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EJATIOBJAL ADVISORY COSIkITTEE FOR Al3301UJJTICS 

STRESS OF CURVED S23ZY 

By Norman B a f e l  

On a n  a i r p l a n e  i n  l e v e l  f l i g h t ,  t h e  xppe r  s u r f a c e  of 
t h e  wing i s  s u b j e c t e d  t o  azi ou tward- ac t ing  p r e s s u r e  due 
t o  t h e  d i f f e r e n c e  i n  i n t e r n a l  and e x t e r n a l  p r e s s u r e s .  I n  
o r d e r  t o  d e t e r m i n e  t h e  e f f e c t  o f  t h i s  p r e s s u r e  o n  t h e  
c r i t i c a l  s t r e s s e s ,  an  e m e r i m e n t a l  s tudy  h a s  been under-  
t a k e n .  Re fe rence  1 p r e s e u t e d  t h e  results of compress ion  
t e s t s  on u n s t i f f e n e d  cu rved  s h e e t  sv-bjected t o  a n  outward- 
a c t i n g  n o r m a l  p r e s s u r e .  The p r e s e i i t  r e o o r t  g i v e s  t h e  r e -  
s u l t s  o f  t o r s i o n  t e s t s  on t w o  curved- shee t  specirriens sub- 
j e c t e d  t o  a n  ou tward- ac t ing  normal 2 r e s s u r e .  

The t w o  s p e c i n ~ e n s ,  shown i n  f i g u r e s  1 and 2, a r e  
des igna , ted  by t h e i r  r e s p e c t i v e  r i b  s p a c i n g s  o f  10 i n c h e s  
and 30 i n c h e s .  The specimens were mou.nted on  a r i g i d  
v e r t i c a l  abutmant i n  t h e  HACA s t r u c t u r e s  r e s e a r c h  l a b o r -  
a t o r y  a s  siiown i n  f i g u r e  3 .  Two 100,000- pound- capaci ty  
h y d r a u l i c  Jacks  mere u s e d  t o  a g p l y  t o r q u e  t o  t h e  specimens,  
o n e  i n  c o n j u n c t i o n  w i t h  a l e v e r  t o  g i v e  doantvard l o a d .  
Dial- gage r e a d i n g s  were t a k e n  a t  t h e  o n t e r  edge of  each  
r i b  s t a t  i o i i .  

l T O m 4 4 a l  pyessuye  was a p p l i e d  by a d m i t t i n g  compressed 
air t b r o u g h  a r e g u l a t i n g  v a l v e  i n t o  t h e  specimen. A 
lslercury manomet.er c a l i b r a t e d  i n  pounds p e r  s q u a r e  i n c h  was 
used  t o  measure t h e  p r e s s u r e  i n s i d e  t h e  specimen. 

The spec.inlen w i t h  30- inch r i b  spac ing  o r i g i n a l l g  had 
tb ree  bays  o f  e q u a l  l e n g t h ,  A f t e r  s e v e r a l  r u a s  a t  d i f f e r -  
e n t  p r e s s u r e s ,  however,  t h e  b u c k l i n g  i n  t h e  t i p  bay had  
become s e v e r e  eiiough t o  cause  y i e l d i n g  of t h e  f l a n g e  o n  
t he  end r i b ,  l e a v i n g  a permanent buck le  i n  t h e  s h e e t  and 
r e s u l t i n g  i n  Power buckl iz ig  l o a d s  f o r  t h e  specimen. The 
specimen was t h e n  r e p a i r e d  by reduci i ig  t h e  ler?gt:i of' t h e  
end bays  t o  21b i n c h e s  and making new end r i b s  o f  h e a v i e r -  
gage s t e e l .  (See  f i g .  2 . )  The c r i t i c a l  b u c k l i n g  l o a d  was 
t h e r e a f t e r  t a k e n  as  t h e  l o a d  a t  which b u c k l i n g  occu r red  
i n  t h e  bay 30 i n c h e s  long .  
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"* s, 

The a l t e r e d  specimen w a s  t e s t e 4  w i t h  normaZ pressurcjs 
up t o  7 pounds per s q u a r e  inch .  A t  t h e  b u c k l i n g  l o a d  f o r  
t h a t  p r e s s u r e ,  however, very deep b u c k l e s  and l a r g e  ro ta-  
t i o n a l  d e f l e c t i o n  o c c u r r e d .  A f t e r  t h e  l o a d  was r e l e a s e d ,  
s m a l l  permanent b u c k i e s  remained i n  t h e  s h e e t .  Some addi- 
t i o n a l  t e s t s  were made on t h e  specimen i n  t h i s  damaged 
s t a t e ,  i n  o r d e r  t o  d e t e r a i n e  t h e  e f f e c t  o f  i n i t i a l  y i e l d -  
i n g  on t h e  b u c k l i n g  l o a d .  

