) 1 (2000 1 )
Applied Mathematics and Mechanics

:1000.0887(2001) 01_0071_08

Saint Venant

HEE, R

(1 , 200030; 2 , 210032)

(#AVBE DA SR A)

s Saint_Venant

;5 Sain_Venant ; ; ;
0346. 1 DA
[1]
2 N .
[2]
* Saint_Venant , ,
, Saint_V enant
. . . 3
Saint_Venant , N. I. Muskhelishvili el
’ Sa]nt_Venant .
L] , R
, [4] .
1 ? Q 2 (x > y > z) b
y W Saint_Ven ant R
2000_01_20; ;20000925
(1935—), s

71



72

(31,

u(x,y,z) = uwi(x,y,z)+ uax,y,z), (1)
v(x, yaz) = 1)1(96, y,z) + vz(x,y, Z)a (2)
w(x,y,z) = wi(x,y,z)+ w2x, y,z)* (3)
ui(x,y,z) = B[%/(l— z)(xz— y2)+
%lzz— %z%] , (4)
§
vi(x,y,2) = BV(I- ), (s)
wi(x,y,z) = — Bl X(w,y)+ x[lz—
%zz + xyz] , (6)
, B= W/EI , E A 1
Q Oy YV 1 s X(x,y)  Q
M= To+ LT ¢
Pl [T ) v emtnn) = (20 Vayestuy) () € 1),
(7)
Lo Q L7 L : X(x,y)
N eumann .
(1)~ (3) ,
urx,y,z) = — &y, (8)
vox, y,z) = Cex, (9)
wz(x’ y’z): (I‘P(x, y). (10)
Oz ’ ‘P(x’ 9’) s ’ Q
, P= Dot L7
5@8(20,;Ll= ycos( n,x) — xcos(n, y) (Q(x,y) € 1), (11)
s Hx,y), , N eumann ,
a , :
BUJ [ %x %_X_ (1— %y3+ (2+ Ev]xzy] dQ
a= = 2 D s (12)
H ;
D = UJ.Q[xaa_;P— yaa_:+ e yz]dQ' (13)
Ou(x,y,2) =-— llﬁ[g;(+ —(x—y)+ y] (14)
Gyi(x,y, z) = uﬁ[g;+ (24 V)xy] (15)
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0%
Gax,y,z) = aH 52— y|, (16)
0¢
Oy(x,y,z) = abt $+x . (17)
Q
M, = GUIQ[x g—y"’—y%—;PJr kN yz]dQ' (18
2
[,
X(x, y): Xl(xzy)"' Xz(x, y)v (19)
v, y) = Pfx,y)+ PoAx,5)° (20)
) Ty , :
Olnrn 0
X(x.y) = Xi(p) = 5 [ 6(Q) G ggfhmpo] 0. (21)
Olnr, 0¢
G(x.y)= Np)= o [ o) e LA, g (2)
0 0%
X(Q) () Xi(ry) ) R i s
(7 (1) = p(xy) Q 0 o
> 1Q 10 > I'pQ P Q
o= J(x = x0)*+ (yp= yo)™ (B)
s Xafx,y)  Pax,y) L
fluw)  f(u)
b usin( ®— 0
X%, y) = L].[L arclan 57 uc(os( @_O)GO}f(u)du, (24)
: usin( ©— 0
B(x,y) = Lﬂ_[larctan 0+ uc(os(®—0)90}f(u)du’ (25)
P= (x%+ ¥y V>  ©= arctan(x/y) 1 . (14) ~
(17), , I'= T+ LF
1 (7) (11) Neumann

1 Saint_V enant

.FKH(Q, P)xi(Q)dQ- TXy(P)+ J.[LJ.,)KM(LL, P)f(u)du= Ri(P) (P € Tv), (26)

. b
[ Koo 9xi00a0+ £[[ v kontu 9] (wau= ko) (c€1) ()

u —

_.FKH(Q, P) #(Q)dQ - Te(P)+ %J:Kzl(u, P)f(uw)du= Ri(P) (P € Ty), (2)

u —

* b
| Ku(0. 9900+ #H L+ Ka(u, c.)]f(u)du: Rx(%) (CLE€L) (M)
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(xp= xp)cos(ng, x) + (yo= ypr)cos(ng,y)

