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GENERAL INTRODUCTION 

Individuals   in   the  Nat ional   Aeronaut ics  and  Space  Administration  have 
long f e l t   t h a t  much of the  agency's  r .esearch,  al though  originally  performed 
i n   s u p p o r t  of m i l i t a r y  and  commercial t ransport   programs,   has  n o t  been  applied 
as completely as it might  have  been t o   g e n e r a l   a v i a t i o n   a c t i v i t y ,   p a r t i c u l a r l y  
as the   f l i gh t   speed   o f   t hese   a i r c ra f t   r eached   r eg ions   i n  which m i l i t a r y  and 
commercial   transport   aircraft   have  operated  during  the  past   twenty-nine  years.  
NASA has   a lso  recognized  that   general   aviat ion  manufactur ing  concerns are q u i t e  
small compared to   the   usua l   aerospace   manufac turer ;   they  do not   have   the   l a rge  
eng inee r ing   s t a f f s   t o   adap t  net7 technology  rapidly,   but  operate more nea r ly  
l i k e   t h e   m a j o r i t y  of  American  manufacturing  concerns  where  evolutionary  changes 
rather  than  revolutionary  changes are the  order   of   the   day.  A s  a r e s u l t ,  
technical   information  contained  in  NASA f i l e s  must be   spec ia l ly   p rocessed   t o  
make it  rea l ly   u se fu l   t o   such   f i rms .  A s  o r ig ina l ly   conce ived ,   the   vehic le   for  
t h i s   t r a n s f e r  .c7ould be  a modem,  step-by-step  design  manual. 

Another d i f f i c u l t y   f a c e d  by the   gene ra l   av i a t ion   i ndus t ry  i s  t h e   l a c k  of 
young engineer ing   ta len t   wi th   an   apprec ia t ion   of  and i n t e r e s t   i n   t h e   i n d u s t r y ' s  
problems.  This is a r e s u l t  of the   a lmost   exc lus ive   a t ten t ion   to   the   p roblems 
of   supersonic   and  space  f l ight   which  has   been  character is t ic   of  American 
ae ronau t i ca l   educa t ion   fo r   t he   pas t   15   yea r s .  Younger f a c u l t y ,   f o r   t h e  most 
p a r t ,  are no t  familiar wi th   the   p roblems  of   l igh t   a i rc raf t   des ign  and so  f a i l  
t o   m o t i v a t e   s t u d e n t s   t o   c o n s i d e r   t h i s   f i e l d .  

A s  a ~7ay   o f   a id ing   t he   gene ra l   av i a t ion   i ndus t ry   i n   t h i s  area as well as 
wi th   t echnica l   in format ion ,  NASA contracted  with  North  Carolina State 
Universi ty   to   have a group  of  younger  faculty  and  students  conduct a survey  of 
a l l  NACA and NASA-generated  work s i n c e  1940 to   i den t i fy   t echn ica l   i n fo rma t ion  
of p o t e n t i a l   u s e   i n  a l i g h t   a i r c r a f t   d e s i g n  manual.   Five  faculty members of 
t h e  Department  of  Mechanical  and  Aerospace  Engineering  participated i n   t h e  
program.  Each vas a s s i s t ed   by  two Aerospace  Engineering  seniors who a l s o  were 
given   spec ia l   sec t ions   o f   the   regular   sen ior  work i n  Aerospace  Engineering  of 
d i r e c t   p e r t i n e n c e   t o   l i g h t   a i r c r a f t .  

D r .  James C. TkLlliams ~7as responsible   for   reviewing  the work ' in  aero- 
dynamics  and v7as a s s i s t e d  by M r .  Edwin S e i g l a r  and Mr .  Delbert  Summey. 

D r .  John N. Perkins v7as responsible   for   reviewing  the work i n  air  loads 
and v7as a s s i s t e d  by M r .  Donald  Knepper  and M r .  Wll iam  Rickard.  

D r .  C l i f f o r d  J. Moore reviewed the work  on propulsion  systems  analysis 
and t7as as s i s t ed   by  M r .  Donald  Gray  and M r .  Johnny  Logan. 

Mr. Dennis M. Ph i l l ips   rev iewed  the  work i n  performance-, s t a b i l i t y  and 
con t ro l ,  and f l i g h t   s a f e t y  and was a s s i s t e d  by M r .  Robert P i t t s  and Mr. Paul 
Ho . 



D r .  Frederick 0. Smetana was responsible   for   reviewing  the work i n  
cons t ruc t ion   ana lys i s ,  materials, and  techniques  and w a s  a s s i s t e d  by Mr. Hudson 
Guthrie  and Mr. Frank  Davis. D r .  Smetana a l so   ac t ed  as P r inc ipa l   Inves t iga to r  
on t h e   p r o j e c t .  

The majori ty   of   the  work  began 1 June 1968. The students  devoted 
approximately 30 hours a week each f o r   t h e  13 weeks  of t h e  summer and 8 hours 
pe r  week d u r i n g   t h e   f a l l  semester t o   t h e   p r o j e c t .   F a c u l t y  commitment was 
approximately  1/4 time dur ing   the  summer and 2/5 time d u r i n g   t h e   f a l l  semester. 

The s tudents   performed  the  major i ty   of   the   actual  document rev iews   a f te r  
be ing   i n s t ruc t ed  as t o   t h e   t y p e  of   information  desired.  The f a c u l t y   a l s o  
provided  guidance when pertinence  of a p a r t i c u l a r   r e p o r t  was ques t ioned   o r   t he  
t reatment  was too  advanced.  Beginning i n  late f a l l ,   t h e   f a c u l t y  members 
c a r r i e d   o u t  an ana lys i s   o f   the  reviews i n   t h e i r  areas of  cognizance  to 
(1)   ident i fy   those  of mos t   p robab ly   i n t e re s t   i n   t he  development  of a design 
manual, (2) de f ine   t he  state of   the a r t  i n  each area, and (3) i den t i fy   t hose  
areas p a r t i c u l a r l y   w e l l - t r e a t e d   o r   r e q u i r i n g   a d d i t i o n a l   r e s e a r c h .  The body  of 
t h i s   r e p o r t   c o n t a i n s   t h e   r e s u l t s   o f   t h e   a n a l y s i s   r e l a t i n g   t o   s t r u c t u r a l   d e s i g n .  
The ind iv idua l  reviews are reproduced i n   t h e  appendix. Volume I1 treats aero- 
dynamics  and  aerodynamic  loads  while Volume I11 is concerned  with  propulsion 
sys tems,   p rope l le rs ,   per formance   ca lcu la t ion ,   s tab i l i ty  and cont ro l ,  and 
f l i g h t   s a f e t y .  

It w i l l  be   recognized  that   the   ass ignment   of  a "no t   app l i cab le"   l abe l   t o  
a p a r t i c u l a r   r e p o r t  i s  a judgment   dec is ion;   the   s tandards   for  making  such 
assignments  inevitably  vary somewhat from  day t o  day  and  from i n d i v i d u a l   t o  
individual .   There is a lso   the   t endency  on t h e   p a r t  of  any rev iewer   to  become 
more c r i t i ca l  o f   t he   va lue  o f  a r e p o r t   t o  a p a r t i c u l a r   p r o j e c t   a s   h i s  
experience  and  the number of   reports   he  has   reviewed  increases .   Since  the 
present  review began  with  the earliest documents, t h i s   d i s c r i m i n a t i o n  is  
appl ied more not iceably  in t h e  later documents.  Additionally, i t  seems t o   b e  
i n e v i t a b l e   t h a t   i n   t h e   p r o c e s s  of   ass igning  reports   to   the  var ious  groups  and 
ind iv idua l s   fo r  review some are reviewed twice and o the r s   no t  a t  a l l .  
Although  an  effor t  was made to   co r rec t   such   de f i c i enc ie s ,  some undoubtedly 
remain.   For  these  and  others,   the  reader 's   indulgence i s  requested.  

No attempt  has  been made t o  have  the  analyses   prepared by t h e   f a c u l t y  
conform t o  a s i n g l e   s t y l e .   T h i s  would  have  been  difficult   because a l l  were 
prepared  simultaneously;  but more impor tan t ly ,   the   var ious   top ics  were found 
t o  have  been  given  different  emphasis  with time and to   vary   wide ly   in   depth .  
Consequently,  each  faculty member was asked t o  a d o p t   t h a t   s t y l e  which  seemed 
most   appropr ia te   to   the  material being  covered. 

The  number of  documents t o   b e  examined was on the  order  of  10,000. A 
s imple   ca lcu la t ion  w i l l  show t h a t  on the   average less than 30 minutes  could 
b e   a l l o t t e d   t o   e a c h   r e p o r t .  Even i f  one   d i scounts   the  30%-40% which were 
considered  not   appl icable ,   the  time a v a i l a b l e   f o r  review was s t i l l  no t   l a rge .  
It is a f a c t ,   a l s o ,   t h a t   t h e  rate of  generation  has  increased  markedly  during 
t h e  last nine   years .  However, since  an  in-depth  index  of a l l  cur ren t  NASA- 
generated documents has  been  available  for  computer  searching  since 1962  and 

2 



s ince   cu r ren t   r epor t s  are more l i k e l y   t o   b e   f a m i l i a r   t o   t h e   w o r k i n g   e n g i n e e r ,  
major  emphasis was placed on those  reports   produced  pr ior   to   1962.  
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GENERAL CONCLUSIONS 

F ive   facul ty  members, ass i s ted   by   t en   undergraduate   s tudents ,   o f   the  
Department  of  Mechanical  and  Aerospace  Engineering a t  North  Carol ina  State  
University  have  reviewed  the NACA/NASA-generated l i t e r a t u r e   p u b l i s h e d   s i n c e  
1940 fo r   i n fo rma t ion   o f   poss ib l e   pe r t inence   t o   t he   des ign   o f   l i gh t   a i r c ra f t .  
On the   bas i s   o f   t hese  reviews , it is concluded  that: 

1. There i s  a weal th   o f   s t ruc tura l   des ign   in format ion   ava i lab le  
which, i f   i n c o r p o r a t e d   i n t e l l i g e n t l y   i n   l i g h t   a i r c r a f t   c o n s t r u c t i o n ,  
c o u l d   r e s u l t   i n  improved s t r u c t u r a l   e f f i c i e n c y .  

2. To app ly   t h i s   i n fo rma t ion   i n   t he  most effective fa sh ion   poss ib l e ,  
computer  programs  which  have  modest time requirements  and  which  specify 
t h e  material gauges ,   t he   s t i f f ene r   con f igu ra t ion   and   t he   s t i f f ene r  
spacing when suppl ied   wi th   the  body shape  desired  and  the  loading 
expected  must  be  developed. 

3.  The informat ion   ava i lab le  on propulsion  subsystems is adequate   for  
design  purposes  but  requires  careful  and  complete  assembly  and  must  be 
accompanied   by   de ta i led   ins t ruc t ions   for  i t  to   be   u sed   e f f ec t ive ly .  

4 .  There are adequate,  although,  complex,  theoretical  methods  available 
for  calculating  aerodynamic  wing  loads.  

5. More s o p h i s t i c a t e d   t h e o r e t i c a l  methods  making  use  of  high-speed 
computers  need to   be   deve loped   fo r   t he   ca l cu la t ion  of  aerodynamic  loads 
on t a i l  sur faces .  

6 .  There is insu f f i c i en t   accu ra t e   i n fo rma t ion   ava i l ab le  on hinge 
moments to   cons t ru . c t   r e l i ab le   des ign   cha r t s .  

7. Information on gus t   load   exper iences   and   spec t ra l   d i s t r ibu t ion  i s  i n  
need   of   updat ing   to   permi t   s t ruc tura l   des igns   su i ted   to   the   var ied  
u t i l i z a t i o n   o f   l i g h t   a i r c r a f t .  

8. Information on landing  gear   loads  appears   to   be  adequate .  

9. F lu t te r   in format ion ,   whi le   l imi ted ,   appears   to   be   su i tab le   for  
development  of  adequate  design criteria. 

10.  There is a l ack   o f   da t a  on body  aerodynamics  and wing-body and 
ta i l -body  interference effects; o therwise ,   there   appears   to   be   suf f i -  
c i e n t   i n f o r m a t i o n   i n   t h e  NACA/NASA l i t e r a t u r e   t o  compile  and  prepare a 
des ign   manual   su i tab le   for   use  i n  the  aerodynamic  design  of  personal- 
t y p e   a i r c r a f t  . 
11. Refined  performance  calculation  procedures  which  permit  the  attain- 
ment of ins tan taneous ly  optimum f l i g h t   p a t h s  and  which are s u i t a b l e   f o r  
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u s e   w i t h   l i g h t   a i r c r a f t  are ava i l ab le .   The i r   u t i l i za t ion   cou ld   be  
increased  through  machine  evaluation. 

12. Gene ra l ly -accep ted ,   ye t   de t a i l ed   c r i t e r i a   fo r   t he   s t ab i l i t y  and 
and d o n t r o l   c h a r a c t e r i s t i c s   o f   l i g h t   a i r c r a f t  do no t  now exis t ,   a l though 
there '  is a wealth  of  data  from  which  such  cri teria  can  probably  be 
constructed.  

13.  Recent  high  horsepower  propellors  have  been  designed  using  copious 
data   obtained  during  the late 19.40's.  This  permits  performance  improve- 
ments   over   the   p re-1943  da ta   used   to   des ign   cur ren t   l igh t   a i rc raf t  
p rope l l e r s .  

14 .   In su f f i c i en t   a t t en t ion   has   been   g iven   t o   f i x ing   quan t i t a t ive ly   t he  
combination of  aerodynamic,  propulsion,  and  structural  parameters  which 
are requ i r ed   fo r  a rea l ly   sa fe- to- f ly   l igh t   a i rp lane ,   a l though much of 
t he   bas i c   da t a   f rom which  such  determinations  can  be made a l r eady   ex i s t s .  

5 



A STUDY OF NACA AND NASA PUBLISHED  INFORMATION  OF  PERTINENCE I N  

THE DESIGN AND CONSTRUCTION OF LIGHT AIRCRAFT STRUCTURES 

The b a s i c   s t r u c t u r a l   e l e m e n t s   u s e d   i n   l i g h t   a i r c r a f t   c o n s t r u c t i o n   h a v e  
changed  but l i t t l e  i n   t h e  l as t  30 years .  To be   su re ,   t he   i n t e rven ing   yea r s  
have  seen many improvements i n   f a b r i c a t i o n   t e c h n i q u e s ,  materials, and s t ruc -  
t u r a l   e f f i c i e n c i e s ,   b u t   t h e   r i n g s ,   f r a m e s ,   p l a t e s ,   s h e l l s ,  beams,  columns, 
s t r ingers ,   to rs ion   boxes ,   shear   pane ls ,  etc. remain. As a r e s u l t ,   t h e  models 
u s e d   f o r   a n a l y t i c a l   r e p r e s e n t a t i o n  of ac tua l   s t ruc tures   remain  much t h e  same 
as  those  used 30 years  ago. This relative constancy  of  approach  and  the 
cont inuing  need  for  more accura te   p red ic t ion   of   s t ruc tura l   per formance   to  
permit   the   select ion  and  achievement   of   the   most   eff ic ient   s t ructures   has  
r e s u l t e d  i n  a s teadi ly-r is ing  product ion  of   in-house,  NASA-supported, and 
fore ign- t rans la t ion   publ ica t ions   p rovid ing  new test d a t a   o r   r e f i n e d   a n a l y t i c a l  
t rea tments .   In   on ly   the  two month period  October  and November 1968, NASA/SCAN 
l i s t e d  94 articles under  the  heading  "Stress  Analysis"  and  128  under  "Shells." 
Over a yea r ' s  t i m e ,  t h i s   p r o j e c t s   t o   s o m e t h i n g  on the   o rder   o f  700 p e r t i n e n t  
documents,  allowing  for  overlap.  This  does  not  include much of   the  
considerable  volume of work being  done on s t r u c t u r a l   v i b r a t i o n s ,   f a t i g u e ,  
and  creep. It is thus   r easonab le   t o   expec t   t ha t  most  of  the r a w  m a t e r i a l  
from  which  improved  techniques i n   l i g h t   a i r c r a f t   d e s i g n  and cons t ruc t ion  can 
be  mined will be   of   very   recent   o r ig in .  

The t r a n s l a t i o n  of  most  of t h i s   w e a l t h  of raw material i n t o   p r a c t i c a l  
design  and  construction  procedures,  however, is no t  a s imple   t ask ,   s ince   the  
r epor t s  are f o r   t h e  most par t   so lu t ions   to   spec ia l ly-posed   boundary   va lue  
problems  which are r e l a t e d  - b u t   n o t   n e c e s s a r i l y   i d e n t i c a l  - t o  rea l i s t ic  
s t ructures .   Considerable   judgment   must   therefore   be  exercised  in   adapt ing 
these  methods to   ca lcu la t ing   the   s t rength   o f   p roposed   des igns   to   insure   tha t  
an  adequate  safety  margin is maintained  and  that   the   region of a p p l i c a b i l i t y  
is  not  exceeded.  Also,  while many o f   t he  methods are r ead i ly   adap tab le   t o  
computer ca l cu la t ion ,   o the r s  are closed-form  solutions  of more approximate 
fo rmula t ions   be t t e r   su i t ed   t o  manual  manipulation. It seems i n e v i t a b l e ,  
however, t h a t   a i r c r a f t   s t r u c t u r a l   d e s i g n  must  proceed i n   t h e   d i r e c t i o n   o f  

(1)  computer  solution  of more exact  methods  and 

(2)  the  use  of materials and techniques which permit   h igher   s t rength-  
to-weight r a t i o s  and require  fewer man hour s   t o   f ab r i ca t e .  

Unfortunately,  l i t t l e  i n   t h e  way of  detailed  numerical   methods  or  actual 
computer  programs  seems to   have emerged  from t h e   l i t e r a t u r e   a s   y e t .   S i n c e  
these   requi re   cons iderable   e f for t s   to   p roduce ,  i t  is l i k e l y   t h a t   g e n e r a l  
aviation  manufacturing  f irms will be  slow  to  adopt  such  methods.  In  the 
lat ter area (newer materials and fabrication  techniques)  an  even  slower rate 
of  acceptance is to   be   expec ted   s ince   such   s teps   usua l ly  mean working  with 
unfami l ia r  materials, l a rge   cap i t a l   i nves tmen t ,  and r e t r a i n i n g   t h e   l a b o r   f o r c e .  
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A t  present ,   wing  s t ructures  are u s u a l l y   t r e a t e d   b a s i c a l l y  as beams. They 
must resist tension,  compression,  and  torsion as well as bending.  Torsional 
s t i f f n e s s  i s  usua l ly   ach ieved   by   u t i l i z ing   the  wing s k i n  as an  element i n  a 
m u l t i c e l l u l a r   t o r s i o n  box. The t h i n   s k i n   r e q u i r e d   f o r   t h i s   p u r p o s e  i n  sub- 
s o n i c   a i r c r a f t  i s  a l so   e f f ec t ive   i n   r e s i s t i ng   t ens ion   bu t   no t   t he   compress ion  
which  occurs  during  wing  bending. To s t i f f e n   t h e   s k i n ,   s p a n w i s e   s t r i n g e r s  are 
used. To h o l d   t h e   s k i n   s u r f a c e   t o   t h e   a i r f o i l   s h a p e   a n d   t o   t r a n s f e r   t h e  a i r  
l o a d s   t o   t h e   c e l l u l a r  beam s t r u c t u r e ,   r i b s  are used. 

Th i s   s t ruc tu ra l   a r r angemen t ,   wh i l e   e f f i c i en t ,  i s  highly  indeterminate  s o  
that   var ious  s implifying  assumptions  must   be made t o   o b t a i n  a t r a c t a b l e  prob- 
lem f o r  hand  calculat ion.   Shear   lag is  neglec ted   and   l inear  stress-strain 
r e l a t i o n s  are assumed.  Skin  and s t r i n g e r s  are o f t e n  assumed to   ca r ry   on ly  
t ens ion   l oads .   In   p rac t i ce ,   s t r i nge r s  are usua l ly  more l i gh t ly   l oaded   t han  
t h e   s k i n  and  more heavi ly   than   the   spar   caps   for   sa fe ty   reasons .  

Refinements i n  member s i z e s  and   hence   s t ruc tura l   e f f ic iency  are o f t en  
made  when computing  equipment i s  a v a i l a b l e   t o   s o l v e   t h e  many simultaneous 
r e l a t i o n s  which  must be   wr i t ten   for   h ighly   redundant   s t ruc tures .  

Fuselages are o f t e n   t r e a t e d  as e i t h e r   f a i r l y   s i m p l e  beams o r   t r u s s e s  
s u b j e c t   t o  most o f   t he  same types  of stress as t h e  wing.  The  curved p l a t e s  
which  const i tute   the  skin,   however ,   of ten  contr ibute   considerably  to   buckl ing 
s t i f f n e s s .  

Detai led  design of r i b s  and  frames  usually  considers them as s t i f f e n e d  
p l a t e s   w i t h   c u t o u t s   s u b j e c t   t o   s h e a r  and  normal  loads. 

In   r ecen t   yea r s ,   t he   r equ i r emen t s   fo r  missile and   spacecraf t   s t ruc tures  
h a v e   l e d   t o   c o n s i d e r a b l e   i n t e r e s t   i n  monocoque and semi-monocoque o r   s t i f f e n e d  
c y l i n d r i c a l   s h e l l s .  Note t h e   l a r g e   q u a n t i t y   o f   r e c e n t   l i t e r a t u r e   d e a l i n g   w i t h  
t h i s   t o p i c .   T h i s   s t r u c t u r a l   f o r m   a l s o   h a s   a p p l i c a t i o n   t o  aircraft fuse lages  
but  i s  no t  so  employed ex tens ive ly  a t  present .   This  i s  probably  because  the 
form,  while  offering some improvement i n   s t r u c t u r a l   e f f i c i e n c y   o v e r  more 
convent ional   ( r ing-frame  or   t russ)   construct ion,  is r e l a t i v e l y  net7 t o  this 
app l i ca t ion  and t h e o r e t i c a l  methods f o r   p r e d i c t i n g   s t r e n g t h  are ne i the r   h igh ly  
accurate  nor  easy  to  use.   Also  conventional  construction  provides  bulkheads 
upon vhich  equipment items may be  attached  and  payload  supported.  Rather 
radical   procedures  would be   necessary   to   suppor t   concent ra ted   loads   in   quas i -  
monocoques.  Bulk loads  such as l iqu id   p rope l lan ts ,   o f   course ,  are more 
r ead i ly   ca r r i ed .  

For  the review vhich  fol lows,  extracts from t h a t   p o r t i o n   o f   t h e  NACA/ 
NASA-generated l i t e r a t u r e  which i n i t i a l  examination  had  indicated were 
p r o b a b l y   a p p l i c a b l e   t o   t h e   s t r u c t u r a l   d e s i g n   o f   l i g h t   a i r c r a f t  were f i r s t  
segrega ted   accord ing   to   top ic   and   then   s tud ied   in   de ta i l .  It became evident  
t h a t  it would n o t   b e   p o s s i b l e   i n   g e n e r a l   t o  select a fet7 reports   under  each 
t o p i c  and  say  these  contained  e i ther   forgot ten gems of wisdom o r  were 
d e f i n i t i v e  work i n   t h e  area; t h e  areas are s imply   t oo   d ive r se   fo r   t h i s  and 
t h e   u t i l i t y   o f  so  much of   the  test d a t a  and analytical   procedures  depends 
upon t h e  service t o  which  the  user   wishes  to   put  it. For th i s   r ea son ,   t he  
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review mentions  most   of   the   reports   c i ted  in   the  appendix  but   groups them 
according  to  problem areas wi th in  each topic .  The b ib l iographic   in format ion  
and comment f o r   t h o s e   c o n s i d e r e d   t o   b e   o f   g r e a t e r   s i g n i f i c a n c e   t o  someone 
devising  modem  design  procedures is more complete  than  for  those  of 
h i s t o r i c a l  interest pr imari ly .   Reference  to   the  appendix,  however, will 
provide   v i r tua l ly   comple te   de ta i l s .  

It is i n t e n d e d   t h a t   t h i s  review work serve as t h e   i n i t i a l   p h a s e   o f  a 
program t o   p r e p a r e  a s y s t e m i t i z e d   l i g h t   a i r c r a f t   d e s i g n  manual o r  set of 
procedures. One is l ed   t o   t he   conc lus ion ,  however, t h a t   t o   t a k e   f u l l  
advantage   o f   s ign i f icant   recent   deve lopments   in   s t ruc tura l   ana lys i s   theory ,  
no  design  manual i n   t h e   c o n v e n t i o n a l   s e n s e  is feas ib l e .  The methods t h a t  
should  be employed are q u i t e  complex, s u f f i c i e n t l y  so as t o   b e  beyond t h e  
comprehension  of t h e  young designer .  The time required  to   check several 
alternate approaches becomes prohib i t ive ,   even   for   exper ienced   ana lys t s .  
One cannot   reasonably  expect   the   general   aviat ion  industry  to   invest   the  
c a p i t a l   r e q u i r e d   t o  translate adequately much o f   t h i s  material i n t o   u s a b l e  
computer  programs;  the  payoff is j u s t   t o o   l o n g .  Yet t h i s  is p r e c i s e l y  what 
is needed; d i g i t a l  computer  programs t o   s p e c i f y   t h e  material gauges, 
s t i f f e n e r   s p a c i n g ,   s t i f f e n e r   t y p e ,  and s t i f f ene r   a t t achmen t  method for   each 
type o f  construction  (e.g. ,   r ing-supported,   st iffened  cylinder;  semi- 
monocoque; etc.) when the   loading  i s  given. Minimum c o s t  and minimum weight 
op t ions   can   be   p rovided .   P las t ic  flo1.7 of   secondary  s t ructure   should  be 
permitted  and  accounted  for when the  ioading  reaches  100%  of  design  values 
and f a i lu re   o f   t he   p r imary   s t ruc tu re   shou ld   occu r  a t  the   usua l  1 .2  to 1.5 
times limit design  load. To keep  the  programs  and  computing time manageable, 
each  major component of   the  a i rcraf t -wing,   aerodynamic  control   surfaces ,  
fuselage,   engine  a t tachments ,  empenage, landing'   gear,   and  passenger  cabin 
should  have  individual  design  programs  with alternates f o r   d i f f e r e n t  
construct ion  techniques.  

Programs  of t h i s  complexi ty   can  only  be  wri t ten  by  large,   sophis t icated 
engineer ing  organizat ions  such as those  possessed  by  the  major  aerospace 
companies  and  perhaps a few firms  which  specialize  in  computer  software,  
Rudimentary forms of  such  programs are, however,  already i n   u s e  by a fe1.7 of 
the   l a rge   manufac turers   for   p re l iminary   des ign   ac t iv i ty .  The cos t  of  running 
the  programs,  while  economically  advantageous  for  the  large  concerns  because 
o f   t h e   l a r g e  amount of engineer ing   tha t   goes   in to  ne$7 commercial t r a n s p o r t   o r  
m i l i t a r y   a i r c r a f t ,  is n o t   y e t  a t  a s u f f i c i e n t l y  low level t o  at tract  t h e  
general   aviat ion  manufacturer .  It is to   be   expec ted ,  however, t h a t  some 
organiza t ion  will recognize  the  commercial   importance  of  this  approach and 
p repa re   su i t ab le  programs  which  can b e   s o l d   t o  and  used  advantageously by 
general   aviat ion  manufacturers .  

One would an t i c ipa t e   t ha t   t he   u se   o f   such  programs  would lead   to   lower  
cos t  aircraft  with  improved  performance  within a r e l a t ive ly   sho r t   pe r iod   o f  
time. There  should  a lso  be  maintained a continuing  program  to  refine  and 
expand the   p rograms,   s ince   the  i n i t i a l  e f f o r t s   o f   n e c e s s i t y  will model some 
aspec t s  of t h e   s t r u c t u r e  more crudely  than  one would des i r e .  
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It i s  sugges t ed   t ha t   i n i t i a l ly   on ly  one  of   the  major   s t ructural  
components,  such as the  wing,   be   t reated and t h a t  when completed, t h i s  
program  be   f ie ld- tes ted   to   p rovide   feedback   for   use   in   the   des ign   of   o ther  
programs.  The  wing  program  should  have as i n p u t s   t h e   e x t e r n a l  wing  geometry 
and a i r  l o a d i n g   i n   d e t a i l ,   t h e   t y p e  and l o c a t i o n  of  attachment t o   t h e   f u s e -  
lage ,   the   type   o f   s t ruc ture   des i red  (e. g. s r i b s  and spa r s  of s t ressed-skin box 
beam w i t h   r e l a t i v e l y  fet7 i n t e r n a l   s u p p o r t s ) ,  and the   a t tachment   po in ts ,  
d i r e c t i o n s  and  magnitudes  of  major  loads  (landing  gear,  engines,  control  sur- 
faces ,   and  fuel   tanks) .  The output would then  be  the  skin  thickness   and  the 
number, l oca t ion ,  and conf igu ra t ion   o f   i n t e rna l   suppor t s .   I n i t i a l ly ,   t he  
design  should  be  for  a s i n g l e  material and f o r  minimum weight  with a limit on 
minimum material gauge. Later, t h e  program  could  include  options  for  other 
materials, could  include estimates of  manufacturing  costs,  and  provide a mini- 
mum cost  option  which  can  be compared t o   t h e  minimum weight  option. 

The e f fo r t   desc r ibed  above i s  regarded as t h a t  most l i k e l y   t o   l e a d   t o  
s i g n i f i c a n t  improvements i n   s t r u c t u r a l   e f f i c i e n c y  and a t t enden t   r educ t ions   i n  
f a b r i c a t i o n   c o s t   i n  a short   per iod  of  time; nevertheless ,   gains ,   a l though 
more  modest,  can still  be  expected  from a c a r e f u l   c o d i f i c a t i o n  and app l i ca t ion  
o f   e x i s t i n g   a n a l y t i c a l  and exper imenta l   resu l t s   to   p roduce  a design  procedure 
manual i n   t h e  same s t y l e  as long-t ime  s tandard  col lege  texts  on a i r c r a f t  
s t r u c t u r a l   d e s i g n  and ana lys i s ,   bu t  a t  a more  advanced level and with more 
d e t a i l .  

Typically,  net7 models i n   t h e   g e n e r a l   a v i a t i o n   i n d u s t r y  are changed b u t  
l i t t l e  from  preceding  models.  Experience  and a rudimentary  knowledge  of 
s t r e n g t h  of materials i n d i c a t e s   g e n e r a l l y  what a l t e r a t i o n s  need  be made f o r  
s t r u c t u r a l   i n t e g r i t y ;  s t a t i c  test  of t h e  nev7 s t r u c t u r e   t h e n   v a l i d a t e s   t h e  
design. Most of   the   ex is t ing   d ies   and   j igs  are u t i l i zed .   Engineer ing ,  
t oo l ing ,  and t r a i n i n g   c o s t s  are thus  kept   reasonable  and p red ic t ab le .  
Ine f f i c i en t   des igns  are retained  simply  because i t  c o s t s  a l o t  of money t o  
change  them  and the  compet i t ion  a lso  has   ineff ic ient   designs  which  the  average 
buyer is usa l ly   too   unsophis t ica ted   to   recognize .  

In   t he  American economy, product   p r ice   usua l ly   has  a s t rong   i n f luence  on 
sales volume.  With the  re la t ively  lowvolume  product ion  runs  given most 
models, i t  is j u s t   n o t   p r a c t i c a l   t o   i n v e s t   l a r g e  sums in   eng inee r ing ;   t he  
sharply  increased sales price   necessary  to   recover   the  investment  nil1 
dis i l lus ion   buyers   un less   there  i s  a corresponding, marked  improvement i n  
performance.   Structural   design,   being s t i l l  a somewhat inexact   science,  is 
d i f f i c u l t   t o   q u a n t i z e .  One cannot   o f ten   say   tha t  a completely  ne^-7 a i r f rame 
wi th  a g iven , supe r io r ,   s t ruc tu ra l   e f f i c i ency ,   s a t i s fy ing  a l l  expected 
f a i l u r e  modes can  be  designed  for X d o l l a r s ,  X being a s u f f i c i e n t l y  small 
number tha t   co rpora t e  management can   be   gua ran teed   t ha t   t he   a i r c ra f t  w i l l  
have  s ignif icant ly   higher   performance  per   dol lar .  

Rea l i s t i ca l ly ,   i n   t he   absence   o f   t he  quantum performance jump which  would 
accompany t h e   a v a i l a b i l i t y  of r e a l l y  low c o s t  computer  design  programs,  one 
would a n t i c i p a t e   t h a t  a series of  competently-constructed  design  charts  and 
nomograms t o   l e a d  a small group  of   less-sophis t icated  engineers   rapidly and 
step-by-step  through  the  design  of  an  improved  major  structural component - 
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would be  welcomed by  the  industry;   adopt ion  of   these  char ts   for   the  design  of  
first one  component  and then  another ,  as t h e   v a r i o u s  models  evolve  and  as  the 
b e n e f i t s  of the  approach are demonstrated, i s  to   be   expec ted .  

As i nd ica t ed  above,   another   facet   of   a i rcraf t   manufactur ing upon  which 
s u b s t a n t i a l   e f f o r t  must b e   l a v i s h e d   i n   o r d e r   t o   i n c r e a s e   t h e  level o f   a i r c r a f t  
otmership is that   of   reducing  the  assembly  cost .  It should  be  obvious  that  
hand r i v e t i n g  of a l l  t h e  components i s ,  or   soon will be ,   p rohib i t ive ly  
expensive.   Machine  fabr icat ion  by  e i ther   r ivet ing o r  spot  welding  of 
s u b s t a n t i a l l y   t h e  same type  of   s t ructural   e lements   can  be  cheaper   only  i f   the  
too l ing   cos t   pe r  item can  be  reduced  below  the  labor  cost - usua l ly   poss ib l e  
o n l y   f o r   l o n g   o r  high-volume production  runs.  What i s  needed is something 
akin t o  blow  molding  of   plast ics   during  which  an  ent i re   s t ructural  component 
such as a wing or   fuse lage  i s  c r e a t e d   i n  one o r  two p ieces .  The development 
of t h e   r e q u i s i t e  materials, fabrication  techniques,   and  analysis  procedures 
should  therefore   be  an item o f   h i g h   p r i o r i t y   i n  a meaningfu l   s t ruc tura l  
research program. 

It will be  noted  f rom  the review tha t   t he   con t inu ing  and  very active 
program i n   t h e   p r e d i c t i o n   o f   t h e  s ta t ic  load-car ry ing   ab i l i ty   o f   var ious  
configurat ions  of   plates ,  and  more r ecen t ly   o f   she l l s ,  still has  not   been 
able  to  provide  soundly-based  methods  which  yield  sl ightly  conservative 
p red ic t ions ;   t he   bes t  methods ava i lab le   g ive   a l lowable   loads  more than  10% 
above  experimentally-determined  failure  points. One problem i n   c o r r e c t i n g  
t h i s   s i t u a t i o n  is t h a t  more e f f i c i e n t   s t i f f e n e r  and  support   .configurations 
are constantly  being  developed. Thus new analyt ical   approaches are cons tan t ly  
required  and t i m e  is n o t   a v a i l a b l e   t o   r e f i n e   t h e   p r e d i c t i o n s  on a s i n g l e  
conf igura t ion .   S ince   the  s t a t i c  load-carrying  capaci ty   of  a s t r u c t u r a l  member 
is t h e  most  important  performance  parameter  to  be  calculated,  it is e n t i r e l y  
appropr i a t e   t ha t   t he   ma jo r   po r t ion   o f   t he   r e sea rch   e f fo r t   shou ld   be   i n   t h i s  
area and t h a t   t h e   a n a l y s i s  methods  which  have  been  developed are more r e f ined  
h e r e   t h a n   i n  some o the r  areas. Th i s   s i t ua t ion   can   be   expec ted   t o   con t inue   i n  
t h e   f u t u r e .  

Al though  t rea tments   o f   s t ruc tura l   v ibra t ions   and   f lu t te r   have   impor tan t  
app l i ca t ions   i n   h igh   speed ,   h igh -usage   a i r c ra f t   and   pa r t i cu la r ly   i n   l aunch  
vehic les ,   they  have n o t   y e t   r e a c h e d   t h i s   s t a g e   o f   s i g n i f i c a n c e   i n   l i g h t  air- 
c r a f t .  Somewhat similar comments may be  made wi th   regard   to   fa t igue   des ign .  
The port ion  of   the  total   research  program  devoted  to .   these areas is thus 
regarded as adequate. 

Con t r ibu t ions   t o  beam t h e o r y   w h i l e   n o t   p l e n t i f u l ,   p a r t i c u l a r l y   i n   r e c e n t  
years ,  are considered  as   being  issued a t  an  acceptable rate. This reviewer 
a l so   r ega rds  NASA con t r ibu t ions   t o   t he   t heo ry   o f   e l a s t i c i ty   t o   be  a t  an 
adequate level as f a r  as l i g h t  a i rcraf t  design is concerned. 

b e  area where the   need   fo r  a somewhat h igher  level o f   e f fo r t   appea r s   t o  
be   i nd ica t ed  i s  i n   p l a s t i c i t y   a n a l y s i s ,   p a r t i c u l a r l y   i f   r e a s o n a b l y   d u c t i l e  
metals c o n t i n u e   t o   b e   t h e   f a v o r i t e  materials of  construction. 
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Langley  Research  Center i s  j u s t l y  famed f o r  i t s  research  on materials f o r  
an a l m o s t   i n f i n i t e   v a r i e t y  of a i r c r a f t  and spacecraf t   appl ica t ions .  A l a r g e  
quant i ty   o f   repor t s   bears   t es t imony  to   th i s  fact .  From the   s t andpo in t  of t h e  
l i g h t   a i r c r a f t   s t r u c t u r a l   d e s i g n e r  , however , s t r i c t l y   m e t a l l u r g i c a l  informa- 
t i o n ,  test resu l t s   ob ta ined   under   unusua l   condi t ions ,   and   des ign   in format ion  
on e x o t i c   o r   u n f a m i l i a r   m a t e r i a l s  are of l i t t l e  i n t e r e s t .  For   these  reasons,  
many repor t s   dea l ing   wi th  tests on s t ruc tura l   shapes   have   been  marked as "not 
appl icable"  or  have   no t   been   d i scussed   in   the  body of t h e  review. In   gene ra l ,  
t h e   p r o p e r t i e s  of s u i t a b l e  metallic materials f o r   l i g h t   a i r c r a f t   c o n s t r u c t i o n  
appears  to  have  been  covered  adequately. A s  suggested earlier,  however,  one 
facet  which  could  profitably  be  added  to  the  research  program is t h e  develop- 
ment  of  moldable materials with  s t rength- to-weight   ra t ios   comparable   to  that 
of aluminum and the  techniques  required  to   produce  large,  complex, 
dimensionally-accurate,  load-bearing  shapes i n   s i n g l e   u n i t s  from  such 
materials. 

The reader  is  encouraged t o  examine these   conclus ions   as   he   scans   the  
f ollov7ing  review. 

It will be   no ted   t ha t   t he   r epor t s   i n   t he  Appendix are d iv ided   i n to  two 
groups:  those  considered a t  least  gene ra l ly   app l i cab le   t o   t he   des ign   and /o r  
ana lys i s  of l i g h t   a i r c r a f t   s t r u c t u r e s ;  and  those  considered  to relate t o  
s t r u c t u r a l   d e s i g n   a n d   a n a l y s i s   o r   t o   m a t e r i a l   p r o p e r t i e s  and tests i n  a 
g e n e r a l   f a s h i o n   b u t   n o t   t o   b e   p a r t i c u l a r l y   a p p l i c a b l e   t o   l i g h t  a i rcraf t .  I n  
each  group,   the  reports  are l i s t ed   ch rono log ica l ly  by series. The t a b l e  
be low  g ives   t he   i n i t i a l   and   f i na l  number o f   t he   r epor t s   i n   each   g roup  by 
series. 

F i r s t  NACA Technical  Note 
Applicable 

746 
Not Applicable 

744 
Last  NACA Technical  Note  4403 4372 

F i r s t  NASA Piemorandum  (Memo) 
Last NASA Nemorandum  (Memo) 

F i r s t  NASA Technical  Note 
Las t  NASA Technical  Note 

F i r s t  NACA Technical Report 
Last NACA Technical  Report 

F i r s t  NASA Technical  Report 
Last NASA Technical  Report 

F i r s t  NACA Wartime Report 

Las t  NACA Wartime Report 

5-3-59L 
5-3-59L 

98 
2578 

696 
1343 

R-13 
R-103 
L 2  
W 31 

L 691 
B 102 

F i r s t  NACA Research Memorandum L 8130b 

10-5-583 
6-14-59L 

1 
2649 
707 

1392 

R-5 
R-112 
None 
W 70 
None 
TJ 103 

A 5 1  L 17a 
E 7 G 18a 
L 7 H 2 8  
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Last NACA Research Memorandum 

F i r s t  NACA Technical Memorandirm 
Last NACA Technical Memorandm 

Applicable Not Applicable 
L 8130b A 58 B 26 

E 57 K 22a 
L 57 L 13 

933 9 64 
129 7 1290 

F i r s t  NASA Technical   Translat ion F-27 
Last NASA Technical   Translat ion F-27 

F-34 
F-64 

As n o t e d   i n   t h e   I n t r o d u c t i o n ,   t h e   s t u d e n t  reviews began  with  reports  from 
the yea r  1940  and  proceeded  forward to   t hose   i s sued   abou t  1964. It became 
evident ,   however ,   that   there  was much in fo rma t ion   o f   d i r ec t   pe r t inence   t o   t he  
review i n   t h e   c u r r e n t   l i t e r a t u r e .   A c c o r d i n g l y ,   t h e  writer secured  most  of  the 
D-series t echn ica l   no te s ,   t echn ica l   t r ans l a t ions ,  and  general ly-circulated 
cont rac tor   repor t s   dea l ing   wi th   s t ruc tura l   ana lys i s   for   the   years   1966,   1967,  
and  1968. Some earlier documents were also  included.  These  he  reviewed; 
those  regarded  of  pertinence are discussed  below. The bibliographic  informa- 
t ion   g iven  is not   complete ,   except   for   those  reports   regarded  to   be  the more 
s i g n i f i c a n t ;   b u t  i n  a l l  cases s u f f i c i e n t   d e t a i l  is  given so t h a t   t h e   i n t e r e s t e d  
reader  may secu re   t he   r epor t   fo r   h imse l f .   Th i s  method was adopted t o  a i d   t h e  
flow of t he   na r r a t ive .   S ince   t hese   r epor t s  were not  reviewed  by  the  students,  
t h e  Appendix mostly lists b ib l iog raph ic   i n fo rma t ion   fo r   t he  D-series t echn ica l  
n o t e s   a f t e r  1964.  Contractor  reports are not  mentioned. 

The b ib l iog raph ic   i n fo rma t ion   g iven   i n   t he  review below f o r   t h e   o l d e r  
work is g e n e r a l l y   v e r y   s h o r t ,   u s u a l l y   j u s t   t h e   r e p o r t  number.  Complete 
c i t a t i o n s   f o r   t h e s e   o l d e r  documents are g i v e n   i n   t h e  Appendix. 

Con t r ibu t ions   t o   t he  Theory  of E l a s t i c i t y  

1. E s s e n t i a l   t o   t h e  development  of new improvement s t ruc tu ra l   ana lys i s   p ro -  
cedures are the  more  powerful  or more d e t a i l e d   t h e o r e t i c a l  methods  upon 
which  they are b u i l t .  Thu5 desp i t e   t he   appa ren t   i napp l i cab i l i t y   o f  many 
of t h e  more r ecen t   con t r ibu t ions   t o   t he   t heo ry  of e l a s t i c i t y ,  i t  is 
impera t ive   tha t   such   s tud ies   be   cont inued .   Typica l  of some of t h i s  
a c t i v i t y  are CR-549 (The Eigenvalue  Problem f o r  Beams and  Rectangular 
Plates  with  Linearly  Varying  In-Plane  and Axial Load) , CR-621 (An 
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Extension  of  Plane  Strain  Analysis)  and CR-779  (An Integral   Equat ion 
Method i n   P l a n e   E l a s t i c i t y ) .  

2. Older work i n  t h i s  area is represented  by TNs 871  and  1823  and TR 1342. 

3. Another   recent   contr ibut ion  of   interest   which  general izes  earlier and 
s impler   theory i s  "A Theory of Aniso t ropic   Viscoe las t ic  Sandwich Shells" 
by  John L. Baylor, CR-396, March 1966, 69 pp. 

4. A n a l y t i c a l   s o l u t i o n s   f o r   t h e  stress state i n  an  edge-st i f fened  rectangular  
plate  with  boundary  loads,   boundary  displacements,   and  temperature 
g rad ien t s  are presented i n  CR-864, (August  1967),226  pp.  by  Lin  and  Libove. 
Numerical evaluation  by  computer t7as found t o   r e q u i r e   s u b s t a n t i a l  time. 
Earlier work by  the same group is given i n  TN D 2505,  1964. 

Advanced Analy t ica l  Methods - Plas t i c i ty   Ana lys i s  

1. "Discrete-Element  Methods fo r   t he   P l a s t i c   Ana lys i s   o f   S t ruc tu res"   by  G. 
Isakson, H. Armen, Jr., and A. Pifko ,  NASA CR-803, October  1967, 206 pp. 
This is  a study  of  improved  methods  of  structural   analysis  and the 
accompanying d i g i t a l  computer  programs  which  could  be  used i n   t h e  
cons t ruc t ion  of la rge ,   supersonic  aircraft .  The pos i t ion   t aken  is t h a t  
improved f a i lu re   p red ic t ion   t echn iques  must  include  consideration  of 
p l a s t i c   b e h a v i o r .  Two areas are c o n s i d e r e d :   i n e l a s t i c  stress ana lys i s  
i n  the   p resence   o f   load   cyc l ing   and   p las t ic   buckl ing   of   the   b i furca t ion  
type .   Appl ica t ions   t rea ted   inc lude   the   swept   mul t ice l l   box  beam, the 
notched  bar,   and  the  st iffened  panel.   Associated  computer  programs are 
presented i n  CR-66364. 80  references.  

2. Earlier c o n t r i b u t i o n s   t o   p l a s t i c   b u c k l i n g  and p l a s t i c   b e h a v i o r   i n c l u d e  
TN 1530 (TR 946), TN 1556 (TR 898) , TN 1681, TN 1705, TN 1817, TN 1871, 
TN 1971, TN 1985, TN 1990, TN 2029, TN 2217, TN 2287, TN 2301, TN 2737, 
and TR 1029. 

S t ruc tura l   Vibra t ions   and   F lu t te r  

1. ' R e p r e s e n t a t i v e   o f   t h e   a n a l y t i c a l   a n d   e x p e r i m e n t a l   e f f o r t s   t o   s p e c i f y  
p a n e l   f l u t t e r ,  whole  wing f l u t t e r  and   v ib ra t iona l  modes, and beam 
v i b r a t i o n s  are TN 746, TN 1594, TN 1747, TN 2132, TN 2300, TN 2540, 
TN 2608, TN 2682 (TR 1129), TR 914,  and TR 1302. 

2. O f  i n t e r e s t  when wing s t r u c t u r e s  are subjec t   to   impact   loads  is TR 828, 
"Bending  and  Shear Stresses by  the  Instantaheous Arrests of the Root of 
a Moving Cant i lever  Beam," by  Elbridge Z. Stowell ,  Edward B. Schwartz 
and  John C. Joubol t .  . 

3. Other   s tudies   deal ing  with beam v i b r a t i o n s  are presented i n  TN 1522, TN 
1583, TN 1909, TN 1996, TN 2185, TN 2594, TN 2874, TN 2875,  and TN 2884- 
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Determinat ion  of   Iner t ia l   Parameters  

1. Techniques f o r  measurement  of f u l l - s c a l e   a i r c r a f t  moments of i n e r t i a  
a long  with  data  on a number  of o l d e r   a i r c r a f t   t y p e  are p resen ted   i n  
TNs 780,  1187,  1629,  and  2201. 

2. Of i n t e r e s t   i n   d e t e r m i n i n g   t h e   r e q u i r e d   t o r s i o n a l   s t i f f n e s s   o f   a n  air- 
c r a f t  wing are the   char t s   and   equat ions   p resented   in  TR 799  by  Henry A. 
Pearson  and William S. Aiken, Jr. 

Fatigue  Design 

1. "Some Considerat ions  in   the  Fat igue  Design  of  Launch  and Spacecraf t  
S t ruc tures ,"  R. H. Christensen and R. J. Be l l in fan te ,  NASA CR 242,  June 
1965,  109  pp. A handbook, v i r t u a l l y ,  on recommended des ign   prac t ice  
where   f a t igue   f a i lu re s  may be  involved.  Many charts and t ab le s .   41  
re ferences  . 

2. Fat igue tests of a f u l l  scale t r a n s p o r t   a i r c r a f t  wing s t r u c t u r e  are 
r e p o r t e d   i n  TN 2920 by M. James McGuigan, Jr. 

3. Resul ts  on axial f a t i g u e  tests of   10  a i rplane wing-beam specimens are 
p r e s e n t e d   i n  TN 959. 

Materials 

1. In   gene ra l ,   t he   phys i ca l   p rope r t i e s   o f  aluminum a l l o y s   a r e  well known i n  
t h e  airframe manufacturing  industry.  The material supp l i e r s  make i t  t h e i r  
bus iness   t o   p rov ide   such   i n fo rma t ion   t o   t he   u se r s   o f   t he i r   p roduc t s .  The 
supp l i e r s  are a l s o  alert to   p rov ide  the use r   w i th   t he  la tes t  i n   f a b r i c a -  
t ion   t echniques   for   the i r   p roducts .   In format ion  on spot  welding  of 
aluminum f a l l s   i n   t h i s   c a t e g o r y .  One can  mention TNs 869,  1322,  1411, 
1415,  1464,  2157,  and  2538,  however, as provid ing   addi t iona l   in format ion .  

2. An important area where  supplier  information i s  l i k e l y   t o   b e  less 
s a t i s f a c t o r y  i s  t h e   f a t i g u e   l i f e   o f   c o n s t r u c t i o n   m a t e r i a l s  and  built-up 
shapes. This i s  covered i n  some d e t a i l   f o r  aluminum i n  TNs 792,  852,  857, 
865,  900,  917,  955,  971,  983,  992,  1030,  1469,  1485,  1489,  1514, 1889, 
2012,  2231,  2276,  2324,  2389,  2390,  2394,  and  2812. 

3. Bearing  strengths  of aluminum a l l o y   s h e e t s  is t r e a t e d   i n  TNs 901,  920,  974, 
981,  1502,  and  1503. Rivet p rope r t i e s  are covered i n  TNs 804,  916,  930, 
942,  948,  1036,  1125,  1205,  and  1523. 

4 .  Information on gene ra l   s t r e s s - s t r a in   p rope r t i e s   o f  aluminum a l l o y s  i s  
g i v e n   i n  TNs 819,  924,  927,  1010,  1072,  1162,  1385,  1512,  1513,  1536, 
1552,  2085,  and  2094. 
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5. The e f f e c t s   o f   c i r c u l a r   h o l e s   o r   o t h e r  stress raisers i s  covered i n  TNs 
1611, 1830,  and 1974. 

6. Torsional   s t rength  of  aluminum shapes i s  repor ted  i n  TNs 879,  885,  904, 
and  1097. 

7. Shear  strength  of aluminum shee t  is t r e a t e d  i n  TNs 833 and  1756. 

8. Proper t ies   o f  honeycomb s t r u c t u r e s  are t r e a t e d   i n  TNs 1529,  2084,  2106, 
2208,  2243,  2289,  and  2564. 

P la tes   and   She l l s  

1. SHELL ANALYSIS MANUAL, Baker, E. H.; Cappel l i ,  A. P.;  Kovalevsky, L.; 
Rish,  F. L.; and Verette, R. M., North  American  Aviation,  Inc., Dopmey, 
Cal i forn ia ,  NASA CR-912, 804  pp., Apr i l  1968. 

Volume is d iv ided   i n to   f i ve   t op ic s :  

1. I n t r o u d c t i o n   t o   S h e l l  Theory 
2. Procedures   for  Stat ic  Analysis  of Shell S t ruc tu res  
3. Procedures   for   Stabi l i ty   Analysis   of   Shel l   Structures  
4. Minimum Weight Shell   Design 
5. Optimum Use of Computer  Programs 

This volume reviews s h e l l   a n a l y s i s  methods i n   u s e   i n  1965.  197  references 
t o   t h e   l i t e r a t u r e  are presented.   General ly ,   the   techniques  presented are 
adapta t ions   o f  the classical s o l u t i o n s   i n   t h e   l i t e r a t u r e  rather than 
sys temat ic   des ign   procedures   to  arrive a t  minimum we igh t   s t ruc tu res   fo r  
pa r t i cu la r   app l i ca t ions .  The emphasis is on t h e   f i r s t   t h r e e   t o p i c s .  
T rea t s   ma in ly   t h in   she l l s   w i th   bo th   l i nea r  and  non-l inear   def lect ions.  

2. GENERAL THEORY OF  SHELLS AND ITS  APPLICATIONS I N  ENGINEERING, V. Z. 
Vlasov, NASA TTF-99, April  1964, 913 pp .   Presents   the   resu l t s   o f  
perhaps  twenty  years work  by the   au thor  (up t o  1947)  dealing  with  advanced 
t o p i c s  i n  the   t heo ry  of shells. 

3.  THEORY OF  SHELLS AND PLATES, S. M. Durgar’yan  editor.  NASA TTF-341, 1966, 
948  pp.  Proceedings  of  4th  All-Union  Conference  on  Shells  and  Plates  held 
at Erevan 24-31 October  1962,  122  papers  dealing  with  theoretical  
developments  and  applications  to a variety  of  engineering  problems. 
I n t e r e s t   i n   t h e r m a l  stresses, dynamics  of s h e l l s ,   a n d   s t a b i l i t y  is evident .  
L i t t l e  work repor ted  on computer solut ions  (perhaps 4 o r  5 papers) .  

4. DYNAMICS AND STRENGTH OF SHELLS, P. M. Ogibalov, NASA TTF-284, 1966, 319 
pp. Trans la t ion   o f  a 1963  Russian  textbook  on  shell   dynamics  and  shell  
s t ab i l i t y .   Spec ia l   t op ic s   cons ide red  are e las t ic  and i n e l a s t i c   s t a b i l i t y ,  
e f f e c t   o f   p l a s t i c   h a r d e n i n g   o f   s h e l l s ,   i n h o m o g e n e i t y   o f   s h e l l  materials, 
and pene t r a t ing   r ad ia t ion .  
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5. RIB-REINFORCED  PLATES AND SHELLS, G. M. Savin  and N. P. Fleishman, NASA 
TTF-427, 1967,  334  pp.  1964  Russian  book which i s  t h e   r e s u l t  of  12 
yea r s  work  by the  authors   and their s t u d e n t s   i n  the fol lowing  subject  
areas : 

(1)  analysis  of stress c o n c e n t r a t i o n s   i n   p l a t e s  and s h e l l s   r e i n f o r c e d  by 
s t i f f e n i n g   r i b s  

(2)   eff ic ient   design  of   the  re inforcing  e lements  , aiming a t  an optimum 
s t r u c t u r e   o f   t h i n   p l a t e s  and s h e l l s   w i t h   r i b s .  

Contains a bibliography  of 213 items. 

6. As par t   o f  a continuing  in-house  study  of  the  buckling of s t i f f e n e d  
cy l inders ,  NASA has  publ ished a t  least 22 TNs (or   equiva len t )   dur ing   the  
per iod  1959-1967. Two of  these,  TN D 2960 by  Block,  Card,  and  Mikulas 
and TN D 3351  by  David L. Block,  present a small d e f l e c t i o n   t h e o r y   f o r  
buckl ing   of   s t i f fened   or thot ropic   cy l inders   which   inc ludes   eccent r ic i ty .  
Loadings  considered  include  pure  bending (TN D 3351)  and  combined a x i a l  
and  c i rcumferent ia l   loading (TN D 2960). Test data   has   been  acquired 
f o r  honeycomb sandwich  cylinders  subject  to  bending (TN D 2926) , t r u s s  
core  sandwich  cylinder  loaded i n  bending (TN D 3157) , buckling  of  ring- 
s t i f fened   c i rcu lar   cy l inders   loaded   by   un i form  ex terna l   p ressure  (TN D 
3111),   bending  of  r ing-stiffened  corrugated  cylinders (TN D 33361, ring- 
s t i f f e n e d   t h i n  w a l l  cy l inde r s   sub jec t   t o  axial compression (TN D 5061, 
buckl ing  of   s t r inger-s t i f fened  cyl inders  (TN D 3639),  compression  of 
s t r inge r - s t i f f ened   cy l inde r s  (Memo 2-12-59L), buckl ing  of   r ing-st i f fened 
cy l inders  (TN D 3647),  and  bending  of  corrugated,  ring-stiffened  cylinders 
(TN D 3702).  The test d a t a   i n d i c a t e   t h a t   f a i l u r e   o c c u r s  a t  about 70% of 
pred ic ted   va lue   (us ing   the   theory  of TN D 3351 o r  TN D 2960). As a 
r e s u l t ,   a d d i t i o n a l   t h e o r e t i c a l  work is underway t o  improve these  pre- 
d i c t i o n s  as evidenced  by TN D 3769 ( p l a s t i c   b u c k l i n g  of axially  compressed, 
e c c e n t r i c a l l y   s t i f f e n e d   c y l i n d e r s ) ,  TN D 3826 ( e c c e n t r i c a l l y   s t i f f e n e d  
sha l low  she l l s  of  double  curvature),  and TN D 4073 ( s t r u c t u r a l   e f f i c i e n c y  
of   r ing-s t i f fened   cor ruga ted   cy l inders   in  axial compression).  Others i n  
t h i s  series inc lude  TN D 3089 ( g e n e r a l   i n s t a b i l i t y  of   r ing-st i f fened 
corrugated  cylinders  under axial compression), TN D 1510 (a c o l l e c t i o n  
o f   pape r s   on   she l l   s t ab i l i t y ) ,  TN D 2482 ( in f luence   o f   r i ng   s t i f f ene r s  on 
i n s t a b i l i t y  of o r t h o t r o p i c   c y l i n d e r s   i n  axial compression), TN D 1251 
(s t ructural   behavior   and  compressive  s t rength  of   c i rcular   cyl inders   with 
l o n g i t u d i n a l   s t i f f e n i n g ) ,  TN D 526 (correlat ion  of   the  buckl ing  s t rength 
of   p ressur ized   cy l inders   in   compress ion   or   bending   wi th   s t ruc tura l  
parameters),  TN D 98 (optimum propor t ions   o f   t ru s s   co re  and  web-core 
sandwich  plates  loaded i n  compression) , TN D 2783 ( e f f e c t  of f ace   shee t  
s t i f f n e s s  on  buckling  of  curved  plates and c y l i n d r i c a l   s h e l l s   o f  sand- 
wich  construct ion i n  axial compression)  and  for  an  unstiffened  cylinder 
TN D 2814 (co l lapse  tests of  pressurized  membrane-like  circular  cylinders 
f o r  combined  compression  and  bending). 

7. I n   a d d i t i o n   t o  i ts in-house  program NASA i s  suppor t ing   subs t an t i a l  
university  and  industry  programs i n  c y l i n d r i c a l   s h e l l   a n a l y s i s  as well 
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8. 

9. 

10. 

11. 

12. 

as t r a n s l a t i o n s  of Russian  works.  Representative  examples are CR 540 
(buckl ing   of   cy l indr ica l   she l l  end c losu res   by   i n t e rna l   p re s su re ) ,  CR 161  
( in f luence   o f   edge   cond i t ions   an   t he   s t ab i l i t y  of a x i a l l y  compressed 
c y l i n d r i c a l   s h e l l s ) ,  TN D 2537 (the e f f e c t  of end s lope  on  the  buckl ing 
stress of cy l ind r i ca l   she l l s )   and  TTF 412 ( l o c a l   s t a b i l i t y   o f  sandwich 
s h e l l s  of   revolut ion) .  

Work on s p h e r i c a l   s h e l l s  i n  a d d i t i o n   t o   t h a t  i n  t h e  monographs c i t e d  
above i s  represented  by CR 567 (Analysis of a Sphe r i ca l   She l l   w i th  a Non- 
Axisymmetric Boundary), CR 550 (An Experimental  Study  of  the  Buckling of 
Complete Spherical   Shel ls) ,   and TN D 3002 (Membrane Analysis  of 
Pressurized  Thin  Spheroid  Shel ls  Composed of F l a t  Gores  and Its Applica- 
t i o n  t o  Echo 11). 

Since most  fuselages  must  contain access p o r t s  o f   va r ious   s i ze s ,   t he re  
has  always  been  considerable interest i n  t h e   e f f e c t  of  such  cutouts  on 
t h e   s t r e n g t h  of the  fuselage  and i n  means of r e d i s t r i b u t i n g  the stress 
concentrat ions.   Typical  of NASA's recent p u b l i s h i n g   a c t i v i t y  i n  t h i s  
area are TTF 408 (Stress Concentration About Curvilinear  Holes i n  
Physically  Nonlinear Elastic P l a t e s ) ,  TTF 282 (Stress   Concentrat ion i n  a 
Cy l ind r i ca l   She l l   w i th  a Round A p e r t u r e   i n  Its Side) ,  TN D 2672 (In- 
v e s t i g a t i o n   o f   t h e   E l a s t i c - P l a s t i c  Stress  State Around a Reinforced 
Opening i n  a Spherical   Shel l ) ,   and TTF 424  (The St ressed  State Near 
Curv i l inea r   Re in fo rced   Or i f i ce s   i n   She l l s ) .  

Other  reports  which have app l i ca t ion   t o   fu se l age   des ign   bu t  are n o t  as 
readi ly   ca tegor ized   inc lude  TN D 2799 (Analysis  of  Pressurized  and 
Axia l ly  Loaded Or thot ropic   Mul t ice l l   Tanks) ,  TTF 402 (Propagation of an 
Arb i t r a r i l y   Or i en ted  Rectilinear Crack During  Extension  of a P l a t e ) ,  
CR 705 (On the   Dua l i ty  Between the  Problems  of  Stretching  and  of  Bending 
of P l a t e s ) ,  and CR 707  (The Influence  of  Prebuckling  Deformation  on  the 
Buckling Load of  Truncated  Conical  Shells Under Axial  Compression). 

Of g e n e r a l   i n t e r e s t  i n  the des ign   o f   p l a t e s  and s h e l l s  is t h e  stress 
i n t e n s i t y  a t  the edge  of  "cracks."  Typical of t h e   a c t i v i t y  i n  this 
area are TN D 2603 (S t r e s s - In t ens i ty   Fac to r s   fo r  Single-Edge-Notch 
Specimens i n  Bending o r  Combined Bending  and  Tension  by  Boundary 
Collocation  of a Stress Function),  CR 655 (Development and  Application 
of a Photoe las to-Plas t ic  Method t o  S tudy   S t ress   Dis t r ibu t ions  i n  t h e  
Vic in i ty  of a Simulated Crack), and TR R 265 (S t resses  a t  the  Tip  of  a 
Longi tudinal  Crack i n  a P l a t e   S t r i p ) .  

Norr i s  F. Dow, William A. Hickman and  others  compiled a series of r e p o r t s  
present ing  test data  and  voluminous  design  charts  for  the  compressive 
s t r e n g t h  of  panels  of  various materials with s t i f f e n e r s   b e i n g   a t t a c h e d  by 
rivets : 

TN 1274 - Compressive  Strength  Comparisons  of  Panels  Having Aluminum 
Alloy  Sheet   and  St i f feners   with  Panels  Having Magnesium Alloy 
Sheet  and Aluminum Al loy   S t i f feners .  
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TN 1389 - Design  Charts  for  Flat  Compression  Panels  Having  Longitudinal 
Extruded  Y-Section  Stiffeners  and  Comparison  with  Panels  Having 
Formed  Z-Section  Stiffeners. 

TN 1421 - Effect  of  Variation  in  Diameter  and  Pitch of Rivets  on 
Compressive  Strength  of  Panels  with  Z-Section  Stiffeners. 
Panels  of  Various  Lengths  with  Close  Stiffener  Spacing. 

TN  1439 - Compressive  Strength  of  24ST  Aluminum  Alloy  Flat  Plates  with 
Longitudinal  Formed  Hat-Section  Stiffeners  Having a Ratio  of 
Stiffener  Thickness to Skin  Thickness  Equal  to  One. 

TN  1467 - Effect  of  Variation  in  Diameter  and  Pitch  of  Rivets  on 
Compressive  Strength  of  Panels  with  Z-Section  stiffeners. 
Panels  of  Various  Stiffener  Spacings  That  Fail  by  Local 
Buckling. 

TN 1640 - Direct  Reading  Design  Charts  for  75ST  Aluminum  Alloy  Flat 
Compression  Panels  Having  Longitudinal  Straight  Web  Y-Section 
Stiffeners. 

TN  1737 - Effect  of  Variation  in  Diameter  and  Pitch  of  Rivets  on 
Compressive  Strength  of  Panels  with  Z-Section  Stiffeners. 
Panels  That Failby Local  Buckling and Have  Various  Values  of 
Width-to-Thickness  Ratio  for  the  Webs  of  the  Stiffeners. 

TN  1777 - Direct  Reading  Design  Charts  For  24ST  Aluminum-Alloy  Flat 
Compression  Panels  Having  Longitudinal  Straight-Web  Y-Section 
Stiffeners. 

TN  1778 - Direct  Reading  Design  Charts  For  24ST  Aluminum-Alloy  Flat 
Compression  Panels  Having  Longitudinal  Formed  Z-Section 
Stiffeners. 

TN  1787 - Comparison of the  Structural  Efficiency  of  Panels  Having 
Straight  Web  and  Curved  Web  Y-Section  Stiffeners. 

TN 1978 - Data  on  the  Compressive  Strength  of  75S-T6  Aluminum  Alloy  Flat 
Panels  Having  Small  Thin,  Widely  Spaced,  Longitudinal  Extruded 
Z-Section  Stiffeners. 

TN 2139 - Effect  of  Variation in Rivet  Diameter  and  Pitch  on  the  Average 
Stress  at  Maximum  Load  for  24S-T3  and  75S-T6  Aluminum  Alloy, 
Flat  Z-Stiffened  Panels  That  Fail  by  Local  Instability. 

TN 2435 - Direct  Reading  Design  Charts  for  75S-T6  Aluminum  Alloy  Flat 
Compression  Panels  Having  Longitudinal  Extruded  Z-Section 
Stiffeners. 

TN  2792 - Direct  Reading  Design  Charts  for  24S-T3  Aluminum  Alloy  Flat 
Compression  Panels  Having  Longitudinal  Formed  Hot-Section 
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S t i f f e n e r s  and  Comparisons  with  Panels  Having  Z-Section 
S t i f f e n e r s  . 

13. 

14. 

15. 

16. 

TN 2963 - Effec t  of Var ia t ion  i n  Rivet Strength  on  the  Average  Stress  at 
Maximum Load f o r  Aluminum Alloy,  Flat  Z-Stiffened  Compression 
Panels  That  Fail  by  Local  Buckling. 

