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Abstract Based on experiments of low cycle fatigue for 5083-H112 aluminum alloy, two energy-

based predictive models have been introduced to predict the fatigue crack growth behaviors of tra-

ditional Compact Tension (CT) and small-sized C-shaped Inside Edge-notched Tension (CIET)

specimens with different thicknesses and load ratios. Different values of the effective stress ratio

U are employed in the theoretical fatigue crack growth models to correct the effect of crack closure.

Results indicate that the two predictive models show different capacities of predicting the fatigue

crack growth behaviors of CIET and CT specimens with different thicknesses and load ratios.

The accuracy of predicted results of the two models is strongly affected by the method for determi-

nation of the effective stress ratio U. Finally, the energy-based Shi&Cai model with crack closure

correction by means of Newman’s method is highly recommended in prediction of fatigue crack

growth of CIET specimens via low cycle fatigue properties.
� 2018 Production and hosting by Elsevier Ltd. on behalf of Chinese Society of Aeronautics and

Astronautics. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

20

21 1. Introduction

22 The fatigue crack propagation rate per cycle, da/dN, governed
23 by the stress intensity factor range, DK, is commonly applied
24 to represent the fracture behavior of a cracked body subjected

25to cyclic loading. Taking into account local cyclic plastic defor-
26mation around the crack tip, the fatigue crack growth behavior
27can be predicted by the low cycle fatigue property of a material
28in conjunction with a description of the stress and strain field
29ahead of the crack tip and an appropriate failure criterion.
30Different failure criteria such as critical stress, plastic strain
31ahead of the crack tip,1 the magnitude of crack tip damage
32accumulation ahead of the crack tip,2–7 and strain energy5–13

33have been used in past fatigue crack growth models. These
34energy-based criteria are mainly based on the critical level of
35energy dissipation within the material ahead of the crack tip,
36and it is found that they are more accurate than other failure
37criteria in predicting fatigue crack growth behaviors. An
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38 important fact generally observed in fatigue crack growth
39 experiments is that the specimen geometry and load ratio
40 can remarkably affect the fatigue crack growth law because
41 of the crack closure effect.14–17 Only Shi et al.7 introduced an
42 effective stress ratio U to quantify the crack closure effect in a
43 fatigue crack growth model. Here, the used effective stress
44 ratio U can only eliminate the effect of the load ratio on the
45 fatigue crack growth rate. For different specimen geometries,
46 the transverse T-stress is another factor which may alter the
47 cyclic plastic zone size and further affect the crack closure
48 behavior.16,18 Bao et al.19 conducted a group of experiments
49 on the fatigue crack growth rate of 5083-H112 aluminum alloy
50 by using traditional Compact Tension (CT) and small-sized C-
51 shaped Inside Edge-notched Tension (CIET) specimens, and
52 the resulted fatigue crack growth curves showed an outstand-
53 ing difference between two specimen geometries.
54 The present work aims to predict the fatigue crack growth
55 data reported in Ref. 19, according to two types of energy-
56 based fatigue crack growth models based on low cycle fatigue
57 properties by introducing the effective stress ratio U deter-
58 mined by different methods.

59 2. Fatigue crack growth models

60 2.1. Cyclic stress and strain fields ahead of crack tip

61 For a crack body subjected to a remote external load, the clas-
62 sical HRR20,21 solution is commonly employed to describe the
63 stress and strain fields in the vicinity of the crack tip under a
64 plane stress condition. By introducing the plastic superposition
65 principle,22 the cyclic stress and strain fields ahead of the crack
66 tip under small-scale yielding can be obtained from the HRR
67 solution23 as follows:
68

