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Study on Fatigue Damage Model and Multi-Stress Level Fatigue Life
Prediction of Composite Materials (II)
- Fatigue Damage Model using Reference Modulus -

C.S. Lee*, W. Hwang* and K. S. Han*

ABSTRACT

During fatigue loading of composite materials, damage accumulation can be monitored by measuring
their material properties. In this study, fatigue modulus is used as the damage index. Fatigue life of
composite materials may be predicted analytically using damage models which are based on fatigue
modulus and resultant strain. Damage models are proposed as functions of applied stress level, number of
fatigue cycle and fatigue life. The predicted life was comparable to the experimental result obtained using
E-glass fiber reinforced epoxy resin materials and pultruded glass fiber reinforced polyester composites
under two-stress level fatigue loading.
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Fig. 1. Damage trend based on experimental results
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Table 1. Cumulative damage models using fatigue modulus degradation models
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Fig. 2. Two-stress level fatigue life prediction method
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Table 2. Two-stress level fatigue test summary
Applied Stress  Artithmetic Minimum Maximum Standard Number of
Q-G Mean Deviation Specimens
0.7-085(n=10,000) 2,031 105 10,179 2,983 10
085-07(n=500) 33,049 28200 37458 3012 10
0.75-085n=5,000) 3,240 157 1,401 2,986 16
0.85-075(n=500) 21,450 3514 48,190 14742 1
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Table 3. Comparison of two-stress level fatigue life prediction
with experimental data (unidirectional glass/epoxy,
tension-tension fatigue)

(a) low-high test(q,=70%UTS, q;=85%UTS, n,=10,000)

(d) high-low test(qi=85%UTS, q,=75%UTS, n,=500)

Degradation Damage Model Type
Type [ i i U

Degradation Damage Model Type

Type | I 1 N

1 2,992 3640 3,151 2,920
2,920 3,582 3,086 -
2,046 1,729 2,230 2,920
2,861 3,364 3,032 -
3,248 3,680 3,368 3,686
2,483 2,920 2,650 -
3,221 3,438 3,334 2,920

NN R W

1 23,832 14,888 23,122 23,844
23844 14878 23,103 -
26,099 15920 25970 23,844
24361 14,848 23,759 -
22,505 14,575 21,491 27,569
25,536 23,844 24,841 -
23,796 22,284 23,087 23,844

NN s W

Experimental Data : 21,450

Experimental Data : 2,031

(b) high-low test(q,;=85%UTS, q.=70%UTS, n,=500)

Table 4. Comparison of two-stress level fatigue life prediction
with experimental data [18] ( short fiber Extren,
compression-compression fatigue )

(a) low-high test(q,=60%UTS, q,=70%UTS, n,=10,000)

Degradation Damage Model Type

Type I I I v

Degradation Damage Model Type

Type I I il vV

1 40,575 18,605 38,429 41,277
41,277 18,556 39,352 -
45,686 20,557 45,231 41,277
41,877 18,412 40,091 -
36,609 17,596 33,424 47,730
44,768 41,277 43,772 -
37,026 29,747 33,559 41,277

NN R WN

1 2,104 2,473 2,263 1,629
1,629 2,475 1,767 -
2,412 2,640 2,467 1,629
2,081 2,474 2211 -
1,841 2,497 1,098 1,403
1,362 1,629 1,440 -
2,517 2,694 2580 1,629

~ N AW

Experimental Data : 33,049

Experimental Data : 2,125

(c) low-high test(q;=75%UTS, q:=85%UTS, n,=5,000)

(b) high-low test(q,;=70%UTS, q:=60%UTS, n,=300)

Degradation Damage Model Type

Type I I I I}

Degradation Damage Model Type

Type I I i v

1 3,024 3,694 3,127 3,024
3,024 3,694 3,130 -
2,302 2,290 2,412 3,024
2,927 3,687 3,034 -
3,202 3,651 3,288 3,687
2,691 3024 2814 -
3,058 3224 3,140 3,024

~N N RN

1 17,534 14,557 16,426 18974
18,974 14,787 18,389 -
18,503 14,593 17,796 18974
18,311 14,932 17,443 -
18,964 14252 18,279 19,838
19,938 18,974 19,741 -
16,957 13,567 15,881 18,974

NN R W

Experimental Data : 3,240

Experimental Data : 20,740
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