These  15  reports,  representing  the  most  advanced  methods  generally 
a v a i l a b l e   f o r  this type  of  construction,  form a rather  complete set of 
des ign   spec i f i ca t ion   a ids ,   a l l owing   one   t o  select t h e   s h e e t   s i z e ,  
s t i f f e n e r   s p a c i n g ,  r ivet  s i z e  and  spacing \qhen the   l oad ing  i s  spec i f i ed .  
TR 827,  "Charts f o r   t h e  Minimum Weight  Design  of 24S-T Aluminum-Alloy 
F l a t  Compression  Panels with Longitudinal  Z-Section  Stiffeners,"  by 
Evan H. Schuette  and TR 1195 (RM L53 L13a)  "Formulas f o r  Elastic Constants 
of   Plates   with  Integral   Waff le-Like  St i f fening" by Norr is  F. Dow, Charles 
Libove,  and  Ralph E. Hubka are a l s o   u s e f u l   i n  this connection. 

Information on the   behavior   o f   s t i f fened   and   uns t i f fened   p la tes   under  
combined axial load  and  normal  pressure is contained i n  TNs 786,  848, 
849,  943,  949,  1041,  and  1047. See a l s o  TR 740. Both analysis   and 
experimental   data  are presented .   S ta in less  steel i s  t h e   t e s t e d  material 
i n  TN 786. These da ta   have   appl ica t ion  i n  b o a t   h u l l s  , pontoons , 
pressur ized   fuse lages ,   and   in tegra l   wing   fue l   t anks .  

Some o f   t he   i n i t i a l   t heo re t i ca l   and   expe r imen ta l   s tud ie s   o f   s andwich  
p l a t e s  are represented  by  the series TN 1251, TN 1526 (TR 889) , TN 1822 
(TR 967) , TN 1832 (TR 975) , TN 1886, TN 1910, TN 2017, TN 2214, TN 2225, 
TN 2581, TN 2601, TN 2620, TN 2637, TN 2679. 

Representat ive  of   the   a lmost   cont inuous  s tudy - t heo re t i ca l   and  
experimental  - of s t i f f e n e d  and uns t i f f ened   p l a t e s   ca r r i ed   ou t   by   t he  
Langley  Research  Center  since  1940 are t h e  TNs 752, 811, 856,  882, 883, 
884,  885,  921,  944,  1009,  1119,  1124,  1157,  1172,  1222,  1223,  1346,  1347, 
1348,  1425,  1462,  1480,  1482,  1553,  1557,  1559,  1565,  1589,  1625,  1661, 
1710,  1728,  1750,  1825,  1829,  1851,  1879,  1891,  1928,  1972,  2392,  2536, 
2556,  2671,  and  3023.  These  41  reports  present a weal th  of tes t  d a t a  
and a n a l y t i c a l   e f f o r t s  on a v a r i e t y  of p l a t e   con f igu ra t ions  which have 
app l i ca t ion  i n  a i r c r a f t   s t r u c t u r e s .   C o n s i d e r a b l e   c o d i f i c a t i o n ,  
c o r r e l a t i o n ,  and  condensation is required,   however ,   to  make t h e s e   r e s u l t s  
usable  in  design  manuals  or  formalized  procedures.   Additional  data and 
a n a l y s i s   i n   t h i s  area are p r e s e n t e d   i n  TRs 733,  734,  735,  739,  809,  847, 
and  1255  and i n  TN 2873, TN 2782 and RM L8 I30b. 

About 1944, N. J. Hoff  and others   began  three  extended  analyt ical   and 
exper imenta l   s tud ies   o f  monocoque c y l i n d e r s   f o r   u s e  as f u s e l a g e s   i n  air- 
c r a f t .  "The Inward  Bulge  Type  Buckling  of Monocoque Cylinders" i n  f i v e  
p a r t s  (TNs 938,  939,  968,  1499,  1505)  provides  methods  for  calculating 
c r i t i ca l  loads  which come wi th in   about  23%  of exper imenta l   resu l t s .  
"Numerical P rocedures   fo r   t he   Ca lcu la t ion  of t h e   S t r e s s e s   i n  Monocoques'l 
i n   f o u r   p a r t s  (TNs 934,  950,  998,  and  999) are developments  of  Southra7ell's 
r e l a x a t i o n  methods t o   t h e   s o l u t i o n  of these problems. More recent ,  
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f a s t e r   numer i ca l  methods fo r   so lv ing   t he   equa t ions  are, however, now 
ava i l ab le .  "Stresses i n  and  General   Instabi l i ty   of  Monocoque Cylinders 
with Cutouts" i n   e i g h t   p a r t s  (TNs 1013,  1014,  1263,  1264,  1435 , 1962 , 
1963)  presents a numerical  method f o r  making  such  determinations 
a n a l y t i c a l l y  and  compares the   r e su l t s   w i th   expe r imen ta l   r e su l t s .   I n  
every case, the   ana ly t i ca l   p rocedure  was somewhat op t imis t i c  - from  13% 
t o  39%. The book, S t r e s s e s -   i n   A i r c r a f t  and She l l   S t ruc tu res  by Paul  
Kuhn (McGraw-Hil l ,  1956)  of  the  Langley  Research  Center  presents  an 
expos i t ion  of t h e  most des i r ab le  stress ana lys i s  methods ava i l ab le  
through  the mid 1950's.  Other  work on stress ana lys i s  o f   cu tou t s   i n  
circular semimonocoque cy l inders  may be  found i n  TR 1251 (TN 3199) by 
Harvey G. McComb , Jr . 

17. Other o lde r   bu t  excellent theore t ica l   and   exper imenta l  work  on cy l inders  
f o r   f u s e l a g e s  is given i n   t h e  series "Some Inves t iga t ions   o f   the   Genera l  
I n s t a b i l i t y   o f   S t i f f e n e d  Metal Cylinders"  by members of   the  Gugenheim 
Aeronautical   Laboratory a t  t h e   C a l i f o r n i a   I n s t i t u t e  of  Technology -- 
TNs 905,  906,  907,  908,  909,  910,  911,  1197,  and  1198, July  1943  to  May 
1947. 

18. A deta i led   d i scuss ion   of   the  state of knowledge  dealing with t h e  
s t a b i l i t y  of   cyl inders  as of  1943 is found i n  TN 918  by L. H. Donnell. 

19.   Typical  of  the work  on cy l inders  s t i l l  i n  widespread  use as evidenced by 
i t s  t r e a t m e n t   i n  CR 912, (see  above) i s  t h e  series by S. B. Batdorf  and 
o the r s ,  TN 1334, TN 1341 (TR 874) , TN 1342 (TR 874) , TN 1343 , TN 1344, 
TN 1345, TN 1981,  and TN 2021.  See a l s o  TR 887. 

20. Some test data  from smaller scale test programs  on  cylinders is found i n  
TNs 800,  851,  2188,  and  2821. 

21. Other   older  work, b o t h   t h e o r e t i c a l  and  experimental   on  cutouts   in   sheets  
o r   cy l inde r s  is c o n t a i n e d   i n  TNs 1176,  1241,  1852,  and  2073. 

22. Studies   of   the  stresses on t h e   r i n g s   s u p p o r t i n g   c y l i n d r i c a l   s h e l l s  are 
g i v e n   i n  TNs 929,  993,  1098,  1219,  1310,  1692,  and  1786  (Report  934). 
Kuhn's  book covers   th i s   in format ion .  

23. When c y l i n d e r s   o r   s t i f f e n e r   s e c t i o n s  become very  long  and are loaded 
ax ia l ly   t hey  are t r e a t e d  as columns.  Representative  of  the work  done 
i n   t h i s  area are TNs 824,  1004,  1027,  1335,  1519,  1751,  2163, 2267 
(Report  1072),  2272,  2362,  2640,  and  2872. 

24. An in t e re s t ing   s tudy   o f  "The Shearing  Rigidi ty   of  Curved Panels  under 
Compression''  by N. J. Hoff  and  Bruno A. Boley (TN 1090)   f inds   tha t   the  
shear ing   r ig id i ty   decreases   wi th   increas ing   compress ion .  

25. Two works  dealing with bending , s t r e t c h i n g  and tors ion  of   sandwich  shel ls  
are TR 975  and TR 1316 (TN 3749). 
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26. Indica t ive   o f   the   type   o f   ana lys i s   which   mus t ,   fo r   reasons   o f   cos t   and  
performance,  soon come in to   gene ra l   u se  is CR 1217,   "Structural   Synthesis  
of a Stiffened  Cylinder"  by William M. Morrow I1 and  Lucien A. Schmit, 
Jr., December 1968,  163  pp.,39  references.  For a given  cyl inder  
dimension  and  loading,  the  synthesis scheme  determines  the skin th ickness ,  
the   d imens ions   o f   the   s t i f feners ,   and   the   spac ing   of   the   s t i f feners .  
E l e v e n   d i f f e r e n t   f a i l u r e  modes are considered. Material y i e l d   f a i l u r e  
i n   s k i n  and s t i f f e n e r s  are considered as well as i n s t a b i l i t y  modes.  The 
problem is t r e a t e d  as a nonl inear   mathematical  programming  problem. The 
constrained  minimization  problem i s  conve r t ed   t o  a sequence of 
unconstrained  minimization  problems  and  then  solved. The so lu t ions  
generated are a sequence  of   noncri t ical   designs  with  decreasing  weight .  
Deta i led   mathemat ica l   ana lys i s   o f   the   s t i f fened   cy l inder   a long   wi th   the  
computer  program fo r   ob ta in ing   numer i ca l   r e su l t s  are presented.  

27. Another  of  the  recent  approaches t o   t h e   a n a l y s i s  of s t i f f e n e d   c y l i n d r i c a l  
s h e l l s  which  rely on the  use  of  computers is CR 1280, "The General 
In s t ab i l i t y   o f   Eccen t r i ca l ly   S t i f f ened   Cy l ind r i ca l   She l l s   unde r  Axial 
Compression  and Lateral Pressure"  by  John N. Dickson  and  Richard H. 
Broll iar,   January  1969,  108  pp.,  22 re ferences .  The governing  equa- 
t i o n s   f o r   t h e   g e n e r a l   i n s t a b i l i t y   o f   a n   o r t h o g o n a l l y   s t i f f e n e d   c y l i n d r i c a l  
s h e l l  are derived,  using small deflection  theory,   and  the  computer  program 
fo r   so lv ing   t he   sys t em i s  presented  a long with i n s t r u c t i o n s   f o r  i ts use. 

28. An outs tanding  compilat ion  of   the  theoret ical   and  experimental  knowledge 
conce rn ing   t he   s t ab i l i t y  of p l a t e s  and s h e l l s  as of 1957 is contained i n  
t h e  series of  technical  notes  by  George  Gerard  and  Herbert  Becker  given 
the   gene ra l  t i t l e ,  Handbook o f   S t ruc tu ra l   S t ab i l i t y :  

TN 3781 - Buckling  of  Flat   Plates,   102  pp.,   64 refs. 
TN 3782 - Buckling  of  Composite  Elements, 72 pp., 30 r e f s .  
TN 3783 - Buckling  of  Curved Plates   and  Shel ls ,   154  pp. ,   84 refs. 
TN 3784 - Fa i lu re   o f   P l a t e s  and  Composite  Elements,  93  pp., 31 refs. 
TN 3785 - Compressive  Strength  of  Flat   Stiffened  Panels,  89 pp., 

TN 3786 - Strength  of   St i f fened Curved P la t e s   and   She l l s ,  82  pp., 
44 refs. 

56 refs. 

Beams 

1. Work on var ious   des ign  materials and  loading  aspects of box beams is 
represented   by   the  series TN 784, TN 791, TN 806, TN 872, TN 873, TN 893, 
TN 953 , TN 1066 , TN 1297, TN 1323, TN 1466 , TN 1525, TN 1749 , TN 2054, 
TN 2153, TN 2414, TN 2452, TN 2529, TN 2760, w d  TN 3082. 

I 

2. T r u s s   s t a b i l i t y   s t u d i e s  are p r e s e n t e d   i n  TN 937  and TN 2886. 

3. Buckling  of beam s t r u c t u r e s  is covered i n  TNs 770,  962,  1063,  1433,  2020, 
and 2840. 
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4. Studies of wing  (beam)  deflection  are  contained  in  TN  1361  (Deformation 
Analysis  of  Wing  Structures,  by  Paul  Kuhn) , TN  1827  (Matrix  Methods  for 
Calculating  Cantilever-Beam  Deflections,  by S. V. Benscoter  and M. L. 
Gossard),  TN  2600  (Stresses  and  Deformations  in a Wing  Subjected  to 
Torsion,  by B. F. Ruffner),  and TN 2621  or TR 1131  (Deflection  and  Stress 
Analysis  of a Thin  Solid  Wing  of  Arbitrary  Plan  Form  with  Particular 
Reference  to  Delta  Wings,  by  Manuel  Stein, J. E. Anderson,  and J. M. 
Hedgepeth) . 

5.  Strength  analysis  and  test  of  stiffened  beam  webs  is  covered  by  TN  1058, 
TN  1364  (superseded  by TN 1756), TN  1544,  TN  1635,  TN  1820,  TN  2548,  and 
TN  2930. 

6. Specific  consideration of diagonal  tension  is  contained  in  the  work  of 
Paul  Kuhn  and  others:  TN 1481 (Diagonal  Tension  in  Curved  Webs) , TN 
2661,  TN  2662 (A Summary  of  Diagonal  Tension.  Part I Methods  of  Analysis, 
Part I1 Experimental  Evidence), TR 697  (Investigations  on  the  Incompletely 
Developed  Plane  Diagonal  Tension  Field),  and  TR  739  (Shear  Lag  in BOX 
Beam.  Methods  of  Analysis and Experimental  Investigation).  This  material 
is covered  at  length  in  Kuhn's  book,  Stresses  in  Aircraft  and  Shell 
Structures,  McGraw-Hill,  1956. 
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NACA Technical   Notes   Deal ing  with  Structural   Analysis  
or   Design  Judged  Applicable   to   Light   Aircraf t  

746 THE  FREQUENCIES OF CANTIWER WINGS I N  BEAM AND TORSIONAL 
VIBRATIONS, C. P. Burgess,  January  1940 

A simple method to   determine  the  per iod  and  f requency  of  
v i b r a t i o n  of a wing i n  which  the  weight and moment of i n e r t i a  
vary  a long  the  span.  The approximation i s  t h a t   t h e   c u r v a t u r e  
of  the wing i n   v i b r a t i o n  i s  assumed to   be   cons tan t .  The 
r e s u l t s   h a v e   a n   e r r o r  of less than  1%. The period is  given 
by 

n 

T' = 
" 

g $ EI(d2y/dx2) 2dx 

v7 = weigh t   pe r   un i t   l eng th  
y = d e f l e c t i o n  
g = a c c e l e r a t i o n  of  g r a v i t y  

.7 

dLy = cons tan t  2 
An approximation is  a l s o   a v a i l a b l e   f o r   t h e   t o r s i o n a l   p e r i o d .  
It i s  assumed t h a t   t h e   a n g l e   o f  tv~ist varies l i n e a r l y   a l o n g  
t h e  

The 

P =  
G =  
k =  

semispan. The per iod is given by 

4n2 $ P2dx 

q u a n t i t y  - is  assumed equal  t o  one. 

p o l a r  moment of i n e r t i a  of weight   per   un i t   l ength  
shear  modulus 
k ine t i c   ene rgy  

de 
d t  

751 DAMPING FORMULAS AND EXPERIMENTAL  VALUES  OF  DAMPING IN FLUTTER 
MODELS, Robert C. Coleman, NACA, 1940 

S t r u c t u r a l  damping, theory  and  expeqiments.  See  Scanlan  and 
Rosenbaum, Ai rc ra f t   V ib ra t ion   and   F lu t t e r ,  1951. 

752 AN INVESTIGATION OF  SHEET  STIFFENER  PANELS  SUBJECTED TO COM- 
PRESSION  LOADS WITH PARTICULAR REFERENCE TO TORSIONALLY WEAK 
STIFFJiNERS, Louis G. Dunn, C a l i f o r n i a   I n s t i t u t e   o f  Technology, 
February 1940 
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This   report  i s  a r e f e r e n c e   f o r  TN 918  which i s  a condensation 
of several   theory  processes .  

A t o t a l  of  183  panels of 24ST aluminum a l loy   wi th   th icknesses  
of 0.020, 0.025,  and  0.040  inch  with  extruded  bulb-angle  sec- 
tions  of  12  shapes  spaced 4  and 5 inches as s t i f f e n e r s  were 
t e s t e d   t o  examine  buckling stress. 

Primary  purpose was to   inves t iga te   the   behavior   o f   s t i f fened  
panels  such as are used i n   a i r c r a f t   c o n s t r u c t i o n .  

"The scope  of  the tests is insu f f i c i en t   fo r   gene ra l   des ign  
c r i t e r i a .  

In  1943 TN 918  uses  the  data  of TN 752 t o  compare wi th  a theo- 
r e t i c a l   a n a l y s i s  of th i s   type  and similar problems. 

The data   agrees   general ly   with  the  theory  of  TN 918. 

TN 760 A FULL SCALE INVESTIGATION OF THE EFFECT OF SEVERAL FACTORS ON 
THE SHIMMY OF CASTERING WHEELS, Walter B. Howard, Jr., Apri l  
1940 

A de t a i l ed   s tudy  was made to   de te rmine   the   e f fec t   o f   severa l  
fac tors   on   the  shimmy of   caster ing  wheels .  The f a c t o r s  con- 
sidered  were  the  geometric  arrangement,  the  tire  types,  the 
v a r i a t i o n  of  loads,   the  spindle moment of i n e r t i a ,  and the  
tire i n f l a t i o n .  By varying  the  above  factors   the minimum 
s o l i d   f r i c t i o n   r e q u i r e d   t o  damp t h e  shimmy was compared t o  
these  changes  in  the  above  factors.  Experiments were c a r r i e d  
out  on a cart pul led by an  automobile  and a Hammond Y - 1  A i r -  
p lane  with a t r icyc le   l anding   gear .  The tendency  for  the  wheel 
to  shimmy can  be  seen by t h e   v a l u e   o f   s o l i d   f r i c t i o n  needed t o  
s top  shimmy. These  values  ranged  from 50 in- lb   to  150 in-lb.  
The gene ra l   va r i a t ion  of s o l i d   f r i c t i o n   r e q u i r e d   t o   s t o p  shimmy 
vs   ca s t e r   ang le  is  shown below. 

I 

c 
0 

0 

.- 
t .- 
t 
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This   ind ica tes   tha t   the   t endency   to  shimmy does  not  vary much 
wi th   the   cas te r   angle .  The tendency  to shimmy was less a t  zero  
o r  small nega t ive   ca s t e r   ang le s   t han  a t  t h e   l a r g e r   p o s i t i v e  
angles.  

The r e s u l t s  from tests on t h e  test c a r t  were as foll017s: 

1. The i n f l a t i o n   ( h i g h   o r  low) or   type   o f  tire does   no t   g rea t ly  
a f fec t   the   t endency   to  shimmy. 

2.  When the   sp ind le  moment of i n e r t i a  571s increased   there  v7as 
a s l i g h t   i n c r e a s e   i n   t h e   t e n d e n c y   t o  shimmy. 

3. Inc reases   i n   t he   l oad   on   t he  cart  causes   s ign i f i can t   i n -  
c reases   in   t endency   to  shimmy. 

4. As t h e   f o r k   o f f s e t  v7as increased  the  tendency  to  shimmy t7as 

a l so   increased .  

5. The s o l i d   f r i c t i o n  needed to   p reven t  shimmy 17as found t o  be 
p ropor t iona l   t o   t he   l oad   on   t he  cart. 

The values   obtained  with  the tot7 c a r t  when app l i ed   t o   t he  Hammond 
Y-1 Airplane were s u f f i c i e n t   t o   p r e v e n t  shimmy. 

The determinat ion  of   the tire cons tan ts  were determined as f o l l o m .  
For   the   s t reaml ine  tire t h e   s o l i d   f r i c t i o n   r e q u i r e d  i s  given by 

T m a  = 0.02 ruW l b - f t  
r = tire rad ius  
u = c o e f f i c i e n t  of f r i c t i o n  
11 = load 

The v i c ious  damping fo r   t he   s t r eaml ined  tire is given by 

= 32r2 6 l b - f t  
r ad ians   pe r  sec 

These  expressions are in tended   on ly   to   ind ica te   the   range  and 
order   of  damping.  But t he   so l id   f r cc t ion   can   be   cons ide red   exac t .  
The theory from  which  these  equations are der ived is from t h e  
fo l lowing   publ ica t ions :  

Ar thur   Kant rowi tz ,   S tab i l i ty   o f   Cas te r ing  Wheels f o r   A i r c r a f t  
Landing Gears, T.R. No. 686, NACA, 1940 

- " 
.- 
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TN 770 TILE LATERAL STABILITY OF  EQUAL-FLANGED  ALUMINUM ALLOY I-BEAMS 
SUBJECTED TO PURE BENDING, C. Dumont and H. N. Hill, NACA, 
August  1940 

Beams extruded  from 27ST aluminum a l l o y  were subjec ted   to   pure  
bending  loads  which  caused  failure.   Mechanical  properties:  

Flange Neb 
Tensile s t r e n g t h  62,735  61,350 
Tensile y i e l d   s t r e n g t h  54,100 52,700 
Compressive  yield  s t rength 56,150 

Ends were not  completely  f ixed,  but  degree  of  f ixity was 
ascer ta ined.  Thus, exper imenta l   resu l t s  were used   t o   ve r i fy  
an   equat ion   for  cr i t ical  stress. 

1.98  x 10 J 7 
- II[J(KL)2 + 6.58 IIh  2 3 

'cr - (KL) 2 

'cr 
K = degree a t  end. f i x i t y  
L = l a t e r a l l y  um'upported  length  of beam 
Z = s e c t i o n  modulus of beam about   p r inc ip le   ax is   normal   to  

II = moment o f   i ne r t i a   o f  beam a b o u t   p r i n c i p l e   a x i s   i n  v7eb 

J = t o r s i o n   f a c t o r  
h = depth of beam 

= c r i t i c a l  stress i n  pounds per   square  inch 

web 

See  Thoshenko:  Theory o f  Elastic S t a b i l i t y ,  McGraFJ H i l l  Book 
Co. , Inc., 1936. 

Tests extended  through  plastic  range of ma te r i a l .   Ma te r i a l  
chosen  because  tensile  and  compressive  properties  are  approxi- 
mately equal and  wide elastic range. 

Resul t s   ind ica ted  use of  reduced  modulus  allows  use of previous 
equa t ion   i n to   p l a s t i c   r eg ion .  

4E E, 

E = elastic modulus 
E = t a n g e n t   e l a s t i c  modulus  based  on  average  compressive 

stress 
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Modified  equation 

Er 1.98 x 10 7 - 
'cr E 
" 

(KL) 2Z 
' Il[J(KL)2 t- 6.58  I lh ] 2 

K = 0.5  for  complete lateral  r e s t r a i n t .   F o r   l o n g e s t  beams 
(L = 88" ) ,   e r ro r   i n  K was 4%. For   sho r t e s t  beam, (L = 18"), 
e r r o r   i n  K was 19%. 

Approximate  values  of  Scr computed  by equivalent  slenderness 
r a t i o  method were 20% lower  than  experimental  values,  where 
buckling  occurred  near  the  yield  strength.   Values  of Scr 
determined by Southwell  method  from  load-deflection  data  agreed 
with  experimental   values.  Thus Southwell i s  a p p l i c a b l e   t o  
l a t e ra l   buck l ing   o f  I-beam. 

IQ = I = 0.04295 i n   ( f l a n g e s )  4 
YY . 

I = Ixx = 1.3916 i n  4 

Z = 0.6962 i n  

J = 0.0015382 i n  

3 

4 

tf = 5/32 

t = 5/64 

b = 1-3/8 

T.7 T h = 4  

h 
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Test No. Lto t 'cr cr L 1 
'cr 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

114 
104 
94 
84 
74 
64 
59 
54 
49 
44 

1,800 

2,735 
3,455 

2,185 

4,585 
7,000 
8,590 

10,280 

12,840 
11,900 

5,400 
6,555 
8,199 

10,365 
13,755 

25,770 
30,840 
35,700 
38,520 

21,000 

7,800 88 
9,420 78 

11,780  68 
11,890  58 
19,760  48 
30,170 38 
37,020 33 
44,300 28 
51,300  23 
55,300 18 

1,800 
2,180 
2,800 
3,580 
4,750 
7,750 
8,800 

11,800 
11,600 
12,600 

TN 773 CHART FOR CRITICAL CONPRESSIVE STRESSES OF  FLAT RECTANGULAR 
PLATES, H. N. Hill, NACA, 1940 

More complete  coverage  of  subject  in  Marks'   Engineering Handbook. 

TN 780 MOMENTS  OF INERTIA OF 32 AIRPLANES, William Gracey, NACA, 1940 

Moments o f   i ne r t i a   o f   p l anes  were determined by  pendulum  method. 
See NACA Rep. No. 467,  1933, fo r   desc r ip t ion .  

Moments o f   i n e r t i a   a b o u t  X and Y axes (through  c.g.)  found  by 
swinging  plane as compound pendulum, moment of i n e r t i a   a b o u t  Z 
axis found by o s c i l l a t i n g   p l a n e  as a b i f i l a r - t o r s i o n a l  pendulum. 
Correct ions made for   (1)  bouyancy of s t ruc ture ,   (2)  a i r  entrapped 
wi th in   s t ruc tu re   and   (3 )   add i t iona l  mass e f f e c t   ( t o   a c c o u n t   f o r  
payload,  minor  changes). 

A, B, C - t r u e  moments o f   i n e r t i a   i n  X, Y, Z d i r e c t i o n s .  

5, %, Kz - r a d i i   o f   g y r a t i o n   i n  X, Y, Z d i r e c t i o n s .  

Cx, Cy, Cz - span   coef f ic ien ts   o f  moment o f   i n e r t i a .  

'X = %/b 

Accuracy  of  method  with  corrections: 

A 2 2.5% 
B 2 1.3% 
C f. 0.8% 
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Accuracy  of  weight  schedule method: 5 10% 

TN 784 STRESS DISTRIBUTION I N  AND EQUIVALENT WIDTH OF FLANGES OF 
WIDE, THIN WALL STEEL BEAMS, George  Winter,  Cornel1  University, 
November 1940 

The pr imary  purpose  of   the  invest igat ion ~7as to   ana lyze   the  
stress d i s t r i b u t i o n   i n   t h e   f l a n g e s  of  wide, t h i n  wall beams of 
I, T, U, and  box shape  and  to   obtain  information  appl icable   to  
design. It is  shotm that  the  magnitude  of  the  bending  stresses 
of  the  f langes  of  such beams varies across   the  width  of   the 
s e c t i o n  and t h a t   t h e  amount o f  t h i s   v a r i a t i o n  depends  upon  the 
dimensions of t h e  beam and  upon the  type  of  loading. 

Therefore, in  the  determination  of  the  magnitude  of  the m a x i m u m  
bending stress in   des ign  work, the  equivalent  width  of  such 
flanges  should  be  used  instead of the   ac tua l   wid th .  

For   the   purpose   o f   fac i l i t a t ing   the   exper imenta l   ver i f ica t ion   of  
t he   ana ly t i ca l   r e su l t s ,   f u r the r   cu rves  were computed t h a t   g i v e  
the   r a t io s   o f   t he  maximum t o   t h e  minimum bending stress i n   t h e  
flanges.  These  ratios  have  been  checked  experimentally by  means 
of s t r a i n  measurements  on 11 I-beams. The experimental   data 
c o n f i r m   v e r y   s a t i s f a c t o r i l y   t h e   a n a l y t i c a l   r e s u l t s .  

It is  f u r t h e r  shotm t h a t   t h e   c r o s s   s e c t i o n s  of  wide beams  made 
of  extremely  thin  sheets are s u b j e c t   t o   d i s t o r t i o n   t h a t   g i v e s  
rise t o   a d d i t i o n a l  stress concentrations.  The equat ions   l i s ted  
f u r n i s h  s imple  condi t ions  for   determining  the  l imit ing  dimensions 
of beams f o r  which   the   e f fec t   o f   th i s   d i s tor t ion  may be  neglected 
i n   p r a c t i c a l   a p p l i c a t i o n s .  

It may be   ea s i ly   ve r i f i ed   numer i ca l ly   t ha t   p rac t i ca l ly  a l l  beams 
wi th   s t ruc tura l ly   poss ib le   d imens ions  will sa t i s fy   these   condi -  
t ions  : 

FOR  I-BEAMS  FOR BOX BEAMS 

b" 0.0817 E - <  

T.7 

n 

b' 0.0633 E x = ,  ~ 

b = ha l f   t he   f l ange   w id th  
d = the   f lange   th ickness   o f   the  beam 
h = the  depth 
cr = the  working stress 

y = Poi s son ' s   r a t io  
E = modulus  of e l a s t i c i t y  

v7 
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Thus, d a t a   f o r   t h e   e q u i v a l e n t   w i d t h   g i v e n   i n   t h e   t a b l e  and f i g u r e  
below.may be   appl ied   to   any  beam sa t i s fy ing   t he   cond i t ions  ex- 
p r e s s e d   i n  the above  equations. 

Rat ios  'of Equivalent   to   Actual  Width,  2b'/2b 

Beams . I- and Ti 1 Box and U- 

lt 

2a 
31t 
41t 

0.857 0.575 
0.958 0 .791 
0 .981 0 .881 
0.990 0.927 

0.880 0.557 
0.957 0.778 
0.983 0 .881 
0 .989 0.926 

5 a  

p(a) is  uniformly  distributed  load, 

p(b) is concentrated  load a t  cen te r  of span  or  two equal 

I 0.993  0.949  0.994 0.950 I 

concentrated  loads a t  quar te r   po in ts .  

A - uniform 

B - concentrated 

5 
!4 

10 
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TN 786 STRUCTURAL  TESTS OF A STAINLESS  STEEL WING PANEL BY HYDROSTATIC 
LOADING, Ralph H. Upson, NACA, Washington, 1940 

Object: To develop a metal wing  which  compares  favorably  with 
wood and fabric   wing  in   weight   and  cost ,  i n  t h i s  case 
a l ight ly   loaded  wing  with  large  unsupported  panels .  

Basis  of  Problem: Metal s k i n  is  s u p e r i o s   t o   f a b r i c   i n   s t r e n g t h  
and s t i f fnes s ,   . bu t   s t ruc tu re   r equ i r ed   t o  
prevent   buckl ing of  skin  and  t ransmit   loads 
negates  weight  and  cost   savings.  

Solu t ion :   E l imina te   excess   s t ruc ture   and   fabr ica t ion   cos ts  by 
a p p l y i n g   s u f f i c i e n t  i n i t i a l  t ens ion   t o   sk in   t o   keep  
it from buckling  under  f l ight  conditions. .  

Wing Charac te r i s t i c s  

1. Proport ions - Test ing  method favored  by  wing  with ~iel l -  
. .  

rounded  top  and f l a t  bottom so NACA 440q-series t7as chosen. 
Calcu la t ions  were s impl i f i ed  by modifying  wing  beyond 40% 
chord  point  by  following  equation. 

(x-40) + (x-40) 2 5/2- 
Camber (X chord) = 4 - 

400 55 80 . .  

RI bs 
2 3 4 

" 

1. 
/ / 
' /  

45" / / / 
I / Spar L" "."""L "- 

2. Structural   Design - Skin 18-8 s t a i n l e s s  s teel  0.005" thick.  
Rest o f   s t ruc tu re  18-8 s t a i n l e s s  frame spotwelded,  skin 
screwed with 4-40 half  hard  shakeproof screws 1/2" on  centers .  
No s t i f f e n e r s   e x c e p t  a t  leading  edge.  Laps 1/2" wide, 
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joggled.  Ribs 24" on   cen te r s ,   d i agona l   s t i f f ene r s   fo r  com- 
pression  due  to   negat ive  torque and  drag.  Rib-flange ele- 
ments 3/8"x l/f x 0.020" f u l l  hard  angles,  bent  by  crimping, 
cross  braced by h a t  lat t ices.  Skin made wa te r t igh t  by 
caulking. End bulkheads  of  solid steel p l a t e ,   s t i f f e n e d   a t  
edges. 

3. Construct ion - Frame  assembled  without  skin,   then  twisted  in 
d i r e c t i o n   o p p o s i t e   t o   d i r e c t i o n   o f  a i r  load twist, a t  a load 
fac tor   o f   1 -90 .   Tra i l ing   edge  was jacked up to   reduce twist. 
Top s k i n  was appl ied.   Twist ing  force was reduced by lo%, 
then  bottom  skin was appl ied.  

Tes t ing  

CAA Condition I: Crit ical  f o r  wing beam. 

Dynamic pressure  q = 36.9 
Load f a c t o r  n = 4.67 
CN = 1.35 

Cc = -0.29 

= -0.08 about AC a t  25% chord 

Condition 111: M a x i m u m  wing  torque 

q = 78.4 
n = 3.20 
CN = 0.44 

c = o  
CM = -0.08 

C 

Condition VII: 300 f l a p s  - more c r i t i c a l   t h a n   c o n d i t i o n  I11 
because  lower  pressure  difference on sk in   l eads   t o   sk in   wr ink le s .  

q = 25.6 
n = 2.00 
CN = 0.84 

Cc = 0.14 

= -0.15 

Assume span  loaded  in  proportion  to  chord,   wing  weight  distributed 
s imi l a r ly .  Wing load = 10.7  lb-f t2 .  Wing weight = 1.5   lb - f t2 .  
Effective load = 9.2 n l b - f t  . 2 

Observations  of  wing  before water added: 

Tension  wrinkles  on  bottom. 
S l igh t   purkers   a long  seam l i n e s .  
Seams wavy due  to  caulking  between screws. 
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Hydros ta t ic   t es t ing :  Wing a t t ached   t o  tes t  s tand  i n  inver ted  
pos i t ion ,  water added to   s imu la t e  a i r  loads, a i r  pressure  super-  
imposed t o   s i m u l a t e   i n t e r n a l   p r e s s u r e .  Torque  and beam loads 
were app l i ed   t o  a beam and arm a t t ached   t o  the spa r  a t  the 
narrow  end  of  the tes t  sec t ion .  

Results: Only  permanent set  observed up t o  limit loads was bow 
i n  forward r i b   f l a n g e s  a t  h igh   pressures .  Under s t a t i c  load 
conditions  (n=l) no m i n k l e s  on  top. Bottom wrinkles  smoothed 
out   on ly  a t  maximum dynamic p res su re  (24.4  lb-in ) . Top s k i n  
bulged  under  large  bending moments, w i t h   l a r g e  water heads. 
Caused shor t   wr inkles   a long  seams, toward center  of  panel.  
Diagonal  braces  appeared  to increase wr inkles   bu t   no t  restrict 
twist. Diagonals  cut,  wrinkles  reduced.  Wrinkles  appeared first 
a t  roo t ,   sp read   t o   t i p  as torque was applied,  up t o  230% g r e a t e r  
than   ha l f - l imi t   load   under   condi t ion  111. 

2 

Bottom r i b   f l a n g e s  bowed ou t   w i th   l a rge  water head.  Caused  by 
high  outward  pressure,  which  should  not  occur i n   f l i g h t ,   b u t  v7as 
n e c e s s a r y   i n  tes t  to   ge t   p rope r   l oads   on   t op   sk in .   F ina l  test 
d e s t r u c t i o n  was made under  Condition I. Buckling  of  compression 
f l ange   p roduced   no   f a i lu re   o r   l eakage   i n   sk in .  

Conc lus ions :   Resu l t s   i nd ica t e   f ea s ib i l i t y   o f   s imp l i f i ed  a l l  
metal construct ion.   Thin  skin carries tens ion   on ly .   S t i f feners  
and  diagonals are omitted.   Rib  spacing  2fL Static loads,   includ- 
ing  torque,   carr ied  without   wrinkl ing;   wrinkl ing a t  higher   loads 
confined  a lmost   ent i re ly   to   edge  a t tachments   a long  chord  l ines .  
I n i t i a l   s t r e s s i n g   b e n e f i c i a l .  Could be   increased ,   espec ia l ly  a t  
root.   Spanwise  tensioning  of  bottom  skin  could  be  decreased. 
Chord~7ise   curvature   helps   carry  loads  but   contr ibutes   to   wrink-  
l ing.   Internal   pressure  above  a tmospheric   helps  l i t t l e  on  top 
but  decreases  bottom  wrinkles.  

Wing as b u i l t  was  25% l igh ter   than   convent iona l .   Fas ten ings  
(esp.  velds)  reduced by  75%.  Wing is well above CAA requi re -  
ments i n   s t i f f n e s s .  Drag reduced by  12% over  countersunk rivets 
o r  25% over  brazier  head rivets and  plain  laps .  Waviness o f   sk in  
increases   drag  by as much a s  6%. 

TN 789 EXTENSION OF  PACK METHOD FOR CWRESSIVE TESTS, C. S. Aitchison, 
NACA, 1940 

Author  extends  method  he  developed i n  Rep. No. 649, NACA, 1939, 
f o r   t e s t i n g   t h i n  sheets i n  compression.  Extends to   th ickness   o f  
0.02"  and 220 k i p s   b e f o r e   i n s t a b i l i t y   f a i l u r e  limit reached. 
Modifications were s u p p o r t   a g a i n s t   i n s t a b i l i t y  by fusing  pack 
toge ther   wi th  varnish, and  by s p e c i a l  clamps.  These do no t  
affect  shape   of   s t ress -s t ra in   curve ,   mere ly   de lay   ins tab i l i ty  
failure.   Author  concludes method t o   b e   s a t i s f a c t o r y   f o r  research, 
bu t   t oo  cumbersome f o r   i n s p e c t i o n   t e s t i n g .  
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T N  790 CYCLIC STRESS-STRAIN STUDIES OF METALS I N  TORSION, D. A. Paul 
and R. L. Moore, December  1940 

(a) 17ST aluminum, mild steel ,  wrought  iron,  copper,  brass  and 
magnesium a l l o y  AM75S were t e s t e d  by  applying  increments  of 
torque and determining the corresponding  shear   s t ra ins .   Shear  
stress was ca l cu la t ed  by: 

2Tr Ss = maximum shear  stress, p s i  

ss - - T = torque,  pound-inches 

r = inner   radius ,   inches 

rl = ou te r   r ad ius  
0 

(b) The da ta   in   th i s   repor t   should   on ly   be   cons idered   pre l iminary ,  
s i n c e  a l i n e a r   r e l a t i o n s h i p  was not  found  between  shearing stress 
and s t ra in .   Therefore ,   the   data   should  only  be  used t o  po in t   ou t  
the type  of  change i n  the stress-s t r a i n   r e l a t i o n  due to   t o r s ion .  

. 

Strain 

m. 791 SHEAR LAG I N  CORRUGATED SJIF,ETS USED FOR  THE CHORD MEMBER OF A 
BOX BEAM, Joseph S. Newel1 and Eric  Reissner,  January  1941 

The  problem  of the   d i s t r ibu t ion   of   normal  stress across  a wide 
corrugated  sheet   used  as  a chord of a box-beam l i k e   s t r u c t u r e  
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is inves t iga ted .  

For  the symmetrical beam: the stress p a r a l l e l   t o  the x-axis 
a t  any  point Y from the   cen te r   o f   t he   shee t  is: 

Peo  (a-x) 

IO cosh  ky 0 - =  
X 2 E z i i E  

17te 
0 ,-I . Io , t anh  kv7 1 + -  (L t - 

I O  “oA0 
2 ) kv7 

where: 

P = load   appl ied   to  beam a t  each loading   po in t  
1 = panel   l ength  
x = d i s t ance  from  midspan  of beam and sect ion  under   considera-  

e = d i s t ance  from cent ro id   o f  H-beam and   cove r .p l a t e   t o  

I = moment o f   i n e r t i a   o f  H-beam and  cover   plate  

FT = one  half   developed  width  of  sheet 
t = th ickness   o f   cor ruga ted   shee t  
A = area of H-beam and  cover   plates  

t i o n  

cen t ro id  of f l a t   p o r t i o n   o f   c o r r u g a t e d   s h e e t  0 

0 

0 

.- . 
where: , 

S2(0) = K P + K P 21 1 22 2 

e 1 

e; A1 + I1 
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where: 

The r e s u l t s  f rom  experimental   data   agree  qui te  well wi th   t he  
r e su l t s   ga ined  from the  above  formulations.  

TN 792 EFFECT  OF ALTERNATELY HIGH AND LOW REPEATED STRESSES UPON THE 
FATIGUE STRENGTH OF 25ST ALUMINUM ALLOY, G. W. St ick ley ,  
January 1941 

(a)  Fatigue tests were made on 3 / 4  in.  diameter  rolled-and-dratm 
25ST aluminum-alloy  rod a t  3500 cyc le s   pe r   minu te   i n  a R.R. Moore 
r o t a t i n g  beam f a t i g u e - t e s t i n g  machine. The tests were made f o r  
t h r e e   r a t i o s  (20: 1, 50: I, and 200: 1) of   t he  number of cycles a t  
low stress t o   t h e  number appl ied a t  high stress. 

(b) Fa i lure   occur red  when the  number of   cycles  a t  e i t h e r   t h e  low 
stress o r   h i g h  stress approached   the   fa t igue   curve   for   the  
material. When t h e  1 0 ~ 7  stress was below the  endurance limit 
t h e r e  was no e f f e c t  on t h e   f a t i g u e   l i f e  a t  the   h igher  stress; 
when low stress ~.7as  above the  endurance l i m i t ,  the   h igher  stress 
had  no effect  on   the   fa t igue  l i f e  a t  the  lower stress. 

Overstressing had very  l i t t l e  harmful   e f fec t  on t h e   f a t i g u e  l i f e  
of   the  material. 

0 20:l 

8 50:l 

38 Cycles 



TN 793 THE COMPRESSIVE YIELD STRENGTHS OF EXTRUDED SHAPES OF 24s-T 
ALUMINUM ALLOY, R. L. Templin, F. M. Howell  and E. C. Hartman, 
NACA, 1941 

Object - To f i n d  a d i rec t   re la t ionship   be tween  compress ive   y ie ld  
s t rength   and   tens i le   y ie ld   s t rength .   Large  number of  shapes  and 
s izes   tes ted,   found  to   form 3 groups. Two r e l a t i o n s  found, 
compress ive   to   t ens i le   y ie ld ,  and  compressive  yield  to   tensi le  
s t r eng th .  

Rela t ions   to   Tens i le   Yie ld   S t rength  

Thickness Compressive  Yield  Strength Minimum Compressive 
( f r a c t i o n   o f   t e n s i l e   y i e l d )  Yield  Strength 

Less than  0.250" 0.88 37,000 p s i  

0.250" t o  1.499" 0.91 40,000 p s i  

1.500 'I  t o   g r e a t e r  0.96 49,900 p s i  

Rela t ions   to   Tens i le   S t rength  

Thickness Compressive  Yield  Strength Minimum Compressive 
( f r a c t i o n   o f   t e n s i l e   s t r e n g t Q   Y i e l d   S t r e n g t h  

Less than 0.250 I t  0.66 37,600 p s i  

0.250'' t o  1.499"  0.69  41,400 p s i  

1.500"  and over  0 .72  50,400 p s i  

Both r e l a t i o n s  are s a t i s f a c t o r y   f o r   q u a l i t y   c o n t r o l  work, being 
much bet ter   than  equat ing  compressive  and  tensi le   yield  s t rengths .  
Less than 1% of  specimens  tes ted  fa i led  to  reach minimum compres- 
sive y ie ld   de te rmined   by   e i ther  method. 

TN 798 COMPRESSION TEST OF SONE 17s-T ALUMINUM-ALLOY  SPECIMENS OF I CROSS 
SECTION, H. N. H i l l ,  March 1941 

(a)  Seven  specimens  of  17s-T  aluminum o f -  I cross   sec t ion   vary ing  
from 4 t o  90 inches were loaded i n  compression  by a 40,000-lb. 
capac i ty  Amsler t e s t i n g  machine. 

(b)  Equation  for stress as a func t ion   o f   t he   equ iva len t   s l ende r -  
nes s   r a t io ,  kL/r,  from  page 37 of r e fe rence  1 (Anon: S t r u c t u r a l  
Aluminum  Handbook.  Aluminum Co. of Am., 2 ed.,  1938)  and a 
compressive  yield  s t rength  of  37,000 lbs:  
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= 43,800-350 - kL 
K r 

L =  
r =  

k =  

l ength  
least  r ad ius   o f   gy ra t ion  
of column 
coe f f i c i en t   de f in ing   t he  
degree of end r e s t r a i n t  
(using  experimental   data   k  
was ca l cu la t ed  t o  be 0.55) 

(c) The t h e o r e t i c a l  and  experimental   values were p l o t t e d  and 
compared; i t  was concluded  that   the  methods  of  calculation  given 
on  pages 37 to   41   o f   r e f e rence  1 g i v e   v a l u e s   t h a t  would  be satis- 
fac tory   for   des ign   purposes .  

kL/r 

TN 800 TESTS ON STIFFENED CIRCULAR CYLINDERS, Marshal l  Halt, A l m a ,  
March 1941 

Compressive tests made on 0.70 series o f   s t i f f e n e d   c i r c u l a r  
cy l ind r i ca l   she l l s   unde r  axial loads.  A l l  s h e l l s   1 6   i n c h e s   i n  
diameter by 24 inches   i n   l eng th .  Made of  aluminum a l l o y   s h e e t  
curved  and  welded.  Ratios of diameter   to   thickness   of  258 and 
572. 
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1. Spacing  of   c i rcumferent ia l   s t i f feners   (0 .67 times radius)  
v7as too  great   to   obtain  any  appreciable   s t rengthening  of   the 
s h e l l  wall when subjected  to   axial   compressive  loads.  

2. Although  the  specimens  with  longitudinal  st iffeners  developed 
a greater   compressive  s t rength  than  ' the  similar unst i f fened 
s h e l l s ,  a considerat ion  of   the  re la t ionship  between  the  s t rength 
and the   p ropor t ions   o f   the   she l l   ind ica ted   tha t  a s t i l l  g r e a t e r  ' 

st rength  could  be  obtained by r e d i s t r i b u t i n g   t h e  material i n   t h e  
s t i f f e n e r s  so as t o   i n c r e a s e   t h e   t h i c k n e s s   o f   t h e   s h e l l  wall. An 
optimum s t i f f e n e r  s i ze  and  spacing 17as not  proposed  due  to  the 
small number of tests and  data. 

3. There v7as no ind ica t ion   of   buckl ing   of   the   she l l  wall p r i o r  
to   col lapse  of   the  s t i f fened  specimens  under   axial   compressive 
load. 

4 .  The compressive  strengths  of  the two uns t i f  fened  cylinders 
were about   half  as g r e a t  as predicted by the   c l a s s i ca l   buck l ing  
theory  of  cylinders. From only   these  two cyl inders ,   the   au thor  
proposes   that   "In  other   words,  i t  appears   tha t   the   s t rength   o f  
~7el l -made  and  careful ly   tes ted  thin-wal l   cyl inders  may be  cal-  
culated by the  formula 

L 

s = 0.3E .k cr r 

where: 

s = c r i t i c a l   b u c k l i n g  stress, pounds per   square   inch  

E = modulus  of e l a s t i c i t y ,  pounds p e r  square  inch 
t = thickness of s h e l l  wall, inches 
r = radius   of   cyl inder ,   inches"  

c r  

Two tes ted   cy l inders   does  seem t o   b e   r a t h e r  1 0 ~ 7  da ta   to   p ropose  
such a formula. 

" 

5. The large-deflection  theory  given  by Donne11 gives computed 
s t r e n g t h s   s l i g h t l y  l O P 7 e r  than   these  tes t  r e s u l t s .  

TN. 805 EFFECTS  OF AGING ON MECHANICAL PROPERTIES OF ALUMINUM-ALLOY 
RIVETS, Freder ick  C. Roop, National Bureau  of  Standards,  1941 

Data r e p r e s e n t s   t h e   r e s u l t s  of s t r e n g t h  tests made during and 
a f t e r  2 112  years  of  aging  on rivets' and rivet wire of 3/16 inch 
diameter. 

Specimens ~7ere of aluminum a l loy :  24S, 17S, and A17S of  the 
duralumin  type  and  53s  of  the  magnesium-silicide  type. 

For   each  of   the  four   a l loys  tes ted,   the   ra t io   of   shear ing - 
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s t r e n g t h   t o   t e n s i l e   s t r e n g t h   o f   t h e  undeformed wire remained 
constant  independent  of  aging time a t  room temperature. 

Aging times a t  room t e m p e r a t u r e   t o   r e a c h   p r a c t i c a l l y   f i n a l  
s t r eng th   va lues :  

Alloy  24s  17s A17S 53s 

Undeformed wire 7 hours 3 days 8 months More than 
2 1/2  yrs. 

Rivets dr iven  
before   aging 3 months 1 1/2 y r s .  More than 2 1/2  years 

For a g iven   t o t a l   ag ing  time a f t e r  quenching, rivets d r i v e n   a f t e r  
aging were always  s t ronger   than  those  dr iven  before .  

SHEARING STRENGTHS  OF DEFORMED MATERIALS  (DRIVEN  RIVETS) AND UNDE- 
FORMED MATERIALS (RIVET  WIRE),  ADJUSTED TO PROVIDE DIRECT COMPARI- 
SON 

A s  Quenched Aged 4 Days  Aged 2 1/2  years 
100% Def  Def  Def  Def 

Shearing  Before  After   Before  After  
Strengt; Undef  *Def Undef Aging  Aging Undef Aging  Aging 

Alloy  ( lb/sq  in) ( X )  (%) (%) (%) (%I (%) ( X )  (%I 
24s  43,400 80 84  97  97 -- 100 101 
17s 38,600  73  73  100 86 -- 100 94 
A17S 31,600 64 67 92 80 99 100 89 105 

" 

" 

53s 24,500 63 65 9 1  71  86  100  86  101 
JX 
Def = Deformed. 

TN 806 STRESSES AND DEFLECTIONS I N  THIN SHELLS AND CURVED  PLATES DUE TO 
CONCENTRATED AND VARIOUSLY  DISTRIBUTED LOADING, Raymond J. Roark, 
University  of  Wisconsin,  May 1941 

Tests made upon c y l i n d r i c a l   a n d   s p h e r i c a l   s h e l l s .   R e s u l t s   c o r r e -  
l a t e d   w i t h  earlier experiments,  and  empirical  formulas  based  on 
d a t a  are proposed. 

Cylindrical   shell :   Measurements made of   midspan  def lect ion  pro-  
duced  by a concentrated  load, relative t o   p o i n t s  a t  the  extremi-  
ties of a longi tudina l   span .  The formula  adopted was 
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d = d e f l e c t i o n   o f   s h e l l  wall a t  the  middle  of a given  span 
P = t o t a l   a p p l i e d   l o a d  
R = shelL rad ius  
t = t h i ckness   o f   she l l   wa l l  
a = exper imenta l ly   de te rmined   coef f ic ien t   for   def lec t ion  

.2 .4 .6 

o( 

Spherical   shel ls :   Deflect ions  produced  by  progressively  increased 
outwardly  applied  concentrated  loading mere measured f o r  4 and 8 
i n c h   s p a n s   i n   o r d e r   t o   a s c e r t a i n   t h e   n a t u r e   o f  the load-def lec t ion  
r e l a t ionsh ip .  The load-def lec t ion  curve i n d i c a t e s  a l i n e a r  
r e l a t ionsh ip .  The d e f l e c t i o n s   f o r   a n  8 inch  span were almost 
e x a c t l y   t h e  same as f o r  a 4 inch  span, a f a c t   c o n s i s t e n t  with t h e  
very  rapid  fade-out   of  stresses. 

As i n   t h e  case of   the   cy l inder ,   the  relative inf luences  on  de-  
f l e c t i o n  of bending  s t ra ins   and of membrane s t r a i n s  would  be 
expec ted   to   vary  with the R / t  r a t i o  and with the span. Only one 
test specimen t7as a v a i l a b l e  and it was n o t   p o s s i b l e   t o   e s t a b l i s h  
a formula   for   def lec t ion .  

“ - - 

TN 811 THF: EFFECT OF METHODS  OF TESTING ON THE ULTIMATE LOADS SUPPORTED 
BY STIFFENED  FLAT  SHEET PANELS UNDER EDGE COMPRESSION, Marshall  
Holt, NACA, 1941 

F la t   shee t   pane l s   t e s t ed   unde r  3 condi t ions   to   de te rmine  effect of 
suppor t   condi t ions  on loads  carried.   Conditions  are  (1)round  ends 
(knife  edge  bearings),  (2) f l a t  ends,  (3)  continuous  panels. 
S l ende rness   r a t io s  < 20 so column i n s t a b i l i t y   c l o s e   t o   y i e l d   o r  
above. 
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Conclusions: 

1. Length  of   specimen  has   insignif icant   effect  on ul t imate   load.  

2. Condition  of  ends  has no e f f e c t   i f   b u c k l i n g  stresses of shee t  
and s t i f f e n e r s  are nearly  equal .  Where s t r e n g t h  of shee t  and 
s t i f f e n e r s  are not   equa l ,   f l a t   ends  are bes t .  

3. Centering  of  specimen  under  load is no better  than  measuring 
to   f i nd   cen te r .  

4. Ultimate loads  supported by panels are c lose   to   those   suppor t -  
ed  by  specimens w i t h   f l a t  ends.  Continuous  panel test i s  b e t t e r  
because  one  can  be  sure  that  the  degree  of end f i x i t y  does  not 
exceed t h a t  o f  i t s  appl icat ion.  

5. Precision  with  which  ends are cut  have l i t t l e  e f f e c t  on u l t i -  
mate loads   car r ied   bu t  do lead   to   un i form  d is t r ibu t ion   of  stresses 
i n   t h e  elastic range. 

6 .  Short  specimens  tested  in  hydraulic and screw type  machines 
behaved same. 

TN 818 THE TENSILE  ELASTIC PROPERTIES AT LOW TEIQERATURF. OF 18:8 CR-NI 

TION, R. M. Mebs and D. W. McAdams, Jr., July  1941 

(a) The relat ionship  between stress, s t r a i n ,  and  permanent set 
f o r  18:8 C r - N i  steel was measured a t  -1lOoF. The influence  of 

ties was a l s o  measured. 

STEEL  AS  AFFECTED By JGAT TREATMENT AND SLIGHT PLASTIC DEFORMA- 

. annealing and s l i g h t   p l a s t i c   e x t e n s i o n  upon t h e   e l a s t i c   p r o p e r -  

(b) A bar  of 18:s C r - N i  s teel  was  p l aced   i n  a bath  of  carbon 
t e t r a c h l o r i d e  and chloroform  with a Tuckerman o p t i c a l   s t r a i n  gage 
to   measu re   t he   s t r a in  and an  extensometer was used i n   c a l c u l a t i n g  
t h e   s t r a i n  and the  amount of  permanent set. Seve ra l   d i f f e ren t  
ba r s  were used so t h a t   t h e   e f f e c t  of the  annealing  temperature 
.on stress and s t ra in   could  be  s tudied.  

(c) The r e s u l t s  of  the tes t  were q u a l i t a t i v e l y  similar t o  test  
a t  room temperature. An e l e v a t i o n  of  proof stress and t e n s i l e  
modulus o f   e l a s t i c i t y   w i t h  a decrease  of test temperature ~7as 
noted. It was concluded  that  room-temperature test would s u f f i c e  
to  determine  whether  an 18:s type C r - N i  steel t7ould meet minimum 
elastic proper ty   requi rements   for   appl ica t ions   in   the   t empera ture  
range  below  normal. 
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annealed 30 min . , 
tested at - I I O O F  

- - - - annealed 30 min., 
tested  at room  temp. 

Annealing Temperature 

TN 819 COMPARISON  OF  STRESS-STRAIN CURVES OBTAINED BY SINGLE-THICKNESS 
AND PACK METHODS, D. A. Paul ,  I?. M. Howell  and H. E. Grieshaber, 
August  1941 

(a) The purpose   o f   the   inves t iga t ion  was t o   f i n d  a cheaper 
method  than  the  Pack method f o r  making compression test. The 
proposed  method,  the  Single-Thickness Method,  makes use of two 
sets of r o l l e r s ,  between  which  the  specimen moves, to   apply  
varying  loads  without  buckling  the  specimen. 
(b) It t7as found t h a t   t h e   s i n g l e   t h i c k n e s s  method determined 
within  acceptable  limits the   compress ive   y ie ld   s t rengths  of 
t h i n   s h e e t  metals, and t h e  method may be   used   for  aluminum- 
a l l o y   s h e e t s  of 0.020 inches   o r   g rea t e r   i n   t h i ckness .  
(c) The single- thickness  method was developed  by  the Aluminum 
Research  Laboratories, Aluminum  Company of  America, Net7 Kensington, 
Penna. 

TN 821 SOME COMPARATIVE TESTS OF PLAIN AND ALCLAD 24S-T, R. L. Moore, 
NACA, 1941 

Comparison  of plain  and  Alclad 24s-T aluminum sheet ing t o  
de te rmine   fac tors  by  which pro tec t ive   coa t ing   reduces   s t rength .  
F l e x u r a l   s t i f f n e s s  and  buckl ing  obey  es tabl ished  re la t ionships   i f  
only 93% of  thickness i s  considered  effect ive.  Yleld and  ul t imate  
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s t r eng ths  are s imi l a r ly   r educed .   In   p rac t i ce ,   t h i ckness   o f   A lc l ad  
sheet   should  be 7% g r e a t e r   t h a n   p l a i n  sheet except   where  f lexural  
s t i f f n e s s   o r   b u c k l i n g   r e s i s t a n c e  is governing  factor,   where  thick- 
ness   should  be  increased 11%. Alc lad   exhib i t s  much g r e a t e r  
permanent set in  s i n g l e   s h e e t s   b u t   t h i s   d o e s   n o t   a f f e c t   l o a d  
car ry ing   capabi l i t i es   g rea t ly .   Conclus ions  may be  extended  to  
cover  Alclad 24s-RT and 17s-T shee t  though  such  materials were not  
t e s t e d ,   s i n c e  materials are much a l i k e .  

TN 824 COMBINED BEAM COLUMN STRESSES OF ALUMINUM-ALLOY CHANNEL SECTIONS, 
J. 0. Hutton,  September  1941 

(a) The purpose was t o  test  a number of  aluminum channel  and 
g raph   s t r e s ses .due   t o  axial and  bending  loads as functions  of 
t h e   r a t i o  of length  of  specimen  to its rad ius  of gyrat ion.  
This  graph i s  to   be   used  as a des ign   char t  aluminum channels 
under combined loads.  
(b)  Side  and  end  loads were app l i ed   t o  65 aluminum channels 
and  the  data  from  these was graphed. 
(c) The c r i t i ca l  stress as ca lcu la ted  by  Eugene E. Lundquist 
and  Claude M. Fl igg:  A Theory for   Pr imary   Fa i lure   o f   S t ra ight  
Cent ra l ly  Loaded  Columns.  Rep. No. 582, NACA, 1937: 

- 
GJ 'BT n2n2% K1 E(ts)  L2 

P P  Lo P 

f c r  = - + -- + 2 I I 6(1-u ) dT n T 2 2 2  

E = tension-compression  modulus  of e l a s t i c i t y .  
G = shea r  modulus of e l a s t i c i t y .  
u = P o i s s o n ' s   r a t i o  for material. 
I = po la r  moment of i n e r t i a  of c ross   sec t ion   about   ax is   o f  

Lo = e f fec t   l eng th   o f  column. 

J = t o r s i o n   c o n s t a n t   f o r   s e c t i o n .  

P ro t a t ion .  

'BT = torsion-bending  constant. (To eva lua te  see Report 582) 

d = d i s t ance   be tween   s t i f f ene r s .  
ts = sk in   th ickness  

L = s t i f f e n e r   l e n g t h  
n = 1, 2 , 3 , 4,  etc. , t h e  number of   half  waves tha t   deve lope   i n  

t h e   s t i f f e n e r   i n   t h e   l e n g t h  L. 

r 2 d 2 r 4 d 4  K = [ 2 + - ( " )  + - ( " > I  
Lo 60 Lo 

- 
E = e f f e c t i v e  modulus = 7 

G = e f f e c t i v e   s h e a r  modulus. 
E' = s lope  of stress c u r v e   f o r   t h e  stress concerned. 

2EE ' 
E + E  

- 
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When the   channe l   f a i l s  i n  bending, 

(Rc)0'5 4- % = 1.0  

relates R the r a t i o  of  column stress a t  f a i l u r e   t o  the u l t ima te  
column stress of  the member and %, the r a t i o  of primary  bending 
stress a t  f a i l u r e   t o   t h e   u l t i m a t e   b e n d i n g  stress of t h e  member. 
When the  channel f a i l s  i n   t o r s i o n ;  

C Y  

(Rc)1'5 + €$, = 1.0 

relates Rc t o  %. 

bending stress 

TN 826 VARIATION OF PROPERTIES THROUGHOUT CROSS  SECTION OF TI40 EXTRUDED 
SHAPES, F. M. Howell, NACA, 1941 

Tens i l e  and  compressive  properties  of 24s-T aluminum a t  d i f f e r e n t  
locat ions  on an extruded  shape were compared,  Testing by Navy 
spec i f i ca t ions   y i e lds   fo l lowing   da t a :  

Tens i le   S t rength  
Yie ld   S t rength  
Elongation (W) 
Compressive  Yield 

K-16840 
83.210 

K-16841 
84.240 

61;550 67 ; 050 
13.5 12.5 

58,400 61,500 
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Test samples were taken from  cross-hatched  area of each  specimen 
t o   d e t e r m i n e   t e n s i l e   p r o p e r t i e s .  

U 

K-16840 K -16841 

Specimens  from f i n s  were weaker than  main  body. 

Tens i l e   s t r eng th  5,000 t o  10,000 l b / i n 2  less 
T e n s i l e   y i e l d   s t r e n g t h  4,000 t o  9 ,000  lb/ in2 less 
Compr. y i e l d   s t r e n g t h  4,000 t o  9 ,000  lb/ in  less 

2 

Compr ssive y ie ld   s t r eng th   l ower   t han   t ens i l e  by 1,000 t o  6,000 
l b / i n  . 5 

TN 830 DAMPING CHARACTERISTICS OF DASHPOTS, John B. Peterson,  October 
1941 

(a) An inves t iga t ion   o f   t he  damping c h a r a c t e r i s t i c s  of dashpots 
17as ca r r i ed   ou t  combining  theory  and  experiment. 
(b)  Assuming  laminar  f low  and  the  piston  coaxial   in  the  cylinder , 
t h e   v e l o c i t y  is: 

V = X ( C ) 3  Wg = fo rce   exe r t ed  on p is ton .  
6auL R u = c o e f f i c i e n t  of absolu te  

v i s c o s i t y .  
L = l ength  of p i s ton .  

Piston  non-coaxial: C = rad ia l   . c learance   be tween  p i s ton  
and  cylinder.  

of  cylinder  and  piston. 
C R = one-half  the sum o f   t h e   r a d i i  

Co = base  c learance.  
v =  -23s ( 4 3  12auL R 

A cyl inder   wi th   the   p i s ton   touching   the  walls: 

% c1 3 45k 39k2 v = -  (-1 (5 + - + 2' 
l2auL R 4c1 4c1 



Where C and K can  be  obtained  from  the  figure  below. 1 

(c) A t  h i g h   p i s t o n   v e l o c i t i e s ,  when turbulen t   f low exists, t h e  
observed   ve loc i t ies  were much lower   than   the   ve loc i t ies   ca lcu la ted  
on the bas is   l aminar  flow. It was experimentally  determined  that  
t h e   p i s t o n  i s  normal ly   eccent r ic   in   the   cy l inder .  

TN 832 RELIEF OF RESIDUAL STRESS I N  STREAMLINE T I E  RODS BY HEAT TREATMENT; 
R. E. Po l l a rd  and  Fred M. Reinhart ,  November 1941 

(a)  The purpose of t h i s   r e p o r t  was t o   f i n d  some method  of re- 
l i e v i n g   t h e   r e s i d u a l  stress, caused by  cold-c.~orking, i n  stream- 
l i n e  t i e  rods.  
(b)  Two-thirds  of t h e   r e s i d u a l  stress i n  cold-worked 1050 steel 
t i e  rods was r e l i e v e d  by hea t ing  30 minutes a t  600°F. Cold- 
worked a u s t e n i t i c   s t a i n l e s s - s t e e l  t i e  rods  could  be  heated a t  
temperatures up t o  1000°F without  lowering  the  important  physical  
p rope r t i e s .  The cor ros ion   r e s i s t ance ,  of s t r a igh t   18 :8  and 
titanium-treated  18:8 steel exh ib i t ed  improved ' s t a b i l i t y   o v e r  a 
wide  range of temperatures. T i e  rods  of   e i ther  material could  be 
heated 30 minutes   with  safety a t  any  temperature up t o  1000'F. A t  
this  temperature  most of t h e   r e s i d u a l  stress could  be  re l ieved.  

TN 833 ULTIMATE STRESSES  DEVELOPED BY 24S-T  SHEET I N  INCOMPLETE DIAGONAL 
TENSION, Paul Kuhn, Langley  Memorial  Aeronautical  Lab. , December 
1941 

Eighteen aluminum a l loy   shee r   pane l s  were t e s t e d   t o   v e r i f y   t h e  
dependence of t h e   u l t i m a t e  stress on the  degree of developments  of 
the   d iagonal - tens ion   f ie ld .  Two thicknesses  of shee t  were t e s t e d  
w i t h   t h e   s h e e t   e i t h e r  clamped  between t h e   f l a n g e   a n g l e s   o r   r i v e t e d  
t o   t h e   o u t s i d e  of the   angles .  

Resu l t s   i nd ica t ed   t ha t  clamped sheet  develops  higher stresses than 
s h e e t   l a i d  on the   angles .  
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"The r e s u l t s   o b t a i n e d  on sheer   pane ls  may r equ i r e  some modif icat ion 
before   they  are a p p l i e d   t o   t h e   a n a l y s i s  of beam webs. Few u s e f u l  
test r e s u l t s  are ava i l ab le   t hus  f a r ,  and i n  some cases ,   addi t iona l  
quest ions of ana lys i s  arise." 

TN 840 TENSILE AND PACK  COMPRESSIVE TESTS OF SOME SHEETS OF ALUMINUM 
ALLOY, 1025 CARBON STEEL, AND CHROMIUM-NICKEL STEEL, C. S. 
Aitchison  and James A. Miller, February  1942 

(a) 17S-T,  24S-T, and 24S-RT aluminum;  1025  carbon steel; and 
chromium-nickel steel shee ts   o f   vary ing   th ickness  were loaded i n  
tension  and  compression i n   l o n g i t u d i n a l  and t r ansve r se   d i r ec t ions .  
Stress-s t ra in ,   s t ress-deviat ion,   and  secant  modulus curves were 
p lo t t ed .  
(b)  The  compressive test of t h e  aluminum a l l o y  and the  carbon 
steel shee t s  were made by  the  pack  as   descr ibed  in   reference 1 
(Aitchison, C. S., and  Tuckerman, L. B.:  Rep. No. 649, NACA, 
1939). 
(c)   Values   of   the   compressive  and  tensi le   yield  s t rength  of  24S-T, 
and 24S-RT  may be  found i n  Bruhn.  The y i e l d   s t r e n g t h  of t he   o the r  
materials should   be   ava i lab le  i n  a good material handbook. TN 840 
is a v a i l a b l e   i n   t h e  NCSU Library.  

