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Abstract

In this investigation, the basic concept of continuum damage mechanics was described and the
thermodynamic approach to derive the viscoplastic constitutive equations and the consistent method of
introducing the damage variable into the viscoplastic constitutive equations are discussed. General
viscoplastic congtitutive laws with several state variables have been implemented in the general-purpose
finite element code ABAQUS to predict the viscoplastic response of the structure subjected to a cyclic
loading. The safety assessment for a geometrically nonlinear high temperature structure subjected to
severe transient thermal and mechanica loading was carried out. Chaboch€e s viscoplastic model was
adopted to describe the material behavior of 316 stainless steel at high temperature and modified to
introduce the internal damage. The damage contour of the structure was illustrated and the efficiency of

the proposed procedure was discussed.
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1. Thermodynamic variables®
State variable _ _
Observable Internal Associated variables
e Strain s Stress
T Temperature S Entropy
e Elastic strain s Stress
e Plastic strain -s Stress
Accumulated
r plastic strain R Drag stress
a Back straintensor | X Back siress
Damage dissipated
b Damage Y energy density
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4,
(kg/mm?) (Jkg°C) (Isec mm?)
316 8.e6 500 21.5e-3
1.78e-9 522.1 1.3318e-3

5. Material parameters of the Chaboche mode! for the 316 stainless steel

Material () N K s, X, g Q b

316 stainless steel 600 12 150 6 8267 300 80 10

6. Elastic properties and Material parameters of the Damage evolution equation
for the 316 stainless steel ©

Material E(MPa n T(C) S(MPa e, Dy

316 Stainless Steel | 140,000 0.32 600 0.2 0.0 0.5
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