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Eugene E. LWkdquist 
Elbridge Z Stowell  

It is bel ieved t h a t  t h e  r e s u l t s  a r e  s e r i o u s l y  l i m i t e d  by 
t h e  assumption t h a t  t h e  c r o s s  s e c t i o n s  of the s t l f f s n e r  do not  
deform. For most of our  s t i f f e n e r s ,  e s p e c i a l l y  bent up sec t ions ,  
t h e  deformcitions of t h e  c ross  s e c t f  on a r e  appreoiable ,  

It is shomn t h a t ,  under t h e  assumption of no c r o s s  s e c t i o n a l  
deformation, When the  t o r s i o n a l  deformation of t h e  s t i f f e n e r  is 
compatible with t h e  r o t a t i o n  of the  panel edge (@ 3 4, cos %";;"A, 
t h e  t o r s i o n a l  load%ng dT on t h e  s t i f f e n e r  a t  a given s t a t i o n  i s  

-C 

dx 
propor t ional  t o  the  r o t a t i o n  a t  t h e  given s t a t i o n ,  Hence, an 
f*equivalent s t i f f n e s s  of t h e  r e s t r a i n t w  which is  independent of 
t h e  coordinate  x ( r o t a t i o n  a t  one po in t  a long l eng th  does no t  
a f f e c t  s o t a t t o n  a t  another  p o i n t )  can be determined. ($e& 
s u m r y .  ) ( W N )  



BESTBAIITT PZOVIDED k F L L T  RZC TAlTGULAR PLATE 

BY A STURDY S T I F P E N L B  ALOHG BIT .EDGE OF 

THE PLATZ 

By Eugene E .  L u n d q u i s t  and  S l b r i d g e  '2. S t o w e l l  

SUMNARY 

A s t u r d y  s t i f f . e n e r  i s  d e f i n e d  a s  a  s t i f f e n e r  of  s u c h  
p r o p o r t i o n s  t h a t  i t  d o c s  n o t  s u f f e r ,  c r o s s - s e c t i o n a l  d i s -  
t o r t i o n  when mom3nts a r e  a p p l i e d  t o  some p a r t  of  t h o  c r o s s  
s e c t i o n ,  When s u c h  a s t i f f e n e r  I s  a t t a c h e d  t o  ono edge  o f  
a p l a t e ,  i t  w i l l  r e s i s t  r o t a t i o n  o f  t h a t  edge of t h e  p l a t o  
by means gf i t s  t o r s i o n a l  p r o p e r t i e s ,  A f o r m u l a  i s  g i v e n  
f o r  t h e  r e s t r a i n t  c o e f f i c i e n t  p r o v i d e d  t h e  p l a t e  b y  such  .a 
s t i f f e n e r .  T h i s  c o e f f i c i e n t  i s  requi ' red  f o r  t h e  c a l c u l a -  
t i o n  of t h e  c r i t i c a l  compres s ive  s t r e s s  of t h e  p l a t e .  

3 

Ia t h e  a a l c u l a t i o n  of t h e  c r i t i c a l  c o m p r e s s i v e  s t r e s s  
f o r  f l a t  r e c t a n g u l a r  p l a t e s  a s  p r e s e n t e d  i n  r e f e r e n c e s  1 
and 2 ,  i t  i s  n e c e s s a r y  f i r s t  $0 e v a l u a t e  t h e  r e s t r a i n t  
c o e f f i c i e n t  a l o n g  an u n l o a a c d  edge of t h e  p l a t e .  The f o r -  
mula  t h a t  must be u s e d  t o  e v a l u a t e  t h i s  r e s t r a i n t  w i l l  
depend  upon t h e  c h a r a c t e r i s t i c s  o f  t h e  s t r u c t u r a l  mem3er, 
o r  members, which p r o v i d e s  t h e  r e s t r a i n t .  I n  r e f e r e n c e s  

. 1 and 2 i t  .was assumed. t h a t  t h e  r . s ' s t r a i n t  was p r o v i d e d  by 
a s p e c i a l l y  d e f i n e d  e l a s t i c  r e s t r a i n i n g  medium. As a r e -  
s u l t  of t h i s  a s s u m p t i o n ,  i t  w a s  p o s s i b l e  t o  d e r i v e  a gen- 
e r a l  d e s i g n  c h a r t  f o r  t h e  c a l c u l a t i o n  of t h e  c r i t i - c a l  com- 
p r e s s i v e  s t r e s s ,  t h a t  i s ,  w i t h i n  w i d e  l i m i t s ,  i n d e p e n d e n t  
of t h e  s t r u c t u r e  which p r o v i d e s  t h e  r e s t r a i n t .  