TN 842 TIDEWATER AND WEATHER EXPOSURE TESTS ON IIETALS USED I N  AIRCRAFT I1 
(1942) , Willard  Mutchler  and TJ. G. Galvin,  National  Bureau  of 
Standards 

This   repor t  is an addendum t o  NACA Note  736  on t h e  same sub jec t .  
(#736 is n o t   i n   t h e   p r e s e n t  set of r epor t s .  It is  presumed t h a t  
t h i s   r e p o r t  was made p r i o r   t o  1940.) 

Exposures were begun i n  June  1938  and were terminated  in  June  1941 
f o r   t h i s  series. 

1. Panels  were more corroded a t  end of second   yea r   t han   f i r s t ,  
p a r t i c u l a r l y   t h o s e   w i t h   d i s s i m i l a r  metals i n   c o n t a c t .   I n  most 
i n s t ances ,  rate of corrosion  during  second  year was n o t   a s   r a p i d  
as during first. 

2.  Alloys  Alclad 24S-T and 52S-l/2H  proved  most r e s i s t a n t   t o  
corrosion of  aluminum a l l o y s  tes ted  and were o n l y   s l i g h t l y  
a t tacked  during 2 years .  53S-T and  anodized 24S-T were somewhat 
more s u s c e p t i b l e   t o  attack, while al loys  containing  copper ,   such 
as 24S-T,  14S-T, and  major metals were more suscep t ib l e .  

3. Anodized Dowmetal M was more resistant t o  Dowmetal H during 
first year   bu t   deve loped   cons iderably   l a rger   p i t s   than   Dometa l  
H during  second  year. 

4. S t a i n l e s s  steels with 2.5% molybdenum were s l i g h t l y  more 
suscep t ib l e  t o  corrosion  than  those  with  3.5%,  judging from r u s t  
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at 2 years .  A t  3 years  stainless steel wi th  3.7% molybdenum was 
much less rus ted   than  steels wi th   addi t ions  of  columbium o r   t i t a n i -  
um, or   than  tEose  without   addi t ional   a l loying  e lements .  A 16:l 
chromium-nickel a l l o y  nas more s u s c e p t i b l e   t o  attack than any  of 
t h e   o t h e r s  and 1.7as p r a c t i c a l l y   t h e   o n l y   o n e   w i t h   r u s t   i n   t h e   t i d e -  
water tests. F lexure   f a t igue  tests on corroded  panels  demonstrat- 
ed that  endurance l i m i t  l o s s e s  were lower   fo r   t he  steels contain- 
i ng  molybdenum or   t i t an ium (9,000 lb / sq   i n . )   t han   fo r   t hose  
containing columbium o r  no  additional  al loy  element  (14,000 
lb / sq  in.) .  

5.  Anodized 17ST rivets proved f a r   b e t t e r   t h a n  53ST or  anodized 
A17ST rivets f o r   j o i n i n g  Aluminum  24ST. All t h r e e  were satis- 
f a c t o r y   f o r   j o i n i n g  Aluminum a l l o y s  52S-1/2Hy  53STy or   Alc lad  
24ST, bu t   t he  53ST rivets heads   on   these   a l loys ,   in   the   weather  
exposure tests only were somewhat more  corroded  and  exhibited 
i n t e r c r y s t a l l i n g   a t t a c k .  

6 .  AM55S rivets were far  s u p e r i o r   t o  53ST or  anodized 17ST rivets 
f o r   j o i n i n g  magnesium a l loys .  Anodized AM55S rivets were more 
r e s i s t a n t   t o   a t t a c k  and paints   adhered  bet ter   than  unanodized 
rivets. Anodizaticm 17as n o t  so  e f f e c t i v e  i n  improving  adherence 
of p a i n t s   t o  AM55S as i t  t7as t o  alloy 24ST. 

7. The welds  on  alloys  52S-l/2H, 53ST, or   Alclad 24ST were 
a n o d i c a l l y   p r o t e c t e d   i n   t h e   t i d e w a t e r  tests bu t  were corroded i n  
the  weather tests. Gas welds were t h e   l e a s t   a t t a c k e d ,   s p o t   w e l d s  
next ,  and  seam welds  the  most  at tacked. Welds on 53ST were more 
prone t o  attack than on the o the r  t t 7 0 .  

8. Anodized gas  welds  on Dovnnetal M p r o v e d   ' a s   r e s i s t a n t   t o  
corrosion as the  rest of t he   shee t ,   bu t   spo t   we lds  were seve r ly  
a t tacked .  Welds  on pa in ted   pane ls   p rac t ica l ly   una t tacked  after 
2 years .  

9. Shot  (sic)  welds on s t a i n l e s s   p o s s e s s e d   h e a v i e r   r u s t   t h a n  
rest of panel.   Rusting 17as s u p e r f i c i a l  on  welds  on steels con- 
t a i n i n g  molybdenum. 

10. Area r a t i o  between  diss imilar  metals i n  contac t  was the 
de te rmin ing   f ac to r   i n   t he  amount of corrosion.  Anodic metal 
v7as usua l ly  much more severly  corroded when its area was small 
as compared w i t h   t h a t  of t h e   c a t h o d i c  metal. 

11. Alloys 52S-l/2H,  53ST,  and Alclad 24ST were s l igh t ly   cor roded  
when i n   c o n t a c t   w i t h   e a c h   o t h e r   b u t  a l l  were a n o d i c   t o   a l l o y  24ST 
and were at tacked when i n   c o n t a c t   w i t h  it. 

12.  Alloy 52S-l/2H was least  at tacked  of  aluminum a l l o y s  when i n  
con tac t   w i th   d i s s imi l a r  metals. Alloy 53ST ~7as usual ly   consider-  
a b l e  more  corroded,  while attack on 24ST and  Alclad 24ST a l l o y s  



was severe. Th i s   r e su l t s   does   no t   necessa r i ly   r e f l ec t   t he   t rue  
po ten t i a l   r e l a t ionsh ip   i nvo lved ,  owing t o   i n h e r e n t   d i f f e r e n c e s  
i n   t h e   r e s i s t a n c e   o f   t h e   v a r i o u s  aluminum a l l o y s   t o   c o r r o s i o n .  

13. Aluminum a l l o y s  were a n o d i c   t o   S t a i n l e s s  steel ,  n i c k e l ,  
monel,  and  Inconel  and were very   severe ly   a t tacked  when exposed 
i n   c o n t a c t   w i t h  them. 

' 14. Electrodeposi ted  coat ings of cadmium on SAE X4130 s tee l  
s t r i p s   a t t a c h e d   t o  aluminum a l loy   pane l s  were in  exce l l en t  
c o n d i t i o n   a n d   i n t a c t   a f t e r  2 yea r s  of weather  exposure.  Elec- 
t rodeposi ted  z inc  coat ings  on  the same steel were mostly  cor- 
roded  off when jo ined   t o   A lc l ad  24ST and 53ST shee ts .  When 
j o i n e d   t o  52-1/2H and 24ST s h e e t s ,   t h e   z i n c  was a t tacked   bu t  
not   corroded  off   to  the same extent .  

15. Magnesium a l l o y s  very anod ic   t o  aluminum a l l o y s ,   o r   s t a i n -  
less steel. Adjacent aluminum a l l o y s ,   e s p e c i a l l y  24ST and  Alclad 
24ST, were i n  turn  severely  corroded  by a base produced  during 
the   fo rma t ion   q f   t he   r e su l t i ng   co r ros ion   p roduc t ,  which was a 
b a s i c  magnesium carbbnate Doymetal M proved  anodic t o  Dowmetal 
H. Painted  panels  exposed  for 2 years  were but   s l ight ly   'corroded.  

16.  Corrosion  products at f ay ing   su r f aces  of t h e   d i s s i m i l a r  
metals r a i s e d   t h e  stresses i n  some ins t ances  enough t o  cause 
c r a c k s   t o  form i n   t h e   s t r i p s .  Such cracks were found on 24ST 
and  Alclad 24ST s t r i p s  coup led   w i th   n i cke l   a l l oys   o r   s t a in l e s s  
steel ,  on Dowmetal H s t r i p s  coupled  with aluminum a l l o y s   o r  
s t a i n l e s s  steel ,  and  on s t a i n l e s s  s teel  s t r i p s  coupled  with 
Dowmetal M. 

17.  Painted  anodized 24ST pane l s ,   w i th   pa in t   s chedu les   u t i l i z -  

Navy Department   specif icat ions V10, V 1 1 ,  o r  52V15b, were i n  
e x c e l l e n t   c o n d i t i o n   a f t e r  2 years  of  exposure. 

' i n g  good grades  of aluminum  pigmented varnishes  conforming  to 

18. Magnesium a l loy   pane l s ,   pa in t ed   w i th  good grades of aluminum 
pigmented  varnishes, were i n   e x c e l l e n t   c o n d i t i o n   a f t e r  2 yea r s  
of exposure t o   t h e   w e a t h e r ,   e x c e p t   f o r   s l i g h t   f a i l u r e s   a t   t h e  
edges  of  the rivet heads  from  which  paints w e r e  o f f .   P a i n t   f a i l -  
u r e s   i n   t h e  tidewater tests became  advanced during  the  second 
yea r  on three-coat  paint  schedules.   Schedules  of two coats  of 
P27 type  (zinc-chromate  pigments)  primers  and two add i t iona l  
coats   of  aluminum-pigmented varnishes   of  good grade   usua l ly  re- 
mained i n  good condi t ion ,   espec ia l ly  when the  second  coat of 
primer was a l s o  aluminum  pigmented.  Primers  of  the P23 type 
(iron-oxide  pigments)  reacted  to accelerate a t t a c k  on t h e  
magnesium a l l o y s ,   a f t e r   c o a t i n g s   f a i l u r e s  had  occurred. 

19.  P a i n t   f a i l u r e s  were considerably more  advanced on t h e  anod- 
i zed  (PT13a) Dometa l  M pane ls   than  on those   g iven   the  
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chrome-pickle  (sic)  surface  treatment.  On Dometa l  H panels  , 
a f t e r  2 yea r s  of  exposure,  no  differences were observed i n  the 
amount o f   p a i n t   f a i l u r e   r e g a r d l e s s  of which  method  of  surface 
t reatment  was used. 

Exposures  conducted a t  Boush Creek a t  t h e  Naval A i r  S t a t ion ,  
Hampton Roads, Va. 

Reported  by  Willard  Mutchler  and V. G. Galvin,  National  Bureau 
of  Standards,  October  2,  1941. 

A SUMMARY OF RESULTS OF VARIOUS INVESTIGATIONS OF THE MECHANICAL 
PROPERTIES OF ALUMINUM ALLOYS AT LOW TEMF'ERATURES, E. C. Hartmann 
and W. H. Sharp,  Alcoa, May 1942 

A l i s t i n g  of   sources   of   data  on the   mechanical   propert ies   of  
aluminum a l l o y s  a t  low temperatures.  Also, a s h o r t  summary of 
each  report .  

NORMAL PRESSURE  TESTS OF CIRCULAR PLATES WITH CLAMPED EDGES, 
.Albert  E. McPherson, Walter Ramberg and  Samuel  Levy,  Natonal 
Bureau  of  Standards,  June  1942 

A f i x t u r e   i s ' d e s c r i b e d   f o r  making  normal  pressure tests of f l a t  
p l a t e s .  It worked. 

NORMAL  PRESSURE TESTS OF RECTANGULAR PLATES , Walter Ramberg, 
Alber t  E. McPherson  and  Samuel  Levy,  June  1942 

Normal p re s su re  tests were made on r e c t a n g u l a r   p l a t e s   w i t h  clamp- 
ed  edges  and  with  freely  supported  edges.  The r e l a t i o n  between 
center   def lec t ion   and   pressure  was l i n e a r l y   v a r y i n g  a t  very  low 
loads.  A t  h ighe r   l oads   t he   va r i ance  was n o t   l i n e a r .  

Many o f   t h e   p l a t e s   w i t h  low loads   d id   no t  obey t h e   l i n e a r  
v a r i a n c e   b u t   t h i s  was a t t r ibu ted   t o   dev ia t ions   f rom the t h e o r e t i c a l  
clamping  conditions a t  the   edges  

With the  beginning  of  permanent set b o t h   t h e   t o t a l   d e f l e c t i o n  
and  the  permanent set a t  t h e   c e n t e r   o f   t h e   p l a t e s   w i t h  clamped 
edges   aga in   increased   l inear ly   wi th   the   p ressure .  

When unde r   p re s su re   t he   t h i ck   p l a t e s   t ended   t o   y i e ld  by  bending 
nea r   t he   edges   wh i l e   t he   ve ry   t h in   p l a t e s   y i e lded   l i ke  a membrane. 

The f o l l0~7ing   re ference  vas used  of ten i n  t h e   r e p o r t :  

Timoshenko, S.: Theory  of  Plates  and  Shells. McGraw-Hill Book 
Book  Co., Inc.,  1940. 
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TN 851 STRENGTH TESTS OF THIN WALLED ELLIPTIC DURALUMIN CYLINDERS I N  
PURE BENDING AND I N  COMBINED  PURE BENDING AND TORSION, Eugene 
E. Lundquist  and  Elbridge 2. Stowell,  Langley  Memorial  Lab., 
June 1942 

Analysis   presented on r e s u l t s  of tests made a t  M.I.T. and  by 
NACA on t h i n   w a l l e d   c i r c u l a r  and e l l i p t i c  cy l inders .  I n  each 
of the   loading   condi t ions ,   the   bending  moments were a p p l i e d   i n  
p lane   o f   the   major   ax is   o f   the   e l l ipse .  

Conclusions : 
1. The r a t i o  of   length  to   semi-major   axis   of   the   e l l ipse i s  
an u n i m p o r t a n t   f a c t o r   i n   t h e   s t r e n g t h   o f   t h i n   w a l l e d   e l l i p t i c  
cy l inders   subjec ted   to   pure   bending  i n  the   p l ane  of the  major 
a x i s .  

2.  For  any r a t i o  of  semi-major axis t o  wall th ickness  , t h e  
bending stress on the   ex t reme  f iber  a t  f a i l u r e   f o r   p u r e  
bending of t h i n   w a l l e d   e l l i p t i c   c y l i n d e r s   i n   t h e   p l a n e   o f  
the   major   ax is   increases   wi th   the   eccent r ic i ty  of t h e   e l l i p t i -  
cal  shape .   This   increase   in   s t rength   wi th   eccent r ic i ty  evi- 
den t ly  arises from t h e   i n c r e a s e d   s t a b i l i t y   o f   t h e  more h ighly  
curved  portions of t he   cy l inde r   wa l l  a t  the  ends  of  the  major 
axis  where  the  bending stresses are h ighes t .  A s  t h e   e l l i p s e  
becomes  more  and  more e c c e n t r i c   t h e  increase i n   s t r e n g t h  can- 
not   be   main ta ined   indef in i te ly ,   for  i n  t h e  limit the   cy l inde r  
becomes a deep  narrow beam t h a t  is  l a t e r a l l y   u n s t a b l e .  Data 
ind ica t e   t ha t   t he   s t r eng th   i n   pu re   bend ing  i s  a maximum when 
t h e   r a t i o  of  minor t o  major  axis i s  i n  the  neighborhood  of 
0.4 t o  0.6. 

3. Thin   wa l l ed   e l l i p t i c   cy l inde r s   sub jec t ed  t o  combined t o r s i o n  
and pure  bending i n   t h e   p l a n e  of the  major   axis  will f a i l  when 
t h e  stress r a t i o   s a t i s f y   t h e   e q u a t i o n :  

Rs + %  = 1 2 2  

where: R,, = r a t i o  of  bending stress a t  f a i l u r e   i n  combined pure 
bending  and  torsion  to  bending stress a t  f a i l u r e   i n  
pure  bending  alone. 

R = r a t i o  of shear ing  stress a t  f a i l u r e   i n  combined 
S pure  bending  and  torsion  to  shearing stress a t  

f a i l u r e  i n  pure   to rs ion   a lone .  

TN 852 EFFECTS  OF RANGE OF STRESS AND OF SPECIAL NOTCHES ON FATIGUE  PRO- 
PERTIES OF  ALUMINUM  ALLOYS SUITABLE FOR AIRPLANE PROPELLERS, 
Thomas J. Dolan,  June 1942 

Three types  of tests were made on X76S-T aluminum a l l o y  t o  deter-  
mine the  ordinary  mechanical   propert ies  as well as t h e   f a t i g u e  
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s t r eng ths :  -(1) S ta t ic  tests were made of  notched  and  unnotched 
tensile  specimens.  (2)  Impact tests were made of both  notched 
and  unnotched  specimens.  (3)  Repeated  fatigue tests were made 
on  notched  and  unnotched  specimens. 

The r e s u l t s  were as fol lows : 

(1)  There was no   appa ren t   d i f f e rence   i n   f a t igue  tests f o r   f r e -  
quencies  ranging  from  1750 WM t o  13,000 RPM. The r e s u l t i n g  
p rope r t i e s  were t h e  same. 
(2) The endurance l i m i t  o f   t h e   a l l o y  was grea t ly   decreased  

when the  specimens were notched. 
(3) A polished  rectangular  specimen  had  an  endurance limit of 
about 30% less than that f o r  round  specimens. 
(4) The metal ~7as found t o   b e   a b l e   t o  v7ithstand a g r e a t e r  alter- 
na t ing  stress range   wi thout   the   format ion   of   fa t igue   c racks  
when t h e  mean stress i n   t h e   c y c l e  was changed  from a t e n s i l e   t o  
a compressive stress. 
(5) It v7as f o u n d   t h a t   t h e   t e n s i l e   y i e l d   s t r e n g t h  of X76S-T is 
q u i t e   h i g h   i n   r e l a t i o n   t o  i t s  u l t i m a t e   s t r e n g t h ,  more so  than 
the o the r  commonly used aluminum al loys  such as 25s-T. These 
r e s u l t s   c a n   b e   u s e d   i n   r e l a t i o n   t o   a i r p l a n e   p r o p e l l e r s .  Smal l  
notches are often  introduced  by small s tones  throtm up by t h e  
backwash of the  propel lor   during  take-off   or  when taxing on 
t h e   f i e l d .  Thus i f   t h e  areas of t h e   p r o p e l l o r   b l a d e   t h a t  are 
most l ike ly   to   be   n icked   or   sc ra tched   could   be   des igned   to  
opera te   wi th  a compressive mean stress, the   b l ade  would o f f e r  
more r e s i s t a n c e   t o   t h e   f o r m a t i o n  of fa t igue   c racks .   Also ,  i f  
cracks  did  form  they  would  develop  very  slowly. 

TN 856 EFFECT  OF RIVET AND SPOT IELD SPACING ON THE STRENGTH OF AXIALLY 
LOADED SHEET STRINGER PANELS  OF 24s-T ALU" ALLOY, Samuel  Levy, 
Alber t  E. McPherson,  and Walter Ramberg, National  Bureau  of  Stan- 
dards,  August  1942 

Eighteen 24s-T aluminum a l l o y   s h e e t   s t r i n g   p a n e l s   t e s t e d   i n  end 
compression  under  carefully  controlled  edge  conditions.  

Buckling  load  of  the  sheet  between  stringers and t h e   d e f l e c t i o n  
of the   shee t   be tween  s t r ingers  were compared with  Timoshenko's 
theory.  

"Most of  the  observed  buckling  loads and de f l ec t ions  were i n  
agreement  with  these  theories and i n d i c a t e d   t h a t   t h e  two types 
of  buckling were substant ia l ly   independent   of   each  other   for  
the  specimens  tested.  

The s t r i n g e r s  were f a s t e n e d   t o   t h e   s h e e t  by brazier   head rivets 
spaced  0.5  inch t o  6 inches  between  centers   for  9 panels ,   by 
spot  welds  spaced  0.5  to  4  inches  between centers f o r  6 panels ,  
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and  by  round  head rivets spaced 0.5 t o  2 inches  between  centers 
f o r   t h e   o t h e r   t h r e e   p a n e l s .  

A s  no ted   above ,   t h i s   r epor t  w a s  i n  agreement  with Timoshenko. 

TN 857 IMPROVEMENT OF  FATIGUE LIFE OF AN ALUMINUM ALLOY, G. W. S t i c k l e y ,  
August  1942 

(a) The o b j e c t   o f   t h i s   n o t e  was to   de te rmine   whether   the   in -  
crease i n  t h e   f a t i g u e  l i f e  when h i g h l y   s t r e s s e d   o u t e r   l a y e r s  
are removed is caused  by  removing  the damaged l aye r s   o r   whe the r  
t h e   i n c r e a s e   i n   f a t i g u e   l i f e  i s  caused  by  overstressing. 
(b)  Specimens made of 17S-T aluminum were loaded   u s ing   e i the r  
a 2-inch ro t a t ing   s imple  beam fa t igue   machine   o r  a R.R. Moore 
machine. One s p e  imen was r u n   t o   f a i l u r e  a t  a m a x i m u m  stress 
of 22,000  lbs/ in .  6 Two specimens were a l s o   r u n  a t  22,000  lbs/ in .  
w i t h   t h i n   l a y e r s  removed p e r i o d i c a l l y .  ne f i n a l  specimens were 
s t a r t e d  a t  a low i n i t i a l  stress and   i nc reased   pe r iod ica l ly   t o  
a maximum of 22,000  lbs/ in .  2. By pe r iod ica l ly   i nc reas ing   t he  
load  i n  the   f i na l   spec imens   t he  same amount o f   ove r s t r e s s ing  was 
achieved as by  removing  the  layers .  The f i r s t  specimen was 
used as a guide. 
(c) The f a t i g u e   r e s i s t a n c e  of 17S-T aluminum can  be  increased 
by  moderately  overstressing. It a p p e a r s   t h a t   t h e   i n c r e a s e   i n  
f a t i g u e  l i f e  obtained when s u r f a c e  metal t7as removed is  due t o  
overstressing  and  not   f rom  the  removal   of   the  metal. 

5 2 

o guide 

D specimen with 
layers removed 

ci specimen  from 
last group 

O U A  
failure point 

Cycles 
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TN 862 AN INVESTIGATION OF THE EFFECTIVENESS  OF  STIFFENERS OF SHEAR- 
RESISTANT PLATE-GIRDER WEBS, R. L. Moore, Alcoa,  September  1942 

Objects:  (1) To determine  experimental ly   the  inf luence  of  
s i z e  and   spac ing   of   s t i f feners  upon t h e   b u c k l i n g   c h a r a c t e r i s t i c s  
of s h e a r   r e s i s t a n t   p l a t e   g i r d e r  ~-7ebs w i t h i n   t h e  elastic range. 
(2) To evaluate ,  as f a r  as p o s s i b l e ,   c e r t a i n  methods  of s t i f f e n -  
er design  that  have  been  proposed, (3) To o b t a i n  some in fo r -  
mation on the   i n f luence  of s t i f f e n e r  s i z e  and  spacing upon u l t i -  
mate v7eb s t r eng ths .  

A l l  tests made on  two p l a t e   g i r d e r s   f a b r i c a t e d   f r o m  17s-T  alumi- 
num a l l o y   p l a t e s  , angles,  and rivets. 

Conclusions: 
1. D e f i n i t e   v a l u e s   f o r   t h e   f l e x u r a l   r i g i d i t y  of s t i f f e n e r s  re- 
q u i r e d   t o   s t i f f e n   p a n e l s  of given  proportions,  such as have  been 
obtained by a p p l i c a t i o n  of the  buckling  theory,   apparently can- 
not  be  experimentally  determined. Measurements  of la teral  de- 
f l e c t i o n   i n   t h e s e  tests were use fu l   on ly   i n   p re sen t ing  a relative 
p i c t u r e  of v7eb and s t i f f ene r   behav io r .  They  do not  permit a 
quan t i t a t ive   de t e rmina t ion   o f   buck l ing   r e s i s t ance   o r   s t i f f ene r  
effect iveness .   Perhaps  the most s ign i f i can t   obse rva t ion  made, 
and ' the   one   tha t  is also  the  most   confusing  f rom  the  s tandpoint  
of a n a l y s i s ,  is tha t   the   buckl ing   res i s tance   o f  a v7eb always 
may be  increased by i n c r e a s i n g   t h e   s i z e  of s t i f f e n e r   u s e d   u n t i l  
a condition  of  complete  edge  f ixity is obtained  for   the  subdivid-  
ed  panels. 

2. The r e l a t i v e  la teral  de f l ec t ions   obse rved   fo r   t he   d i f f e ren t  
s i z e s  and  types of s t i f f ene r s ,   whe the r  of s ing le   o r   double   angle  
type,  were reasonably  consis tent   with  the computed s t i f f e n e r  mo- 
ments  of iner t ia .   Ef fec t ive   wid ths   o f  web e q u a l   t o  25%  of t h e  
clear depths were assumed f o r   t h e   s i n g l e   a n g l e   s t i f f e n e r s  , al- 
though  essent ia l ly   the  same r e s u l t s  would  have  been  obtained  for 
most   of   the   s izes   considered  i f  moments of i n e r t i a  had  been com- 
puted  about   the  face  of   the web i n   c o n t a c t   w i t h   t h e   s t i f f e n e r s .  
This  procedure is s impler  from the  standpoint  of  design  but 
i m p l i e s  an   apprec iab ly   d i f fe ren t   e f fec t ive   wid th   o f  web for   each  
s ize   o f   angle ,  a cond i t ion   t ha t  is Got be l ieved   to   be   cons is ten t  
with  actual   behavior .   For   large  angles ,  moments of i n e r t i a  com- 
puted  about  the  face of t h e  v7eb  may cor respond  to   e f fec t ive   wid ths  
f a r   g r e a t e r   t h a n   t h e   s t i f f e n e r   s p a c i n g   o r   t h e   a v a i l a b l e  web f o r  
e a c h   s t i f f e n e r .  

3. S i n g l e   a n g l e   s t i f f e n e r s   a p p e a r   t o   b e  more effect ive  than  double  
angle   s t i f feners   f rom  the   s tandpoin t  of s t i f fness - . r .~e ight   ra t io .  

4. The s e l e c t i o n  of s t i f f e n e r   p r o p o r t i o n s  on the  assumption  that  
buckling will occur i n   t h e  web f o r   t h e   l o a d  computed as cr i t ical  
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f o r  a condition  of  simply  supported  edges, as is  done  conserva- 
t ive procedure as far  as s t i f f e n e r   d e s i g n  is concerned i n  view 
of the   apprec i ab le   edge   r e s t r a in t   i nd ica t ed   fo r   t he  web panels  
i n  many of t h e  tests. 

5. The following  formula is proposed as a t e n t a t i v e   b a s i s   f o r  
t he   des ign   o f   s t i f f ene r s  on s h e a r   r e s i s t a n t  webs: 

L = r a t io .  of f l e x u r a l   r i g i d i t y   o f  one s t i f f e n e r   t o   f l e x u r a l  
r i g i d i t y   o f  web panel   between  adjacent   s t i f feners .  

b = s t i f f e n e r   s p a c i n g  , inches.  
d = clear depth  of web , inches.  

6 .  For  most cases, the  formula  given  provides   s t i f feners   having 
more f l e x u r a l   r i g i d i t y   t h a n  was ind ica t ed  as necessary  by two 
other   s t i f fener-design  methods.   Since  there  i s  no  accepted  basis  
for   the  determinat ion  of   the  requirements   of  an adequate   s t i f fen-  
er for  purposes  of  design, i t  is o b v i o u s l y   d i f f i c u l t   t o   e v a l u a t e  
d i f f e ren t   des ign  methods. 

7. From ul t imate   load  tests on only two girders ,   the   proposed 
design method seems to   p rov ide  ample  margin  of  strength  against 
u l t i m a t e   f a i l u r e   i n   t h e   s t i f f e n e r s .  These maximum shear  stresses 
also  exceeded  the  theoret ical   buckl ing  values   for   the  weakest  
web panels  by  approximately 40% and  90%. 

8. Although  strengths  developed i n   t h e  two g i r d e r s  were as high 
as would  normally  be  considered  obtainable  in  the  design  of 
s h e a r   r e s i s t a n t  webs of aluminum  17s-T, it i s  s i g n i f i c a n t   t h a t  
u l t ima te   co l l apse   and   f r ac tu re   d id   no t   occu r   un t i l   t he  connec- 
t i o n s  between webs  and s t i f f e n e r s  on t h e  weaker ha l f   o f   the  
g i rde r s  were broken. 

9.   Within  the  apparent  elastic  range,  the  measured ver t ical  
de f l ec t ions  a t  the   cen ter   o f   the   spans  were i n  ve ry   c lose  
agreement  with  the computed values.  Approximately  two-thirds 
of t hese   de f l ec t ions  were computed t o   b e   t h e   r e s u l t   o f   s h e a r ,  and 
the  remaining  one-third were computed t o   b e   t h e   r e s u l t   o f  
f l exure  . 

TN 865 THE DIRECT-STRESS FATIGUE STRENGTH OF 17s-T ALUMINUM ALLOY 
THROUGHOUT THE RANGE FROM  ONE-HALF TO 500,000,000 CYCLES OF 
STRESS, E. C. Hartmann and G. W. St i ck ley  , September  1942 
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(a) The purpose  of t h i s   r e p o r t  v7as t o  extend  the  fa t igue-  
s t r eng th   cu rve   fo r  17S-T aluminum from s t a t i c  l o a d i n g   t o   t h e  
endurance limit. 
(b) From  17S-T rod  specimens f o r   u s e   i n  a d i rec t   t ens ion-  
compression  fatigue  testing  machine  with a nominal-minimum 
diameter of 0.200 inch  were made. The specimens were t e s t e d  
by  repeatedly  applying  and  releasing a l o a d   e q u a l   t o  a pre- 
determined  percentage of t h e  tensile s t r eng th .  One specimen 
was r u n   s t a t i c a l l y   t o   d e t e r m i n e  the t e n s i l e   s t r e n g t h .  
(c) The va lues  of t h e  stress and t h e  number of   cycles  are 
shotm  belot7 as i s  the  curve.  

Specimen 
1 
2 
3 
4 
5 
6 

Stress (ps i )  
60 , 970 
59 , 750 
56 , 090 
55 , 150 
50 , 100 
44 , 500 

Cycles 
112 

76 
d i d  no t  f a i l  

19 , 100 
54 , 200 
75 , 700 

- -- - old part of curve 

new part of curve 

Cycles 

TN 866 A STUDY OF  GENERAL INSTABILITY OF BOX BEAMS WITH TRUSS-TYPE RIBS, 
Eugene E. Lundquist  and Edward B. Schwartz, November 1942 

(a) The design of t r u s s - t y p e   r i b s   f o r  box beams is  t h e o r e t i c a l l y  
t r ea t ed   w i th   r ega rd   t o   t he   func t ion   o f   t he   r i b s .  
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(b)   Equat ions ,   for   ca lcu la t ing   the   s t ra in   energy   and  stress 
o f   each   pa r t   o f   t he   s t ruc tu re ,  were formulated.  Because  of 
t h e i r  number and   l eng th   t he   on ly   equa t ions   g iven   i n   t h i s  
summary are : 

Short-column  of 24s-T Al, pinned  ends 

The theo re t i ca l   va lues   g ive   h ighe r   a l l owab le   l oads   t han   t he  
expe r imen ta l   da t a .   In   t he   expe r imen ta l   pa r t   o f   t h i s   r epor t  
i t  was f o u n d   t h a t   t h e   t u b e s   j o i n i n g   t h e   r i b s   f a i l   o r   t h e   r i b s  
buckled. TN 866 is  i n .   t h e  NCSU Library.  
( c )   S ince   t he   t heo re t i ca l   va lues  are no t   co r rec t   t he  sug- 
ges t ion  was made tha t   the   d i s tance   be tween  the   pane l   po in ts  
of t he   r i b   t ru s s   be   r educed  and t h a t   a d d i t i o n a l  web members 
be  added. 

TN 867 BEAM AND TORSION TESTS OF ALU"-ALLOY 61s-T TUBING,  R. L. 
Moore and  Marshall  Holt,  October  1942 

(a)  61s-T aluminum-alloy  tubing was t e s t ed   t o   de t e rmine   t he  
e f f e c t   o f   r a t i o s  of   diameter   to  wall th ickness  upon the  f lexu-  
ra l  and to r s iona l   modu l i   o f   f a i lu re .  
(b) An Amsler u n i v e r s a l   t e s t i n g  machine was used   to   load   the  
tubing. The modulus  of f a i l u r e  was calculated  by:  

(F l2 F = compressive  yield 
Fb = 1.57 F - 1.7 

CY 
cy s t r eng th  

E E = modulus  of e l a s t i c i t y  
D / t  = r a t i o  of diameter t o  

wall thickness  

Modulus  of f a i l u r e  by e las t ic  buckling: 

m - 
Fst - 2  2n: t 

Fst = modulus  of f a i l u r e   i n   t o r s i o n  
( lb / in2 ) .  

T = to rque   producing   fa i lure ,   in . - lb .  
r = mean rad ius ,   inches  

60 



Modulus of f a i l u r e   i n   t o r s i o n   f o r   p l a s t i c   b u c k l i n g :  

TN 

t Fst = modulus  of f a i l u r e   i n  

Fst = 2 (3.7 5 + 0.93) to r s ion   ( l b / in2 ) .  
= t e n s i l e   s t r e n g t h   ( l b / i n  ) 2 

F t U  

(c) The  modulus  of f a i l u r e  i n  bending was found t o  bear a linear 
relat ionship  with  diameter- thickness   ra t ios   and were independent 
of span. The equa t ions   u sed   t o   ca l cu la t e  the modul i   o f   fa i lure  
agree   very  vel1 with  the  experimental   data .  

Modulus  of  failure 
0 11.5 

A 

E3 

0 

17.0 

MO 
6.0 

868 THE INFLUENCE  OF IMPACT VELOCITY ON THE TENSILE CWCTERISTICS 
OF SOME AIRCRAFT METALS AND ALLOYS, Donald S. Clark, October 
1942 

(a) The r e p o r t -   d e a l s   w i t h   t h e   e f f e c t  of rates of deformatian 
up t o  about  150 ft/sec. on  16 metals and  a l loys.  
(b) It should  be  noted  that   longer   gage  lengths   than  the 1 
inch   gage   length   used   in   th i s   inves t iga t ion  would  change t h e  
r e s u l t s .   I n   g e n e r a l   t h e  materials withstood stresses above 
t h e i r  s ta t ic  y i e l d   p o i n t   f o r   v e r y   s h o r t   d u r a t i o n   w i t h  l i t t l e  
deformation. A l l  materials except Dowmetal M and 18%Cr-8%Ni 
s t a i n l e s s  steel showed l i t t l e  change i n   p e r c e n t   e l o n g a t i o n  
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with   increas ing  rate of  deformation. 
t o   v e l o c i t y .  
(c) Metals: Aluminum 

Pure 
1 7  S-T 
24s-T 

Magnesium 
Dometa l  M 
D o m e t a l  J 
Dometa l  X 

Copper 
Brass 
Silicon-bronze 

Dowmetal M i s  v e r y   s e n s i t i v e  

Steels 
1112 
1020 
1035 

X4130 
6140 

S t a i n l e s s  Steel  
16%Cr-2%Ni 
18%Cr-8%Ni 

TN 869 SUMMARY OF RESULTS OF TESTS MADE BY ALUMINUM RESEARCH LABORA- 
TORIES OF SPOT  WELDFD JOINTS AND STRUCTURAL ELEMENTS, E. C.  
Hartmann  and G. TJ. Stickley,   Alcoa,  November 1942 

Available  information  concerning  spot  welding is  summarized 
and  comparisons made o f   t he  relative merits of spot  welded 
and r i v e t e d  aluminum a l loy   s t ruc tu ra l   e l emen t s .  

Resu l t s   i nd ica t ed   t ha t   spo t   we ld ing  was as s a t i s f a c t o r y  as 
r i v e t i n g   i n s o f a r  as r e s i s t a n c e   t o  s t a t i c  loads  is concerned. 
Spot  welds showed s l igh t ly   l ower   r e s i s t ance   t o   impac t   l oads  
bu t   de f in i t e ly   l ower   r e s i s t ance   t o   r epea ted   l oads   t han  rivets. 

TN 871 STABILITY OF ELASTICALLY  SUPPORTED COLUMNS, Alfred S. Niles and 
Stephen J. Viscovich, NACA, 1942 

Report  develops a method fo r   ana lyz ing   an   e l a s t i ca l ly   suppor t ed  
column f o r   s t a b i l i t y ,  where  end  load, 

IT E1 2 
P < -  - 2  L 

column is t aken   t o   be  a series of r ig id   l i nks ,   p in - jo in t ed  a t  
elastic suppor ts ,   wi th   suppor t   t aken   as  a spr ing .  Then so lve  
fo r   sp r ing   cons t an t s ,  which t e l l  how r ig id   each   suppor t  must 
be.   This estimate i s  conservat ive,  as it does  not  include 
r i g i d i t y  of cont inuous  s t ructure .  Covered i n  Timoshenko, 
Theory  of Elastic S t a b i l i t y .  

TN 872 TORSION TEST OF A MONOCOQUE BOX, Samuel  Levy, Alber t  E. 
McPherson , and Walter Ramberg , November 1942 

(a) A monocoque box  of aluminum a l l o y  was sub jec t ed   t o   t o rque  
appl ied  a t  both  ends. The twist, t h e   s t r a i n ,  and the  buckl ing 
load was measured.  The twist was measured.  The twist was 
found t o   b e  20 t o  50 percent  less than   t ha t   g iven  by Bredt ' s  
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(on  page 270 of  Timoshenko, S.: Theory  of E l a s t i c i t y ,  1st ed. ,  
1934.)  theory  for  thin-wall   boxes  without  reinforcement,   and 
the   shea r  stress t7as about 18% grea te r   t han   p red ic t ed  by  Bredt. 
(b) To g e t   b e t t e r  agreement  between  theory  and  experiment 
equat ions were formula ted   for  a monocoque box  reinforced  by 
s t r i n g e r s ,   c o r n e r   p o s t s ,  and  bulkheads.  Because  of t h e  
length  and number  of equat ions   the   equat ions  were l e f t   o u t   o f  
t h i s   r e p o r t ,  TN 872 is a v a i l a b l e   i n   t h e  NCSU Library.  
(c) The data   f rom  the new equat ions  agreed  within  10%  of   the 
measured  values. The shea r  stress i n   t h e   s h e a r  web was inde- 
pendent   of   the   posi t ion  between  bulkheads;   the   ra t io  o f  
measured  shearing stress i n   t h e   s h e a r  web and c o m e r   p o s t  was 
inve r se ly   p ropor t iona l   t o   t he  wall th ickness  a t  the   po in t   o f  
measurements. 

TN 873 BENDING TEST OF A MONOCOQUE BOX, Alber t  E. McPherson, Walter 
Ramberg, and  Samuel  Levy, November 1942 

(a) A monocoque box beam consis t ing  of  a 24s-T aluminum a l l o y  
sheet,   reinforced  by  four  bulkheads and l o n g i t u d i n a l   s t r i n g e r s  
and c o m e r   p o s t s ,  v7as subjected  to  bending  loads  about  the l i f t  
ax i s ,   c an t i l eve r   bend ing   abou t   t he   l i f t  axis,  and  pure  bending 
about  both l i f t  and  drag axes. 
(b)  Theoretical:   Bending  about  the l i f t   a x i s ,   s t r a i n   i n   t h e  
inne r  and the   ou te r   f l ange   o f   t he   2 - s t r inge r s  

E is the   compress ive   s t ra in  
f o r  a f i b e r  a t  a d i s t ance  
y f r o m   t h e   n e u t r a l   f i b e r  

E = My/EI 
Y 

Can t i l eve r   bend ing   abou t   t he   l i f t   ax i s  , 

y = def l ec t ion  a t  a po in t  a d i s t ance  x from t h e   f r e e  end  of 
t h e  beam relative t o  a l ine through  points a d i s t ance  a 
from the   l oad   po in t s .  

d = cen te r   de f l ec t ion  (y (1/2))  
R = length  of beam between  load  points 

Pure  bending  about  both l i f t  and  drag axis, e f f e c t i v e   f l e x u r a l  
r i g i d i t y   a b o u t   t h e   l i f t  and  drag  (EI)L  and  (EI)D 

( E I ) ~  = E(I - I SL (tdx-da)) 
Lo -12 
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where S is  the   d i s tance   o f  

(EI)D = E ( I D  - 
0 

t h e   s h e e t  from l i f t   a x i s .  

;l2 x2  (tdx-da)) 
-12 

Magnitude  of r o t a t i o n  of t h e   n e u t r a l  axis 

(c) When t h e  box was t e s t ed   w i th in   t he  elastic range by pure 
bending  about  the l i f t  axis the   s t ra ins   across   the   compress ion  
face were uniform a t  a l l  loads.  The e f f e c t  of the  bulkheads 
on s t r i n g e r   s t r a i n  w a s  negl ig ib le .   Tes t ing   wi th in   the  e las t ic  
l i m i t  by cant i lever   bending  produced  s t r inger   s t ra ins   which 
va r i ed   l i nea r ly   w i th   t he   d i s t ance   f rom  the  end  loads.   Testing 
by  pure  bending  about  the l i f t  and drag axis produced s t r a i n s  
t h a t   d i f f e r e d  from l i n e a r i t y  by  4% across  the  compression  face 
and 6% f o r   t h e   t e n s i o n   f a c e .  The corner -pos t   s t ra ins   increased  
l i n e a r l y   w i t h   t h e  moment. Center   def lect ion  increased  a lmost  
l i n e a r l y   w i t h  a l l  loads.   Experimental   and  theoret ical   values  
(from  simple beam type  theory  using  the  effect ive  width  of   the 
buckled  sheet)agreed  within  10%. 

876 THE LIMITING USEFUL DEFECTIONS  OF CORRUGATED METAL DIAPHRAGMS, 
W. A. Wildhack  and V. H. Goerke, December 1942 

(a)  The i n f o r m a t i o n   i n   t h i s  document was in t ended   fo r   u se   i n  
designing  pressure  measuring  devices .   Since  f la t   corrugated 
metal diaphragms are no longer  used i n  most a i rp l ane   i n s t ru -  
ments, i t  is f e l t   t h a t   t h i s  material is out  of da te .  

877 AN EXPLORATION  OF THE LONGITUDINAL TENSILE AND COMPRESSIVE 
PROPERTIES  THROUGHOUT AN EXTRUDED SHAPE OF 24S-T ALUMINUM ALLOY, 
D. A. Paul ,  December 1942 

Tensile  and  compressive  properties were inves t iga ted   o f   spec i -  
mens cu t  from  an  extruded  shape  of 24S-T aluminum a l loy .  The 
t e n s i l e   s t r e n g t h s ,   t e n s i l e   y i e l d   s t r e n g t h s ,   e l o n g a t i o n  and 
compress ive   y ie ld   s t rengths   o f   bo th   the   unrecrys ta l l ized   and  
r e c r y s t a l l i z e d   p o r t i o n s  were determined. The objec t  was t o  
de te rmine   the   t ens i le  and  compressive  properties a t  var ious  
loca t ions   in   the   ex t ruded   shape .  

The tests were performed on Amser machines  which  measured re- 
s u l t s  on t ens i le   s t rengths ,   y ie ld   s t rength ,   e longat ion   and  
reduction  of area. The different   samples  were cu t  from  vary- 
ing   sec t ions   o f  a 36 f o o t  aluminum beam. Samples were taken 
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f rom  both   the   cen t ra l   unrecrys ta l l ized   por t ion   and   the   ou ter  
r e c r y s t a l l i z e d   p o r t i o n .  

The t e n s i l e   s t r e n g t h  of t he   un rec rys t a i l i zed   po r t ion  1.7as about 
80,000 p s i .  The t e n s i l e   y i e l d   s t r e n g t h s   o f   t h e  same por t ion  
~7as 58,000 p s i .  

The t e n s i l e   s t r e n g t h s ,   t h e   t e n s i l e   y i e l d   s t r e n g t h s  and  elon- 
ga t ion   o f   t he   r ec rys t a l l i zed   po r t ions  vas 64,000 p s i ,  49,000 
p s i ,  and  17% respec t ive ly .  

The samples  taken  from  portions  which are p a r t   r e c r y s t a l l i z e d  
and pa r t   un rec rys t a l l i zed   have   s t r eng ths  which are weighted 
averages of t h e   s t r e n g t h s   o f   r e c r y s t a l l i z e d  and  unrecrystal-  
l i z e d  areas. The s t r eng ths  depend on the   p ropor t iona l  amounts. 

TORSIONAL STRENGTH OF ALUMINUM ALLOY ROUND TUBING, R. L. Moore, 
Alcoa,  January  1943 

An ana lys i s  of e x i s t i n g   d a t a  on aluminum al loy   tub ing   wi th  a wide 
range of p l a s t i c   p r o p e r t i e s   i n   o r d e r   t o   e s t a b l i s h  a useful   empir i -  
cal  re la t ionship   be tween  tens i le   y ie ld   and   u l t imate   s t rengths ,  
d iameter - th ickness   ra t ios  , and   t o r s iona l   s t r eng ths   w i th in   t he  
range   of   p las t ic   buckl ing .  

1. The upper limit o f   t o r s i o n a l   s t r e n g t h   f o r  a round  tube is 
determined by t h e   s h e a r   s t r e n g t h   o f   t h e  material. Specimens 
f o r   t h e   d e t e r m i n a t i o n   o f   t h i s   p r o p e r t y  may have a v a r i e t y  of 
p ropor t ions ,   p rov ided   t ha t   f a i lu re   occu r s  by p l a s t i c   y i e l d i n g  
o r   f r a c t u r e  i n  shear   wi thout   buckl ing .   Unless   res t r ic t ions  
are placed upon t h e   l e n g t h  of the  specimen  used  for  this  pur- 
pose,   however,   diameter-thickness  ratios  should  not  exceed 
about  10. 

2. Shear  strength  of  the  heat-treated  wrought aluminum a l l o y s  
i n   t o r s i o n  may be   t aken   conserva t ive ly  a t  about 65 percent   of  
t h e   t e n s i l e   s t r e n g t h .   T h i s   v a l u e  i s  based upon the  assumption 
of a uniform  dis t r ibut ion  of   shear  stress a t  f a i l u r e ,  which 
seems t o   b e  a r easonab le   p rocedure   i n   t he  case of d u c t i l e  
materials of   the  kind  considered.  

3 .  For  round  tubes  having  diameter-thickness  ratios  ranging 
from  about   10  to  50 o r  60 and l eng ths   g rea t e r   t han   abou t  3 
d i a m e t e r s ,   f a i l u r e s  i n  t o r s i o n  may  b,e expected  by  plast ic  
buckling a t  stresses be low  the   shear   s t rength   o f   the  material. 
Tor s iona l   s t r eng ths   w i th in   t h i s   r ange  may be   p red ic ted   by  
means of the  formula: 

- .  

T = s r0.65 - K (0.10 - E)] t 
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T =  

s =  
K =  

t =  
D =  

t o r s iona l   s t r eng th   based  on a uni form  d is t r ibu t ion  of 
shea r  stress (not t o  exceed 0 . 6 5 ~ ) ~  pounds  per  square 
inch.  
t e n s i l e   s t r e n g t h ,  pounds per   square  inch.  
fac tor   based  upon r a t i o  of t e n s i l e   y i e l d   t o   u l t i m a t e  
s t rength ,   g iven  on a t tached   f igure   g raph .  
wall th ickness  , inches.  
diameter   outs ide,   inches.  

4 .  The inc lus ion  of t h e   r a t i o  of t e n s i l e   y i e l d   t o   u l t i m a t e  
s t r eng th  as a s i g n i f i c a n t   f a c t o r  makes the  method appl icable  
to   a l l oys   hav ing  a considerable  range of p l a s t i c   p r o p e r t i e s .  

5.  Although p l a s t i c   b u l k l o n g   f a i l u r e s  may be   expec ted   in  
aluminum a l l o y  round  tubes  with  diameter-thickness  ratios 
as high as 50 o r  60 wi thou t   r ega rd   t o   l eng th   e f f ec t s ,   t he  limit 
of a p p l i c a b i l i t y  of the  above  equation for p l a s t i c   b u c k l i n g  is  
presumably  reached when t o r s i o n a l   s t r e n g t h s  so computed  exceed 
t h e o r e t i c a l   v a l u e s   f o r  e las t ic  buckling. 

\ 
\ 

I \ 
\ 
\ 
\ 

I \ 
Tensile Yield Strenqth 1.0 
Tensile  Strength 

TN 882 TESTS  OF  FLAT  PANELS"7JITH FOUR TYPES OF STIFFENERS, Alfred S. 
Niles, Stanford  University,   January  1943 

Fifty-one aluminum a l loy   pane l s   t e s t ed  as f la t -end columns. 
T e s t  specimens  included a l l  possible  combinations of two 
l eng ths ,   fou r   s t i f f ene r   spac ings ,  and f o u r   s t i f f e n e r   d e s i g n s ,  
and were m o s t l y   i n   d u p l i c a t e   p a i r s .   S t i f f e n e r s  were 24s-0 
material 0.064 inch  thick  and 2.54 inches  wide.  Panels were 
0.025 inch  24s-T shee t .  

This   repor t   g ives  a de ta i led   repor t   o f   the   bending  and com- 
press ion  tests of the   pane ls  , with remarks a t  var ious   load  
readings  throughout  the  loading. 
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Although, a f i n e   d e s c r i p t i o n  is given  of the tests, there are 
- no  conclusions  whatsoever. 

NO GENERAL  APPLICATION I S  MADE OF THE RESULTS OF THIS TEST. 

TN 883 TESTS OF ALUMINUM-ALLOY  STIFFENED-SHEET  SPECIMENS CUT FROM AN 
AIRPLANE WING, Marshall   Holt ,  NACA, 1943 

Material: 24s-T, 24R-ST(Alclad),  24S-T(Alclad). Typical  panels 
cu t  from a i r p l a n e  wings were t e s t e d  as f l a t  and  curved  plates.  
S t i f f e n e r s  were l e f t   i n .   L o n g i t u d i n a l   s t r a i n s  were measured a t  
va r ious   l oca t ions  on pane l .   S t i f f ene r s   no t   exac t ly   pa ra l l e l .  

Resul ts  : 
1. Critical b u c k l i n g   s t r a i n  of s t i f fened   curved   shee t  varies 
l i n e a r l y   w i t h   r a t i o  of   thickness   to   radius   of   curvature .  

(T 
C t 2  t t = thickness   of   sheet  

R = r ad ius  of  curvature 
E = -  

c E  = 5 (F) + 0.3 (E) b = unsupported  width 

2. Suddenness  and  violence  of  buckling  increases with decreasing 
R. 
3. For R / t  > 1000 , buckling i s  elastic. 
4. Rivet spacing > 98t  i s  a source  of  weakness.  Spacing less 
than  36t   does  not  add t o   s t r e n g t h .  

5. For  specimens with s lenderness   ra t ios   be tween 36 and 66 and 
rivet spacing = 36t ,  u l t imate   loads   based  on s t i f f e n e r  area 
alone  and  compressive  yield  s t rength  of  material are wi th in  11% 
of tes t  r e s u l t s .  

TN 884 LARGE DEFLECTION THFORY FOR END COMPRESSION OF LONG RECTANGULAR 
PLATES RIGIDLY CLAMPED  ALONG TWO EDGES, Samuel  Levy  and P h i l i p  
Krupen,  1943 

For r i g i d l y  clamped  edges t h e  Von Karman equat ions are solved 
and   t abu la t ed   fo r   f l a t   p l a t e s   w i th   edge   s t r a ins  up t o   e i g h t  times 
t h e   b u c k l i n g   s t r a i n .  

" 

The va lues  are compared with  values  obtained  from a previous 
analysis   by H. L. Cox, R e f .  (4) , page 13. 

For  edge s t r a i n s  less than   t h ree  times t h e  c r i t i ca l  edge strain 
the   r e su l t s   ag ree   c lose ly .  Above t h i s   s t r a i n  level, t he   va lues  
obtained  by Cox are as much as 6% low. 

Reference: (4) Cox, H. L: The Buckling of Thin  Plates  i n  
Compression R. & M. No. 1554,   Br i t i sh  A.R.C., 1933. 
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TN 885 TORSION TEST OF 24s-T ALUMINLJM ALLOY NONCIRCULAR-BAR AND TUBING, 
R. L. Moore and D. A. Paul,   January 1 9 4 3  

(a) Tests of 24s-T aluminum a l l o y  were made to   de te rmine   the  
y i e l d  and u l t i m a t e   s t r e n g t h s   i n   t o r s i o n  of  noncircular  bar  and 
tubing. 
(b)  Relating twist and  torque: 

T 6 = twist ,. rad ians   per   inch  
T = torque,  pound-inch 

c = shor t   s ide ,   i nches  
G = modulus  of e l a s t i c i t y   i n   s h e a r  

B = factor  depending upon b/c .  

e = + -  3 Bbc G b = long  s ide,   inches 

assumed t o   b e  3 ,900 ,000  p s i .  

Maximum shear  a t  t h e   c e n t e r  of the   long   s ide :  

rn I 
" 

tmax abc  - 2  
tmax = maximum shea r  stress p s i  

a = factor  depending upon t h e  
r a t i o   b / c .  

The shear ing stresses in   t h in -wa l l   t ubes :  

T t P  1 
2 A t  (1 2 2  (x - $1 

t = shea r  stress a t  the   i nne r  
o r   o u t e r   s u r f a c e ,   p s i  

P = mean per imeter  of c ross  
sec t ion ,   i n .  

R = r ad ius  of  curvature of t h e  
mean per imeter  a t  t h e   p o i n t  
considered. 

t = -  

(c)  Within  the elastic r ange ,   t o r s iona l   s t i f fnes s   and  maximum 
shearing stresses may be predic ted   qu i te   c lose ly   by   ex is t ing  
formulas. The y i e l d   p o i n t  is somewhat less than   t he   shea r ing  
s t rength  based upon a 0.2% o f f s e t .  
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Twist Stress 

TN 886 TORSIONAL ELASTIC PROPERTIES  OF 18:8 CHROMIUM-NICKEL STEEL AS 
AFFECTED BY PLASTIC  DEFORMATION AND BY HEAT TREATIIENT, R. W. 
Mebs and D. J. McAdams, Jr., January  1943 

(a) A s tudy  v7as made of   the   in f luence  of p l a s t i c   e x t e n s i o n ,  
p l a s t i c   t o r s i o n ,  and  annealing  temperature upon t h e   t o r s i o n a l  
elastic p rope r t i e s .  A s tudy  of the   re la t ionship   be tween  to r -  
s i o n a l  stress, s t ra in ,   and  permanent  set f o r  18:8 C r - N i  steel 
in   t he   annea led ,   ha l f -ha rd ,  and  hard  condition vas made. 
(b) A 18:8 C r - N i  steel tube was loaded   cyc l ica l ly  i n  t o r s i o n  
t o  p roduce   p l a s t i c   shea r  strain o r   t o r s i o n  set i n  o r d e r   t h a t  
stress-set and  stress-strain  curves  could  be  determined. 
(c)  For  the  annealed  specimen  the i n i t i a l  shear  proof stress 
increased  from 10,000 p s i  a t  0.001  percent  proof set t o  23,000 
p s i  a t  0.1  percent  proof set. For the half-hard  specimen the 
i n i t i a l   s h e a r   p r o o f   i n c r e a s e d  from  21,000 p s i  a t  0.001  percent 
proof se t  t o  53,500 a t  0.1. The hard  specimen  increased  from 
11,000 p s i  a t  0.001 percent  proof set t o  66,900 a t  0.1.  Anneal- 
ing  the  harden  specimens  from 300 t o  90dOF. produced  an increase 
i n   s h e a r  proof f o r  a l l  percentages of proof set. From 900°F. t o  
1900’F. t he re  v7as a decrease   in   shear   p roof  stress. An inc rease  
from 0.5 t o  20 percent   extent ion  produced  an  increase i n  i n i t i a l  
shear proof stress f o r  a l l  percentages  of  proof set. 
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TN 888 TORSION OF FLANGED MEMBERS WITH CROSS SECTIONS RESTRAINED AGAINST 
WARPING, H. N. H i l l ,  March 1943 

(a) A s tudy  was made of t he   l ong i tud ina l  stress and t h e   s t i f f n e s s  
of  flanged members.  I-beams , channels , and  2-bars were subjected 
to   to rque   wi th   cons t ra in t   aga ins t   c ross -sec t iona l   warp ing .  
(b)  Torque was appl ied  a t  t h e   c e n t e r  of t h e  beams whi l e   t he  
ends were re s t r a ined  from  warping.  For  torque a t  midspan t h e  
angle  of twist i s  : 

X 

T s inh  - T = twis t ing  moment 
0 = angle  of twist 

cosh - 2a x = dis tance   a long   ax is  of 
shea r   cen te r s  

G = modulus of r i g i d i t y  
J = s e c t i o n   f a c t o r   f o r  

E = Young's  modulus 

0 = -  GJ (x - a L a >  

pG a =  - 
G J  t o r s i o n  

CBT = torsion-bending  factor 

'BT = J u2dA fo r   s ec t ion   abou t   shea r   cen te r  

u is the  %nit   warping"  of   the  area dA from a re ference   p lane  
through  the  shear   center   and  normal   to   the  axis ,  when  dO/dx = 1. 

The long i tud ina l  stress is  calculated  by: 

ET s inh  

GJ a cosh - 2a 

X 

o = -  
L U  

These  equations are from: NACA T.M.'s 807,  784,  851,  and  from 
NACA Rep. No. 582. 
(c)  Comparison  of  experimental  and  calculated  data showed very 
good  agreement f o r   t h e  I-beam and Z-bar. Ro ta t ion  was of f  5% 
and long i tud ina l  stress was of f  4% €or  the  channel.  This was 
the   wors t  case. Therefore  the  equations  gave  reasonably good 
values .  

TN 889 EFFECTS  OF  PRIOR  FATIGUE STRESSING ON THE IMPACT RESISTANCE  OF 
CHROMIUM-MOLYBDENUM AIRCRAFT STEEL, J. A. Kies and W. L. 
Holshouser,  National  Bureau of Standards,  March 1943 

Fatigue  cracks  of  detectable  dimensions  usually  cannot  be  found 
u n t i l   a f t e r  a re la t ive ly   long   per iod   dur ing   which   su i tab le   p re-  
para t ion   for   such   c racks  is made by  continued  stressing. Once 
such a crack is s t a r t ed ,   comple t e   f a i lu re  may be   an t i c ipa t ed  
wi th in  a s h o r t  time , of ten 10% o r  less of t h e   t o t a l   s e r v i c e   l i f e .  

In   a t tempt   to   de tec t   and   eva lua te  damage of th i s   k ind ,   the   impact  
behavior  of  normalized SAE S4130 steel  was s tudied  af ter  a v a r i e t y  
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of  repeated stress treatments.  Fatigue  specimens  of several types 
were used  and  the  effects  of s u r f a c e   f i n i s h ,  rest per iods ,  stress 
amplitude,  mean stress, stress concentration,  and  temperature  dur- 
ing   repea ted  stress received  consideration.  Comparative  impact- 
test  r e s u l t s  were ob ta ined   fo r  several temperatures  ranging from 
room tempera ture   to  -78°C. The r e s u l t s  serve t o  emphasize the 
ser iousness  of f a t i g u e  cracks, p a r t i c u l a r l y  a t  low temperatures,  
bu t  are r e a s s u r i n g   i n   t h e  cases i n  which fa t igue   c racks ,   par t icu-  
l a r l y  a t  lop7 temperatures ,   but  are r e a s s u r i n g   i n   t h e  cases i n  
which fa t igue   c racks  are absent   or   have  not   developed  to  a s i z e  
permit t ing  detect ion.  

Tests were conducted  on 1 / 2  inch  square  bars   of  chromium- 
molybdenum s teel  o f   t h r e e   d i f f e r e n t   h e a t s .  

1. No l o s s  i n  impact   res i s tance   resu l ted   f rom  repea ted   s t ress ing  
below t h e   f a t i g u e  l i m i t .  T h i s   f a c t  was e s t a b l i s h e d   f o r   t h e  
notched  Krouse  specimens  and  for  the  unnotched Moore and  Haigh 
specimens. 

2. For  the  notched  specimens  stressed  above  the  fatigue l i m i t ,  
a l l  l o s ses   i n   impac t   r e s i s t ance  were accompanied  by f a t i g u e  
cracks a t  t h e   r o o t s  of t he   no tches .  

3. Fatigue damage in   the  notched  specimens v7as de tec ted   equal ly  
early  by  impact tests a t  room temperature,  a t  -2O"C., and a t  
-78°C. 

4 .  For  the  notched  specimens i t  v7as shotm f o r  a given  percentage 
loss of i n i t i a l  impact  energy, a much deeper crack can   be   to le ra ted  
a t  room temperature  than a t  -2OOC. o r  a t  -78OC. , b u t   t h e  low ten- 
p e r a t u r e   e f f e c t  was n o t   a p p r e d a b l y   g r e a t e r   f o r   c r a c k e d   t h a n   f o r  
uncracked  specimens u n t i l   t h e  cracks had  become v i s i b l e  when viewed 
a t  a magnification  of 8. 

5 .  The fact tha t   no tched   ro t a t ion  cantilever fatigue  specimens 
had received a given number  of cyc les  of a g iven   overs t ress  vas 
of small importance compared wi th   t he   ques t ion   o f   ~ ihe the r   f a t igue  
cracks  had  s tar ted.  

6 .  T e n s i k i m p a c t  tests of unnotched  specimens  stressed  as  ro- 
t a t i n g  beams and axially  loaded  specimens stresses i n   e q u a l  
tension  and  compression  gave  no  indication of  any loss i n  
e longat ion   or   impact   energy   un t i l   sur face   fa t igue   c racks  were 
present.   These  cracks were not  always  found i n  advance  of t h e  
impact tests. Damage was detected  no  sooner a t  -33OC. than a t  
t h e  room temperature. 

7. For t h e  s p e c i m e n s   r e f e r r e d   t o   i n  6 ,  t h e r e  was no d i f f e rence  
between  the  impact  energy a t  -33OC. and a t  room temperature 
during  the  pre-crack  stage.  However, t he   e longa t ion  was s l i g h t l y  
less a t  t h e  10~7er temperature.  
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8. Axial ly   loaded  specimens  subjected  to   repeated  overstress  
superimposed  on mean t e n s i l e  stress varying  from  17,400 t o  
77,000  pounds pe r   squa re   i nch   ex tended   p l a s t i ca l ly   du r ing   t he  
f i r s t  f e w  thousand  cycles  of stress, a f t e r  which  no f u r t h e r  
extension  took  place  during  the  pre-crack  s tage  of   the  fa t igue.  
S m a l l  l o s s e s   i n   e l o n g a t i o n  and tensi le   impact   energy accom- 
p a n i e d   t h i s  i n i t i a l  ex tens ion ,   bu t   these   losses  were a l s o  re- 
s t r i c t e d   t o   t h e  first few thousand  cycles  of stress. No f u r t h e r  
change in   e longat ion   or   impact   energy   took   p lace   un t i l   the  ad- 
vent  of f a t i g u e  cracks. 

9. Two d i f f e r e n t   s u r f a c e   f i n i s h e s ,   a l o x i t e  and  4/0, made no 
d i f f e rence   i n   t he   f a t igue   o r   impac t   r e su l t s   ob ta ined  on un- 
notched Moore specimens.  For  Haigh  specimens, f o r  which mean 
t e n s i l e  stresses during  fatigue  ranged  from  17,400  to 77,000 
pounds per   square   inch ,   the   endurance  a t  a g iven   overs t ress  
was somewhat h igher   for   the   spec imens   having   =he   f iner   4 /0  
pol i sh .  

10. Moore and  Haigh  specimens, f o r  which t h e  mean t e n s i l e  stress 
dur ing   f a t igue  was zero,   developed  f ive  cracks a t  the most i n  
any s ingle   specimen  regardless   of   the   f inish  used.  

11. Haigh  specimens  given  the  aloxite  polish  and  then  subjected 
t o  mean t e n s i l e  stresses of 17,400,  31,000,  and 50,000 pounds 
per   square  inch  during  fa t igue  developed numerous (maximum 
about  100)  fatigue  cracks i f  allowed t o   r u n   t o   f a i l u r e   o r   n e a r  
f a i l u r e .  Specimens given  the  4/0  f inish  and  s t ressed  under  
these  conditions  developed a maximum of  from 2 t o  5 cracks.  

12.  Haigh  specimens  subjected t o  a mean t e n s i l e  stress of  77,000 
pounds per   square  inch  developed  large numbers of   fa t igue  cracks 
(maximum about  200)  regardless  of  the  f inish  used. 

13. It was ev iden t   t ha t   w i th   t he   coa r se r   po l i sh   l a rge  nurpbers 
of cracks formed only  where some plast ic   deformation  occurred 
d u r i n g   f a t i g u e .   I f   t h e  mean t e n s i l e  stress was s u f f i c i e n t l y  
h i g h ,   t h i s   d i f f e r e n c e  was e i t h e r   n o n e x i s t e n t   o r  masked  by t h e  
e f f e c t s  of p las t ic   deformat ion .  

14.  Axially  loaded  fatigue  specimens  that   had  developed  fatigue 
cracks were used to   s tudy   the   re la t ionship   be tween  c rack  dimen- 
s ions  and tensi le   impact   behavior .  Even the   smal les t   c racks  
measured  produced losses   in   impact   energy  and  e longat ion.  

15. The average  impact  energies  of  cracked  specimens were t h e  
same a t  room temperature  and a t  -33°C. f o r   c r a c k s  less than a 
certain c r i t i ca l  s i z e .  For c racks   l a rger   than   the  c r i t i ca l  
s ize ,   the   average  impact   energies  were less a t  -33°C. 
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16.  The  specimens f a t i g u e  stresses by a x i a l   l o a d i n g   s u f f i c i e n t l y  
t o  produce  fa t igue  cracks were machined t o  remove the   su r f   ace  
layer   containing  the  cracks.  The tens i le   impact  resistances of 
the  remaining  specimens were s l i g h t l y  less than  for  comparable 
specimens  not   fa t igue  s t ressed.   This  loss was a t t r ibu ted   main ly  
or   whol ly   to   the   p las t ic   ex tens ion   rece ived   dur ing   repea ted  
stress. 

1 7 .  Specimens f a t i g u e  stressed by f l exure   i n   t he   t empera tu re  
i n t e r v a l ,  -40 t o  -45°C. , showed no  evidence of lowered  impact 
r e s i s t a n c e  a t  e i t h e r  room o r  low temperature,  provided  no de- 
t ec t ab le   c r acks  were formed. 

