J. Korea Inst. Build. Const., Vol. 15, No. 4
http://dx doi.org/10.5345/JKIBC.2015.15.4.367

pISSN 1598-2033
elSSN 2233-5706

www jkibc.org

HesHZiM TRUE AHES $3uS U
ZEUH SN0 B HENY 9T

An Experimental Study on Hydration and Strength Development
of High Blain Cement at Low Temperature
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Abstract

In this study, fundamental properties of cement were reviewed to apply high fineness cement at low temperature
environment. The classified high fineness cement has large proportion of particles below 10 pm which affects early
hydration: an overall reaction of cement hydration faster. As a result of using high fineness cement, setting time of
concrete was reduced and compressive strength was higher than OPC at all ages. Especially, compressive strength
was more than double its value compared with OPC after three days curing in low temperature. Faster reaction and
higher heat of hydration was verified by calorimetry early and maximum heat of hydration was analyzed by adiabatic
temperature raising test. The analysis of this study confirmed that high fineness cement can be suitable to be used in

low temperature environment.
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Table 1. Mixing design of mortar 23.1 2%
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1) OPC: Ordinary Portland cement 93\1:]_

2) HBC: High Blaine Cement
3) NT: Nano technology
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Table 2. Chemical compositions of cements
Chemical composition(wt.%)
Specimen
Ilg-Loss  SiO, AbOs FexO3 CaO MgO  SOs
OPC 1.20 2186 495 366 6170 275 216
HBC 1.37 2116 477 339 6206 2.65 3.26
NT 2.76 20.79 484 345 5990 367 266
Table 3. Physical properties of cements
Physical properties
Specimen Density Blaine Residues
(g/em) (em/g) (44 um)
OPC 3.15 3390 75
HBC 3.12 4220 3.8
NT 3.04 11000 2.7
Table 4. Particle size distribution ratio of cements
) Median Distribution ratio (%)
Specimen
(um) ~dwm 1 ~ 10um 10 ~ 44um  44um O| A}
OPC 10.60 95 439 451 15
HBC 8.14 1.9 49.2 376 1.3
NT 485 125 60.1 27.0 0.3
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Figure 1. Particle size distribution of cements
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Table 5. Setting time of cements

Setting time (min)

Specmen W/C(O/T)Eitlos CO'Z%?;?”CV Inter set  Final set
OPC 0.28 5 275 370
HBC 0.29 5 260 355
HBC+NT20 0.33 5 241 300
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Table 6. Test results of mortar compressive strength

o Compressive strength
Speci- Trgtrafee Cement(%) (MPa) g
men o
() OPC HBC NT 3days 7days 28days
1 100 30.9 416 53.8
2 20 100 38.9 47.8 57.7
3 80 20 46.2 482 59.9
1 100 12.6 235 39.5
2 100 17.7 36.5 49.3
3 2 80 20 27.7 38.9 50.4
4 80 20 19.5 314 454
5 0 10 22.7 373 49.6
1 100 22 8.9 28.0
2 100 39 14.5 36.7
3 -8 80 20 6.0 20.0 417
4 80 20 38 15.2 34.4
5 90 10 5.1 16.7 38.5
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Figure 2. Compressive strength of mortar for 3days
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Table 7. Accumulation heat evolution rate of paste

Accumulation heat evolution rate (J/g)

Specimen - -
20C 2T

OPC 239.7884 120.7787
HBC 311.4021 177.0967

HBC+NT20 332.9948 232.7251
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Figure 3. Hydration heat of cements (20TC)
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Figure 4. Hydration heat of cements (2C)
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Table 8. The internal highest temperature of mortar

The Rate
Sample The start . Temperature L
" highest e coefficient
Specimen tem[zue([?ture tem[z%rz):\ture temperature coefficient of reaction
: : (C) (a)
OPC -5 2.3 30.7 28.4 0.7
HBC -5 2.3 30.8 28.5 0.8
HBCINT20 -5 2.1 32.1 30.0 1.0
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Figure 5. Adiabatic temperature rise test result of mortar
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