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BREECH G, My, AMEERE . ENREZHEE THEA.

F ARV ) 8 N PR 2 R A A (A R R
RAREH, RMn T E & BHEAE) Saint-Venant 17 A
PSR B R AT RS
1.1 HHERE S, LHEEFE

SO AR A&, AR R S, 891 7 i Ay AR
o, MOV BREAEAR 5, LB MES

ﬁ[v-sl
u* = - ayz,
{ W
1 BN aEENRELA w* = ap* (2,%),
v=ltrhemtog =
Gl (28) - 105w @

He o R R, o« HHE.
*F R, RERAROEREL WERR S, £, HABHMESD R

u=-ayz, v° = axz, w = ap” (x,y), (3)
a -
Iy =l 1+m 15 = Cﬂ[(ﬁ) -ITy+m” x] (4)

SHFHIER S, LE—SMABEHLFEREEERMS, B ur= w0t = 07,
wt= w,Z% =- Zy, BEALIES

ot (x,7) = ¢~ (2,), (5)
Gl((g—(s)+—l*y+m+x)=—Gz((%%)_—l'y+m'x). (6)

1.2 FHPLARAHE
TEE & KM Saint-Venant I HEH , 2 P(x, y0) AR, Q(&,0) HHRAHEL L
iLdp/dn = ¢, I'=-1"=1l, m" =-m™=m, B (6) 7155
Gig* (P) + Gog™ (P) = (G - G)H(P), (7
He H(P) = yol* (P) - xom* (P), P = (xp,%) € S
S FAMBARHE R, SRR 5, ERBRARRA R

L. Ie*(P,Q) 2¢(Q) 3¢*(P,Q)
P “’”LI[‘I(Q) B 50 mp) 4@ -

Ag(Q) de* (P,Q)
Jr as(Q) ds(P) ds(Q) +

+ 3" (P,Q) 3d¢*(Q)de"(P,Q)
Jsz[q (Q) <p3n(P) - gs(Q) goc')s(P ]ds(Q) (PE S). (8

S F I AOR SR, RAEAE RS AR S, ERHMAFE BN

1 %0 (P.0) - (g) , e (P0) 2" (0)
1q (P =- j[ e () + 75 ed et

(P € S,). (9)
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#A1%
FO) = 35S (0esiUsy ro = %88 e,
HR(8) RO RAR () T F DN R ARSI 2

|, 22 B s + | 25 B r0)as() 4

G+ G d¢*(P,0Q) 3g" (P, Q) .
1(;l 2‘[52 fpa P F(Q)ds(Q)—ZJ‘S2 in (P) g* (Q)ds(Q) =

a‘—SD—QZ*(P’ -G d (P,O)
JS an(P) Q(Q)ds(o)— ZJS @an(P) H(Q)ds(Q) -

2

GZG H(P) (P € S,). (10)

X AP b, (B4 A AR A
o(p) = JS [o*(p,0)q(Q) - ¢(Q) g (p,Q)]ds(Q) -

" (. 0)80(0)as(0) +

[ e (04" (@ - 4" (00" . @1as()  pEQ@). ()

L APREN 2.y RIRFEHA G, H2 p(x,y) BTHF 5, LHA P, WTLIKE

L2 (P) _[ [26°2.0) ) , 26" (P.0) 20(0)
2 35(P) =“ 3p) 1O+ TR ag) 6@+

do*(P,0Q) IAp(Q)
JF an(P) as(g) 45(Q)+

Ie* (P, Q) . 3" (P,0) dg*
J [ as((P) (@ + ¢an((P)0) 503((0%2]%(0) (PES,). (12)

[F 28, % T ER s AL, AT LA7R 2

1997 (P) _ [ [2¢2(P,Q) - () _ 3 (P.Q) 99" (Q)
2 Js(P) =J [ ds(P) q (Q) - GDan(P) 503(0) ]ds(Q)

