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1
1 : Ox Ox» L= Ll(al,bl) Lo=
La( az, b2), 0e Q (K V), Ly L» (M1, Vi)
(o, V2), BB VYWY . Vi= Vb=
A\ hi ho* (0;;77 o, q:;’,) , .
R FA (A ),
El(I ), , ,
(LY . 2
. L (p1, q1), Ly (p2 q2).,
pi(xi) = Oy(xi, = 0) = Oy(x;, + 0),
. (la,b)
qi(xi) = oxy(xi’ - O) - Qxy(xi; + O) Xi e Li; L= 1: 2’

200012 12; © 20011128
(1969—) ,
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yy » Oy
(p1, q1)
[uax2 y2),vo(x2,v2)],

(p2 q2) Q
3,

[ui(x1, y1),v1(x1, y1) ]

2
...-#I'_ 1 (xi—t)J_
wi(*iyi) = Smucyy K) [ s 0%+ 2 a1ty @t
) .
2m1(1+ K)f (xi- ;) Japi(t)der B (i=12), (2a)
. 1 yz'
vi(%i,yi) = 2ml(1+ K).Li[?l“(xi- )%+ 2 (xie 1) y?}p"”)d”
(xi— t)yi )
2]-[1_1(1+ K),[:[ (xi_ t)2+ yZiqi(t)dt"' G (lz 172)7 (2b)
Bi Ci ° G”Ld;
(O, Ou, Ouy) Q :nﬁt "34—5:
[wo(x1,y1), vo(x1, y1)] -
o 33— K o : x
uo(x1, y1) = 1;11 Oy — ?+ KO | %1+ 2 L by
Oy a;
S+ Bo (3) A 7L
1+ ¥ o 3+ K & b =
’UO(?CI; yl) = U [O}'}’_ 1+ K 1}]:}/1-‘_ 0 '
Opr 1
Tie Co (3b)
7i‘ ta:
pix)
Pt (%)
L q* (=) Ve L q(xy)
0 S rpPe(m) 0 b
A B
2
Bo Co , .
Lt L2 [u3(x1), v3(x1)] [us(x2),v4(x2)],
Ky + IJ‘ d B
us(x1) = SU A, (x1— u)q(u)du+ By,
N x1 € L1,
vi(x1) = Oi(x1— a) - 41Ll1h%J:l(xl_ u)3p(u)du+ ci,
4a~ d
K+ IJ" q B (4a J
us(x2) = 8 taha (x2— u)g(u)du+ Ba,
xs € Lo,
K+ Y2 3 *
va(x2) = Or(x2— a) - J (x2— u)’p(u)du+ Cr,
41h3da
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Bi Ci Ly a , 01 a .B> C;
az , 02 az *
2 )
u1(x1, + O) + u12(x1, + O)+ uo(x1, + O) = U3(x1) a1 < x1< b1, (Sa)
vi(x1, + 0) + via(x1, + 0) + vo(x1, + 0) = v3(x1) ar< x1< by, (5b)
u2(x2, + 0) + w2i(x2 + 0)+ wo(x2, + 0) = w4(x2) a2< x2< by, (5¢)
va(x2, + 0) + var(x2, + 0) + vo(x2, + 0) = wa(x2) ar< x2< by, (5d)

up(xi, + 0) = uzcos0- wvysin0,

= 050, y2 = - in0),
vi(x1, + 0) = u2sin0+ vocos 6, (2= x1cos o % 1sin0)
u2(x2, + 0) = wuicosO+ visin0, 5 -
va(x2, + 0) = — uisin0+ vicosh, (#1= x2c0s0, y1 = w2sind)
(5 :

8u1(x1, + 0) aulz(xl, + 0) au3(x1) _ au()(xl, + 0} 6

oxi ox1 o1 T om (6a)
8v1(x1, + 0) 8u12(x1, + 0) 803(961) avo(xl, + 0)

ox1 ox1 | Ox ox1 (6b)
Ouz(x2, + 0) Ou2(x2, + 0) 5u4(x2) OJuo(x2, + 0) 6

Ox2 Ox2 02 B Ox2 ’ (6c)
avz(xz, + O) 8v21(x2, + 0) 8114(962) avo(xz, + 0)

ox, T 02 T w2 T 02 (6d)
1 (" pi(t) , ML+ K)(1+ K1) 1

J.lt_ xl TRY H(xl— t)(x1- t)p1(t)dt+
K
-+ :(_);il(xl,o, 1) qa( t)di + KLJTJZZP}%(M,O, Opa(t)di- 2HESe -
2 2