I n  t h e  p l o t t i n g  o f  t e s t  r e s u l t s ,  t b e  shear  s t r e s s  i n  
t h e  s k i n  a t  any t o r q u e  was assumed t o  be g i v e n  by t h e  f o r -  
mula 

7 s: 0- T 
24.1; 

whera 

7 s h e a r  s t r e s s  

T a p p l i e d  t o r q u e  

A a r e a  e n c l o s e d  by median l i n e  o f  s k i n  

t t 211 ckne s s o f  s k i n  

The r e s u l t s  o f  t h e  t e s t s  a r e  p r e s e n t e d  i n  f i g u r e s  4 
t o  9 ,  f rom which t h e  f o l l o w i n g  c o n c l u s i o n s  a r e  drawn: 

1. Loading of  t b e  specimen u n t i l  b u c k l i n g  occu r red  
a t  noriaax p r e s s u r e s  a s  h i g h  a s  ti pounds p e r  square i n c h  
d i d  n o t  a p p r e c i a b l y  i n j u r e  t h e  specimen f o r  a d d i t i o n a l  
t e s t s  a t  d i f f e r e n t  p r e s s u r e s ,  a s  ev idenced  by t h e  e x p e r i -  
menta l  p o i n t s  i n  f i g u r e  4,  where t h e  izurobers 1, 2 ,  3 ,  and 
s o  f o r t h  i n d i c a t e  t h e  o r d e r  i n  mhich t h e  t e s t s  were roade. 
The p r e s e n c e  o f  pe rmaren t  b u c k l e s ,  however,  d i d  lower t h e  
c r i t i c a l  s h e a r  s t r e s s  f o r  t h e  specimen, as shonn by t h e  
t w o  c u r v e s  f o r  t h e  specimen w i t h  SO-inch r i b  spac ing .  
(See f i g .  4 . )  

2 .  An ou tward- ac t ing  n o r m a l  p r e s s u r e  aQ-oreciably  
r a i e e s  t h e  c r i t i c a z  s h e a r  s t r e s s  f o r  u n s t i f f e n e d  curved  
s h e e t .  (See  f i g .  4 . )  

3 .  The a b s o l u t e  i n c r e a s e  i n  c r i t i c a l  s h e a r  stress 
caused  by normal p r e s s u r e  i s  s l i ~ k i t l y  g r e a t e r  f o r  t h e  30- 
i n c h  r i b  spacing t h a n  f o r  t h e  10- inch r i b  suac ing .  (See  
f i g .  5 . )  On a p e r c e n t a g e  b a s i s ,  however,  tlie i n c r e a s e  i n  
c r i t i c a l  s h e a r  s t r e s s  caused  by normal p r e s s u r e  i s  cons id-  
e r a b l y  g r e a t e r  f o r  t h e  SO-inch rib spac ing  t h a n  f o r  t h e  
10-inch r i b  spac ing .  (See  f i g .  6.) 
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4. The c u r v e  of s h e a r  s t r e s s  a g a i a s t  normal presssure 
a t  which b u c k l e s  d i s a p p e a r e d  was a lways  b e l o s  t h e  c u r v e  o f  
s h e a r  s t r e s s  a g a i n s t  normal  p r e s s n r e  a t  which t h e  b u c k l e s  
appeared .  ( S e e  f i g .  7 , )  

5. %he  r e l a t i o n s h i p  between s h e a r  s t r e s s  and normal 
p r e s s u r e  a t  which b u c k l e s  d i sappeRred  is independent  of 
wnether  t h e  buck lea  were made t o  d i o a p p e z r  by i n c r e a s e  of 
n o r m a l  p r e s s u r e  o r  by d e c r e a s e  of shear s t re s s ,  (Sea 
fig. 7 . )  

6 ,  The t o r e i o n a l  s t i f f n e s s  o f  t h e  spectmens b e f o r e  
buck l ing  w a s  not  a f f e c t e d  s i g n i f i c a n t l y  by aa outward- 
a c t i n g  n o r m a l  p r e s s u r e .  (See  f i g s .  8 and 9.) The law 
t o r s i o n a l  s t i f f n e s s  i n d i c a t e d  i n  f i g u r e  8 f o r  n o r m a l  p r e s-  
s u r e s  o f  0 and 1 panrid p e r  s q u a r e  i n c h  a t  a s h e a r  s t r e s s  
o f  7098 pounds p e r  s q u a r e  i n c h  i s  e x p l a i n e d  by t h e  f a c t  
t h a t  i n  t h e s e  t w o  c a s e s  t h e  b u c k l i n g  s t r e s s  had been 
exceeded 

Langley Memorial A e r o n a u t i c a l  L a b o r a t o r y ,  
W a t i o n a l  Advisory Committee f o r  A e r o n a u t i c s ,  

Langley B i e l d ,  Va. 
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Outward-actixig noma1 p * c s s u r ~ ,  l b / s q  in. 

Figuri! 4.- Effcc t  of i1oriciaS. prassurd on critical sboar strcss. 
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Oataard-actin7 normal pressure, Ib/ sq ia. 
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F i m r o  5.- Pncrcase i n  c r i t i c a l  siloar stress caused by rorim,I. yxsss-ire. 
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Fig. 6 
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Gatnard-acting -Aorrml prc-ssme, lb/sq in. 

Fi?:me 6.- Fcrcom5ay-o i x r a a s e  i3 critical a'iiaar stress cavsed by 
norilia1 p r  C. s sure. 
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I I i I ! I  Shear stress; 4732 l'o/sq i n .  l l l l i  

1 Shuar strass 7098 l b l a q  in. 1 
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Zi:=ure 8.- Effect of  norrml prGssure OD rotat ion or" spocimoq ;'iith 
10-inch rib spacing. 
i 
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Figure 9.- EffGct of ~ O M U L ~  pressure on rotation of s p ~ c F m n  with 
30-inch r i b  spaci-ng. 
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