18. The r a t i o  of t h e   f a t i g u e  limits of-specimens of normalized 
SAE X4130 steel s t r e s s e d  by repea ted   f lexure  a t  -40 t o  -45OC. 
and a t  room temperature v7as 1.24. 

TN 893 LEAST WORK ANALYSIS  OF THE PROBLEM  OF  SHEAR  LAG I N  BOX BEAMS, 
Francis  B. Hildebrand  and Eric Reissner ,  M.I.T., May 1943 

S i m i l a r  t o  Bruhn. 

The d i s t r i b u t i o n   o f  stress i n   t h e   c o v e r   s h e e t s  of t h i n  wall box 
beams i s  ana lyzed   w i th   r ega rd   t o   t he   e f f ec t  of  shear  deformation 
in   t he   cove r   shee t s ,  by t h e  method of least work. 

TN 894 THE EXACT SOLUTION OF SHEAR LAG PROBLEMS I N  FLAT  PANELS AND BOX 
BEAMS ASSUMED R I G I D  I N  THE TRANSVERSE DIRECTION, Francis  B. 
Hildebrand, M.I.T. , June  1943 

A mathematical  procedure i s  developed. The method is based on 
the   assumpt ion   tha t   the  amount of s t r e t c h i n g   o f   t h e   s h e e t s   i n  
t he   d i r ec t ion   pe rpend icu la r   t o   t he   d i r ec t ion  of e s sen t i a l   no r -  
mal stresses i s  neg l ig ib l e .  

The theory is considered  to   be a refinement of approximate 
methods  devised by Reissner,  and  by Kuhn and  Chiarito. 

The above  mentioned  assumption is the  only  assumption,  and 
the  problems  considered are then  solved  in  an  exact  manner,  
as boundary-value  problems i n   t h e   t h e o r y  of plane stress. 

The shear- lag  analysis   of   this   paper   presents   mathematical ly  
exac t   so lu t ions  of several problems that  have  been  previously 
t r e a t e d   i n   g e n e r a l  by  approximate  methods.  Although  the 
r e s u l t s   s t r i c t l y   a p p l y   o n l y   t o  beams and pane l s   t ha t  are 
t h e o r e t i c a l l y   r i g i d   i n   t h e   t r a n s v e r s e   d i r e c t i o n ,  it seems 
probable   that   they are appl icable   with  reasonable   accuracy 
i n   a c t u a l   c a s e s  1.7hen s t i f f  chordwise  r ibs  are present .  The 
s o l u t i o n s  are obtained  in  the  form  of  rapidly  convergent 
i n f i n i t e  series t h a t  are much more adaptable   to   numerical  
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computation  than  exact  solutions  that   have  been  given else- 
where i n   c e r t a i n   s p e c i a l  cases. 

On t h e   b a s i s  of  comparisons  of t he   p re sen t   r e su l t s   w i th  
approximate  solutions  given by Reissner  and  by Kuhn and 
Chiar i to ,  i t  a p p e a r s   t h a t   i n   c a s e s  when both  the  approximate 
so lu t ions  are a p p l i c a b l e ,   f o r  example,  uniform  rectangular 
box beams without   cut-outs ,   the   Reissner   solut ions are i n  
b e t t e r  agreement  with  the  exact  solutions  than are t h e  
solutions  given  by  the  methods  of Kuhn and   Chiar i to .   In   o ther  
cases f o r  which the  Reissner  procedure w a s  no t   des igned ,   for  
example,  box beams with  cut-outs  and  panels  loaded by  con- 
cen t r a t ed  axial fo rces ,   t he   so lu t ions   g iven  by the  procedure 
of Kuhn and Chiar i to   p red ic t   shear - lag  effects t h a t  are i n  
genera l   cons iderably   l a rge   than   those   g iven   by   the   "present"  
method. 

Present  method = method i n   t h i s   r e p o r t .  
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TN 895 LARGE DEFLECTION THEORY OF CURVED SHEETS, Samuel  Levy, Nat ional  
Bureau  of Standards,  May 1943 

It may be   concluded   tha t   for  small d e f l e c t i o n s   t h e   i n i t i a l   c u r -  
va tu re   has  a l a r g e   e f f e c t  o n   t h e   l o a d   c a r r i e d   i n  ax ia l  compres- 
sion  and may increase the  buckl ing  load  several   hundred  percent .  
When the  buckle   depth becomes  comparable  with  the  sheet  thick- 
nes s ,   however ,   t he   e f f ec t   o f   t he   i n i t i a l   cu rva tu re  on the   l oad  
c a r r i e d   i n  axial compression becomes neg l ig ib l e .  

I n  terms of e f f e c t i v e   w i d t h   t h i s  may be  expressed as fol lows:  
The effective w i d t h   r a t i o  is increased  considerably  by  an 
inc rease   i n   cu rva tu re   fo r   l oads   nea r   t he   buck l ing   l oad .  When 
the  edge s t ra in  is several times the  c r i t i ca l  b u c k l i n g   s t r a i n  
of   the  corresponding  f la t   sheet ,   however ,   the   effect   of   curva-  
t u r e  on t h e   e f f e c t i v e   w i d t h   r a t i o  is neg l ig ib l e .  

TN 896 ROUND HEAT-TREATED CHROMIU"M0LYBDENLJ"STEEL TUBING UNDER COMBINED 
LOADS , William R. Osgood, July  1943 
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(a) Roung h e a t   t r e a t e d  chromium-molybdenum-steel tubing was sub- 
j ec t ed   t o   ax i a l ,   bend ing ,   t o r s iona l ,  combined bending  and  axial ,  
combined bending  and  torsional,  and combined axial ,  bending,  and 
to r s iona l   l oads .  The problem of designing a t u b u l a r   c a n t i l e v e r  
beam was also solved. 
(b)  The experimental   data  was used to   fo rmula t e  the fol lowing 
equat ions : Axial   loading : 

1 E t  
”- 

6 - sdm 

u = 0.67 + 0.112 - - 0.0099 ”+ 0.0003 3 1 1 1 
A 6 62 6 

- 
M 
2 
P 
A 
s 
E 
t 
d 
dm 
f a 

f b  

m a x i m u m  bending moment 
s e c t i o n  modulus of t he   c ros s - sec t iona l  area 
a x i a l   l o a d  
c ross -sec t iona l  area 
compressive  yield  s t rength 
Young ‘s modulus 
wall th ickness  
tube  diameter 
mean diameter 
axial stress 

= bending stress 

Bending load:  

CT = 0.7 + 0.16 - - 0.015 2 + 0.000485 4 < - < 16 1 1 1 
B 6 6 63 6 

Torsion : 

T = 0.06 (6 - 0.8) + 0.5 1 
T 0.8 < - < 3.2 

S &s 

Combined Axial and  Bending  Loads: 
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Combined Bending  and Torsional  Loads: 

- 
M t  f = -  

t 22 

f dm t 
S d  

T = -  

Combined ax ia l ,   bending ,   and   to rs iona l   loads :  

Ob 5/2 (7) 
B 

(5 a 9/10,  25/9 

A 
r1 - 

+ 
(TI 'c 5/2 

T (5 a = 1, - 
OA 

< 1 

TN 897 BEARING TESTS OF MAGNESIUM-ALLOY SHEET , W. H. Sharp  and R. L. 
Moore, June  1943 

(a) Bearing  yield  and  ul t imate   s t rengths  were determined  for  
AM-3S, A"52S,  and  A"C57S  magnesium-alloy  sheet i n   v a r i o u s  
tempers   and  thickness   for   dif ferent   edge  dis tances   and  var ious 
r a t i o s  of  loading-pin  diameter to   sheet   thickness .   Al loys  of  
-0 and -H tempers  of  0.064  in.  and of -R temper  between  0.125 in .  
and  0.250  in. were used. 
(b) A 40,000  pound capac i ty  Amsler test ing  machine  using  1/2  in .  
1 / 4   i n .  steel p ins  was used i n   t h e   b e a r i n g  test. Edge d is tances  o 
1, 1.5,  2.3,  and 4 times the   p in   d iameter  were used  with  the  1/2 
i n .   p i n  and 1 .5 ,   2 ,  and 4 were used  with  the  1/4  in .   p in .  A 
f i l a r  micrometer  microscope was used t o  measure  hold  deformation. 
(c) Ultimate bear ing   s t rengths   increased   wi th   edge   d i s tance   up  
t o   1 . 5   t o  2 times the   p in   d iameter .  Above 2 times the   p in   d i a -  
meter t h e r e  was no  appreciable   gain i n  s t r eng th .  The s t r eng th  
of  the  sheets  increased  between  8,000  and  16,000 pounds per   square 
inch  from a ra t io   (p in   d i ame te r   t o   shee t   t h i ckness )  of 8 t o   4 ,  
no e f f e c t   o f   r a t i o   a n d   s t r e n g t h  was n o t i c e d   f o r   r a t i o s   o f  4 o r  
less. For r a t io   (p in   d i ame te r   t o   shee t   t h i ckness )  of 8 and  edge 
d i s t ances  of 1 .5   d iameters   o r   g rea te r   loca l   buckl ing   occur red ,  
f o r   r a t i o s  of 4 o r  less and f o r  edge  dis tances  of 2 diameters 
t h e   f a i l u r e s  were characterized  by  shearing  or  crumbling. Bear- 
i n g   y i e l d   s t r e n g t h  i s  n o t   s e n s i t i v e   t o   r a t i o s   o f   p i n   d i a m e t e r   t o  
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shee t   th ickness .  ~ While no  s t ress-corrosion  cracking t7as found i n  
A ” 3 S ,  A”C57S  and  A“52S are suscep t ib l e   t o   s t r e s s -co r ros ion  
cracking.  

TN 898 ADAPTOR  FOR  MEASURING PRINCIPAL  STRAINS  WITH TUCKEENAN STRAIN 
GAGE, A. E. McPherson, National  Bureau  of  Standards,  June  1943 

Common p r a c t i c e ,  common knowledge, o r   n o t   a p p l i c a b l e .  

TN 899 COLUMN STRENGTH  OF  MAGNESIUM  ALLOY A”57S, Marshall   Holt ,  NACA, 
1943 

Report  summarizes a series of tests made on a magnesium a l l o y  
to   develop an e q u a t i o n   f o r  column s t r eng th .  It is concluded 
tha t   the   compress ive   p roper t ies   should   be   used ,   no t   t ens i le ,  
as compressive  yield  s t rengths  were lower. 

Material Composition 
AL 6.5% 
Mn 0.2% Min. 
Zn 0.8% Max. 
% Remainder 

The material was furn ished   in   the   form  of   ex t ruded   angle  
(2-1/2 x 2-1/2 x 1 /4   i nch )  i n  the   ex t ruded   condi t ion .  

F i r s t   the   t ens i le   and   compress ive   p roper t ies   o f   a l loy  were t e s t ed .  

Tens i le   S t rength  4 1   t o  44 Kips / in  . 
Tens i le   Yie ld  28 t o  31 Kips/in2. 
Compressive  Yield 14   t o   16   K ips / in2 .  
Elongation 11 t o  15% 

2 

Alloy was n e x t   t e s t e d   f o r  column.  The equat ion was developed f o r  
column s t r e n g t h  : 

P/A = 48000 

1. + 0.00075 (y) K L 2  

P/A = ul t imate   load  
L / r  = s l e n d e r n e s s   r a t i o  

K = end  condi t ion  co-eff ic ient(= l.00 f o r  round  ends 
= 0.50 f o r  f l a t  ends) 

Conclusions : 
1. Compressive y i e l d   s t r e n g t h  = 3 / 4   t e n s i l e   y i e l d   s t r e n g t h   t h u s  
compress ive   p roper t ies   should   be   used   for  column s t r eng th .  
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2.  Compressive  yield  strength  can  be  obtained  from  the stress- 
shortening  curve  determined  by  measuring  the relative movement 
of the  heads  of  the  testing  machine.  

3. Tentat ive  formula  for  column s t r eng ths  of magnesium a l l o y s  
s u b j e c t   t o  more t e s t i n g  on  more a l loys .  

TN 900 EFFECT  OF RIVET PITCH UPON THE FATIGUE  STRENGTH OF SINGLE ROW 
RIVETED JOINTS OF 0.025 TO 0.025-INCH  24-ST ALCLAD, Victor  
Se l ige r ,  Lockheed Aircraft, July  1943 

S-N curves a t  range   ra t io   o f   0 .2   exper imenta l ly   ob ta ined   for  
rivet p i t c h ,  P ,  as used i n  a s i n g l e  row l a p   j o i n t  of  0.025 t o  
0.025-inch 24s-T Alclad  with  one-eighth AN430 round  head r ivets;  
P = .5, 0.75, 1.0,  1.5.  

1. Fa t igue   s t r eng th   pe r  r ivet  inc reases   w i th   i nc reas ing   r i ve t  
p i t c h  P a t  least t o  P = 1.5  in .  

2.  The g r e a t e s t   f a t i g u e   s t r e n g t h   p e r   l i n e a r   i n c h  of j o i n t  is  
ob ta ined   fo r   va lues  of P between  0.25  and  0.4  inches. 

3. The ef fec t ive   peak  stress increases   wi th  rivet p i t ch .  

4. The e f f e c t i v e  stress concen t r a t ion   f ac to r   i n   f a t igue  varies 
inve r se ly  as the   load .  

5.  For  low stresses t h e   p o s s i b i l i t y   p r e s e n t s   i t s e l f  of  predict-  
i ng ,  on t h e   b a s i s  of p h o t o e l a s t i c   a n a l y s i s ,   t h e   v a l u e s  of t h e  
e f f e c t i v e  stress c o n c e n t r a t i o n   f a c t o r   i n   f a t i g u e .  

6.  The use  of materials w i t h   h i g h   r a t i o s  of y i e l d   s t r e n g t h   t o  
u l t ima te   s t r eng th  may a c t u a l l y   r e s u l t   i n   l o w e r   f a t i g u e   s t r e n g t h s .  

Since tests have   been   s ta r ted  on j o i n t s  of secondary  heat treat- 
ed materials, t h i s   p o i n t  will b e   e s t a b l i s h e d   i n   t h e   v e r y   n e a r  
fu tu re .  

11 

TN 901 BEARING STRENGTHS OF SOME WROUGHT-ALUMINUM  ALLOYS, R. L. Moore 
and C. Wescoat,  August  1943 

(a)   This   note   determined  the  bear ing  yield and u l t ima te   s t r eng ths  
of the  fol lowing aluminum a l loys :  17s-T , 24s-T , Alclad 24s-T , 
24S-RTY 52S-1/2HY 52s-T and 61s-T shee t ;  A51S-T and 14s-T forg ings ;  
24s-T,  53s-T, and 61s-T ex t rus ions .  
(b) The shee t s  were 0.064 x 10 x  20 inches.   Extrusions were 
obtained  from  die No.  K-22934. The forg ings  were 1 /4  x 3 x 12 
inches  machine  to 1/8 in .   t h i ckness .  The samples were t e s t e d   i n  
bear ing ,   us ing  a 0.250 in .   d iameter  steel pin  and a 40,000 l b .  
capac i ty  Amsler machine,  edge  distance of 1.5 , 2 , and 4 times t h e  
pin  diameter  were used. 
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specimen 

(c) Specimens with  edge  dis tances   of   1 .5   and 2 times t h e   p i n  
d i ame te r   f a i l ed   by   shea r   o r   t ea r -ou t ,   wh i l e   t hose   w i th  4 times 
the  pin  diameter   by  crushing.  

TN 902 DESCRIPTION OF STRESS-STRAIN  CURVES BY THREE PARAEETERS, Walter 
Ramberg and William R. Osgood, July  1943 

(a) This   repor t   formula tes   an   equat ion   tha t  relates stress- 
s t r a in   u s ing   t h ree   pa rame te r s ,  Young's  modulus and two secant  
s t r e n g t h s .  
(b ) 

e = - + K - n  S S 

E  E e -  E n = ~  
sY 

m2 l-ml log  - - 
ml l-m2 n = l +  
s1 log  - 
s2 

1 
m sl /E - 1+- 

s /E (0 ..002 comes from  .2% o f f s e t )  - =I+-- 0.002 0.002 
1 0.2 

K = cons tan t  
S = y i e l d   s t r e n g t h  

Y 
ml = a chosen  constant (0 < m < 1) such   t ha t  mlE is  a 

m = a second  chosen  constant as was m It i s  chosen s o  

e = s t ra in  
S = stress 
e = s t r a i n   c o r r e s p o n d i n g   t o   y i e l d   s t r e n g t h  s 

secant  modulus. 

t h a t  a shape  parameter  can  be  derlved. 

1 

2 1' 

Y Y 

P 
S = propor t iona l  l i m i t  

n = constant  
(c)  There is good agreement  between  theory  and  experimental  data. 
These  experimental  curves are i n  good agreement  with  tangent 
modulus stress curves.  
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TN 903 A METHOD FOR DETERMINING THE COLUMN CURVE FROM TESTS OF COLUMNS 
WITH EQUAL RESTRAINTS AGAINST ROTATION ON THE ENDS, Eugene E. 
Lundquist, Carl A.  Rossman,  and  John C. Houbolt,  August  1943 

A curve i s  shown r e l a t i n g   t h e   f i x i t y   c o e f f i c i e n t   t o   t h e  c r i t i ca l  
load ,   t he   l eng th   o f   t he  column,  and the  magni tude of t h e  elastic 
r e s t r a i n t .  The expression for t h e  column cu rve   fo r  columns equal- 
l y   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  a t  each  end is: 

cr = cr i t ica l  buckl ing  load 

L = l ength  
c = column f i x i t y   c o e f f i c i e n t  
M = r e s t r a i n t   c o e f f i c i e n t  

c can  be  found  by: 

P L2 cr  
IT E 1  2 

c = -  

Thus M can  be  found  s ince P and L can  be  found. cr 

A l l  equat ions come from: 

Timoshenko, S.: Theory  of Elast ic  S t a b i l i t y .  McGraw-Hill Book 
CO., Inc.,  1936. 
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A column is shotm  below: 

TN 904 THE STMNGTH OF THIN G7ALL CYLINDERS OF D CROSS SECTION I N  COM- 
BINED PURE BENDING AND TORSION, A. TJ. Sherwood, University  of 
Maryland,  September  1943 

Test specimens  formed  by.r ivet ing  together   thin  semi-cyl indrical  
shee t s  of  aluminum a l loy   t o   channe l s   o f   t he  same th ickness  so  
t h a t   t h e  t7eb of the  channel  formed a diameter  of  the semi- 
cy l inder .   Tes ts  made on  specimens  of 24S-T of th ickness  0.0125" 
and  0.02O1',and varying  lengths  from 3 t o  20 inches.  

1. The average  buckling stress i n   p u r e   t o r s i o n  of the  tubes  can 
be   ca l cu la t ed  by  applying  Donnell   (Stabil i ty  of Thin-Walled  Tubes 
under  Torsion.  Report-No. 479 by: L. H. Donnell); a formula t o  
c i rcumscr ib ing   c i rcu lar   cy l inders   o f   the  same dimensions  and - 

material : 

KE B =  

K = .90 for   hinged  ends 
Fst = un i t   buck l ing  stress 

K = constant  
D = diameter 
L = l ength  of cy l inder  
t = thickness   of   cyl inder  

2.  The average  buckl ing stress in   pure   bending  can be  computed 
with  the  formula:  
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911 
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119 8 

Sb = \E E = modulus o f   e l a s t i c i t y  
Sb = unit   bending stress a t  f a i l u r e  

f o r   c y l i n d e r   s u b j e c t e d   t o  
bending  alone 

K,, = is given as a constant   varying 
with L j r  . 

3. The average   buckl ing   s t rength   for  D s ec t ion   cy l inde r s  sub- 
j e c t e d   t o  combined t o r s i o n  and  pure  bending  can  be  represented 
by  an  equation of  the  formula: 

% i s  the   ra t io   o f   the   average   bending  stress at  f a i l u r e   t o   t h e  
ca l cu la t ed  stress in   pu re   bend ing  and i s  t h e   r a t i o   o f   t h e  
average  shear ing stress a t  f a i l u r e   t o  z t e ca lcu la ted   shear ing  
stress. The minimum s t r e n g t h   i n  combined loading  can  pract ical-  
l y  be  represented by the  equat ion:  

+ (0.88) 

SOME INVESTIGATIONS  OF  THE GENERAL INSTABILITY OF STIFFENED METAL 
CYLINDERS, Guggenheim Aero.  Lab.  and Cal. Tech. , Ju ly  1943-May 
1947 

This  group of r epor t s   appea r s   t o   be  one  of t h e   f i r s t   d e t a i l e d  
s t u d i e s   i n t o   t h e   u s e s   o f   t h e   c y l i n d r i c a l   d e s i g n   i n   a i r c r a f t  
fuselage.  

There are 72 r e fe rences   fo r   t he   t heo ry  (many i n  German). 

Tests were conducted on wire braced  specimens,   unstiffened 
c i r c u l a r   c y l i n d e r s ,  and s t i f f e n e d   c i r c u l a r   c y l i n d e r s .  Both 
theore t ica l   and   exper imenta l   so lu t ions  are der ived.  

Discussion  with  Langley  indicated:  
One s i g n i f i c a n t   p o i n t   a b o u t   t h i s   r e p o r t  is t h a t   t h e   s t i f f e n e r s  
used were of  oval  and  bar  cross  sectional  shape.  This  shape 
of s t i f f ene r   has   been  abandoned s i n c e   t h i s   r e p o r t  was wr i t t en .  
The theory is  still  considered  to   be  important  and the   exper i -  
menta l   da ta  i s  c o r r e c t   f o r   t h e  work  done. 

Bas i ca l ly   t h i s   i n fo rma t ion  is v a l i d  and l i t t l e  NASA work has  
been  done to   supersede  i t ,  bu t  more current   information  using 
C and  Z-shape s t r i n g e r s  i s  a v a i l a b l e   i n  any  of many publica- 
t i o n s  of t h e  l as t  10  years.   (Like Kuhn. ) 
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TN 912 A SUBPRESS FOR  COMPRESSIVE TESTS, C. S. Aitchison  and James A. 
Miller, National  Bureau  of  Standards, December 1943 

A subpress  is described  which was developed f o r   i n v e s t i g a t i n g  
methods f o r   t e s t i n g   t h i n  sheet metal i n  compression.  Provi- 
s i o n  was made fo r   t e s t ing   f i xed -end  and  flat-end  specimens 
wi th   o r   ~ -7 i thou t   va r ious   t ypes  of la teral  suppor t   aga ins t  buck- 
l i n g .  

Nothing  par t icular ly   unique.  

I 1  The compressive tests made with  the  subpress   gave  very con- 
s i s t e n t   r e s u l t s .   P r a c t i c a l l y   i d e n t i c a l  stress-strain curves 
were obtained  by  the  pack method  and  by the   s ing le- th ickness  
method f o r  0.032-inch  aluminum a l l o y  24s-RT sheet ."  

Ref. TN 789 EXTENSION OF PACK METXOD FOR  COMPMSSION  TESTS. 

TN 913 TENSILE AND COMPRESSIVE  TESTS OF MAGNESIUM ALLOY J-1 SHEET, 
C. S.  Aitchison  and James A. Miller, Washington,  1943 

Magnesium a l l o y  J-1 shee t  was t e s t e d   f o r   t e n s i l e  and  compres- 
sive s t rength   in   t ransverse   and   longi tudina l   d i rec t ion .   Spec i -  
men type   descr ibed   in   Ref .  2 complies  with  Ref. 3. Tens i le  
t e s t e d  i n  manner descr ibed i n  R e f .  1. Compression t e s t e d  i n  
manner desc r ibed   i n  Ref. 5 and 4 except  that  middle  specimen 
was 0.52 i n .   v i d e  and the  supporting  specimens were 0.50 i n .  
wide. Used Bostick cement, l e t  dry  overnight ,   then  pressed 
t o g e t h e r   f o r  4-1/2 hours  a t  65°C. Pack  ground t o   l e n g t h  = 
3.24 i n .  Tuckerman 1 in .   op t i ca l   s t r a in   gages   u sed .  See Ref. 
6. Stress-s t ra in ,   s t ress-deviat ion,   secant   modulus-s t ress ,  
tangent  modulus-stress,  nondimensional  tangent  modulus-stress, 
and  reduced  modulus-stress  curves are g i v e n   f o r  0.032 i n .  and 
0.102 in .   th ick  specimens.  

Tens i le  Test 
Young's Modulus 
Yie ld   S t rength  
Tens i le   S t rength  
Elongation 

Compressive Test 
Young's  Modulus 
Yie ld   S t rength  

Longi tudinal  
Transverse 

6250 k ip / in2  
37 k ip / in2  
46 k ip / in2  

6 t o  13.5% 

6520 k i p / i n  2 

24.5-27 kip/in '  
28.5-30.2 k ip / in2  

References : 
1. Aitchison,  C. S . ,  and James A. Miller, Tensile  and  Pack 
Compressive Tests of Some Sheets  of Aluminum Alloy  1025 Car- 
bon  Steel,  and Chromium-Nickel Steel, T.N. 840, NACA, 1940. 
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2. Anon.: Genera l   Spec i f ica t ions   for   Inspec t ion   of  Metals, 
Federa l   Spec i f ica t ion  QQ-M-15laY Federal  Standard  Stock Cata- 
logue, Sec. 4 ,   P t .   5 ,  November 27,  1936. 

3. Anon: Tenta t ive  Methods of  Tension  Testing of Metallic 
Materials , 1940  Supplement t o  ASTM Standards , Pt .  1, Metals. 
(E 8-40T). ASTN (Phi ladelphia)  p. 453-463. 

4.   Aitchison, C. S. ,  and James A. Miller: A Subpress  for 
Compressive Tests. TN 912, NACA, 1943. 

5.   Aitchison, C. S. ,  and L. B. Tuckerman:  The  Pack  Method 
f o r  Compressive Tests of  Thin Materials Used i n  Thin Wall 
S t ruc tures .  Rep. No. 649, NACA, 1939. 

61  Aitchison, C. S.: Extension  of  the  Pack Method f o r  Com- 
pression  Test ing.  TN 789, NACA, 1940. 

914. CERTAIN MECHANICAL STRENGTH PROPERTIES OF ALUMINUM ALLOYS 25S-T 
and X76S-T,  Thomas J. Dolan,  October  1943 

(a) The i n f o r m a t i o n   i n   t h i s   r e p o r t  i s  be l i eved   t o   be   gene ra l  
knowledge  and should   be   ava i lab le  i n  any  good  handbook. 

916 THE  EFFECT  OF THE TYPE  OF  SPECIMEN ON THE SHEAR STRENGTHS  OF 
DRIVEN RIVETS, 14. H, Sharp,  Alcoa, November 1943 . 

Tests of v a r i o u s   t y p e s   o f   r i v e t e d   j o i n t  composed  of 24S-T and 
1/8-inch A17ST rivets have  been made in   o rde r   t o   de t e rmine   t he  
e f f e c t s  of specimen  type i n   s h e a r   s t r e n g t h s .  

The r e s u l t s   i n d i c a t e d   t h a t   t h e r e  was o n l y   s l i g h t   v a r i a t i o n s   i n  
shea r   s t r eng th   w i th   cons ide rab le   va r i a t ion   i n   t he   t ypes  of spec- 
imen. Lap j o i n t s  gave a .shear   s t rength  about  2% g rea t e r   t han  
j o i n t s   w i t h  a s ing le -bu t t   s t r ap  and  about 4% greater  than  double- 
s h e a r   o r   d o u b l e - b u t t   s t r a p   j o i n t s .   J o i n t s   i n  which a s i n g l e  r ivet  
resists the  shear ing  forces   gave  about  0.5% grea t e r   shea r   s t r eng ths  
than   j o in t s   w i th  two o r  more rivets. The double-shear   joints  
genera l ly   res i s ted   deformat ions   be t te r   than   o ther   types  of j o i n t s .  

TN 917 THE EFFECT  OF  SURFACE FINISH ON THE FATIGUE  PERFORMANCE  OF CERTAIN 
PROPELLER  MATERIALS, H. W. Russe l l ,  H. 14. Gillett,  L. R. Jackson 
and G. M. Foley, Battelle Memorial I n s t i t u t e ,  December 1943 

Ef fec t   o f   va r ious   su r f ace   f i n i shes  on  endurance  of  normalized 
X4130 and 4140 steels and 25S-T aluminum a l l o y   i n v e s t i g a t e d .  
Found t h a t   t h e  smoothness  of t h e   s u r f a c e  of  a fatigue  specimen 
was of less importance  than  other   propert ies  of t he   su r f ace .  
All mechanically formed su r faces   t e s t ed  were s t ronger   than  
e lec t ropol i shed   sur faces .  It is concluded t h a t  a smooth e l ec t ro -  
po l i shed   sur face  is an  unstrengthened  one.   For  this  reason, 

I 
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Max Load Shear  Strength 
Type Joint   Sketch (lb) (lb/sq i n . )  

Lap j o i n t   w i t h  
s i n g l e  r ivet  

Average of 474.5 36,500 
4 tests 

Lap j o i n t   w i t h  
two r i v e t s  i n  
l i n e  

Average of 942.5  36,250 
4 tests 

Lap j o i n t   w i t h  
t h r e e  rivets i n  
l i n e  

Average of 1417.5 
4 tests 

36 , 325 

Single-but t- 
s t r a p   j o i n t   w i t h  
2 rivets 

Average o f  459.0  35 , 275 
4 tests 

Single-butt- 
s t r a p   j o i n t  
with 4 rivets 

Average of 915 .O 35 , 200 
4 tests 

*- 

Single-butt- 
s t r a p  j o i n t  
with 6 rivets 

Average of 1389 .O 35 , 625 
4 tests 

Single-butt- 
s t r a p   j o i n t   w i t h  
4 rivets, 2 rows 

Average of 916.0  35,250 
4 tests 

Single-butt- 
s t r a p   j o i n t   w i t h  
8 rivets,  2 rows 

Average of 1871.0 
4 tests 

36,025 

Double-butt- 
s t r a p  j o i n t  
with 2 rivets 

Average of 910.0 35,000 
4 tests 

Double-butt- 
s t r a p   j o i n t   w i t h  
4 rivets 

Average of I816 .O 
4 tests 

34,925 
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removal  of damaged su r face  by e l ec t ropo l i sh ing  i s  not  so  e f fec-  
tive as mechanical  methods  of  removal i n  p ro long ing   f a t igue   l i f e ,  
because  mechanical  removal  also  strengthens  the  surface  while 
e lec t ropol i sh ing   does   no t .  

Aerodynamics  of t hese   su r f aces  are not  mentioned. 

TN 918 THE STABILITY OF ISOTROPIC OR ORTHOTROPIC C n I N D E R S  OR FLAT 
OR CURVED PANELS, BETWEEN AND ACROSS STIFFENERS, WITH ANY EDGE 
CONDITIONS BETWEEN HINGED ANT) FIXED, UNDER ANY COMBINATION OF 
COMPRESSION AND SHEAR, L. H. Donnell, Chance  Vought A i r c r a f t ,  
December 1943 

A de t a i l ed   d i scuss ion   o f   t he   p rocesses   i n   t heo ry .  The material 
discussed is derived  f rom  the  references  l is ted  which  are   bel ieved 
t o   b e   r e a d i l y   a v a i l a b l e .  

1. ANC Handbook on t h e  Design of Wood Ai rc ra f t   S t ruc tu res ,  ANC 
Committee  on Aircraft   Design  Criteria.   July  1942. 

2.  March, H. W. : Buckling of F l a t  Plywood P l a t e s   i n  Compression, 
Shear ,   or  Combined Compression  and  Shear. Mimeo.  No. 1316, Fores t  
Products  Lab.,  April  1942. 

3. von Karman, Theodore,  Earnest E. Sechler ,  and L. H. Donnell: 
The Strength  of  Thin  Plates  in  Compression.  Trans. A.S.M.E., 
V O ~ .  54,  1931,  pp. 53-57. 

4.  Timoshenko, S.: Strength of Materials, D. Van Nostrand Co., 
2nd ed . ,  1941. 

5. Donnell, L. H.: S t a b i l i t y  of  Thin  Walled  Tubes  under  Torsion. 
Rep. No. 479, NACA, 1933. 

6. Donnell, L. H.: The Problem o f  E l a s t i c   S t a b i l i t y ,  A.S.M.E. 
Trans. ,  Aero. Div., 1933. 

7 .  von Karman, Theodore,  and H. S. Tsien: The Buckling  of 
Cyl indr ica l   She l l s   under  Axial Compression. JOU. Aero. Sci . ,  
June 1941, pp. 303-312. 

8. Sechler  , Earnest  E. and  Louis G. Dunn : Airplane   S t ruc tura l  
Analysis and Design.  John  Wiley  and  Sons, Inc.  , 1942. 

9. Dunn, Louis G.:  An Inves t iga t ion  of Sheet   St i f fener   Panels  
Subjected to Compression  Loads  with  Particular  Reference  to 
Tors iona l ly  Weak S t i f f e n e r s .  T.N. # 752, NACA, 1940. 

TN 920 BEARING STRENGTHS OF BARE AND ALCLAD XA75S-T AND 24S-T81 ALUMINUM 
ALLOY SHEET, R. L. Moore and C. Wescoat, December 1943 
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(a)   This   note  was a cont inuat ion  of   note   901 and g ives   t he  
bea r ing   y i e ld  and u l t ima te   s t r eng ths  of XA75S-T and 24S-T81 i n  
ba re  and Alclad  sheet .  
(b)   Single   thicknesses   of   0 .064-inch  sheet ,  2 inches wide,  cut 
p a r a l l e l   t o   t h e   d i r e c t i o n   o f   r o l l i n g ,   i n   b e a r i n g  on a 0.250 
inch  diameter s teel  p i n  were t e s t ed .   Tes t s  were made i n  tri- 
p l i ca t e   fo r   edge   d i s t ances   o f   1 .5 ,  2 ,  and 4 times the   p in   d ia -  
meter. 

TN 921 REQUIREMENTS FOR AUXILIARY STIFFENERS ATTACHED TO PANELS UNDER 
COMBINED COMPRESSION AND SHEAR, Merit Sco t t  and  Robert L. Weber, 
Penn. State College,  December 1943 

Panels  of aluminum al loy  sheets ,   f ramed  by  s ide and  end s t i f f e n -  
ers were s u b j e c t e d   t o  combined loading  by means of o f f s e t  
kn i fe   edges   apply ing   loads   to   top  and  bottom  end  plates  with 
r e a c t i n g   f o r c e s   a g a i n s t   t h e   e n d   p l a t e s   s u p p l i e d   b y   l a t e r a l l y  
a c t i n g   r o l l e r s .  

Specimens were 17s-T  aluminum a l l o y   s h e e t  0.040 inch  thick, 
10  inches  wide  and  three  lengths (10, 20 and 30 inches) .  

Experimental   values   exceed  the  theoret ical   values   given  by 
Timoshenko f o r   t h e   c a s e  of  simply  supported  sheets with uni- 
formly  distributed  boundary stresses. I n  a l l  cases   t he  ex- 
pe r imen ta l   r i b s  were mounted  upon only  one  s ide  of   the  sheet .  
However, t h e   r i b s  may no t   have   ben t   w i th   t he   neu t r a l   ax i s   i n  
t h e   p l a n e   o f   t h e   s h e e t ,   t o   o f f e r  a maximum  moment o f   i n e r t i a ,  
as is  assumed  by  Timoshenko. 

The exper imenta l   va lues   o f   the   e f fec t ive   shear  modulus  of the 
panels  are i n   a s  good  agreement as could  be  expected  with  the 
values  published  by Lahde  and Wagner. 

References : 
Timoshenko, S.: Theory  of Elastic S t a b i l i t y .  McGraw-Hill, 1936. 

Lahde, R. , and H. Wagner: Tests for   the  Determinat ion  of   the 
Stress Condition i n  Tension  Fields. T.N. # 809, NACA, 1936. 

TN 922 OVALIZATION OF TUBES UNDER BENDING AND COMPRESSION, L. J. Demer 
and E. S. Kavanaugh, Universi ty  of Notre Dame, March 1944 

An empirical   equation  developed  that   gives  approximate amount  of 
ovalization  for  tubes  under  bending  loads.   Investigation  proposed 
because   can t i l eve r   l and ing   s t ru t s  on l a r g e   p l a n e s   f a i l   t o  tele- 
scope  properly when s u b j e c t e d   t o   s i d e   l o a d s .  

Tests done  on  tubes with D / t  range  from 5 t o   1 4 .   L a t t e r   d / t  
r a t i o  is i n   t h e  normal  landing  gear  range. 
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Inside  diameter  constant a t  3.225". O.D. a t  4.610,  4.375,  4.251, 
3.929, and 3.650 inches.  SAE X-4130 tube.  

Tests used  compression  loads i n  combination  with  bending. Com- 
press ion   loads   c rea ted   no   no t icable   change   in   ova l iza t ion   even  
though the  addi t ional   bending moment caused  by  the  eccentric 
compression  load would seem t o   i n d i c a t e   t h a t   t h e   o v a l i z a t i o n  
should  increase.  

Maximum compression  used - 11,500 lbs .   wi th  a 6,000 pound bending 
load.  These test made on tubes  with smallest wall  thickness .  
Since  compression  proved t o  have l i t t l e  e f f e c t ,  it was o m i t t e d   i n  
f u r t h e r  tests. 

Much data suppor ts   the   equat ion  which follows: 

M =  
D =  
t =  
l.7 = 
L =  
J =  
a =  
b =  

cantilever bending moment, in-pounds 
outside  diameter  of  tube,   inches 
wall  thickness  of tube,   inches 
ova l i za t ion  , inches 
can t i l eve r   l eng th  of tube,   inches 
d i s t ance  between  opposi te   bear ing  faces ,   inches 
constant  of t h e  material and  dimensions 
s lope  of  curve  of  ovalization  versus  bending. 

a $  
1.7 = - 

lo4 
l o g  w = log  a + b log  M - 4.0 

3 
Usable  equation: log w = - 10 (o'lo 4- D/t) + b log  M - 4.0 
Where: log  (10s) = 0.000343 ( log L) 14.1920 

b =  log  (D/t) - 1.143 + o.75 
3.060 - 5.90 log  (D/t)  

Plot   can  be made of b and s t o  m a k e  t h e i r   v a l u e s   r e a d i l y   a v a i l -  
a b l e   f o r   u s e   i n   t h e   e q u a t i o n   d e f i n i n g  w. 

b and s p l o t s   t o   f o l l o ~ 7 .  
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TN 924 ELASTIC  PROPERTIES  OF CHANNELS WITH UNFLANGED LIGHTENING HOLES, 
Alfred S. Niles, March 1944 

(a) The pu rpose   o f   t h i s   r epor t  was to   de te rmine   the   in f luence  
of   p la in   round  ho les   in   the  web of a channel  on: 

1. Stiffness   against   bending  produced  by  forces   paral le l  
t o   t h e   p r i n c i p a l   a x i s  of t he   c ros s   s ec t ions .  
2. S t i f fness   aga ins t   to rs iona l   deformat ion .  
3. The loca t ion   o f   t he   r e su l t an t   ax i a l   compress ion  com- 
pa t ib le   wi th   zero   t ransverse   def lec t ion .  
4. The pos i t i on  of t he   shea r   cen te r  of the   c ross   sec t ion .  

(b) It was found   t ha t   t he   pos i t i on  of t he   cen t ro ida l   ax i s   pa ra l -  
l e l  to   t he   back   o f  a channel  lightened  by  unflanged  holes and 
t h e  moment of i n e r t i a   a b o u t   t h a t  axis could  be computed  by 
decreasing  the  width  of  the  back  by: 

D2 D = diameter   of   the   holes  

b = d i s t ance  between  midlines 
(0.2 + 1.5 z) D P = p i t c h  of t he   ho le s  

of channel  f langes 

The moment of i n e r t i a   o b t a i n e d  from the  above may be   used   for   the  
prac t ica l   es t imat ion   of   def lec t ions ,   o r  c r i t i ca l  loads  according 
to   Euler   formula.  

I n  computing t h e   e f f e c t i v e   s t i f f n e s s   a b o u t   t h e   a x i s   o f  symmetry 
of a channel   with  unflanged  holes ,   the   effect   of   the   holes  maybe 
d i s r ega rded   fo r  most  purposes.   For  conservative  f igures  the 
c ros s   s ec t ion  may be  reduced  as much as tD3/l2,  where t is t h e  
thickness   of   the  material. The def lec t ions   due   to   loads   para l -  
l e l  t o   t h e   b a c k  of the  channel may be  calculated  from: 

s V dx s = shear  on a sec t ion   due   to  a 
6s = I K b  t G  un i t   l oad ing  a t  t h e   p o i n t   f o r  

which  the  def lect ion is  being 
ca lcu la ted .  

V = t o t a l   s h e a r  on s e c t i o n  
K = 0.5 - D2/Pb 
D = diameter of ho le s  
P = p i t c h  of ho le s  
b = dis tance   be tween  cen ter l ine  

t = thickness  of material 
G = shear ing  modulus  of e l a s t i c i t y  
6 = def l ec t ion  due t o   s h e a r  

of  holes 

S deformation 
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TN 927 DETERMINATION OF STRESS-STRAIN  RELATIONS FROM OFFSET YIELD 
STRENGTH VALUES, H. N. H i l l ,  NACA, 1944 

Report  develops a method f o r   d e f i n i n g  a mathemat ica l   re la t ion  
between stress and strain from  Young's  modulus  and 2 values  of 
o f f s e t   y i e l d   s t r e n g t h   c o r r e s p o n d i n g   t o   o f f s e t s  of .001  and .002. 
From an  equation  from  Rambert  and Osgood ("Descr ipt ion  of   Stress-  
Strain  Curves  by 3 Parameters," TN 902, NACA, 1943). 

S S n  e = u n i t   s t r a i n  
e =E+ K (E) S = u n i t  stress 

K 61 n = c o n s t a n t s   f o r  the curve 

S1 = y i e l d   s t r e n g t h  a t  o f f s e t  dl = 0.001 

S2 = y i e l d   s t r e n g t h  a t  o f f s e t   d 2  = 0.002 

One g e t s :  

One can   a l so  relate stress t o   e f f e c t i v e  modulus 

- - + 0.002n (-1 E = tangent  modulus S S h  
" 

E+ E s9 t 
L L 

From Timoshenko,  Theory  of E l a s t i c   S t a b i l i t y ,  McGraw-Hill. Book 
Co., Inc. ,- p.  156, 384.  

From the   s t ress -s t ra in   curve   def ined   by   Equat ion  1, one  can  pre- 
d i c t   behav io r  of the material i n t o  the p la s t i c   r eg ion ,   wh ich  canl 
not   be   done  knowing only Young's  modulus  and y i e l d   s t r e n g t h .  

Equation 1 becomes 

e = - + 0.002 (-) S S h  
E s2 

From this  equat ion stress-strain curve can be p l o t t e d ,  knowing 
E and 2 yield  s t rengths ,   f rom  .001  and .002 o f f s e t s .   N o t e   t h a t  
although 2 a l loys   w i th  same E behave same i n  elastic region,  
behavior  may d i v e r g e   i n   p l a s t i c   r e g i o n .  
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TN 928 THE  INFLUENCE  OF  PLASTIC  DEFORMATION AND OF HEAT TREATMENT ON 
POISSON'S RATIO FOR 18:8 CHROMIUM-NICKEL STEEL, R. W.' Mebs and 
D. J. McAdam, Jr., February  1944 

(a) The va lue  of P o i s s o n ' s   r a t i o   f o r  18:8 C r - N i  s teel  was 
computed  from va lues   o f   t ens i l e  and t o r s i o n a l  modui o f   e l a s t i c i t y  
obtained  from earlier inves t iga t ions  (TN 818 and 886) by  use of 
an  appropriate  formula.  

u = - -  
2G 

. u = P o i s s o n ' s   r a t i o  
E = secant   tension 
G = shear  moduli 

(b)   Poisson ' s   ra t io  a t  zero stress, u  increased  from  0.32 t o  
0.40  with  prior  extension, of the  annealed metal, of between  12 
and 20 percent .  ~ 2 5  and ~ 5 0  show very  l i t t l e  change,  suggesting 
t h a t   t h e  e las t ic  anisotropy  produced  by  the  extension  of  the 
metal becomes less evident  upon app l i ca t ion  of a moderate stress. 
The rise i n  uo w a s  caused  by a rise i n  Eo upon the  extension  of  
t h e  metal. During  heat  treatment  uo  and u50 stay  between  0.21 
and  0.22  from  100°F. t o  1000°F.; a t  higher  temperatures uo in- 
creases t o  0.31 a t  1800'F.  The rise i n  uo is caused  chief ly  by 
the   removal   o f   p refer red   o r ien ta t ion   tha t   t akes   p lace   dur ing  
r e c r y s t a l l i z a t i o n .  

0' 
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Prior  Extension 
~ ~ ~~ 

Annealing  Temperature 

TN 929 ANALYSIS OF CIRCULAR SHELL SUPPORTED F W S ,  J.. E. Wignot,  Henry 
Combs and A. F. Ensrud, May 1944". . 

In t h e   p a s t  it was f requent ly  assumed t h a t   t h e   r i n g  i s  v e r y   s t i f f  
and  remains  circular  throughout the load  process ,   and  that  VQ/I 
and T/2A are shear . f low  d is t r ibu t ion .   For  small d i ame te r   she l l s  
wi th   r ings ,   the   assumpt ion  is sa t i s fac tory   for   des ign   purpose .  
A s  the s i z e  of a i r c r a f t   i n c r e a s e   t h e   r i n g s  become r e l a t i v e l y  more 
f l e x i b l e  s o  t h a t   t h e   a s s u m p t i o n   o f   i n f i n i t e   r i n g   s t i f f n e s s  may 
l e a d   t o  a l a r g e   e r r o r .  In o r d e r   t o   o b t a i n   r e s u l t s  more nea r ly  
r e p r e s e n t i n g   t h e   a c t u a l   a e r o  shells, i t  is e s s e n t i a l  that t h e  
deformation  of  the frame and  deformation  of   the  shel l   be   consis-  
t en t   w i th   each   o the r .  

T h i s   p a p e r   d e a l s   w i t h   t h e   s i n g l e   p r o b l e m   o f   c i r c u l a r   s h e l l  
supported  by frames subjec ted   to   concent ra ted   loadings .  A 
mathematical  method is developed  and  presented i n   t h e  form of 
non-dimensional  coefficient  curves.  These  curves may be  used 
f o r   n e a r l y  any p r a c t i c a l  frame which  has  curvature in  t h e  
region  of   appl ied  loading.  The bending moment, axial load  and 
t r a n s v e r s e   s h e a r   i n  a r i n g ,  and the  corresponding  shear  f low 
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ac t ing  on the   r i ng   f rom  the   suppor t ing   she l l  may be   r ead i ly  
obtained  f rom  these  curves   by  proper   interpolat ion and  super- 
pos i t ion .  

I n  la ter  r e p o r t s   t h e  method is extended t o  more genera l  
appl ica t ions   o f   fuse lage  frame ana lys i s .  

TN 930 TENSILE TESTS OF ROUND-HEAD, E'LAT-HEAD, AND BRAZIER-HEAD RIVETS, 
Evan H. Schuette,  Leonard M. Bartone  and Merven W. Mandel,  Langley 
Memorial  Aero.  Lab.,  Langley  Field, Va., 1944 

A de te rmina t ion   o f   t he   t ens i l e   s t r eng th   o f  round-head (AN430),  
f la t -head (AN442),  and  brazier-head (AN455 and AN456) aluminum 
a l l o y  rivets is made. 

1. When t h e   r a t i o  of t h e   s h e e t   t h i c k n e s s   t o   t h e  rivet diameter 
was g rea t e r   t han  0.5 , t h e  round-head (AN430) rivets developed 
t h e   f u l l   t e n s i l e   s t r e n g t h  of t h e  r ivet  shank,  the  brazier-head 
(AN455) rivets c a r r i e d   o n l y   s l i g h t l y  less load  than  the round- 
head rivets , and the   f la t -head  (AN422) and  brazier-head (AN456) 
rivets f a i l e d  a t  loads  approximately  nine-tenths  and  seven- 
t en ths ,   r e spec t ive ly ,  of  loads a t  which t h e  round-head rivets 
f a i l e d .  

2. The t e n s i l e   s t r e n g t h  of a l l  four   types of rivets decreased 
i n  th inner  sheet; t h e   s t r e n g t h  of t h e  round-head rivets decreased 
more t h a n   t h a t  of t h e   o t h e r  rivets, probably  because  of  the 
greater  tendency  of  the  small-diameter  heads  to tear through  the 
shee t .  

Round 

razier  Head(AN45Q 

9 4  Sheet Thickness, 
Hivet  Uiameter 
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931 GUIDES FOR  PREVENTING BUCKLING I N  AXIAL FATIGUE TESTS OF THIN 
SHEET METAZ  SPECIMENS, C. C. Brueggeman and M.Mayer, Jr., 
Nat ional  Bureau  of Standards,   April   1944 

Guide f i x t u r e s  are described  by means of  which axial  f a t i g u e  
loads  may be   appl ied   to   th in   shee t -meta l   spec imens .  

Further   ment ion  not   appl icable .  

934 NUMERICAL PROCEDURES  FOR THE CALCULATION  OF THE STF7ESSES I N  
MONOCOQUES I-DIFFUSION OF TENSILE STRINGER LOADS I N  PANELS, 
N. J. Hoff , Robert S. Levy and Joseph Kempner , June  1944 

(a) The purpose  of TN 934 t7as t o   f i n d  an numerical method f o r  
computing the stresses in  monocoques. A step-by-step  approxi- 
mation i s  used t o  determine  the stress d i s t r i b u t i o n   i n  a 
s t ruc ture   under   spec i f ic   loads .   In   each   s tep   the  state of 
d i s t o r t i o n  of t h e   s t r u c t u r e  is a r b i t r a r i l y   m o d i f i e d  and t h e  
stresses are ca lcu la ted .  The procedure  must  be  continued 
u n t i l   t h e   i n t e r n a l  stresses ba iance   t he   ex te rna l  

The two equa t ions   u sed   i n   t he   ana lys i s  are: 

Stress i n  vertical  bar  between  points M and 

loads.  

N 

= 'vN - vM) E/% 

Shear stress on sheet  between  adjacent verticals P and Q 

T = (VQ - Vp) G/b 

distance  between verticals 
ver t ical  displacement a t  po in t  A 

modulus of e l a s t i c i t y  
shea r  modulus  of e l a s t i c i t y  
dis tance  between  points  M and N 

The stresses were measured  experimentally  and good r e s u l t s  
were obtained. The convergence  of  successive  approximation  pro- 
cedure was rap id .  

937 SIMPLIFIED TRUSS STABILITY CRITERIA, W. B. Ballhaus  and A. S. 
Niles , July  1944 

The purpose was t o  develop a s imple   and   prac t ica l  method f o r  
p red ic t ing   t he  c r i t i ca l  in t ens i ty   o f   l oad ing   fo r  a pin-connected 
p l a n a r   t r u s s ,   a l s o  a s imple   p rocedure   for   the   des ign  of ze ro   o r  
l i g h t l y   l o a d e d  members is considered. 
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This method uses   t he  method  of v i r t u a l  work  by  applying u n i t  
loads  and  unPt  couples. The c r i t e r i o n   f o r   s t a b i l i t y  of  an 
ind iv idua l  member is: If t h e   r o t a t i o n  of a member due t o  
a c t u a l   l o a d s  is less than i t s  r o t a t i o n  due the   un i t   coup le ,   t ha t  
member i s  in  stable equi l ibr ium; while i f   t h e   r o t a t i o n   d u e   t o  
ac tua l   loads   exceeds  i t s  r o t a t i o n   d u e   t o  a u n i t   c o u p l e ,   t h a t  
member is i n   u n s t a b l e   e q u i l i b r i u m .   I n  a s t a t i c l y   d e t e r m i n a t e  
t r u s s  if any member is in   uns t ab le   equ i l ib r ium,   t he   who le   t ru s s  
is  unstable .  (The method of u n i t   l o a d s  and  couples is  found 
i n  Bruhn.) The above  method is t h a t  of Viscovich,   but  i t  i s  
inadequate i n  the   r e spec t   t ha t   t he   r e su l t s   va ry   depend ing  on 
how the   un i t   coup les  are appl ied.  A b e t t e r  method  (an ext inc-  
t i o n  of  Viscovich) is explained  below. 

This   s impl i f ied  method c o n s i s t  of isolat ing  and  analyzing small 
p o r t i o n s   o f   t h e   t r u s s .  An example i l l u s t r a t i n g   t h e  method w i l l  
b e  shown. The purpose is t o  determine  the minimum s i z e   t h a t  a 
member can  have  and  the  s t ructure  w i l l  b e   s t a b l e .  This involves  
assuming r i g i d   s u p p o r t   f o r   t h e   p i n s  a t  which t h e   i s o l a t e d  por- 
t i o n  is at tached  to   the  remainder  of t he   s t ruc tu re .  

Consider   the  fol lowing  t russ  : 

P 

B 

Here member AB i s  sub jec t ed   t o   an  axial  compression P 

The minimum a l l o w a b l e   s i z e   f o r   t h e   s e c t i o n a l  area of BC is found 
t o  be: 

ab 

2pab 
%c = Eb, 17 

Where Pab = ex te rna l   l oad  

= modulus of e l a s t i c i t y  o f  member 
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r \ = L  /L bc  ab 
L = o r i g i n a l   l e n g t h  

TN 

TN 

938 THE INI.JI1RD BULGE TYPE BUCJCLING OF MONOCOQUE CYLINDERS I - CALCULA- 
TION OF THE EFFECT  UPON  THE  BUCKLING  STRESS  OF A COMPRESSIBLE 
FORCE, A NONLINEAR DIRECT STRESS DISTRIBUTION, AND A SHEAR FORCE, 
N. J. Hoff  and Bertram Klein,  October  1944 

The  inward  bulge  type  buckling of monocoque cy l inde r s  the buckling 
load i n  combined bending  and  compression i s  der ived.  Next t h e  
reduct ion   in   the   buckl ing   load   because   o f  a n o n l i n e a r   d i r e c t  stress 
d i s t r i b u t i o n  i s  determined. In experiments   nonl inear i ty  may 
r e s u l t  f rom  an   inadequate   s t i f fness   o f   the  end attachments.  

The t o t a l   l o a d   c a r r i e d   b y   t h e  most  highly  compressed  stringer, 
toge ther   wi th  its e f f ec t ive   w id th  of sheet, i n  a c i r c u l a r  mono- 
coque  cylinder  loaded  simultaneously i n  bending  and  compression 
c a n   b e   w r i t t e n   i n   t h e   f o r m  

2 2 1- str str r r 0.; 
'cr t o t  = n  

L, 
- -  

2 
c ... 

L L L1 

939 THE INWARD BULGE TYPE BUCKLING OF MONOCOQUE CYLINDERS I1 - EXPERI- 
MENTAL INVESTIGATION  OF THE BUCKLING I N  COMBINED BENDING AND COM- 
PRESSION, N. J. Hof.f, S. J. Fuchs  and Adam J. Ci r i l lo ,   October  
1944 

This  paper is the   s econd   pa r t  of a series of   repor t s   on   the  in- 
ward bulge  type  buckling  of monocoque cy l inders .  It t7as found 
tha t   t he   t heo ry   deve loped   i n   pa r t  I of t h e   p r e s e n t  series pre- 
d i c t s   t h e   b u c k l i n g   l o a d   i n  combined bending  and  compression  with 
t h e  same degree  of  accuracy as the   o lder   theory   does  i n  pure 
bending. I n   t h e  realm covered  by  the  experiments  no  systematic 
v a r i a t i o n  of the  parameter n was observed. The ana lys i s  of t h e  
test r e s u l t s   a f f o r d e d  a check  on  the  theories  of  buckling  of a 
curved  panel.  The  agreement  between  experiment  and  theory vas 
reasonably good. I n   a d d i t i o n ,   t h e  effect of   the  end condi t ions  
upon the stress dis t r ibut ion  under   loads  and upon i n i t i a l  stresses 
was inves t iga t ed .  

The e x p e r i m e n t a l l y   e s t a b l i s h e d   s t r a i n s   i n   t h e  most  highly com- 
p r e s s e d   s t r i n g e r  at buckling are cons i s t en t  with 
ta ined   f rom  the   theore t ica l   re la t ionsh$p:  

E = n 2 ) E - "  (0.9/n2)  vd 
cr 

- 
L1 Astr r 2 As trE 

the   va lues  ob- 



TN 942 THE SHEAR STRENGTH OF ALUMINUM ALLOY DRIVEN.RIVETS AS AFFECTED 
BY INCREASING DIAMETER THICKNESS RATIOS, E. C. Hartmann  and C. 
Wescoat,  Alcoa,  July  1944 

This i s  a r epor t  on s ing le   shea r   o f  rivets. Occassional  mention 
is given  to  the  "previous  report ' '   concerning  double  shear con- 
ducted a t  Aluminum Research L a b o r a t o r i e s   i n  1942. The r epor t  
a l s o   i n c l u d e s   t h e   r e s u l t s  of the   p rev ious   inves t iga t ion  on 
doub le   shea r   j o in t s  . 
A l l  specimens were button-head aluminum a l l o y  rivets 1 / 2  inch 
i n  diameter. Rivet a l l o y s  53s-0, 53S-T61, 53s-T,  and 17s-T 
were used. 17s-T rivets driven  immediately  after  quenching. 
Others  driven i n  tempered  condition. 24S-T a l l o y   p l a t e  and 
shee t  were used in   t h i cknesses   o f   112 ,  318, 114,  3/16 , 118, 
0.081, and  0.064  inch.  Test  panels were single-but t -s t rap 
2-318 inches  wide  with 3-118 inch  between rivet c e n t e r l i n e s ,  
l ike  so: 

t - 3 k - l  

With a seemingly small amount o f  data ,   the   author   proposes  new, 
l i n e a r ,   r e l a t i o n s h i p   t o  relate the   da t a .   Ra t ios  of shear  
s t r e n g t h   t o   b a s i c   s h e a r   s t r e n g t h  are used as ordinates  and 
r a t i o s   o f   b e a r i n g  stress t o  basic shea r   s t r eng th  as absc issas ,  
thus  providing  the  non-dimensional  plot .  

" Basic shea r   s t r eng th   he re  is. the   shea r   s t r eng th   ob ta ined  when 
t h e   r a t i o  of r ivet  diameter D t o   p l a t e   t h i c k n e s s  t i s  un i ty  
(D/t = 1). 

The d a t a  shows t h a t   t h e   r a t i o   o f   s h e a r   s t r e n g t h   t o   b a s i c   s h e a r  
s t rength  reduces a t  n e a r l y   t h e  same rate r ega rd le s s  of r i v e t  
a l loys .  

NOTE: Throughout this   discussion,   only  protruding-head rivets 
are under  consideration  and  the  proposed  rules  are  not  intended 
to   apply  to   countersunk rivets. 

"Through the  use  of   s imple  s t ra ight- l ine  formulas   the  shear  
strength  of  protruding-head aluminum a l loy  rivets d r i v e n   i n  
aluminum a l l o y   p l a t e   c a n   b e   r e a d i l y   p r e d i c t e d   f o r   v a r i o u s  
p l a t e   o r   shee t   t h i cknesses  as fol lows : 

Single  Shear 

For  values of D / t  up t o  3, s i n g l e   s h e a r   s t r e n g t h  = basic   a l low- 
ab le   s ing le   shea r   s t r eng th .  
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For  values  of D / t  g r ea t e r   t han  3, s i n g l e   s h e a r   s t r e n g t h  = basic 
a l l o ~ ~ a b l e   s i n g l e   s h e a r   s t r e n g t h  X [ 1-0.04  (D/t-3) ] . 

Double  Shear 

For  values  of D / t  up to   1 .5 ,   double   shear   s t rength  = basic  al low- 
ab le   double   shear   s t rength .  

For  values of D / t  g rea te r   than   1 .5 ,   double   shear   s t rength  - b a s i c  
a l lowable  double   shear   s t rength X [ 1-0.13 (D/ t-1.5) ] . 
D = nominal  diameter  of r ivet ,  inches.  
t = th ickness   o f   p la te ,   inches .  
(See  graph  below.) 

I n  one  group  of  specimens  with 53S-T61 rivets, a s tudy  vas made 
of t h e  effect o f   va ry ing   t he   t h i ckness   o f   t he   s t r ap   p l a t e   wh i l e  
ho ld ing   t he   t h i ckness  of t h e  main p l a t e   cons t an t .  It was evi- 
d e n t   t h a t   t h e r e  was p r a c t i c a l l y  no d i f f e r e n c e   i n   t h e   r e s u l t s  
whether   the main p l a t e  is t h e  same th ickness  as t h e   s t r a p   p l a t e  
or  whether it is thicker than  the s t r ap   p l a t e . "  
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TN 943 NORMAL PRESSURE TESTS ON UNSTIFFENED FLAT PLATES, Richard M. 
Head and  Ernest E. S e c h l e r ,   C a l i f o r n i a   I n s t i t u t e  of  Technology, 
September  1944 

F la t   shee t s   o f  aluminum a l l o y  17S-T tested  under  normal  pressures 
with clamped  edge  supports.  Thicknesses  ranged from 0.010 t o  
0.080 inch.  Pressure  ranged  from 0 t o  60 l b .  

Deflect ions were measured  and maximum t e n s i l e   s t r a i n s   i n   t h e  
center   of   the   panels  were determined  by electric s t r a in   gages .  

Resul t s  compared with  corresponding  s t ra ins   and  def lect ions as 
ca lcu la ted  by the   s imple  membrane theory  and by la rge   def lec-  
t i o n   t h e o r i e s .  

P l a t e s  were chosen so as t o  have  dimensions  approximating  the 
l a r g e r   p l a t e s  on a i r c r a f t   s t r u c t u r e s   ( s i n c e   l a r g e r   p l a t e s  
u sua l ly   g ive  more t rouble)  and the  pressure  used  ranged  from 
pressures   found  in   pressurized  cabins   and  extended on up i n t o  
the   r ange  of p re s su res   t ha t   migh t   be   encoun te red   i n   fue l   t anks  
and h u l l   b o t  toms. 
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Experiment was executed  using a pressure   t igh t   welded  steel box. 

The clamped p l a t e s  were 10 x 10   i n . ,   10  x 20 in . ,   10  x 30 in . ,  
and 10  x 40 i n .   g iv ing   r a t io s   o f  1, 2 ,  3,  and 4 .  (a = s h o r t  
s i d e ;  b = l ong   s ide ) ,  

Strain  gages were mounted at  the center  of the p l a t e   p a r a l l e l ,  ' 

perpendicular  and a t  a 45" ang le   t o   t he   l ong   s ide .  A g r e a t   d e a l  
of   da ta  t7as taken t o   s u p p o r t   t h e  comparisons  resul t ing.   Plots  
were made r e l a t i n g   s t r a i n   t o   t h e   p r e s s u r e   a p p l i e d   f o r   e a c h   s h e e t  
thickness .  Both t h e o r e t i c a l  and experimental  lines were drawn 
fo r   each  of t he   t h ree   d i r ec t ions   o f   t he   s t r a in   gages .  

I n  a l l  i n s t a n c e s ,   t h e   s t r a i n  was g r e a t e s t   i n   t h e   d i r e c t i o n   p e r -  
pend icu la r   t o   t he   l ong   s ide .  

I n  a l l  i n s t a n c e s ,   t h e   t h e o r e t i c a l   v a l u e   f o r   s t r a i n  a t  a given 
pressure  vas s l i g h t l y   g r e a t e r   t h a n  the experimental   value.  

For  design  purposes, a p l a t e  would  have to   be   des igned   to   wi th-  
s t a n d   t h e   s t r a i n   i n   t h e   p e r p e n d i c u l a r   d i r e c t i o n   ( p e r p e n d i c u l a r  
t o   t h e   l o n g   s i d e ) .   S i n c e ,   i n  a l l  cases, t h e   t h e o r e t i c a l   v a l u e  
l e f t  a margin  of   safety  (sometimes  only  s l ight)   th is   value  could 
be  used as t h e  maximum s t r a i n .  An example  graph  follows. 

/ 
0 

0 

I ,,erimental 

0 
eoretical 

0 

St  rain 
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TN 944 EFFECT  OF CURVATURF: ON THE STRENGTH OF AXIALLY LOADED SHEET- 
STRINGER PANELS, Walter Ramberg,  Samuel  Levy and  Kenneth L. 
Fienup, NACA, 1944 

Compressive tests were.made  on  each  of  21 24S-T panels   12  in .  
long  and  16  in.  wide  reinforced  by 4 Z s t r ingers   spaced  4 i n .  
apar t .   Radi i   of   curvature   ranged  f rom  19  in .   to   inf ini ty;   sheet  
thickness   f rom  0.025  in .   to  0.190 in . ;   r ivet   spacing  f rom  0.5 
i n .   t o  2 in .  

Curva ture   increased   s t ra in   for   buckl ing   be tween  s t r ingers  up 
t o  5.35 times. Cri t ical  s t ra in   for   pane ls   wi th   heavy   shee t  
w i th in  a range  of  b2/Rt (b = s t r inge r   spac ing )  up t o  6.4 
agreed  with a formula  by  Leggett (The Buckling of a Long 
Curved Panel  Under Axial Compression, R & M No. 1899,   Bri t ish 
A.R.C., 1942) for   s imple   suppor t .  Crit ical  s t r a i n   f o r   p a n e l s  
with  thin  sheet   agreed  with a formula by Legget t   for  clamped 
support .  

Pane ls   o f   in te rmedia te   th ickness   for  b / R t  < 16  buckled a t  
s t r a i n s   g i v e n  by  Wenzek's formula (NACA TM #S80,  1938). 
Strengths  of  panels  agreed  with nomogram given  by NACA TN 856. 

2 

TN 945 NONDESTRUCTIVE TEST  METHODS  FOR  SPOT WELDS I N  ALUMINUM ALLOYS, 
R. C.  Mdfaster , J. F. Manildi  and C.  C. Woolsey , Cal i fo rn ia  
I n s t i t u t e   o f  Technology, November 1944 

Purpose:  Investigate  proposed  nondestructive tests methods t o  
de t e rmine   t he   f eas ib i l i t y   o f   such  tests, and t o  recommend those 
research  methods  found  suitable  for  development  and  reduction 
t o   p r a c t i c a l   a p p l i c a t i o n .  

The most  promising  nondestructive  method was radiography. It 
is no t   necessa ry   t o   l oca t e   t he   we ld   nugge t   accu ra t e ly   i n   o rde r  
t o  measure   the   d iameter ,   o r   to   de tec t   the   p resence  of cracks,  
po ros i ty ,  and s p i t t i n g .  

The most r e l i ab le   nonrad iograph ic  test was the   r ing-penet ra tor  
o r   p r o f i l e   p e n e t r a t o r  test which  can  measure  weld  nugget  dia- 
meter reliably  under  normal  conditions  or  production  welding. 
It does  not  measure  the  nature o r  ex ten t   o f   c racking ,   poros i ty ,  
and sp i t t i ng ,   excep t   i n so fa r  as these   de fec t s  change t h e  pene- 
t r a t i o n   o f   t h e   l o a d e d  test penet ra tor .  

