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A predictive method is proposed for axial strains and curvatures of thermal movements of surface

components on the basis of one dimensional steady heat transmission model and unsteady one, which

are the causes of exfoliation failure phenomena of surface components. Thermal movements of two

types of surface components with actual specifications are calculated. As a result, thermal movements

due to shifts of surface temperatures in time are clarified.
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Figure 1 External forces and factors on safety design of the
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Figure 4 Relationships between axial strain and change of
surface temperature on cement mortar finishings
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Figure 5 Relationships between axial strain and change of surface

temperature on ceramic tile finishings
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Table 1 Physical properties of surface components and building

structures
Youne' Coefficient of|Coefficient of]
. oung's thermal thermal Thickness
Kinds modulus X ..
expansion | conductivity
(GPa) (10°/K) (W/mK) (mm)

Ceramic tile 63.7 0.65( ) 1.278 5~15
Cement mortar 14.7 1.1(am) 1.087 0~50
Ordinary concrete 20.6 1.1 1.637 150
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Figure 6 Relationships between curvature and change of
surface temperature on cement mortar finishings
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Figure 15 Surface temperature factors

Table 2 Physical properties of components

... |Coefficient of| Coefficient of | Volumetric
Young's X
. thermal thermal specific heat

Kinds modulus . .. .

expansion | conductivity capacity

(GPa) | (10%/K) (W/mK) (KI/m’K)
Ceramic tile 63.7 0.65 1.278 2612
Cement mortar 14.7 1.1 1.087 2306
Ordinary concrete | 20.6 1.1 1.637 2013

Table 3 The transformation property on steady condition

Surface temperature | Room temperature | Axial strain | Curvature
(©) (©) (W (10°/mm)

40 107 -3.76

60 25 250 -8.78

80 393 -13.8
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Figure 16 Relationships between axial strain and time
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Figure 17 Relationships between curvature and time
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