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The Prediction Modelling on the Stress Intensity Factor of Two
Dimensional Elastic Crack Emanating from the Hole Using
Neural Network and Boundary Element Method

In-Sik Yun and Won Yi
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Abstract

Recently the boundary element method has been developed swiftly. The boundary element method is
an efficient and accurate means for analysis of two dimensional elastic crack problems. This paper is
concerned with the evaluation and the prediction of the stress intensity factor(SIF) for the crack
emanating from the circular hole using boundary element method-neural network. The SIF of the crack
emanating from the hole was calculated by using boundary element method. Neural network is used to
evaluate and to predict SIF from the results of boundary element method. The organized neural
network system (structure of four processing element) was learned with the accuracy 99%. The learned
neural network system could be evaluated and predicted with the accuracy of 83.3% and 71.4% (in
cases of SIF and virtual SIF). Thus the proposed boundary element method-neural network is very

useful to estimate the SIF.
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Table 1 Construction of analysis model

Factor | Width | Height Rate Rate Crack length
No. | W) | el | @iew | W) o)
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02, 03, 04, 0.5, 0.6, 05,
f 01 | 10, 12, 14, 16, 20, 30,
2 20 40, 50, 6.0, 7.0
03, 05, 10, 15, 20, 2.5,
" 025 | 10, 35, 40, 45, 5.5
w0 0, 3.5, 40, 45, 5.
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35
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Table 2 Structure of neural network for training

Parameters Structure
Number of input units 4
Number of hidden units 12
Number of output units 3
Number of hidden layers 1

Learning rate(# ) 0.7
Momentum rate( 7 ) 0.9
Shape factor( 6 ) 1.0

Table 3 Relation of circular pattern and circular

type
Circular pattern(R/W) Circular type
0.1 1
0.25 2
0.5 3

Table 4 Test results of R'W=0.1

Input conditions :;:::nlar:s:::te:‘ Actual

circular

Crack Exact Application element R pattern

lengitvwidth | olution | Quadrant | Singular 3

0.152 0424 | 0438 | 0435 | 0 0 1
0.164 0432 | 0431 | 0436 0 0 1
0.188 0435 | 0457 | o441 0 0 1
0211 0434 | 0454 | 0437 | 0 0 1
0258 0432 | 0435 | 0439 | 0 0 1
0.305 0433 | 0433 | 0436 060 | O i
0.470 0455 | 0465 | 0.526 Joos| o i
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Table 5 Test results of R/'W=0.25

Input conditions Tes! results of
circular pattern
Actual
e circular
Crack Application element pattern
lengthywidth Exact solution ! 2 3
Quadrant | Singular
0411 0475 049 | 0487 | 002 [ o9& | o0 2
0.588 0518 0.515 0.525 0 0.67 2
0.705 0.563 0.572 0.570 0 0 2
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Table 6 Test results of R/'W=0.5

Test results of

Input conditions circular pattern

Actual

Crack Application element

Tength/width Exact solution i
Quadrant | Singular

0.611 0.355 0.365 0.364 0.01
0.635 0.461 0474 0.472 0
0.823 0.736 0.767 0.743 0

Table 7 Prediction results of virtual condition

Prediction results

Input conditions of circular p

Actual
circular
Crack Application element pattern
lengitviwidth | Exact solution ! : 3
Quadrant | Singular
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0.647 0509 0517 | 0516 | 030 [ 0 I
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Fig. 12 Evaluation and prediction by neural network



AR 2 DG AARLYE o] &F TN FAste 24Y dATFE VA 45 24y 361

4) 7] §2E 2 7MY HAE d" A4 §
od YA grw7t 059 A7 ZF 100%, 0.25
9 A= 66.6% 100%, 0.19] F9+= 85.7%%}
333%2 el en, olgg ZAREE 05¢
A%l st A 3 e A e
< AAEA

Skl

(1) Yuuki, R. and Cho, S. B., 1989, “Efficient
Boundary Element Analysis of Stress Intensity
Factors for Interface Cracks in Dissimilar
Materials,” Eng. Fract. Mech., Vol. 34, No. 1, pp.
179 ~188.

(2 94, g, o U, 1998, “AAAATEE
e dedAr] HFol g A=y ¥4
dxa3|x], 158, #6E, pp. 159~ 166.

(3) Murakami, Y., 1976, “A Simple Procedure for
the Accurate Determination of Stress Intensity
Factors by Finite Element Method,” Eng. Fract.
Mech., Vol. 8, No. 4, pp. 643~655.

(@) 79, 2HE, U4, o] ¥, 1997, “F&AF U
Hol=g zie Aol A=Y, F3aF
g3 97d A3 =8 (1), pp. 144~
149. ‘

(5) %a3i, 1988, "SIABRENWRIB~ R,
HABME R UEAR), #5448, 5055, pp.
1661 ~1669.

(6) ¥1H, EHF, 1992, “BRMESBEREEIE N
BEEEREICLLIFH" HABBRBERIEWA),

584, 5555, pp. 2165~2171.

() ezl FK %, 199, ‘7271 £
b=za—Fnty b7 =7 AV BEUERD
HE," HABBBE R UEAR), F62E, 5985,
pp. 1368~ 1375.

®) ol ¥, A4, FAH, F9E, 1997, “41H 32
T o8 259 A2 4F 7 Yo o
717483 #], A214, M43, pp. 586~595.

©) ° 4, &1, 1998, “AH2FL 0|87 &
eyl EA e 2% 304 §3F] AT
A& 7 A& 3323 R, A9,
A7E, pp. 149~159.

(10) db)il, &k, 1977, “BERRFHEBEHREHN
FARGICL BN, AXRBREERUEGE]
¥R), K434, 3765, pp. 4354—~4362.

(11) Newman, J. C., 1971, “An Improved Method of
Collocation for the Stress Analysis of Cracked Plate
with Various Shaped Boundaries,” NASA Technical
Note, TN D-6376.

(12) Bl ¥, 1996, “=2—F 12y b 7—7 0k
BLIFEFR~OER," ERERE, F4585,
122, pp. 848 ~853.

(13) o] 4, &9, 1998, “2&39} AAN =L &
o] 8% L XEH U EA eI 2T 304 SN
o A% A& % 3o g3, Aied,
A3E, pp. 192~201.

(14) o] o, &4, 1998, “&HY AHAY YIS
A 7ted FA L7 A="e F57 d3AHY
383, A154d, AM1E, pp. 149~159.



