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_Abstract

The prediction of the inelastic behavior of the structure is an essential part of reliability assessment
procedure, because most of the failures are induced by the inelastic deformation, such as creep and plastic
deformation. During decades, there has been much progress in understanding of the inelastic behavior of the
materials and a lot of inelastic constitutive equations have been developed. These equations consist of the
definition of inelastic strain and the evolution of the state variables introduced to quantify the irreversible
processes occurred in the material. With respect to the definition of the inelastic strain, the inelastic
constitutive models can be categorized into elastoplastic model, unified viscoplastic model and separated
viscoplastic model and the different integration methods have been applied to each category. In the present
investigation, the generalized integration method applicable for various types of constitutive equations is
developed and implemented into ABAQUS by means of UMAT subroutine. The solution of the non-linear
system of algebraic equations arising from time discretization with the generalized midpoint rule is
determined using line-search technique in combination with Newton method. The strategy to control the time
increment for the improvement of the accuracy of the numerical integration is proposed. Several numerical
examples are considered to demonstrate the efficiency and applicébility of the present method.
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Table 1 List of the error criterion
Parameter Value Parameter Value
ETOL 0.001 ETOLU 0.01
CTOL 0.005 CTOLU 0.05
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Fig. 3 Simple tension analysis using time
increment control strategy
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Table 2 Results of the multiaxial analysis

Case No. of time .NO' f’f CPU time
increment 1teration
Af =10 150 153 45.05
Af =50 30 59 25.64
8 23 47 63 32.97
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X

Fig. 8 Finite element model and the loading
histories
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Table 3 Description of the Chaboche’s
Viscoplastic Model®

Flow rule

s =§<J(s~a)—x—0'y>" s—a

PU2\ Kytax J(s—a)
Kinematic hardening

o, =a,+a,

* 2. * m

a; = EC, g, 'Y,-(P)ai p- hz[‘](x)] ‘a
Vi = ;/,.O[ao + (1 —d, )e‘b”

Isotropic hardening

x=b(Q-K)p

Table 4 Material Parameters of Chaboche’s

Viscoplastic Modet®"
Symbol Material Symbol Material
Constant constant
E 152 GPa m, 245
v 0.3 h, 3.98%c-8 /s
K 939 MPa C, 4820 MPa
ay 0 7, 30.7
n 1.89 m, 1.49
o, 59.4 MPa h, 7.83%-6 /s
o 9.2*¢4 MPa b 14.6
7 1390 0] 51.1 MPa
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