RESTRAIDT COEFFIC IEMT 

I n  r e f e r e n c e s  l . s n d  2 t h e  r s s t r s l i n t  c o e f f i c i e n t  6 
i s  d e f i n e d ,  f o r  s t r e s s e s  w i t h i n  t h e  e l a s t i c  r a n g e ,  by t h e  
e q u a t i o n  



* .  

and, fur str'esses' beyond the elastic range, by the equation 

where 

So stiffness per unit length of elastic restrain- 
ing medium at side edge of plate or moment 
required to rotate a unit length of medium 
through one-fourth radian 

b width of plate being restrained 

q nondimensional coefficient to allow for a de- 
crease in D due to the application of 
stresses beyond the elastic range 

D flexural rigidity'per unit length of plate 

E Young's modulus of elasticity 

t thickness of plate: 

y ~oissonls ratio . ,, 

On'the assumption of perfect elasticity, both b and 
D are constant for the plate and it is necessary to eval- 
uate only So.  The detailed effect of loading beyond the 
elastic range is considered in another section of this pa- 
per, 

The basic property of the elastic restraining medium, 
as used in the theory of references 1 and 2 in the defi- 
nition of E, is that rotation at one point of the medium 
does not affect rotation at another point of the medium, 
In many practical problems the elastic restraint is provid- 
ed by a stiffener, a plate, or some other structure for 
which rotation at one point does affect rotation at another 
point, Consequently, the evaluation of So in any given 
problem must take into account the effect of this interac- 
tion within the elastic restraining structure. 

Regardless of how the elasBlc restraint is pr,vided, 



the folloui~g two conditions must be satisfied simultane- 
ously: 

1. The rotation of the elastic resfraining structure 
at any point along the side edge of the plate must be the 
same as the rotation of tho plate at this point. 

2. Zach element of the elastic restraining structure 
must be in equilibrium. 

For the solution of the buckling of plates as given 
in refcrences 1 cnd 2, the first of these conditions rc- 
quires that the rotation fp at station x along the side 
edge of the plate be obtained from equation (A-2) of ref- 
erence 1 or 2, as follows: 

where yo is the rotation of tke edge at x = 0 and h 
is the half-wave length of the buckle pattern. 

The second of the foregoing conditions requires that 
the differential equation of equilibrium of the elastic 
restraining structure be satisfied. If the value of Cp 
that is given by equation (3) also satisfies the equation 
of equilibrium of the elastic restraining structure, it 
beconcs possible to evaluate the equivalent stiffness So 
for the elastic restraining structure. A trial calcula- 
tion showed that this evaluation could be accomplished for 
the case of a sturdy stiffener. 

EVALUATION OF RESTXAIBT COZFFICIEBT PROVIDED 
' . 

BY B STURDY STIFFEXER 

A Hqtusdyt! stiffener is defined as a stiffener of such 
proportions that it does not suffer cross-sectional Bis- 
tortion when the plate buckles. ( S e e  fig. l(b).) Such a 
stiffener will resist rotation at the side edge of the 
plate by means of its torsional properties. 

