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1. Let  us  r e p r e s e n t  the  s t r e s s  s t a te  of a she l l  with a hole  [1, 4] as the  sum of a fundamen ta l  and p e r -  
t u r b e d  s ta te .  The p e r t u r b e d  s t a te  i s  d e s c r i b e d  by a t heo ry  of she l l s  with a high index  of v a r i a b i l i t y  

�9 2 0 2 a  
A Aa + &~ ~ = o, (i.l) 

where  x, y a r e  the  g e n e r a t o r  and d i r e c t r i x  of the midd le  s u r f a c e  of a she l l  of r a d i u s  R, A i s  the  Lap lace  
o p e r a t o r ,  482 = ~ R - l h - 1 ;  h i s  the she l l  t h i c k n e s s ,  and ~ i s  the  P o i s s o n  r a t io .  

We wr i t e  the  e x p r e s s i o n  of the  de f lec t ion  w(x, y), the  ro t a t i ons ,  s t r e s s  r e s u l t a n t s  and m o m e n t s  in  
the  she l l  [4] in  t e r m s  of the  s t r e s s  func t ion  ~(x, y) as 

(1.3) 
1 - - ~  0 2 . 1 O 

The u p p e r  b a r  h e r e  denotes  the complex  conjugate ,  and 2(a/az)  = 0 / 3 x - i ( 3 / a y ) .  

• [6, 7]: Let  us  r e p r e s e n t  the  sofu t ion  of (1.1) by a s e r i e s  with cons t an t  a n 
co r162 

a e ~ Y, "~ +wo). . ~o . + e - . ~  X~i-~..THO),dr~dn~ == t a . . . .  (ar)e ~ ~,,~ ,, ~ I , (1.4) 

where  H~) (~r )  i s  the  Hankel  func t ion  and z = re i4 ;  a = (1 + i)f i .  

Fo r  the  d e r i v a t i v e s  of the  func t ion  (r(x, y) we obta in  

a ~  a + O~ a b + . . + .  ~. --az = ~ - a ( b ~ ) ;  ~-~ =~-(~( h--t); :~=b# =ta~+1 ta~, (1.5)  

+ and  a n a r e  r e p l a c e d  by b+_t and bn_ l. whe re  cr(b~_ l) denotes  (1.4) i n  which the  a n 

It follows f rom (1.5) tha t  

ha 4 02_ a =a2a(c#);  c • + + 
. . . .  a~-l. (1.6) OzOz ~ - -  a;+ , 2a~ 

If the  funct ion  ~(x, y) p o s s e s s e s  s y m m e t r y  of the  type  cos 2n4. a c c o r d i ng  to the n a t u r e  of the p r o b l e m ,  

+ = --a  n = a+ n while  for  then  the dependences  a + = a n = a+n a r e  va l id ;  where  for  cos (2n + 1)# we have a n 
s in  (2n + 1), ~ we have  a + = - -a  n = - - a+n  and in  the c a s e  s i n  2n~- we have  a + = a n = - -a+n  . 

2. Let  us  g ive  the  equat ion  of the c losed  c u r v e  L on the  m i d d l e  s u r f a c e  in  the  p a r a m e t r i c  fo rm 

r = r (M; b = ff (L) (0 ~5 X <~ Lo). (2.1) 
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The p a r a m e t e r  k i n c r e a s e s  as  the  b o u n d a r y  L is  t r a v e r s e d  in  such  a d i r e c t i o n  r tha t  the  e x t e r n a l  n o r m a l  
to  t he  m i d d l e  s u r f a c e  -~ i s  d i r e c t e d  to the  r i g h t  of the  b o u n d a r y  L s e e n  f r o m  the  e x t e r n a l  s u r f a c e  of t he  
s h e l l .  Hence fo r th ,  d i f f e r e n t i a t i o n  i s  with r e s p e c t  to  the  a r c l e n g t h  s of the  b o u n d a r y  L.  

