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OW TEE 3UCXL;BG OF A COLU!t% COITTI?TCCUS 0752 E5EEE SUPPOBTS 

3g Euze;e 5. L u n d q u i s t  and J o s e p h  2. S o t a n c h i k  

d I a n &  colurnn- con t l r , uous  oyrsr t h r e e  s u p p o r t s  was 
t e s t e d  t o  d c t c r m i n a  i t s  c r i t i c a l  l o a d  when t h e  c e n t e r  sup- 
p o r t  was g i p e a  v a r y i n g  a n o u n t s  of i n i t i d  d i s p l n c e m c n t .  
D u ~ i ~ g  ox$ t e s t  t h o  n i d d l c  s u p p o r t  was h i n g e d  s o  c s  t o  be 
f r e e  . to  move p a r a l l e l  t o  t h e  column a x i s  duyir ;g  b u c k l i n g .  

The c r i t i c s 1  Loads ' p r e d i c t e d  from l o a d - d e f l e c t i o n  
r e a d i n g s  were d i f f e r e n t  f o r  t 5 e  e-ppper and  lower  spans.., 
The l a r g e r  p r e d i c t e d  c z i t i c a l  l o a d  i n  e a c h  t e s t  was f o r  
t he .  s p a a  t h a t ,  On b u c l r l i n g ,  d e f l e c t e d  so  a s  t o  dse:;jeo t h e  
i n i t i a l  d e f l e c t i o n  c a r v e  of t h e  s2an  and t h e  s n a l l e r  p re -  
d i c t e d  c r i t i c a l  l o a d  i n  e a c h  t e s t  was f o r  t h e  span  t h a t ,  
on buc!;ling, d e f l e c t e d  s o  a s  $ 0  s c s a i g h t e i i  o u t  and r e v e r s e  
t h e  i n i t i a l  C e f l e c t i o n  c u r v e  of t h e  span ,  These observa-  
t i o n s  h e l d  r e g a r d l e s s  of w h e t h e r  t h e  i n i t i a l  2 - c f l c c t i o n  
of t h e  c e n t e r  s u p p o r t  was t o  t h e  r i g h t  o r  t:ie l e f t .  

The d i f f c r e n c o  be tween  t h e  c r i t i c a l  l o a d s  p r e d i c t e d  
f o r  t h e  u p p e r  and  lower  s p a n s  i s  p r o p o r t i o n a l  t o  t h e  ir- 
i t i a l  d e f l e c t i o n  of t h e  c e n t e r  s u p p o r t .  The d - i f f e r e n c e  
n o t e d  i n  t h e s e  t e s t s  i s  n o t  l a r g e  i n  t e r m s  of e r r o r s  pe r -  
m i s s i b l e  i n  p r a c t i c a l  d e s i g n .  Thc f a c t  t h a t  a  d i f f e r e n c e  
e x i s t s  i n  t h e  p r e d i c t e d  c r i t i c a l  l o a d s  s u g g e s t s  t h a t  a n  
i n d i s c r i m i n a t e  s i n g l e  a p p l i c a t i o n  of t h e  S o u t h w e l l  method 
a s  p r o s c n t e e  i n  r e f e r e n c e  2 ,  o r  as m o d i f i e d  i n  r e f e r e l c e  
1, ca.:i r e s u l t  i n  &cf  i n i t e  and measurabLe e r r o r s .  

n  kc a v e r a g e  of t h e  p s z d i c t 2 d  c r i t i c a l  l o a d s  f o r  t h c  

uppe r  and l o w e r  s p a n s  i s  morc c o r r e c t  t h a n  e i t h e r  p ro -  
TS 1 d i c t c d  c r i t i c s :  l o a d .  , c i s  o b s o r v a t i o n  s u g g e s t s  t h a t  

w h a t e v e r  i s  cau : ing  t h e  p r e d i c t e d  c r i t i c a l  l o a d  t o  b s  
l l fgh  iil on2 spa;l a f s o  causcs t h e  ; ? r e d i c t e d  c r i t i c a l  l o a d  
t o  be low i n  t h e  o t h e r  span .  