Within the elastic range,- Accordixg to %he definition 
of So, the rotation q o f  an elament ax of the stiffen- 
er ow&, be caused by an applied nolent of 4Soqdx. Because 
a sturdy stiffener can resist this applied mar-lent only by 



means 03 i t s  t o r s i o n a l  p r o p e r t i e s ,  a d i z f e r e n c e  of t o r q u e  
dT b e t a e e n  tht-  ends  of t h e  s t i f f e n e r  e lement  dx n u s t  
e x i s t  f o r  e q u i l i b r i u m .  Thus ,  t h e  f o l l o w i n g  d i f f e r e n t i a l  
e q u a t i o n  of' t h e  equilibrium of any  s t i f f o n e r  e lement  dx 
i s  o b t a i n e d  3.7 s e t t i n ry  t h e  sum of t'nc end moments e q u a l  t o  
t h e  a p p l i e d .  moaont ( f  i p ; .  2 )  : 

f rom iz5ich 

A  stud.^ of t h e  t h r o r p  of r e f e r e n c e s  3 ,  4 ,  and 5 re-  
v e a l s  t h a t  t 3 e  i n t e r n a l  r e s i s t i n ?  t o r q u e  T a t  s t a t i o n  
x i s ,  f o r  s m a l l  r o t a t i o n s ,  

where 

G J  t o r s i o n a l  r i  < i d i t g  of s t i f i ' o n c r  

f u n i f  o r m l p  d i s t r i b u t e d  coolpressive s t r e s s  
i n  s t i f f  o i l e r  

IP p o l a r  nomcnt of i n e r t i a  o? s t i f f e n e r  sec -  
t i o n a l  a r e a  abou t  a x i s  of  r o t a t i o n  

CgT t o r s i o n - b e n d i n g  c o n s t a n t  of s t i f f e n e r  sec-  
t i o n a l  8 r e a  a b o u t  a x i s  of r o t a t i o n  at o r  
n e a r  eds;o of p l a t e  

 he e x a c t  l o c T t i o n  of t h e  a x i s  of r o t a t i o n  v : i l l  depend 
upon t h c  s t 5 l l c n o r  c r o s s  s e c t i o n .  Tho p r a c t i c r l  evn lua -  
t i o n  of CgT i s  r e s c r v e d  f o r  a f u t u r e  p a p e r .  I n  t h e  nean- 

t i m e  t h e  r e a d c r  map consuJt  r e f e r e n c e s  3 ,  4 ,  5 ,  an8. 6 f o r  
i n f o r m a t i o n  concorn iny  C g T .  ) 

E q u a t i o n  ( 6 )  of t h i s  p a p e r  i s  t h e  sane  as equa . t ion  *a 

( 2 3 )  of r e f e r e n c e .  5 ,  n i t h  >ha a d d i t i o n  o B  a n o t h e r  t e rm t o  -.. A 
:2* , 

i n c l u d e  t h e  e f f e c t  of a u n i f o r m l y  d i s t r i b u t e d  c o n p r e s s i v e  
s t r e s s  f i n  t b e  s t i f f e n e r .  T h i s  s t r e s s  i s  aLso t h e  com- 
p r e s s i v e  s t r e s s  i n  t h o  n h e a t  because  b o t h  t 3 c  s t i f f z n e r  * 
a n d  t h ~ ?  s h e e t  a r e  s u b j e c t  t o  t h e  s a n e  d o f o r n a t i o n .  



S u b s t i t u t i o n  of t h e  v a l u e  o,f T a s  ~ i v c n  e q u a t i o n  
( 6 )  i n t o  e q u a t i o n  (5 )  ~ i v e s  

S u b s t i t u t i o n  of e q u a t i o n  (3) i n  e q u a t i o n  (7) ~ i v e s  

Tron n h i c h  - 

Be5rond t h e  e J a s t i c  ra,nsg.- Then t h e  compressive s t r e s s  
on  t h e  p r a t e - a n d - s t i f f e n e r  combinat ion i s  3 e ~ o n d  t h e  e l a s -  
t i c  r a n q e ,  e q u a t i o n  ( 9 )  becomes 

IT2% E = -2-- ( (TZ GJ - f I p  -I- -- n2 ! ' 
A 'OD A2 

where ?, T2. and TI a r e  nondimensional  c o e f f i c i ~ n t s  l e s s  
t h a n  u r i t p  t h a t  t a k e  i n t o  account  t h e  e f f e c t  of s t r e s s . o n  
D, G ,  and 23, respective1:r.  The problem i s  t o  e v a l u a t e  q ,  
T,, a c d  T1 f o r  any v a l u e  of t h e  compressive s t r e s s  f. 

