1448 XBBREEHCE £ 184 $ 6%, pp. 1448~1454, 1994

(&%

30

HE TS ol &T

NECERE=YY

(19934 119 129

Analysis of Fatigue Life and Fracture Toughness
Using Probabilistic Finite Element Method
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Abstract

Fracture Toughness (5}
babilitic Finite Element Method(&& 38 4 8]44), Crack Length (7

Pro.
Zol)

Data which gathered and used in the field of fatigue and fracture mechanics have a lot of

uncertainties. In this case, those uncertainties will make scatter band in evaluation of fatigue life
and fracture toughness. Thus, the probabilistic analysis of these data will be needed. For deter-
mining the fatigue life in mixed mode, using crack direction law and fatigue crack growth law,

the problem is studied as a constrained life minimization. Stress intensity factor (SIF) is computed
by approximate solution table (Ewalds/Wanhill 1984) and 0th order PFEM. The variance of
fatigue life and SIF are computed by differentiation of tabulated approximate solution and 1st

order PFEM. And these are used for criterion of design values, principal parameter determination
and modelling. The problem of center cracked plate is solved for checking the PFEM model which
is influenced by various parameters like as initial crack length, final crack length, two fatigue

parameters in Paris Equation and applied stress.
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Fig. 1 Center cracked plate
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Fig. 2 Crack growth direction of center cracked
plate specimen
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Table 1 Specimen geometry data & material properties

Constant Average \Sf:i?:;;: Ratio(%)
Length H 100 mm

Width W 200 mm

Thickness t 1mm

Young’s modulus E 200 GPa

Poission’s ratio ] 0.3

Applied stress o] 10 KPa 1.0 10
Initial crack length a 0.1 mm 0.01 10
Critical crack length ar 1~10 mm 0.01 10
Paris cnstant A 1.0E-10 1.0E-11 11
Paris constant n 3.25 0.325 10
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INPUT : CHECHK/MESHGEN/GUSS QUAD.

1

STIFPS : Stiffness Matrix

|

LOADPS : External Load

|

BOUND : Boundary Condition

]

FRONT : Solve System Matrix

|

STREPS : Compute Stress

KEVALS: Kic, Kie

l

STOP

Fig. 3 Flowchart of PFEM program
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Fig. 4 Flowchart of life reliability analysis program
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Table 2 S.IF exact sols. and S.I.LF PFEM sols

Crack length Ewalds & Dixen PFEM
(mm) K, Kis Kia K, Kis Ky
0.1 56.17 0.56 281.29 43.18 0.43 137.45
0.2 79.48 0.79 199.59 74.42 0.74 180.26
0.3 97.44 0.97 163.5 90.69 0.50 168.25
0.4 112.64 112 142.05 100.01 1.00 137.64
0.5 126.08 1.26 127.45 109.16 1.09 126.6
0.6 138.26 1.38 116.71 128.41 1.28 120.35
0.7 149.50 1.49 108.28 163.93 1.63 116.43
0.8 159.95 1.60 101.28 163.93 181 104.30
0.9 169.89 1.70 96.28 180.93 181 104.30
1.0 179.28 1.79 91.69 198.09 1.98 90.4
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Fig. 5 S.1 F & S. 1. F gradient with respect to crack
length

Fig. 6 Life & life variation with respect to applied
stress

Table 3 Life variation and gradient with respect to random variables of specimen’s 99% expectation life

of 6.159E6 cycles

Random variable Life gradient Life variation
Initial crack length 1.7986E09 (cycles/mm) 9.5347E-09
Critical crack length 2.3164E07 (cycles/mm) 9.2283E-07
Paris constant A 5.9693E16 (cycles) 4.8755E-16
Paris constant n 8.7540E06 (cycles) 1.0210E-06
Applied stress 1.9400E06 (cycles/kPa) 9.4587E-06
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