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In the present paper, a formulation for the analysis of residual stress in thermo-viscoelastic and anisotropic
materials is discussed. The present formulation is based on Laplace transformed boundary element technique,
where the principle of time-temperature conversion are adopted for the constitutive equations of the thermo-
viscoelastic materials. In order to calculate the Laplace-transformed solutions on the reduced time domain,
numerical inversion of Laplace transform is used according to Hosono’s formulation. Numerical examples for
the anisotropic material are demonstrated and it is shown that the presented formulation based on BEM gives
high accurate residual stress on the annealing of the thermo-viscoelastic and anisotropic materials.
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Fig.4 Master curve of relaxation modulus E,(t)
Table 1 Parameters of Kelvin model
E(0) [GPa]  pi[s] o q1s]

Ey(t) 7.10 1.0 0.1 1.0
Es(t) 3.63 1.0 0.01 1.0
Gi2(t) 1.50 1.0 0.01 1.0
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Fig.7 Relation of time ¢ and reduced time ¢’
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Table 2 Material properties of CFRP laminate

90°Layer
(isotropy)

0°Layer
(anisotropy)
Ep = 97.8 [GPa]
Er(0) = 7.10 [GPa}
GLr(0) = 3.30 [GPa]

Er(0) = 7.10 [GPa]

VLT = 0345 vrr = 05
pL =0 [p/K] pr =25 [u/K]
pr =25 [u/K]
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Fig.13 Master curve of CFRP laminate
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Table 3 Estimated fracture toughness G,

Analysis Type G [J/m?)
Elastic 380
Elastic + 409
Thermo-Viscoelastic
Elastic + 437
Thermoelastic
Ki = lim \/27(0} + 573, (22)
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