The e lementa l  zrolunes of t h e  m a t e r i a l ,  t h a t  comprise 
t h e  s k i n - s t i T f  e n e r  c o n b i n a t i o n  r e s i s t  b u c k l i n g  by neans  of 
t h e  f  oiloxving p r o p e r t i e s  : 

1. L o n g i t u d i n a l  bendin?  s t i f f n e s s  

2, T o r s i o n a l  s t i f f n e s s  

3. T r a n s v e r s e  bending s t i f f n e s s  

A t  s t r e s s e s  be?~ond t h e  e l a s t i c  r a n g e ,  t h e s e  r e s t r a i n i n q  
s t i f f n e s s e s  are m u l . t i p l i e d  by the nondinen.siona1 c o e f f i -  
c i e n t s  T ~ ,  T ~ ,  and T ~ ,  r e s p e c t i v e l y .  These c o e f f i -  

c i e n t s  a r e  e q u a l  t o  o r  l e s s  tha,n u n i t y  a n d  a r e  g i v e n  by t h e  
fo l lo tv inq  t e n t a t i v e  e x p r e s s i o n s  f r o n  r e f e r e n c e  7 :  



- 
where T i s  E /E ,  t h e  r a t i o  of' t 5 e  e f f e c t i v e  colunn mod- - 
U ~ U S  E f o r  l o n y i S u d i n a 1  5 e a d i n g  a t  t 5 e  s t r e s s  f  t o  
Younqls  modulus E.  

A s  d i s c u s s e d  i n  r e f e r e n c e  7 ,  t h e  c o e f f i c i e n t  ? i n -  
v o l v e s  a c o n - ~ i ~ , a t i o l l  of 'rl, T ~ ,  and T3* A t e n t a t i v e  
v a l u e  of i s ,  i n  t e r n s  of 7 ,  

I n  t h e  s p e c i a l  Case,  x h e r e  t h e  p l a t e  i s  ail o u t s t a n d i n ?  
f1ano;e w i t h  E ver?,r n e a r  ze ro  slrd A/% i s  ~ r e a t e r  t h a n  
a 2 p r o x i u a t e l y  2 .5 ,  t h e  t e n t a t i v e  va lue  of i s  p r o b a b l y  
b e t  t e  r ~ i v e n  by 

The r a t i o  T i s  r e l a t e d .  t o  t h e  c o n p r e s s i v e  s t r e s s -  
s t r a i n  curve  f o r  t h e  m a t e r i a l .  (See e q u a t i o n  (11) of 
r e f e r e n c e  '7.) In t h e  a - ~ s e n c c  of t h e  compressive s t r e s s -  
s t r a i n  c u r v e ,  p r o b e b l e  v a l u e s  of T can be o b t a i n e d  f ron  
t h e  coLunn curvc  f o r  t h o  n a t e r i a l .  (See r e f o r e n c e  7 . )  
F i a u r e s  3 and 4 o;ive v a l u e s  of T ~ ,  T,, snll f o r  
24s-T a l u n i n u n  a l l o y  p l o t t e c  a s  a  f u n c t i o l  of t i e  conpres-  
s i v e  s t r e s s  I" a s  de termined by t h e  colunn curac  f o r  t h e  
m a t e r i a l .  I n  f i q u r e  3 ,  t h e  v a l u e s  a p n l s  t o  24s-T m a t e r i -  
a l  w i t h  ni:>isun r e q u i r e d  p r o p e r t i e s .  In f i g u r e  4 ,  t h e  r a l -  
u e s  a p p l y  t o  24s-T n a t e r i a l  w i t h  avera4e  p r o p e r t i e s .  