The r i n g   e l e c t r o d e  two s i d e   d i r e c t   c u r r e n t  test measures  the 
bonded area a t  the  faying  plane  of   the  spot   weld,   but   does  not  
discriminate  between  nugget  and  Alclad  corona  banding.  In con- 
junc t ion   wi th   the   r ing-penet ra tor  test, i t  provides a good mea- 
s u r e  of t h e   s t r e n g t h  of  production  spot  welds. 
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Nei ther   the  electrical no r   t he   pene t r a to r  test i s  capable  of 
de te rmining   the   ex ten t   o f   the   Alc lad   inc lus ion   in to   the   weld  
nugget at t h e   f a y i n g   p l a n e ,   o r   t h e   d e c r e a s e   i n  weld s t r e n g t h  
r e su l t i ng   f rom  th i s   cause .  

For   the measurement  of ex ten t  of  cracking  and  porosity 1.7ithout 
t h e   u s e  of X-rays the  eddy-current test of fers   the   advantages  
of a d i r e c t  and r e l i a b l e  measurement s u b j e c t   t o  some e r ro r   due  
to   i nden ta t ions  of t he   shee t   su r f ace .  

TN 948 ARTIFICIAL AGING OF RIVETED JOINTS MADE I N  ALCLAD 24S-T SHEET 
USING Al7S-T,  17S-T, AND 24-T RIVETS, A. N. Zamboly, September 
1944 

(a) The ob jec t  of t h i s   i n v e s t i g a t i o n  was t o   s t u d y   t h e   e f f e c t   o f  
a r t i f i c i a l   a g i n g  on the   shear   s t rength   o f   jo in ts   p repared   f rom 
Alclad 24s-T shee t   us ing  Al7S-T, 17s-T,  and 24-T rivets. 
(b) The e f f e c t   o f   t h e  a r t i f i c i a l  aging  t reatment  on t h e  rivets 
was measured  by the  changes  produced i n   t h e   s h e a r   s t r e n g t h  of 
t h e  rivets. 
(c) The change i n   s h e a r   s t r e n g t h   r e s u l t i n g  from t h e   a r t i f i c i a l  
aging  treatment  of  10  hours at 475°F. a p p l i e d   t o   t h e   d r i v e n  
rivets is as f O l l O F 7 S :  

24S-T rivets increased 6%. 

17s-T rivets d r iven   r e f r ige ra t ed  showed no  change. 

17s-T rivets d r i v e n   i n   t h e   f u l l  T temper  decreased  about 8%. 

A17S-T rivets decreased  about 10% in  s t r eng th .  

17s-T rivets d r i v e n   i n   t h e   f u l l  temper i s  h igher   than   tha t   o f  
17S-T rivets dr iven  refr igerated  whether   aged  or   not .  

Rivet  Alloy 
A17S-T 
17s-T r e f r i g e r a t e d  
17s-T 
24S-T r e f r i g e r a t e d  

Average  Shear  Strength  (psi) 
30,500 
36,900 
38,000 
46 , 900 

TN 949 SIMPLY SUPPORTED LONG RECTANGULAR PLATE UNDER COMBINED AXIAL LOAD 
AND NORMAL PRESSURE, Samuel  Levy, Daniel  Goldenberg,  and  George 
Zibritosky,  National  Bureau  of  Standards,   October  1944 

The shee t   in   a i rp lane   wings ,   fuse lages ,   and   hu l l   bo t toms con- 
s t r u c t e d  of shee t  metal r e in fo rced   by   s t r inge r s   f r equen t ly  is  
subjec ted   to   normal   p ressure  as well as fo rces  i n  the   p l ane  
of t h e   s h e e t .  It is  impor tan t ,   therefore   to   de te rmine   the  
e f f e c t  of  normal  pressure  on  the  load-strain  curve  of a long 
rectangular   plate   which  approximates   the  sheet   between  s t r ingers .  
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The buckl ing  load is considerably  increased  by  normal  pressure.  
For   the   h ighes t   p ressure   cons idered ,   the   theore t ica l   buckl ing  
load i s  3.1 t imes  the  buckl ing  load  for   zero  normal   pressure.  
Normal pressure  causes  a d e c r e a s e   i n   e f f e c t i v e   w i d t h  a t  s t r a i n s  
below the norma l   buck l ing   s t r a in   and   an   i nc rease   i n   e f f ec t ive  
w i d t h   f o r   s t r a i n s  somewhat grea te r   than   the   normal   buckl ing  
strain. I f   t h e   b u c k l i n g   l o a d  is considerably  exceeded,  however, 
normal  pressure  causes less than 1% increase   i n   e f f ec t ive   w id th .  
For some combinations  of  normal  pressure  and  axial   load  the 
shee t   can   be  i n  e q u i l i b r i u m   i n  more than  one  posit ion.  Under 
such  circumstances it i s  p o s s i b l e . f o r   t h e   s h e e t   t o   b e   e i t h e r  
unbuckled or  buckled,  depending on t he   p rev ious   h i s to ry   o f  
loading. 

The r e s u l t s   i n d i c a t e   t h a t  a conserva t ive   des ign   in   the  e las t ic  
range  can  be  obtained  by  neglect ing  the  effect   of  la teral  pres- 
s u r e  on the   buckl ing   load   of   the   shee t  and on the   l oad   ca r r i ed  
by   t he   shee t   a f t e r   buck l ing .  

TN 950 NUMERICAL PROCEDURE  FOR THE CALCULATION  OF THE STRESSES I N  MONO- 
COQUES I1 - DIFFUSION OF TENSILE  STRINGERS LOADS I N  REINFORCED 
FLAT  PANELS WITH CUTOUTS, N. J. Hoff  and Joseph Kempner, November 
1944 

(a)   This   report   fol lowed  the same procedure as TN 934. An in-  
direct   approximation method was used. Members of t h e   s t r u c t u r e  
were d i s t o r t e d   u n t i l   t h e   i n t e r n a l  stresses ba lanced   the   ex te rna l  
loads.  
(b) The same s t e p s  were followed as i n  TN 934 except   for :  

The stresses were ca l cu la t ed  as i f   t h e   s t r u c t u r e  were 
complete, and these   va lues  were used as t h e   f i r s t  
approximations when t h e   e f f e c t i v e  area of t h e   s t r u c t u r e  
wi th   cu touts  was used. 

(c) This  procedure is l i m i t e d   t o  cases where  the end po in t s  of 
t h e   r e i n f o r c e d   s t r i p s  are f r e e   t o  move, and  where  the  cutout is 
not   d i spropor t iona te ly   l a rge .  

TN 951 TESTS ON THIN-WALLED CELLULOID CYLINDERS TO DETERMINE THE INTER- 
ACTION CURVES UNDER COMBINED BENDING, TORSION, AND COMPRESSION 
OR TENSION  LOADS, Elmer F. Bruhn,  Purdue  University,  January  1945 

This material is inc luded   i n   one   o f   h i s   pub l i ca t ions   a f t e r  1945. 

TN 953 TORSION TEST TO FAILURE OF A MONOCOQUE BOX, A. E. McPherson, D.  
Goldenberg  and G. Zibritosky,  October  1944 

(a) The t o r s i o n  test of a monocoque box  of 24S-T aluminum a l l o y  
was c a r r i e d   t o   f a i l u r e .  The t w i s t  and s t r a i n s   i n   t h e   s t r i n g e r s ,  
sheet,   corner  posts,   and  bulkheads were measured f o r   l o a d s  
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p r a c t i c a l l y  up to   f a i lu re .   Fa i lu re   occu r red   by   t ea r ing  of the 
cover   sheet   subsequent   to   fa i lure   of  rivets j o i n i n g   a n t i r o l l s   t o  
corner   posts  . 
(b) The t h e o r e t i c a l   p a r t  of t h e   r e p o r t  comes from  Wagner's 
d i agona l   t ens ion   f i e ld   t heo ry  as presented i n  Langhaar, H. L.: 
Theoret ical   and  Experimental   Invest igat ions  of  Thin-Webbed 
Plate-Girder Beams, vo l .  65, October  1943,  pp. 799-802; with 
the   fo l lowing   except ions .  It i n c l u d e s -   t h e   e f f e c t s  of  longitudi- 
n a l   s t i f f e n e r s  and  of  Poisson's  ratio  and it develops  an  expres- 
s i o n   f o r   t h e   e f f e c t i v e  area of a buckled  s ide  of   the box. 
(c) The buckling  loads  of  the  cover  sheets  and  of  the  shear webs 
agreed  with  the computed va lues .  The  measured twist agreed  with- 
i n  6 x 10-5 radians  per   inch.  

AXIAL FATIGUE TESTS AT ZERO MEAN STRESS OF Z ~ S - T  ALUMINUM ALLOY 
SHEET WITH AND WITHOUT A CIRCULAR HOLE, W. C. Bruggeman, M. 
Mayer, Jr. and W, H. Smith, NACA, 1944 

Very  good presenta t ion   of   p rocedures   for   fa t igue   t es t ing   shee t  
metal. Some da ta .  No general   conclusions.  

THE STRENGTH  OF SEMI-ELLIPTICAL  CYLINDERS  SUBJECTED TO COMBINED 
LOADINGS, E. E. Sechler  and J. L. Frederick,  February  1945 

Since  the  nose  of   the  wing  sect ion  can  be  approximated  c losely 
b y   p o r t i o n s   o f   e l l i p s e ,   e l l i p t i c a l   c y l i n d e r s   h a s   b e e n   u s e d   i n  
t h i s  test. 

The tests made on e l l i p t i c a l   c y l i n d e r   w i t h  a center   suppor t  
which were subjec ted   to   var ious   s imple   and  combined loadings.  

The loadings were: 
1. pure   t o r s ion  
2. pure  bending 
3. bending  plus   tors ion 
4. bending  plus vertical  shear  

The bending moment and  shears were appl ied i n  the  plane  of   minor  
axes. 

The phys ica l   parameters   t es ted  were: 
1. t h e   d e g r e e   o f   t h e   e l l i p i t i c i t y  
2. t he   l eng th  of t h e   c y l i n d e r  
3. t he   t h i ckness  of the   shee t   cover ing  

The specimens are made of 24S-T aluminum a l loy .  

The d a t a   c o n t a i n e d   i n   t h i s   r e p o r t  are i n t e n d e d   t o   s e r v e  as a 
g u i d e   t o   t h e   b u c k l i n g   a n d   u l t i m a t e   l o a d   c a r r y i n g   a b i l i t i e s  of 
wing  nose  section. 
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skin  sheet 
thickness 

Specimen Cross Section 

The equat ion  for   buckl ing  and  ul t imate  a t  var ious  s imple and 
combined loadings on the   e l l i p t i ca l   cy l inde r   has   been   de r ived .  

TN 958 FAIRING  COMPOSITIONS  FOR AIRCRAFT SURFACES, P h i l i p  S. Turner,  
Jewel Doran  and  Frank W. Reinhart ,  November 1944 

(a) The purpose of t h i s   r e p o r t  was t o   f i n d  a f a i r i n g  composi- 
t i o n   w i t h  a sa t i s f ac to ry   pe r fo rmance   i n   r e sp ' ec t   t o  low moisture  
absorpt ion,  a softening  temperature  no  higher  than  the  tempera- 
t u r e  of app l i ca t ion ,  and a c o e f f i c i e n t  of  thermal  expansion a t  
low t empera tu res   equa l   t o   t ha t  of the  metal .  
(b) The following  equation was formulated  from  experimental 
d a t a  : 

Ar Cr Pr + Af Cf Pf + ... - 
Am - cr Pr + Cf Pf + . . . 

A = c o e f f i c i e n t  of  thermal  expansion 
C = a constant  
P = proportion  by  weight 
m = mixture 
r = r e s i n   o r   p l a s t i c  
f = f i l l e r  

Tens i le  stress = (Aa - Ab)  (T1 - T2)Ea 

A = coeff ic ient   of   thermal   expansion 
E = modulus  of e l a s t i c i t y  
T = temperature 
a = p l a s t i c  
b = metal 
1 and 2 r e f e r   t o   d i f f e r e n t   t e m p e r a t u r e s  
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(c) It .17as f o u n d   t h a t   t h e   b e s t  method  of app l i ca t ion  was t o   u s e  
solvents.   Mixtures  of  acetone  and  ether were found t o  make t h e  
f a s t e s t   d r y i n g   v i n y l  acetate resin  composi t ions.  It v7as observed 
t h a t   i n c r e a s i n g  the percentage of f i l l e r s  would  shorten the dry- 
i ng  time. The best   composition was found t o  b e  20% v i n y l  acetate 
AYAF, 55% asbes t ine  3X, and 25% z inc   dus t   d i spersed  i n  a mixture 
of 2 p a r t s   e t h y l   e t h e r   a n d  1 p a r t   a c e t o n e   t o  a solvent   content  
of 20%. 

TN 959 AXIAL FATIGUE TEST OF 10 AIRPLANE WINGBEAM SPECIMENS BY THE 
RESONANCE METHOD, W. C. Brueggeman , P. Krupen , and R. C. Roop, 
December 1944 

(a) The purpose of t h e   i n v e s t i g a t i o n  t7as t o  determine  the effect 
on t h e   f a t i g u e   s t r e n g t h  of a fu l l - s i ze   s t ruc tu re   o f  several impor- 
t a n t   t y p e s  of stress concentration  and  to  determine  lqhether i t  
~7as p rac t i cab le   t o   des ign   such   s t ruc tu re  on t h e   b a s i s   o f  test  
r e s u l t s   o b t a i n e d  on small, r e l a t i v e l y   s i m p l e  coupon  specimens 
con ta in ing   t yp ica l  stress raisers. 
(b) The method  used t o  test t h e  wing-beams came from NACA TN 
660. 
(c) The wing beams showed a grea t .e r   fa t igue  stress concentrat ion 
f a c t o r   f o r   t h e  wing beam spec imens   t han   fo r   t he   d r i l l ed  coupons. 
The i n v e s t i g a t i o n   f a i l e d   t o   d i s c l o s e  a method fo r   de t e rmin ing   t he  
f a t i g u e   s t r e n g t h  of the  wing beam by   fa t igue  tes t  of  small  simple 
specimens. The high stress concen t r a t ion   f ac to r   i n   t he   w ing  beams 
was bel ieved  to   have  been  caused  by  the  notch  effect   of  web 
s p l i c e s .  

TN 962 ANALYSIS OF SQUARE SHEAR WEB ABOVE BUCKLING LOAD, Samuel  Levy, 
Kenneth L. Fienup  and  Ruth M. Woolley, NACA, 1945 

An ana lys i s  of shear 17eb of  wing beams, f rom  buckl ing   to   pure  
diagonal   tension.  Timoshenko  (Theory  of Elastic S t a b i l i t y ,  
pp.  353-367,  1936 edit ion)  develops  methods  for  determining 
buckling. Wagner's theory on diagonal-tension-field  theory 
is used i n   t h e  extreme buckl ing  region (NACA TM 604,  605,  606). 
This   report   deals   with  intermediate   region,   where web is taken 
t o  have some f l e x u r a l   r i g i d i t y ,   b a s e d  on Von KZmZn's l a r g e  
def lec t ion   equat ions .  

Fundamental  equations: Von Karman (Timoshenko,  Theory  of Elastic 
S t a b i l i t y ,  McGrawHill Book Co., Inc.,  1936,  pp. 322-323.) 

" 

Equilibrium 
Median f i b e r  stress and s t r a i n  
Extreme f i b e r  stress 

Equilibrium  of Median Fiber  Forces : E. SeyDel,  Uber Das 
Von Rechteckigen  Isotropen Oder Orthogonal-Anistropen  Pla 
Schubbeanspruchung.  Ing - Archiv. ,   vol.   4,   1933,  pp,  

Ausbeulen 
t t e n  Bei . 169-191. 
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Assumed so lu t ion :  

o x  2 
OXY 

6 6  
F = -  ++- T C b COS - mnx 

2 cos - xy + ii=o n=o m,n a a 

+ C  A COS - [(- - - max 1-u ma m r  1 t anh 2) s i n h  ma Cy - 2) 
m=1,3,5 m a l+p 2 a 

+ ma (z - t) cosh mn (z - T ) ]  + c 1 mnx 1-u A COS - [ (- m a l + u  m = 2,4,6 

+ c  B cos x [(a - 5) cosh na (- - x 1  
n a 1+u a 2) n = 2,4,6 

sinh  na (- - -1 3 + Z x 1  B cos x [ (b - - na  na tanh 7) 
a n = 1,3,5 n a 1t.p 2 

s inh  nn (- - 5) + n r  (; - T )  cosh  na (- - T ) ]  x 1  x 1   x 1  
a a 

Solve  previous  equation by method i n  NACA Rep. No. 737 or NACA 
TN 846 (Samuel Levy, 1942). 

flanges reinforcing strut - 
7 

t d 
+ a -  a 

\, 

\ web 

Beam Diagram 
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TN 964 BONDING STRENGTHS OF ADHESIVES AT NORMAL AND LOW TEMPERATURES, 
B. M. Axilrod  and D. H. J i rauch,   January  1945 

Ardux 1 and  cyclet7eld C-3 cement  produced  bonds s u f f i c i e n t l y  
s t r o n g   t h a t   t h e   l a p   j o i n t   s p e c i m e n s   o f   p h e n o l i c   l a m i n a t e   f a i l e d  
in   l amina te   ra ther   than   adhes ive .  

Maximum shear ing   s t rength   ob ta ined  when specimen  heated  and 
machined  before  glueing . 
In tests on p l y w ~ o d ,   s t r e n g t h  of wood is governing  factor  
adhesive is s t ronge r   t han  wood. 

TN 965 THE EFFECT OF TEMPERATURE ON SHEET METALS FOR AIRPLANE FIREWALLS, 
Willard  Mutchler,  National  Bureau of Standards,  December 1944 

Tests were conducted  on several coated and  uncoated steels t o  
de te rmine   the   e f fec t  of temperature on t h e   t e n s i l e   p r o p e r t i e s ,  
d u c t i l i t y ,  and su r face  characteristics. The n e c e s s i t y   f o r  con- 
ducting  such tests ~7as a wartime shor tage  of certain c r i t i ca l  
materials, such as steel  al loys  containing  nickel .   Three  type 
tests vere conducted. They are: 

1. Furnace  heating tests 
1000°F. t o  2000°F. temperature  range 
2-1/2, 5,   15,   and 60 minute   heat ing  per iods 

2.  Flame-impingement tests 
3. A i r p l a n e   f i r e  tests (eng ine   f i r e s )  

The shee t  metals t e s t e d   a n d   t h e i r   c h a r a c t e r i s t i c s  were: 

(a)   Plain  carbon  and  a l loy steels without   surface  coat ing 
1. very  low  carbon steels 
2. s teel  with  about 1% s i l i c o n e  
3. low carbon  alloy steel with  about 5% chromium and 

4. s t a i n l e s s  steel with  about 20% chromium and 10% 
0.5% molybdenum 

n i c k e l  (18: 8 type) .  
(b) Low carbon steels wi th   p ro t ec t ive   coa t ings   su r f ace   coa t ings  

1. s t a i n l e s s   c l a d d i n g  
2.  chromium-nickel a l l o y  
3. aluminum 
4 .  zinc 

Pic tures   o f   the   spec imens   a f te r   hea t ing  are a lso   p resented  as 
well a s  tables summarizing t h e  tests. Graphs  of t h e   r e l a t i o n -  
sh ips   be tween  the   d i f fe ren t   types   o f  steels are a lso   p resented .  

A summary o f   r e s u l t s   y i e l d s :  
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1. With the   poss ib l e   excep t ion  of steel  containing 5% chromium 
and 0.5% molybdenum, a l l  materials investigated  withstood  tempera- 
tu res   o f  1700°F. f o r  about 15 minutes. 

2. S t a i n l e s s  steel  proved t o   b e   t h e   b e s t  of uncoated  alloys  while 
low carbon steels containing 1% s i l i c o n  were s u p e r i o r   t o   t h o s e  
wi thou t   s i l i con .  

3.  Stainless-clad  plain  carbon s teel  sheet   proved  superior  t o  
o r d i n a r y   s t a i n l e s s  steel shee t .  

4.  Chromium-nickel a l loy   coa t ings  and  aluminum coat ings on p l a i n  
carbon s teel  sheets  proved more r e s i s t an t   t o   e l eva ted   t empera tu re  
than  coat ings of z inc   over   n icke l .  Chromium-nickel a l l o y s  and 
aluminum coatings  applied  by metal spraying show less change i n  
surface  appearance  than aluminum coatings  applied  by  hot  dipping 
o r   t he   e l ec t ro -depos i t ed   z inc   coa t ings .  

A graph ica l  summary of t h e   e f f e c t  of hea t ing  on t e n s i l e   p r o p e r t i e s  
f o r  1% s i l i c o n  s teel  shows: 
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50 
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TN 966 THE ELASTIC CONSTANTS  FOR  WROUGHT  ALUMINUM ALLOYS, R. L. Templin 
and E. C. Hartmann,  January  1945 

The  purpose was t o   o u t l i n e   t h e  methods  employed f o r   t h e   d e t e r -  
mination  of some of   the  elastic constants   such as Young's 
modulus,   Poisson's  ratio,  and t h e   s h e a r  modulus. 

The shea r  modulus was determined  from  torsion test of s o l i d  
round  specimens  tested  in  an Amsler t o r s i o n  machine. 

P o i s s o n ' s   r a t i o  ~7as calculated  from the following  formula: 

E = Young's  modulus 
E = shea r  modulus 

P o i s s o n ' s   r a t i o  is: 

S 

E-2Es E 
p = -  = -  - 1  

2Es, 2ES 

This  gave an average  value  of   Poisson 's   ra t io   of  1/3 which is 
recommended as s u i t a b l e   f o r  most  engineering  design  purposes. 

Values of t h e   e l a s t i c   c o n s t a n t s  of  tension  and  compression were 
de termined   by   the   usua l   t ens i le  tests. 

The v a l u e s   f o r   t h e  e las t ic  cons tan ts  were g i v e n   f o r   d i f f e r e n t  
a l l o y s  of aluminum. These  values are given i n  any  book  of 
t a b l e s   g i v i n g   c o n s t a n t s   f o r  aluminum. 

TN 968 THE INWGD  BULGE  TYPE  BUCKLING OF MONOCOQUE CYLINDERS I11 - 
REVISED THEORY WHICH CONSIDERS  THE.SHEAR  STRAIN ENERGY, N. J. 
Hoff  and Bertram Klein, April   1945 

A revised  theory  which  considers   the shear s t ra in  energy  s tored 
i n   t h e   s h e e t   c o v e r i n g  of t h e  monocoque cy l inders  is a p p l i e d   t o  
the   theory   o f   buckl ing   in   pure   bending .   This  was an   a t tempt   to  
ex tend   the   theory  of g e n e r a l i n s t a b i l i t y   i n   p u r e   b e n d i n g .  

The fo l lowing   seven   assumpt ions   for   the   d i s tor t ions  of t h e  
r ings  were made: 

1. d i s t o r t i o n s  must be   inextens iona l .  
2. t h e  max imum radial   displacement  should  occur a t  the loca t ion  

3. the   t angent ia l   d i sp lacement  must vanish at the   l oca t ion   o f  

4. the  radial   d isplacement   must   vanish when $=I$ [$= angular  

of  the  most  highly  compressed  stringer.  

t h e  most highly  compressed  stringer.  

measure  and $o = a n g l e   d e f i n i n g   e n d   o f   c i r c u d e r e n t i a l  wave]. 



5. the   t angent ia l   d i sp lacement  must vanish when +=I$~.  
6. t he   t angen t   t o   t he   de f l ec t ion   cu rve  must be   pe rpend icu la r   t o  

t h e   r a d i u s  of t he   nond i s to r t ed   cy l inde r  a t  t h e  end  of  the 
bulge. 

7 .  the   rad ius   o f   curva ture  of the   def lec ted   shape  a t  t h e  end 
of   the  bulge must b e   e q u a l   t o   t h e   o r i g i n a l   r a d i u s  of t h e  
cy l inder .  

The s t r a i n   e n e r g y   s t o r e d   i n  a r ing  can  be  calculated from the  
equation: 

(EI) = b e n d i n g   r i g i d i t y   o f   r i n g   f o r   b e n d i n g   i n   t h e   p l a n e  of r 

r = o r i g i n a l   r a d i u s  of cy l inder .  
p = r ad ius  of  curvature a t  any p o i n t   a f t e r   d i s t o r t i o n s .  

r i ng .  

The s t r a i n   e n e r g y   s t o r e d   i n  a l l  of t he   r i ngs  is: 

TJher e : 

n = r a t i o  of t o t a l   c i r cumfe rence   t o   t ha t   i nvo lved   i n   buck l ing ;  
o r  n = IT/+ . 

0 

The cr i t ical  s t r a i n   i n   t h e  most  highly  compressed  stringer a t  
buckl ing i s  : 

n n 
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L1 = distance  between  adjacent   r ings  measured  axial ly   a long 

f r (n )=func t ion  of  n a r i s ing   in   connec t ion   wi th   r ing   s t ra in   energy .  
cyl inder .  

4 3  Vs = (7) n r  (m + 1) = L/L1 

The maximum s t r a i n  may also  be  calculated  approximately from: 

2 4  
1 2  p" 'str o Ir o 

'cr = 7i; L1 
- 

2 r 

d = stringer  spacing  measured  along  circumference. 
= moment of i n e r t i a  of s t r i n g e r   c r o s s   s e c t i o n .  

I = moment o f   i ne r t i a   o f   r i ng   c ros s   s ec t ion .  

Istr 0 

r o  

TN 971 FATIGUE TESTS ON 1 /8 - INCH ALUMINUM ALLOY RIVETS, H. J. Andrews 
and M. Holt,  February  1945 

The purpose ~7as t o  summarize a l l  t h e   r e s u l t s   o f   f a t i g u e  tests 
that  have  been made ( to   da te )  of lap  joints   having  1/8- inch 
aluminum a l l o y   r i v e t s .  The fo l lowing   r e su l t s  were noted. 

1. For 17s-T and Al7S-T rivets, t h e   j o i n t  can  be  divided 
in to   th ree   g roups   accord ing   to   s t rength ,   the   s t ronges t   be ing  
t h e  dimpled s h e e t ,   t h e   n e x t   s t r o n g e s t   t h o s e   w i t h   p l a i n   d r i l l e d  
h o l e s ,  and f inal ly   those  with  countersunk  holes .  

2. The effect   of   the   depth  of   the  counters ink on t h e   s t r e n g t h  
of t he   j o in t   cou ld   no t   be   de t e rmined   de f in i t e ly .  

3. As a r u l e   t h e   j o i n t s   w i t h   p l a i n   d r i l l e d   h o l e s   f a i l e d  by . 
s h e a r i n g   t h e   r i v e t s ;   w h i l e   i n   t h e  case of  those  with  counter- 
sunk   ho les   the   type   o f   fa i lure   could   no t   be   def in i te ly   def ined .  

4.  The f a t i g u e   s t r e n g t h  of j o i n t s   i n  24s-T shee t  is  a l i t t l e  
g r e a t e r   t h a n   t h a t  of similar j o i n t s   i n   A l c l a d  24s-T. 

5. I n  s t a t i c  tests and i n  f a t i g u e  tests of   small  numbers of 
cycles  (high stresses) 17s-T rivets are s t ronger   than  A17S-T 
rivets; whereas f o r   l a r g e  numbers of cyc les   the   s t rengths  are 
p r a c t i c a l l y   t h e  same. 

6 .  The thickness  of t he   shee t  was found t o   b e   r a t h e r  unimpor- 
t a n t  when f a i l u r e  is concerned  except a t  high stresses (101.7 

number of   cycles) .  For the   h igh  stress case a t h i c k e r   s h e e t  
r e s u l t e d   i n  a s t r o n g e r   j o i n t .  
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7. 24s-T rivets were s t r o n g e r   i n   f a t i g u e   t h a n  17s-T  and A17S-T 
rivets. 

TN 974 BEARING STRENGTHS OF 75s-T ALUMINUM-ALLOY SHEET AND EXTRUDED 
ANGLE , C. Wescoat  and R. L. Moore , February  1945 

The ob jec t  vas t o   g i v e   b e a r i n g   y i e l d  and u l t ima te   s t r eng ths  of 
75s-T aluminum a l l o y   i n   t h e  form  of  sheet. The specimens were 
2-inch wide  s t r i p s  of  0.064-inch shee t ,   loaded   in   bear ing  on 
a 1/4-inch  pin. 

Failures  by  .shear and tension  in   the  margin  above  the  pin were 
predominate f o r  edge  distances  of  1.5 and 2 inches   d iameters   for  
edge  dis tances   of   4- inches  fa i lures  were by  bearing. The bear- 
i ng   p rope r t i e s   d id   no t  show any d i r e c t i o n a l   c h a r a c t e r i s t i c s   t h e  
a v e r a g e   u l t i m a t e   t e n s i l e   s t r e n g t h  ~7as found t o   b e  80,300  psi. 
The average   y ie ld   s t rength  was 68,000 p s i .  

The bear ing  s t rengths   var ied  according  to   the  edge  dis tance  of  
t h e  whole. 

(a)  For  the  edge  distance  equal  to  1.5-times  the  pin  diameter: 
Ultimate = 133,000  psi.  Yield = 101,500  psi. 
(b)  For  the  edge  distance  equal  to  2-times  the  pin diameter: 
Ultimate = 160,000 ps i .   Y ie ld  = 117,500  psi. 
(c)  For  the  edge  distance  equal  to  4-t imes  the  pin  diameter:  
Ultimate = 184,700  psi.  Yield = 124,000  psi. 

Angle  specimens were a l s o   t e s t e d  and the   bea r ing   s t r eng ths  were 
found t o   b e   q u i t e   c l o s e   t o   t h o s e  of the  sheet   specimens.  

TN 975 DATA ON MATERIAL PROPERTIES AND PANEL  COMPRESSIVE STRENGTH OF A 
PLASTIC-BONDED  MATERIAL  OF GLASS CLOTH AND CANVAS, George W. 
Zender, Evan H. Schuet te  and  Robert A. Weinberger, NACA, 1944 

Material tes ted :   "Val in i te , "  composed of /I162 f i b e r g l a s   f a b r i c  
and 8 02. canvas,  bonded  with  plaskom 700 r e s i n .  

Resul t s :   Tens i le   s t rength   increased   wi th   increase   f iberg las  
content .   Compressive  s t rength  decreased  with  increase  f iberglas  
conten t .   Tens i le   s t rength :  27 k ips  a t  50% fiberglas   ( longi-  
tud ina l ) .   23   k ips  a t  100% f ibe rg la s   ( t r ansve r se ) .  Compressive 
Strength:  13 k i p s  a t  25% f i b e r g l a s .  8-10 k i p s  a t  100% f ibe r -  
g l a s  . 
Conclusion: Material i s  no t  good  enough t o  compete on a s t r eng th  
t o  weight   basis   with aluminum. It had a low compressive  strength 
which may b e  improved  upon.  Waviness  of t h r e a d s   i n  weaving  hinders 
compressive  strength.  Creep was excessive  except   for   100%  f iber-  
g l a s  material. 
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TN 981 BEARING  STRENGTHS OF 24s-T ALUMINUM ALLOY  PLATE, R. L. Moore and 
C. Nescoat , June  1945 

Tests were made t o  determine  the  bear ing  s t rength  of  24S-T 
aluminum.  The fo l lowing   r e su l t s  were obtained. 

Edge Bear ing   to   Bear ing   to   Tens i le   Yie ld   for  
Distance Tensile  Various  Thicknesses 
i n  Terms Ultimate 
of P i n   f o r  a l l  Less than 0.250 t o  1 .001  to  
Diameter Thicknesses  0.249  in.  1.000  in.  2.001  in. 

1.5 D 1.5  1.64 1 .6  1.5 

2.0 D 1.9  1.87 1.8 1.7 

There was no  significant  difference  between  with-and  cross-grain 
bea r ing   y i e ld  and u l t ima te   s t r eng ths .  

The v a l u e s   f o u n d   i n   t h i s   r e p o r t  are i n   c l o s e  agreement  with  those 
found  in:  

Strength  of  Aircraft   Elements.  Army-Navy-Civil Committee  on 
Aircraft   Design Criteria. (ANC-5), 1942. 

S ince   the   bear ing   and   u l t imate   s t rengths   can   be   found  in   the  
above  reference  they will no t   be   t abu la t ed .  It will be  noted 
tha t   the   u l t imate   bear ing   s t rengths   ranged   f rom 80,000 p s i   t o  
110,000  psi. 

TN 983 AXIAL FATIGUE  TESTS AT TWO STRESS AMPLITUDES OF 0.032-INCH  24s-T 
SHEET SPECIMENS WITH A CIRCULAR HOLD, W. C. Brueggeman , M. 
Mayer, Jr. and TJ. H. Smith,  July  1945 

(a) This r e p o r t  was  i n t e n d e d   t o   i n v e s t i g a t e   t h e   e f f e c t  of  vary- 
i n g  stress amplitude on 24S-T A 1  sheet. 
(b) It  as proposed  that  

nl n2 

N1 N2 Nn 

n 
- + - +  ... + - =  1 n 

Where nn is t h e  number of  cycles a t  stress amplitude Sn, and Nn 
i s  t h e  number o f   c y c l e s   t o   f a i l u r e  a t  Sn, Nn is obtained  from 
t h e  S-N curve as t h e   c y c l e s   t o   f a i l u r e  a t  a constant  stress 
amplitude. 
(c) Specimens showed considerably  higher  endurance when the low 
stress was a p p l i e d   f i r s t   t h a n  when the   h igh  stress was appl ied  
f i r s t .  It t7as found  tha t  a simple  formula  such as the  fol lowing 
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equat ion , 

N = n + n + .... 1 2  + nn 

is adequate to   descr ibe  the  endurance when  many cycles  a t  low 
stress amplitude are followed  by many cyc les  a t  high stress 
amplitude. It i s  appa ren t   f rom  th i s   i nves t iga t ion   t ha t   an  
equation  to  describe  the  endurance  must  take  the  sequence of 
t h e  low stress and  high stress in to   cons idera t ion .  

TN 984 STRESSES AT CUT-OUTS I N  SHEAR RESISTANT IGBS AS DETERMINED BY 
THE PHOTOELASTIC METHOD, Benjamin F. Ruffner  and  Calvin L. 
Schmidt, NACA, Novgmber 1945 

Inves t iga t ion   of  stress concentrations  around  l ightening  holes 
i n   p l a t e s  and beam webs.  Conclude  round holes ,   square   ho les   wi th  
s i d e s  a t  45" t o   n e u t r a l  axis and radiused  corners   to   have  lower 
stress levels than   comparable   rec tangular   ho les ,   espec ia l ly   those  
wi th   edges   pa ra l l e l   t o   neu t r a l   ax i s .   Add i t ion   o f   s t i f f ene r s   fu r -  
ther  reduces stresses. 

S t r e s s   i n   u n c u t  web calculated  by  conventional method. Stress 
i n   c u t  web obtained  from stress c o n c e n t r a t i o n   f a c t o r s   p l o t t e d   i n  
report.  Reinforcement  width  should  be  about  1/2-width of cut- 
o u t   o r  less. 

Reinforcement  thickness = 1.2  x stress concentrat ion  factor   x  
web thickness  reduces stress level approximately t o   t h a t  of 
uncut web. 

Width  of reinforcement  determines  st iffness.   Thickness  of  rein- 
forcement  determines stress level. 

TN 986 NONDESTRUCTIVE MEASUREMENT  OF RESIDUAL AND ENFORCED STRESSES BY 
MEANS OF X-RAY DIFFRACTION, I-CORRELATED ABSTRACT OF THE LITERA- 
TURE, G. Sachs, C. S.  Smith,  Jack D. Lubahn, G. E. Davis and 
L. J. Ebert,  September  1945 

It was found t h a t  stress measurements  by  x-ray d i f f r a c t i o n  methods 
could  have many a p p l i c a t i o n s   i n  commercial  problems,  but  the con- 
d i t i o n s   i n  commercial s t r u c t u r e s  are not   conducive   to   p rac t ica l  
execution  of  the method. An attempt v7as made t o  determine  whether 
it is f e a s i b l e   t o  measure stress t h i s  way i n  commercial p rac t i ce .  
This  is  the  only  non-destruct ive method  which  fundamentally  per- 
m i t s  t h e  measurement  of stress and s t r a i n .  

The d i f f e r e n t  methads  used up t o   t h i s  time were mentioned.  Sure- 
l y   i n   t h e  23   yea r s   s ince   t he   pub l i ca t ion  of t h i s   r e p o r t   b e t t e r ,  
easier methods are a v a i l a b l e  so t h e   o n e s   i n   t h i s   r e p o r t  w i l l  no t  
be  mentioned. 
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A t  t h e  time o f   p u b l i c a t i o n   t h e   p r a c t i c a l   a p p l i c a t i o n   o f  x-ray 
d i f f r a c t i o n  was n o t   i n  a workable  method. 
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NONDESTRUCTIVE  MEASUREMENT  OF RESIDUAL AND ENFORCED  STRESSES BY 

PROBLEMS, G. Sachs , C.  S. Smith, J. D. Lubahn, G. E. Davis 
and L. J. Eber t ,  November 1945 

MEANS OF X-RAY DIFFRACTION,  II-SOME  APPLICATION TO AIRCRAFT 

The purpose 17as t o   d e t e r m i n e   i f   t h e   x - r a y   d i f f r a c t i o n  method  of 
stress de te rmina t ion   cou ld   be   u sed   p rac t i ca l ly   on   a i r c ra f t   s t ruc -  
t u r e s .  The methods  of  x-ray d i f f r a c t i o n   t h a t  were used were ex- 
p la ined   bu t   they  were t o o   l o n g   t o   b e  summarized  on cards .  Also 
t h e r e  are probably  better  methods  used  today. 

The conclus ions   tha t  were drapm are: 

1. X-ray d i f f r a c t i o n  methods  can  be  used to   de t e rmine   su r f ace  
stresses i n  metals p rov ided   t ha t   t he  stress g r a d i e n t s  are n o t   t o o  
g r e a t .  

.2. Measurement  of stresses i n   t h e   i n t e r i o r  of a metal i s  n o t  
p o s s i b l e  a t  this time. 

3. The l o n g i t u d i n a l  stress i n  a flat-notched  specimen was found 
to   agree   wi th   tha t   ob ta ined   by   photoe las t ic   methods .  

4. The r e s i d u a l  stress p r e s e n t   i n  a s t ruc ture   welded   f rom  a l loy  
steel SAE X-4130 cannot  be  measured i n  regions  of   the   parent  
metal a f f ec t ed   by   t he   hea t .  Thus t h e r e  i s  a r a t h e r   e f f e c t i v e  
r e s t r i c tmen t   on   x - r ay   d i f f r ac t ion   fo r   de t e rmina t ion   o f  stress 
i n  weldments. 

PROPERTIES  OF SOME EXPANDED  PLASTICS AND OTHER LOWDENSITY MATE- 
RIALS, Benjamin M. Axilrod  and  Evelyn  Koenig , NACA, September 
19 45 

Presenta t ion   of   ex tens ive   da ta  on p rope r t i e s   o f  7 low d e n s i t y ,  
as   thermal   conduct ivi ty ,   densi ty ,   weight   and  dimension  changes 
due   to   hea t   and   humidi ty ,   weather ing ,   e f fec ts   o f   o rganic  sol-  
v e n t s ,  water absorp t ion ,   sof tness   index   before  and a f t e r  treat- 
ment  by so lvents ,   f l exure   and   compress ive   p roper t ies .  

EFFECT  OF  FATIGUE-STRESSING SHORT OF  FAILURE ON SOME TYPICAL 
AIRCRAFT  METALS, J. A. Bennett,  October  1945 

T e s t s  were made t o   d e t e r m i n e   t h e   e f f e c t   o f  service stresses on 
the   impact   res i s tance   o f   25s  aluminum a l l o y .  The average  impact 
r e s i s t a n c e  was found  to  be  unimpaired even i n  material cut   f rom 
specimens  broken  by  repeated  stress-above  or  below the f a t i g u e  
l i m i t .  The two al loys  which were t e s t e d  were 25s aluminum  and 
X4130 chromium-molybdenum. 
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Pro longed   f a t igue   s t r e s s ing   p r io r   t o   t he   fo rma t ion  of  cracks  did 
not  cause  embrit t lement.  After cracks  had  formed  the loss  i n  
impact resistance was a func t ion  of t h e   s i z e  of the  cracks.  

The- embr i t t l i ng   e f f ec t   o f   f a t igue   c r acks  was g r e a t e r  a t  low 
temperatures  than a t  room temperature. 

When the   micro-s t ruc ture  of 25s aluminum  was s tudied  by  x-ray 
d i f f r a c t i o n  i t  was found to   be   i nadequa te   t o   de t ec t   f a t igue  
damage. 

The b e s t  way t o   d e t e c t  when t h e   f a t i g u e  l i m i t  w a s  reached was 
to   no te   the   decrease   in   endurance  a t  stresses above t h e   f a t i g u e  
l i m i t .  

I f   t h e   p r e - s t r e s s  was g rea t e r   t han   t he  test stress, t h e  damage 
occurred more r a p i d l y   d u r i n g   t h e   f i r s t   p a r t  of t h e  test, then 
more slowly. The reverse was t r u e   i f   t h e   p r e - s t r e s s  was less 
t h e n   t h e  test  stress. Thus i n  a machine  which  must  endure 
ove r s t r e s s ,  i t  would b e   b e n e f i c i a l   t o   a v o i d   r e l a t i v e l y   h i g h  
stress during the e a r l y   p a r t  of i t s  l i f e .  

TN 993 ANALYTICAL  STUDY  OF  TRANSMISSION  OF LOAD FROM SKIN TO STIFFEN- 
ERS AND RINGS OF  PRESSURIZED CABIN STRUCTURE, Theodore Hsueh- 
Huang Pian, M.I.T., October 1945 

This   repor t   dea ls   wi th   p ressur ized   cab ins  and may not   be   appl i -  
c a b l e   t o   t h e   d e s i g n   o f   l i g h t  a i rcraf t  o p e r a t i n g   i n  areas where 
pressurized  cabins  are of l i t t l e  importance. 

This  paper is concerned  with  the  problem  of  deformation  and  the 
stress ana lys i s  of a p re s su r i zed   cab in   s t ruc tu re ,   cons i s t ing  of 
shee t  metal s k i n ,   l o n g i t u d i n a l   s t r i n g e r s ,  and a f i n i t e  number  of 
r i ngs  which are equally  spaced  between two end  bulkheads. 

Three  deformation  parameters are considered and so lved   for :  

1. Radial  expansion  of  rings. 
2. Qui l t ing  of s t r i n g e r s .  
3. Transverse  e longat ion  of   skin.  

The s t r u c t u r e  is cons idered   to   be   under   in te rna l   p ressure   on ly  
and  superposit ion is assumed t o  apply. 

A method us ing   s t r a in   ene rgy  is presented. The stresses deter- 
mined once  the  three  deformations  have  been  found are: 

1. Tens i le  stresses i n   r i n g s  and s t r i n g e r s .  
2. Longi tudinal   and  c i rcumferent ia l  stresses i n   s k i n .  

A sample  problem is  worked out  completely  and  answers are 
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compared with test r e s u l t s  on a model  by  Lockheed  and  Consolidated- 
Vultee.  The  method  developed i s  i n  good  agreement  with  the test 
r e s u l t s  and on the   conserva t ive   s ide .  An ana lys i s  of poss ib l e  
discrepences i s  made. 

TN 994 C O L ~ ~  STRENGTH OF  EXTRUDED MAGNESIUM ALLOYS, J. R. Leary  and 
Marshall   Holt ,  December 1945 

The ob jec t  v7as to   p rov ide  a b a s i s   f o r   e s t a b l i s h i n g  a general  
fo rmula   fo r   t he  column s t r e n g t h  of  magnesium a l l o y s  A"C58S 
and A"C58S-T5  members t h a t  are n o t   s u b j e c t   t o   l o c a l   b u c k l i n g  
o r   t o   t o r s i o n a l   i n s t a b i l i t y .  The t e n s i l e  tests t7ere made on 
s tandard  1/2- inch  a ide  tensi le   specimens - of the f u l l   t h i c k -  
ness   of   the  material. 

O f a l l   t h e  tests r u n   t h e   o n l y   f a i l u r e  was f o r  a specimen a t  
which a shear ing   type   o f   fa i lure   occur red  a t  a s t r a i n  of  about 
6.3  percent.  

A r e l a t i o n   t h a t  relates column s t r eng ths  and  s lenderness   ra t io:  

P a E  2 -  
- =- 
A KL2  

- = column s t r eng th   (p s i )  P 
A 
E = e f f e c t i v e  modulus 
L = length  of member 
r = least  r ad ius  of  gyration 
K = c o e f f i c i e n t   d e s c r i b i n g   t h e  end 

of  conditions  of  the  specimen 
(for  round  ends K equals   un i ty  
and fo r   f i xed   ends  K equals  
one-half ) 

- 

F o r   t h e   a l l o y s   t e s t e d   t h e  maximum values  of P/A are: 

A"C58S .............................. 21,300 p s i  
A"C58S-T5 ........................... 30,000 p s i  

TN 998 NUMERICAL  PROCEDURES  FOR  CALCULATION  OF THE STRESSES I N  MONO- 
COQUES, 111-CALCULATION  OF THE BENDING MOMENTS I N  FUSELAGE 
FRAMES, J. N. Hoff,   Paul A. Libby  and Bertram Klein,   April   1946 

( a )   In   t h i s   r epor t   Sou thwe l l ' s  method  of sys t ema t i c   r e l axa t ion  
(TN 944) v7as used t o   c a l c u l a t e   t h e   b e n d i n g  moments and t h e   d i s -  
t o r t i o n s  of fuse l age   r i ngs  upon  which  knotm concentrated  and 
d i s t r ibu ted   l oads  are ac t ing .  
(b) The frames  and  rings are d iv ided   i n to  beams of constant  
r ad ius  of curvature  , t he   fo rces  and moments caused i n  the  ends 
of  each  section  by a uni t   d isplacement   in   the  ends  of   each sec- 
t i o n  are c a l c u l a t e d ,   t h e  beams are then  recombined t o  form t h e  
complete   r ing  using  three  s imultaneous  equat ions a t  each   jo in t .  
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(c) Examples  of ca l cu la t ions   i nc lude  egg-shaped  and c i r c u l a r  
r ings  with  and  without V-braces  loaded  symmetrically  and  anti- 
symmetr ical ly .   This   report   uses  a l a r g e  number of  simultaneous 
equations  and may be   adaptab le   for   use   wi th  a computer. 

TN 999 NUMERICAL PROCEDURES  FOR THE CALCULATIONS  OF THE STRESSES I N  
MONOCOQUES I V  - INFLUENCE  COEFFICIENTS  OF  CURVED BARS FOR 
DISTORTIONS I N  THEIR OWN PLANE, N. J. Hoff, Bertram Klein and 
Paul  A. Libby,  April  1946 

(a) The purpose of t h i s   r e p o r t  was to   fo rmula t e   equa t ions   fo r  
t h e   c a l c u l a t i o n  o f   i n f l u e n c e   c o e f f i c i e n t   f o r   u s e   i n  TN 998. 
(b) The repor t   g ives   fo rmulas   fo r   ca l cu la t ing   s ix   i n f luence  
c o e f f i c i e n t s   f o r   f i x e d  and  moveable  ends.  15  tables  and  91 
graphs  give many in f luence   coe f f i c i en t s  as func t ions   o f  B y  
angle  subtended  by  circular median l ine of   bar ;  y, s e c t i o n  
length  parameter (AL2/I); 5, r a t i o   f o   e f f e c t i v e   s h e a r  area 
t o  area of   cross-sect ion  of   the  bar  (*A/A). 

TN 1002 STRESS  ANALYSIS OF COLUMNS AND BEAM COLUMNS BY THE PHOTOELASTIC 
METHOD, B. F. Ruffner,  March 1946,  Oregon State College 

This  paper  at tempts  to  develop a simple,   accurate  and  quick 
method of  determining moments and c r i t i ca l  l o a d s   i n  members 
loaded  as beam columns  by the  use  of  methods  of  photoelastic 
ana lys i s .   Photoe las t ic   t echniques  are appl ied  to   uniform and 
tapered beam columns, c i r c u l a r   r i n g s ,  and s t a t i c a l l y   i n d e t e r -  
minate  frames. A discussion  of  the  proper  design  of  photo- 
e l a s t i c  models is  a l so   p resented .  Some approximate  theoret ical  
equa t ions   t ha t   p rove   he lp fu l   i n   ana lyz ing   pho toe la s t i c   r e su l t s  
are a lso   p resented .  

For beam columns of  constant E 1  and pin  ends  the  accuracy of 
t h i s  method was good.  Zero eccen t r i c i ty   o f   t he  end loads was 
not   necessary   and   eccent r ic i t ies   had  no e f f e c t  upon c r i t i c a l  
load   bu t  may have a l a r g e   e f f e c t  upon bending moments a t  va lues  
of   ax ia l   load  less t h a n   t h e   c r i t i c a l   l o a d .  

For c i r cu la r   r i ngs   bend ing  moments are a funct ion  of  R /I and 
pho toe la s t i c  tests ind ica t e   t ha t   fo rmulas   p rev ious ly   i n  use f o r  
t he   ca l cu la t ion  of bending moments i n   c i r c u l a r h r i n g s   g i v e  non- 
conservative  values  for  high  R4/I,   where R is any r e a c t i o n   f o r  
i n t e r n a l   f o r c e  of t h e  member. 

4 

For a element of an indeterminate  frame member where  an  axial  
load  approaches  the c r i t i ca l  v a l u e   t h i s  method i s  usefu l .  

The pho toe la s t i c  method  can be  used i n   t h e   f o l l o w i n g   a r e a s  
where a n a l y t i c a l  methods a re   no t   r ead i ly   ava i l ab le :  

120 



1. Beam columns  of varying E I .  

2. S t ruc tures   such  as f lex ib le   c i rcu lar   r ings   where   deformat ions  
have a non-negl ig ib le   e f fec t  upon stress d i s t r i b u t i o n .  

3 .  S t a t i c a l l y   i n d e t e r m i n a t e   s t r u c t u r e s   w h e r e   i n t e r n a l   f o r c e s  
and moments, etc. aren't linear func t ions   o f   ex te rna l   loads .  

TN 1004 THE COLLMN-STRENGTH OF ALUMINUM ALLOYS 75s-T EXTRUDED SHAPES, 
Marshall  Holt  and J. R. Leary,  January  1946 

The ob jec t  was to   de te rmine   the  column strength  of   extruded 
aluminum a l l o y  75S-T. These  values were as fo l l01 -7~  : 

Tens i l e   s t r eng th  ...................... 88,000 p s i  
T e n s i l e   y i e l d   s t r e n g t h  ................ 80,000 p s i  
Elongation ........................... 10% i n  2 inches 

For column s t r e n g t h   i n   t h e   e l a s t i c  stress range,   the  tests agree 
well wi th   the   Euler  column curve as given below: 

" P n 2 E  
" 

A K L 2  ( 1  

E = 10,500,000 p s i  

" KL - s l ende rness   r a t io  
r 

K = 0.50 

" - column s t r eng th  
A 

For column stresses above t h e  elastic stress range  the tests 
agree   wi th   the   t angent  modulus  curve  which is t h e  same form as 
Eu le r ' s   equa t ion   excep t   t ha t   t he   t angen t  modulus in s t ead   o f   t he  
i n i t i a l  modulus i s  used. 

TN 1005 CORRELATION BETWEEN STRENGTH  PROPERTIES I N  STANDARD TESTS  SPECI- 
MENS AND MOLDED  PHENOLIC  PARTS, P. S. Turner  and R. H. Thomason, 
National  Bureau  of  Standards, May 1945 

T e n s i l e ,   f l e x u r a l ,  and  impact  properties  of  10  selected  types of 
phenolic  molding materials. 

This   information i s  no  longer   appl icable .  

TN 1009 ANALYSIS  OF  DEEP RECTANGULAR SHEAR WEB ABOVE BUCKLING LOAD, 
Samuel Levy , Ruth M. Woolley  and Josephine N. Corr ick,  March 1946 

ABSTRACT: A so lu t ion   of  Von Karman's e q u a t i o n s   f o r   p l a t e s   w i t h  
l a r g e   d e f l e c t i o n s  i s  p resen ted   fo r   t he  case of a rec tangular   shear  
web wi th   he ight  to width   ra t io   2 .5   re inforced   by  vertical  s t r u t s  
having  one-fourth  the  weight  of  the  shear web. Resul t s  were 

" 
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compared t o  NACA TN NO. 962 f o r   s q u a r e   s h e a r  web. The shear  de- 
format ions   for   bo th  webs were n e a r l y   t h e  same. 

CONCLUSIONS: The maximum p r i n c i p a l  stress a t  the   cen te r  of t h e  
web cont inues   to  rise af ter  buckl ing ,   whi le   the  minimum pr inc i -  
p a l  stress remains  constant  and  then  decreases  slowly  with  in- 
creasing  load.  The d i rec t ion   of   the  maximum p r i n c i p a l  stress 
a t  the   cen te r  forms an angle  of 45" wi th   t he   f l anges  a t  t h e  
buckl ing   load;   the   angle  decreases wi th   increas ing   load;  i t  is  
only  about 32" a t  four  times the  buckl ing  load.  

I n   t h e   c o m e r s  of t h e  web t h a t  are i n   l i n e   w i t h   t h e   d i a g o n a l  
wr ink le s ,   t he  minimum median f i b e r  stress (compression) is  
about 30 p e r c e n t   l a r g e r   i n   a b s o l u t e   v a l u e   t h a n   t h e  maximum 
median f i b e r  stress ( tens ion) .  The bending stress at  the  cor- 
n e r  i s  about  one-half as l a r g e  as t h e  median f i b e r  stresses. 
The d i r e c t i o n  of t h e  maximum median f i b e r  stress i n   t h e   c o m e r  
changes  from 45" relative t o   t h e   f l a n g e s  a t  buckling  to  about 
43" a t  four  times the   buckl ing   load .  

The slope  of  the  shear  deformation-load  curve shows an  abrupt 
d e c r e a s e   i n   s h e a r   s t i f f n e s s  a t  the   buckl ing   load .  

The e f f ec t ive   w id th  of the   shee t   d rops   o f f   s lowly  as t h e  buck- 
l i n g   l o a d  is exceeded. 

The compress ive   fo rce   i n   t he   s t ru t  i s  about   three times as l a r g e  
a t  the  middle as a t  the  ends.   This i s  a much l a r g e r   v a r i a t i o n  
than was  found i n   r e f e r e n c e  1 f o r  a square  shear  web ; i t  is 
probably  caused  by  gusset  action  near  the  ends  of  the  relatively 
longe r   s t ru t s   r e in fo rc ing   t he   r ec t angu la r  web. The i n c r e a s e   i n  
s t r u t   f o r c e   w i t h   l o a d  was roughly  l inear .  

Comparison wi th   t he   d i agona l   t ens ion   f i e ld   t heo ry  as developed 
i n   r e f e r e n c e  6 i n d i c a t e s   t h a t  Kuhn's ana lys i s  i s  up t o  37 percent  
more conse rva t ive   t han   t he   p re sen t   ana lys i s   excep t   fo r   s t ru t  
f o r c e ,   f o r  which the   p re sen t   ana lys i s  i s  more conservative.  

Comparison wi th   t he   d i agona l   t ens ion   f i e ld   t heo ry  as developed 
i n   r e f e r e n c e  7 ind ica tes   tha t   Langhaar ' s   ana lys i s  is  much more 
conserva t ive   than   the   p resent   ana lys i s ;   the   d i f fe rence  is  of   the 
order   of  50 t o  400 percent  a t  t h e   l a r g e s t   l o a d s .  
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TN 1010 STRESS-STRAIN AND ELONGATION GRAPHS FOR ALUMINUM ALLOY B O 1  SHEET, 
James A. Miller, February  1946 

The fo l lowing   proper t ies  are determined  from tests on dupl ica ted  
long i tud ina l  and transverse  specimens  from aluminum a l l o y  R301 
sheets with nominal  thicknesses  of 0.020 , 0.032 , and  0.064 inches. 

1. Tensi le   and  compressive  s t ress-s t ra in   graphs and stress- 
deviat ion  graphs  sheets  i n  T c o n d i t i o n   t o  a strain of 1%. 

2. Graphs  of  tangent  modulus  and  reduced  modulus f o r  a rectan-  
g u l a r   s e c t i o n   v e r s u s   s t r a i n   i n   c o m p r e s s i o n   i n  T condition. 

3. T e n s i l e   s t r e s s - s t r a i n   g r a p h s   t o   f a i l u r e   i n  W and T condition. 

4. Local   e longat ion and e longa t ion   ve r sus   gage   l eng th   fo r   t ens i l e  
specimens  from sheet i n  'w condition  and T c o n d i t i o n   t e s t e d   t o  
f r a c t u r e  . 
The W condi t ion is quenched. The T condi t ion i s  a r t i f i c a l l y  aged. 

Tens i le  tests were made on two longi tudina l   ( in   d i rec t ion   of   ro l l -  
ing)  specimens and  two t r ansve r se   ( ac ross   d i r ec t ion   o f   ro l l i ng )  
specimens f o r  each th ickness  of sheet in T condition. 

The stress s t ra in   g raphs   have   coord ina tes  of (T, E where (T = S/Sl 

and 

Ee 

% 
E = -  
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where S = 
SI= 
E =  

The stress 
6 = E -0. 

stress c o r r e s p o n d i n g   t o   s t r a i n  e. 
0.7E secant y i e l d   s t r e n g t h .  

Young ' s modulus. 

deviation  graphs  have  coordinates  of Q and 6 where 
These were p l o t t e d  on  log-log 

the   s t ress -s t ra in   curve   can   be   expressed  
paper   to  show where 
by 

e = S/E + K(z) S n  

The g raphs   i nd ica t e   t ha t   t he   r e l a t ionsh ip   ho lds   fo r   t he  com- 
pressive  specimens  and  for   the ' longi tudinal   specimens  for   values  
of S/S1 S2/S1 where S = 0.85E secan t   y i e ld   s t r eng th .  

For the  tangent-modulus-strain  graphs,   the  ordinates are t h e  
r a t i o s  of  tangent  modulus E '  t o  Young's  modulus. The graphs 
show no evidence  of a secondary  modulus. 

2 

The reduced-modulus-strain  graphs were derived  from  the  cor- 
responding  tangent-mbdulus-strain  curves  using  the  formula 

E r  4E' /E 
" - 
E (1 + JE'/E)2 

Tens i le  tests t o   f a i l u r e  were made  on two l ong i tud ina l  and two 
transverse  specimens  from  sheets of each   t h i ckness   i n   bo th   t he  
W and T condi t ion.  The values  of  elongation  usually  correspond- 
ed t o  a s t r a in   o f   abou t  0.006 less than   the  maximum recorded 
s t ra in   under   load .  

The graphs of f igures   37,  38, & 39 are u s e f u l   f o r   e s t i m a t i n g   v a l u e s  
of stress, s t r a i n ,   t a n g e n t  modulus,  and  reduced  modulus, f o r  
R30l-T shee t  between 0.020 and  0.064  inches i n   t h i c k n e s s ,   f o r  
which  Young's  modulus  and t h e   s e c a n t   y i e l d   s t r e n g t h   i n   t h e   d e s i r e d  
d i r e c t i o n  are given. 

TN 1013 STRESSES I N  AND GENERAL INSTABILITY OF MONOCOQUE CYLINDERS WITH 
CUTOUTS, I - EXPERIMENTAL  INVESTIGATION  OF CYLINDERS WITH A S Y "  
METRIC CUTOUT SUBJECTED TO PURE BENDING, N. J. Hoff and  Bruno 
A. Boley,  June  1946 

(a) Tests were r u n   t o   f i n d   t h e   e f f e c t  on stress and s t r a i n  of 
d i f f e r e n t   s i z e   c u t o u t s   i n  monocoque cy l inders   subjec ted   to   pure  
bending. 
(b) The s t r a i n  was measured  using  s t ra in   roset tes  and t h e  
stresses were ca l cu la t ed  f Tom: 
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E =  
u =  
T =  
c f =  

C 

c f =  
X 

E : =  

Y =  

( 4  

(T = ( E / ( l  - u + u E ~ )  2 

(T =: ( E / ( l  - u )) (cC + u E ~ )  
2 

X 

C 

T = Gy 

Young's  modulus 
Po i s son ' s   r a t io  
shear  stress 
normal stress i n   s h e e t   i n   c i r c u m f e r e n t i a l   d i r e c t i o n  

normal stress i n   s h e e t   c o v e r i n g   i n   a x i a l   d i r e c t i o n  

normal s t r a i n  

s h e a r   s t r a i n  

All 10 c y l i n d e r s   f a i l e d   i n   g e n e r a l   i n s t a b i l i t y ;  two symmetric 
and  one  anti-symmetric  pattern of buckling was observed. The 
buckl ing  load  of   the  cyl inders   having  cutouts   extending  over  45", 
go", and  135" was 66, 47, and 31%, r e spec t ive ly ,  of the  buckl ing 
load of the  cyl inders   without   cutouts .  Stress d i s t r i b u t i o n  is 
n o t   l i n e a r   i n  a cyl inder   with a cutout.  Up ' to  1 / 2  t h e   f a i l i n g  
l o a d   t h e   s t r a i n   i n c r e a s e s   l i n e a r l y   i n  any  one s t r i n g e r   w i t h  
increasing  appl ied moment, beyond t h i s   l o a d   t h e   s t r a i n   i n c r e a s e s  
more rapidly  than  according  to  a s t r a i g h t   l i n e .   I n  7 out  of 10 
cases   the  maximum s t r a i n  t7as reached i n   t h e   s t r i n g e r   r u n n i n g  
along  the  edge  of  the  cutout,   in  the  remaining  three cases t h e  
maximum s t r a i n  was in   t he   s t r i nge r   ad j acen t   t o   t he   edge   s t r inge r .  

TN 1014 STRESSES I N  AND GENERAL STABILITY OF 3IONOCOQUE CYLINDERS  WITH 
CUTOUTS - 11. CALCUUTION OF THE STRESSES I N  A CYLINDER  WITH A 
SYNNETRIC  CUTOUT, N. J. Hof f , Bruno A.  Boley  and Bertram Klein,  
June 1946 

P r e s e n t e d   i n   t h i s   r e p o r t  is a numerical   procedure  for   the  cal-  
cu la t ion  of stresses i n  a monocoque cy l inde r   w i th  a cu tout .   In  
the   p rocedure   t he   s t ruc tu re  i s  broken up i n t o  a g r e a t  many u n i t s ;  
t he   fo rces . in   t hese   un i t s   co r re spond ing   t o   spec i f i ed   d i s to r t ions  
of t h e   u n i t s  are ca l cu la t ed ;  a set of l inear   equa t ions  is estab- 
l i shed   express ing   the   equi l ibr ium  condi t ions  of t h e   u n i t s   i n   t h e  
d i s t o r t e d  state; and the  s imultaneous  l inear   equat ions are solved. 

CONCLUSIONS : 
1. A f u l l y  worked out  numerical  example is given. 

2. The s t e p  by s t e p  numerical  procedure is slowly  convergent 
b u t  i t s  values  correspond well to   those  obtained  experimental ly .  
(Problem ~7as i n i t i a l l y  worked  by  hand. ) 
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TN 1022 A FIXTURE  FOR COMPRESSIVE TEST OF THIN SHEET METAL BETWEEN LUBRI- 
CATED STEEL GUIDES, James A. Miller, Apr i l  1946 

(a) A f i x t u r e  was designed  to  test th in   shee ts   in   compress ion;  
t h i n   s h e e t s  must   be   suppor ted   aga ins t   genera l   ins tab i l i ty .  
(b)  The f i x t u r e   c o n s i s t e d   o f  two steel  guides  and two clamps. 
The f i x t u r e   h e l d   t h e   s i n g l e   s h e e t   w h i l e   t h e   l o a d  was appl ied.  
(c) The r e p o r t   s u g g e s t   t h a t   t h e i r   f i x t u r e   b e   u s e d  as a guide 
i n  making a f ix ture   to   ho ld   shee ts   dur ing   compress ive   t es t ing .  
The lubricant   used was Texaco  Marfak No. 3 .  

TN 1027 COLUMN STRENGTH OF ALUMINUM ALLOY 14s-T EXTRUDED SHAPES AND ROD, 
J.  R. Leary  and  Marshall  Holt, NACA, 1946 

A KL 2 

P = t o t a l   l o a d .  

E = effective  modulus,   from  Euler  or  Engesser.  E = E i n  
e l a s t i c   r ange ,   dec reases   w i th  stress i n  p l a s t i c   r ange .  

K = end f i x i t y   c o e f f i c i e n t  . 

- - 

For e las t ic  region (KL/r vs P/A p l o t   s t r a i g h t   l i n e )  

P 
A - = B - D ( r )  

KL 

B = i n t e r s e c t i o n   o f   s t r a i g h t  l ine  on axis   of   zero  s lenderness  
r a t i o   ( p l o t  of & vs P/A). 

r 
D = s lope   o f   p lo t .  

TN 1030 THE FATIGUE CHARACTERISTICS OF BOLTED TAP JOINTS OF 24s-T ALCLAD 
SHEET MATERIALS, L. R. Jackson, W. M. Wilson, H. F. Moore and 
H. J. Grover,  October  1946 

(a)  Fatigue tests were conducted t o  de te rmine   the   e f fec t  of b o l t  
f i t  on t h e   f a t i g u e   s t r e n g t h  of l a p   j o i n t s .   B o l t   f i t   v a r i e d  from 
p r e s s   f i t "   t o  a "sloppy f i t .  I'  

11 
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(b)  Bolt  Clearance Load L i f e   L i f e  of S imi la r  
180-in. -1b.  Specimen wi th  
torque 108-in.lb . torque 

( in)   ( lb )   (cyc les )   (cyc les )  

-0.001 t o  0.000 2500 64,700 40,000 - 120,000 
.002 2500 94,100 70,000 - 160,000 
.002 1150 1,638 , 100 700,000 - 1,600,000 
. O l O  2900 41 ,OO 40,000  100,000 
.025 2700 77,100 60,000 - 120,000 
.025 950 1,057,400 1,000,000  4,000,000 

(c) It vas found t h a t   f o r   u n i d i r e c t i o n a l   l o a d i n g   b o l t  f i t  i s  of 
l i t t l e  importance as fa r  as t h e   f a t i g u e   s t r e n g t h  is concerned. 
Direct inf luence  of b o l t   f i t  on   fa t igue   s t rength   under   reversed  
loading i s  a l s o  small. Ho~.~ever ,   loose- f i t t ing   bo l t s   permi t  ob- 
j e c t i o n a b l e   s l i p  and j o i n t   d e f l e c t i o n .  
(d) A l l  o t h e r   u s e f u l   i n f o r m a t i o n   i n   t h i s   r e p o r t ,   e f f e c t  of number 
of b o l t s  and  sheet  gage may be  found i n  Bruhn. 