The a v c r a g e  of t h e  p r e c ? i c t o d  c r i t i c a l  l o a d s  f o r  t h e  
u p p e r  and  l o w e r  s p a n s  i s  r e d u c e d  by i n i t i a l  d i s 2 l n c e m c n t  
of t h e  c e n t e r  s u p p o r t  znd t h i s  r ~ d u c t i o n  t a n l s  t o  incrc2.se  
Irfith 'she n ' h s o l u t e  v o l u c  of t h e  i n i t i a l  d i s p l z c e m c n t ,  I n  



t h e s e  t c s t s  t h e  r e d u c t i o n  i n  t h e  a v e r a g e  c r i t i c a l  l o a d  
c a u s e d  by i n i t i a l  d i s p l a c e m e n t  of t h e  c e n t e r  s c p p o r t  i s  
v e r y  sma i l .  T h i s  f a c t  i n d i c a t e s  t h a t  t h e  e f f e c t  of c u r -  
v a t u r e  due t o  b e n d i n g  on t h e  c r i t i c a l  l o a d  f o r  t h e  corn- 
p r e s s ' i o n  f l a n g e  a a t e r i a l  o f  a box beam i s  p ro ' cab l :~  s roa l l  
and  can  3 e  n e g l e c t e d  i a  e n g i n e e r i n s  d e s i g n .  

I:i t h e  c o u r s e  of a d i s c u s s i o n  w i t h  L t .  S o l .  Carl F. 
Greene ,  A i r  Corps  L i a i s o n  O f f i c e r  w i t h  t h e  XBCA, of  t h e  
e f f e c t  of c u r v a t u z e  due t o  S e n d i n g  on t h e  c r i t i c a l  l o a d  
f o r  t h e  c c m p r e s s i o n  f l a n g e  m a z e r i a l  of a box b e a n ,  i t  was 
d e c i d e d  t o  t e s t  a l o n g  column con t inuo~ i l s  o v e r  t h r e e  sup- 
p o r t s  w i t h  t h e  midd le  s u p p o r t  g i v e n  a n  i n i t i a l  d i s p l a c e -  
msnt t o  r e p r e s e n t  t h e  c u r v a t u r e  of bond ing  i n  a s f r e s s e d -  
s k i n  wing. I n  t h e  t e s t  t h c  midd le  s u p p o r t  was h i n g e d  s o  
a s  t o  be  f r e e  t o  aove  p a r a l l e l  t o  t h e  colamu a x i s  ? - w i n g  
S u c k l i n g .  I t  was c o ~ s i d c r z d  t h a t  t h i s  t y p e ' o f  s u p p o r t  
would be  a reasonable a i>prox ima t ion  t o  t h e  t y p e  of supl3ort  
p -ovidcd  by t h e  r i b s  of t h c  5ox beam. 

T i c  t c s t  s e t - u p  i s  shovn i n  f l g u r e c  1, 2 ,  a n 2  3. A 
i i i ? , g r a n n a t i c  s k s t c h  of t h e  t e s t  i s  shorrn i n  f i g u r e  4. 

lke l o n g  c o n t i n u o u s  column u s e d  i n  t h c  t e s t s  wrs a 
3 /4 - inch -d i ame te r  s t e e l  b a r  6 7 - 7 ! 8  i n c h e s  be tween  t h e  end 
k a i f e  cd-ges. The midd le  of t h e  ~ o ~ t i n u ~ u s  colurnn was sup- 
ported 1 n t e r n l l ; r  537 a s t i f f  s t r u t  12-718 i n c h e s  l ong .  One 
cE6- of t h i s  s t r u t  was p i n - j o i n e d  t o  t h e  c o n t f n u o u s  c o l u n n  
a t  i t s  midd le ,  ?he a x i s  of t h i s  :;in j o i n t  v a s  made t o ,  
i n t e r s e c t  t h e  axis of t h e  c o l n s n  ;o a x  t o  ronove  any  20s-  
s i b 1 2  n d v z r s e  e f f e c t s  of ail ecce !~ : r i c  p i n  j o i n t  a t  t h i s  
l o c a t i o n .  Yhc o t h e r  end of t h e  I s t e r : ; l  su5 )po r t ing  s t r u t  
wns p i l - j o i n e d  t o  a r i g i d  s u p p o r t i c g  s t r u c t u r e  i n  s u c h  
n a n n c r  t h c 2  t l e  n i d d l c  of t h e  c o ~ t i n 7 ~ s n s  c o l u n n  c o u l d  n o t  
d e f l e c t  n o r n n l  t o  t h e  l n f  t i n 1  d z z l e c t  i c n .  