(P € S,). (13)
BHFY P E S, 0f o* (P) = ¢~ (P),FTLAE S, VIK 10 8975 1) R 4AH %, BI
(@p* (P))/(3s(P)) = (A~ (P))/(3s(P)).
EEAR(2)MO3), TLREM R E LHFE 2 MARBRD TER

do (P,Q) 30" (P,0)
Jsl (B0 )as(0) + | 22 B F(Q1as(0) +

G, + G, .
Lz—?%(—P—)Q-F(Q)ds(QM ”2 jsza¢as((€)’)0)q+(0)ds(0)=

* G *
- Is 35938((1;,)9—)q(0)ds(0) ZL a(Das((IIJJ,)O)H(O)ds(O)
(P € S,). (14)
% pc S B PE I, E—REEEETERARS TR

[ 2o 8L pgraso) + [ 25 Y F(@as(@) +

as(P) as(P)
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do* (P,Q) Jo*(P,0) . )
e FQus(0) - [ 21552 (st o) -

- Taer 4| 22 BD a0y (pe sy, (15)

| 22 B pgrasce) + | 22 B r(g)as(0) +

de*(P,Q) 3" (P,0) . )
Lz 3:(P) F(Q)ds(Q)-L_z 3a(p) ¢ (@)ds(Q) =

)+ ] 5B aso)  (pen. (16)

FHEH F(Q) BRI RIH SR
| F@asey =0 (=12,

(17)
jpp(o)ds(o) 0 (k=120
B (10).(14) ~ (16) BRI SR (1) B MR T RA MG, W HTRE.
2 PLHINIEE D AN IR EREF Ky BitE
Xt FE AR, AR E
D = T/a = D, + D,, (18)
He
D
¢ <l @ (@@ v 3] (&« RS0,
(19)
D,

GZ=-JJnAQM+nuo>ﬂ&wuo>-%hf?+vﬂFuﬂﬁ<0% (20)
T AEN A TREIRBAHTRANSE F(Q) 5, AT EEH#THERE D 83t
B,
R IEE R ALRT (o, )1, 35 L MRR HBRERTH
Kyp = E{g[«/Tm@,(p,O)]. (21)
B BRI T RN RBAHBIE F(Q) 5, BYRRMM HEERT Ky 7
BT AREEHE.

Kn(ay) =-G—5‘5 Lim[v/27 1 Q - a; | F(Q)]
e (= 1,2, ,n), (22)
Ka(s) == 2 il /2010 - 1F(Q)]

HrR g, b AY UM BB HIRI R RIS
3 MR TBES

DA b BT HEAREG 1 R TR L3S A (0 26 L 20 o Y AT — MRS A, BT LA TR AT I 3K
R EAATRE. BEEHR BECH ARSI RE SN M + N + C MEHH
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j—ﬁ[14-15] , E[]
MiN+C

B ETHBESAFIXE - 1< C < LIBEREA N (L) = (1-0)72,N,(¢) = (1+¢)/2,
fEB B
Q= (&) = (&N + (62, 9ND, (¢l 1,Q€L). (23)
L@HR S, NSRS S, b A BT R 5 % A6 18 e 50 B

‘I(Q) = ‘Ile(C) + quz(C) (24)

F(Q) = FIN((?) + F5N,(8) + Ak (Q € S¢:K = 1,2). (25)

H(Q) = HiN, (%) + H5N,(¢) (26)

R ¢ s ok S0 2 B A 3 (B R BBl

FEHLREIT

F(Q) = FIN((§) + F5N,(0); (27)
RIBHLHITT (L =-1)

NQ)=J%%B+(H—FﬂMwh (28)
RKIHRETT (£ =+ 1)

HQ)=(H—FENAD+J%%6. (29)

RARABERFAR (21) A8

Kp(g) = - —G,Ai—" v 2rl F§, Kp(b) = - % v 2xl F5. (30)
HERRA T REEHEY KSR TAES R LR HITE, E4 R T ERBRN %
HitED 4R AT Gauss-Legendre R B2 RFUHITE.