TN 1031 A MULTIPLE BRIDGE FOR ELIMINATION OF CONTACT-RESISTANCE ERRORS 
I N  RESISTANCE  STRAIN-GAGE  MEASUREMENTS, I s i d o r e  Warshawsky, 
March 1946 

(a) A mul t ip l e -b r idge   c i r cu i t  was developed to   e l imina te   contac t -  
resistance e r r o r s  of t h e   f i r s t   o r d e r  between t h e  arms of t h e   o r d i -  
nary  Vheatstone  bridge.  
(b) The methods are p a r t i c u l a r l y   a p p l i c a b l e   t o   r o t a t i n g   s h a f t s  
o r   p r o p e l l e r   b l a d e s .  

TN 1036 COMPARISON OF STATIC STRENGTHS OF MACHINE COUNTERSUNK RIVETED 
JOINTS I N  24S-T,  X75S-T, AND ALCLAD 75S-T SHEET, E. C. Hartmann 
and A. N. Zamboky, May 1946 

The ob jec t  1.7as t o  compare t h e  s t a t i c  s t r eng ths  of  machine- 
c o u n t e r s u n k   r i v e t e d   j o i n t s   t o   e v a l u a t e   t h e   d i f f e r e n c e s   i n   c u t t i n g  
act ion  of   the  sharp  edge  of   the  sheet  when the  countersunk  hole  
was t h e  same depth as the   t h i ckness  of t he   shee t .  

The countersunk rivets are weaker  than  the  protruding  head 
rivets. This i s  due t o  the lack of cu t t ing   edge  i n  the pro- 
t rud ing  rivet. This  lack  of a cu t t i ng   edge   i nc reases   t he  
shea r   s t r eng th .   Th i s   cu t t i ng   ac t ion  is more  pronounced f o r  
t h e   h a r d e r   s h e e t s   t h a n   f o r   t h e   s o f t e r   s h e e t s .  A l l  o f   the  
countersunk  holes were c u t   t h e   e n t i r e   t h i c k n e s s  of t he   shee t  
t o  p r o d u c e   t h e   g r e a t e s t   c u t t i n g   e f f e c t  and thus   t he   g rea t e s t  
r e d u c t i o n   i n   s h e a r   s t r e n g t h .  

Thus i t  v a s   i n d i c a t e d   t h a t  i f  a shee t  must be  countersunk  that  
it should   no t   be   countersunk  the   en t i re   th ickness   o f   the   shee t  
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i f  i t  can  be  avoided.  If  i t  i s  done  through  the  entire  thick- 
ness  it decreased   the   shear   s t rength   by  a g r e a t  amount. 

TN 1038 STRUCTURAL HINGE-MOMENT INCREMENTS CAUSED BY HINGE-AXIS DISTOR- 
TION,  John V.  Becker and  Morton  Cooper, Apr i l  1946 

(a )   This   repor t   s tud ies   the   p roblem of s t r u c t u r a l  hinge-moment 
increments  caused  by  changing  the  elevator  angle. 
(b) When the   e leva tor ,   rudder  , o r   a i l e r o n  i s  de f l ec t ed   t he  cen- 
tral h i n g e   t e n d s   t o   r o t a t e   e c c e n t r i c a l l y .  The hinge moment, H,  
is found t o   b e  : 

H - 1 d 2 s i n  2 (6 - 4) 
2 - - (  1 do  (Ec-En) do cos 4 

H = hinge moment. 
E c  = chordwise   s t i f fnes s   f ac to r   o f   e l eva to r  measured a t  c e n t r a l  

En = normal-to-chord s t i f f n e s s  measured a t  cen t r a l   h inge  relative 

6 = angle  of e l eva to r   cho rd   t o   s t ab i l i ze r   cho rd  (6 p o s i t i v e   f o r  

do = perpend icu la r   d i s t ance   f rom  cen t r a l   h inge   t o   l i ne   j o in ing  

$ = angle   o f   ro ta t ion   o f   cen t ra l   h inge   about   l ine   jo in ing   and  

hinge relative t o  end  hinges,  pounds  per  inch. 

t o  end  hinges. 

t r a i l i n g   e d g e  dovm) . 
a end  hinges (6 0") .  

hinges.  

The s t r u c t u r a l   s t i f f n e s s   f a c t o r s  are determined  experimentally. 
(c )   For   any   cont ro l   sur face   having   th ree   h inges   the   s t ruc tura l  
hinge-moment increments   can  be  calculated i f  the  nonnal-to-chord 
and   chordwise   s t i f fness   fac tors  and t h e  e las t ic  def lect ion  curve 
are known. For a given  misalignment of t h e   h i n g e s   t h e   s t r u c t u r a l  
hinge-moment increments   increase   indef in i te ly   as   the   e leva tor  
chordwise   s t i f fnes s   f ac to r .  The s t r u c t u r a l  hinge-moment increment 
varies as t h e   s q u a r e   o f   t h e   l i f t   l o a d  on t h e  t a i l .  S t r u c t u r a l  
hinge-moment increments   increase  the  control   forces   required  to  
produce a g iven   e leva tor   def lec t ion .  
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TN 1039 QUANTITATIVE  TREATMENT OF THE CREEP  OF  EETALS BY DISLOCATION AND 
RATE PROCESS THEORIES, A. S. Nowick and E. S. Machlin,  April  1946 

Because  of  the  development of the gas   tu rb ine   focus  was on heat 
r e s i s t i n g   a l l o y s .  Creep r e s i s t a n c e  can be   used   to   eva lua te  heat 
r e s i s t a n c e   a l l o y .  

An equa t ion   fo r   t he   s t eady  s ta te  rate of  creep as a funct ion  of  
appl ied  stress and  temperature is derived  by  applying  Eyring's 
theory  of rate processes  and  theory of d i s l o c a t i o n s   t o   t h e  
problem. 

Th i s   i nves t iga t ion  is t o   e v a l u a t e   t h e   p h y s i c a l   p r o p e r t i e s  of 
h e a t   r e s i s t i n g   a l l o y s   i n  terms of p h y s i c a l   c o n s t a n t s   i n   o r d e r  
t o  minimize t h e  number of tests and net7 composi t ions  and  s t ructure  
o f   b e t t e r   h e a t   r e s i s t i n g   a l l o y s   t h a n   t h o s e   c u r r e n t l y   u s e d .  

The empir ical   equat ion  that   g ives   the  dependence of s teady  state 
rate of creep on stress and absolute  temperature  can  be  taken as: 

dl KT A + BT Bo 
loge u = log  e (C T)-T E 

The t h e o r e t i c a l   t r e a t m e n t   i n   t h i s   r e p o r t   h a s  shotm that   parameters  
A, B, and B. depend  on phys ica l   cons tan ts  of the material on  follot7- 
i n g  manner: 
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Where, B = P '  - V x f Goa = P' - Aa 2 2  

K = Boltzmann's  constant. 
T = absolute  temperature.  
h = Plank's  constant.  
dl = distance  between  atoms i n   s l i p   d i r e c t i o n .  

f = f r a c t i o n  whose va lue  i s  about  112. 
G = modulus  of r i g i d i t y  a t  absolute   zero.  

V = volume associated  with  one atom. 
0 

X = r a t i o  of dl t o  d 2' 
q = stress concent ra t ion   fac tor .  
F(T) = function  of  temperature  and material. 
P '  = - K l o g  P5. 
c1 = ternperafure  coefficient of  modulus o f   r i g i d i t y .  

The rate of  creep was found  to   decrease   wi th   increase  modulus of 
r igidity.   National  Defense  Research Committee has  shown t h a t  
chrome b a s e   a l l o y   h a v e   b e t t e r   r e s i s t i n g   p r o p e r t i e s   b e c a u s e   o f  
high  tungsten  of  molybdenum content .  

TN 1041 EFFECT OF NORIG& PRESSURE ON STRENGTH OF AXIALLY LOADED SHEET- 
STRINGER  PANELS, A.  E. McPherson,  Samuel Levy .and George Zibr i tosky ,  
Ju ly  1946 

ABSTRACT: Tests under combined axial load  and  normal  pressure 
were made on 29  24S-T aluminum a l loy   shee t -s t r inger   pane ls .  The 
panels  were re inforced  by extruded Z s t r ingers   spaced  4 inches 
between  centers.  Empirical  formulas were de r ived   fo r   p red ic t ing  
t h e  effect of normal  pressure on t h e   s t r a i n   f o r   b u c k l i n g  of 
sheet   between  s t r ingers .  A simple  formula was f i t t e d   t o   t h e  
d a t a   t o   d e s c r i b e   t h e   r e d u c t i o n  of maximum a x i a l   l o a d  due t o   t h e  
presence of  normal  pressure.   This  report  was done to   p rov ide  
addi t ional   experimental   data   and  to   der ive  empir ical   formulas  
for   de te rmining   the   buckl ing   load ,   load   car r ied   a f te r   buckl ing ,  
and ul t imate   load  of   sheet-s t r inger   panels   under  combined a x i a l  
load  and  normal  pressure. 

CONCLUSIONS: Normal pressure  did  not   appreciably  reduce  the 
s t r a in   fo r   buck l ing   be tween  rivets. 

The c r i t i ca l  b u c k l i n g   s t r a i n  of t h e   s h e e t  was found t o  depend 
on t h e   s h e e t   t h i c k n e s s ,   t h e  la teral  pressure,   and  the restraint 
of t he   shee t  a t  t h e   s t r i n g e r  edge.  The c r i t i c a l   b u c k l i n g   s t r a i n  
f o r  small la teral  pressures  depended p r i n c i p a l l y  on t h e   f l e x u r a l  
r i g i d i t y   o f . t h e   s h e e t  and  on the   type   o f   edge   res t ra in t ;  i t  was 
inc reased   w i th   an   i nc rease   i n   shee t   t h i ckness  and an increase 
in  e d g e   r e s t r a i n t .  A t  l a r g e  la teral  pressures ,  on t h e   o t h e r  
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hand, t h e   b u c k l i n g   s t r a i n  depended p r i n c i p a l l y  on t h e  amount of 
transverse curvature  produced  by  the  dishing  under  pressure;  it 
~7as decreased  with  an  increase i n   s h e e t   t h i c k n e s s  and an   increase  
i n  e d g e   r e s t r a i n t .  

The shee t   load   per   bay  was unaffected  by  the  panel   width,   panel  
l e n g t h ,   o r   d i r e c t i o n  of app l i ca t ion  of the  normal  load. The 
shee t   l oad   fo r  a g iven   edge   s t r a in  was decreased  by la teral  
p re s su re ,   bu t  was i n c r e a s e d   f o r   s t r a i n s  somewhat g rea t e r   t han  
the   buck l ing   s t r a in   w i th   no  la teral  pressure.  

Lateral pressure  caused a small r e d u c t i o n   i n   t h e  axial  load  a t  
f a i l u r e   a n d   t h i s   r e d u c t i o n   i n c r e a s e d   a s   t h e   p a n e l   t h i c k n e s s   i n -  
creased. The d i r ec t ion   o f   t he  lateral  pressure  had  no  effect  
on the  magni tude  of   this   reduct ion.  

The order   o f   loading   (pressure   o f  axial  load  first) had a negl i -  
g i b l e   e f f e c t  on  the  buckl ing  of   the  sheet :   and  affected  the  sheet  
load  by a very  small percent .  

Increasing  sheet   thickness   caused a r educ t ion   i n   ave rage  stress 
at  f a i l u r e ,   c o r r e s p o n d i n g   t o   t h e  smaller re inforcement   ra t io .  

REFERENCE: Samuel  Levy; Daniel  Goldenberg;  and  George  Zibritosky: 
Simply  Supported Long Rectangular   P la te  Under Combined Axial Load 
and Normal Pressure.  NACA TN NO. 949,  1944. 

TN 1047 CLAMPED LONG RECTANGULAR PLATE UNDER COMBINm AXIAL LOAD AND 
NORMAL PRESSURE, Ruth M. Woolley , Josephine N. Corr ick,  and 
Samuel  Levy, June 1946 

ABSTRACT: A s o l u t i o n  v7as presented  - for   the  buckl ing  load  and 
load   ca r r i ed  after buckling  of a clamped r e c t a n g u l a r   p l a t e  
having a width-length  ratio  of  1:4  under combined normal  pres- 
s u r e  and axial load. Normal pressure  causes a smaller inc rease  
i n  the buckl ing  load  of   plates  with clamped  edges  than of p l a t e s  
with  simply  supported  edges.   Neglecting  the  effect   of lateral  
pressure  on  the  sheet   buckl ing  load  and on the   load   car r ied   by  
t h e   s h e e t   a f t e r   b u c k l i n g  is a conservat ive  design i n  t h e  e las t ic  
range. The shee t   i n   a i rp l ane   w ings ,   fu se l ages ,  and h u l l  bottoms 
constructed  of   sheet  metal r e in fo rced   by   s t r inge r s   f r equen t ly  
is  subjec ted   to   normal   p ressure  as well as f o r c e s   i n   t h e   p l a n e  
of t h e   s h e e t .  

CONCLUSIONS: 1. The i n i t i a l   g e n e r a l  doFmward de f l ec t ion  of 
t h e   s h e e t  due t o  normal   p resssure ,   t ends   to   d i sappear  a t  high 
axial loads.  

2. In the  neighborhood  of  the  buckling  load,  the  load  remained 
near ly   constant   while   the  def lect ion  changed  rapidly.  
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3. The de f l ec t ion  of t h e   p l a t e  a t  the  axial c e n t e r   l i n e  is a 
s i n g l e   l o n g   b u l g e   f o r  low a x i a l   f o r c e  P and g radua l ly   bu i ld s  up 
t o  a r egu la r   buck le   pa t t e rn  a t  l a r g e r   v a l u e s  of P .  The s h i f t i n g  
of   the   buckle   pa t te rn  i s  no t  accompanied  by a drop i n   a x i a l   l o a d .  

4.  Normal pressure   causes  a much g rea t e r   p ropor t iona te   i nc rease  
f'n the bueleling leads sf p l a t e s  with simply-supported  edges  than 
o f   p l a t e s   w i th  clamped edges.  

5. The e f fec t   o f   normal   p ressure  on t h e   a x i a l   l o a d   f o r  a given 
edge s t r a i n  is  n e g l i g i b l e .  

6 .  The buckling  load a t  the   h ighes t   no rma l   p re s su re   s tud ie s  i s  
1.3 times the  buckling  load  with  no  normal  pressure.  

Method used f o r   s o l v i n g   f o r   t h e  amount of   buckl ing was g iven   i n :  

1. Levy,  Samuel:  Bending  of Rectangular   Plates   with  Large 
Def lec t ions .  NACA REP. NO. 737,  1942. 

2.  Levy,  Samuel  and  Samuel Greenman: Bending with  Large 
Deflection  of Clamped Rectangular   P la te   wi th  Length-Width Rat io  
of 1:5 under Normal Pressure .  NACA TN NO. 853, 1942.  

3 .  Crait, P r e s c o t t  D . :  A Short  Plethod for   Evaluat ing  Determinants  
and  Solving  Systems  of  Linear  Equations  with  Real  or Complex Co- 
e f f i c i e n t s .   T r a n s .  A.I .E.E.  vo l .  60, 1941. 

TN 1051 PRELIMINARY INVESTIGATION OF THE LOADS CAXRIED BY INDIVIDUAL BOLTS 
I N  BOLTED JOINTS, Manford B. Tate and  Samuel J. Rosenfeld,  May 
1946 

The present   paper  deals w i t h   t h e   l o a d   d i s t r i b u t i o n  among t h e   b o l t s  
of symmetrical b u t t   j o i n t s .  The test specimens were doubly sym- 
metrical two a n d   t h r e e   b u t t   j o i n t s  made of 24-T aluminum a l l o y  
p l a t e s   j o in t ed   by  a s i n g l e   l i n e  of 114  inch  a l loy s teel  b o l t s .  
In   the   exper imenta l  tests the  load  which was d i s t r i b u t e d  among 
t h e   v a r i o u s   b o l t s   w i t h i n  and  above t h e  e las t ic  range was dcter- 
mined. 

The t h e o r e t i c a l   s o l u t i o n   f o r   t h e   l o a d s   c a r r i e d  by b o l t s   i n  sym- 
metrical b u t t   j o i n t s  is based upon the   fo l lowing   condi t ions :  

1. The r a t i o  of stress t o   s t r a i n  i s  cons tan t .  

2.  The stress i s  un i fo rmly   d i s t r ibu ted   ove r   t he   c ros s   s ec t ions  
of  main  plates and b u t t   s t r a p s .  

3.  The e f f e c t   o f   f r i c t i o n  i s  n e g l i g i b l e .  
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4 .  The b o l t s   f i t   t h e   h o l e s   i n i t i a l l y  , and the material of t h e  
p l a t e s   i n   t h e  immediate v i c i n i t y   o f   t h e   h o l e s  is no t  damaged o r  
s t r e s s e d  i n  making the h o l e s   o r   b y   i n s e r t i n g  the b o l t s .  

The following  conclusions are drakm f r o m   t h e   r e s u l t s  of this 
inves t iga t ion :  

1. From t h e  tests of t h r e e   b o l t   j o i n t s ,   t h e r e  is about 10% 
di f fe rence   be tween  theore t ica l   and   exper imenta l   bo l t   loads  
w i t h i n   t h e  elastic range.  The  bolt   carried  unequal  loads 
i n   t h e  e las t ic  range. 

2. A process   o f   bo l t   load   equal iza t ion   took   p lace  beyond t h e  
l i m i t  of elastic act ion  which  for   pract ical   purposes   caused 
t h e   b o l t s   t o   b e   l o a d e d   e q u a l l y  a t  j o i n t   f a i l u r e .  Because i n  
t h e  e las t ic  r a n g e   t h e   b o l t s  i n  t h e   f i r s t  rows c a r r y   f a r   g r e a t -  
er l o a d s   t h a n   i n t e r i o r   b o l t s  and j o i n t   f a i l u r e  may occur be- 
fore   comple te   equa l iza t ion   of   bo l t   loads  i s  r ea l i zed .  

3. Above t h e  e las t ic  range ,   the   ana ly t ica l   curves   can   be  ex- 
tended i n  an empir ica l  manner  and this extension may be used 
t o   p r o v i d e  a b a s i s   f o r  limit load  design.  

4. F o r   j o i n t s   i n  which t h e   t o t a l   l o a d  is imposed  on two b o l t s  , 
t h e   d i s t r i b u t i o n   o f   l o a d   t o   t h e   b o l t s  a t  t h e   u l t i m a t e   j o i n t   l o a d  
is less e f f ec t ed  by f a b r i c a t i o n   i n e q u a l i t i e s  and v a r i a b i l i t y   o f  
materials than is t h e   d i s t r i b u t i o n   i n   t h e  e las t ic  range. 

TN 1054 IMPACT  STRENGTH AND FLEXURAL  PROPERTIES OF LAMINATED PLASTICS AT 
HIGH AND LOW TEMPERATURES , J. L. Lamb , Isabelle Albrecht and 
B. M. Axilrod,  National  Bureau  of  Standards,  August 1946 

A s t u d y   o f   t h e   e f f e c t  of  temperature  on  impact  strength  and 
f l e x u r a l   s t r e n g t h  v7as made f o r  several types of p l a s t i c  lami- 
na te s .  The temperature  range vas from -70'F. t o  200'F. Izod- 
impact tests were conducted to   de te rmine   impact   s t rengths .  
Data i s  presented i n  t a b u l a r  form and several graphs  showing 
the   e f f ec t   o f   t empera tu res  on d i f f e r e n t   p r o p e r t i e s  are shotm. 

Resul t s   ob ta ined   by   o ther   inves t iga tors  are r e p o r t e d   i n  several 
sources   including:  

F i e l d ,   P h i l i p  M.: Basic Phys ica l   P rope r t i e s  of Laminates. 
Modern Plastics,  vol.  20,  August  1943. 

Oberg, T. T. , R. T. Schwartz  and  Donald A. Shinn:  Mechanical 
P rope r t i e s  of P l a s t i c  Materials a t  Normal  and  Subnormal Tempera- 
t u r e s .  A i r  Corps Tech. Rep. No. 4648, Modern P l a s t i c s ,   v o l .  20 

N o r e l l i ,  P. and W. H. Gard: Temperature  Effect  on  Strength of 
Laminates. Ind. Eng. Che., vol.   37,   June 1945. 
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Some tempera ture   e f fec ts  on  impact  and f l exura l   s t r eng ths   can   be  
s e e n   i n   t h i s   t a b l e .  

Change i n  Izod 
a/ 

Change i n  
Impact  Strength-  Flexural  Strength 

Type ot Laminate  (-70°F(%)  200"F(%))  (-70"F(%)  200"F(%)) 

Grade C phenol ic  -25 t o  -40- 10 t o  35 1 0   t o  30 -30 b /  - 
Asbestos-fabric- 
phenol ic  -15 -10  20 - 5  

High s t r eng th  
paper   phenol ic  0 t o  -20 5 t o  -20 25 -40 

Rayon f a b r i c  
phenol ic  0 t o  35 0 t o  -10 30 -25 

Glass f a b r i c  
unsaturated 
polyes te r  45 -5 t o  -15 30 -30 t o  -35 

- a/ From va lue  at 77°F. 

- b /  High pressure.  

T e s t  r e s u l t s  showed : 

1. Izod-impact  strength  temperature  trend for the laminated 
p l a s t i c s  i s  d i f f e r e n t   f o r   t h e   v a r i o u s   t y p e s  of material, bu t  
Izod-impact s t r eng th   va lues   fo r   r ayon   f ab r i c  and g l a s s   f a b r i c  
are g r e a t e r   t h a n   f o r   t h e   o t h e r s .  

2. Rat io  of  edgewise to   f l a twi se   impac t   s t r eng th   fo r   1 /2 - inch  
th ick   phenol ic   l amina tes  i s  constant .  

3. An i n c r e a s e   i n   f l e x u r a l   p r o p e r t i e s   o c c u r r e d   f o r  a l l  laminates  
a t  low temperature   and  for  a l l  a s b e s t o s   f a b r i c  a t  high  tempera- 
t u re s .  It s tayed  the same. 

4. High s t rength   paper   and   g lass   fabr ic   l amina tes   have   ou ts tand-  
i n g   f l e x u r a l   p r o p e r t i e s .  Rayon fabr ic   l amina tes   have   super ior  
spec i f i c   s t r eng th   va lues .  

5. Low pressure   g rade  C phenolic compared favorably  with  high 
pressure.  

Some work on humidi ty   e f fec ts   needs   to   be  done. 
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TN 1058 STRAIN MEASUREMENTS AND STRENGTH TESTS OF  25-INCH DIAGONAL- 
TENSION BEAMS OF 75s-T ALUMINUM ALLOY, James P. Peterson,  
May 1946 

A series of  diagonal-tension beams were tes ted   to   de te rmine   the  
accuracy  of  previously  published  design  charts  and  formulas.  
The tests were done  on 75s-T aluminum a l l o y  beams. 

The r e s u l t s  of stress and s t r a i n   f o r   t h i s   e x p e r i m e n t a l  test were 
i n  good  agreement  with  published  design  charts  and  formulas  for 
24s-T aluminum a l l o y ,   d i f f e r i n g  by less than  10%; thus,   design 
cha r t s  which  have  been  available  for  more  than 20 years  are q u i t e  
agreeable   to   ac tua l   condi t ions .  

TN 1063 COMPARISON OF MEASURED AND CALCULATED  STRESSES I N  BUILT-UP BEAMS, 
L. Ross Levin  and  David H. Nelson, May 1946 

% = area of beam. 

AF = area of  flange. 

AFe = e f f e c t i v e  area of  f lange. 

F = vert ical  component of   f lange  force.  
IT = moment o f   i n e r t i a   o f   t o t a l   e f f e c t i v e  area of beam. 

IF = moment of i n e r t i a   o f   f l a n g e   e f f e c t i v e  area. 

L = length  of beam. 
M = bending moment 

N =  

Q =  
s =  
h =  
t =  
x =  
Y =  
a =  
E =  

o =  
- c =  

3 = 2 +/AT h t  
moment about   neut ra l   ax is  of area between  edge  and  point Y. 
ex t e rna l   shea r   fo rce .  
depth of  beam-between  centroids  of  flanges. 
th ickness   o f   shear  web. 
d i s t ance  from t i p  of beam. 
d i s t ance  from n e u t r a l   a x i s .  
t aper   angle .  
t e n s i l e   o r  compressive  s t ra in .  
normal stress i n   f l a n g e .  
shear  stress i n  web. 

Beam Linearly  Tapered i n  Depth 
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t ana  - IF - M tana AF Ignoring moment of  f langes 
about   the i r  otm cent ro ids .  F = -  

h I T  h % + h t / 6  

Beam and  Flanges  Tapered a t  Same Rate 

S[N + 1 - 2 (y/h) 1 2M tana[N + 5 - 6(y/h) 1 2 1 2 
2 

- c=  - 
h t  (N 4- 1/31 h 2 t (N + 7) 1 

For Both  Cases Above 

( J = - I  - I cos a 

M 1 
2 

Comparison  of  measured f l ange  stresses wi th   ca lcu la ted   f lange  
stresses based  on  the  net  area and a f u l l y   e f f e c t i v e  web showed 
that   the   difference  between  the  average  measured stress and t h e  
average   ca lcu la ted  stress i n   t h e   c e n t r a l   s e c t i o n   o f  any of t h e  
beams did  not  exceed  6.1  percent.  

TN 1066 STRESSES AROUND LARGE CUT-OUTS I N  TORSION BOXES, Paul Kuhn and 
Edwin M. Moggio, May 1946 

(a)  For a large  cut-out i n  a t o r s i o n  box i t  is poss ib l e   t o   ca l -  
culate   the  pr imary stresses f a i r l y   e a s i l y .  
(b 1 

k =  

q =  
t =  
A =  
E =  
G =  
s =  
TJ = 
a =  

f r a c t i o n  of t o t a l   t o r q u e   c a r r i e d  by  shear webs i n  cut-out 
bay ,   ( s t a t i ca l ly   i nde te rmina te  and i s  ca lcu la ted  by  apply- 
i n g   t h e   P r i n c i p l e  of Least Work). 
shear   f low  ( running  shear)   lb/ in .  
thickness  of wall ,  i n .  
cross-sect ional  area of member ca r ry ing   d i r ec t  stress, i n .  . 
Young's  modulus , k ips / in .  2. 
shear  modulus,   kips/in.2.  
su r f ace  area of  one wall i n  one  bay,  in. 2. 
i n t e r n a l  work s tored ,   k ip- in .  
d i r e c t  stress , k s i .  

2 

gives  the  primary stresses. A load was a p p l i e d   t o  5 tors ion  boxes 
with  large  cut-outs  and t h e  "primary"  and  "secondary" stresses were 
determined  experimentally. 
(c) It was concluded t h a t   t h e  stress obtained  from  the  theory are 
probably  adequate  for  designing a l l  components  of t h e   s t r u c t u r e  
except ing  the  gross   sect ion  of   the  cut-out   cover ,   where  the  dis t r i -  
bu t ion   o f   t he   shea r  stresses devia te  s o  much from  uniformity  that  
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an  additional  theory  of  secondary stresses must be  developed. 

TN 1072 EFFECT  OF BRAKE FORMING ON THE STRENGTH OF 24s-T ALUMINUM ALLOY 
SHEET, George J. Heimerl and Walter Woods, May 1946 

(a)   Tests  were made t o  determine  the  effect   of  brake  forming 
on t h e   s t r e n g t h   o f  24s-T aluminum a l loy   shee t   t ha t   had   been  
formed t o  an ins ide   bend   rad ius   o f   th ree  times the   shee t   th ick-  
ness .  
(b)  Forming appreciably raises b o t h   t h e   t e n s i l e  and t h e  com- 
p r e s s i v e   y i e l d  stresses. The inc rease  i s  g r e a t e s t   i n   t h e  com- 
p r e s s i v e   y i e l d  stress fo r   t he   w i th -g ra in   d i r ec t ion .  Forming 
o n l y   s l i g h t l y  raises the   u l t ima te   t ens i l e   s t r eng th   and   cons ide r -  
ably decreases the   percent   e longat ion .  A mark change i s  noted 
i n   t h e   s h a p e   o f   t h e   t e n s i l e  and  compress.ive s t r e s s - s t r a in   cu rves  

TN 1090 THE SHEARING RIGIDITY OF CURVED PANELS UNDER COMPRESSION, N. J. 
Hoff and Bruno A. Boley,  August 1946 

A d e t a i l e d   a n a l y s i s  i s  g i v e n   i n   t h i s   r e p o r t   f o r   t h e   d e t e r m i n a t i o n  
of the  shear ing  r igidi ty   of   curved  panels   under   compression,  
e spec ia l ly  when the   pane l s  are i n   t h e   b u c k l e d  state. The test- 
i n g  v7as ca r r i ed   ou t  on  aluminum a l l o y  (24s-T aluminum a l loy )  
cylinders  reinforced  by  stringers  and  r ings.   Performance  of a 
given  cylinder-stringer  combination was determined  by  measuring 
the   angle   o f  twist of the  cyl inder   caused  by a knol-m torque 
wh i l e   t he   cy l inde r  t7as subjected  to  uniform  axial   compression. 

CONCLUSIONS: 1. It was f o u n d   t h a t   t h e   s h e a r i n g   r i g i d i t y  de- 
creases with  increasing  compression. 

\ n = number of stringers 

2. From t h e  above f igure   the   fo l lovr ing   equat ion  ~7as developed. 
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" GEFF - (l-N) e - N(E/Ecr )  3- N where N = 0.0275[  (2ar/d) + 13 
GO 

3. The  above  equation i s  u s e f u l  0 < E / E ~ ~  < 12 

1 < r / d  < 2.5 

where : 

Go = shear  modulus of cy l inder  a t  zero  compressive  load. 

GEFF= e f f ec t ive   shea r  modulus. 

E = normal s t r a i n .  
E = buckl ing   s t ra in   o f   pane l .  

r = rad ius  of cy l inder .  
d = width  of  panel  measured  along  circumference. 

cr 

REFERENCES: 1. NACA TN 1014 
TN 1013 
TN 968 
TN 939 
TN 938 

2. Timoshenko, S. :  Theory  of P l a t e s  and  Shells.  1st ed. 
McGraw-Hill Book Co., Inc.,  1940. 

TN 1095 M I N E  EXPOSURE TESTS ON STAINLESS STEEL SHEET, Willard  Mutchler, 
February  1947 

This   report   deals   with  weather ing tests on three  types of metals. 

1. aluminum r i c h   a l l o y s  
2. magnesium r i c h   a l l o y s  
3. stainless steels. 

The purpose  of t h i s   r e p o r t  was to   s tudy   t he   e f f ec t s   o f   mar ine  
exposure  on  chromium-nickel  alloys of t h e  18:8 type  with  and  with- 
ou t  small additions  of  columbiun, molybdenum and t i t an ium as 
a l loy ing   e lements .   Also   the   e f fec ts   o f   loca l i ty  of exposure, 
of  shot-welding, of var ious   sur f  ace f i n i s h e s  and treatments,   and 
of   contac t   wi th   d i ss imi la r  metals was s t u d i e d   i n   d e t a i l .  The 
panels  were exposed f o r  36 months .* This   repor t  i s  t h e  las t  of a 
series of papers   presented  on  the  corrosion tests of s t a i n l e s s  
steels conducted  from  1938 t o  1945. 

CONCLUSIONS: 1. Rust  formatian was g r e a t e s t   d u r i n g   t h e   f i r s t  
s i x  months of  exposure. 

2. Highly  pol ished  surfaces  showed much less s u c e p t i b i l i t y   t o  
r u s t   t h a n   d u l l   f i n i s h e s  which were at tacked  vigorously.  
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3. Regular  cleaning of t he   po l i shed   su r f aces   r e t a rded   ru s t  
g r e a t l y  as d id  a good paint  routine  (primer  and  cover  coat)   on 
the   o the r   su r f aces .  

4. Molybdenum (2.5 + 3.5%)  alloy steels showed s u p e r i o r i t y   t o  
r u s t   f o r m a t i o n   i n  a l l  cases ; even when shot  welded. 

5. Fat igue tests showed t h e  molybdenum a l l o y  steels supe r io r  
t o   o t h e r   t y p e s ,  and equal ly  as strong  whether  weathered  or im- 
mersed. 

6 .  Pain t   adhered   on ly   t emporar i ly   to   s ta in less  steel, o f f e r i n g  
only  temporary  protection. 

7. Aluminum and  magnesium a l l o y s  , when i n   c o n t a c t   w i t h   s t a i n -  
less steels, were highly  anodic  and were severe ly   a t tacked  when 
i n   c o n t a c t   w i t h  them. 

8. Aluminum f o i l  p roved   e f fec t ive  in reducing   rus t   format ion  on 
the j o i n t s  of s t a i n l e s s  steel s t r i p s  when used as an i n s u l a t o r  
be tween  the   s t r ips .  

TN 1097 OBSERVATIONS ON THE BEHAVIOR OF SO$E NON-CIRCULAR ALTJMIWf ALLOY 
SECTIONS LOADED TO FAILURE I N  TORSION, R. L. Moore, NACA, February 
1947 

EQUATIONS: Specimen  must b e  symmetrical about   center l ine.  
Ends r e s t r a ined  from  warping. 

1. S t r e s s  due t o  warping 0 = l ong i tud ina l  stress a t  sec t ion  
a-a. 

center .  ET s inh   x / a  
GJa cosh  L/2a 

x = d i s t ance  of s e c t i o n  a-a from 

L = length  of  specimen  between 
u = -  

2. Stress due to   l a rge   r e s t r a ined   ends .  
angle  of twist 

5 
(@,I2 E 

a =  - 
J G  CBT g i v e n   i n   t a b l e .  

o=E----" 
2 0 u = warp ing   f ac to r   g iven   i n   t ab l e .  

0 = twist , rad ians   per   inch .  

3. \y = -[. J G  - a s i n h i ]  r E = = d i s t a n c e   f o r  machi'ned from I center  , E = 0. of  1502 twist. 
cash - 0 0 

extruded I, = 0.630 2 

- 4 extruded  channel n 

4. e = $k - 1 'Y = twist of  and  section 2, E 0 a-a. = 0.520L. 
cosh - 8 = twist of  center  of member. 
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h 

u1 = 0 

u2 = 0 

hb 
u3 - +r - 

u 4 = + - + 4  hb b t  

hb b t  
- 4  

u =+4+"- 5 -  

'fh2 + 

1 3 Aw 

'BT 2 
= -  

3 
72 [Af + 2 1  

v 

Omit t h i s  term f o r  
extruded I. 

I 

tf 

4 

u = + -  h 
3 - 2  

hb A€ u = + - -  

hb Afb t w  

hb Af 
2 

-3 1 - 2  A 

u2 =It2 (r+2/ 
u3 = 5 - (1 - A' 

If h2 *f c = -  
BT 2 [ 4  - 6 AI 

'BT - 2 - Ifh2 ( 4  

3bAf 

AI? + 6Af e =  

- 6 e /b)  

TN 1098 EFFECT OF CHANGE I N  CROSS-SECTION UPON STMSS DISTRIBUTION I N  
CIRCULAR SHELL SUPPORTED FRAMES, David H. Nelson, NACA, Ju ly  
1946 

Report  analyzes  r ings  of  constant  cross-section and rings  roughly 
p r o p o r t i o n a l   t o   l o c a l  stress level, t h a t  is , beefed up with 
doublers . 
NOMENCLATURE 
M = local   bending moment. 
Pa = r ad ia l   app l i ed   l oad .  

R = rad ius  of r i n g .  
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9 = s t a t i o n  of  change i n  cross-section,  degrees;  measured i n  
clockwise  direction  from  point  180"  from  point  of  applied 
load.  

measured i n  same manner as 8. 
+ = s ta t ion   o f   bending  moment and  bending stress, rad ians ;  

q , f  = bending  factors  determined  by manner  of  reinforcement. 

Radia l ly  Loaded  Ring 

'aR M = - 
lr 

( $ s i n +  + e - 2) uniform  cross   sect ion 4 2 

D D  reinforcement  placed 
M = -  ran 4 ( y s i n +  + ccos 4- n) symmetrically  about  point 

lr of 'appl ied  load 

(Table 1 )  

Applied Moment (var iab le   c ross -sec t ion)  

(Table 2 )  

Tangent ia l  Load (cons tan t   c ross -sec t ion ,   bu t   used   for   var iab le  
cross-section) 

TaR M = - [ 3  s i n +  - 24 (cos+ + 1)J 0 < + < lr 4n 



Table 1. Value of bend ing   f ac to r s   fo r  a s i n g l e  radial  load 

90 120 135 150 165 
rl 5 rl 5 rl 5 rl 5 rl 5 

1 .500  .250  .50 .25 .50 .25 .50  .25  .50 .25 
2  .502  .297  .536  .325  .545  .336  ,542  .331  .526  .302 
3 

,587  .452  .650  .527  .635  .503 .6 .443  .553  .356 -0 
9 

.569  .424  .635  .502  .626  .487  .595  .434  .552  .352  8 

.559 .409 .626  .486  .620  ,476  .592  ,428  .550  .349  7 
6 

.537  .372  .602  .444  .603  .444  .582  .409  ,546  .341 5 

.525  .351  .585  .414  ,590  ,421  .574  .393  .542  .334  4 

.513  ,327  .564  .376  ,572  .387  .562  .370  .537  ,323 

Table 2. 

90 O 120" 

1 
2 
3 
4 
5 
10 

2.00 
1.758 
1.637 
1.563 
1.515 
1.405 

2.00 
1.785 
1.700 
1.655 
1.625 
1.574 

TN 1100 ELASTIC PROPERTIES I N  TENSION AND SHEAR OF HIGH STRENGTH NON- 
FERROUS METALS AND STAINLESS STEEL-EFFECT  OF  PREVIOUS  DEFORMATION 
AND HEAT TREATMENT, R. W. Mebs and D. J. McAdarn, Jr., March 1947 

(a)  Experiments were r u n   t o   i n v e s t i g a t e   t h e   i n f l u e n c e   o f   p l a s t i c  
deformation  and  anneal ing  temperature   on  the  tensi le   and  shear  
e las t ic  p r o p e r t i e s  of nickel ,   monel ,   Inconel ,   copper ,  1 3 : 2  C r - N i  
steel, and 1 8 : 8  C r - N i  steel, and  aluminum-monel. 
(b)   This   report   has  41  pages  of  tables  and  graphs  giving: 
Tables : 

Chemical  composition 
Thermal  treatment 
Work-hardening rate 
Mechanical  treatment 
Hys ters i s  
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Graphs : 
Hysters is   loops 
S t r e s s - s t r a in  
Stress-set 
Stress-modulus  of   e las t ic i ty  
S t ress -pr ior   ex tens ion  
Proof   s t ress-pr ior   deformation 
Proof   s t ress-pr ior   extension 
Proof  stress-annealing  temperature 
Modulus of e las t ic i ty-pr ior   t empera ture  
Modulus  of e l a s t i c i t y - P o i s s o n ' s   r a t i o  
Poisson 's   ra t io-anneal ing  temperature  

TN 1102 THE  CRYSTAL STRUCTURE AT ROOM TEMPERATURE OF EIGHT  FORGED  HEAT- 
RESISTING ALLOYS, J. Howard Kit te l ,  J u l y  1946 

( a )   In   o rde r   t o   de t e rmine   t he   c rys t a l   s t ruc tu re   o f   e igh t   l ead ing  
forges  alloys-S816, ,5590, Gamma Columbium, Has te l loy  B y  16-25-6, 
19-9DL, Nimonic 80, and N 1 5 5  an i n v e s t i g a t i o n  w a s  conducted  by 
x-ray d i f f r a c t i o n .  
(b) It v7as found t h a t   t h e  predominant  phase  occurring i n  each 
a l l o y  v7as a s o l i d   s o l u t i o n   o f   t h e   a l l o y i n g   e l e m e n t s   p r e s e n t   i n  
r e l a t i v e l y   l a r g e  amounts. The c r y s t a l   s t r u c t u r e   o f   t h e   s o l i d  
so lu t ion  v7as the  face-centered  cubic   type.   Al loys S816, S590, 
and Gamma Columbium, which  contain  the  largest   percentages of 
columbium,  showed d i f f r a c t i o n   l i n e s  from a second  phase  that  
is b e l i e v e d   t o   b e  columbium carbide,  CbC. 

TN 1103 THE LAGRANGIAN MULTIPLIER METHOD 0% FINDING  UPPER AND LOWER 
LIMITS TO CRITICAL  STRESSES OF CLAMPED PLATES, Bernard 
Budiansky  and  Pai C. Hu , July 1946 

ABSTRACT: The theory  of   Lagrangian  mult ipl iers  i s  a p p l i e d   t o  
the  problem of finding  upper  and  lower limits t o  the t r u e  com- 
pressive  buckl ing stress of a clamped r ec t angu la r   p l a t e .  The 
pape r   p re sen t s   t he   de t a i l s  of app l i ca t ion  as t7ell as the funda- 
mentals   and  pr inciples   of   the   Lagrangian  mult ipl ier  method  by 
demonstrat ing  the  use  of  the method to   ob ta in   bo th   upper   and  
lower limits to   the   t rue   compress ive   buckl ing  stress of a rect- 
a n g u l a r   p l a t e  clamped  along a l l  edges. 

CONCLUSIONS: 1. The Lagrangian  mult ipl ier  method can  be  used 
t o  compute accurate  upper  and  lower limits t o  the compressive 
buckl ing stress of a clamped rec tangular   p la te ,   thereby   bracke t -  
i n g   t h e   t r u e   r e s u l t s .  

2. From a consideration  of  rapidity  of  convergence  toward  the 
exact s o l u t i o n   i n  clamped plate   problems,  i t  i s  p r e f e r a b l e   t o  
use  an  expansion  that   satisfied  the  zero-slope  boundary  condi- 
t i o n s  term by  term  ra ther   than  the  zero-def lect ion  boundary 
condi t ions.  
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3. Because  of t h e   f a c t   t h a t   t h e   L a g r a n g i a n   m u l t i p l i e r  method 
permi ts   the  effects of i n f i n i t e   s u b s e t s  of  expansion terms t o  
e n t e r   i n t o   t h e   s o l u t i o n ,  it is be l ieved  that a p a r t i c u l a r  
s tab i l i ty   de te rminant   der ived   by   the   Lagrangian   mul t ip l ie r  
method will, i n   g e n e r a l ,   y i e l d  a closer   upper  limit than   t ha t  
obtained  from a determinant  of  equal  order  in  the  Rayleigh - 
Ri tz  method. 

4. It is expec ted   t ha t   t he  method  of Lagrangian  mult ipl iers  
may b e   u s e f u l   i n   t h e   a n a l y s i s   o f   o t h e r   s t a b i l i t y  and v i b r a t i o n  
problems. In p a r t i c u l a r ,   t h e  method may be  immediately  applied 
to   t he   de t e rmina t ion  of vibrat ion  f requencies   of  clamped p l a t e s ,  
and t o   t h e   d e t e r m i n a t i o n  of  buckling stresses of  clamped p l a t e s  
under  compression i n  two d i r ec t ions .  

TN 1105 STATIC AND DYNAMIC CREEP  PROPERTIES  OF LAMINATED PLASTICS FOR 
VARIOUS TYPES OF STRESS, Joseph  Marin,-Pennsylvania  State  College,  
February  1947 

Creep tests were conducted so tha t   t he   c r eep - s t r e s s   r e l a t ions  
could   be   s tud ied   for   the   fo l lowing   types   o f   loadings :  

1. Simple  tension 
2. S t a t i c   t o r s i o n  
3. Sta t ic   bending  
4. S t a t i c  t e n s i o n   w i t h   f l u c t u a t i n g   a x i a l  stress. 

F ive   l amina ted   p l a s t i c s  were t e s t ed .  They were: 

1. Glass fabr ic   l amina te   wi th   po lymer iz ing   type   res in  
2. High s t r eng th   pape r   base   p l a s t i c  
3. High s t rength  rayon  laminate   with  phenol ic   res in  
4.  Grade C phenol ic   res in   l amina te  
5. Cot ton  fabr ic  laminate as   used   in  Grade C b u t  molded with 
low pressure.  

Three  types  of tests were conducted: 

1. Stat ic  tests 
2. Repeated stress tests 
3. Creep tests 

The d a t a  i s  p r e s e n t e d   i n   t a b u l a r  form  giving  mechanical  proper- 
ties under   var ious  loads and creep test data.  Load-strain,  load- 
def lec t ion ,   to rque  t w i s t ,  s t r e s s - s t r a i n   h y s t e r s i s   l o o p s ,  and 
creep  with time diagrams are presented.  

It was found t h a t  : 

1. Relative values  of  mechanical  properties were n o t   i n   t h e  
same o r d e r   f o r   d i f f e r e n t   t y p e s  of loads.  
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2. E f fec t s  of   repea ted   s t ress ing   var ied ,   for   mos t  tests duct i -  
l i t y  and s t i f fnes s   dec reased   and   y i e ld   s t r eng th   i nc reased .  

3. Creep resistance v a r i e d   w i t h   u l t i m a t e   t e n s i l e   s t r e n g t h  ex- 
c e p t   f o r   t o r s i o n   c r e e p  tests on square  specimens. 

In genera l   the   type   o f   job   should   de te rmine   the   p las t ic   used .  

TN 1119 INCREASING THE COMPRESSIVE STRENGTH OF 24S-T A L U "  ALLOY 
SHEET BY FLEXURE ROLLING, George J. Heimerl and Walter Woods, 
August  1946 

A method was devised   to   increase   the   compress ive   s t rength  of 
24s-T aluminum .al loy.  The shee t  was a l t e r n a t e l y   b e n t  and then 
s t r a igh tened   by   ro l l i ng .  The tests showed t h a t   t h e   g r e a t e s t  
i nc rease  was i n  compressive  yield stress i n  the  with-grain 
d i r ec t ion   r ega rd le s s  of t h e   d i r e c t i o n  of r o l l i n g .  The inc rease  
~7as g r e a t e r  as t h e   r a d i u s  of f l e x u r e  became smaller and as t h e  
number of   s teps  v7as increased.  The t e n s i l e   p r o p e r t i e s  were 
l i t t l e  af fec ted .  

TN 1124 EFFECT  OF SMALL DEVIATIONS FROM FLATNESS ON EFFECTIVE WIDTH 
AND BUCKLING OF PLATES I N  COMPRESSION, P a i  C. Hu, Eugene E. 
Lundquist  and S. B. Batdorf , Langley,  September  1946 

An a n a l y s i s  of s imulated test  data   calculated  by  large-  
def lec t ion   theory   and   apply ing   to   the  e las t ic  behavior  of 
simply  supported  square  plates  under  compression i s  presented.  
The e f f e c t s  of i n i t i a l   d e v i a t i o n   f r o m   f l a t n e s s   ( a  real is t ic  
condi t ion)  on buckl ing   proper t ies  as p red ic t ed   t heo re t i ca l ly  
f o r   p e r f e c t l y   f l a t   p l a t e s  is inves t iga t ed .  The following  prop- 
erties associated  with  buckl ing are discussed as t o   t h e   e f f e c t s  
o f   d e v i a t i o n   f r o m   i n i t i a l   f l a t n e s s .  

1. Growth of buck le s   w i th   i nc rease   i n   l oad .  

3. Experimentally  determined  buckling  or c r i t i ca l  stress. 
4 .  Appl i cab i l i t y  of the   Southwel l   p lo t  method  of p red ic t ing  
t h e o r e t i c a l  c r i t i ca l  stresses f o r   p e r f e c t l y  f l a t  plates   f rom 
exper imenta l   observa t ions   on   ac tua l   p la tes .  

, 2. Ef fec t ive   wid th   o f   p la te .  
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The p l a t e s   c o n s i d e r e d   i n   t h i s   a n a l y s i s  
lowing  manner: 

are loaded i n   t h e   f o l -  

Loading Before Buckling  Loading After Buckling 
" 

The so lu t ions  of t h e  Von Karman large-def lect ion  equat ions by 
method  of  Samuel Levy ( r e fe rence   1 ) .  Levy,  Samuel:  Bending  of 
Rectangular  Plates  with  Large  Deflections.  NACA TN 846,  1942 
are r e q u i r e d   i n   t h i s  method.  These so lu t ions  are o u t l i n e d   i n  
an appendix  along  with  an  appendix  extending  this  method t o  
squa re   p l a t e s .  

The types of i n i t f a l   d e v i a t i o n s   c o n s i d e r e d   i n   t h i s   n u m e r i c a l  
ana lys i s  are those components  of t h e   b u c k l e   p a t t e r n   t h a t   f i r s t  
become predominate   a f te r   the  assumed f l a t   s q u a r e   p l a t e s   b u c k l e s .  
For p e r f e c t l y  f l a t  p la tes   under  a compressive  load  such  as  the 
one  mentioned in   t h i s   pape r   buck l ing   does   no t   p rog res s   t o  any 
d e g r e e   u n t i l   t h e  c r i t i ca l  buckling stress is reached.  For a 
p l a t e   w i th   o r ig ina l   dev ia t ion  from f l a t n e s s  , however, t h e  buck- 
l i n g  starts a t  very  low stress values   but   does  not   progress  
very much u n t i l   t h e   r a n g e   o f   t h e   t h e o r e t i c a l   b u c k l i n g  stress 
i s  reached. It was f o u n d   t h a t   i n i t i a l   d e v i a t i o n s   f r o m   f l a t n e s s  
produce  the  greatest  effect n e a r   t h e   t h e o r e t i c a l   f l a t - p l a t e  
c r i t i ca l  stress. I n   s p i t e   o f  some unce r t a in i ty   exp res sed   i n  
t h e   r e p o r t  it i s  clear t h a t   i n i t i a l   d e v i a t i o n s   r e d u c e   t h e  
experimentally  determined  buckling stress. For a l l  va lues  of 
stress t h e   e f f e c t i v e   w i d t h  of load  carrying  capaci ty   of  a 
p l a t e   w i t h  an i n i t i a l   d e v i a t i o n  f rom  f la tness  i s  reduced  while 
t h e   e f f e c t i v e   w i d t h   f o r   s t i f f n e s s   a g a i n s t   f u r t h e r   c o m p r e s s i o n  i s  
less t h a n   t h a t  of a f la t  p l a t e  a t  stresses be law  the   t heo re t i ca l  
c r i t i ca l  stress bu t   g rea t e r  a t  stresses above. 

A t  stresses well above o r  below t h e  c r i t i ca l  stress, i n i t i a l  
devia t ions  are of l i t t l e  importance. The Southwell   p lot  method 
p r e s e n t e d   i n  Timoshenko, S.: Theory of Elastic S t a b i l i t y ,  
McGraw-Hill Book Co. , Inc.  , 1936,   does  not   give  sat isfactory 
r e s u l t s   f o r   a c t u a l   p l a t e s   w i t h   d e v i a t i o n s   s i n c e   t h e  stress- 
de f l ec t ion   cu rves   fo r   t hese   p l a t e s  do not  approximate  rectan- 
gular   hyperbolas  as t h e  method requi res .  
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Graphs are p resen ted   shos ing   va r i a t ion   o f   d i f f e ren t   p rope r t i e s  
w i th   and   w i thou t   i n i t i a l   dev ia t ions .  

The  most  marked e f f e c t  of small devia t ions  i n  p l a t e s  was t h e  
f a c t   t h a t   t h e   b u c k l e  growth is h igh   in   the   reg ion   a round  the  
c r i t i ca l  stress, in   t he   o the r   r eg ions ,   h igh   and  low stress, 
t h e   p l a t e  acts much t h e  same as an i n i t i a l l y   p e r f e c t l y   f l a t  
p l a t e .  

TN 1125 EFFECT OF RATIO  OF RIVET PITCH TO RIVET DIAMETER ON THE FATIGUE 
STRENGTH  OF RIVETED JOINTS OF 24s-T ALUMINUM ALLOY  SHEET, Harold 
Crate, David W. Och i l t r ee  and Walter T. Graves, NACA, 1946 

Pf = load   per  rivet r e q u i r e d   t o   p r o d u c e   f a i l u r e   i n  a given 

Pu = u l t ima te   l oad   pe r  rivet t o  produce  fa i lure .  

P = rivet pi tch  (dis tance  between rivets). 
d = rivet diameter. 

number of cycles .  

CONCLUSIONS: 1. For   each   shee t   th ickness ,   there  i s  an optimum 
va lue  of P/d  which  yields maximum va lue  of  Pf/Pu. 

2. Optimum value  of  P/d  independent of cycles .  

TN 1126 STRESS RUPTURE  OF HEAT-RESISTING ALLOYS AS A RATE PROCESS, E. S. 
Machlin  and A. S. Nowick, NACA, 1946 

Recommends p resen t ing   s t r e s s - rup tu re   da t a  on  semi-log p lo t ,   i n -  
s t e a d  of log-log.   Presents   s t ress-rupture   equat ion  to   space 
experiments  ( to  get  accurate r e s u l t s  from fewest da ta   po in ts ) .  

A + BT - DU log  tr = A,B,D = cons tan ts   o f   s t ruc ture ,  
T composition. 

T = temperature (OR). 
tr = time fo r   rup tu re .  

TN 1130 EVALUATION OF TWO HIGH-CARBON PRECISION-CAST  ALLOYS  AT 1700" 
AND 1800°F. BY THE RUPTURE TEST, E. E. Reynolds, J. W. Freeman 
and A. E. White, September  1946 

This   repor t  v7as t o   i n v e s t i g a t e   t h e   s t r e n g t h s  of t h e  NT-2 a l l o y  
and the VT2-2 al loy  under   high  temperatures .  The r e s u l t s  of 
t h e  tests are as f o l l o ~ s  : 

1. The high  carbon NT-2 a l l o y   h a s  a h ighe r   rup tu re   s t r eng th  
than   the   h igher   carbon VT2-2 a l l o y  at 1700"  and  1800°F. 

2. For time per iods  up t o  500 hours   the  NT-2 a l l o y   h a d   b e t t e r  
rup tu re   s t r eng th   t han  the best a l l o y  X-40 t e s t e d  a t  this time. 
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The VT2-2 was a l s o   s t r o n g e r   o v e r   t h i s  time per iod   than   the  X-40 
a l loy .  

3. For  periods  over 1000 hours   the  lower  carbon  a l loys seem t o  
b e   s t r o n g e r   t h a n   e i t h e r   t h e  NT-2 o r  VT2-2 a l l o y s .  

4 .  The d u c t i l i t y  of t h e  X-40 a l l o y  was h igher   than   tha t   o f  
e i t h e r   t h e  NT-2 o r  VT2-2 a l l o y s  a t  1700"  and  1800°F. 

TN 1136 BEARING STRENGTH  OF SOME SAND-CAST MAGNESIUM ALLOYS, R. L. Moore, 
NACA, 1947 

Tests made on AM403, AM260,  AM265, which met s p e c i f i c a t i o n s  on 
these   a l loys .  

Edge Distance 

Rat io  1 D  1 .5  D 2 D o r  Greater 

Bearing Y i e l d  
Tensi le   Yield 1.5 2.0  2.5 

Bearing Ultimate 
Tens i le  Ultimate 0.8  1.2 2.6 

TN 1137 DEVICE FOR  MEASURING PRINCIPLE CURVATURES AND PRINCIPLE STRAINS 
ON A NEARLY PLANE SURFACE, A. E. McPherson, NACA, 1947 

Development  of device as d e s c r i b e d   i n  t i t l e  t o  measure  principle 
s t r a i n s  on a p a n e l   t o   w i t h i n  5 2%. Equations  and  description 
given. 

TN 1150 A RELAXATION  PROCEDURE  FOR THE STRESS ANALYSIS OF A CONTINUOUS 
BEAM COLUbN  ELASTICALLY RESTRAINED AGAINST DEJXECTION AND ROTA- 
TION AT  THE  SUPPORTS , P a i  C. Hu and  Charles  Libove , Langley , 
October  1946 

A prac t icable   p rocedure   for   the  stress ana lys i s  of a n   e l a s t i c a l l y  
supported  continuous beam-column having  supports  represented  by 
d e f l e c t i o n a l  and ro t a t iona l   sp r ings .   Th i s  method uses  a relaxa-  
t ion   p rocess   to   de te rmine   def lec t ions  and r o t a t i o n s  of  supports 
and the  def lect ion  curve,   shears ,   and  bending moments using 
simple  equations  and  graphs. This method is  applicable  below 
the   p ropor t iona l  l i m i t .  Tables and   graphs   p resented   to   fac i l i -  
tate t h e   u s e  of t h i s  method  have  been  prepared f o r  axial  com- 
press ion   and   spans   wi th   un i form  f lexura l   s t i f fness .  The follow- 
ing   r e fe rence  is u s e f u l  i n  t h i s  connection: 
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Niles, Alfred S., and  Joseph S. Newell: Ai rp lane   S t ruc tures .  
Vol. 11, Third  ed.,  John  Wiley  and  Sons, Inc., 1943, pp. 62-155. 

Three  appendicies are given. One is on t h e   d e r i v a t i o n  of t h e  
balancing,  induced-shear,  and induced-moment equat ions,   another  
p r e s e n t s   t h e   d e f l e c t i o n   e q u a t i o n s   u s e d   i n h i s  method,  and t h e  
l as t  g ives  the preliminary  computations  of an i l lustrat ive 
example  presented i n   t h e  test o f   t he   r epor t .  

This method is appl icable   to   sys tems  such  as the one  represented 
by t h i s   f i g u r e :  

' 2  M 

I n   g e n e r a l   t h i s  method en ta i l s   t he   fo l lowing   p rocedure :  

1. All j o i n t s  are frozen  (prohibited  from movement). 
2. Fixed  end  shears  and moments are ca lcu la ted .  
3. Locking  force is ca lcu la ted  as the a lgeb ra i c  sum of f ixed  
end  shears a t  t h e   j o i n t  and  locking moment as t h e   a l g e b r a i c  sum 
of  f ixed  end moments a t  t h e   j o i n t   ( l o c k i n g   f o r c e  i s  t h e   f o r c e  
r e q u i r e d   t o   l o c k   t h e   j o i n t ,   e t c . )  . 
4 .  Balancing  force and moment are then equal   and  opposi te  t o  
locking  force  and moment. 
5.  Equilibrium i s  then  obtained  and a vertical de f l ec t ion  6 
and r o t a t i o n  0 r e s u l t .  This d e f l e c t i o n  and r o t a t i o n  can then  
be   ca l cu la t ed   u s ing   t he   de f l ec t ion   equa t ions .  

TN 1156 COLUMN AND PLATE  COMPRESSIVE  STRENGTHS OF AIRCRAFT  STRUCTURAL 
MATERIALS, EXTRUDED 0-1HTA MAGNESIUM  ALLOY, George 3.- Heimerl 
and  Donald E. Niles, January  1947 

(a) Tests were r u n   t o   f i n d   t h e  column  and plate  compressive 
s t rengths   of   extruded O-1HTA magnesium al loy  within  and beyond 
t h e  e las t ic  range. 
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b~7, tw = width and thickness  of web. 

kW 
= nondimensional  coefficient  used  with bw and tw i n  

plate  buckling  formula  from  (Kroll ,  W. D., Fisher ,  
Gordon P., and Heimerl, George J.: Char t s   for  
Calcu la t ion   of   the  Crit ical  S t r e s s   fo r   Loca l  
I n s t a b i l i t y   o f  Columns wi th  I-, Z-, Channel,  and 
Rectangular-Tube  Section. NACA ARR No. 3K04, 1943. 

magnesium. 
P = Poisson 's   ra t io ,   taken as 0.3  for   extruded 0-1HTA 
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TN 1157 COMPRESSIVE STRENGTH OF 24s-T ALUMINUM-ALLOY FLAT PANELS WITH 
LONGITUDINAL  FORMED  HAT-SECTION  STIFFENERS, Evan H. Schuette,  
Saul Barab,  and Howard L. McCracken,  December 1946 

(a)  Tests were run  on  sheets   of  24s-T aluminum re inforced   wi th  
ha t - shaped   s t i f feners .  The th i ckness   o f   t he   s t i f f ene r  material 
was 0.625 times the  skin  thickness.   Comparative  envelope  curves 
a r e   p r e s e n t e d   f o r   h a t - s t i f f e n e d  and Z-st i f fened  panels .  
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TN 1162 EFFECT OF BRAKE FORMING I N  VARIOUS  TEMPERS ON THE STRENGTH OF 
ALCLAD 75s-T ALUMINUM ALLOY SHEET, Walter TJoods and  George J. 
Heimerly - Langley Mem. Aero.  Lab., January 1947 

CONCLUS IONS : 

1. When Alclad  75s  sheet t7as formed (r = 3 t )   i n   t h e  0 and W 
tempers and  subsequent ly   heat   t reated  to   the T temper, t h e  
t e n s i l e  and  compressive  strengths were e i t h e r   i n c r e a s e d   o r  l i t t l e  
a f f ec t ed   a s  compared wi th   those   o f   s imi la r ly   t rea ted  unformed 
material. 

2. When Alclad 75s-T sheet  "as  received" v7as formed ( r  = 6t), 
t h e   t e n s i l e   y i e l d  stress was reduced  about 7 pe rcen t   fo r   t he  
n i t h - g r a i n   d i r e c t i o n  and  about 1 percent   for   the   c ross -gra in  
d i rec t ion ,   whereas   the   u l t imate  and  compressive  yield stresses 
were increased somewhat. 

3. I n  a l l  cases, the   pe rcen t   e longa t ion   i n  2 inches v7as reduced 
from  about  14 o r  15 p e r c e n t   f o r   t h e   f l a t  material to  about 10 o r  
12   percent   for   the  formed material. 

TN 1172 COMPARATIVE TESTS ON EXTRUDED 14s-T AND EXTRUDED 24s-T HAT-SHAPED 
STIFFENER SECTIONS, Marshall  Holt  and G. W. F e i l ,  March  1947 

From the  edge-compression tests of  panels  of 24s-T shee t   w i th  
extruded 14s-T and  24s-T s t i f feners ,   the   fo l lowing   conclus ions  
can  be dravm: 

1. The extruded  14s-T  st iffeners  have  compressive  yield  strength,  
based  on  ful l -sect ion tests, 20% higher   than  those  of   the 24s-T 
s t i f f e n e r s  . 
2. The panels  using 14s-T s t i f f e n e r s  are s t ronger   than  those 
using 24s-T s t i f f e n e r s  by 5% when the  24s-T shee t   th ickness  i s  
25% g r e a t e r   t h a n   t h a t   o f   t h e   s t i f f e n e r s  and  by  12% when t h e  
34s-T sheet thickness i s  25% less than   t ha t   o f  the s t i f f e n e r s .  

3. The percent   of   extra   s t rength  gained  by  using  higher   s t rength 
s t i f f e n e r s   d i m i n i s h e s   r a p i d l y   a s   t h e   r a t i o  of s h e e t   a r e a   t o  
s t i f f e n e r   a r e a   i n c r e a s e s .  

4.  The average stress a t  which  buckling  occurred v7as h i g h e r   f o r  
pane l s   u s ing   h ighe r   s t r eng th   s t i f f ene r s .   In   bo th   ca ses   t he   l oad  
a t  f i r s t   b u c k l i n g   o f   t h e   s h e e t  v7as about 75% of  ult imate.  

5. Permanent  buckling  occurred  almost  simultaneously  with  elastic 
buckling. 

6. Secondary f a i l u r e   ( f r a c t u r e d   s t i f f e n e r s   o r  rivets) occurred 
a f t e r   t h e   u l t i m a t e   l o a d  v7as reached. 
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TN 1176 STRESSES AROUND RECTANGULAR CUT-OUTS WITH REINFORCED C O M I N G  
STRINGERS, Paul  Kuhn,  Norman Rafal and  George E. Gr i f f i t h ,  
January  1947 

S t r a i n  measurements  and s t r e n g t h  tests were made on six skin- 
s t r inger   panels   under  axial loads.   Six  panels were tested" 
three   wi th   rec tangular   cu t -outs  and three   wi th   long   cu t -outs .  

The stresses were ca l cu la t ed   by   t he  method given  in:  

Kuhn, Paul,  John E. Duberg, and Simon H. Diskin: Stresses 
Around Rectangular Cut-Outs in   Sk in -S t r inge r   Pane l s  Under Axial  
Loads - 11. NACA ARR. No. 3502, 1943. 

This  method  assumes t h a t   a l l   s t r i n g e r s   a r e  of cons tan t   c ross  
sec t ion .  

A p l o t   o f   t h e   r e s u l t s  of span-wise stress r e s u l t i n g  from a load 
of 20 k i p s   a p p l i e d   a t   t h e  end  of t h e   s t r i n g e r   p a n e l  is  shown 
below.  These r e s u l t s   o b t a i n e d  from  Tucker o p t i c a l   s t r a i n  gage 
measurements  agreed well wi th   the   ca lcu la ted   va lues .  

plots will  vary for 
different stringers 
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TN 1177 EFFECT OF RIVET OR BOLT HOLES ON THE ULTIMATE STRENGTH DEVELOPED 
BY 24s-T AND ALCLAD 75s-T SNEET I N  INCOMPLETE DIAGONAL TENSION, 
L. Ross Levin and  David H. Nelson,  Langley M a .  Aero.  Lab., 
January 1947 

Strength tests made on shea r  webs of 24s-T  and Alclad 75s-T 
aluminum a l loy   t o   de t e rmine   t he   e f f ec t   o f  r ivet  o r   b o l t   h o l e s  on 
t h e   a l l o ~ ~ a b l e   s h e a r   s t r e s s  of   the  mater ia ls .  In orde r   t o   ob ta in  
d a t a  on specimens t h a t   f a i l e d   a t   d i f f e r e n t   s t a g e s  of incomplete 
diagonal  tension,  one  type of  specimen--a f l a t   s h e e t   w i t h   c l o s e l y  
spaced  stiffeners--approached a condition  of  pure  shear stress; 
the   o the r  - a f l a t   s h e e t   w i t h o u t   s t i f f e n e r s  - gave  well-developed 
diagonal  tension. The rivet f a c t o r  Cr, ( p i t c h  minus  diameter) 
divided by pi tch,  v7as va r i ed  from  about  0.81  to  about  0.62  by 
using a cons tan t   p i tch  and  changing  the s i z e  of  the  holes.  These 
shear  v7eb tests indicated: 

1. The s h e a r   s t r e s s e s   o n   t h e   g r o s s   s e c t i o n   a t   f a i l u r e  were almost 
c o n s t a n t   f o r   a l l   v a l u e s  of C r  i nves t iga t ed  i f  the   o the r   p rope r t i e s  
of t h e  17eb were not changed. 

2. For webs with  the  edges clamped  between two heavy p l a t e s  and 
s t i f f  washers,  the  average  shear stress on t h e   g r o s s   s e c t i o n   a t  
f a i l u r e  ~7as 36.9 k s i  f o r  t he   s t i f f ened   A lc l ad  75s-T  webs, 31.9 k s i  
for   the   uns t i f fened   Alc lad  75s-T webs, 30.3 k s i   f o r   t h e   s t i f f e n e d  
24s-T webs,  and 25.8 k s i   f o r   t h e   u n s t i f f e n e d  24s-T  webs. 

3. When t h e  webs were fas tened   wi th  a heavy p la te   a long   one   s ide  
wi th   the   heads  of t h e  rivets o r   b o l t s   b e a r i n g   d i r e c t l y   o n   t h e  
shee t   on   the   oppos i te   s ide ,   the   shear   s t rength  of t h e  webs t7as 

about 11 percent   l ess   than  when the  edges were well supported on 
both  s ides .  

