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Thermal Analysis of the Heat of Hydration in Concrete
with Considering Heat Reduction Techniques
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Abstract

The heat generation of hydration of cement causes the internal temperature rice and volumé
change at early age, particularly in massive concrete structures. As the results of the tempera-
ture rise and external restraint conditions, the thermal stress may induce cracks in concrete,
Therefore, various techniques of the thermal stress control of the mass concrete have been
widely used. One of them is pipe-cooling which reduces the temperature of concrete with flowing
water,

The objective of this paper is to develop a finite element program which is capable of simulat-
ing the temperature history considering pipe-cooling effect. The numerical results in this study
are in good agreement with experimental data measured in the footing(11x22m). Therefore, this
study may provide available method to predict the hydration temperature of concrete with
pipe-cooling.

Keywords : pipe-cooling, hydration heat, massive concrete, finite element analysis, temperature
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Table 1 Thermal properties of concrete

Property » Value
Conductivity, k
2.15~2.51
(Kcal /m - hr - )
Specific heat acity, ¢,
pecific heat capacity, ¢ 0.97~0.31

(Kcal /kg - C)
Diffusivity, u
{(m? /hr)
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Tabie 2 Input data of thermal properties

7%

Input data concrete base rock pipe steel
Adiabatic maximum temp. (K) 45.78 - -
temprature reaction rate () 1.865 - -
) conductivity(Kcal /m - hr - C) 4.70 4.70 60.0
Thermal specific heat(Kcal /kg - ©) 0.270 0.270 0.157
properties heat convectivity(Kcal /m? - hr) 9.0(5.0) 9.0(5,0) 328.0
unit weight (kg /m?3) 2485.0 2485.0 7800.0
o compressive strength(kg /cm?) 240 - -
Concrete Young's modulus(kg /cm2) 2.32% 105 2.32x10° 2.32x 106
) coefficient of expansion( /) 10.0x10™% 10.0x106 10.0x10-86
Properties - ; - N ~ ;
Poisson’s ratio 0.167 0.167 0.30
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fable 3 Input data of pipe-cooling

Input terms Value
Heat convectivity(Kcal /m? - hr) 328
Unit weight(kg /m?) 1000
Specific heat(Kcal /kg - ) 1.0
Conductivity(Kcal /m - hr - ¢) (.554
Temperature(C) -
Volume (m3 /hr) 1.08
Section area(m?) 0.0000798
Diameter of pipe{(m) 0.0254
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