1180

HABERF SR (A R)
55 % 513 5 (1989-5)

#X No.88-0969 B

BRERE LABREREZOBEREIC & 3 I0NHAFRE R
(REE—F SRRIEICH T 2ER)

H ORI EY, M E AR & @Y

Stress Intensity Factor Analysis by Combination of Boundary Element and
Finite Element Methods
(Application to Mixed-Mode Crack Problems)

Noriyuki MIYAZAKI, Toru IKEDA, and Tsuyoshi MUNAKATA

A combination of the boundary element method and the finite element method is used to calculate
the stress intensity factors of mixed-mode crack problems. In this method, finite elements are only
allocated near a crack tip and boundary elements are used to discretize the rest of the structure. The
virtual crack extension method is applied to the finite elements to obtain the stress intensity factor,
together with the method for the separation of displacement components into Mode I and Mode II.
The analyses are performed for a center slant crack or a center arc crack in a rectangular plate
subjected to uniform tensile stress. It is found from the analyses that the present method gives an
accurate stress intensity factor for mixed mode crack problems.

Key Words: Fracture, Stress Intensity Factor, Mixed Mode Crack, Boundary Element Method,
Finite Element Method, Virtual Crack Extension Method
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30° 45° 60°
a/w Fi Fir F1 Fl1 Fi Fiu
Present Sol. 0.7569 | 0.4354 | 0.5046 | 0.5034 | 0.2525 | 0.4352
0.1 Reference Sol. 0.7557 1 0.4339 | 0.5046 | 0.5018 | 0.2527 | 0.4352
Error +0.16% | +0.35% | +0.00% | +0.32% | -0.08% [ +0.00%
Present Sol. 0.7738 1 0.4374 | 0.5182] 0.5079 | 0.2602 | 0.4412
0.2 | Reference Soi. | 0.7730]0.4367 | 0.5181 ] 0.5072 | 0.2605 | 0.4417
Error +0.10% | +0.16% | +0.00% | +0.14% | -0.12% | -0.11%
Present Sol. 0.8031 | 0.4426 | 0.5405| 0.5152 | 0.2729 | 0.4516
0.3 | Reference Sol. 0.8025 | 0.4417 | 0.5406 | 0.5162 | 0.2730 ] 0.4521
Error +0.07% | +0.20% | -0.02%{ -0.19% { -0.04% | -0.11%
Present Sol. 0.8456 | 0.4495 | 0.5713 ] 0.5275 | 0.2893 | 0.4648
0.4 | Reference Sol. 0.8456 | 0.4497 | 0.5719] 0.5290 | 0.2896 | 0.4660
Error +0.00% | -0.04% | -0.10% | -0.28% | -0.10% | -0.26%
Present Sol. 0.9042 | 0.4616 | 0.6113| 0.5437 | 0.3097 | 0.4820
0.5 | Reference Sol. 0.9046 | 0.4617 | 0.67119| 0.5458 | 0.3099 | 0.4827
Error -0.04% | -0.02% | -0.10%| -0.38% | -0.13% [ -0.15%
Present Sol. 0.983 |0.480 0.6604 | 0.5633 | 0.3322} 0.5008
0.6 | Reference Sol. 0.984 | 0.480 0.6611 ] 0.5674 | 0.3332{0.5022
Error -0.10% | +0.00% | -0.11%| -0.72% | -0.30% | -0.28%
Present Sol. 1.087 | 0.508 0.719 | 0.590 0.357 | 0.522
0.7 | Reference Sol. | 1.091 | 0.508 0.721 | 0.595 0.359 | 0.524
Error -0.37% | +0.00% | -0.28%| -0.84% | -0.56% | -0.38%
Present Sol. 1.227 | 0.553 0.786 | 0.624 0.385 | 0.546
0.8 | Reference Sol. 1.245 | 0.550 0.795 | 0.630 0.388 | 0.549
Error -1.45%] +0.55% { -1.13%] -0.95% | -0.77% | -0.55%
Y < 20
A A o
T T LS
o 1.0
1=
1T :: 0.0 v Fi—5==:?;
(Th p—1
~ F
B T 10 L
<+ X |
w 20
Y > 001 041 10
] % 4 £/a
9 5 SRR EO s BEERERDRICL 2K