TN 1187 FORMULAS  FOR ADDITIONAL MASS CORRECTIONS TO THE MOUNTS  OF INERTIA 
OF AIRPLANES, Frank S. Malvestuto  and  Lawrence J. Gale, February 
1947 

Formulas are p resen ted   fo r   add i t iona l  mass and moments  of i n e r t i a  
o f   a i rp l anes   t ha t  are swung as a p a r t  of t h e  pendulum. 

SYMBOLS 

b =  
s =  
A =  
‘r - 
C t  = 

e =  
x =  
r =  

- 

span  of  surface 
a rea   o f   su r f ace  
a s p e c t   r a t i o  of su r face  (b / 5 )  
root  chord  of  surface 2s 
t i p  chord  of  surface (r - ‘r) 
mean chord  of  surface  (s/b) 
plan  form  taper   of   surface (c,/c,) 
dihedral   of   wing  or   horizontal  t a i l  

2 
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length  of  fuselage 

geometric  average  width  of  fuselage 
geometric  average  depth  of  fuselage 
component in   p lane   o f   sur face   o f   perpendicular   d i s tance  
between axis of r o t a t i o n  and centroid  of  area of su r face  
d i s t ance  from centroid  of   s ide  area  of   fuselage  to  axis 
o f   r o t a t i o n   p a r a l l e l   t o  and in  the  plane  of  the  X-axis 
component  of d i s t a n c e   i n   t h e  X-Y pr incipal   p lane  of   fuse-  
lage  of  the  perpendicular  distance  between  the  centroid  of 
the  plan  area  of   fuselage,  and t h e  axis r o t a t i o n   p a r a l l e l  
t o  and in   the   p lane   o f   the   Y-axis  
d i s tance- f rom  cent ro id   o f   s ide  area of   fuselage  to   axis  of 
r o t a t i o n   p a r a l l e l   t o  and in   the   p lane   o f   the   Z-axis  
d i s t ance  from cen t ro id  of v e r t i c a l - t a i l   a r e a   t o   a x i s  of 
r o t a t i o n   p a r a l l e l   t o  and i n   t h e   p l a n e   o f   t h e  X-axis 
component o f   d i s t a n c e   i n   t h e  X-Y plane  of  fuselage  of  the 
perpendicular   dis tance  between  the  centroid  of   horizontal  
t a i l  a r ea  and t h e   a x i s   o f   r o t a t i o n   p a r a l l e l   t o  and i n   t h e  
plane  of  the  Y-axis 
d i s t ance  from centroid of v e r t i c a l   t a i l  area to   ax i s  of 
r o t a t i o n   f o r  Z-swinging 
coe f f i c i en t   o f   add i t iona l  mass of a f l a t   r e c t a n g u l a r   p l a t e  
c o e f f i c i e n t  of a d d i t i o n a l  moment o f   i ne r t i a   o f  a f l a t   r e c -  
t angu la r   p l a t e  
t ape r - r a t io   co r rec t ion   f ac to r  

d i h e d r a l   c o r r e c t i o n   f a c t o r  

Kfx, Kfy, Kfz = c o e f f i c i e n t s  of add i t iona l  mass of equivalent 

Kix ,   KiyJ  K i z  = c o e f f i c i e n t s  of a d d i t i o n a l  moments o f   i n e r t i a  

of equiva len t   e l l ipso ids   about   the  X-, Y-, and  Z-axes 

"a = add i t iona l  mass  of  both 

Ia = a d d i t i o n a l  moment o f   i n e r t i a  

I X J  y' 

e l l ipso ids   for   mot ion   a long   the  X-, Y-, and  Z-axes 

I Iz = moments of i n e r t i a   a b o u t   t h e  X-,  Y-, and Z-body axes 

Ixa, Iya, IZa = t o t a l   a d d i t i o n a l  moments o f   i ne r t i a   abou t  X-, Y-, 

Iia, I '  Iia = t o t a l   a d d i t i o n a l  moments of i ne r t i a   abou t  X-, Y-, 

p = dens i ty  

SUBSCRIPTS 

and Z-body axes 

Ya' 
and  Z-swinging  axes 

W - - wing 
fus  = fuselage 
h t  = hor i zon ta l  t a i l  
v t  = v e r t i c a l   t a i l  
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EQUATIONS: 
Wing and T a i l  Surfaces: 

I n   t r a n s l a t i o n  M = - K ' C  b srp -2 
a 4  

Rotating  about 
chord 

Rotating  about 
span I = " K ' C  b srp -3 2 

a 48 

Rotating  about P I  

non-centroidal 
ax is  

Rotating  about 
a x i s   p a r a l l e l   t o  
chord 

Fuselage: 

Motion  along 
Y-axis 

Motion  along 
Z-axis 

I: = Ia + M a l c  

Ma = pK L Wd 
f Y  f 

Ma = pKfzLfWd 

Rotations  about 2 and Y axes " - 
Y-axis 

X-axis 

Lfd  3d' I = 5 K 1  L Wd(- + - 
ya 5 fy f 4 2s 1 

P Lf2 3 8  IZa = 3 K' f z  L f Wd(T + -) 2 n  

Rotations  about 
non-principal axes I: = Ia + M a l  2 

" P L E S  : 

Lf2 3d2 
ya 5 fy  f 2l.c f z  f fy  I ' = EK' L Wd(T + -)+ p(K L Wd 1 ) 2 

I k a  - P  - K i z L f N d ( T  Lf2 + -) 3b? + p(K L Wd Bfz 2 ) 
23l f Y  f 
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NOTE: NO CORRECTION REQUIRED FOR X-AXIS. 

Complete  Plane: 

I' = [- P K '  L Wd(- Lf2 + 3d2 2 
Ya 5 f y f  4 X ) ] f u s  + P(KfzLfWd 'fy f u s  

ICa = [- P K' L Wd(- Lf2 + 3 8  2 
5 f z f  4 2n' 1 f u s  + P(K f Y  L f Wd IfZ 1 fus  

TN 1204 EFFECT  OF CENTRIFUGAL FORCE ON THE ELASTIC CURVE OF A VIBRATING 
CANTILEVER BEAM, Sco t t  H. Simpkimson, Laurel J. Eatherton and 
Morton B. Millenson, 1947 

Purpose  of   invest igat ion  to   discover  stress l e v e l  of a i r c r a f t   p r o p  
i n   f l i g h t ,   t o   d e t e r m i n e   e f f e c t   o f   c e n t r i f u g a l   l o a d  on stress l e v e l  
of  prop. 

CONCLUSIONS : 

Node and maximum v i b r a t o r y  stress l e v e l   l o c a t i o n s  are not   a f fec ted  
by centr i fugal   force,   wi thin  range  of   experiment .   Stat ic-  
vibration  surveys  of  prop  blades and r o t a t i n g   p a r t s  may be u t i l i z e d  
to   l oca t e   a r eas   o f  m a x i m u m  stress. Tests  went  to 100%  above  normal 
ope ra t ing   ve loc i t i e s .  

TN 1205 DATA ON OPTI"  LENGTH, SHEAR STFENGTH, AND TENSILE  STRENGTH OF 
AGE-HARDENED 17s-T MACHINE-COUNTERSUNK  RIVETS I N  75s-T SJBET, 
Evan H. Schuette and  Donald E. Niles, March  1947 

A s e r i e s  of t ens i l e - s t r eng th  and shea r - s t r eng th   t e s t s  were made on 
age-hardened  17s-T rivets machine-countersunk i n  75s-T sheet .  The 
angle  of countersink was 60° and the  depth  of  countersink t7as ha l f  
the  r ivet  diameter  or  1.25 times the  sheet   thickness .  

The r e s u l t s   o f   t h e  tests indica ted   tha t   such   jo in ts   can   be  made 
sa t i s f ac to ry   i n   r ega rd   t o   bo th   f l u shness  and s t r e n g t h   i f   t h e   r a t i o  
of   buck  ( the  length  of   r ivet   protruding beyond the   su r f ace  of  the 
countersunk  sheet  before  driving)  to  diameter  of  the rivet is kept 
between 0.9 and 1.5. 
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A graph of shee t   th ickness   versus   t ens i le   load   per  r ivet  is  shotm 
belo17. 

1200 

800 

Sheet Thickness 

TN 1207 REACTIONS WITH STEEL OF COMPOUNDS CONTAINING CHEMICAL GROUPS USED 
I N  LUBRICANT ADDITIVES., Allen S. Powell,  February 1947 

The chemical   react ions  between  s teel   of  a type  used i n   a i r c r a f t  
engine   cy l inder   bar re l s  and compounds containing  react ive  groups 
found i n   l u b r i c a n t s  were inves t iga t ed .  It was found t h a t   t h e  com- 
pounds  used i n   l u b r i c a n t s   r e a c t e d   w i t h  steel su r faces  a t  tempera- 
tures  from 400° t o  650° F t o   g i v e   i d e n t i f i a b l e   p r o d u c t s .  Oxygen 
and water   dissolved  in   the  reagents   tended  to   corrode steel  more 
readi ly   than   the   reac t ive   g roup .  The p r i n c i p a l   c o r r o s i v e   a c t i o n  
found v7as caused by  oxygen c a r r i e d   t o   t h e   r e a c t a n t   a s   d i s s o l v e d  
a i r .  

The products   tha t  were formed were analyzed by r e f l e c t i o n   e l e c t r o n  
d i f f r a c t i o n .  

TN 1219 STRESS ANALYSIS BY RECURRENCE FORMULA OF REINFORCED CIRCULAR 
CYLINDERS UNDER LATERAL LOADS, John E. Duberg  and Joseph Kempner, 
March  1947 

Develops  recurrence  equation  for stress ana lys i s  o f  re inforced 
c i rcu lar   cy l inders   loaded  a t  the   r ibs .   Cyl inders  may be composed 
of bays   o f   d i f fe ren t   c ross -sec t ion  and l e n g t h   w i t h   d i f f e r e n t   s i z e  
r e in fo rc ing   r i ngs .  May b e   r e s t r a i n e d  a t  b o t h   o r   e i t h e r  end. 
However, i f  many bays are used,  computations become p r o h i b i t i v e l y  
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long.   Simplif ied  difference - equat ion   so lu t ion  may be  used, 
assuming  an  inf ini te ly   long  c i rcular   cyl inder .   Assumption is v a l i d  
when  more than 2 bays  from r e s t r a i n t .  

TN 1222 BUCKLING  STRESSES OF SIMPLY SUPPORTED RECTANGULAR FLAT  PLATES I N  
SHEAR, Manuel S t e i n  and John  Neff,  March  1947 

The present   paper   evaluates   the  shear   buckl ing stresses of  rec- 
t angu la r   f l a t   p l a t e s   w i th   s imp le   suppor t ed  edge  more accu ra t e ly  
than  previous work  on t h i s  problem. 

The c r i t i c a l   s h e a r  stress f o r  a r ec t angu la r   f l a t   p l a t e   w i th   s imp ly  
supported  edges is  given  by  the  equation: 

C r i t i c a l   s h e a r  stress T = - 
b 2 t  

where KS = shea r  stress c o e f f i c i e n t .  

There are two values  of K for   each   va lue  of length-width  ra t io .  

These two values  of KS correspond  to  buckling  into  an odd  number 

of  buckles  (symmetric  buckling) and into  an  even number of  buckles 
(antisymmetric  buckling). A curve is presented  from  which  the 
c r i t i c a l  stresses may be  obtained when the  dimensions  of  the  plate 
a r e  knopm. 

S 

Through the   u se  of t h e  matrix i t e r a t i o n  method  and  by  a proper 
choice  of  the terms i n   t h e   s e r i e s   r e p r e s e n t i n g   t h e   d e f l e c t i o n ,  
more a c c u r a t e   r e s u l t s  were obtained. 

TN 1223 CRITICAL COlYIBINATIONS OF SHEAR AND DIRECT STRESS FOR SIMPLY 
SUPPORTED RECTANGULAR FLAT  PLATES, S. S. Batdorf and  Manuel Stein,  
March  1947 

The buckling  of a s imply   suppor ted   rec tangular   f la t   p la te   under  
combination  of  shear  and  direct  stress was inves t iga t ed  by  means 
of  an  energy  method. The c r i t i ca l  combinations  of stress f o r  
several length   wid th   ra t ios  were determined  to  an  accuracy  of  about 
1% by  use   o f   t en th   o rder   de te rminants   in   conjunct ion   wi th  a  modi- 
f i e d   m a t r i x   i t e r a t i o n  method. 

The purpose  of  the  present  paper is t o   i n v e s t i g a t e   t h i s   t r a n s i t i o n  
and to  determine  whether any appreciable  change  in  the  form  of  the 
in t e rac t ion   cu rve   fo r   shea r  and long i tud ina l  stress occur   as   the 
length-width   ra t io   o f   the   p la te   increases  from 1 t o  (x). 
The r e s u l t s   f o r   t h e   c r i t i c a l   c o m b i n a t i o n s   o f   d i r e c t  stress and 
shear   o f   s imply   suppor ted   rec tangular   f la t   p la tes  show that :  
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1. For  shear and l o n g i t u d i n a l   d i r e c t  stress 
of a l l  length-width  ra t ios  is a parabola   for  
i n  terms of stress r a t i o s  is 

R S + %  = 1 2 

where: 

t he   i n t e rac t ion   cu rve  
which  the  equation 

RS = t h e   r a t i o   o f   s h e a r   s t r e s s   p r e s e n t   t o   t h e   c r i t i c a l  stress 
i n  p u r e  shear  

c r i t i c a l  stress in   pure   longi tudina l   compress ion  
= the r a t i o  of l o n g i t u d i n a l   d i r e c t  stress p r e s e n t   t o   t h e  

2. For  shear and t r a n s v e r s e   d i r e c t  stress, the  shape  of   the 
in t e rac t ion   cu rve  depends  on the   l ength-width   ra t io  of t h e   p l a t e .  

When the   l ength-width   ra t io   o f   the   p la te   equa ls  1 o r  2, t h e  
in t e rac t ion   cu rve  is  very  near  a parabola. When the  length-width 
r a t i o  of t h e   p l a t e   e q u a l s  2 o r  4 ,  the   parabol ic   equat ion  does  not  
hold  in  compression.  Then  the  length-width  ratio of t h e   p l a t e  i s  
grea te r   than  4 ,  the   in te rac t ion   curve   approximates   the   in te rac t ion  
curve   for  a length-width   ra t io  of a,. 

In t e rac t ion   cu rve   fo r   an   i n f in i t e ly ’   l ong   f l a t   p l a t e   unde r  combined 
shear  and l o n g i t u d i n a l   d i r e c t  stress i n  terms of stress r a t i o s  
RS and . % 
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T r a n s i t i o n   i n   t h e  form  of   in te rac t ion   curve   for   shear  and t rans-  
verse d i r e c t  stress f o r  a s imply   suppor t ed   r ec t angu la r   f l a t   p l a t e .  
as  the  length-width  ratio  change  from 1 t o  co i n  terms of R and 

RY' 
S 

TN 1230 A METALLURGICAL INVESTIGATION OF LARGE FORCED DISCS OF LOW-CARBON 
N-155 ALLOY, Howard C. Cross  and J. W. Freeman, Apr i l  1947 

This is a report   which  gives 37 pages  of  charts  and  tables  pre- 
sen t ing   da ta   on  N-155 a l loy ,   g iv ing   t he   phys i ca l   cha rac t e r i s t i c s  
such   as   the   s t ress -s t ra in   curves  and the   e f fec ts   o f   hea t .   This  
a l l o y  was under   inves t iga t ion   for   use   in   gas- turb ines .  

TN 1241 EXPERIMENTAL  INVESTIGATION  OF THE STRESS DISTRIBUTION AROUND 
REINFORCED CIRCULAR CUT-OUTS I N  SKIN STRINGER  PANELS UNDER AXIAL 
LOADS, Daniel  Farb,  Langley Mem. Aero.  Lab.,  March 1947 

Resul ts  are presented   of   s t ra in   surveys   a round  four   re inforced  
c i r cu la r   cu t -ou t s   success ive ly  made i n   a n   a x i a l l y   l o a d e d   s k i n  
s t r inger   tension  panel .   Surveys made i n   t h e   e l a s t i c  range. 
Test specimen was a 16 s t r i n g e r  24s-T aluminum a l loy   pane l  144 
inches  long  and  approximately 48 inches  wide.   Circular  cut-outs 
were progress ive ly  10, 22,  34, and 46 inches   in   d iameter .   For   the  
smaller diameter,  only 2 s t r i n g e r s  were cu t .   Fo r   t he   l a rges t  
diameter,   only  the two o u t s i d e   s t r i n g e r s  remained. 
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CONCLUSIONS: 

1. The maximum s t r i n g e r  stress occurred a t  a t r a n s v e r s e   s t a t i o n  
which   in te rsec ted   the   median   l ine   o f   the   re inforc ing   r ings   a t  
approximately 450 from the   t ransverse   cen ter   l ine   o f   the   cu t -out .  
The maximum s t r i n g e r  stress occurred   in   e i ther   the   cont inuous  
s t r i n g e r  bounding   the   cu t -out   o r   in   the   cu t -out   s t r inger   ad jacent  
t o   t h i s   con t inuous   s t r i nge r .  

2. In   e s t ima t ing   t he   bend ing   s t r e s ses   i n   t he   r e in fo rc ing   r i ngs ,  
t h e   p r a c t i c e  of   assuming  the  s t r inger   loads a t  a l a r g e   d i s t a n c e  
from the   cu t -out   appl ied   d i rec t ly   to   the   r ings  was found to   be 
unduly  conservative. 

3. Ehpirical r e l a t i o n s h i p s  were determined  for   evaluat ing  the 
maximum s t r i n g e r  stress i n   t h e   p a n e l  and for   approximating  the 
long i tud ina l  stresses i n   t h e   s t r i n g e r s  and r i n g s   a t   t h e   t r a n s v e r s e  
c e n t e r   l i n e  of the  cut-out .  

P 
As -E 0.58 Ar 

where: as = average   s t r inger  stress 

P = externa l   load  on the   pane l  
A, = c ross   s ec t iona l   a r ea   o f   r i ngs  

As = c r o s s   s e c t i o n a l   a r e a  of s k i n  and s t r i n g e r s  

TN 1251 ANALYSIS OF THE COMPRESSIVE  STRENGTH OF HONEYCOXB CORES FOR 
SANDWICH CONSTRUCTIONS, Charles B. Norr is ,   Apri l  1947 

(a)  This  report   developed  an  equation  for  comparing honeycombs 
of   the same shape  but  various materials, s izes ,  and wall thick- 
nesses. 

Ps = specific  compressive  strength  of a honeycomb 
E = Young' s modulus 
g = s p e c i f i c   g r a v i t y   o f   t h e   m a t e r i a l  
ga = appa ren t   spec i f i c   g rav i ty  of   core   construct ion 

P = propor t iona l  l i m i t  of material 

r = r a t i o   o f   o r i g i n a l   l e n g t h  of   corrugated  sheet   to   sheet  
P 

a f t e r   co r ruga t ion  
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1/3 
s = (K/n2) 

K = constant  depending upon the  type  of  edge  support, must  take 
into  account  the  narrow walls of  double  thickness a t   t h e  
junct ions of corrugat ions and the  wider   wal ls   of   s ingle  
th ickness   tha t  may be  curved 

a = n e  

a = width of p l a t e  
cy = he igh t  of corrugat ion 
n = propor t iona l   cons tan t  

(c)  This  equation was t e s t e d   f o r  plywood  and shee t s  o f  corrugated 
resin-impregnated  paper. It is  bel ieved  that   the   formula w i l l  work 
fo r   o the r   ma te r i a l s ,   bu t  it is suggested  that   tesrs   be  run on 
m a t e r i a l s   t h a t  are g r e a t l y   d i f f e r e n t  from  plywood  and r e s in -  
impregnated  paper. 

TN 1261 EFFECT OF VARIABLES I N  WELDING TECHNIQUE ON THE STRENGTH  OF DIRECT- 
CURRENT METAL-ARC-WELDED JOINTS I N  AIRCRAFT STEEL I - STATIC TEN- 
SION AND BENDING FATIGUE  TESTS OF JOINTS I N  SAE 4130 STEEL SHEET, 
C. B. Voldrich  and E. T. Armstrong, B a t t e l l e  Memorial I n s t i t u t e ,  
J u l y  1947 

Arc-welded b u t t   j o i n t s   i n  1/8  inch SAE 4130 steel  shee t  of a i r -  
c ra f t   qua l i ty ,   which  were made under  various  conditions of welding 
and heat  treatments,  were t e s t ed   t o   eva lua te   t he   e f f ec t s  of 
specif ic   welding-technique  factors  on t h e   s t r e n g t h  of t h e   j o i n t s .  
Tests were conducted  to  determine  the  behavior  of  the  welds  in 
tension and f o r   f a t i g u e  due to  bending. The ma te r i a l s  and proce- 
dures  used  in  welding  the  specimens  were  chosen so as   to  conform 
wi th   typ ica l   indus t r ia l   p rac t ice .   Radiographs   o f   the   ind iv idua l  
specimens are also  given  along  with  the  report   showing  the  char- 
a c t e r i s t i c s  of t he   pa r t i cu la r   we lds .  The welds  examined were of 
two types,  one  with a continuous  weld a l l  across  the  specimen and 
the   o the r   t ype   w i th   i n t e r rup t ions   i n   t he   we ld .  Some of  the 
de fec t s   p re sen t   i n   t he   i n t e r rup ted   we lds  were crater blow holes, 
t ransverse   c ra te r   c racking ,  and  incomplete  fusion. A c ros s   s ec t ion  
o f   t h e   t e n s i l e  weld i s  shown  below: 

Single Pass Weld 
(Reinforced 

Ground Flush) 

Weld Joint 
(Tensile) 
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The t e n s i l e  tests showed tha t :  

Continuous  welds are be t t e r   t han   i n t e r rup ted   ones   s ince   i n t e r -  
rup t ions   reduce   t ens i le   s t rength .  The position  of  the  weld  had 
l i t t l e  e f f e c t  upon t e n s i l e   s t r e n g t h  and preheating  had no d i s -  
ce rnab le   e f f ec t  upon the   s t r eng th   o f  welded j o i n t s   f o r  1/8  inch 
th i ck  metal. The e f f e c t s  of heat   t reatment  are l i s t e d  belo1.7: 

Welds  With P l a i n  Continuous Weld = 30% t e n s i l e   g a i n  
Carbon Electrodes In t e r rup ted  Weld = 30% t e n s i l e   g a i n  

Welds Made With  Continuous Weld = 50% t e n s i l e   g a i n  
Al loy   S tee l   In te r rupted  Weld = 40% t e n s i l e   g a i n  
Electrodes 

When the  welds were t e s t e d   f o r   f a i l u r e  due to   f a t igue   due   t o  
bending two bas ic   types  of welds were used: 

1. The j o i n t s   e i t h e r  had t h e   n a t u r a l  weld  reinforcement  or were 
machined f lu sh   w i th   t he   su r f aces   o f   t he   p l a t e s .  

2. The j o i n t s   e i t h e r  had a sound  weld  (continuous  bead) o r  
a ve ld   w i th   i n t e rna l   c r a t e r   de fec t s   ( i n t e r rup ted   bead ) .  

The grea tes t   in f luence   on   the   p la te -bending   fa t igue   s t rength   o f  
the   welded   spec imens   ~7as   the   ex te rna l   s t ress - ra i ser  a t  the  toe  of  
welds in   the   re inforced   spec imens .   In te rna l  stress ra i sers   caused  
by crater blowholes  or  cracks  never became as c r i t i c a l  as t h e  
ex terna l   s t ress - ra i sers .   Sur face   decarbur iza t ion   whi le   no t   due  
to  welding  technique is  important   s ince i t  reduces   f a t igue   s t r eng th  
a t   t h e   s u r f a c e  which is t h e   c r i t i c a l   a r e a   a s   f a r   a s   t h e   v e l d  i s  
concerned. More de ta i led   d i scuss ion   in   conjunct ion   wi th   the  
radiographs is  p resen ted   i n   t he  tes t  of the   repor t .  

"N 1262 EFFECT  OF VARIABLES I N  WELDING TECHNIQUE ON THE STRENGTH OF 
DIRECT-CURRENT METAL-ARC-WELDED JOINTS I N  AIRCRAFT STEEL I1 - 
REPEATED  STRESS  TESTS  OF  JOINTS I N  SAE 4130 SEAMLESS  STEEL 
TUBING, C. B. Voldrich  and E. T. Armstrong, B a t t e l l e  Memorial 
I n s t i t u t e ,   A p r i l  1948 

This   repor t  is  a cont inua t ion   of   the  work r e p o r t e d   i n  NACA TN 
1261. I n  NACA TN 1261  s ta t ic - tens ion  and bending-fatigue tests 
of  metal-arc-welded  plate  joints were conducted  to   invest igate  
some e f f e c t s  of variations  of  welding  techniques.  It was believed 
t h a t  more information  could  be  obtained  from  fatigue tests of 
welded j o i n t s   i n   a i r c r a f t   t u b i n g .  The ob jec t  of t h e s e   t e s t s  was 
no t   t o   eva lua te   t he   f a t igue   s t r eng th  and  endurance l i m i t  of arc- 
welded j o i n t s   i n   a i r c r a f t   t u b i n g ,   b u t   t o  make use  of  repeated 
stress tests t o  compare  welds wi th   d i f fe ren t   contours ,  more o r  
less penetrat ion,  and g r e a t e r   o r  lesser hea t   e f f ec t   on   t he   pa ren t  
metal, and t h i s  t o  de te rmine   the   degree   in   which   these   fac tors   a re  
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governed  by  the  type  of  electrode,  speed  of  welding,  current, 
posi t ion,   preheat ,  and other   re la ted  condi t ions.   Eight   separate  
groups  of tes t  specimens were tes ted .  The c h a r a c t e r i s t i c s   o f   t h e  
specimens are l i s t ed   i n '   t he  test  of   the  report .  

The basic   conclusion  of  TN 1261, t h a t   t h e   e x t e r n a l  stress concen- 
trations  caused  by  the  geometry  of  the  weld were by f a r   t h e  most 
c r i t i c a l ,  even  exceeding  the  poor  quali t ies of the  poorest   accept- 
a b l e  weld, 17as r ea f f i rmed   i n   t h i s   r epor t .  The most s i g n i f i c a n t  
r e s u l t   o f   t h i s   i n v e s t i g a t i o n  v7as t h a t   t h e  stress concentrations 
caused by normal f l a t  and  convex f i l l e t s   i n   t u b u l a r   s e c t i o n s   a r e  
higher,  and  exert a grea te r   in f luence  on the   s t r eng th  of  welded 
thin-wal l   sect ions,   than is  generally  expected. ,It was found t h a t  
tension-prestressing  did  not   improve  weld  fa t igue  s t rength  but  
shot-peening  did  due  to  the  induced  compressive stress. 

TN 1263 STRESSES I N  AND GENERAL INSTABILITY OF MONOCOQUE CYLINDERS WITH 
CUTOUTS I11 - CALCULATION OF THE BUCKLING LOAD OF CYLINDERS W I T H  
SYMMETRIC CUTOUTS SUBJECTED TO PURE BENDING, N. J. Hoff, Bruno 
A. Boley  and Bertram Klein, May 1947 

(a) A s t r a i n  energy  theory was developed   for   ca lcu la t ing   the  
buckling  load  of a  monocoque cyl inder   in   pure  bending.   Radial  
and tangent ia l   bending   as   wel l   as   to rs ion   of   the   s t r ingers ;  
bending  of   the  r ings  in   their   p lane;  and shea r   i n   t he   shee t s   were  
a l l  cons ide red   i n   s t r a in -ene rgy   quan t i t i e s .  The def lec t ion   shape  
a t  buckl ing  ~7as  considered  to   be a f u l l   s i n e  wave extending  over 
t he   l eng th   o f   t he   cu tou t   i n   t he   ax ia l   d i r ec t ions .  The shape was 
represented   by   the   f i r s t   seven  terms of a Fourier  series. A 
l i n e a r   f o r c e   d i s t r i b u t i o n  was used ins tead   of  a l i n e a r   s t r a i n  
d i s t r i b u t i o n .  

(b) The b e s t  agreement  between  experimental  and  theory was  13%; 
the  worst  was 39%, in   every  case  theory  predicted a higher   value 
of  buckling  load  than  experiment. 

TN 1264 STRESSES I N  AND GENERAL INSTABILITY OF MONOCOQUE CYLINDERS WITH 
CUTOUTS I V  - PURE BENDING TESTS OF CYLINDERS WITH SIDE CUTOUT, 
N. J. Hoff, Bruno A. Boley  and Louis R. Viggiano,  February  1948 

(a)  Nine 24-ST Alclad  cyl inders  20 inches  in   diameter  and 39 t o  
90 inches  long,  with a wall thickness  of  0.012  inches, and wi th  
r ings  and s t r i n g e r s  of 24-ST were t e s t ed   i n   pu re   bend ing .  The 
cutouts   were  symmetr ical ly   with  respect   to   the  horizontal   p lane,  
they  were  12.9  or  19.3  inches  long,  and  cut  the  circumference by 
angles  of 45O, 90°, o r  1350. 

(b) A l l  c y l i n d e r s   f a i l e d   i n   g e n e r a l   i n s t a b i l i t y .  The main  bulge 
was loca ted   a t   t he   edge   s t r inge r  on the  compression  side and 
secondary  bulges   appeared  near   the  lowest   s t r inger   in   the 
cyl inders .  
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(c) On the   comple t e   s ide   o f   t he   cy l inde r   t he   s t r e s s   d i s t r ibu t ion  
i s  l i nea r ;   on   t he   cu tou t   s ide   t he  stress i s  very  low i n   t h e   c u t  
s t r i n g e r  and is  a maximum i n   t h e  edge   s t r ingers .  The buckling 
load  decreases when the   cu tout   increases   in  size.  The cy l inde r s  
can s t i l l  car ry   l a rge   loads   even   a f te r   buckl ing .  

60 I 
0 70 140 

Size of Cutout,  Deg. 

TN 1274 COMPRESSIVE-STRENGTH  COMPARISONS  OF  PANELS HAVING ALUMINUM-ALLOY 
SHEET AND STIFFENERS WITH PANELS HAVING A MAGNESIUM-ALLOY SHEET 
AND ALUMINUM-ALLOY STIFFENERS, Norris F. Dow, William A. Hickman 
and Howard L. McCracken, Apr i l  1947 

Report  examines two types  of  panels, Mg-A1, and  24s-T. Shows 
that   for   given  panel   weight ,  Mg-A1 panel had higher  buckling 
loads and h ighe r   e f f i c i enc ie s   excep t   fo r   h ighes t   l oads   t e s t ed ,  
where s t i f f e n e r s  were closest .   For   panels   of   " ideal"   proport ions,  
24s-T panels were moree f f i c i en t .   I n   spec i f i c  minimum weight 
designs, Mg-Al panels  again were bes t .  It is  concluded  that  Mg-A1 
cons t ruc t ion   which   permi ts   wider   s t i f fener   spac ing  and higher 
buckling  loads  should pe rmi t  construction  of  smoother  wings  because 
of  having  fever rivets and less buckling  under  loads. 
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TN 1297 BENDING STRESSES DUE TO TORSION I N  A TAPJBED BOX BEAM, Edwin T. 
Kruszewski,  Langley M a .  Aero. Lab., May 1947 

A method is  presented   for   the   ca lcu la t ion   of   bending  stresses due 
t o   t o r s i o n   i n  a tapered box beam. A s p e c i a l   t a p e r  vas assumed i n  
which a l l   f l a n g e s ,   i f   e x t e n d e d ,  would meet a t  a point .  The general  
procedure  of   analysis   given is similar to   the   p rocedure   for  a non- 
tapered beam presented  by  Paul Kuhn i n   h i s   p a p e r  "A Method of 
Calcu la t ing  Bending S t r e s ses  Due to  Torsion",  NACA ARR, December 
1942.  Recurrence  formulas  developed  €or  use  'in t h i s   c a l c u l a t i o n  
are included. 

Theory  and experimental da ta   agree .  

For   boxes  with  very  small   taper   the  f lange stresses i n   t h e   o u t -  
board  half   of  the box are very  small. In   these   boxes  a f i r s t  
approximation  of  the  bending stresses due  to   tors ion  can  be made 
by us ing   t he   p rope r t i e s   o f   t he   t ape red  box a t   t h e   r o o t ,  by  con- 
s i d e r i n g  the box non-tapered,  and  then  using  the method  of 
analysis   descr ibed  by Kuhn i n   h i s   p a p e r  on  bending.  For  more 
accura te   ca lcu la t ions ,   the  method of  this  paper  can  be  used. 

TN 1310 CHARTS  FOR  STRESS  ANALYSIS  OF  REINFORCED CIRCULAR CYLINDERS UNDER 
LATERAL  LOADS, Joseph Kempner and  John E. Duberg, Langley Mem. 
Lab., May 1947 

REFERENCES: 

Duberg, John E., and Kempner, Joseph:  Stress  Analysis  by  Recur- 
rence  Formula  of  Reinforced  Circular  Cylinders Under L a t e r a l  
Loads, NACA TN 1219,  1947. 

Wignot, J. E., Combs, Henry, and  Ensrud, A. F. : Analysis  of 
Circular  Shell-Supported Frames, NACA TN 929,  1944. 

.." Kuhn, Paul, Duberg, John E., and Gr i f f i t h ,  George E.: The Ef fec t  
. of  Concentrated  Loads  on  Flexible  Rings i n   C i r c u l a r   S h e l l s ,  NACA 
ARR No. L!%23, 1945. 

Charts are g iven   fo r  3 basic  types  of  loadings:  concentrated 
radial   load,   concentrated  tangent ia l   loading,  and concentrated 
bending moment. 

TN 1314 AN INVESTIGATION OF THE .HIGH TDPERATURE PROPERTIES OF CHRCMIUM 
BASE ALLOYS  AT 1350O F, J. W. Freeman, E. E. Reynolds,  and A. E. 
White, May 1947 

One o f   t h e   o b j e c t i v e s   i n   t h e   m e t a l l u r g i c a l   r e s e a r c h   o n   h e a t  resis- 
tance  metals for  gas  turbines  has  been  the  development  of  al loys 
which  could  operate a t  high  temperatures  under stresses similar 
to   those   permiss ib le  a t  room temperature. 
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The 55Cr-25Fe-20Mo and t h e  60Cr-25Fe-lSMo a l l o y s  had rup tu re  
s t r eng ths   a s   h igh   a s  73,000 p s i   i n  100 hours. A t  t he   p re sen t  
t i m e  the  most  promising chromium b a s e   a l l o y   a t  1350' F for   buckets  
for   gas   turbines   appears   to   be 60Cr-25Fe-15Mo wi th  less than  0.05% 
carbon  and  from 0.5 to   0 .7%  s i l i con .   This   a l loy   can   be  machined 
and f a b r i c a t e d ,   i n   t h e  normal  manner,  and  techniques  have  been 
worked out   for   cas t ing   buckets .  

The  most s e r i o u s   a r e   b r i t t l e n e s s  a t  room temperature and the  
necess i ty   fo r   me l t ing  and cast ing  under   high vacuum to  avoid  the 
de te rmenta l   e f fec ts   f rom  the  oxygen  and n i t r o g e n   i n  air .  The 
f u r t h e r  improvement seems qui te   poss ib le .  The chromi&  base 
al loys  have  very 1 0 ~ 7  shock-resistance and s e n s i t i v i t y   t o  stress 
concentrations a t  room temperature. 

TN 1322 THE SPOT  WELDING  OF DISSIMILAR ALUMINUM ALLOYS I N  THE 0.040 INCHES 
THICKNESS, W. F. Hess, R. A. Vyant  and F. J. Winsor,  1947 

Report shovrs that  the  following  combinations  can  be  welded: 

Alclad 24s-T 
Alclad 24s-T 
Alclad 24s-T 
Alclad 24s-T 
Alclad 24s-T 
Alclad 24s-T 
R-301-T 
Alclad 75s-T 

t o  
t o  
t o  
t o  
to 
t o  
t o  
to  

ba re  24s-T 
52S-l/2H 
3S-l/2H 
61s-T 
R-30 l -T  
Alclad 75s-T 
Alclad 75s-T 
ba re  75s-T 

Chemical surface  t reatments  are as  follows: 

1. Degrease i n   t r i c h l o r o e t h y l e n e   o r   a l k a l i n e   d e g r e a s e r .  

2. Treat  with  (a)  1.5% H2SiF6 (for   Alclad 24s-T, 52S-l/2H, 

75S-T, Alclad 75S-T,  R-301-T, 3S-l/2H) 

o r  (b) 2% HN03 ( f o r  24S-T, 61s-T,  14s-T). 

Tests showed sound v e l d s   r e s u l t e d   w i t h   f o r g e   f o r c e  = 2.5 times 
weld  force,  weld  force  from 800 t o  1200 lbs ;   cur ren t  rise of 
3000 amperes per   mil l isecond;   forge t i m e  of 38 mill iseconds.  

TN 1323 CHARTS FOR THE MINIMUM WEIGHT DESIGN OF MULTIWEB WINGS I N  BENDING, 
Evan H. Schuette  and James C. McCulloch, June  1947 

The present   repor t   cons iders  a multiweb  wing i n  which  the  buck- 
l i ng   o f   t he  webs  and compression  skin  under  bending  loads is  of 
pr imary   s ign i f icance   in   the   des ign .  A method f o r   c a l c u l a t i n g   t h e  
buckling stress and design  char ts  i s  presented. 
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Char t s   a r e   p re sen ted   fo r  24s-T  aluminum alloy  sheet,   extruded 
75s-T  aluminum alloy,  and  extruded 0-1HTA magnesium a l loy .  A 
second  char t   for  0-1HTA which makes d i r e c t  comparison  with  the 
o the r  two mate r i a l s  i s  .a lso  presented.   These  char ts  make poss ib le  
for   des igner   to   choose  a  minimum weight  design  of  multiweb  wings. 
An example  of the  use of t he   cha r t s  i s  given. The methods  by 
which  the  var ious  char ts  were prepared are d i s c u s s e d   i n  Appendix A 
(p repa ra t ion   o f   cha r t   fo r   ca l cu la t ion   o f   buck l ing   s t r e s s )  and B 
(des ign   char t s ) .  Appendix C gives  a d i scuss ion   o f   t he   e f f ec t s  of 
s h e a r   i n   t h e  webs on  the  buckling stress of  multiwebs  wings. 

TN 1324 INTERACTION BETWEEN THE SPARS  OF  SEMIMONOCOQUE WINGS WITH CUTOUTS, 
N. J. Hoff,  Harry  Kase,  and  Harold  Liebowitz, Ju ly  1947 

The stresses i n   t h e  two spars  of a model  of a wing  having  three 
rec tangular   cu touts  were ca lcu la ted   by   the  FIBAL method  which i s  
a modif icat ion  of   Southwell ' s  method of   systematic   re laxat ions.  
By comparing  the  theoret ical   resul ts   wi th  those  taken  f rom  the use 
of   the SR-4 s t r a i n  gage, i t  was found t h a t   i n   t h e   f o u r   d i f f e r e n t  
conditions  of  loading and  end f ixat ion  (one  spar   loaded and then 
the   o the r  and a l te rna te ly   having   the  end f i x e d )   t h a t   s a t i s f a c t o r y  
r e s u l t s  were obtained. 

11 references.  

TN 1335 THE LOCAL BUCKLING  STRENGTH  OF LIPPED Z-COLUMNS WITH SMALL LIP 
WIDTH, Pa i  C. Hu and  James C. McCulloch,  June  1947 

This   report   presents  a method fo r   ca l cu la t ing   t he   buck l ing  
s t rength  of   l ipped Z-columns. 

A lower l i m i t  fo r   the   major   par t   o f  C can  be  calculated by 

assuming  the  l ip-f lange  combinat ion  f ree   to   s l ide  a long  the 
from the  formula: 

B 

cB 

bL L t 
4 + -  

L b 3 b 2 t  ( bF 5 1 2 L F L  L L  1 " -  - 
bF tF 

web 
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The upper l i m i t  f o r  CB may be   ca lcu la ted  by  assuming  the  lip- 

f l ange   combina t ion   f i xed   i n   t he   l ong i tud ina l   d i r ec t ion   a t   t he  
i n t e r s e c t i o n   w i t h   t h e  web from the  formula: 

3 2  
cB = 1/3 bL bF tL 

The s t i f f n e s s   a g a i n s t   l a t e r a l   d e f l e c t i o n s   o f   t h e  l i p s  can  be 
ca l cu la t ed  from: 

V 
' flange 

P 

CB = important  part   of C the  tors ion  bending  constant  
BT 

E = modulus  of e l a s t i c i t y  
G = shea r  modulus o f   e l a s t i c i t y  

I P  
= p o l a r  moment of iner t ia   o f   l ip - f lange   c ross   sec t ion   about  

ax is  of  r o t a t i o n  
J = t o r s ion   cons t an t   fo r   l i p - f l ange   s ec t ion  

Sv = s t i f f n e s s   i n  moment d i s t r i b u t i o n   a n a l y s i s   f o r   f a r   e d g e   n o t  
suppor t ed   bu t   e l a s t i ca l ly   r e s t r a ined   aga ins t   ro t a t ion  and 
d e f l e c t i o n  

kF7 = nondimensional  coefficient  used  in  plate-buckling  formula 

bL = width of l i p  

bF = width of f l ange  

bl,J = width  of web 

t = thickness   of   plate  
(r = c r i t i c a l  compressive stress 

X = ha l f  wave l eng th   o f   buck le s   i n   l ong i tud ina l   d i r ec t ion  
q = nond imens iona l   coe f f i c i en t   fo r   p l a t e s  which  accounts  for 

decrease  of modulus  beyond e l a s t i c   r ange ;  i t  a l s o  is  in-  
fluenced by s l ight   discrepancies   between  actual   specimen 
t e s t e d  and idea l ized   spec imen  for   which   ca lcu la ted   s t rength  
i s  made 

f o r   p l a t e s  

cr 

T = nondimens iona l   coef f ic ien t   for  columns corresponding  to  

TN 1341 A SIMPLIFIED METHOD OF ELASTIC-STABILITY ANALYSIS  FOR THIN CYLIN- 
DRICAL  SHELLS. I1 - MODIFIED EQUILIBRIIM EQUATION, S. B. Batdorf, 
(superseded  by  report  874),  June 1947 

Trea ted   i n  CR-912. See  page 528 fo r   d i scuss ion .  
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TN 1342 A SIMPLIFIED METHOD OF ELASTIC  STABILITY  ANALYSIS  FOR THIN CYLIN- 
DRICAL  SHELLS. I1 - M O D D I E D  EQUILIBRIUM EQUATION, S. B. Batdorf, 
(superseded  by  report  874),  June 1947 

T r e a t e d   i n  CR-912. See page  528  for  discussion. 

TN 1343 CRITICAL  STRESS OF  THIN-WALLED CYLINDERS I N  AXIAL COZVIPRESSION, 
S. B. Batdorf, Murry Schildcrout,   and Manuel Stein,  (superseded 
by report   887),   June 1947 

S i m i l a r   m a t e r i a l   i n  CR-912, page  528. 

TN 1344 CRITICAL STRESS OF THIN WALLED  CYLINDERS I N  TORSION, S. B. Batdorf, 
Manuel Stein,  and  Murry  Schildcrout,  June  1947 

(a) A t h e o r e t i c a l   s o l u t i o n  is  g i v e n   f o r   t h e   c r i t i c a l  stress of 
thin-wal led  cyl inders   loaded  in   tors ion.  

(b) C r i t i c a l   s h e a r  stresses for   cyl inders:  

T fiLD 
cr  = ks - 

L t  2 

ks = cr i t ica l  shea r - s t r e s s   coe f f i c i en t  

For   short   cyl inders:  

ks = 5.34  edges  simply  supported  and  8.98 when the  edges  are  
clamped 

For  simply  supported  cylinders:  

ks = 0.85 2' 
75 

For   cyl inders   with clamped  edges: 

ks = 0.932' 75 

2 

rt  z = curvature  parameter = 

L = l eng th  of  cylinder 
r = r ad ius  of cy l inde r  
t = thickness  of cy l inder  wall 

TN 1345 CRITICAL CONBINATIONS OF  TORSION AND DIRECT AXIAL STRESS FOR THIN- 
WALLED CYLINDERS, S. A. Batdorf, Manuel Stein,  and Murry Schild- 
crout,  June  1947 

(a) A t h e o r e t i c a l   s o l u t i o n  v7as found fo r   t he   de t e rmina t ion   o f   t he  
combina t ions   o f   d i rec t   ax ia l  stress and torsion  which  cause 
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thin-walled  cylinders  with  either  simply  supported  or clamped 
edges  to  buckle. 

(b) me combinations  of  shear  and  axial stress which  cause  cylind- 
e rs   to   buckle  come from: 

2 Ksx D 
T =  L2t (see TN 1344) 

Kxx D 2 

crx - - - (see TN 1343) 
L2t 

(c)   Their   combinat ion  for   fa i lure  i s  given by: Figure 1 where 
ks i s  t h e   s h e a r - s t r e s s   c o e f f i c i e n t  (TN 1344)  and kx (TN 1343) i s  

t h e   d i r e c t - a x i a l - s t r e s s   c o e f f i c i e n t .  

0 
I 

20 0 
Clamped  edges Simply supported 

Ks 
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TN 1346 CRITICAL SHEAR S m S S  OF LONG PLATES W I T H  TRANSVERSE CURVATURE 

TN 1347 CRITICAL  CONBINATIONS OF SHEAR AND LONGITUDINAL DIRECT STRESS FOR 
LONG PLATES WITH TRANSVERSE CURVATURE, S. B. Batdorf, Murry 
Schildcrout,  and  Manuel Stein,  Langley Mem. Aero.  Lab., June 1947 

Theoret ical   solut ions  presented.  

TN 1348 CRITICAL SHEAR STRESS OF CURVE3 RECTANGULAR PANELS, S. E. Batdorf, 
Manuel Stein,  and  Murry Schi ldcrout  

A solution  based  on  small-deflection  theory was presented   for   the  
c r i t i c a l . s h e a r  stress of  curved  rectangular  panels  with  simply 
supported  edges.  For  panels  having  simply  supported  edges  this 
problem is  so lved   t heo re t i ca l ly  

For   cyl indrical ly   curved  panels  

i n   t h e  Appendix. 

t h e   c r i t i c a l   s h e a r   s t r e s s  T i s  : c r  

where: 

Ks = c r i t i c a l   s h e a r  stress c o e f f i c i e n t  

D = f l e x u r a l   s t i f f n e s s   o f   p a n e l - u n i t   l e n g t h  ( 2) 

p = Poi s son ' s   r a t io  

b = axia l   o r   c i rcumferent ia l   d imens ion  of  panel  whichever i s  

E t 3  

12  - 121.L 

smaller  

t = panel  thickness 

b2 
r t  The curvature  parameter  used is  Z = - (3 where r - 

radius  of  curvature of panel. 

RESULTS: 

1. The buckling  curves f o r  panels  of  f ixed  length-width  ratio 
approach  the  curves €or a complete   cyl inder   a t   h igh  values   of  Z. 

2. Panels  having a l a r g e   r a t i o  of   c i rcumferent ia l   length  to   axial  
length  approach a c y l i n d e r   a t  lower  values  of Z than  panels  having 
a s m a l l   r a t i o  of c i rcumferent ia l   length to ax ia l   l eng th .  

3. With  any a p p r e c i a b l e   i n i t i a l   e c c e n t r i c i t i e s ,   d e f l e c t i o n s   t e n d  
to   increase  gradual ly   with  load and  no  snap  buckle  occurs. The 
three  specimens  in   which  snap  buckl ing  did  not   occur   fe l l   in   the 
range  of 6 < Z < 12. Here  experimental   buckl ing  s t resses   are  
o n l y   s l i g h t l y   a f f e c t e d  by i n i t i a l   e c c e n t r i c i t i e s .  
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4. There were a l s o  some r e s u l t s   i n  which  experimental  buckling 
s t r e s s e s  were c o n s i d e r a b l y   a f f e c t e d   b y   i n i t i a l   e c c e n t r i c i t i e s .  

5. The c r i t i c a l   s h e a r  stresses given  by a t h e o r e t i c a l   s o l u t i o n  
based  on  small-deflection  theory  for  simply  supported  curved 
rectangular   panels  were found t o   b e   i n  good agreement  with ex- 
pe r imen ta l   c r i t i ca l   s t r e s ses   de f ined   i n   such  a 17ay as   to   be 
r a the r   i n t ens ive   t o   l oca l   imper fec t ions .  

13  references  used. 

TN 1361 DEFORMATION ANALYSIS OF WING STRUCTLJRES, Paul Kuhn, J u l y  1947 

Bending as well a s   t o r s iona l   de f l ec t ions   a r e   d i scussed   fo r   ~7 ings  
with  or   without   cut-outs .  The formulas are g iven   in   such  a form 
tha t   t hey   y i e ld   co r rec t ions  t o  be added to   the   def lec t ions   ca lcu-  
l a t e d  by  means  of the  elementary  theory. 

Numerical  examples a r e   g i v e n   t o   i l l u s t r a t e   t h e   u s e   o f   t h e  equa- 
t ions .  

S imi l a r   ma te r i a l  may be  found in   Analys is  and  Design  of A i r c r a f t  
Structures ,  E. B. Bruhn, 1949 Revised  Edition. 

TN 1364 STRENGTH  ANALYSIS OF STIFFENED BEAM WEBS, Paul Kuhn and  James P. 
Peterson,  Langley Mem. Aero.  Lab., J u l y  1947 

Supersedes: NACA Rep. No. 697, 1940. Inves t iga t ions   on   the  
Incompletely  Developed  Plane  Diagonal-Tension  Field.  Paul Kuhn. 

NACA ARRy August  1942.  The  Strength of P lane  Web Systems i n  
Incomplete  Diagonal  Tension.  Paul Kuhn and P a t r i c k  T. Ch ia r t i t o .  

This  information i s  included  in   Kuhn's   Stresses  in Aircraft and 
She l l   S t ruc tu res .  McGraw H i l l  Book  Co., Inc., 1956. 

Superseded  by TN 1756. 

TN 1375 LIMITS OF PRECISION I N  THE *DETERMINATION OF LATTICE PARAMETERS 
AND STRESSES BY THE DEBYE-SCHERRER METHOD, Hans Ekstein and 
Stanley  Siegel,   October 1947 

(a)  This  report  $7as done  as  an  attempt EO improve  the  precision 
of x-ray  diffraction.  Experiments were performed  with  copper 
r a d i a t i o n  on zinc  samples. The Bragg angle  was 87.53' so t h a t   t h e  
geometric-l ine  width  could  be made small   in  comparison  with  the 
spec t ra l - l ine   wid th .  

(b)  The sharpness of t h e   d i f f r a c t i o n   l i n e  is l imi t ed  by t h e  
spec t r a l   b read th   o f   t he   p r imary   cha rac t e r i s t i c   r ad ia t ion ;   c rys t a l  
o r i e n t a t i o n  and  photographic   f i lm  a lso L i m i t  t h e   p r e c i s i o n   i n  
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determination  of l a t t i ce  parameters. The r e l a t i v e   e r r o r   i n  

l a t t i c e   s p a c i n g  is approximately 2 x 10 ; this   value  determines 
the  accuracy  with  which  stress  measurements may be made. 

-5 

TN 1380 THE 13500  F STRESS-RUPTURE  PROPERTIES OF 2 TTROUGIET ALLOYS AND 3 
CAST  IRONS, E. E. Reynolds, J. TJ.'Freeman and A. E. White,  1947 

Wrought a l loys:  NR82 (6059  modified-low  carbon) 
NR84 (N-155 modified-low  carbon) 

Cast   a l loys : NR71 (X-40) 
NR87 (Co-CrtNi,  base 9 Mo) 
NR90 (Co-Cr-Ni base 5 Mo, 5W) 

S t r e s s   fo r   rup tu re   t abu la t ed   aga ins t  t i m e  i n   t a b l e ,   a l s o   g i v i n g  
elongat ion and treatment.  Such  data  should  be  available  from 
manufacturer   for   a l loys  designed  for   high  temperature  uses. 

TN 1385 STRESS-STRAIN AND ELONGATION GRAPHS FOR ALCLAD ALUMINUM ALLOY 
75S-T,S€EETJ James A. Mil ler ,  1947 

Report   includes  plots   of :  

Tens i le   and .compress ive   s t ress -s t ra in  and stress dev ia t ion  
Tangent  modulus  and  reduced  modulus i n  compression 
T e n s i l e   s t r e s s - s t r a i n  to  f a i l u r e  
Local  elongation and e longat ion   aga ins t   gage   l ength   for  

t e n s i l e  specimens  loaded  to   fa i lure  

TN 1389 DESIGN CHARTS  FOR  FLAT  CONPRESSION PANELS HAVING LONGITUDINAL 
EXTRUDED Y-SECTION STIFFENERS AND COMPARISON WITH PANELS HAVING 
FORMED  Z-SECTION  STIFFENERS, Norris F. Dow and William A. Hickman 

Design  charts. 

TN 1410 AN IMPROVED  PHOTOELASTIC METHOD FOR DETERMINING PLANE STRESSES, 
C. B. Norris and A. W. Voss, January 1948 

(a) An improved pho toe la s t i c  method has  been  developed  for  deter-  
mining stress concentrations.  The  method  used was a double- 
oblique method of pho toe la s t i c   ana lys i s .  A stress coa t  was a l s o  
used to   give  values   of  €3. 
(b) The following  equations were used t o   f i n d   t h e   p r i n c i p a l  
stresses: 

n n; - n2 L 

X cos @ 
2 
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n =  n + n  
X P q  

n =  n - n  n P 4  

For 0 = - 2 
x 

For @ = 0 

n 

0 =  

- - 
0 

e =  

f r i n g e   o r d e r   f o r   t h e   a l g e b r a i c a l l y   l a r g e r  of t h e   p r i n c i p a l  
stresses p 
f r i n g e   o r d e r   f o r   t h e   o t h e r   p r i n c i p a l  stress q 

fringe.   order  from  photograph  with  l ight  normal  to  surface 
of  model r 

f r i n g e   o r d e r  from  photograph  with  l ight  oblique  to  surface 
of  model 
angle   be tween  d i rec t ion   of   l igh t   ins ide  model  and a normal 
t o  i t s  su r face  
o r i e n t a t i o n   o f  p  measured c o u n t e r c l o c h ~ ~ i s e  from x-axis 
pr inc ipa l ,  stresses t o  a p o i n t  
r a d i a l   d i s t a n c e  from c e n t e r  of d i s k   t o   p o i n t .  
diameter of d i s k  . 

2P/d 
load 

(c) The  method  above ~.7as considered  the  best  a t  t h e  time the   r epor t  
v a s   m i t t e n .  

TN 1411 THE SPOT WELDING OF ALCLAD 24s-T I N  THICKNESSES OF 0.064,  0.081 
AND 0.102 INCH, W. F. Hess, R. A. TJysnt, and F. J. Winsor, 
Rensselaer   Polytechnic   Inst . ,  November 1947 

AS a r e s u l t   o f   t h i s   i n v e s t i g a t i o n  it may be  concluded i n   g e n e r a l  
that  welding  machines  equipped  with  dual-pressure  systems are even 
more important   for   the  product ion  of   spot   welds   of   high  qual i ty   in  
the  heavier  gages  of  Alclad 24s-T than   has   been   repor ted   in   the  
prev ious   inves t iga t ions   wi th   l igh ter   gages  of t h i s   a l l o y .  The 
r e s u l t s  of t h i s   i n v e s t i g a t i o n  were sub jec t   t o   t he   fo l lowing  machine 
l imi t a t ions :  a f o r g e   f o r c e  of 5000 pounds  and a peak  current o f  
74 kiloamperes,  obtained  with a condenser  capacitance  of 2640 
microfarads,  and a condenser  voltage of 3000, and a transfonner- 
t u r n s   r a t i o  of 400: 1. A welding  machine  with much h igher   e lec t rode  
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f o r c e  and cur ren t   capac i ty  is  requi red   in   o rder   to   ob ta in  maximum 
benefi ts   in   spot-welding  Alclad 24s-T in  thicknesses  of  0.081  inch 
o r   g rea t e r .  

Electrodes  of 4 inch   rad ius  are s u i t a b l e   f o r   a l l   g a g e s  of  Alclad 
24s-T  from  0.020 t o  0.064  inch. When forging i s  to  be  applied,  
the  optimum e lec t rode   force   dur ing   weld ing ,   in  pounds,  should  be 
about 25 times the   s ing le   shee t   t h i ckness ,   i n  m i l s ,  u s ing   t h i s  
tip  contour.  For  gages  heavier  than  0.064  inches, it i s  d e s i r a b l e  
to  use  la rger   rad ius   e lec t rodes .  With these t i p s ,  somewhat higher 
e lec t rode   forces   dur ing   weld ing   a re   p referab le .  

In  welding  Alclad 24s-T up to   0 .081   inch   in   th ickness ,  i t  has  been 
'observed  that ,  when the  optimum va lue  of  weld f o r c e  i s  employed 
f o r  a pa r t i cu la r   t h i ckness  of ma te r i a l  and t i p  contour, a forge 
of  2.5 times the  weld  force is  adequate   to   e l imina te   c racks   in   the  
welds up t o   t h e   p o i n t  on t h e   s t r e n g t h   c u r r e n t   c h a r a c t e r i s t i c   a t  
which  expulsion starts. This  ratio  of  forge-to-weld  force will 
probably  a lso  be  found  adequate   for   the  heavier   gages when s u f f i -  
c i e n t  machine  capacity  permits  their   welding  under optimum condi- 
t ions.  

TN 1415 THE EFFECT  OF  PREHEATING AND POSTHEATING ON THE QUALITY OF SPOT 
WELDS I N  ALUMINUM ALLOYS, W. F . Hess, B. A. Wyant, and F. J. 
Winsor, November 1947 

(a) The purpose  of   this   report  was to   de te rmine   the   e f fec t  of 
preheat ing and postheat ing on spot   welds   in  aluminum al loys.  

(b) i ih i le  a s l i gh t   r educ t ion   i n   t he   t endency   fo r   expu l s ion   i n  
Alclad 24s-T was obtained  using a s lowly   r i s ing   prehea t   cur ren t  
t he re  was no change in   ha rd   a l loys ,  24s-T o r  61s-T. Steep-current 
wave forms  increased  the  tendency  toward  expulsion i n  aluminum 
al loys.   Postheat ing had no e f f e c t  on the   shea r   s t r eng th  of  welds 
unt i l   the   magni tude  of   the  current  ~7as l a r g e  enough to   cause 
remelting  of  the  welds,  which  increased  the  weld  diameter and 
shear   s t rength .  

TN 1421 EFFECT  OF VARIATION I N  DIAMETER AND PITCH AND RIVETS ON COMPRES- 
SIVE STRENGTH  OF PANELS WITH Z-SECTION STIFFENERS. PANELS OF 
VARIOUS LENGTHS WITH CLOSE STIFFENER  SPACING, Norris F. Dow and 
William A. Hickman, September  1947 

It was found i n   t h i s   r e p o r t   t h a t   t h e   e f f e c t   o f   r i v i t   d i a m e t e r  and 
r i v i t  p i t c h  on the  compressive  strength depended  on the  type of 
pane l .   Shor t   pane ls   tha t   fa i led  by local   buckl ing showed an 
i n c r e a s e   i n   s t r e n g t h   w i t h   e i t h e r  a dec rease   i n   p i t ch   o r   an   i nc rease  
i n  diameter.  Panels  which  failed by a combination of column  bend- 
ing  and local   buckl ing showed less increase,   but  d i d  i n c r e a s e   i n  
s t rength   wi th   an   increase   in   d iameter ,   whi le   long   pane ls   which  
f a i l e d  by column bending showed a d e c r e a s e   i n   s t r e n g t h   w i t h   e i t h e r  
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an   i nc rease   i n   d i ame te r   o r  a decrease   in   p i tch ;  however, the  
decrease may be  due t o   t h e   g r e a t e r   i n i t i a l   c u r v a t u r e   i n d u c e d   i n  
the   pane l  by t h e   g r e a t e r  number o r   s i z e   o f   r i v e t s .  

TN 1425 NON-LINEAR LARGE-DEFLECTION BOUNDARY-VALUE PROBLEMS OF RECTANGULAR 
PLATES, Chi-Teh Wang, March  1948 

Covered in: 

Theory  of Plates and Shel ls ,  Ed. by S. M. Durgar'yan. 

TN 1432 CHANGES FOUND ON RUN-IN AND SCUFFED  SURFACES OF STEEL CHROME PLATE 
AND CASE IRON, J. N. Good and  Douglas  Godfrey,  October  1947 

(a) A s tudy  vas  made of  run-in and scuffed steel, chrome-plate, 
and cas t - i ron   sur faces .  X-ray  and e lec t ron   d i f f rac t ion ,   micro-  
hardness  determinations, and microscopy  were  used. 

(b) The pr inc ipa l   chemica l   reac t ions  were oxidat ion and carburi-  
zat ion.  The hardness of t h e   s u r f a c e   v a r i e d   w h i l e   t h e   c r y s t a l l i t e  
s i z e   ~ 7 a s  on the   o rder  of centimeters.  

TN 1433 INSTABILITY OF OUTSTANDING FLANGES  SIMPLY SUPPORTED AT ONE EDGE 
AND REINFORCED BY BULBS AT OTHER EDGE, Stanley Goodman and  Evelyn 
Boyd,  December 1947 

(a) The compressive  buckling  of  outstanding  flanges  reinforced by 
bulbs was determined  by  the  torsiorl-bending  theory  for  f langes 
having  54  shapes  and a range  of  lengths. The edge  of  the  f lange 
opposite  the  bulb and the  loaded  ends were considered  simply sup- 
ported. The r e s u l t s  were analyzed  to  determine  the  shape  of 
f l ange   t ha t   gave   t he   g rea t e s t   suppor t   t o   t he   s t ruc tu re   t o  which it 
~7as attached. 

(b) It v7as found tha t   t he   f l anges   capab le  of giving  the  most 
support   wi thout   tors ional   buckl ing had overa l l   f l ange   wid ths  from 
1.9 % t o  2.6 %, where % i s  the   c ros s - sec t iona l   a r ea   o f   t he  

f lange.  

TN 1435 STRESSES I N  AND GENERAL INSTABILITY OF MONOCOQUE CYLINDERS WITH 
CUTOUTS. V I  - CALCULATION OF TKF, BUCKLING LOAD OF CYLINDERS TJITH 
SIDE CUTOUT SUBJECTED TO PURE: BFBDING, N. J. Hoff,  Bertram  Klein, 
and Bruno A. Boley,  January  1948 

(a) A strain-energy  theory ~7as developed  for   the  calculat ion  of  
buck l ing   l oad   i n   gene ra l   i n s t ab i l i t y  of c i r cu la r   r e in fo rced  mono- 
coque  cylinders  having a s ide   cu tou t  and subjected  to  pure  bending. 

(b) The average  deviat ion  between  theoret ical  and  experimental 
buckling  load was 27.1  and  34.4  percent   for   the  f i rs t  and  second 
set of  experiments  respectively.  
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TN 1439  CWRESSIVE STRENGTH OF 24s-T ALUMINUM ALLOY FIAT PANELS W I T H  
LONGITUDINAL FORMED HAT-SECTION STIFFENERS HAVING A RATIO OF 
STIFFENER  THICKNESS TO S K I N  THICKNESS EQUAL TO ONE, William A. 
Kickman and Norris F. DOW, September  1947 

Tests were done  on  24s-T  aluminum a l loy   f la t   compress ion   pane ls  
w i th   l ong i tud ina l  formed h a t   s e c t i o n   s t i f f e n e r s   i n  which  the 
thickness of t h e   s t i f f e n e r s  is equal  to  the  thickness  of  the 
skin.  

NOMENCLATURE: 

pi = compressive  load p e r  inch  of  panel  width 

L = length  of  panel 

C = coe f f i c i en t   o f  and f i x i t y   i n   E u l e r  column formula 

of = average stress a t  f a i l u r e  

The fo l lowing   resu l t s  were noted: 

1. When Pi/I#h has a  low va lue   ( l ong   pane l s   t ha t   f a i l  by  column 

bending). The s t ress   developed by the  panels   increases   with  an 
i n c r e a s e   i n   b w / b .  

pi 

L/ .Jc 
2. A t  very  high  values   of  - ( s h o r t   p a n e l s   t h a t   f a i l  by 

loca l   buckl ing) .  An i n c r e a s e   i n   t h e   r a t i o  b  b tends  to   decrease 
the  stress. dw 

*i 

L/ JC 
3. Except a t   v e r y  low values  of - , t h e  stress developed  by 

the   t e s t   pane l s   i nc reases  as bs/ts is decreased. 
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TN 1440 FURTKFR INVESTIGATION OF PREHEATING AND POSTHEATING I N  SPOT 
WELDING 0.040 INCH ALCLAD 24S-T, W. F.. Hess and F. J. Windsor, 
Rensselaer  Poly.  Inst.,  December  1947 

CONCLUSIONS: 

1. I n   a l t e r n a t i n g   c u r r e n t   s p o t   w e l d i n g  of  aluminum a l loys   the   weld  
times i s  very  important  with  regard  to  the  quali ty  of  weld  produced. 

2. For a given  weld  size,   too  short  a weld time, in   con junc t ion  
w i t h  a low e l ec t rode   fo rce ,   r e su l t ed   i n   t he   occu r rence   o f   i n t e rna l  
cracks i n   t h e  welds.  Increasing  the  weld time eliminated  these 
cracks. The minimum weld time required  for   complete   e l iminat ion 
of in te rna l   c racks   p robably  i s  a func t ion  of the  ~-7eld  s ize .  

3. With  properly  prepared  surfaces,  preheating  produced some 
improvements i n   t h e   v e l d   q u a l i t y  when the   p rehea t   cur ren t  vas 
su f f i c i en t ly   h igh   i n   magn i tude  and  of  long  duration. The  employ- 
ment  of intermediate   values   of   preheat   current  was d e f i n i t e l y  
dangerous.  This v7as bel ieved  to   be  due  to  a lov7ering  of  the  sheet 
t o   s h e e t   r e s i s t a n c e  which  rendered  the  welding  current  ineffective 
i n  producing  welds  of  adequate  size. 
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4.  High values   of   preheat   current   tended  to   e l iminate   expuls ion 
and sur face   f lash ing   usua l ly   assoc ia ted   wi th   spot   weld ing   un t rea ted  
Alclad 24s-T. The appl icat ion  of   preheat ing  for   improving  spot  
weldabi l i ty ,  however, may b e   q u i t e   c r i t i c a l .  Too low a va lue  of  
prehea t   cur ren t  may e i t h e r   f a i l   t o   e l i m i n a t e   e x p u l s i o n   o r   s e r i o u s l y  
reduce  the  weld  strength.  Too high a va lue   o f   p rehea t   cur ren t  may, 
of i t se l f ,  cause  expuls ion  ra ther   than  e l iminate  it. 

