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Numerical simulation of fatigue crack propagation with crack opening and closing based on the strip yield model considering
the strain hardening effect of materials

by Kohei Yamashita, Student Member

Koji GOTOH, Member

Summary

This paper presents a numerical simulation for fatigue crack propagation based on improved strip yield model, which enables the strain
hardening effect of materials to consider. One-dimensional bar elements, which consist of the strain hardening materials, are plugged up the
gap corresponding to the fictitious crack opening displacement in the plastic zone to describe the role of crack wake generated over fatigue
crack surfaces. Validity of this numerical model under monotonic loading, unloading and reloading conditions was verified by comparison
of the COD profile and plastic zones size with elastic-plastic FE analysis. Proposed model was implemented into the numerical simulation of
fatigue crack propagation considering the crack opening / closing. Proposed simulation of fatigue crack propagation, which enables the strain
hardening effect of materials, was validated by comparing fatigue crack propagation histories obtained by the numerical simulations with

measured ones.
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Fig.1  Procedure of fictitious crack opening displacement in

the strip yield model.
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Fig.3 Principle of superposition concerning the stress

distribution the minimum loading (Pmin) condition.
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Table 1 FEM analysis conditions

Half specimen width (W) [mm]: 50

Half crack length (@) [mm]: 15, 25
Yield stress (ov) [MPa]: 300, 500, 700
Young’s modulus £ [GPa]: 206
Poisson’s ratio: 0.3
Second modulus (H) [MPa]: E/50,E/100,£/200,£/1000
Ratio of kinematic hardening 0, 0.5, 1.0, 1.1
modulus to second modulus
(f=Hs/ H):
Applied maximum gross stress 0.3, 0.5, 0.7
(Omax / oY) :
Stress ratio (Gmin / Omax) : 0,0.3,0.5
H,=pH (1)
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Fig.5 Schematic diagram of applied loading conditions.
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Fig.6 Relationship between the dimensionless integral of
increment of plastic strain and increment of the plastic

strain over a fictitious crack line.
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Fig.9 Schematic diagram of applied loading conditions.



Table 2 FEM analysis conditions

Half specimen width (W) [mm)] : 50

Half crack length (@) [mm] : 15,25
Yield stress (ov)[MPa] : 300
Young’s modulus (£) [GPa] : 206
Poisson’s ratio : 0.3

Second modulus (H) [MPa] : E/50,E/100,E/200,E/1000

Ratio of kinematic hardening 0, 1.0
modulus to second modulus

(f=Hs/ H):

Applied first maximum stress 0.5,0.75
(Gnet / Omax D) :

Applied minimum stress 0

(Onet / Omin D) :

Applied second maximum stress 0.25,0.5, 0.75

(Gnct / Omax (2)) .
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maximum stress using a modified SYM and FEM.
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Fig.14 Stress versus strain range diagrams under cyclic

loading condition over large strain range.

UL, 2. TRt L79% ﬁ%wﬁ%VSJV*VEVKﬁ
bW?%ﬂﬁL@%%%iﬂﬁﬁm SBUL T R DA B
RS S D7, ok ofocfﬂ%% IZECZRW. £Z
%%%%%7:1V~V5VKAﬁTémﬁNUfﬁ
%+imﬁwﬁmﬁ%% A3 5 PR R T L v E L
ToBERISETID 0.7 5 L, Figl5 1T L9112, 20T HE
M gotal <0.1 DT ZBHIE TIE Fig.13 DOJeH~OTHBEFR %
AL, T L0 b REWOT AEIE T TaE b ahfrix
Fig14 ObOEEA L. 72721, BELih#ROREIL
N AR & FERODEE & U, 6o >0.1 OFEIK & 5 ﬁﬁ%
RO L Y IR E L THIT 21T o 72, — 0, — Izt
LI B W TR S 2 PEII DL T ofRIC S v b
LHEIND.
© ARG T, BIRBIRO A U ik
@  BZUEEEET, BIE - FEMERR U 7o fEik
@  AHNEICERVAENERESIEETE
FNENOFEBIZEHA T 2 N EIE~OFT HBRIE, DU
DEIITEGEND
- IO T, EIRL IR SRS TR LN D IS~ T B
3
CFEIEQ T, Mok
%

L S FTRON DI ~OF

- FEIR@ T, MR Ui AT A2 B FEAE R MY - S
ﬂé*#??ﬁbﬂéx#?fﬁbﬂéﬁﬁNU?ﬁ%%

LU, RS TN E T A D S ALOBLE NS, Sl
Hf5 U 72 ik AT 0F F 0 B B L7 s i~ O 4 B 6%
FFEIELTND

1500
| Loading process //
- ’/‘
1000 -
@ I
= |
e L
£ 500/
wr L
i Unloading process
o; I )
| -- - Work hardening curves
—-—-  Kinematic hardening curves
| L
[+] 1 2

Plastic strain []

Fig.15 Schematic illustration of stress versus strain under
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