F r o m  the  r e l a t i o n  (2.1) we ob ta in  

ds = ] /[rO'  (~)]~ -F [r' (~,)l ~ dk. (2.2) 

In p a r t i c u l a r ,  we have  for  the  ang le  7 be tween  the  x ax i s  and the  n o r m a l  -~ 

i dz (~) 
d r  = - -  d s  " ( 2 . 3 )  

We find f r o m  the  d e p e n d e n c e s  (2.1), (2.2), (2.3) 

e i u  

W [r@' (k)l 2 q- l r '  0.)] ~ 

Le t  us  r e p r e s e n t  the  f o r m u l a s  to t r a n s f o r m  the  s t r e s s  r e s u l t a n t s ,  the  m o m e n t s ,  and r o t a t i o n s  [4] 
upon going o v e r  to  the  d i r e c t i o n s  u, r on the  b o u n d a r y  L as  

L.  

rO" (~,) - -  ir" (L) e~O. (2.4) 

T,  q- T = T ,  -t- Tu; T~ - -  T~ q- 2iSv~ = e uv (T u - -  T q- 2/Sxg); 

G.~ + G~ = G, q-- G u; G, - -  G~ -~ 2itt~, = e2~v (G y - -  G x "4- 2iH xu); ( 2 . 5 )  

Q~ - -  iQ~ = ei~ (Q~ - -  iQfl; O~ - -  i~ ~ = e ~v (~ ~ - -  iO u). 

f r o m  the  b o u n d a r y  cond i t ions  fo r  t he  p e r t u r b e d  s t a t e  on the  con tou r  3. Le t  us  de f ine  the  c o n s t a n t s  a n 
The b o u n d a r y  cond i t ions  of the  f i r s t  f undamen ta l  p r o b l e m  a r e  [4] 

dH w 
T , ,=  f ,(k);  S =/~(k); G v =fa(s  Q~ 4 ds -- f,(~). (3.1) 

Le t  us  subs t i t u t e  the  e x p a n s i o n  (1.4) in to  (1.3), and the  e x p r e s s i o n s  ob ta ined  fo r  the  s t r e s s  r e s u l t a n t s  
and m o m e n t s  in to  (2.5). Now, l e t  us  w r i t e  down an e x p l i c i t  e x p r e s s i o n  fo r  the  m o m e n t  H vr  in  t e r m s  of 
the  c o n s t a n t s  a n .  ~ A f t e r  d i f f e r e n t i a t i n g  i t  with r e s p e c t  to  the~ a r c l e n g t h  s ,  the  c o l l o c a t i o n  me thod  can  be  
u s e d  to  f o r m  the  in f in i t e  s y s t e m  of a l g e b r a i c  equa t ions  in a n . Condi t ions  (3.1) a r e  h e n c e  s a t i s f i e d  e x a c t l y  
fo r  a f in i te  n u m b e r  of va lue s  of k .  

Ano the r  m e a n s  [2] i s  to  expand  (2.5) in a F o u r i e r  s e r i e s  in the  func t ions  e2~in(u/r0 ). I n t e g r a l s  of the  

f o r m  

H(nO, ' , .  5 ' a r ) e x p l t ( n ~ - F a x  - k r n y - - 2 ~ k  ~-~)Jd~ 

0 

(m---- O, 1,2; k---- O, :k 1, -4- 2, . . . )  
(3.2) 

m u s t  be  e v a l u a t e d .  

F o r  a r b i t r a r y  (2.1) the  i n t e g r a l s  (3.2) can be  e v a l u a t e d  n u m e r i c a l l y ,  w h e r e  i t  is  conven ien t  to  u s e  

t he  m e t h o d  of P h e l a n  [5]. 

A f t e r  expans ion ,  we ob ta in  on the  b o u n d a r y  L 

T~ + T~ f T ~' ( 0 , +  6 0 = P Y ~ "  ; Qv - -  iQ~ = Z~ qk e ~ ; 
- -r  - - e~  

T~-- T +2iS  - - ' ~ t  e 2 ~ "  G~--G~ -4- 2 i H ~  = ~ g ~ e ~ r ~  
- - X ~ .  k s ' 

H e r e  Pk, tk ,  gk,  qk a r e  n u m b e r  s e r i e s  wi th  c oe f f i c i e n t s  a ~= 
n ~ 

F r o m  the  expans ion  (3.3) we f ind T u, Sur ,  G u, Qv ,  HuT on the  b o u n d a r y  L .  F o r  e x a m p l e  