Z i q u r e s  s i n i l a r  t o  3 and 4  of t h i s  Fapcr  n a ; ~ ~  be p re -  
p a r e d  f o r  any n a t e r i a l .  The onq inze r  u s i n g  t h i s  p a p e r  
n u s t  t h e r e f o r e  d e c i d e  whether  t h e  computa t io r  sba.11 bc based 
on t h e  z i n i n u ~ '  r e q u i r e d  maaterial .  p r o p e r t i e s  o r  t h e  3vcraYe 
n a t o r L a l  p r o p e r t i e s .  



I n  s e v e r a l  p r e v i o u s  t h e o r e t i c a l  s o I u t i o n s  f o r  t h e  
b u c k l i n ?  of p l a t e s  e l a s t i c a l l y  r e s t r a i n e d  a t  t h e  s i d e  
e d g e s ,  i t  h a s  been assuned  t h a t  t h e  r e s t r a i n t  i s  p r o ~ i d e d  
o n l y  bg t h e  t o r s i o n a l  r i < i d i t > r  of t h e  s t i f f e c e r .  These 
s o l u t i o a s  n e g l e c t  two e f f e c t s :  ( 1 )  t h e  e f f e c t  of t h e  i n -  
c r e a s e d  t o r s i o n a l  s t i f T c e s s  caused by l o n g i t u d i n a l  bendin? 
t h a t  acconpan les  t o r s i o n  and  ( 2 ) ,  t h e  e f f e c t  of t h e  re-  
duced t o r s i o n a l  s t i r " lne , s s  caused  by compress ive  l o a d  i n  
t h e  s t i f f e n e r .  

I n  t h e  s o l u t i o n  h e r e i n  y i 7 e n ,  t h e s e  e f f e c t s  have been 
2 

TT i c c l u d e d  and t h e y  accoun t  f o r  t h e  t e r n s  f I p  and r;;r E C B ~  

i n  e q u a t i o n  ( 9 ) .  These t e r n s  a r e  o n i t t e d  i n  e q u a t i o n  ( 8 3 )  
o f  r e f e r e n c e  8 and  i n  e q u s t 3 . o ~  ( 0 )  on page 343 of  r e f e r -  
ence  9 ,  where r b  c o r r e s p o n d s  t o  6. 

I n  append ix  A of r e f e r e n c e  1 0 ,  t h e  a u t k o r  a p p e a r s  t o  
have  . r e a l i z e d  t h e  inpo ' r t ance  of inc luding;  t h e  t e r n s  *IP 

2 
a n d  ;z ECaP. These t e r n s  were o m i t t e d ,  %onever ,  i n  t h e  

thoor;; t h a t  l e d  t o  t h s  d e t e r m i n a t i o n  of p of r e f e r e n c e  
10 ,  which i s  r e l a t e d  t o  6 of t h i s  r e p o r t  33 t h e  e q u a t i o n  

a r e  equa l  t o  z e r o .  

T h e o r e t i c a l  c a l c u l ~ t l o n s  and t h e  r e s u l t s  of t e s t s  
r k v e a l  t h a t  l a r g e  e s r o r s  can r e s u l t  from t h e  o n i s s i o n  of 
some of t h e  t e r l s  i n  e q u a t i a n  ( 9 )  o f  this paper.  I t  i s  
t h e r e f o r e  recoonended t h a t  t h e  c r i t i c a l  compressive s t r e s s  
f o r  p l a t e s  elast ica11;r  r e s t r a i n e d  a g a i n s t  r o t a t i o n  by a 
s t u r d g  s t i f f e n e r  axon? one o r  b o t h  un loaded  s i d e  edTes be 
c a l c u l a t e d  b:~ t h e  methods- of r e f e r e n c e  1 o r  2 and by equa- 
t i o n  ( 9 )  of t h i s  r e p o r t .  I t  w i l l  be f o u n d ,  f o r  channel - ,  
Z- ,  knd  I - s e c t i o n  s t i f i ' e n s r s ,  that the terrn i n  e q u a t i o n  
( 9 )  which c o n t a i n s  CBT w i l l  'oc i n p o r t a n t ;  a h e r e a s  f o r  
a n ? l e  s e c t i o n s  t h i s  t e r n  w i l l  be r e l a t i v e l ~ ~  unimportant. 

