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A Study of the Thermal Analysis for the Crack Control of
Underground Pier Footing
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Abstract

Lately, massive concrete structures are increasingly built. In such massive structures,
the heat of hydration of mass concrete causes thermal cracks. To avoid thermal crack,
methods widely acceptable for practical use are pre-cooling, pipe cooling and control of
placing height. Thermal stress analysis is performed to find the way of controlling the
thermal crack of pier footing mat in this paper. The footing mat model for the analysis is
12mx14m area and 3m height. The analysis results are compared with method of control of
lift height and method of pipe cooling. The analysis results show that thermal crack can

be removed by method of placing control and pipe cooling at footing mat placed on the
ground.
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Table 1 Material and thermal properties

Part Lower .
. Subsoil
Property foundation
Specific heat
o 106.713 85,370.4
(J/KN °C)
Density(KN/m®) 22.56 16.24
Rate of heat conduction
9,627.8 7,116.2
(J/m hr °C) 821 116
Convection Exposed to 12 12
fficient atmosphere
coe Steel form 12 -
Ambient temperature(°C) 20, 30 -
Casting temperature (°C) 20, 30 -
9lday compressive strength A B
(KN/m’) 23,063
Compressive strength gain a=4.5,
coefficients b=0.95
91day modulus of 2.2751 6
elasticity (KN/m?) x107 1.0-10
Thermal expansion 10x10° | 10x10°
coefficient
Poisson’s ratio 0.18 0.2
Unit cement content(KN/m®) 32,000 -
Heat source function k=41, -
coefficients a=0.759
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Fig. 1 Heat of hydration 1/4 model
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node1156 - node2416
(a) spring & autumn

node 1156 - node 2416
(b) summer

Fig. 2 Temperature time history curves (non-pipe cooling,
3m lift)
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Fig. 3 Temperature time history curves (construction stages, Fig. 4 Temperature time history curves (number of pipe
1.5m lift) cooling : 1)
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node 1170 - node 2430
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node 1156 - node2416
(a) spring & autum

node 1156 - node 2416
(b) summer

Fig. 5 Temperature time history curves (number of
cooling : 2)
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node 1156 - node 2416
(b) summer

stress time history curves
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node 1156 - node 2416
(b) summer

Fig. 7 Thermal stress time history curves (construction
stages, 1.5m lift)
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