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Numerical Fatigue Test Method Based on Continuum Damage Mechanics
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Abstract

Once assessment of material failure characteristics is captured precisely in a unified way, it can be
directly incorporated into the structural failure assessment under various loading environments, based on the
theoretical backgrounds so called Local Approach to Fracture. The aim of this study is to develop a
numerical fatigue test method by continuum damage mechanics applicable for the assessment of structural
integrity throughout crack initiation and structural failure based on the Local Approach to Fracture. The
generalized elasto-visco-plastic constitutive equation, which can consider the internal damage evolution
behavior, is developed and employed in the 3-D FEA code in order to numerically evaluate the material
and/or structural responses. Explicit information of the relationships between the mechanical properties and
material constants, which are required for the mechanical constitutive and damage evolution equations for
each material, are implemented in numerical fatigue test method. The material constants selected from
constitutive equations are used directly in the failure assessment of material and/or structures. The

performance of the developed system has been evaluated with assessing the S-N diagram of stainless steel
materials.
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[B,] : Strain-displacement matrix
[D,]: Stress-strain matrix for undamaged state
[E] © Stress-strain matrix for damaged state
[ko] - Incremental stiffness matrix

{Af}: External force increment vector
{Af,}: Avparent external force increment vector

due to plastic strain increment vector
{Afy}: Apparent external force increment vector

due to thermal strain increment vector
{Afp}: Apparent external force increment vector

due to damage increment vector
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R: Strain hardening parameter
D(0 < D<1): Damage variable
N, K, k, @, @y, b: Material constants

{ad} . Deviatoric stress

o... von Mises equivalent stress

eq’
p: Accumulated plastic strain
{ »: Macauley parenthesis
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oy Yield stress
o, Ultimate stress

&' Strain at fracture stress
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Fig. 1 Schematic of general stress—strain relationship
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o Stress

e: Strain

£, = —%1 Elastic strain
1
o \n . . .
£, = (?) . Plastic strain
E: Modulus of elasticity
K’ Cyclic-strength coefficient

n’: Cyclic strain-hardening exponent
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Fig. 2 Ramberg-Osgood stress—strain curve
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o,: Ultimate stress
g,: Ultimate strain

E: Modulus of elasticity in elastic region
E_: Modulus of elasticity in plastic region
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Fig. 3 Comparison of stress-strain relationship
between numerical simulation and ex-
periments
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Y: Strain energy release rate

p: Accumulated plastic strain rate
og' Hydrostatic stress
s1» 851 Damage constants
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Ao, Stress amplitude per one cycle

Ae;; Strain amplitude per one cycle
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Table 1 Material properties and constants of damage
evolution equation for specimen at 7=20C

STS 304 Stainless Steel

Yield stress (MPa) 231.0
Ultimate stress (MPa) 550.92
Fracture strain 0.675
Young’s modulus (MPa) 146860.0
Poisson’s ratio 0.32
Variable K (MPa) 611.4697
Variable N (MPa) 3.822706
Elastic limit(k) (MPa) 207.9000

Isotropic hardening(Q1) (MPa) 23.1

Isotropic hardening(Q2) (MPa) 319.92
Isotropic hardening(b) 5.558768
Thermal expansion 1.475E-06
Damage constants(s1) (MPa) 1.848
Damage constants(s2) 4.6
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