E q u a t i o n s  ( 8 )  and  ( 9 )  can a l s o  ,be w r i t t e n :  



I I? 
4 s 0  = ---- [ ( f c r )  . 

L s t i f f  

v h e r e  1 
('cr s t i f f  

i s  t h e  c r i t i c a l  c o n p r c s s i v e  s t r e s s  Tor 

t w i s t i - n y  of t h e  s t i f f e n e r  a l o n e .  Pro2 e q u a t i o n  (1) of 
r c f a r e n c e  6 ,  

GJ IT2~cBT 
( f c r )  = -- -1. ------ 

s t i f f  I~ h2 I p  

Equa t ion  (13)  shows t h a t ,  chen t h e  c o n p r e s s i v e  s t r e s s  
i a  t h e  stiffener i s  euua l  t o  t h e  c r i t i c 2 , l  conpross iv$  
s t r e s s  ?o r  t n i s t i n ?  of t h e  s t i f f e n o r  a l o n e ,  t h e  r e s t r a i n t  
c o e f f i c i e n t  E i s  +equal  t o  ze ro .  Bho2 f < If ) .  ' Cr s t i f f '  
t h e  r e s t r a i n t  c o e f f i c i e n t  c i s  posi",ve and t h e  s t i f f  on- 
e r  i n c r e a s e s  t h e  s t a b i l i t y  of t h e  p l a t e .  Vlon z" > 
( f ~ r ) S t i f f l  t h o  r e s t r a i n t  c o e f f i c i e n t  6 i s  n e ~ a t i ~ v e  aod 
t h e  s t i f f e s e r  d e c r e a s e s  t h e  s t a b i l i t v  oP t h e  p l a t e .  These 
r e s u l t s  can be i n f e r r e d  because  t h e  s t i f f e n e r  cannot  a i d  
i n  s t a S i l i z i n q  t h e  p l a t e   hen i t  i s  i t s e l f  u n s t a b l e *  

Care sLould 5 e  e x e r c i s e d  i n  t b e  a s y l i c a t i o n  of t b e  
f o r m u l a s  of ",;is n a p e r  because  the?- a p p l y  orl-~7 t o  s t u r d y  
s t i f f e n e r s .  I n  p r a c t i c e ,  no s t i f f e n e r  i s  e v e r  so  s t u r d g  a s  
t o  be comp1etel:r v i t h o u t  c r o s s - s e c t i o n a l  d i s t o r t i o n  when 
n o c e n t s  a r e  ~ ~ p p l i e d  t o  some p a r t  of t h e  c r o s s  s e c t i o n .  

At p r e s e n t ,  s t u d i e s  a r e  i n  p r o T r e s s  t o  e v a l u a t e  t 5 e  
r e s t r a i n t  c o e f f i c i e n t  p r o v i d e d  r h e n  t h e  e f f e c t s  of  c r o s s -  
s e c t i o n a l  d i s t o r t i o n  a r e  i n c l u d e d .  I n  o r d e r  t o  e n p h a s i z e  
t h a t  a l l  s t i f f e n e r s  s u f f e r  sone c r o s s - s e c t i o n a l  d i s t o r t i o r r ,  
t k e y  a r e  r e f e r r e d  t o  h e r e  as " f r a i l "  s t i f f e r - e r s  i n  c o n t r a s t  
w i t h  t h e  h y p o t h e t i c a l  s t u r d ~ r  s t i f f e n e r s .  (See  f i 4 .  l ( c ) . )  

A s  t i e  t 3 i c k c e s s  of  t h e  p a r t s  i n  a f r a i l  s t i f f e n e r  
%revs, ax& z l i  o t h e r  f a c t o r s  r s n a i n  u c c h a n ~ e d ,  t h e  a c t i o n  
o f  such  a s t i f f e r e r  n i l 1  approach  as a l i n i t  t k e  a c t i o n  of 
a s t u r d p  s t i f f e n e r .  Tes t  d a t a  and t k e o r g  bo th  i n d i c a t e  
t h a t  n k e t h e r  a ir,ip.cn s t i f f e n e r  nap 3 e  r e ~ m r d e d  as sturd;? 
o r  f r c i l  depends upon t3s g e o z e t r i c  and t 5 e  n ~ ~ t e r i a l  prop- 
e r t i e s  of t h o  z t t a c h e d  p l a t o  a s  w e l l  a s  on t h e s e  p r o p e r -  
t i e s  of t h e  s t i f f e a e r  2 t s o 1 9 ,  For  e x a n p l e ,  i t  was found 
t h z t  i n  t3.e t e s t s  r e p o r t e d  i n  r e f e r e n c e  11, the Z-sec t ion  



