknr) get A 7Y o 28 71, §
LS Agsle] YPRAEHS ANsle] HEF ARES Y : A 289 2% gEBEMPa) i
AP Rolth o] el GGBFe] E¥ES Wl 2 M Y=AX+B (3% ﬂiﬂé})ﬂw T3 AE 28Y 3
| ZRlEY) g vAE JFe AvEw A 790 BT T ik i
e fesze] 0024 GOBFY EdEo] AY 749 oo S A5 IRIREAEE 5 £E 00, M
 EAEe 2 9% RIE Zom dehth e X FE AR SR Sl |
A BLAAE FoSFEe] 011924 Fe5FEe] 005 AP S R 2] |
! 4575 (MPa !
] F = ]— = ]— S ]
| oo s yeht GGBFY &3 dS54=E ‘*_er* o] N AZ gl % |
oSl Ao dElth o3k dyk= GGBFE % & |
L AYEE FAFARY 9oz AUAHGN ERE 3
2 Rt AEe) Ardssl sAEnY. o |
i = GGBF / (OPC + GGPF) = 0% i
| E |
- 32 1Esei0 n|2Y =g 23R(E EXUFLE = i
% _7;<_7C<;I ; a0k Ozkul ; Y= 1039X + 20448 %
: pi |
i = !
321 25| oF gRUT = S |
| Fig. 5~8& GGBFY] &35 4940, 15, 30 2 45%)°] % b |
A egel 99 2EAEs AR 289 %—ﬂc 3 §
i FAAZ 4 2L o A5+ Aok o i
i <l 2 331714 Iestel et & ol 2 % Y = 0.686 * X + 20.222 (R*=0.96) i
CoolMe] skl 90%e] AlFTREe IS Aotk S |
oAl Z=x0 A1 W 9= olaslagil 20 L L 4 L L i
i Accelerated strength (MPa, WW) i
i 3Ny —Y) D Fig. 5 Relationship of 1 day and 28 days compressive i
! 5= n—2 ( strength (GGBF = 0%) }
3 Fig. 5~89] 2%} 5ol 9@ FAUSIwe} A% 28
| Ao e A% 74]—’?7} Ha 082 oo = vt

Ne)
~
rol
i
r—l—
iz
H>
o
T
i
M
S
2
=



50

= GGBF / (OPC + GGPF) = 15%

=

2

3

g 401

=

-

h=)

&

w

2 30f

w

8

2

S Y =0.870 * X + 18.810 (R*=0.82)
20 L L L '] L

12 16 20 24 28
Accelerated strength (MPa, WW)

Fig. 6 Relationship of 1 day and 28 days compressive

strength (GGBF = 15%)
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Fig. 7 Relationship of 1 day and 28 days compressive
strength (GGBF = 30%)
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Fig. 8 Relationship of 1 day and 28 days compressive
strength (GGBF = 45%)
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strength (GGBF = 45%)

GGBF/(OPC+GGBF) = 30% GGBFI(OPC+GGBF) = 45%

Fig. 9= £ A7olA AAg 427 =2]9] Boiling
water method(100C & #+ E°l o3t ) 2 e
NE A7) GEdael od $44 Ane vwsl
o] Fa)E AoltP?. GGBF £8% 0%°) REZIZEM|
A AN A28 wws Ax} Boiling water methodel]
gt ASAE FAHAL B AFolA AXF FHARG
Hit 20% A= & 7

Gradient : 0.87 Gradient : 0.95

GGBF/(OPC+GGBF) = 0% GGBF/(OPC+GGBF) = 15%
o %o

Prediction compressive strength (MPa, WW)

S Rolx Slth ol AME tE
Rl o8t Azlz TEY. ey 7)Ee] o
A ARG QRG] @ FHAL B ATl A e o
gk 382 90% =T A - skekd Helek 2T Measurement compressive strength (MPa, WW)
4 ATk 2Ea Fig 9~12 Ax IRl o9 & Fig. 13 Comparison of measurement and prediction
]%jrﬂ‘:@r A 28U dEFAT= AT HA compressive strength (Warm water curing method)

0% [F25=0.647 X fyy+18.697 0.92 i



GGBF/(OPC+GGBF) = 45%

GGBF/(OPC+GGBF) = 30%

Gradient : 0.95

Gradient : 0.90 (o]

GGBF/(OPC+GGBF) = 0% GGBF/(OPC+GGBF) = 15%0

Gradient : 0.86

Prediction compressive strength (MPa, HW)

g&e Gradient : 0.92

Measurement compressive strength (MPa, HW)
Fig. 14 Comparison of measurement and prediction
compressive strength (Hot water curing method)
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