Dur ixg  e a c h  t e s t  d e f l ~ c t i o ~  r o ? d i n z s  n t  t h e  n i d d l c  
of tack s p a n  v c r c  t a k e 2  f r o o  a  f i x e d  r c f e r s n c e  p o i n t  on 
t h e  s l o t t o ? .  t e n s i o n  r o d  of t h e  t e s t i n g  n ~ c i i n c  u i t h  an 
i n s i ? ~ o  m i c r o c e t c r  c n l i p e r  r c a d i z g  t o  thousai :dt~ls  of s n  



i nch .  The m i c r o m e t e r  c a l i p e r  and i t s  e x t e n s i o n  b a r  a r e  
n o t  showa i n  f i g u r e s  1, 2 ,  a c d  3. 

I n  e a c h  t e s t  t h e  spec imen was l o a d e a  t h r o u g h  t h e  
same r a n g e  of l o a d s .  T h e r e f o r e  t h e  small e r r o r s  i n  the 
l o a C s  i n d i c a t s d  by t h e  t e s t i n g  machine c a n c e l  when com- 
p a r i n g  t h e  r e s u l t s  of one t e s t  w i t h  t h e  r e s u l t s  of an -  
o t h e r  t e s t .  

RESULTS 

?he l o a d - d e f l e c t i o n  r e a d i n g s  t a k e n  d u r i n g  t h i s  i n v e s -  
t i g a t i o n  a r e  g i v e n  i n  t a b l e s  I t o  V I I  i n c l u s i v e .  These 
d a t a  a r e  p l o t t e d  i n  f i g u r e s  5 t o  11 i n c l u s i v e ,  f rom which 
t h e  i 2 r e d i c t e d  l o a d s  a r e  o b t a i n e d  i n  t h e  manner of r e f e r -  
e n c e  1, These p r e d i c t e d  l o ~ d s  a r e  l i s t e d  i n  t a b l e  V I I I .  
I n  f i g u r e  1 2  t h 2  d i f f e r e n c e  3et7;reen t h e  p r e 6 i c t e d  c r i t i -  
c a l  l o a d  f o r  t h e  u p p e r  and lower  s p a n s i s  p l o t t e d  a g a i n s t  
t h e  i n i t i a l  d e f l e c t i o n  of t h e  c c n t c r  s u p p o r t .  I n  f i g u r e  
1 3  t 5 e  a v e r a g e  v a l u e  of t h c  p r e d i c t e d  c r s i t i c a l  l o a d s  i s  
p l o t t e d  a g a i n s t  t h e  i n i t i a l  d e f l e c t i o n  of t h e  c c n t c r  sup- 
p o r t .  

I n  each  t e s t  b - ~ c k l i n g  o c c n r r e d  w i t h  d e f l e c t i o n  t o  t h e  
r i g h t  i n  t h e  upFcr  s?nn a n d  d e f l e c t i o n  t o  t h e  l e f t  i n  t h e  
l o v c r  s p m .  The t e s t  f o r  whit% t h o  i n i t i a l  d e f l e c t i o n  of  
t h c  c e n t o r  s u p p o r t  was 3.749 i n c h   as t h e  l a s t  t o s t  pe r -  
f o r n c d .  I n  t h i s  t e s t  t h e  column was l o o d c d  t o  d e s t r u c t i o n  
a n d  t h e  maximum l o a d  v s s  f o u n d  t o  b e  3810 pounds.  