Dr ¼ 2ryc
DK2

4acr2ycInc rc

� � 1
ncþ1

~rh

De ¼ Dee þ Dep

8<
: ð1Þ
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71 in which
72
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75 where E is elastic modulus, Dr and De are the stress and strain
76 ranges, respectively. DK is the stress intensity factor range, and
77 (r, h) are the polar coordinates centered at the crack tip. ryc is
78 the reference cyclic yield stress, ac is the cyclic strain hardening
79 coefficient in the Ramberg-Osgood relationship,24 and nc is the
80 cyclic strain hardening exponent but is the reciprocal of the
81 exponent in the Ramberg-Osgood model. ~rh, ~rr, and Inc are
82 dimensionless distribution functions only related to nc and tab-
83 ulated by Shih.25 rc is the cyclic plastic zone under mode I load-
84 ing considering the stress redistribution and the strain
85 hardening effect, and its expression under the plane stress con-
86 dition can be described as13
87

rc ¼ DK2

8ð1þ ncÞpr2
yc

1þ 3

2
sin2 hþ cos h

� �
ð3Þ

8989

902.2. Energy-based fatigue crack growth models

91In the research of low cycle fatigue behavior, the well-known
92Manson-Coffin model is commonly applied to describe the
93relationship between the strain amplitude, De/2, and the num-
94ber of reversals to failure, 2Nf, in the following form:
95

De
2

¼ Dee
2

þ Dep
2

¼ r0
f

E
ð2NfÞb þ e0fð2NfÞc ð4Þ

9797

98where r0
f and e0f are the fatigue coefficients of strength and duc-

99tility, while b and c are the fatigue strength and ductility expo-
100nents, which can be easily determined from low cycle fatigue
101test data.
102By taking into consideration the total ductility loss of a
103material within a cyclic plastic zone, Pandey and Chand12,13

104developed a fatigue crack growth model based on the low cycle
105fatigue property as follows:
106

da

dN
¼ ð1� ncÞ~rhð~rh � 0:5~rrÞ

2EIncr
0
fe

0
f

ðDK� DKthÞ2 ð5Þ
108108

109where DKth is the threshold stress intensity factor range. Here,
110the crack closure effect is not considered in the Pandey&Chand
111model. Similarly, Shi and Cai5 proposed another energy-based
112fatigue crack growth model according to the equivalence of
113plastic strain energy within the cyclic plastic zone, and it will
114be hereafter referred to as the Shi&Cai model. This model is
115described as follows:
116

da

dN
¼ rc � qc

Nf

ð6Þ
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119in which
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126where qc is the cyclic plastic zone corresponding to DKth. To
127eliminate the effect of crack closure on the fatigue crack
128growth, Shi et al.7 introduced an effective stress ratio U pro-
129posed by Antunes et al.26 and Codrington et al.27 into the
130Shi&Cai model, which is
131

U ¼ 0:446þ 0:373Rþ 0:2R2 R P 0 Plane stress ð9Þ 133133

134Here, the effective stress ratio U is deduced from a rigid
135perfectly plastic strip-yield model, and is only related by the
136load ratio R. According to the correction of crack closure
137using the effective stress ratio U, the Shi&Cai model can be
138amended by replacing the cyclic plastic zones rc and qc with
139the effective cyclic plastic zones reff and qeff as shown in the fol-
140lowing equation:
141

reff ¼ ðUDKÞ2
4ð1þncÞpr2yc

qeff ¼ ðUDKthÞ2
4ð1þncÞpr2yc

8<
: ð10Þ

143143

144In fact, not only the load ratio R but the specimen geometry
145characterized by the transverse T-stress may also affect the
146crack closure and further affect the fatigue crack growth
147behavior. In the work of Bao et al.,19 the classical plastic

2 C. BAO et al.

CJA 992 No. of Pages 9

20 February 2018

Please cite this article in press as: BAO C et al. Prediction of fatigue crack growth rate for small-sized CIET specimens based on low cycle fatigue properties, Chin J
Aeronaut (2018), https://doi.org/10.1016/j.cja.2018.02.004

https://doi.org/10.1016/j.cja.2018.02.004


Download English Version:

https://daneshyari.com/en/article/7153701

Download Persian Version:

https://daneshyari.com/article/7153701

Daneshyari.com

https://daneshyari.com/en/article/7153701
https://daneshyari.com/article/7153701
https://daneshyari.com