- “TKO;; a1< x1< by, (7a)
1" qu(1) U1+ K)(1+ k) 1
= . xldt_ AKX s H(xl— t)qi(t)de+

1

L[ )
K_ﬂjzgiil(xl,o, t)qa(t)de + K—nf PEi(x1,0,t)pa(t)dt =
{L2 112

K)? o 3= K o
L'L[O 3—0} a1 < x1< by, (7b)

4K W1+ K

b pa(t) MU+ ®)(1+
E - x de + 2K S 3
a 2 )

= IEJ‘?H(“— 1)(x2— t)%pa(t)ds +

L[ K 201+ K
P 0 opidns 0 0 g e BE e, -
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1+ K

- X [( 05— Og)sinBcosO+ 0.5 cos20] a2< x2< by, (7c)
1" q2(t) THL+ ©(1+ &) lj
). - xzd FPTE H(xz— t)got)de+

b, 1
fﬁjafﬁb(x;(xt)pl(wdt+ fﬁIaQib(xL(lt)qﬂf)dl=

1+ K 2 o . 2 oo 2 oo .
- 4K Oy sin"B+ Oy cos B+ Oysin20 -

_ K (o] oo .
h[( Oy,y— Oy)sinfcos0+ O cosZ@]} a2< x2< ba, (7d)
b= B- b= LU L L> , KK K
oL ¢ k= 34y ). K= (3= V)/(1+ V) ),
o1 O L, L ,  H(x) Heaviside .

(1- X)(t- x2)51n9c089+ yz(cos 0- Ksin’ 9)

Pﬁl(xla 0,¢)=

(t- x2)°+ y3
2ya2(t— x2)[(t— x2)cos20+ y3in20]
[(1= x2)"+ y3] ’
o _ (X= 1) y2sinfcos 0+ (xz— t)(sm 0- Kcos 6)
Qxxl(xla 07 t) - (t— xz) + _’}’2

2y2(t — x2)[y2c0820+ (x2— t2)sin20]
[(1= x2)°+ y3]* ’
(1+ K)y2sinOcosf — (xz— t) (sm 0+ Keos 9)

PRi(x1,0, 1) =

(1— x2)+ y3
2v2(t— x2)[(x2— t)sin20+ y2c0s20]
[(t- x2)2+ y%]z ’
2 (1+ ¥)(1- xz)smec059+ y2[1+ ( K- l)sm 9]
Q1(x1,0,2) = (t- xz) + yz

2y2(t — x2) [(t— x2)cos20 + y2sin20]
[(t- x2)2+ y%]z ’

(%2 = x1c0s0, y2=— x1sinf);
21 - (1+ K)ysinOcos0- (x1— t)(sm 0+ Kcos 9)
Pio(%2,0,¢) = (1- 2%+ 7

2yi(t— x1)[(x1— t)sin20— y;cos20]
[(t= %)%+ yi]’ ’
(1+ X)(x1— t)sinOcosO+ yi(cos’0+ Ksm29)+
(t=x1)+ yi
2yi(t— x1)[(x1— t)cos20+ y;sin20]
[(t= 207+ yi]® ’
(1- K)(x1- t)smecos9+ y1(cos 0— Ksin’ 9)
(t— x1)°+ y1

Qna(x2, 0, 1)

Pia(x20, 1)
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2yi(t— x1)[(x1— t)cos20+ yisin20]
[(1= x1)*+ yi]° ’
(1- K)yisinfcosO— (x1— ¢)( Keos’O— sin0)
(1= x1)7+ ¥i *
2y1(t = x1)[(x1— t)sin20 - yicos20]

Qha(x2,0,1) =

[(t= x)*+ yi]? ’
(x1= x2c080, y1= x28in0)
, , (p1.q1)  (p2q2) 6
J.ilpl(t)dt: Iilql(t)dtz i‘(z- a)pi(t)di= 0, (8a)
1 I;1 bi
J.izpz(t)dt: quz(t)dt: L‘(;- w)poAt)di= 0 (8h)
(7) .