I n s ~ e c t i o n  of t a b l e  B I I I  shows t h a t  t h e  c r i t i c a l  
l o a d s  p r e d i c t e d  from l o z ? . - d a f l e c t i o n  r z z P i n g s  were  d i f f e r -  
c n t  f o r  t h e  u p p e r  n ~ d  l o w e r  spnns .  Tha l a r g e r  p r a d i c t c d  
c r i t i c c q . l  loaG i n  e a c h  t e s t  v s s  f o r  t h e  sp?.n t h z t ,  on 
b u c k l i n g ,  d e f l e c t e d  s o  L-LS t o  deepan  t h e  i n i t i n l  d e f l e c t i o n  
c - ~ r v e  o f  t h e  s p z n  a d  t h e  smaller p r e d i c t e d  c r i t i c a l  l o a d  
i n  each  t e s t  was f o r  t h e  s p a n  t h a t ,  on b u c k l i n g ,  de f l ec%ec?  
s o  2.s t o  s t r n i g h t z n  o u t  2nd r c v e r s c  t h e  i n i t i n l  d e f l e c t i o n  
curve  o f  t h e  S P ~ D .  These o b s e r v a t i o n $  h s l d  r cg? . rd l e s s  of 
w h c t h c r  t h e  i n i t i n l  d e f l e c t i o n  of t h e  c e u t e g  s u p p o r t  was 
t o  t h e  r i g h t  o r  t h e  l e f t .  



F i g u r e  12 skorrs t h a t  t h c  d i f f s r a i l c o  'setweon t h o  c r i t -  
i c d  l c z ?  p r 2 d i c t e d  f o r  t 5 o  ui2per a:?d l o v e r  si>ans i s  p ro -  
p o r t i o i 1 . l  t o  t h e  i z i t i a l  d e f l z c t i o n  of t h e  c e ~ t e r  s u p p o r t .  
The d i f f c r c ~ c 3  n c t c d  i n  t h e s e  t e s t s  i s  :lot l a r g e  i n  t e r n s  
of  e r r o r s  p c r n i s s i b l c  i n  p r ~ c t i c z l  d e s i g n .  Tlic f a c t  t h a t  
a $-iffsrc:-!cc e x i s t s  i c  t::c g r z d i c t s d  c r i t i c n l  l o n 3 s  sug-  
g e s t s  t h a t  xi izd iscr imi : ;n te  s i n g l e  ~ p p l i c a t i o n  of t b c  
S o n t k ~ r a l l  n e t h c d ,  a s  p r s s e n t e d  i n  r e f e r e ~ x c e  2 o r  a s  o o d i -  
f i e 6  i n  r e f e r c L c e  1, e n 3  r e s u l t  i n  d e f i n i t e  2nd  x e n s u r c b l e  
e r r o r s ,  I t  i s  therefore d e s i r a b l e  t o  s t u d y  t h e  c a u s e  of 
t h o  d i f f e r e ~ i c e  i n  t h e  p r e d i c t e d  c r i t i c a l  l o c 3 s  i n  o r d e r  t o  
d z t c r s l l c  u:iclher o r  n o t  t h s  e r r o r  coulC e v e r  becone  l a r g e  
cnough $ 0  be of p r ~ ~ c t i c a . 1  i n p o r t e n c e  i n  c i i g i n c c r i n g  e p p l i -  
c a t i o i l s .  