4 HEEBHl

FHHMARANE G EHEANHRERELE 1), A XEFEIH R FE(10).(14)
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4.1 SFEEZRYMNEEGHE
X TE 2 FinsA HERAE A B R MRS, AA XS ITEN T’ NAENE
D* = D! +(6y/G)D;,
He
D" = D/((x/2)G,RY), D = D/((n/2)G,R*), Dy = Dy/((n/2)G,RY)
MEBHMHBERT K = Kp/(GeR Vre) BEA SMEEWIIER HERN TR TR
1GHERBUd/R = 0.4,¢/R = 0.1). Y 6,/G, = 1.08F, 3T 1 7] WAL R 53CEk [ 10]
EXNERBELRY B EAR RENEREAY S, RAX LM T ERA L.

*1 HENGEAMEE D #1 Ky B% G/6 MEX (/R = 0.1)
6,/ G, D" Ki(4) Ki(B)
0.50 0.985 160 -0.3530 0.453 7
0.97 0.99 716 -0.3519 0.4523
0.98 0.996 725 -0.3522 0.451 8
0.9 0.996 732 -0.3520 0.452 1
1.00 0.996 752 . -0.3521 0.4520
0.996 752110 -0.352 71 0.453 01
1.01 0.996 758 -0.35211 0.4519
1.02 0.996 760 -0.3520 0.4520
1.03 0.996 780 -0.3526 0.4512
10.00 1.019 936 -0.3517 0.4499

4.2 SFMZRYMNESHE

SHTE 3 I RE A TR RN E SRR T S, g hITRAE . BATET
BERINTENAERE D* MERRMNBERT K = Kyg/(6aR V(e + ¢)) BitE
Zm5|F% 2 i8R 6,/6, = 0.9,r/R =0.1,a/R = 0.3,¢/R = 0.1,d/R = 0.6. HE
g R L, RECREEIESMA R, BT X S AL EE RIBE R/, B R B ALK, MiTR A B =

0 B, S R B, T A 32 B R F A BIBR , AL R R R A 2.

%2 HERNGESEEE D 71 Ky BN TR

8 D* Ki(4) Kj(B)
-n/2 0.993 874 8 -0.376 180 2 0.291 484 7
-n/3 0.984 869 1 -0.396083 5 0.454 182 |
- /4 0.984 3350 -0.404 546 1 0.522 1139
-n/6 0.983 0739 -0.410 700 7 0.576 340 8

0 0.979 41 4 -0.414153 8 0.624 7156
n/6 0.980 366 9 -0.4118304 0.574 209 2
n/4 0.981 297 0 -0.404 461 0 0.522376 4
n/3 0.983 269 5 -0.4043233 0.441 91 6
n/2 0.986 918 9 -0.3755551 0.291 725 7

5 & #®
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AL RN AT, 458 ERMERAR BRI TESHMARRAE G HIKN
FURBA AR, BT HRTRETE S, BN EH ERRLNE S ER AR E
FIHE 3 530 T EA BRI T LR B T A SO R MERRYE. RN SHITRREM
88 REARHET TRIETE, Ul 7 A0 ERA .
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Fracture Analysis for Torsion Problems of a
Composite Cylinder With Curvilinear Cracks

PAN Tian-wei, WANG Yin-bang
( College of Engineering , Ocean University of China,, Qingdao ,
Shandong 266100, P. R. China)

Abstract: The Saint-Venant torsion problems of a composite cylinder with curvilinear cracks were in-
vestigated. By means of considering the bimaterial interface as a boundary of outer bar or inner one,
the problem was reduced to solving the boundary integral equations on crack, external boundary and
interface. Using the new boundary element method, some typical torsion problems of a composite
cylinder involving a straight or kinked crack were calculated. The obtained results were compared with
the literature data to prove the validity and applicability of the present method.

Key words: Saint-Venant torsion; composite cylinder; curvilinear cracks; boundary integral equa-

tion; stress intensity factor