4 ERSEO—BF] (§=45°, a/W=0.8, [[a=0.2)

4a/¢
alw=05 DFPH WDV, T I 2 RS L THEN 6.0 1?"" 1l0"2' 1‘0-“" 1'0*' 1?6' 1Io-4' 1.0-2- 1'
21T oz, EEFER F, Fu0db)l « BBO%E F, ok . |
¥ S DHHRED S BIRERER T a2k 2% S ’ i
L2E5 RT., ROMES S BRBOERER T g 2of {7 .
ChEVHBINT, I THFLIY —A TR la X 00—
=04 £13 £ D KE RERERLTLBEDET (PP R b i
XbTHThH5., fl: ol |
Wiz, (RESERE Ja BFECEZ 2082 L
BT, 0=45°, a/W=05, [la=0.2 DI{FFWD 6.0 5 1‘0_,; 1‘0_,2' 1'0_1(; 1'0_,' 1'0,6- 07
WTFB X AEREE Ja 2 LS ¢ TR ZTo 7. ia/a
6 Iz AT R DAL « FERMO D & DFENRED 6 HLAERO s HEREIC X 2L

NII=El taeon T e o e o




ERAERE L EREREORHEMHE J: % TL"WJ PR R BT 1183

%ﬂﬁﬁiu;é%m%ﬁ?.daébibk%<f
% L ESEUOEMEDET D d1Z, #Hizd E b /h
ETHLHERTOI %5 D7 DICBOREEIE
T2, M6 RXRLEDIMEHEEHEDOHRETH 28,
FECLCBETHES—EREERLTBY, s8¢
BREOWEWCIIH E VEELERILETR NI LS
bhd,

KLk *HERAOH30°45,60°D & &,
a/W=01~0.8 ¥ TEILX R TRD I L Ab)I| « 538
DEWBLOLBETT, ZOFRLYD, =30°,45°,
a/W=08DL EW1%E2BIBRENEL T 38,
ZOMTIE, WThbREZE 1 BN LR >Tn3,

32 R EHEET SER ZZITRHE
TERT LI RPER, 22U E A 20 DMK = 2
2E T2 FIRMBERAEL > T 2 BADBITER LT
7. BROBESO—FI 2K 8 WZRT. NHEEES
L THRO¥GEEHIETNIER Y, 3 1H0BE L
Atkic, EREHRCOASHET A V852 Yy
IRREREPRL, 20MOEATIEROBRESE
ZHWz,

A E > TREINIFELR > TR(4)D XS
KEMEAZE—FILE—RFIHHBET 22012
3, SREBEBCBOCEHES L U2 HEREOD
ETRfR e RcHiAE L 2 LEND S, UL, dikg
SROHFRICR ERAPITH AL ETHFRERZ L5
EREXRZEBET 3 L3RBT H 5., KEFTHL
1o SRR BT 2 BRERORE M 9 2R 7.
Thbb, SHUAOEREROBREONDHTH 3,
BREFRTENNSOFE R, SEHECHL THA
DETHFESE D IO EEZ ONBH, HE DA

Yoo
‘“T'MTT

H=2w |
o= TT/lo'

|
|

w w

IEEREEE;
Gy

B 7 chRfMEEBEET 3R

&ﬁ@?#?&kﬂbfﬁ INBE DAL RD
BOBENMETIZ2bDLEbRS,
EREHEMCERET 2ARERDTE (=RE) »8
BOBECRIZTEES*RNT 27-012, a=7x/4,
RIW=01DHPEICDWT, Tk | 220 3 ¥ TR
2107, KRR OBE LRI T 2 -0 DEBME
LLTH, MTFRT Atluri 592k > TRD 572
SRR O P& B3 3 AT 2 B e,

ao JaR sin a q F*(a)

1+sin*(a/2)

co/7R sin @ #(a)

" 1+sin(a/2)
E*(a)?—2~{cos(a/ 2)+cos(3a/2)+ cos(a/2)
x sin%(a/2) —2 sin a sin%(a/2))
Ffa) =—%—{sin( a/2)+sin(3a/2) +sin®(a/2)