I n  t h e  oilc t e s t  t h a t  :qras C a r r i e 2  t o  des- l ry-c t ion ,  t h e  
f  01lovsi:ig v a l u e s  wcra obtaiiiec?: 

Pra?- ic t2?!  c r i t i c n l  l o a d ,  a p p e r  s p z n  3897 l b  

P r e d i c t c ?  c r i t i c a l  Loa5,  lobrcr spzn  3757  l b  

Average p r e d 5 c t e d  c r i t i c n l  l o a d  3827 l b  

Xax5.m.un l o a d  iil i L c ~ t r ~ ~ c t . i o i ~  t e s t  3810 I b  

F r o r  t h e s e  r e s u l t s  i t  i s  c o n c l u d e d  t h a t  t h e  a v e r a g e  of t h e  
~ r e d i c f e d  c r i t i c a l  l o a d s  f o r  t h e  u a p e r  and  lower  spai is  i s  
c o r e  c o T r e c t  t h a n  e i t h e r  p r e d i c t s 6  c r i t i c a l  l o a d .  T h i s  
o b s e r v a t i o n  s u g g e s t s  t k a t   ha hat ever i s  c a u s i n g  t h e  p r e d i c t -  
e d  c r i t i c a l  l o a d  t o  b z  h i g h  I n  one s p a n  a l s o  c a u s e s  t h e  
p r e d i c t e d -  c r i t i c 2 , l  1026  t o  b e  101s i n  t h e  o t h e r  span .  

I t  i s  c o n c l u d e d  f r o c  f i g u r e  1 3  tLa,t t h e  a v e r a g e  v a l u e  
of t h e  2 r e C i c t e d  c r i t i c a l  l o a d s  i s  r e d u c e d  by i n i t i a l  d i s -  
:3lacexent of t h e  c e n t e r  s u 2 p o r t  a ~ ~ d  t h f s  r e d u c t i o n  Geiids 
t o  i a c r e a s e  w i t ; :  t l ic  c b s o l ~ ~ t e  va. lcc  of t h e  i n i t i a l  d i s -  
p l a c e n e i i t .  I n  t h e s e  t e s t s  t h e  r e d u c t i o n  i n  t h e  a v e r a g e  
p r e a i c t e d  c r i t i c a l  l o a d  c a u s e d  bp i n i t i a l  d i s p l a c e m e n t  of 
tkie c e n t e r  s u p p o r t  i s ,  bor rever ,  v e r y  s m a l l ,  Th i s  f a c t  
i n d i c a t e s  t h a t  t h e  e f f e c t  of c u r v a t u r e  due t o  S e n d i n g  on 
t h e  c y i t i c a l  l o a d  f o r  t h e  con:;ressior f l a - s g e  m a t e r i a l  of 
a  box beam i s  p r o b a b l y  s m a l l  and c a n  be n e g l e c t e d  i n  en- 
g i n e e r i n g  d e s i g n .  

The f a c t  t k a t  n e g a t i v e  i n i t i a l  dlsp1acemcn.b of t h e  
c e n t e ?  suppor5  gave  lower  a v e r a g e  p r e d i c t e d  c r i t i c a l  Loads 
t h a n  c o r r c s p c n d i n g  g o s i t i v e  i n i t i a l  C i s p l a c e m e n t s  i n d f -  



c a t c s  t h a t  t h e r e  na:T havc  k e e a  2 l a c k  of p e r f e c t  symmetry 
and  c e n t r r l  l o s d i n g .  Tho f a c t  t h a t ,  on b u c k l i n g ,  t h e  u p  
p e r  s2an  a l : i s ;~s  d e f l c c t e c  t o  t k e  r i g h t  and  t 5 c  l o v e r  s p a n  
t o  t h e  l e f t  seems 2 0  s u 2 p o r t  t h e  s u g g e s t i o n  t h a t  ~ e r f c c t  
symne t ry  and c e n t r a l  l o a a i n g  were  x o t  achieved, 

