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Abstract: A theoretical analysis is performed for fatigue crack closure based on a modified strip yield model

and the complex function method developed by Budiansky and Hutchinson (1978) in plane stress. By

introducing a reasonable constraint factor, Budiansky and Hutchinson’s model is extended to the general

stress state with the upper and low er limits of plane strain and plane stress. T he present theory can be easily

extended to analyze the closure in the through-thickness crack growing. Effects of the stress ratio and stress

constraint factor can be calculated quantitatively, and the comparison of the present model with available data

from two—and threedimensional finite element simulations and experimental investigations shows quite good

agreement. The explicit equations for the opening stress can be applied in engineering.

Key words: stress state; fatigue crack closure; constraint; opening stress ratio; thickness effect; through-

thickness cracks
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Fig. 4 Influence of stress ratio on crack opening stress ratio
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Fig-5 Thickness—effect on crack opening stress ratio, companson with

3-D finite element results (a) and experimental data(b)



29

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[ 8]

[9]

[10]

[11]

(20) 1%

- B=1 (200 (40

Elber W. The significance of fatigue crack closure[J].

ASTM STP, 1971, 486: 230 242.
Ohji K, Ogura K, Ohkubo Y. Cyclic analysis of a
propagating crack under cyclic loading[ J].
Mech, 1975, 7(3): 457 464.

Schijve J. Some formulas for the crack opening stress level

[J]. Engng Fract Mech, 1981, 14(3): 461 465.

Engng Fract

Blom A F, Holm D K. An experimental and numerical
study of crack closure[J]. Engng Fracture M ech, 1985,
22(6): 997 1011.

Guo W. Fatigue crack closure under triaxial stress

investigation [ J].
265 275.

constraintd. Experimental Engng

Fract Mech, 1994, 49(2):
Guo W. Fatigue crack closure under triaxial stress
constraint 1. Analysis model[]J].
1994, 49(2): 277 285.

Kim C Y, Song J H. Fatigue crack closure and growth

Engng Fract Mech.

behaviour under random loading[J]. Engng Fract Mech,
1994, 49(1): 105 120.
Ashbaugh N E, Dattaguru B, Khobaib M, et al .
Ex perimental and analytical estimates of fatigue crack
closure in an aluminum-copper alloy, I[ J]. Fatigue Fract
Engng Mater Struct, 1997, 20(7): 951 961.
Newman J CJr, Armen H Jr. Elasticplastic analysis of a
propagating crack under cyclic loading[J]. ATAA J, 1975,
13(8): 1017 1023.
Newman J C Jr.
cosurel J|. ASTM STP, 1976, 590: 281 301.

Ogura K, Ohji K- FEM analysis of crack closure and

A finite-element analysis of fatigue crack

in fatigue crack growth under variable

1977, 9(3):

delay effect
amplitude loading[ J]. Engng Fract Mech,

471 480.

[12]

[ 13]

[ 14]

[15]

[16]

[17]

[ 18]

[19]

[20]

[21]

9 o0
a:
0

“

Fleck N A. Finite element analysis of plasticity-induced
crack closure under plane strain conditions|[J]. Engng
Fract Mech, 1986, 25(3): 441 449.

Chermahini R G, Shivakumar K N, Newman J C, Jr et
of plasticity-induced
1989, 34

al-  Threedimensional aspects

fatigue crack closurel J1.
(3): 393 401.

Budiansky B, Huchinson JW. Analysis of closure in
ASME J Appl Mech, 1978,

Engng Fract Mech,

fatigue crack growth[]J].
452(2): 267 276.
Lo K K. Fatigue crack closure following a step-increase
load[J]. ASME J Appl Mech, 1980, 47: (6)811 8I5.
Newman J C, Jr. A crack-<losure model for predicting
fatigue-crack growth under aircraft spectrum loading[ J].
ASTM STP, 1981, 748: 53 84.
Dugdale D S. Yielding of steel sheets containing slits| J1,
J Mech Phys Solids, 1960, 8(1): 100 104.
Wang J, Gao J X, Guo W L, et al. Effects of specimen
hardening and crack closure for the plastic

1998, 29

thick ness,
strip model[ J], Theoret Appl Fracture Mech,
(I): 49 57.

Guo W. Three-dimensional analyses of plastic constraint
for through-thickness cracked bodies[J], Engng Fract
Mech, 1999, 62(3): 383 407.

Newman J C, Jr, Bigelow C A, Shivakumar K N. T hree-

dimensional elasticplastic finiteelement analyses of
constraint variations in cracked bodies[J].

Mech, 1993, 46(1): 1 13.

Daniewicz S R. A closedform smallscale yielding

Engng Fract

collinear strip yield model for strain hardening materials

[J]. Engng Fract M ech, 1994, 49(1): 95 103.

, 1974 12

Email: €974501@ mailst. x jtu. edu. cn.

,1960 10

Email:

guow 1@ xjtu. edu. cn

, 1970 10 ,

Email: xufei@ xjtu. edu. cn



