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Stress Intensity Factor Analysis of an Interface Crack
between Dissimilar Materials under Thermal Stress Condition
by Virtual Crack Extension Method

Toru IKEDA, Yuji KOMOHARA and Noriyuki MIYAZAKI

A new method is presented for stress intensity factor analysis of interface crack problems under
thermal stress conditions. The virtual crack extension method, which is used with the finite element
method, is a powerful tool for estimation of the energy release rate. The virtual crack extension
method is applied to stress intensity factor analyses of thermal interface crack problems. The energy
release rate obtained by the virtual crack extension method is separated into individual stress
intensity factors, Ki and Ku, by the principle of superposition. The presented method is applied to
several thermal stress interface crack problems. The results are compared with those obtained by
the displacement and stress interpolation methods. It is found from these analyses that the present
method gives very accurate results which are insensitive to the size of finite elements.

Key Words: Finite Element Method, Stress Intensity Factor, Fracture Mechanics, Virtual Crack
Extension Method, Interface, Thermal Stress
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Fig. 1 Coordinates system around an interface crack tip.

1.5
6 |
0.5 f
0
0 20 40 60 80 100

r um
Fig. 2 Variation of the ¢,,/0,, near an interface crack tip along x-
axis (/=10um , X, /K=1.0) .
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Fig. 3 Domain V and its boundary S surrounding a crack tip.
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Fig. 5 Sample problems of thermal stress
(Edge cracked rectanguler plate specimen).

Table 1 Material Properties

Material Young's  Poisson's Coefficient of
Modulus Ratio Linear Expansion
(MPa) (1/C)
Resin 22 0.25 1.0 X 105
Metal 150 0.25 0.5 X 106

— 21
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Fig. 6 Finite element meshes for an edge cracked rectanguler
plate.
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Fig. 7 Distorted finite elements around a crack tip for crack
extension.
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Fig. 8 Areas of distorted elements for crack extension.
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Table 2 Stress intensity factors obtained from three kinds of areas
of distorted elements ( Sample 1, Mesh 2).(MPav, /, = 10um)

Area K, Ky K,=VKI+K}
Area | 0.5682 -0.7389 0.9208
Area 2 0.5308 -0.7628 0.9262
Area 3 0.5308 -0.7620 0.9260

Table 3 Numerical results of stress intensity factors
for sample 1 (AT=-100"C) of the edge cracked plate.

(a) Virtual Crack Extension Method (MPavm, [, = 10um)

Mesh Type K Ky  K=VKI+K
Mesh 1 0.5401 -0.7649 0.9340
Mesh 2 0.5308 -0.7620 0.9260
Mesh 3 0.5262 -0.7622 0.9250
Mesh 4 0.5246 -0.7593 0.9252

(b) Displacement Extrapolation Method (MPavm, /, = 10um)

Mesh Type K; Ky K = \/7,2+—K,2,
Mesh 1 0.6321 -0.8297 1.0430
Mesh 2 0.5701 -0.7803 0.9663
Mesh 3 0.5446 -0.7715 0.9443
Mesh 4 0.5292 -0.7685 0.9331

(c) Stress Extrapolation Method (MPavm, I, = 10um)

Mesh Type K; Ky K =VK'+K}
Mesh 4 0.5102 -0.7967 0.9460
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Fig. 9 Error of stress intensity factor obtained by each mesh and

scheme from the standard value in the case of sample 1.
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Fig. 10 Error of stress intensity factor obtained by each mesh
and scheme from the standard value in the case of sample 2.
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Fig. 11 Error of stress intensity factor obtained by each mesh
and scheme from the standard value in the case of sample 3.
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DDBREFMDHE IR THEEHIE L, Mesh3 DFEET
b K, THEMRE 5% DEVHSH L. BIIHFET, Sample
2D ENLBMMEE L E {, Sample 3 DB EIIEEIH
BEAEL 2 5mi3, A3ELETRERLSS S HH, B
FTENEEBAOEMICT X 2EEPREOP LTI RV,

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

1384 R X FERKIC L ZBUCTIB COREM A E & RO R R IR

LEEFE SN D, Sample 3 DIFEDICHIMFEDHEIL,
DB LARETH S, LT HEMNIMFELO2LD
Ho>TW5h,

5. & &

FREFEIROTAMEIEATESLILRL
HRBEARERELEREDEDOFELERL T, BIEH
VT 5 REMRE A ROICHILKREE BT 5 Tk
YHRREL, FOBEEIIOVTRE L. 2O#EUT
DR EHI.

(1) REzRERELEELRGOEETAVLERTRE,
BT T O R il & ROILHILAKRBOBITIZIEFE I
BEHNTHAHZ Loz, AFEIZINE, HOBERSE
Th, PROBEORVICTILKREREHBL I ENFTE
5.

@ FEIHFETIR, RUOTADFSEEEL TRV
72, HOEERSETIR, FHICHEFETIS. LoL,
My EZSEEHAVT, SRERABOEMERA N
i, HEBREOBETHRIHIITZS.

(3) ILHIMEEE, FEEICEBCHMEICEBTRET
HEN, MrLBEEFTEEHCLZTIRERSL I LHT
EY, TOMEOEMIMEEI N EHIIHB. ZTh, &
MREREFRETIX, BMICKTEHOBESK, &

RERGEDIC N+ HER KD D -DIZEF IS, ZE
FREEVLELTE-DTHALEEILND.
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