I t  i s  p o s s i b l e  t h a t  a d i f f e r e a c e  i n  t h e  l o a d i n g  con- 
d i t i o a s  i n  t h e  two s p a a s  when t h e  c e n t e r  s u p p o r t  i s  i n i -  
t r a l i g  d e f l e c t e d  c a u s c s  t h e  p r e d i c t e d  c r i t i c a l  l o a d s  f o r  
t h e  two s p a n s  t o  d i f f e r .  C e r t a i n l y  a d i f f e r e n c e  i n  l o a d i n g  
e x i s t s  v h ~ n  d c f l e c t % o n ,  on b u c k l i n g ,  deepens  t h e  i n i t i a l  
d e f l e c t i o n  c a r v e  of onc s p a n  z?n2 s t r a i ~ h t e n s  o u t  and  r e -  
v e r s e s  t h e  i n i t i a l  d e f l e c t i o n  c u r v e  of t h e  o t l ~ e r  span.  
I n s p e c t i o n  of t a b l e s  I1 t o  VII i n c i u - s i ~ e  shows t h a t  f o r  
t h e  samc i i i c r c n e n t  of l o a d  T-P,, t h e  l a r g e r  i n c r e m e n t  
o f  d e f f e c t i o n  y-gl i s  a lways  o b t a i n e d  when t h e  d e f l e c -  
t i o n ,  on buc lc l ing ,  deepens  thc i n i t i a l  d e f l e c t i o n  c u r v e  
o f  t h e  span ,  The e x i s t e a c c  of d i f f e r e n t  i n c r e m e n t s  o f  
a e f l c c t f o i i  f o r  t h ~  s z a a  i n c r e m e n t  of l o a d  c l n  o n l g  meen a 
3 i f f e r e E c e  i n  t h c  l o a d i r g  c o a d i t i o n s  f o r  t h e  two spaiis .  

L s n g l e y  K e n o r i a l  .!!eronz.utical L a b o ~ a t o r ~ ,  
B a t i o n a l  Adv i so ry  Committee f o r  B c r o n a u t i c s ,  

L2ngloy F i e l d ,  Va. 

1. L ~ ~ d q u i s t ,  Eugene 23.: G e n e r a l i z e d  A n a l y s i s  of  Expor i -  
n c n t a l  O b s e r v a t i o n s  i n  Probloms of E l a s t i c  X t e b i l i t y .  
T.X .  B s .  658 ,  IiACB, 1938. 

TT 2.  S o u t h w e l l ,  R. v . :  O n  t h e  B n c l p s i s  o f  E x p e r i m e n t a l  
O b s e r v a t i o n s  i n  F r o b l e n s  o f  Z l a s t i c  S t a b i l i t y .  
? roc . ,  Rogni  Soc . ,  A ,  v o l .  1 3 5 ,  1932 ,  pp. 601-616. 



Tables 3.,2,3 

TABLE I 

Load-Def leo t ion  Data 

I n i t i a l  Deflection a t  Center Support 0 inches. 

( i n . )  1 
Upper Span 

p1 = 3000 ib .  
y l  = 18.191 in. 

Lower Span 
P1 = 3000 lb .  
y1 = 18.114 in.  

Y-Yl P-q Y Y-Yl P-P1 Y-Y1 

p=pS: ( i n . )  ( I b J  ( i n - )  ( i n . )  
( i d l b )  ( l b )  

TABLE I1 

Load-Def lec t ion  Data 
I n i t i a l  Deflection a t  Center Support 0.453 inches. 

P1 = 3000 1b. P1 = 3000 l b .  

Y l  = 18.556 in .  ~1 = 18.470 in.  

TABLE I11 

Load-Deflection Data 
I n i t i a l  Deflection a t  Center Support -0.447 inches. 

Lower Span I 
P1 = 3000 l b .  
y1 = 17.741 in.  

( i n . )  ( i n . )  ( l b )  (inllb) 
( i n . )  

3000 17.833 0 17.741 
200 0.0000500 17.724 
400 .0000750 17.691 
500 .0001040 17.660 
600 .0001667 17.607 
650 .OW2338 17.547 

-- 

- 1  P-P1 Y-Yl  

( i d l b )  

-0.0000850 
-.0001250 - .OOO-1620 

( i n , )  1 ( l b )  

0 
-.017 
-.050 
-.081 

0 
200 
400 
500 

-.I34 
--I94 

600 1 -.0002233 
650 -.OW2985 

-I 



TABLE I V  

Load-Deflection Data 
I n i t i a l  Deflection a t  Center Support 0.749 inches. 

