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Estimation of Compressive Strength of Concrete Using Blast
Furnace Slag Subjected to High Temperature Environment
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In this paper, estimation of the compressive strength of the concrete incorporating blast furnace slag subjected
to high temperature was discussed. Ordinary Portland cement and blast furnace slag cement (BSC;30% of blast
furnace slag) were used, respectively. Water to binder ratio ranging from 30% to 60% and curing temperature
ranging from 20°C ~65°C were also chosen for the experimental parameters, respectively. At the high temper-
ature, BSC had higher strength development at early age than OPC concrete and it kept its high strength devel-
opment at later age due to accelerated latent hydration reaction subjected to high temperature. For the strength
estimation, the Logistic model based on maturity equation and the Carino model based on equivalent age were
applied to verify the availability of estimation model. It was found that fair agreements between calculated val-
ues and measured values were obtained evaluating compressive strength with logistic curve. The application of
logistic model at high temperature had remarkable deviations in the same maturity. Whereas, the application of
Carino model showed good agreements between calculated values and measured ones regardless of type of ce-
ment and W/B. However, some correction factors should be considered to enhance the accuracy of strength esti-

mation of concrete.

Key Words : High temperature, Maturity, Strength development, Blast furnace slag
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Table 1. Design of experiments
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Bodpe] AFAE S Table 13 2, ¥igtALS
2 Table 29 Zv}h WA, 24 TAB(W/B)= 30,
40, 50, 6099 4FFo 2 Agstn, 23AE OPC
gt BSCY 2FFE a9, YALEE Avz0E
nYste] TRFALEY 20T L2 35
50 2 65CY 45Fo2 A3y

22. A EA R

B Ao A8 AHES 4 OPCE Ui
SAMAIE AHg-8ta, BSCY A $E n2&ega v&
o] 0% EUE AAAIY - Z2EY L ANEE A
f3l=d, 479 BeAd AFAL Table 33 2l

S fF54 2 F7H ERE 9o AlEHE
E3AlE Table 49 #3, TAZHA AI A ¢
AN ARY(DE258 glem’, Y E243)8 A

Factors Items
W/B(%) 4 30, 40, 50, 60
Binder 5 Ordinary Portland cement(OPC)
Blast furnace slag cement(30% of blast furnace slag;BSC)
Mixture Target slump 9 21£lem (W/B 30~40%)
18+1cm (W/B 50~60%)
Target air content 1 45+15(%)
Curing temperature(C) 4 20, 35, 50, 65
Test Fresh concrete 2 Slump, Air content
Hardened concrete 1 Compressive strength
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Table 2. Mixture proportions of concretes
W/B S/A AE/C SP/C W Volume (£/m)
(%) (%) (%) (%) (kg/m*) C S G
30 38 0.003 1.90 172 195 219 357
OPC 40 39 0.002 0.34 179 146 244 382
50 39 0.26° - 182 116 256 401
60 40 0.18 - 181 96 264 414
30 36 0.004 2.30 184 208 203 360
BSC 40 37 0.003 1.00 183 156 228 388
50 39 03" - 181 123 254 397
60 41 04" - 180 102 275 398
* indicates AE water reducing agent
Table 3. Physical properties of cements
C Setting time (Min:) Compressive strength (MPa) Blaine Density Soundness  -L.OI
ement Fin. 3ds. 7ds. 28ds.  (emYg)  (glem®) (%) (%)
OoPC 237 341 245 30.1 34.6 3412 3.15 0.05 0.9
BSC 250 460 189 2719 39.7 3720 2.94 0.08 0.8
Table 4. Physical properties of chemical agents
Agents Basis Appearance Color Density(g/cm®)
Superplasticizer sulfonic acid melamine based grain white -
AE agent Synthetic tensides aequos brown 1.02
AE water reducing agent Naphtalene aequos brown 1.14
gobul, Fe BAE FH AN 0w HFY B Aol BY F AWHGA o] Amste 4749 o
TEMEL26] g/om’, £HL6.70)% A& FAZ sk B/F 2 9 e4d%e KS F
03, Aguy ' 2421 2 24099 'Eﬂoﬂ o} 2} @*]ﬁ‘ ‘Ki—'il, SHAAZ
e mgawosn mauee sge p & KSF 2369 THE BUAT Ay o
. e A 24890,
] WlEle) mAlE Al 15103 3 3 776 O
Zj’% HEH ”ﬁ/ﬁ—»a AF-8-3}o] =9 stich A% A FPuPRe = E BAE 279
S FaYES dger FYIZ & KS F 2402 +# cesES - e °
- . e n FALES RAHEED 197 52T FAS A
Aol A AASGL, £8E 229 92 & A T i
A% ggstel 209 AYAA 249 2wt
Table 5. Age and maturity for compressive strength
W/B Temperature .
(%) () Age and maturity
20 days 1 3 7 14 21 28 56 96
‘DD 30 90 210 420 630 840 1725 2730
30 35 days 0.7 2 47 9.3 14 187 37.3 60.7
40 °DD 30 90 210 420 630 840 1680 2730
50 50 days 05 15 35 7 105 14 28 455
€0 °DD 30 90 210 420 630 840 1680 2730
65 days 0.4 1.2 2.8 56 8.4 112 224 364
© °DD 30 90 210 420 630 840 1680 2730
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60
167

34
158

18.0
41
16.0

BSC

W/B(%)

40
22.2

4.0
172

30
20.9
187

60
167

49
135

50
176

41
14.0

OPC
W/B(%)
0
5

21
3.9

4
145

30
22.3
3.8

16.0

Items
Slump (cm)
Air content(%)

Setting time(hr.)

Table 6. Test results of fresh concretes
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Table 7. Regression coefficients of Logistic model
OPC BSC
Coefficient W/B(%) W/B(%)
30 40 50 60 30 40 50 60
Su 604 425 28.1 219 63.62 46.3 29.0 26.6
k 0.79 0.74 112 0.70 0.89 0.85 0.90 0.86
m 2.68 2.86 434 3.09 358 354 4.00 4,15
R? 0.929 0.920 0.938 0.777 0.908 0.830 0.834 0.890
A, FALEERE L5t BL4E 27148 AVHOE UHMLE 3 A/FBL R4
ANA & ZEE YT YT FPLEEE FEFIAAGEY Aozt 7] Yo
ARIE FFEEE OPCE AHEE 25 AL dHolg gEe] & HAE Holil glon, 53] 840
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Fig. 2. Estimation of strength development by Logistic
model.
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Table 8 Regression coefficient of Carino model
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