+2 cos a sin®(a/2)}

B 10 iz s HAEFI BT 2 ERERDOTESEORB
BeRkiZgTHEERT. CZORTREHER Reicxg
THIERERTEOBRE L HEEIC, KEFA»>KE 2
IR TTIE T RBE R, Fu @ Atluri & O % F* Fi¥
DODOREERIC L > TH B, BOBE®IZIT—F
WEL 25D YRa b3 0.2 L TOHETHD, 22

>

9
-
thfx
Crack tip 9 +
<

Crack

8 ERHFO—H (R/IW=0.7)

B9 =ZLHEMCB T2 EREZDRE

NII-Electronic Library Service



1184

BRERE L EREREOBAMEIC & 5D IEARBIEN

10.C ] ) I'IIIII 1 IIIII||| i lll

5.0

{(F - F*)/F¥1X100 7]

e gl Ll

0.05 01 0.5

0.005 001
€/R

00 L

10 EHEARED S BEARERTERIc L 2 K1k

THOHBEHOBEE, IHTHoEREE

Dy D/PNILEFRERTERLINEDOHD L
Db, BEOWSZR W ENERIRFO 2 Zi
MTBELDTHBILE2EERT S L, Ra®0.02L0
TIZ L IEAREEITIC & D BED 1 KA T OBERBEREL
BohdZ LBFTE 3,

Wiz a=n/4 T, 8HEX % R/W=0.1~08 £ TE
s TRTETo 7. OB, SRERTICE
BT 2EREZRDTER /Re~0.009 & U7, f#iFk
2z, R(7) LA R, Fu O TERTTL L, 11
CHEFRERZZLOTRYT. 22T, @, BENZA(7)
TE 2z 5T 2 ERIRF O MY & RO RET#ED &
ROIERTHD, ZOMIABIERETRT. R/W
DNE R BB IONT, REFTRRIE, BRCERR
XS BEAFRIGE T T T edbh» 3 . H 11
RE&ND B, Fu% RIW OHEADHE TEET % Lk
HD L3k 3,

1=0.623 5+0.026 7(R/W)+0.078 8(R/W)*
+0.107 2(R/W)?
Fu=0.697 1+0.065 5(R/W)—0.050 0(R/W)*
+0.430 2(R/W)*—0.117 I(R/W)*

4. ¥

EHTW, s BEHBCERERLZREEL, € Off
DESEFERER AV THEL L, ARERFLRIC
RAEXZERELEAL T KEERD B L v Bk
PERAT—F SRMBICGEA L. BT L RER

il

—
~
N
@
0.9 S
gzD
(el
(-]
| -~ 9 _
%0
P )
=]
08}- ~%g @ .
@ &~ o
=] w
.S 8g <8
- o0 S =~
!f g-g:ﬁ_e QEO 1
. gl e5eb_gg
w S| S50 _8&o
070" s8E € .
| ssg8e0
g egaso
gfeseo ]
ol €X0
O F
06 ! .
aFf 1
Tl L i) 1 ‘ 1 1 (] 1 'T
0.0 0.5 10
RIW

B 11 iSHEAREO SBHRES L 2EL

SHES X BEHF T AFRB L VP REANBEREEE T
BERMNFRAER S U HETHS, BohliER
WFEDOLEBY THS.

(1) fhRERl RO &> BERXHOHE T,
SZSIF A E R ERERERET 2 Z LHIAIRET
HbH, KROERTE, la=04 ELTHROKEED
ETEbI»ThoT:.

(2) PRMEHMEEEDO L ZHMBRERHOBE I
I, EREBDOBA LY bR RERER & Ak
KB T 2 LE8H 5,

(3) HAEREKLEREREOBSHEEICHEEE
IERESERATIHECED, BEE—F &HHE
WXL TEEY 1 WATORHIERFERESRF S NS
ZEeBbrolz,

X 73

(1)
(2)

Parks, D. M., Int. J. Fract., 10 (1974), 485.

Hellen, T.K., Int. J. Numer. Methods Eng., 9 (1975),
187.

HE « 1F 0 2 4, HREA, 55-509, A (FF 64), 101.
Ishikawa, H., Int. J. Fract., 16 (1980), R243.

JI11, %588, #55%, 43-376 (#3 52), 4354.

Atluri, S. N, 1¥ 24, Int. J. Fract, 11 (1975), 257.

(3)
(4)
(5)
(6)

NII-Electronic Lilbraz

o

Sl