TABLE V 

Load-Def lec t ion  Data 
I n i t i a l  Deflection a t  Center Support -0.747 inches. 

P1 = 3000 l b .  
y l  = 17.605 in.  y l  = 17.490 in .  

TABLE V I  

Load-Deflection Data 
I n i t i a l  Deflection a t  Center Support 1.013 inches. 

Upper Span Lower Span 

q = 3000 l b .  P l  = 3000 l b .  
yl = 19.010 in .  yl E 18.902 in .  



BAOA 

TABLE VII 

Load-Deflection Data 
Initial Deflect ion a t  Center Support -1.020 inches. 

TABLE V I I I  

Sulilmary of C r i t i c a l  Loads 

Predicted From Load-Deflection Data. 

I n i t i a l  
Def l e c t i o n  
a t  Center 
Support Span Span 

( i n . )  ( l b )  ( l b l  

I---- 

*Deflected on buckling so  a s  t o  deepen 
curve of t h e  span. 

t h e  kni t ' ia l  de f lec t ion  

**Deflected on buckling so  a s  t o  s t r a i g h t e n  out and reverse t h e  
i n i t i a l  def lec t ion  curve of t h e  span. 



Figure 1.- !Pert 
re t- 

up rhoring col- 
umn with ini- 
t i a l  deflection 
a t  center sup- 
port of 0.749 
inch before 
loading. 

Fig. 1 

3 0 0 . 0 0 0  -POUND 
HYDRAULIC 

COMPRESSION 
T E S T I N G  
M A C H I N E  



Figure 2.- Teet 
ret- 

up ahowing col- 
unuz with ini- 
tial deflection 
at center sup- 
port of 0.749 
inch approach- 
ing critical 
load, 

300.000 -POUND 
HYDRAULIC 

COMPRESSION 
T E S T I N G  
M A C H I N E  



Figure 3,- Test 
re t- 

up rhowing col- 
umn with ini- 
t i a l  deflection 
a t  center sup- 
port of 0.749 
inch at, or 
p a a t ,  maximum 
1 oad. 

3 0 0 . 0 0 0  - P O U N D  
H Y D R A U L I C  

C O M P R E S S I O N  
T E S T I N G  
M A C H I N E  



NACA 

Positive deflection 

Reference I ! 
l i n e  

I 
-- suppo r t 

1/4 h 

-- - - --_\i/- 
taken at thi 

Rigid 

I 
point in 

s~pporting 
\ structure 1 / 2 h  i I 

tion at 
Center 

/ S~pport-- support 
i 

strut 3/4 h ' 
I 

taken at 
J 

I h = 67 7/8  in. 
I 
I 

I -- - - I, -2- 
Lower 
support 

Figure 4,- Diagrammatic sketch of test specimen. 



r, Figures  5,7.-  * 
Graphs of load - c-2 * 
d e f l e c t i o n  data:  
Fig.5,  no i n i t i a l  
d e f l e c t i o n  a t  ten- 
t e r  support ;  Fig.7,  
i n i t i a l  d e f l e c t i o n  
a t  c e n t e r  support ,  
-0,447 inch,  

Y -Yl 
Figure 5.- Figure 7.- 

Figure 11.- Graph of l o a d - d e f l e c t i o n  d a t a .  
I n i t i a l  d e f l e c t  ion a t  cen te r  

support ,  -1.020 inches.  



NAC A 



NACA 

Figure  12.-  Var i a t i on  of d i f f e r e n c e  i n  p r e d i c t e d  c r i t i c a l  
load  wi th  i n i t i a l  d e f l e c t i o n  of  t h e  cen te r  
suppor t .  

F igure  13.-  V a r i a t i o n  o f  average  p r e d i c t e d  c r i t i c a l  load  
wi th  i n i t i a l  d e f l e c t i o n  of c e n t e r  support ,  




