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IMPLICIT NUMERICAL INTEGRATION SCHEMES IN THE PROBLEMS
OF CREEP AND CYCLIC PLASTICITY

Umansky S., Kosarchuck V., Savchenkov Y., Romanchenko S¥

Long-term strength and low-cycle fatigue calculati-
ons are associated with the necessity to determine the
stress and inelastic strains fields in structural com-
ponents of complicated geometry, To take into account
actual service conditions of structures in calculetions
of the stress-strain state, the models of inelastic de-
formation should be used, which make it possible to
consider the history of thermomechanical loading. The
theories of thermop{asticity and thermoviscoplasticity
of the incremental type are referred to such models,

The statement of the corresponding boundary prob-
lems yields the systems of non-linear partial differen-
tial equations. For the majority of the problems c¢on-
Sidered the above systems of equations are "stiff",

The problems of this type are generally solved by
step-by~-step methods and the differential time appro-
ximation is combined with the finite element discreti-
zation with respect to space coordinates.

For the numericel time integration of the constitu-
tive equations of the theories of thermoplasticity and
thermoviscoplasticity explicit and implicit differenti-
al schemes are often used. Relative simplicity of the
numerical implementation has determined the priority
development of the explicit numerical integration
schemes. However, practical application of the expli-
cit integration methods for "stiff" systems of differen-
tial equations has been found difficult due to the ne-
cessity of using the inadmissibly small time integra-
tion step determined from the condition of the stabie
lity and convergence of the calculation process, In
the case of long-term strength and low-cycle fatigue
problems the use of the explicit time integration
schemes for the calculations is time consuming and
expensive,

Thus, algorithms are needed in which the condition
of stability does not impose any limitation on the va-
lue of & time step. The implicit Euler's scheme be~
longs to this type of algorithms.
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To solve the problems considered in the paper pre-
sented, & reduced mixed FEM scheme wes used combined
with time integration based on the unconditionally stab-
le step-iteration process.

In the FEM scheme mentioned the displacement and
stresses are spproximated with the help of a set of ba-
8is functions independent. of each other. . In addition,
variational equations describing.the problem under con-
sideration are reduced by the approximate calculation
of some terms with cubature formulae whose points of
weighing coincide with the nodal points of the finite
element mesh. Owing to this fact the solution of the
problem is fully determined by the megnitude of the no-
dal displacements and stress (strains)., As a result of
numerical integration, the metrixes composed of the
convolutions of the basis functions (rather than their
derivatives) turn to be diagonal which is the reason
for a high efficiency of the numerical realization of
the approach proposed (Umansky (1)).

The use of Euler's method implici’. schemes is ge=-
nerally associated with the necessiiy of solving the
systems of nonlinear equations, A more efficient me-
thod has been suggested in the present paper,

The relationships of the plastic flow theory and
the theory of viscoplasticity for materials with the
nonlinear isotropic and kinematic hardening were used
as equations of state. Here the relation between the
stress deviators and inelastic strain rates has the
form respectively (Chaboche and Rousselier (2), Per-
zyna (3)).
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where § and P (F ) are the functions of the plas-

tic and viscoplastic potentials; SH‘TPU are the
components of the active stress deviator; ¥ is the
viscosity parameter; dA is the non-negative scalar

function of the loading history; I, and Jo are the
second inverients of the stress deviators and inelastic
strain rates; 0 ,0 , C , Q are the parameters of ma
terials.
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The use of the implicit Euler's scheme for the con-
stitutive equations of the theories mentioned is shown
to reduce them to a single nonlinear equation in which
the intensity of inelastic strain increment or the fun-
ction of the viscoplastic potentiel are unknown. In
each loading step the nonlinear equetions mentioned we~
re solved by Newton's method

The method propo.cd make: ~0ssible to obtain a
stable solution for a suffi- ¢ 1y large reloading step,
as well as to consider the ;.. :ss» of creep and low-

cycle fatigue.

The procedures which realize t proposed algorythms
have been included into the engir. - .ng software sys-
tems SAFE-2D developed at the In. .ute for Problems
of Strength, Solution of & numb ¢ of test and practi-
cal problems revealed a high efi ciency of the method
suggested.

REFERENCT

(1) Umansky, S.E. "Optimiza - . f the Approximate
Methods for the Solutic.. ,f the Mechanics Boun-
dary Problems" (in Russ::»), Naukova Dumka,
Kiev, 19830

(2) Chaboche, J.L. and Rousselier, G,, ASME
J. Pressure Vessel Technoligy, Voi.105, No, 2,
1983, pp.153-164.,

3) Perzyna, P., "Teoria Lepkoplastycznosci",
Warszawa, 1966,

1039