4
(p1.q1) (p2 q2) 4

. 2
A ( xi, yi) = .a.[]xx(xi,yi, £)qi(t) + Jux(xi, yi, t)pi(t)] de,

. 'bl.
OGy(xisyi) = | [DLy(wisyio t)qi(t) + Jy(xis yi, t)pi(t)] de, (i=1,2), (9~ c)

Ja,
i

" ™,
Ay ( xi, yi) = .{L[Ixy(xi,yi, t)qi(t)+ Jey(xi, vi, t)pi(t)]de,

AN

B X =1 4(x - 1)’
La(x,y,t) = By—- (K- 1) (x - t)2+ yz— [(x- t)2+ y2 2},

4y(x—1)°

Ity = B 052D (x- ty)2+ ¥ [(x= 1)+ R
oy, 1) = B (%= 9 £ [(x4_(xt]2i)3ﬁ2 ,
Pt = By (% - tjz+ ¥ [(ji(:)_zf);z]z ’
folwrs )= B (52U (x - t§2+ Y [(;i(j)_u“yzz]z ,
Infa,.t) = B (% Y Lt TS
" Oy (x1, £0), Gy(x1, F0),

Oy(x1, £0) = 0y(x1, £0)+ Oy(x1, 20)+ 0(x1, £0),
(10a,b)

Ox}(xl’ o) = ig(xl’ i_O)+ OL;(xla i0)+ 0)15(95], iO)’



343

10 0
op(x1, £0) = o, og(x, £0)= oF,

1 1- K 1 qi(t) 1
Oy(x1, £0) = W kr ), - o del pi(xn),

1- K ' pa(t)
2 K+ 1) da 1= %1
031‘92‘("1’ t0) = 23005 0+ Casin’0+ O yste

Oif(xl, '|_‘O) =- (O yy— Oxx)smecose+ OinOS29°

0}}(9&1, t0) =- de | —q1(x1)

x2= xcosb, yo= — xsinCr
Lo Gy (%2, +0) Oy (2, *o0),
G, (x2, £0) = 0 (x2, £0)+ Oh(xa £0)+ O (22, E0),
{%(xz, £0) = P (xs, £0)+ Brs £0)+ 0F(xs, 0, (Hab)
sz,g(xz, t0) = 0;00529+ Opesin®0— 0,y sin20),
Ofg(xz, iO) = (Of;— O,Z:)sinecose+ 0,@»00529,

1- X 2 qa(t) 1
2 Kr 1) d, 1 - 0t P

> 1- k(2 pat) 1
On(x2, £0) = - 2rr( eyl et R YEE D2

21

O (x2, £0) = 0 cos’0+ Ousin®0— 0))sin26,

21 11

0y (x2, £0) = (ny — 0y )sinfcos0 + 0) cos20°
x1 = x2c080, y1= x2sin0°

L1 L» :
Ki(a) = Jin [2ai=x0) 0(01.0) == 3757 lim [200= a)qi(x). (120
Ki(b) = Jig J20ei= b0, (x1.0) = 3o lim J20bi= x)qi(x). (12b)
Ki(a) = Jin [2ai= x) 0u(.0) = 75 lim 20— agifx). (12
Ki(by) = Tin J200i= bi) 0 (x1.0) = - 2(};*—3) liy [20bi= w0, (12d)
Ku(a) = lim [2(ar= 21) %(x1,0) = m lin [2(vi= a)pi(x1),  (12)
Ku(b) = lm [20x1= b (x1.0) =- z(i‘ﬁx}mﬁl S0 = 0pi(), ()
Ki(a) = Jim [2a2= x) 0 (22,0) == 377 lim [200= aga(x). (12
Ki(b) = Jig 2= 5290520 = 3oy lim [2h= xjgav). (2h)
Kifw) = Jin Joa= x) (220 = 3587 lim [2m= @)g(n). (20
Ki(b) = Jim \[22= 02 0u(2,0) = - e Jim 202 0) (), (12))
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K—
Kiu(az) = lim J2(a2~ x2) Oy(x2,0) = mrlﬁ{} J2(x2— az) pa(x2), (12k)
22 )
. K—1 ..
Ku(b) = xlurfl) [2(x2= b2) Oy(x2,0) = - mxhn% [2(ba— x2)p2(x2), (121)
2 2 2 2

