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EVALUATION OF HIGHER ORDER SINGULAR INTEGRAL FOR CRACK PROBLEMS

LiJun Feng Weizhe Gao XiaowRi
(State Key Laboratory of Structural Analysis for Industrial EquipmeBalian University of TechnologyDalian 116024 Ching)

1

Abstract Compared with finite element method, boundary element method has special advantages in solving the prob-

lems of fracture mechanics. The existing methods mainly include the subdomain method and dual boundary integra
equation method. This paper presents an improved dual boundary integral equation method to evaluate stress intensi

factors for two and three-dimensional crack problems. The method uses a pair of boundary integral equations, in whict
the traditional displacement boundary integral equation is collocated on the external boundary and the traction boundar

integral equation is collocated on one of the crack surfaces. The relative crack opening displacements (CODs) are in

troduced as unknowns on the crack surface, and the evaluating results of CODs are used to evaluate the stress intens
factors (SIFs) of crack directly. The method uses a direct method to evaluate the hypersingular integral appeared in trac
tion boundary integral equation. For crack tip elements, three kinds of interpolation functions for CODs are provided,

and two of these are constructed in the present study. Two-point formula is used to evaluate the SIFs. Some examples a
given to verify the correctness of the presented method, compared with the existing exact solution or reference solution

to show that this method can get high precision of the calculation results.
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Fig. 1 Finite field model with cracks
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Table 1 Computed result and error of normalized B|F

along witha/w

0 = 4% K, /(tvma) Relative error
a/w NTCES=1 NTCES=3 reference  NTCES1 NTCES=3

0.1 0.5031 0.5039 0.5046 -0.303% -0.138%
0.2 0.5167 0.5174 05181 -0.271% -0.145%
0.3 0.5393 0.5394 0.5406 -0.237% -0.215%
0.4 0.5708 0.5702 0.5719 -0.189% -0.293%
0.5 0.6114 0.6098 0.6119 -0.089% -0.350%
0.6 0.6616 0.6586 0.6611 0.082%-0.381%
0.7 0.7234 0.7181 0.7210 0.334%-0.401%
0.8 0.8002 0.7913 0.7950 0.658%-0.459%

FT 2 a/wTWBTHNLE HBERF K itEERSIRE
Table 2 Computed result and error of normalized BjF

along witha/w

=45 Ky /(t /@) Relative error
a/w NTCES=1 NTCES=3 reference  NTCESl1 NTCES=3

0.1 0.5003 0.5011 0.5018 -0.303% -0.130%
0.2 0.5056 0.5064 0.5072 -0.320% -0.160%
0.3 0.5145 0.5150 0.5162 -0.332% -0.230%
0.4 0.5271 0.5273 0.5290 -0.367% -0.315%
0.5 0.5436 0.5436 0.5458 -0.405% -0.398%
0.6 0.564 7 0.5645 0.5674 -0.479% -0.510%
0.7 0.5915 0.5911 0.5950 -0.596% -0.657%
0.8 0.6259 0.6254 0.6300 -0.655% -0.735%

R 3 OTRMUILE NBERF K HEERGRE
Table 3 Computed result and error of normalized B|F

along withg

a/w=02 K /(tVma) Relative error
0 NTCES=1 NTCES=3 reference  NTCESL NTCES=3

15° 0.9548 0.9562 0.9577 -0.301% -0.160%
30° 0.7707 0.7718 0.7730 -0.295% -0.160%
45 0.5167 05174 05181 -0.271% -0.145%
60° 0.2598 0.2601 0.2605 -0.282% -0.164%
75° 0.0699 0.0700 0.0701 -0.316% -0.204%

FT 4 oTERMULE HBEREF K, HEERSRE
Table 4 Computed result and error of normalized BjF

along withg

a/w=02 Ky /(tvma) Relative error
6 NTCES=1 NTCES=3 reference  NTCES1 NTCES=3

15° 0.2502 0.2507 0.2510 -0.307% -0.132%
30 0.4353 0.4360 0.4367 -0.324% -0.156%
45° 0.5056 0.5064 0.5072 -0.320% -0.160%
60° 0.4404 0.4410 0.4417 -0.301% -0.150%
7% 0.2553 0.2557 0.2560 -0.273% -0.128%

%5 a/w=08MitEERIREMALBETHTHIER
Table 5 Error of normalized SIR along with number of

crack element

a/w=0.8 K/(tvma) Relative error K /(t+/7a) Relative error
Elements
NTCES=1 NTCES3 NTCES=1 NTCES3
number
8 0.658% -0.459% —-0.655% -0.735%
16 0.115% -0.287% -0.745% -0.626%
24 -0.063% -0.237% -0.795%  -0.586%
32 -0.134% -0.190% -0.816% —-0.553%

i, IR BT, RIS 3 Tt
SERRE A T, BT S A R
TSI 1 Prfs &5 RS LI F A R EARL
ARG AT DA UE A S VR R R R G A
RO, RIEAN SR R IR A4 3 1R 244 B TG AR RE AT 21T HL
SCHR [27] B2 A B ) 45 AL

B2 Yo R G 2 A 8 )

wE 9 Fron IR L, it =1, 2
WIABY ) g =1, MR E = 1, JAfAH v = 0.3.
PR AT AN 18] 10 B, SR 24 4> 8 Y R R
ST 1081 8 i AL TT, X TR IT IR
FHPF RIS I A2, NTCES=1 KK H 13
3.2 WA T 1, NTCES=2 #7113 3.2
WAL 2.
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Fig.9 A penny shape crack under shear

P 10 =4k BB AL M AR
Fig. 10 Mesh model of penny shape crack
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Fig. 11 Normalized SIK|, K;; of penny shape crack

0.6
\\‘
x 041
—
17
=l
L
N
3 +—— K (NTCES=1)
s - - Kimn(NTCES=2)
“r /7 . K (exact value)
/
r/ x‘\
/ A\
/ \
0 I 1 1 - L .
0 02 04 0.6 0.8 1.0
w/T

P 12 = 4ERTE R EOR NG B 7 3 BE R 7 Koy
Fig. 12 Normalized SIK; of penny shape crack
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Fig. 13 Model of square crack in finite field
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(b) All crack elements used discontinuous element
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Fig. 14 Mesh of crack plane
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Table 6 Comparison of computed result foffelient crack

R T RXFESHK [32] AIERIELER

Table 7 Comparisons between our method and Ref.[32]

tip elements

Problem Ky /(o y/ma) Maximun

NTCES Tip All

type . . ) .

discontinuous  discontinuous

1 0.7545 0.7522
infinite 2 0.7535 0.7513
3 0.7540 0.7526
1 0.8181 0.8051
finite 2 0.8189 0.8065
3 0.8154 0.8057

2¢/mt  Ref.[32] Ourmethod Relative fierence
0 0.747 0.7597 1.705%
0.125 0.729 0.7397 1.465%
0.25 0.703 0.7051 0.299%
0.375 0.689 0.6880 -0.140%
0.5 0.679 0.6783 -0.107%
0.625 0.674 0.6723 -0.256%
0.75 0.67 0.6687 -0.199%
0.875 0.668 0.6668 -0.176%
1 0.668 0.6662 -0.264%
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Fig.17 A semi-elliptical surface crack in a finite-thickness plate
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Fig. 18 Model-I SIF of semi-elliptical surface crack in a

finite-thickness plate
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