(3.3) 

H = -~ ~ (g_~ :-- gk) e ~~ (3.4) 
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To evaluate  the de r iva t ive  with r e s p e c t  to the  a rc l eng th  s, let  us  expand the  exp re s s ion  

i 

{[r$' (a)l ' + It' (~)1=} - ~ = =~ %e~*n~Zo 

and taking account  of (2.2) and (3.5) we obtain 

(3.5) 

_ •  dHv~ a e,2mm_~o e&,,~ = iVo,O,)l~+L< (>,)j~} ~ = d ~ ,  2%0 ~ ~ k~_~(g,-LO. (3.6) 

Let  us expand the  r ight  s ides  of condi t ions  (3.1) into the F o u r i e r  s e r i e s  
r  

h (~)= Z [~ e ~  (3.7) 

Substi tut ing (3.3), (3.6), (3~ into (3.1) and equating the  e x p r e s s i o n s  with ident ica l  exponent ia ls ,  we obtain 
Let  us add [6, 7] the  condit ion of s e l f - equ i l i b r a t i on  an infinite s y s t e m  of l i nea r  a lgeb ra i c  equat ions in a n . 

of the s t r e s s e s  and un iqueness  of the tangent ia l  d i s p l a c e m e n t s  

o ~  

E ( a+ - -  37)  = 0 (3.8) 
- - c o  

to the infini te  s y s t e m .  

4. The s t r e s s e s  in a shel l  with a f r e e  c i r c u l a r  hole  s t r e t c h e d  un i fo rmly  by s t r e s s  r e su l t an t s  d i s t r i -  
buted over  the endfaces  p, and in a shel l  with c i r c u l a r  hole  of rad ius  r0 loaded by un i fo rm in te rna l  p r e s -  
s u r e  q0 and c o v e r e d  by a cap whose  effect  on the  shel l  is r e p l a c e d  by jus t  t r a n s v e r s e  f o r c e s ,  have been 
d e t e r m i n e d  by the  method  e lucidated above.  The fol lowing t r a n s v e r s e  fo rce  d i s t r ibu t ion  laws have  been 
cons ide r ed :  

f4 (~') = q~176 2 (4.1) 
f4 (M = - -  qor ,) sin2s (4.2) 

f4 (M = - -  q0r0cos2K (4.3) 

The in t eg ra l s  (3.2) w e r e  evalua ted  by the Phe lan  method  [5]. We put r = r0; h = 8 in (2.1) fo r  the 
c i r c u l a r  hole .  We find 2/ = 8 f r o m  (2.4). The infini te  s y s t e m  was so lved  by the method  of reduc t ion .  The 
a c c u r a c y  of the  so lu t ion  was e s t ima ted  by the deg ree  to which the expans ion  (1.4) sa t i s f ied  the boundary  
condi t ions  (3.1) a f te r  the values  of the cons tants  an  ~ had been subs t i tu ted .  The ca lcu la t ions  were  p e r f o r m e d  
on the "Minsk-22"  e l ec t ron ic  c o m p u t e r  fo r  values  of the p a r a m e t e r s  v = 0.3; r0/4--~g = 0 .5-3 .5 .  

The g r e a t e s t  s t r e s s  concen t r a t i on  coeff ic ients  k$ a r e  shown in Fig.  1 as a funct ion of the p a r a m e t e r  
r0/Rg'R--h. Curve  1 c o r r e s p o n d s  to axial  t ens ion  on the she l l .  Hence 
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Curves 2, 3, 4 cha rac t e r i ze  loading by uni form p r e s s u r e  for t r a n s v e r s e  force  dis tr ibut ions cor responding  
to (4.1), (4.2), (4.3), where 

6 
qoRko = Te (r o, O) - -  T 6~ (%, 0). 

Presen ted  in Fig. 2 a r e  graphs  of the change in the coefficients k~ along the hole contour (r0/~-R-h 
= 2.5). As is seen, the case  (4.3) turns  out to be the best  of the t r a n s v e r s e  force  distr ibution ve r s ions  con- 
s idered .  

The numer ica l  values  of the s t r e s s e s  ag ree  well with those  p resen ted  in [3, 7]. 
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