Ki(a) Ki(a1) at
y qg(x1)> 0 ,Ki(ai1)> Ki(a1),

? ’

4
(7)
. Gauss_Jacobi (3 .
1
3 4 ,
(K v=0.3), N(bi— ai)= 2/1000,
(bi— a1)/(b2- a2),
L,
" Ki(a) " Ki(by)
KI a = o 5 KI b = oo 9
()= = e ey S s a2
. K . Ki(t
K (ar) = — 1 (a2) K (b = — 1(b2)
o (b2- a2)/2 Y (b2— a2)/2
(b1 = a1)/(b2- a) . 4 L
0) (O (T, + 0)= Ou(Ti, + 0)/07) (bi— a1)/(b2~ @)

20 (T, + 0) = 0.941 1,

OU' (x 1, O) Ow(x L 0)

Ki(ai)

3 Ly

o;, (T, +

2
1
I 2
K1 -t
-1 =
1 ok
-2 v
- T 1
-3 o2 04 06 08 10 %o _os 0.5 1.0
(by- 8))/(b1- a3)
3
2
3 4
(Ll* = 101 VvV = v= 0. 3), M(bi- a1) = 2/1 000,

(bi— a1)/(b2— a2)
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Ki(a) K1 (b)
3

ai), ar= 0. 1(b1— a)*

a2=- bz b2—- a2= 2(b1-

1 .

5 6 Ly

* oo *
N Ll Oyy(Tl, + O) = Oyy‘(Tl, + O)/ o R Oxy( Tl, + 0) = QQ'(TI, +
0)/0%° T , ; :
1
(bi— a))/(by— az) 0.01 0.1 02 0.3
K'i(a) 0.028 7 0. 128 7 00288 0.028 8
K%(b,) 0.028 7 0. 128 7 00287 0.028 8
K7i(ay) - 01353 -0.1354 - 01356 - 0.1360
K (by) -01353 -0.1354 -0135 - 0.1357
(b= a)/(by- ay) 04 0.5 06 0.7
Ki(a) 0.029 0 0. 029 2 00296 0.0302
Ki(by) 0.028 9 0. 289 00290 0.029 1
K1(a) -0.136 7 -0.1378 - 01396 -0.1426
K(b,) - 01360 - 0. 136 4 - 0139 - 01374
(bi— a))/(by— az) 08 0.9 095 0.99
K7(a1) 0.031 4 0. 034 3 00386 0.0549
Ki(by) 0.029 3 0. 1295 00296 0.029 8
K7 (ay) - 0148 1 -0.1618 - 01817 - 0.2589
K7(by) - 01381 -0.1389 - 0135 - 0.140 4
Y,
g b
2 p
0.3 by & 8 - »
—~ <+ » ofe =
) /] LT —_
+ 0.6 =) a2
- [+ + 3
e S -1.0
bt W > T T — -
504 sl 06 -02 02 06 10
-] Ty
0.2
-1.0 -0.6 -0.2 0.2 0.6 1.0 _7
T
5 6
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The Interaction Problem Between the
Elastic Line Inclusions

TAO Fang ming, ZHANG Ming huan, TANG Ren ji
( Department of Mechanics Engineering, Shanghai Jiaotong
University, Shanghai 200030, PR China)

Abstract: Using the engineering model of elastic line inclusion and the basic solutions of a single in-
clusion, the interaction problem between line inclusions in an elastic solid was investigated. A set of
standard Cauchy_type singular equations of the problem was presented. The stress intensity factors at
points of inclusions and the interface stresses of two sides of the indusion were calculated. Severa

numerical examples were given. The results could be regarded as a reference to engineering.

Key words: elastic indusion; interaction; stress intensity factor; interface stress



