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The Effect of Ground Granulated Blast-Furnace Slag on the Control
of Temperature Rising in High Strength Concrete
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ABSTRACT

Gererally, in order to maintain high strength in concrete, it needs high cement content
and low water-cement ratio. makes internal temperature rising after concrete placing
inevitably, and happens temperature stress that makes initial cracks of concrete structure.

Therefore, to control the thermal stress of high-strength concrete, we made 3 types of
the fineness of ground granulated blast-furnace slag and 4 steps replacement, and then
measured an amount of temperature rising and elapsed time of maximum temperature and
strength of concrete. Also we considered the test results of heat evolution amount and
heat evolution of cement paste made with 5 steps replacement by GGBF slag.

As result of this study, in case of the 50% of replacement and the b,()()()cmz/g of
fineness, we obtained satisfactory results that not only the controllad effect of temperature
rising but strength at early ages

Keywords : ground granulated hlast-furnace slag, high-strength concrete, controlled effect of

temperature rising, thermal stress
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Table 1 Chemical compositions and physical properties of OPC and SG
Items SiOs AlOs FexOs Ca0 MgO SOs Ig.loss Specific Blaine
Types (%) (%) (%) (%) (%) (%) (%) gravity {cm™/g)
OPC 219 65 2.8 60.1 33 21 25 315 3112
SG 323 148 0.4 41 55 10 11 291 4500
SG 32.2 146 04 440 56 11 12 292 6,000
SG 323 146 04 442 55 10 11 2.90 8,000
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Table 2 Physical properties of aggregates
Items Grnax Specific Absorption M Organic Unit weight Percentage
Types (mm) gravity (%) e impurities (kg/m") of solids (%)
Fine aggregate - 262 1.50 2350 good 1,620 61.8
Coarse aggregate 19 268 0.90 7.20 - 1,734 64.7
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Table 3 Mix proportions of concrete

Blaine of SG Giax Slump W/AC+SG) s/a SG/HC+SG) Unit weight (kg/m")
(em’/g) (mm) {cm) (%) (%) %) W C SG g G
o b9 el | B 40 0 150 | 60 | 0 | Bm0 | 108
4,500 " ” " " 30 150 420 180 663 1017
” ” r" " " 50 150 300 300 658 1009
" " " 4 " 70 150 180 420 653 1002
6,000 19 18*1 25 40 30 150 420 180 663 1017
” " " 4 " 50 150 300 300 658 1009
" " " 4 " 70 150 180 420 653 1002
8,000 19 18*1 % 40 30 150 420 180 663 1017
" " " " " 50 150 300 300 658 1009
4 " ” " " 70 150 180 420 653 1002
EZ A=y dZFA (conduction calorimeter)& AM-&& o, sEAE 9 e Al zbzl AE 2899
o AUEE 23TolA 72412 E¢F 84S FA8 KS F 2423 % KS F 2438 whe} =435}
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Table 4 Results of adiabatic temperature of high strength concrete (unit @ C)
Blaine of SG | SGAC+SG) Elapsed time (hours)
(cm/g) (%) 0 4 8 | 12| 16 20 120
Lol g B IBIB B e 8 | &
(100 | (128) | (156 | (194) | (283) | (320) | 467
A500 50 20 21 21 24 31 42 : § 69
' (100) | (109) | (106) | (120) | {156} | (210) | (290} | (320) | (330) | (345) | (345) | (345) | (345)
6000 5 18 20 21 21 25 45 57 66 72 ¥6) Vi) k&) K6l
’ (100) [ C110) | 117 | (L17) L 139y | (250) | (317) | (367) | (400) | (417) | (0D | (47) | (417)
8000 5 16 21 22 24 3 52 64 71 7 8 ’78 K 78
' (1000 | (131) | (138) | (150) | (238) | (325) | (400} | (444) | (462) | (486) | (486) | (486) | (486)
()2 DAHE ZagsE 25 1000 B3 2uA% WEE (%)
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Table 5 Results of compressive and splitting tensile strength and elastic modulus of high strength concrete

Blaine of SG SG/AC+SG) Compressive ftrength Splitting tensile Elastic
5 (kg/em’) strength modulus
(cent/g) %) 3days Tdays 28days 91days (ke/em®) (> 105kg/cm’)

- 0 412 531 718 834 554 44

30 238 457 645 840 50.7 39

4500 50 155 314 %2 835 475 37

70 81 206 456 T8 40.0 35

30 362 2h6 763 847 577 45

6,000 50 340 494 742 803 62.3 45

70 202 473 727 840 M2 4.3

30 349 462 662 328 554 46

8000 50 302 49 700 780 506 14

70 438 573 20 796 bl4 4.2
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Fig.7 Semi-adiabatic temperature rise of high strength concrete
with different fineness of SG (SGAC+SG)=50%)
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Téble 6 Results of compressive strength ratio of high strength concrete containing SG (%)

Compressive strength ratio (%)
Age SGAHCHSG)=30% SGAC-SR=0% SG/(C+8G)=70%
(days) OPC * Blaine of SG (cnt/g) Blaine of SG (cri/g) Blaine of SG (cnt/g)
4,500 6,000 8,000 4,500 6,000 8,000 4,500 6,000 8,000
3 57 33 5¢] 49 22 47 42 11 28 61
7 74 64 7 64 44 69 69 36 66 80
2 100 0 106 92 78 %8 9B 64 101 100
91 116 L 117 118 115 116 109 109 108 117 111
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Fig.10 Adiabatic temperature and semi adiabatic temperature of
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