Ku(Q,P) = (xo- xP)2+ (yo— y7) (30)
B ulnropF (x,y)dQ
Ka(u, P) = IFO[x%)+ yZQ+ u( xgcosbo+ stin@o)]2+ [u(yocosBo— x()sineo)]z’ (31
F(x,y)= [(xz()— yzo)sineo— yo(2xgcosBo+ u)] cos(ng,x) +
[(xzo— yzo)coseo+ %0 (2ygsinfo+ wu)]cos(ng,y)*
B 1) sinBocos( ng, x) — cos bocos( no, y)
Ku(Q. %)== 2fxo + Qcoseo)2+ (yo+ Qsin90)2]+
[(x0+ &cosbo)cos(ng, x) + (yo+ &sinbh)cos( ng, v)] (yocosbo— x9sinbo) (2)
[(x0+ §c0590)2+ (yo+ Qsineo)z]2 ’
1 1 (yocosto— x0sinbo) uG(x, v) dQ
Ka(u, ©) = ¢t oo r,l (2o + Qcoseo)2+ (yo + ésineo)z}’ (B)

_ [z(x%)— yz())sineo— 2x0y()co§90— you] cos( no, x) -
[x0+ yo+ u(xocosBo+ y0sinBo)]/ "+ [u(yocosBo— x¢sinbo) ]

G(x,y) =

. [2(x2()_ y%})cos60+ 2x0yosinzeo+ xou]cos(no, y) .
[x0+ y o+ u(xcosBo+ y0sinBo)/ "+ [u(yocosth— xgsinto)/

Ri(p) =- %J‘r{[(ng— Yo)cos(ng, x) + 2xgyocos( ng, y) | V+ H(x,y)} InropdQ, (34)

H(x,y) = 2y2()cos(nQ, x)+ 4xgyocos(ng,y)*

Ro( ) = - LI (yocosBo— xsinbo) N(x, y)dQ
5= 7 e o (wg+ Ceos0)’+ (yo+ CsinOo)
(4+ V- 6si211290) sinf )

N(x,y) = [(59= y0)cos(ng,x) + 2xgrocos(ng, y )] V¥
2yzgcos(n0, x)+ 4dxgyocos(ng,y)®

Ri(P) = .L [yocos(ng, x) = xgcos(ng,y)]InropdQ* (36)
_ 1 [yocos(ng, x) — xgcos( nQ,y)](y()coseo— szineo).
Ra( &) =— &+ PAR IS [(x0+ Ccos@0)2+ (yo+ Csin@o)z)] (37)

°
B 2

(200~ (27)  (28)~ () ;

b
J{(u)du: .[[:f(u)du: 0 (38)
s a b Iy , :
B
Cauchy ; . (X1(Q).f(u))

((Pl(Q),f(LL)) P X(x7y) (P(xay).
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3
(18) ,
1 R Wy x s
¥ e, (18)
Mk (12)
Mk JL-$- 03 (1‘ gf* (2+ ﬂxzy]dg.
‘T w " 21+ VI (40)
1, L
a b :
Ku(a) =~ ”girq J2P-a)[F (P~ ¢ (O] (41)
Km(b)= Uplgr;l J2(b- O [ (P~ o(P)] (42)
4
(26)~(27) (28)~ (29) .
(26) ~ (27)
[ 4]
, 10 no, n ,
L= (a,b) M Gauss_Chebyshev , [4]
Iy , Gauss_Chebyshey [4] Sluw)
(26 ~ 27) (38) n+ M :
: < Ko u, P
Das- w8 %)+ BRI (0 = Ri(Py), ()
2K Q. &) hx(Q) + 3 2l g Ko W) Flu) = Ra(), (4
ZF(ux) =0 (i= 1,2 «unig= 1,2 .., M)* (45)
. . X1(Q)) Xi(Q) Lo Qj
. Fu) F(u)= J(u-a)(b- u)f(u) L= (a,b) U
. Ri(Pi)  Ra(&) Ri(P) Ra(%) P &
. , (26) ~ (27)
Ki(*,*) [4]
(43) ~ (45) n+ M . Xi1(Qj)  F(us),
, Lagrangina (21),(24) (19)
X(x,5)° ) Plx,y) , 1
Sain_V enant . , (13) Green , 1