~ t i f f e 3 e r  c o u l d  bn s a f c l ~  r e g a r d e d  a s  s t u r d y  nhexl a t t a c h e d  
t o  t h e  s h e e t  t h s t  i s  0.025 i n c 5  t h i c k  b u t  ~ ~ u s t  be regar f iod  
a s  f r a i l  r h e n  a t t a c h e d  t o  the s h e e t  0.070 i n c h  t h i c k .  

The r e s t r a i n t  c o e Z f i c i e n t  c provided-  a l l n t  r e c t a n -  
sular  p l o t e  bg a s t u r d y  s t i f f e n e r  a lonQ an edge  or" t h e  
p l a t e  I s ,  r f t h i n  t k e  e l a s t i c  r a n q c ,  

whe re  

b  w i d t h  of p l a t e  b e i n q  r e s t r a i - ~ ~ e d  

h h n l f - n a v e  l e n ~ t h  o f  b u c k l e s  

D f l e x u r a l  r i  l ; id . i ty  p e r  u n i t  l e n q t h  of p l n t e  

t t h i c k n e s s  of p k t e  

p P o i s s o n y s  r a t i o  

G J  t o r s i o n n l  r i y i d i t y  of s t i f f e n e r  

f u n i f o r m l y  df s t r i b u t e d  compres s ive  s t r e s s  
i n  s t i f 3 e n e r  

I p o l a r  moment of i n e r t i a  of  s t i f ' f e a e r  s e c -  
P  t i on , ? , l  .?,re= a b o u t  n x i  s of  r o t a t i o n  

CET t o r s i o n - b e n d i n q  const7,nt  of s t i f f s n e r  s e c -  
t i o w . 1  n r e z  a b o u t  a x i s  of  r o t a t f o n  n t  o r  
n e n r  edye of p l s , t e  

When t h e  p l n t e - s t i f f  e n e r  combina t ion  i s  s t r e s s e d  be- 
yond  t h e  e l a s t i c  r a r q e ,  t h e  r e s t r a i n t  c o e f f i c i e n t  i s  



approximat  e l p  

- 
T .  r a t i o  of e f f e c t i r e  modulus E t o  Younqrs  

modulus E 

T +. f i  - ------ 
T z  - a p p r o x i n a t  e l??  

2 

Io t i e  s p e c l a l  c a s e  v3,ere t L e  ? l a t e  i s  a,z o u t s t a n d i n g  
f l a n ? e  w i t h  E v e r y  n e a r  z e r o ,  and  A/% i s  s r e a t e r  t h a z  

d 

L a n g l e ~  Lteloria.1 Aerol lau t i  c a l  L a b o r a t o r y ,  
N a t i o n a l  A d ~ i s o r y  C o n n i t t e e  f o r  A e r o n a u t i c s ,  

Lanq le :~  F i e l d ,  Va. 
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Before buckling. 

1 Reference posi f ion 

bftsr buckling of plate when stiffeners 
are sturdy (no crosa-sectional distortion 
of atiffenere). 

Figure 2.- Equilibrium of a sturdy-stiffener element dx. 

After .buckling of plate when stiffeners 
are frail (cross-sectional distortion 
of stiffeners), 

Figure 1.- Action of sturdy and frail stiffenere when 
momente are applied to the stiffeners by 

the buckled plate. 



Figure 4.-  Vaziation of r , ,  r, ,  r, , W q &%h %he ecomgsrrpss&ve strese, %, foz 248-T 
alu&nw allox 09: aver&@ pr0pePrti.e~. 




