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Evaluation of Thermal Characteristics in Association with Cement
Types in Massive Concrete Structure
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Kim, Sang-Chel Kang, Suck-Hwa Kim, Jin-Keun

ABSTRACT

The larger, loftier and more highly strengthened the recent structures become, the
greater attention is paid to the problem of thermal crack occurrence associated with
hydration heat. As one of methods to solve the problem, a care has been taken to the
improvement of construction such as the application of pre-cooling or pipe-cooling,
adjustment of concrete block size, concrete placement timing, joint arrangement and so
on. But it is expected that a proper selection of cement shall additionally contribute Lo
the control of thermal cracks. In this study, thus, we selected 4 types of cements
such as Type V for anti-sulphate, blast furnace cements (slag content of 45% and 65%
respectively) and ternary blended low heat cement, and carried out mock-up tests. In
every assigned time, temperatures and thermal stresses were measured and calculated
from raw data.

As a result of measurement, it was found that the magnitude of hydration heat is in
order of blast furnace slag cement., Type V and ternary blended low heat cement.
Results of thermal stresses were same as the order of temperature. In addition,
thermal stresses calculated from the data of strain gauges showed almost similar to
those measured from effective stress gauges only when strain values were adjusted

properly in accordance with initial time of stress appearance. Theoretical results agreed
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well with the measured values comparatively, but showed
inferred that these differences shall be reduced if more tests capable of evaluating
thermal characteristics of concrete are carried out.

slight differences. It is

Keywords @ temperature, thermal stress, thermocouple, strain gauge, non-stress gauge,
effective stress gauge, Type V. blast furnace slag cement, ternary blended
low heat cement
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Table 1 Chemical composition of cement
Chemical Composition(%)
Cement
Si02 | AlOs | FesOs | CaO | MgO | SOs | K2O | NayO | TiOz | Mn20s | P20s I.g loss
Type V 22.9 3.0 4.4 63.1 3.2 1.9 ] 0.6 0.1 0.2 0.2 0.1 1.1
Slag 45% 26.7 9.6 1.6 51.3 | 4.9 34} 06 0.1 1.0 0.4 0.1 0.02
Slag 656% 284 | 10.5 1.4 49.1 5.1 27 | 0.6 0.2 1.2 0.4 0.1 0.4
Low heat 33.8 12.9 3.2 40.6 4.2 2.6 | 0.7 0.2 1.2 0.3 0.2 1.4
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Table 2 Restlts of physical analysis for cement

Specific Blain Consistency Setting(h:m) Compressive Strength(kgf/cm?)
Cement X p s
Gravity (cm*/g) (%)
Initial Final 3 7 28 91
Type V 3.22 3.277 22.7 04:24 Q7:59 208 285 393 490
Slag 45% 3.05 4.034 25.0 02:57 06:29 168 255 484 536
Slag 65% 2.97 4,294 27.0 02:43 07:40 136 196 377 500
Low heat 2.78 3.929 27.5 03:08 06:40 121 206 404 488
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Table 3 Mix design proportion of concrete used in experiment

M Unit Unit Content(kg/m')
o ax. Water w/C S/A AE
ement coarse . o B Sp
; Content (%) (%) Cement | Gravel Sand oy |Admixture
agg. size (ke/ ) (Cx%) (Cx%)
Type V 162 47.6 48.5 340 929 858 0.75 0.06
Slag 45% 25mm 160 47.5 49.0 337 918 866 0.7 0.08
__Slag 65% 174 47.5 45.0 366 953 765 0.8 0.09
Low heat 166 47.5 46.0 349 947 791 0.7 0.095
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Table 4 Results of compressive and adiabatic temperature rise tests for concrete

Compressive Strength (kef/cm) Adiabaic Temp. Rise
Cement Type
3 day 7 day 14 day 21 day 28 day 91 day K a
Type V 58 204 283 320 332 396 43.9 0.63
Slag 45% 50 140 222 294 311 380 51.7 0.44
Slag 65% 29 103 186 257 295 7 41.9 0.36
Low heat 61 137 206 268 291 378 36.7 0.36
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Table 5 Setting of initial time for the calculation of thermal stress

Time Concrete Placing Ti Initial Setting Time of | Initial Setting Time of
sonerete Hacing ime Section A-A Section B-B
Cement
Type V 12.12 15:40 12.13 06:00 12.13 14:30
Slag 45% 12.12 16:45 12.13 05:00 12.13 09:00
Slag 65% 12.13 11:40 12.14 18:30 12.14 21:00
Low heat 12.13 13:25 12.15 07:00 12.14 18:00
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