D= == Zl:[%(x%ﬁ yimi) + 9 Q) ( xm;— y,-l_,-)] hj+

J
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(40) (41)~ (42,

€= 2(1+IV)1: Z[XJ(@)(% — wm) + BN 2h ey )m -
Z}ﬂm] hj + \Z(U/s— b)F(us)}

Kufa) = BUF[ F(- 1)+ BF(— 1)]
KIII(b)_—BUF[F(1)+ F(l)],

= J.xdez —Z(xf-l,-hj),
S CN =

u (= 1) lsm[z_ll
cos(Marc cos(E1) ) Z 2M F(ug)®
M T (+1)- 2s — 1].[

cos| “5pr

g = 5{ ' [&-(@)(w— yili) + ‘”8 Y2k vim-
2] by Tl 32 b2)F(w)}-

F(1) =

20, D= WR'D",

e =

()

Iy

(a) (b)

2
Km(a) = Bu ’])—2(1

Ku(bh)=— Bu fb‘z“Rz[K?n(b)+ Kib)J

RYKi(a)+ Kifa)]

(46)

(47)
(43)
()

(30)

(51)

(32)

Re*
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1( ) 2( ):
1 D*,e*,Kﬁn(a),[(?n(b),l(ﬁm(a) Kﬁﬁ](b)
( t L= (ab),(b+ a)/2R= 0.5V =03

(b= a)/2R 0.3 025 02 01 0.05
D’ 14834 15107 15312 1.5% 5 15625
e 0 066 1 0045 00278 0.006 8 0.001 7
a 09506 0 9284 09104 0.885 3 0.878 6

K”{b] 09605 09237 08% 8 0.876 2 0.872 4
a 00354 042 00155 0.004 0 0.001 1
K‘“[b] 0 0650 0 040 0 00231 0.004 9 0.001 2
2 D¢ Kua),Km(b),Kin(a) Kufb)

( : L= (a, b),b/R=1V= 03)

(b= a)/2R 0.3 025 02 01 0.05
D* L0470 12116 13%2 1.505 6 1.549 1
e* 02697 01750 01066 0.024 7 0.005 8
[ﬂ 19617 L1611 15069 L2629 L1738

Rl 0 000 0 0 000 0 0 000 0 0.000 0 0.000 0
[ﬂ 08557 04380 02300 0.046 1 0.010 5
Kl 0 000 0 0 000 0 0 000 0 0.000 0 0.000 0
3 D".e .Ku(a),Km(b).Km(a) Kufb)
( L= (a,b),Ri/R= 0.6,(b- a)/2R= 0.1,V= 03)
(b+ a)/2R 01 015 0.2 0.25
D’ 0.0824 00819 0. 0810 0.07 3
e 0.004 1 00067 0.010 1 0.015 2
[ﬂ 0.5770 0 5% 6 0. 630 4 0.6% 5
il 0.620 6 06628 0.7237 0.839 9
a 0.001 3 00045 0. 0109 0.024 3
K“i[b] 0.004 1 00097 0. 20 2 0.042 8
2
2b D= BR'D", e= Re

Ku(a)= 0 P4 RK i a)+ K )]

Ku(b)=~- By

b— a

2

R[Ku(b)+ Ku(b)]
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3( )
4 D', ,Kula),Ku(b),Km(a)
:L=(a,b),RVR=060R=04V=03)
(b+ a)/2R 0.025 oo 0. 075 0.10
D* 0.0830 0 080 8 0. 0770 0.071 6
e’ 0.000 0 00069 0. 0197 0.039 0
a 1.229 1 1. 2508 1. 204 1.454 8
e
" b 0.000 0 Q0000 0. 000 0 0.000 0
a 0.000 2 00330 02097 3 0.213 5
K*iii
b 0.000 0 00000 0. 000 0 0.000 O
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Method to Calculate Bending Center and Stress
Intensity Factors of Cracked Cylinder Under
Saint Venant Bending

TANG Ren_ji', TANG Xin_yan’
(L Department of Engineering Mechanics, Shanghai Jiaotong
University, Shanghai 200030, PR China;
2 Agricultural Engineering College, Nanjing Agricultural University,
Nanjing 210032, P R China)

Abstract: Using the single crack solution and the regular solution of plane harmonic function, the
problem of Saint, Venant bending of a aacked cylinder by a transverse force was reduced to solving
two sets of integral equations and its general solution was then obtained. Based on the obtained solw
tion, a method to calculate the bending center and the stress intensity factors of the cradked cylinger
whose cross section is not thin_walled, but of small torsion rigidity is proposed. Some numerical ex

amples are given.

Key words: aacked gylinger; Saint, Venant bending; bending center; stress intensity factors; integra

equation method