5. Postheating  currents  of  lower  magnitude  than  the  welding  current 
had no e f f e c t   o n   t h e  weld s i z e   o r   q u a l i t y .  

6. Postheat ing  currents   higher   in   magni tude  than  the  welding  cur-  
r e n t  and  of  long  duration  improved  both  weld  shear  strength  and 
qua l i ty ,   in   cases   for   which   the   welds   exhib i ted   in te rna l   c racking  
without   postheat ing.  

7. Improvement i n  weld s t r e n g t h  and qua l i ty   e f f ec t ed  by  post- 
hea t ing  was no greater  than  that   which  could  be  brought  by  in- 
creasing  weld time and cur ren t .  

8. For   excel lent   qual i ty ,   the   weld t i m e  is one  of  the  most  impor- 
t an t   va r i ab le s   i n   t he   a l t e rna t ing   cu r ren t   spo t   we ld ing   p rocess .  

TN 1443 SHEAR LAG I N  A PLYWOOD  SHEET-STRINGER COMBINATION USED FOR THE 
CHORD " B E R  OF A BOX BEAM, Palamede  Borsari  and  Ai-ting Yu, 
M.I.T.,  March  1948 

Th i s   r epor t  i s  in te res t ing   bu t   p robably  no longer   appl icable .  

TN 1444 DEVELOPMENT OF CASE ALUMINUM ALLOYS FOR  ELEVATED-TEMPERATURE 
SERVICE, Webster Hodge, L. W. Eastwood, C. H. Lorig,  and H. C. 
Cross,  January  1948 

An inves t iga t ion  was undertaken  to  develop  an aluminum a l l o y   f o r  
s e r v i c e  a t  elevated temperatures. One such   a l loy  was developed 
with the composition below: 

Magnesium 6% 
Manganese 1% 
Copper  1.5% 
Vanadium 0.1% 
Zirconium  0.25% 
Titanium 0.08% 
Beryllium  0.005% 
Aluminum 95% 

The experimental   a l loy is compared  below w i t h  a lcoa  142-HTA and 
a lcoa  254-T2. 
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Property  Alcoa 142-WA  Alcoa 254-T2 

T e n s i l e   s t r e n g t h  a t  
room temperature 

&P * 

(PS i )  26,000  26,000 35,000 

Yie ld   s t rength  a t  
room temperature 15,600  25,000  25,000 

Br ine l l   hardness  
number 62  84  86 

T e n s i l e   s t r e n g t h   a t  
600° F (ps i )  8,900  12,750  12,750 

As can  been  seen  f rom  the  data   the  experimental   a l loy v7as as good 
when n o t   b e t t e r   t h a n   t h e   o t h e r  two a l loys .   Other   p roper t ies   no t  
l i s t e d   a l s o  show improvement over   those  of   the two a lcoa   a l loys .  

TN 1458 ANALYTICAL AND EXPERIMENTAL INVESTIGATION OF BOLTED JOINTS, Samuel 
J. Rosenfield,  1947 

A n a l y s i s   i n  

ANALYSIS AND DESIGN  OF  FLIGHT VEHICLE STRUCTURES, E. F.  Bruhn, 
Tristate Of f se t  Co. 1965 covers   th i s   adequate ly  and is  i n   g e n e r a l  
use. 

TN 1462 BENDING OF RECTANGULAR PLATES WITH I;ARGE DEFLECTIONS, Chi-Teh 
Wang, Apr i l  1948 

This   repor t   so lves  Von Karman's e q u a t i o n s   f o r   t h i n   p l a t e s   w i t h  
l a r g e   d e f l e c t i o n s   f o r   l e n g t h   t o   w i d t h   r a t i o s   o f  1.5 and 2. 

Median f i b e r  stresses: 

Median f i b e r   s t r a i n s  : 



Extreme fiber   bending  and  shear ing stresses: 

w = def lec t ion   of   middle   sur face  
p = P o i s s o n ’ s   r a t i o  
F = stress funct ion  
h = t h i ckness   o f   p l a t e  

TN 1464 EFFECTS  OF  SURFACE FINISH, OF  CERTAIN  DEFECTS, AND OF REPAIR OF 
DEFECTS BY WELDING ON FATIGUE  STRENGTH  OF 355-T6 SAND CASTINGS 
AND EFFECTS  OF  PRIOR  FATIGUE  STRESSING ON TENSILE PROPERTIES, 
F. M. Howell, G.  W. S t i ck ley  and J. 0. Lyst,  1948 

Composition  and tens i le   p roper t ies   o f   cas t ing   compl ied   wi th  A.S.T.M. 
and  government spec i f i ca t ions .   Fa t igue   s t r eng th   o f  sound cas t ings  
was 6900 l b s  a t  25,000,000 cycles .   Shot-blast ing and g r i t - b l a s t i n g  
inc reased   f a t igue   s t r eng th  35%. Poros i ty  up t o  2.4% had  no e f f e c t  
on  fa t igue  s t rength.   Machining  lowered  fa t igue  s t rength  of  2.4% 
porous  specimens 15%, based  on 25,000,000 cycles .  Sand holes  de- 
c r eased   f a t igue   s t r eng th ,   e spec ia l ly  when near  edge  of  specimen. 
Fa t igue   res i s tance   o f   cas t ings   having   defec ts  improved  by  welding 
and reheat   t reatment .   Dross   inclusions  have  harmful   effect ,  
except   r ibbon-shaped  masses   paral le l   to   load.   Previous  fa t igue 
s t r e s s i n g   w i t h o u t   f a i l u r e  had no e f f e c t  on t e n s i l e   p r o p e r t i e s .  
Gr i t -b las t ing   d id   no t  harm t ens i l e   p rope r t i e s .   Sho t -b l a s t ing  
lowered t e n s i l e   s t r e n g t h  9% bu t   i nc reased   y i e ld   s t r eng th   s l i gh t ly ,  
Specimens with welds  had t e n s i l e   s t r e n g t h   a b o u t  4% less than un- 
welded  specimens. 

TN 1465 THE RUPTURE  TEST  CHARACTERISTICS  OF  JBAT RESISTANT ALLOYS AT 
1700’  F AND 1800O  F, J. W. Freeman, E. E. Reynolds  and A. E. 
White, February  1948 

Tes t s   on   shee t   a l l oys   i nd ica t e :  

1. Super ior i ty   over   s tandard  chrome n i c k e l   i r o n   a l l o y s   d e c r e a s e s  
wi th  time over  1000 hours. A t  1800° F, t i m e  is  much less. 

2. Sheet vitallium, S590, low-carbon N-155, and  5-838 a l l o y s  gave 
highest   s t rengths .   310s was b e s t  of s tandard  a l loys.  
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3.  D i f f e r e n t   l o t s   o f  310s  and  inconel  had  widely  varying  proper- 
ties, i n d i c a t i n g   h e a t   t r e a t m e n t   t o   b e   h i g h l y   i n f l u e n t i a l  on  prop- 
erties. 

4. Oxida t ion   decreased   rup ture   charac te r i s t ics ;   ind ica t ing  
weakening i n   c o r r o s i v e   s e r v i c e   c o n d i t i o n s .  

5.  Tendency  toward equa l i za t ion  of rup tu re   p rope r t i e s  agglomera- 
t ion ,   so lu t ion ,  o r  lack  of p rec ip i t a t ion   o f   excess   cons t i t uen t  
be l i eved   t o   con t ro l   s t r eng th  a t  lower  temperatures. 

TN 1466 RECURRENCE FORMULAS AND DIFFERENTIAL  EQUATIONS  FOR  STRESS  ANALYSIS 
OF CAMBEmD BOX BEAMS, Joseph Kempner, Langley Mem. Aero.  Lab., 
October 1947 

This   information is  i n c l u d e d   i n  Kuhn's  1956 publ ica t ion .  

TN 1467 EFFECT  OF VARIATION I N  DIAMETER AND PITCH OF RIVETS ON COMPRESSIVE 
STRENGTH OF PANELS WITH Z-SECTION STIFFENERS - PANELS  OF VARIOUS 
STIFFENER SPACINGS THAT FAIL BY LOCAL BUCKLING, Norr is  F. Do~7 and 
William A. Hickman, October 1947 

I n   t h e  tes t  r u n   i n   t h i s  TN to   de te rmine   the   e f fec t   o f  rivet diam- 
eter and p i tch   on   the   compress ion   s t rength ,  the diameter 17as 
va r i ed  from  1/16 t o  1/4  and t h e   p i t c h  from  3/16 t o  1-3/4. I n  a l l  
cases no ma t t e r   wha t   t he   s t r i nge r   spac ing   i nc reas ing   t he   d i ame te r  
o r   dec reas ing   t he   p i t ch   i nc reases   t he   compress ive   s t r eng th .  

Report   presents  14 pages of d a t a   t o  show tha t ,   regard less   o f  
s t i f f ene r   spac ing ,   compress ive   s t r eng ths   o f   s t i f f ened   pane l s   i n -  
c r eased   apprec i ab ly   w i th   e i the r   an   i nc rease   i n   d i ame te r   o f  rivets 
o r   d e c r e a s e   i n   p i t c h .  

TN 1469 TENSILE, FATIGUE AND CREEP PROPERTIES OF  FORGED ALUMINUM ALLOYS 
AT TEMPERATURES up TO 8000 F, L. R. Jackson, H. C. Cross  and 
J. M. Berry,  March  1948 

Data on f a t i g u e   s t r e n g t h ,   t e n s i l e   s t r e n g t h ,   c r e e p   p r o p e r t i e s ,  and 
thermal  expansion  of  forged aluminum a l l o y s  XB18S, 18S, 24s  and 
32s from 700 F t o  800' F. 

TN 1480 DETERMINATION  OF  PLATE  COMPRESSIVE  STRENGTHS, George J. Heimerl, 
December  1947 

R e s u l t s   o f   l o c a l   i n s t a b i l i t y  tests of H-, Z- and C-sec t ion   p l a t e  
assemblies   for   four   extruded aluminum a l l o y s  and two magnesium 
a l l o y s  were l i s t ed   t o   de t e rmine   p l a t e   compress ive   s t r eng ths   o f  
a i r c r a f t   s t r u c t u r a l  materials. 

The exper imenta l   c r i t i ca l   compress ive  stress i s  given by: 
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ucr 
2 2  

Kv7s[ Etw 

Kv7 = nondimensional  coefficient  dependent on p l a t e   p r o p e r t i e s  

tIi and bp7 = thickness and  width  of  the web of   the H-, Z- o r  
and  edge conditions 

C-sections 

( f o r   s t r e s s e s   i n   t h e   e l a s t i c   r a n g e  q = 1, above  the  elas- 
t i c  range, q < 1) 

q = coefficient  which  measures  the  reduced  plate modulus qE 

E = Young's  modulus 
I-L = P o i s s o n ' s   r a t i o  

The following  conclusion was dravm: 

1. For Z- and  C-sect ions  the  resul ts   for  u above   the   e las t ic  

range  general ly   tend  to   be somewhat lower  than  those  for  the 
corresponding  H-section. Thus umax i s  s l i g h t l y   g r e a t e r   f o r   t h e  

c r  

H-section  than  for  the Z- or  C-section. 

TN 1481 DIAGONAL TENSION I N  CURVED WEBS, Paul Kuhn and  George E. G r i f f i t h ,  
November 1947 

The engineering  theory of incomplete  diagonal  tension  in  plane 
webs as   p resented   in  TN 1364 is  genera l ized   in   o rder   to  make i t  
appl icable   to   curved  webs. 

When a s t i f f e n e d   c y l i n d e r  is  subjec ted   to   to rque   loads   appl ied   a t  
the  ends  the stress a t  which  the  sheet  buckles is  given  by  ( i f  h 
is  smaller   than d) 

Ksn D 2 

th2 
T - 
cr 
" 

h = spac ing   of   s t r ingers  
d = spacing  of  r ings 

I f  d is  smaller than h, then d replaces  h in   the  previous  formula.  
The r e s u l t s  of experiment  agree well with  this   formula.  

E t 3  D = (  1 
12(1 - p2) 

p = P o i s s o n ' s   r a t i o  
t = thickness  of web 
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After   the   to rque   increase  beyond the   po in t   where   the   s t ress  is  
above   the   c r i t i ca l   va lue ,   the   shee t   buckles  and  begins  to  carry 
p a r t  of the  shear   as   diagonal   tension.  

The tension  can  then  be  broken dotm i n t o  a diagonal  tension and a 
shear   tension.  They are   g iven  by: 

qDS = Kq 
where q is  the   t o t a l   shea r   f l ow 

9s = (1-K) q 

where: 

K = t a n  h[ (0.5 + 300 E) loglo 'c ] t d  T 

cr 

The stress i n  a s t r i n g e r  is given by: 

KT cot0:  c = -  T = shea r  stress 
ST A- L 0: = angle  of  diagonal  tension - - + 0.5(1 - K) 2iiL 

h t  A = c r o s s   s e c t i o n a l  area 
h = spacing of s t r i n g e r s  

The stress i n  a r i n g  by: 

= -  KT t a n a  
RG A- - - + 0.5(1 - K) KC; 

d t  

The resu l t s   o f   these   formulas   agree   wi th   the   exper imenta l   resu l t s  
t o   t h e  same accuracy  as   that   obtained  in  TN 1364  on plane webs. 

TN 1482 A METHOD OF CALCULATING THE COMPRESSIVE  STRENGTH OF Z-STIFFENED 
PANELS THAT DEVELOP LOCAL INSTABILITY, George L. Gallaher and 
Rolla B. Boughan,  November 1947 

(a) A method for   ca lcu la t ing   the   compress ive   s t rength  of Z- 
s t i f f ened   pane l s   t ha t   deve lop   l oca l   i n s t ab i l i t y  17as formulated 
from t h e   e l a s t i c   t h e o r y   f o r   p l a t e   b u c k l i n g  and t e s t   r e s u l t s .  
This method can  be  used  above  as well a s   w i th in   t he   e l a s t i c   r ange .  

(b)  The 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   l o c a l   i n s t a b i l i t y :  

2  2 
'sfl Esects 

0 - =  
CR 12 (1  - p )bs  2 2  

Ks = is the  buckling stress c o e f f i c i e n t  

tS 
= i s  the   th ickness   o f   the   sk in  
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bs = is the   wid th   o f   the   sk in  

p = i s  P o i s s o n ' s   r a t i o  

Es = i s  the   secant  modulus 

(c) The values  of  the  average stress a t  maximum load  above  three- 
fou r ths   t he   y i e ld  stress a r e  j u s t  s l i g h t l y   g r e a t e r   t h a n   t h e  
buckling stresses, thus  an  approximation  of  the  average  compres- 
s i v e  stress a t  maximum load  can  be  calculated from the  above 
formula. The resu l t s   ob ta ined  from the  formula  for   values  of  
the   c r i t i ca l   compress ive  stress are   reasonably  accurate   within 
the   e las t ic   range   bu t   t end   to   be  6% unconservative  above  the 
e las t ic   range .  

TN 1485 FATIGUE STRENGTH AND RELATED CHARACTERISTICS OF AIRCRAFT JOINTS 
H. TJ. Russell, L. R. Jackson, H. J. Grover,  and W. W. Beaver, 
B a t t e l l e  Memorial Ins t i tu te ,   February  1948 

Direct s t r e s s   f a t i g u e  tests of  0.040 inch  specimens  of  several 
aluminum a l l o y   s h e e t   m a t e r i a l s  and o f   va r ious   r i ve t ed   j o in t s .  

1. A t  long   l i fe t imes ,   the   bare   mater ia l s ,   bo th   wi th  and without 
a s t r e s s - r a i s e r ,  had  considerably  higher   fa t igue  s t rengths   than 
corresponding  c lad  mater ia ls .  

2. A t  s h o r t   l i f e t i m e s ,   t h e   d i f f e r e n c e   i n   f a t i g u e   s t r e n g t h s  of 
bare  and c l ad   ma te r i a l s  was less. 

3. A l though   t he   s t a t i c   s t r eng ths  of  75s-T  Alclad  and R303-T275 
c l ad  were h igher   than   tha t  24s-T Alc l ad ,   t he   l ong   l i f e   f a t igue  
s t r eng ths  were generally  lower. 

4. Shallow  scratches  did  not seem de t r imen ta l   t o   t he   f a t igue  
s t rength   o f   a lc lad   shee t   mater ia l s .   Scra tches   deeper   than   the  
minimum depth of cladding may, however, cause  qui te   large  reduc-  
t i o n   i n   f a t i g u e   s t r e n g t h .  

5 .  The c l ad  materials, bo th   wi th  and without a stress r a i s e r ,  
appeared  to  have  almost  the same f a t i g u e   s t r e n g t h   a t  375O F as  
a t  room temperature. 

6. Results  of  the tests f o r   f a t i g u e  damage  of  24s-T Alclad and 
of 75s-T Alclad were compatible  with  the simple approximation  that  
damage due to  any a l t e r n a t i n g  stress i s  p ropor t iona l   t o   t he   r a t io  
of  the number  of c y c l e s   a t   s u c h  stress t o  the  endurance  l i fe t ime 
a t   t h a t  stress. 

In regard   to   fa t igue   p roper t ies   o f   r ive ted   jo in ts :  

1. Single  row r i v e t e d   l a p   j o i n t s  of the   var ious   shee t   mater ia l s  
showed long   l i f e   f a t igue   s t r eng ths   dec reas ing   i n   t he   fo l lowing  
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order:  ' 24s-T bare, 24s-T Alclad, R303-T275 clad,  75s-T Alclad, 
and R303-T275 bare.  

2. Comparison of  specimens  dimpled  by  different  operators  shoved 
fa t igue   s t rengths   vary ing   as  much a s  f. 10%. 

3. Lap j o i n t s   w i t h  several rows of rivets were s t r o n g e r   i n   f a t i g u e  
t h a n   j o i n t s   w i t h   s i n g l e  rows, b u t   t h e   s t r e n g t h   i n  pounds p e r  r ivet  
decreased as the number of rov7s increased.  

4 .   Bu t t   j o in t s   and   s t i f f ened   l ap   j o in t s  were general ly   consider-  
ab ly   s t ronge r   i n   f a t igue   t han   s imple   l ap   j o in t s ,   a l t hough   t he re  
77as relatively l i t t l e  d i f f e r e n c e   i n  static s t r eng th .  

5.   Equally  loaded  sheets,   joined  by rivets which  carr ied l i t t l e  
shear  load, were about 30% weaker i n   f a t i g u e   s t r e n g t h   t h a n   p l a i n  
shee ts .  

6 .  Riveted   jo in ts  had no t  much lower   fa t igue   s t rengths  a t  375O F 
than a t  room temperature. 

7. Cumulative damage of   r iveted  joints   appeared  to   be  approxi-  
m a t e l y   p r e d i c t a b l e   i n  terms of   the   percent   o f   endurance   l i fe  
times r u n   a t   e a c h  stress level. 

TN 1489 DISLOCATION  TJ3EORY  OF THE FATIGUE  OF  METALS, E. S. Machlin  (super- . 
seded  by  Report  929),  January  1948 

Th i s   r epor t   advances   t he   t heo ry   t ha t  metals f a i l   i n   f a t i g u e   b e c a u s e  
of  the  growth o f  a d i s l o c a t i o n  among t h e  atoms of the metal. It 
is  assumed t h a t   t h e  amount of  crack  growth  per  crack  source (M) 
r e q u i r e d   f o r   f a i l u r e  is  a constant .  

2 ~ d l M  m g  0.422q' Vxfam log  N = log(-) + - - KT , 2.3KT  2.3KT 

u = maximum tens i l e   o r   compress ive  stress o f   cyc le  m 
N =  
f =  

h =  
T =  
K =  

v7 = 

m g  = 

q '  = 

v =  
x =  

number of cyc les  t o  f a i l u r e  
f rac t ion   exper imenta l   va lue  = 0.374 
frequency  of  cycle  of stress app l i ca t ion  
Planck 's   constant  
absolute   temperature  
Boltzmann's  constant 
free energy of ac t iva t ion   i nvo lved   i n   gene ra t ion   o f   d i s -  
l oca t ions  
p r o p o r t i o n a l i t y   c o n s t a n t   r e l a t i n g  a t o  m/2 times t h e  stress- 
concen t r a t ion   f ac to r  
atomic  volume 
ra t io   o f   d i s tance   be tween atom  in. s l i p   d i r e c t i o n   t o   i n t e r -  

p l ana r   spac ing   o f   s l i p   p l anes  ( f o r   f a c e  and  body 
centered  cubic  lat t ices) 
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T = average  resolved  shear  stress in   po lycrys ta l l ine   spec imen a o p e r a t i n g   f o r   f a i l u r e  

Equat ion   should   no t   be   used   for   s t ra in   o r   p rec ip i ta te -hardened  
mater ia l s ,   fu r thermore   th i s   equa t ion   has   no t   been   ver i f ied  com- 
p l e t e ly .  

TN 1492 AN INVESTIGATION OF FRETTING  CORROSION UNDER SEVERAL CONDITIONS 
OF OXIDATION, B. W. Sakmann and B. G. Righmire,  June  1948 

(a) Tests were made on   va r ious   ma te r i a l s   t o   ga in  more information 
o n   f r e t t i n g   c o r r o s i o n .  The materials were t e s t e d   i n   a i r ,  vacuum, 
oxygen,  and  helium.  Results showed chemical  action was of primary 
importance.  There was more c o r r o s i o n   i n   a i r   t h a n   i n  vacuum and 
more c o r r o s i o n   i n  oxygen t h a n   i n  helium. I n  most  cases i t  was 
found t h a t  wear was of  such a severe n a t u r e   t h a t   p r o t e c t i v e   o x i d e  
f i lms  are abraded. It was found t h a t  i f  one  of  the metals i s  
sof t   the   hard   ox ide   f ragments  may be  embedded i n   t h e   s o f t e r   m e t a l  
thus  reducing the rate of wear. However, most metals form  such 
ha rd   ox ides   t ha t   t he   ox ides   ac tua l ly   i nc rease   t he   r a t e   o f  wear. 

TN 1499 THE INWARD BULGE TYPE BUCKLING OF MONOCOQUE CYLINDERS. I V  - EXPER- 
IMENTAL  INVESTIGATION OF CYLINDERS SUBJECTED TO PURE BENDING, N. J. 
Hoff, Bruno A. Boley  and S. V. Nardo,  September  1948 

This  report   gives  the  experimental   data  obtained  from  buckling 
tests on 18 monocoque cy l inders .  One o f  the  purposes of t h e  
r e p o r t  was t o   e s t a b l i s h   t h e  c r i t i ca l  value  of  the  parameter A ,  
t h a t  is, a value  above  which  fa i lure  would occur by genera l  
i n s t a b i l i t y  and  below  which  panel i n s t a b i l i t y  would take  place.  

On the   bas i s   o f  two series, each   cons is t ing   o f   s ix   cy l inders  and 
t h e   t h e o r e t i c a l  (TN 938  and TM 838) t h e   l i k e l i h o o d   o f   f a i l u r e  
b y   p a n e l   o r   g e n e r a l   i n s t a b i l i t y  may be  decided  from  the  following 
tab le .  

r i d  
Genera l   Pane l   Ins tab i l i ty  

I n s t a b i l i t y  Zone Trans i t ion  Zone Zone 

2.58 A > 40  20 < A < 40 A < 20 

4.46 A > 74  16 < A  < 74 A < 16 
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Moreover : 

r = radius  of cy l inde r  
d = s t r inge r   spac ing  measured  along  circumference 

L1 

Es tr 

Er 
Ir 
n = parameter   requi red   in   ca lcu la t ions   o f   buckl ing   s t ra in  

= distance  between  adjacent   r ings 

= Young's  modulus f o r   s t r i n g e r  

= Young's  modulus f o r   r i n g  

= moment o f   i n e r t i a  of r i ng   p lus   e f f ec t ive   w id th  of shee t  
1 

Is trr 
Is tr 

= s t r i n g  moment o f   i ne r t i a   fo r   r ad ia l   bend ing  

= s t r i n g e r  moment of i n e r t i a   f o r   t a n g e n t i a l   b e n d i n g  
t 

Some caution  should  be  exercised  in  using  these  recommendations 
since  they  are  based  on model tests and theory and no f u l l - s c a l e  
t e s t s  had   been   ca r r i ed   ou t   t o   subs t an t i a t e  them. It was suggested 
tha t   the   cy l inders   be   des igned  so t h a t  A f a l l   i n   t h e   t r a n s i t i o n  
zone. 

1 From: Hoff, N. J., Genera l   In s t ab i l i t y  of Monocoque Cylinders. 
Jour.  Aero.  Sci.,  vol. 10, no. 4, Apr i l  1943,  pp.  105-114, 
130. 

TN 1502 BEARING TESTS OF 14s SHEET AND PLATE, R. L. Moore, Alcoa,  August 
1948 

It v7as concluded  from tests of ba re  and Alclad 14s-TJ and  14s-T 
s h e e t  and plate, in   t h i cknesses  of 0.064  inch,  0.250  inch and 
0.75 i n c h ,   t h a t   . t h e   r a t i o s  of  bearing t o  t e n s i l e   p r o p e r t i e s   f o r  
t he   w i th -g ra in   d i r ec t ion  were e s s e n t i a l l y   t h e  same as   p rev ious ly  
proposed i n  NACA TN 901,  920, 974, and 981  for   other   high-strength,  
aluminum a l l o y   s h e e t  and p la te ,  namely: 

Ra t ios   fo r  Edge Distance 
With-Grain Tests 1.5 x Pin  Diameter 2.0  x P in  Diameter 

Bearing  ul t imate  
Tens i le   u l t imate  

Bearing  yield 
T e n s i l e   y i e l d  

1.5  1.9 

1.4 1 . 6  

A l l  of  the  above named r e p o r t s   a r e  on f i l e   w i t h   o u r   s t r u c t u r e s  
summaries. 
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TN 1503 BEARING STRENGTHS OF SOME ALIJMINU"ALL0Y ROLLED AND EXTRUDED 
SECTIONS, R. L. Moore, September  1948 

(a) Bearing tests were made on r o l l e d  and extruded 14S-T4,  14S-T6, 
24S-T4, and 75S-T6. 

(b) Rat ios   o f   bear ing   to   t ens i le   p roper t ies :  

For   rol led  bar  of 24S-T4, 14S-T4, 14S-T6 up t o  2 inches  thick 
and 14S-T4 and 14S-T6  up to  1 inch  thick: 

Ratios 1.5 x P i n  Diameter 2.0 x Pin  Diameter 

Bearing  ult imate 
Tens i le   u l t imate  1.5  1.9 

Bearing  yield 
Tens i l e   y i e ld  1.4  1.6 

For   ro l led  75s-T ba r  up t o  2 inches  thick,  and  extruded 14S-T4 and 
14S-T6 from 1 t o  2 inches  thick: 

Ra t ios   i . 5  x Pin  Diameter 2.0 x Pin  Diameter 

Bearing ultimate 
Tensi le  u l t i m a t e  

Bearing  yield 
T e n s i l e   y i e l d  

1.3  1.6 

1.3  1.4 

TN 1505 THE INTJARD BULGE TYPE BUCJCLING OF MONOCOQUE CYLINDERS. V - REVISED 
STRAIN ENERGY THEORY WHICH ASSUMES A MORE GENERAL DEE'LECTED SHAPE 
AT BUCKLING, N. J. Hoff, Bertram Klein, and  Bruno A. Boley, 
September  1948 

(a) A s t ra in   energy   theory  is developed for  the   ca l cu la t ion  of the 
c r i t i c a l   l o a d   f o r   t h e   i n w a r d   b u l g e   t y p e   o f   g e n e r a l   i n s t a b i l i t y  
of  reinforced monocoque cyl inders   subjected  to   pure  bending.  The 
def lected  shape a t  buckling is assumed to   be  represented by an 
expres s ion   con ta in ing   e igh t   f r ee   pa rame te r s   i n   add i t ion   t o   t he  
two cha rac t e r i z ing   t he  wave l eng ths   i n   t he   c i r cumfe ren t i a l  and 
a x i a l   d i r e c t i o n s .  

(b) The numerical  procedure  used i n   t h i s   r e p o r t  is considered  too 
long   t o   u se   i n   s t ruc tu ra l   des ign ;  it was suggested  that   the  method 
i n  TN 1499 be   u sed   fo r   p rac t i ca l  work.  The  method i n  TN 1505  gave 
e r ro r s   o f  8 t o  23%. 
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TN 1512 STRESS-STRAIN AND ELONGATION  GRAPHS  FOR ALCLAD ALUMINUM 24s-T 
SHEET, James A. Miller, 1948 

Tested  Alclad aluminum  24s-T shee ts   wi th   th icknesses  of 0.032, 
0.064  and  0.125  inch. 

P l o t s  of: 
Tens i l e  and  compressive s t r e s s - s t r a i n  and stress dev ia t ion  
Tangent  and  reduced  modulus  versus s t r a i n  
S t r e s s - s t r a i n   t e n s i o n  to f a i l u r e  
Local  elongation and e longa t ion   aga ins t   gage   l eng th   t o   f r ac tu re  

TN 1513 STRESS-STRAIN AND ELONGATION GRAPHS  FOR ALCLAD ALUMINUM-ALLOY 
24S-T81 SHEET, James A. Miller, May 1948 

Results  of tests on dup l i ca t e   l ong i tud ina l  and t ransverse   spec i -  
mens of  Alclad  aluminum-alloy 24S-TS1 s h e e t  of  thickness.of 
0.032,  0.064  and  0.125  inches are presented. 

Examples of some of   the   parameters   p lo t ted   in   th i s   repor t  were: 

1. Tens i l e  and compressive  tes ts   to  1% s t r a i n .  
2. Graphs  of tangent modulus f o r  a rec tangular   sec t ion  A. 
3. S t ress -s t ra in   g raphs   €or   t ens i le   spec imens   t es ted   to   fa i lure .  

The graphs were q u i t e  numerous, too much so to  copy o r  summarize. 

TN 1514 FATIGUE OF GUSSETED  JOINTS, Howard L. Langdon  and  Bernard Fried,  
September  1948 

For   s imple  type  tes ted,   edge  f inish of gusset  (whether  stamped  or 
s a m c u t )  had no e f f e c t  on f a t i g u e   l i f e .   F o r  a given  cross- 
s e c t i o n a l  area, narrow  and t h i c k   g u s s e t   p l a t e s  had  longer   fa t igue 
lives t h a n   v i d e   t h i n   p l a t e s .  Observed  of r ive ted   gusse ts ,  were 
2 types of f a i l u r e :  (1) where s t r e s s   ac ross   g ros s  (A-A) s e c t i o n  
v7as less than 23,000 p s i ,   f a i l u r e   o c c u r r e d   i n  gross sect ion,  
(2) where stress vas h ighe r ,   f a i lu re  was a t  n e t  (B-B) sect ion.  
Among spot -welded   gusse ts ,   fa t igue   l i fe  v7as dependent  on stress 
concentrat ions a t  welds.   Riveted  gussets  thus  had  longer  fatigue 
lives. 

I 

00 0 0 0  
0 0 0  ' 0 0 0  
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TN 1518 STRUCTURAL EVALUATION OF AN EXTRUDED MAGNESIUM-ALLOY T-STIFFENED 
PANEL, Norris F. Dow and William A. Hickman, February  1948 

Compressive tests were made of s ix   d i f f e ren t   l eng ths   o f  a ZKGOA 
magnesium-alloy f la t   pane l   having   sk in  and longi tudina l   T-sec t ion  
s t i f f e n e r s .  The r e su l t s   i nd ica t ed   t ha t   t he   ex t ruded   pane l  had 
s t r u c t u r a l   c h a r a c t e r i s t i c s  somewhere  between those   for  24s-T  and 
those f o r  75s-T  aluminum alloy  Y-stiffened  panels,   but  because of 
the  nature  of the   extruded  construct ion,   required  fewer   r ivets  by 
fa r   to   assemble   than   e i ther   the  24s-T o r  75s-T panels.  The height  
of t h e   s t i f f e n e r s  was a l s o  less for   the  extruded  panel .  

Following is  a graph   of   s t ress   vs  - ( see  TN 1439). . '5 

L/ J C  

'I 
0.2 0.6 

TN 1519 THE  BUCKLING  OF A COLUMN ON EQUALLY SPACED DEFLECTIONAL AND 
ROTATIONAL SPRINGS, Bernard  Busransky,  Paul  Seide,  and  Robert 
A. Weinberger,  March  1948 

Solut ion i s  presented  for   buckl ing  of  column supported by equally 
spaced   spr ings   ( ro ta t iona l  and d i r e c t i o n a l )  which a l l  have  equal 
spr ing   cons tan ts .  Too s p e c i f i c   t o   b e  of  value.  Charts i n   r e p o r t  
necessary. 
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TN 1522 CALCULATION OF  UNCOUPLED  MODES AND FREQUENCIES I N  BENDING OR 
TORSION  OF NONUNIFORM BEAMS, John C. Houbolt  and  Roger A. 
Anderson,  February  1948 

This   repor t   p resents  a method f o r   c a l c u l a t i n g  the frequency  and 
modes of  nonuniform beams. 

For free harmonic  bending  vibration: 

d2Yn (x) = m Yn(x) 
dx 

For   t o r s iona l   v ib ra t ion :  

d  d@n(x) 2 
dx ) = 1-7 n Ip  @n(x) (GJ 7 - -  

Yn(x) = d e f l e c t i o n  a t  the   n - th  node 
@n(x) = r o t a t i o n  a t  the  n-th  node 
v7 = 2 fn   c i r cu la r   f r equency  a t  the  n-th  node 

I = mass p o l a r  moment o f   i ne r t i a   pe r   un i t   l eng th   abou t   t he  

n 
m = mass of  beam p e r   u n i t   l e n g t h  

P axis o f   ro t a t ion  

The above  equations were solved by numer ica l   in tegra t ion .  Modes 
higher  than  the  fundamental  are ca l cu la t ed  by using  the  or thogonal  
r e l a t i o n  befmeen  normal modes. Since the equat ions do not   inc lude  
t h e   e f f e c t   o f   s t r u c t u r a l  damping, ro . tary  iner t ia ,   and  shear ,  
engineer ing  judgement   must   be  used  to   interpret   the   solut ions.  

TN 1523 BEARING STRENGTHS  OF SOME ALUMINUM-ALLOY  SAND  CASTING, R. L. 
Moore, August  1948 

(a)  Bearing tests were made of  aluminuni-alloy  sand  castings  of 
195-T4,  195-T6,  220-T4,  356-T6 to   eva lua te   the   bear ing   s t rengths  
o f   t hese   a l loys .  

(b) Ra t ios   o f   ave rage   bea r ing   t o   t ens i l e   s t r eng ths :  

Rat ios   for  Edge Distances  of 

BS BY S BS BY S BS BY S 
TS TYS TS TYS TS TYS 

Alloy  1.5 x p in   d i a .  2.0  x p in   d i a .  4.0  x  dia. 
- - - - - - 

Bearing tests on  1/2-in.-diameter steel pin  1/4-in.-thick  by 
2-1/4 in .   wide  cast ings 

195-T4 1.62  1.73  2.20  2.04 3.00 2.12 
195-T6 1.60 1.77 2.21 2.13 3.02 2.19 
356-T6 1.60 1.75 2.12 2.06 2.62 2.17 
220-T4 1.96 1.82 2.39 2.05 2.89 2.13 
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Bearing tests on  1/4-in.  diameter  pin i n  1/8 in.' t h i ck  by 

19 5 -T4 1.92 1.77 2.52 2.14 4.21 2.24 
195-T6 1.81 1.77 2.52 2.13 4.03 2.21 
356-T6 1.69 1.89 2.11 2.06 3.56 2.30 
220-T4 2.36 1.79 2.81 1.97 4.21 2.16 

2-1/4 in .   wide   cas t ing  

(c) The o n l y   s i g n i f i c a n t   d i f f e r e n c e  between the   bear ing  and 
b e a r i n g - t e n s i l e   r a t i o s   f o r  aluminum cas t ings  and common wrought- 
aluminum was t h a t   t h e   c a s t i n g s  showed a 20% i n c r e a s e   i n   t h e  
r a t i o s   o f   b e a r i n g   y i e l d   t o   t e n s i l e   y i e l d   o v e r   t h e  same r a t i o   f o r  
common wrought-aluminum. 

TN 1525 STRESS AND DISTORTION  MEASUREMENTS I N  A 45O  SWEPT BOX BEAM SUB- 
JECTED TO BENDING AND TO TORSION, George  Zender  and  Charles 
Libove, March 1948 

An untapered  aluminum-alloy box beam, representing  the  main 
s t r u c t u r a l  component of a full-span, two spar,  45' swept  wing 
with a carry-through bay, was subjec ted   to   t ip   bending  and 
twis t ing   loads  and i t s  stresses and distortions  were  measured. 
Only symmetrical loads'were  considered and stresses were kept  
below the   p ropor t iona l  limit. 

For   bending  the  important   effect   of  sweep was to   cause  a consider- 
able  build-up  of  normal stress and v e r t i c a l   s h e a r   s t r e s s   i n   t h e  
rear spar   near   the   fuse lage ;  No s u c h   e f f e c t  was found i n   t o r s i o n .  
The stresses i n   t h e   o u t e r   p o r t i o n s   o f   t h e  box, both  in   bending and 
in   to rs ion ,   appeared   to   be   unaf fec ted   by  sweep  and a g r e e d   f a i r l y  
well wi th  stresses given  by  elementary beam formulas. 

The spar   def lec t ions   o f   the   swept  box beam could  be  es t imated 
approximately by ana lyz ing   the   ou ter   por t ions   o f   the  box beam 
as ord ina ry   can t i l eve r s  and  making a d j u s t m e n t s   f o r   t h e   f l e x i b i l i t y  
of  the  inboard  portion. 

TN 1526 . A GENERAL SMALL-DEFLECTION  THEORY  FOR  FLAT SANDWICH PLATES, Charles 
Libove  and S. B. Batdorf  (superseded by Report  889),  April  1948 

TN 1529 AN INVESTIGATION  OF MECHANICAL PROPERTIES OF HONEYCOivIB STRUCTURES 
MADE OF  RESIN-IMPREGNATED  PAPER, C. B. Norr is  and G. E. Mackin, 
May 1948 

(a) A n  i nves t iga t ion  was made to  determine  the  order  of  magnitude 
of  the  important  mechanical  properties of honeycomb-like s t ruc -  
tures .  The  modulus  of r i g i d i t y ,   s h e a r  stress a t   p r o p o r t i o n a l  
l i m i t ,  and  shear  strength  of  resin-impregnated  paper honeycomb 
compares favorably  with  those  of   balsa  wood. The modulus of 
e l a s t i c i ty ,   compress ive   s t r eng th   a t   p ropor t iona l  l i m i t ,  cornpres- 
sive s t r eng th ,   and   t ens i l e   s t r eng th  are lower  than  those  of   balsa  
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wood, bu t   h igher   than   those   o f   ce l lu la r   ce l lu lose   ace ta te  and 
cel lular   hard  rubber .  

(b) Ratio of s t rength   o f  two m a t e r i a l s   i n  honeycomb s t r u c t u r e .  

Jol 2/3 

pS 'a2 
" - ( - 1  

Ps = spec i f ic   s t rength   (compress ive   s t rength   d iv ided   by  

g = s p e c i f i c   g r a v i t y  
appa ren t   spec i f i c   g rav i ty )  

TN 1530 PLASTIC BUCKLING OF A RECTANGULAR PLATE UNDER EDGE THRUSTS, 
G. H. Handelman and N. Prager  (superseded by Report  946), 
August  1948 

This  report   develops a net7 theory on t h e   s t r e s s - s t r a i n   r e l a t i o n s  
for   the   behavior   o f  a metal i n   t h e   p l a s t i c   r a n g e .  The net7 theory 
is  based  on  the  idea  that   for  a f i b e r  compressed  beyond t h e  
e l a s t i c  l i m i t ,  the   t angent  modulus  assumes d i f f e r e n t   v a l u e s  de- 
pending  on  whether  the  variation  of stress relieves o r   r e i n f o r c e s  
the  existing  compressive stress. 

The s t r e s s - s t r a i n   r e l a t i o n   d e v e l o p e d   i n   t h i s   r e p o r t   f o r   p l a s t i c  
and elastic regions: 

2(1  + v )  d7 
XY 

EO 
= Young's  modulus 

dcx,dc = i n f i n i t e s i m a l   s t r a i n   i n c r e m e n t   p r e s e n t   i n   b u c k l i n g  
Y 

dyxy = i n f i n i t e s i m a l   s t r a i n   i n c r e m e n t   p r e s e n t   i n   b u c k l i n g  

dT = i n f i n i t e s i m a l  stress increments   present   in   buckl ing 

dcr = i n f i n i t e s i m a l   s t r a i n   i n c r e m e n t   p r e s e n t   i n   b u c k l i n g  
X y  

XY x = r a t i o   o f  Young's  modulus to   t angent  modulus 

Y = P o i s s o n ' s   r a t i o  

TN 1536 BIAXIAL PLASTIC  STRESS-STRAIN  RELATIONS FOR 24s-T ALUMINUM ALLOY, 
Joseph  Marin, J. H. Faupel, V. L. Dutton,  and M. W. Brossman, 
Penn. State ,  May 1948 



1. The y i e l d   s t r e n g t h s   f o r   b i a x i a l   t e n s i o n  may be predicted 
approximately by the   d i s tor t ion   energy   theory .  

2. The values   of   the   nominal   biaxial   u l t imate  stresses f o r  
b iax ia l   t ens ion   agree  well with  values  based on t h e  maximum 
stress theory. 

3. The va lues   o f   t he   t rue   b i ax ia l   f r ac tu re  stresses f o r   b i a x i a l  
tension  agree well with  values  based on the  maximum stress theory. 

4. There is a decrease  in  nominal and t r u e   d u c t i l i t y   f o r   b i a x i a l  
tension compared wi th   un iax ia l   t ens ion .  However, t h e   t e s t   v a l u e s  
do not   agree  with  the  theoret ical   values   based on the  general ized 
S t .  Venarit Theory. 

5. The generalized  St.  Venant  Theory  can  be  used  to  predict 
approx ima te ly   b i ax ia l   s t r e s s - s t r a in   r e l a t ions  in t h e   p l a s t i c  
r ange   by   u s ing   t he   s t r e s s - s t r a in   r e l a t ions   i n  s i m p l e  tension. 

TN 1544 STRENGTH OF THIN TJEB BEAMS WITH TRANSVERSE LOAD APPLIED AT AN 
INTERMEDIATE UPRIGHT, L. Ross Levin,  Langley Ma. Aero.  Lab., 
February  1948 

Tests made and  a  method of  computing s t r e s s e s  and p red ic t ing  
f a i lu re s   i n   t hese   d i r ec t ly   l oaded   up r igh t s   deve loped .  

1. The stresses i n   t h e   u p r i g h t s  were predicted  with  about  the 
same accuracy   in   the  beams wi th  a load  applied a t  one  of  the 
intermediate   uprights  as i n   t h e  beams which  had a l l  the  load 
appl ied a t  the  end uprights .  

2. The ul t imate   loads  on  the beams which  had a load   app l i ed   a t  
an  intermediate   upright  were predicted  with  about  the same 
accuracy  as   the  ul t imate   loads on the beams which  had a l l   t h e  
load  applied on the  end upright.  

TN 1551 FRACTURE STRENGTH OF 75s-T ALUMINUM ALLOY UNDER COMBINED STRESSES, 
E. G. Thomsen, I. Lotze  and J. E. Dorn, J u l y  1948 

The e f f ec t   o f  combined stresses on t h e   f r a c t u r e   s t r e n g t h  of 75s-T 
aluminum a l l o y  was determined by applying  axial   loads and i n t e r n a l  
pressure   to   th in-wal l  drawn tubes. It was found  that: 

1. The metal f r a c t u r e s  when the  maximum pr inc ipa l   s t r e s s   exceeds  
a c r i t i ca l  value.  

2. Increas ing   the  mean hydrostat ic   tension  appears   to   decrease 
t h e   c r i t i c a l   s h e a r  stress. 

3. Values  of  the  shear stresses f o r   f r a c t u r e   a r e   g r e a t e r  when 
the  macroscopic   plane  of   f racture   cuts   the  l ines  of f i b e r i n g  
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than  they are when the   p l ane   o f   f r ac tu re  is  p a r a l l e l   t o   t h e  
d i rec t ions   o f  m a x i m u m  pr inc ipa l   ex tens ions   dur ing   fabr ica t ion .  

TN 1552 INVESTIGATION ON THE VALIDITY OF AN IDEAL THEORY  OF ELASTO- 
PLASTICITY FOR WROUGHT ALUMINUM  ALLOYS, E. G. Thomsen, I. Cornet, 
I. Lotze,  and H. E. Dorn, Universi ty   of   Cal i fornia ,   July 1948 

1. The idea l i zed   t heo ry   fo r   p l a s t i c   de fo rma t ion   o f  v7ork harden- 
a b l e  materials is  f a i r l y   v a l i d   f o r  some appl ica t ions .   For  example, 
t ens ion ,   compress ion ,   and   to rs ion   curves   for   in i t ia l ly   i so t ropic  
R magnesium a l l o y s  and f o r  2s-0,  52s-0,  and 61s-W a l l o y s  are 
s u i t a b l y   c o r r e l a t e d  by t h i s   t h e o r y   f o r   s t r a i n s  up to  about  0.06. 

2. The idea l ized   theory   for   p las t ic   deformat ion   of  work  harden- 
a b i l i t y  metals does  not pro7Tide a n   a c c u r a t e   b a s i s   f o r   a n a l y s i s  of 
~ ' ~ r o u g h t  aluminum alloys.  Tension,  compression,  and  torsion  data 
obta ined   for   13   a l loys  do n o t   c o r r e l a t e  ~-7ell with  analyses  based 
upon the  theory. 

3. Anisotropy of p las t ic   deformat ion ,   d i scont inui ty  of the  
s t ruc tu re ,  and dens i ty   var ia t ions   wi th   deformat ion  and type  of 
loading   probably   cont r ibu te   to   fa i lure   to   the   theory .  

4. Other   factors   such as the  assumption  of   l inear i ty   between 
stress and i n f i n i t e s i m a l   s t r a i n  may a l s o   c o n t r i b u t e   t o   f a i l u r e  
of  the  theory.  

5. Correlat ion i s  obtained  between  torsion and  compression  data 
f o r  a fe17 of   the aluminum a l l o y s  tests, i f   t h e  maximum shea r  
stress is  p lo t t ed   a s  a func t ion   o f   t he   e f f ec t ive   s t r a in .  Theo- 
r e t i c a l   j u s t i f i c a t i o n   f o r   t h i s  method  of co r re l a t ion ,  however, has 
not  been  established. 

6. . No general   theory i s  a v a i l a b l e   ( a t   t h e  time of th i s   r epor t )  
t o   c o r r e l a t e   t h e   p l a s t i c  fIOt7 of metals. 

TN 1553 CONPRESSIVE S T m G T H  OF 24S-T ALUMINUM ALLOY FLAT  PANELS WITH 
LONGITUDINAL  FORMED HAT SECTION STDFENERS HAVING FOUR RATIOS 
OF STIFFENER  THICKNESS TO SKIN  THICKNESS, William A. Hickman 
and Norris F. Dow, March  1948 

This   repor t   conta ins   the  same conclusions  that   were  obtained  by 
t h e  same a u t h o r s   i n  TN 1439.  The o n l y   d i f f e r e n c e   i n   t h e   r e p o r t s  
is t h a t   i n   t h i s  one  4 r a t io s   o f   s t i f f ene r   t h i ckness   t o   sk in  
thickness were t e s t e d   t o   s u b s t a n t i a t e   h i s   r e s u l t s .  The same 
re su l t s   ho ld .  

TN 1556 A UNIFIED TmORY OF PLASTIC BUCKLING  OF  COLUMNS AND PLATES, 
Elbridge A. Sto~7ell   (superseded by Report  898),  April  1948 

This   report  was made t o   p r e s e n t  more informat ion   on   p las t ic  
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buckling  of column o r  beams. For column buckling it was found 
tha t   the   t angent  modulus ~~7a.s used i n  place of   the modulus  of 

. elasticity in   the   formulas   used   in   ca lcu la t ing   the   buckl ing   in  
the  elastic reg ion .   I f  a p l a t e   buck le s   i n   t he   p l a s t i c   r eg ion  
then the secant  modulus i s  used in   the   formulas .  

TN 1557 COMPRESSIVE BUCKLING OF SIMPLY SUPPORTED PLATES WITH TRANSVERSE 
STDFFENERS, Bernard  Budiansky  and Paul  Seide,   April  1948 

(a)  Charts are presented   for   the   ana lys i s   o f   the   s tab i l i ty   under  
longitudinal  compression of s imply  supported  rectangular   plates  
w i th   s eve ra l   equa l ly   spaced   t r ansve r se   s t i f f ene r s   t ha t   have   bo th  
t o r s i o n a l  and f l e x u r a l   r i g i d i t y .  

I 

Q 

36 

12 

0 160 
plate column cL3 

E l  

)g = 0.2 

(c)  There are o ther   g raphs   for  p equa l   t o  0.50,  0.35,  and less than 
0.20. 

TN 1558 NOTES ON THE LAGRANGIAN MULTIPLIER METHOD I N  ELASTIC-STABILITY 
ANALYSIS, Bernard  Budiansky, P a i  C. Hu, and  Robert TJ. Conner, 
Langley M a .  Aero.  Lab., May 1948 
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Elementary  examples  given  to  demonstrate  the  application  of  the 
Lagrangian  mult ipl ier  method t o   t h e  elastic s t a b i l i t y   a n a l y s i s  
of  (a) f l a t   r e c t a n g u l a r  clamped p l a t e s   i n   s h e a r  and (b) p l a t e  
s t i f fener   combinat ions.   Exact   solut ions were obta ined   for   the  
examples  considered;  for  other  problems,  such  as  the  shear  buck- 
l i n g  of a f i n i t e  clamped plate,   approximate  solutions may be 
ob ta ined   i n  two d i f f e r e n t  ways providing  upper and lover  limits 
to   the   t rue   va lue   o f   the   buckl ing  stresses. 

TN 1559 BUCKLING STRESSES OF CLAMPED RECTANGULAR FLAT PLATES I N  SHEAR, 
Bernard  Budiansky  and  Robert W. Conner, May 1948 

(a) By considerat ion of antisymmetrical, as well a s  symmetrical 
buckl ing   conf igura t ions ,   the   theore t ica l   shear   buckl ing  stresses 
of  clamped r e c t a n g u l a r   f l a t   p l a t e s  were evaluated. 

(b)  The c r i t i c a l   s h e a r  stress f o r  a r e c t a n g u l a r   f l a t   p l a t e :  

2 J ~ D  

b2 t  
7 = ks - f o r  $ from 1 t o  3. 

a =  
b =  
B =  
t =  
E =  

D =  

ks = 

u =  

7 =  

l eng th   o f   p l a t e  
width of p l a t e  
p l a t e   a spec t   r a t io   ( a /b )  
th ickness   o f   p la te  
Young's  modulus €or  material 
P o i s s o n ' s   r a t i o   f o r  material 
f l e x u r a l   s t i f f n e s s  of plate   (Et   / (12(1-u ))) 
c r i t i c a l   s h e a r  stress 
c r i t i c a l   s h e a r  stress c o e f f i c i e n t   i n   t h e   f o r m u l a  

3 2 

(c) Using  buckling-stress  coefficients  from TN 1558 values  were 
obta ined   wi th in  L1/4 percent  of t he   t rue   buck l ing  stresses. 

TN 1565 BUCKLING I N  SJXEAR OF CONTINUOUS  FLAT  PLATES, Bernard  Budiansky, 
Robert V. Connor,  and  Manuel Stein,  1948 

Theory  developed t o   d e t e r m i n e   c r i t i c a l   s h e a r   s t r e s s e s   i n  beam 
v7eb. Especially  applicable  to  thin-web  spars,   where v7eb i s  
thin,   with  heavy  f langes and supports   running  f rom  f lange  to  
f l a n g e   t o   s t i f f e n  v7eb.  Beam i s  assumed i n f i n i t e l y   l o n g   w i t h  
square  bays 

I n f i n i t e l y  Long  Clamped P l a t e  With  Squ'are Bays 

n : D  2 

b2 t 
T = ks ( - )  



Two opposite  edges  clamped 
two simply  supported 12.6 (max.) 

TN 

Two opposite  edges clamped 
two continuous 13.14 

A l l  edges  clamped 14.71 

Doubly In f in i t e   Ar ray  of Square  Panels 

kS 

A l l  edges  simply  supported  9.35 

All edges  continuous 11.10 

A l l  edges  clamped 14 .71  

Spar webs wi th   r e in fo rcemen t s   l i ke   s t r i nge r s  are the  second  case, 
where k = 13.14, n o t   f i r s t   c a s e ,  where  k = 12.6 a t  a maximum. 

k decreases   wi th   increas ing   wid th- length   ra t io .  
S S 

S 

1583 EFFECT  OF SHEAR LAG ON BENDING VIBRATION OF BOX BEAM, Roger A. 
Anderson  and  John C. Houbolt, May 1948 

The inves t iga t ion   has  shown that ,   even  though  the  shear   lag  in  a 
given box beam had a r e l a t i v e l y   i n s i g n i f i c a n t   e f f e c t  on t h e   s t a t i c  
d e f l e c t i o n  of  the beam under a t i p   l oad  and  on the  fundamental 
f requency  of   vibrat ion,  i t  caused  an  appreciable   reduct ion  in   the 
h igher   f requencies .   This   increas ing   e f fec t   o f   shear   l ag  on the  
high modes can   be   expla ined   by   the   fac t   tha t   the   re la t ive ly  
greater r a t e s  of change  of  the  bending moment over   the   span   in  
these  modes o f  v i b r a t i o n  are accompanied  by  increased  shear 
deformation o f  the  cover   sheets  and r e s u l t   i n  a reduced  f lexural  
s t i f f n e s s  of the  beam. It has  been  pointed  out  that   shearing 
deformations  in   the  thin  cover   sheets   effect ively  change  the 
s t i f f n e s s ,  and   hence   the   v ibra t ion   charac te r i s t ics ,   o f   the  beam. 

Shear  deformation  of  the  cover  also  takes  place  around  discontin- 
u i t i e s  and abrupt  changes in   c ross   sec t ions ,   such  as cut-outs, 
and  around points   of   load  concentrat ion.   In   an  actual  wing, shear- 
l a g   e f f e c t s  due to   these   d i s turbances  may be  of  more  importance 
than   t he   s imp le   e f f ec t   t r ea t ed   i n   t h i s   pape r  and should  therefore  
be   inves t iga ted  when a determination of the  modes and frequencies 
i s  being made. The ana ly t ica l   p rocedure  for int roducing  shear-  
l a g   c o r r e c t i o n s   f o r  more compl ica ted   s t ruc tures   d i f fe rs  l i t t l e  
from the   p rocedure   p re sen ted   i n   t h i s   r epor t .  
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TN 1589 EFFECT  OF LONGITUDINAL STIFFENERS ON THE: BUCKLING LOAD OF LONG 
FLAT PLATES. UNDER SHEAR, Harold Crate and Hsu Lo, June  1948 

The t h e o r e t i c a l   s h e a r   b u c k l i n g   c o e f f i c i e n t   f o r  a long f l a t   p l a t e  
re inforced  with  any number of   longi tudina l   s t i f feners ,   o f   equa l  
s t i f f n e s s  and equally  spaced  across  the  plate,   can  be  obtained 
from a single  curve  €or  each  of  the  edge  conditions - simply 
supported  or clamped.  The test r e s u l t s  were found t o   b e   i n   " f a i r "  
agreement   with  the  theoret ical   s tudies .  

TN 1594 EXPERIMENTAL INVESTIGATION OF THE EFFECTS  OF CONCENTRATED WEIGHTS 
ON FLUTTER CHARACTERISTICS OF A STRAIGHT CANTILEVER WING, Harry 
L. Runyan  and John L. Sewall, June  1948 

Resul t s   a re   p resented   for   a lmost  100 f l u t t e r   t e s t s   i n  which  con- 
centrated  weights  were mounted r i g i d l y   t o  a s t r a i g h t   c a n t i l e v e r  
wing. The moments of i n e r t i a  and mass of  the  weights were va r i ed  
and the   weight   pos i t ion  1.7as varied  chordwise  and  spanwise.  During 
t h e   e n t i r e  series of f l u t t e r   t e s t s   t h e   e l a s t i c   p r o p e r t i e s  of the  
wing  did  not  materially  change. The r e s u l t s  are p r e s e n t e d   i n   t h e  
form of curves   tha t  show t h e   e f f e c t s  of varying  concentrated 
weights   on  the  var ious  f lut ter   parameters .  

A t  the  time of   th i s   repor t   ( June  1948) the re   ex i s t ed  several 
a n a l y t i c a l  methods  of  approaching f l u t t e r  problems.  This  data 
is  p r e s e n t e d   t o   a i d   i n  someone  making a comparison, 

TN 1611 AXIAL FATIGUE  TESTS AT ZERO MEAN STpESS OF 24s-T AND 75s-T ALUMINUM 
" 'LLOY STRIPS WITH A CENTRAL CIRCULAR HOLE, W. C. Brueggeman  and 

$1. Mayer, Jr. , August  1948 

Axial f a t i g u e  tests a t  zero mean stress have  been made on 0.032 
and  0.064  inch 24s-T  and  0.032 inch 75s-T s h e e t  metal specimens 
1/4, 1/2, 1, and 2 inches  wide  without a hole   and   wi th   cen t ra l  
holes   giving a range  of  hole  diameter d t o  specimen  width 1.7 from 
0.01  to  0.95. No sys temat ic   d i f fe rence  was noted  between  the 
r e s u l t s   f o r   t h e   0 . 0 3 2   i n c h  and the  0.064  inch  specimens  although 
the  l a t t e r  seemed t h e  more cons i s t en t .   I n   gene ra l   t he   f a t igue  
s t rength   based  on t h e  minimum section  dropped  sharply as the  
r a t i o  d/v7 was increased  from  zero  to  about 0.25. The plane  speci-  
mens shoved  quite a pronounced  decrease i n   f a t i g u e   s t r e n g t h   w i t h  
increasing  width.  The holed  specimens showed o n l y   s l i g h t  and 
r a the r   i nconc lus ive   ev idence   o f   t h i s   s i ze  effect. The f a t i g u e  
s t r e s s   concen t r a t ion   f ac to r  was h i g h e r   f o r  75s-T t h a n   f o r  24s-T 
alloy.  Evidence was found t h a t  a very  small ho le  v70uld not   cause 
any   r educ t ion   i n   f a t igue   s t r eng th .  

TN 1625 OBSERVATIONS ON THE MAXI" AVERAGE STRESS  OF  FLAT  PLATES BUCKLED 
I N  EDGE CWRESSION, E. H. Schuette,  February 1949 

This   repor t  is a graphical  study  of  the maximum average stress of 
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a buckled f l a t  p l a t e   i n  edge  compression. The following  formula 
~ 7 a s   f o u n d   t h a t   f i t s   t h e   d a t a .  

- 
0- 

0.25  0.75 
m a x  = K(Ocr> (=cy) 

K = cons tan t  
0- = c r i t i c a l   o r   b u d k l i n g  stress 

0- = compressive  yield stress 
cr  

CY 

urnax = maximum average stress (average stress a t  maximum load) 

K, i n   t h i s   r e p o r t   t h a t  produced  the  best   curve (when compared t o  
the   da t a ) ,  was 0.80.   Data   indicated  that   the   constant   '7ar ied  in  
some inverse  fashion  with  the  width- thickness   ra t io .  Good f i t s  
t o  a l l  da t a   fo r   ex t rus ions   w i th   f l a t -p l a t e   e l emen t s   (w i th   w id th -  
t h i c k n e s s   r a t i o s  up to   abou t  25) were ob ta ined   w i th   t he   cons t an t  
equa l   t o  0.80. The r e p o r t   n o t e s   t h a t  care should  be  taken when 
applying the above  method t o  unformed shee ts .  

TN 1629 THE EXPERIMENTAL  DETERMINATION  OF THE MOMENTS  OF INERTIA OF AIR- 
PLANES BY A SIMPLIFIED CWOUND-PENDULUM METHOD, William Gracey, 
June 1948 

The  method f o r   f i n d i n g   t h e  moments o n   i n e r t i a  of   an  a i rplane 
p r e s e n t e d   i n  this r e p o r t  i s  an improved vers ion   of   the  method 
p r e s e n t e d   i n  TN 265,  351, 1187.  This new method t a k e s   i n t o  
accoun t   no t   on ly   t he   e f f ec t s  of ambient   a i r ,   but   a lso  uses  a 
s impl i f i ed  method to   f ind   the   cen ter   o f   g rav i ty   o f   the .a%rplane .  

The new method  of f inding  the  center   of   gravi ty   consis ts   mainly 0.f 
suspending  the  plane by suspensionarms  of  different  lengths  deter- 
mine the   per iod  o f  o s c i l l a t i o n   f o r   t h e  two lengths  and so lve   t he  
two equat ions ,   for   the  moment of   iner t ia ,   fo r   one   o f   the  two 
suspension  lengths.  Then p lugging   th i s   va lue   back   in to   the  equa- 
t i o n   t h e  moment o f   i n e r t i a   c a n  be solved  for .  The test  uses  a 
b i f i a r   t o r s i o n a l  pendulum f o r   f i n d i n g   t h e  moment o f   i ne r t i a   abou t  
t h e  z axis and  uses a compound pendulum f o r   f i n d i n g   t h e  moment 
of i n e r t i a   a b o u t   t h e  x and y axis. The ne97 method presents   very  
good r e s u l t s  and permits a reduct ion   in   exper imenta l   t echnique ,  
test  apparatus,  and time; ano the r   r e su l t   o f   t he  test  i s  t h e   f a c t  
t h a t  the airplane  always  remains  in  an  upright  posit ion.  

TN 1635 STRENGTH  TESTS  OF SHEAR IJEBS WITH UPRIGHTS NOT CONNECTED TO THE 
FLANGES, Charles W. Sandlin, Jr., June 1948 

The pu rpose   o f   t h i s   r epor t  was t o   r u n  tests and to   develop a method 
f o r   c a l c u l a t i n g   t h e   u l t i m a t e   s h e a r  stress of  curved  and  plane 
shear  webswhere t h e   u p r i g h t s   a r e   n o t   c o n n e c t e d   t o  the f langes.  
This   condi t ion  exis ts   in   detachable   wing  skin  panels .  The  method 
t h a t  was developed  leads  to two equations: 
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L 

7 - u l  t 
u l  t 2AT 
" 

'c - P u l t  u l  t - m  e 

T u l  t = u l t ima te   shea r  stress 

T = torque 
P = f o r c e  
h = depth  of  beam measured  between  centroids  of  flanges 

A = area  enclosed  by  median  l ine of c r o s s   s e c t i o n  of 

t = thickness  of  web 

e 

t o r s i o n  box 

A reduced "effective" column length  ~7as used  (formula  12 NACA TN 
1364) in   determining  the  reduced  a l lowable stresses t h a t  must  be 
used  s ince  the  uprights  are no t   a t t ached   t o   t he   f l anges .  It ~7as 
found t h a t   t h i s  method g ives  good r e s u l t s ;  i t  v7as also  found that 
t h e   u l t i m a t e   s t r e n g t h   o f  a curved web 17as about   the  same as a 
p lane  17eb, most of t h e  webs f a i l e d  when the upr ight  came through 
the   sk in .  

Direct reading   des ign   char t s  are presented.  These  charts make 
poss ib l e  the d i rec t   de te rmina t ion   of  the stress and a l l   t h e   p a n e l s  
propor t ions   requi red   to   car ry  a g i v e n   i n t e n s i t y  of loading with a 
g iven   sk in   th ickness   and   e f fec t ive   l ength   o f   pane l .  

TN 1661 CRITICAL AXIAL COMPRESSIVE STmSS OF A CURVED RECTANGULAR PANEL 
WITH A CENTRAL CHORDWISE STIFFENER, S. B. Batdorf  and  Murry 
Schildcrout,  Langley  Aero. Lab., J u l y  1948 

Information is  c o n t a i n e d   i n  Kuhn's  book. - 
TN 1681 CRITICAL  STRESS OF AN INFINITELY LONG PLATE I N  THE PLASTIC REGION, 

Elbr idge Z. Stowell,  August  1948 

(a) I n   t h i s   r e p o r t  the c r i t i ca l  shea r  stress f o r   a n   i n f i n i t e l y  
long  plate   under   uniform  shear  v7as ca l cu la t ed  from: 

x2ksEt2 

1 2 ( 1 -  CL )b  
T =  2 217 
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T = c r i t i c a l   s h e a r  stress 
k = coeff ic ient   depending upon condi t ions  of   edge  res t ra int  

and  shape  of  plate 
t = thickness   of   plate  
b = width of p l a t e  
E = Young's  modulus 
p = Poi s son ' s   r a t io  
q = coef f ic ien t   which   a l lows   for   reduct ion   in   shear   s t ress  

S 

i n   p l a s t i c   r a n g e  

ES 
= secan t  modulus  of ma te r i a l  

fl(E) = f u n c t i o n s   o f   e l a s t i c   r e s t r a i n t  

f (E) = f u n c t i o n s   o f   e l a s t i c   r e s t r a i n t  2 
c3 

$0 

= p l a s t i c i t y   c o e f f i c i e n t  

= wave a n g l e   i n   e l a s t i c   r a n g e  

The angle   of   the  waves @ is that   angle   which will make t h e   c r i t i -  
c a l   s h e a r  stress a minimum. A s  soon as the  magnitude  of  the 
e l a s t i c   r e s t r a i n t  i s  selected,   the   angle   of   the  waves,  and there-  
fore, may be  computed f o r  any s t r e s s .  

For  the  case  of  simply  supported  edges: 

fl(E) = f2(E) = 1 

For  the case of  clamped  edges: 

E = a 3  
fl(E) = 5.14 

f2(E) = 1.24 

TN 1692 DETERMINATION OF BENDING MOMENTS IN PRESSURE LOADED RINGS OF 
ARBITRARY SHAPE T J H E N  DEFLECTIONS ARE CONSIDERED,  F.  R. Steinbacher 
and Hsu Lo, Universi ty  of Michigan,  September  1948 
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An a n a l y t i c a l  method  has  been  desired  for  determining  bending- 
moment d i s t r i b u t i o n   i n   r i n g s  of a rb i t ra ry   shape   under   in te rna l  
pressure  loads,   with  the  change  of  geometric  shapes  caused by 
the  load  being  considered. 

Charts are provided  for  two s p e c i f i c   f a m i l i e s  of r ings  of   var ious 
proport ions and f l e x i b i l i t i e s .  

On comparing t h e  results w i t h  the re su l t s   o f   so lu t ions   i n   wh ich  
deflections  have  been  neglected,  i t  is  seen   tha t   the   bending  
moments previously computed  have  always  been much too  conserva- 
tive. 

For   r ings  not   included  in   the  char ts ,   an  average of 20 hours is  
necessary  for  the  complete  solution  of  the  problem. 

The process is thoroughly  outl ined i n  the   r epor t   ( abou t  30 pages). 

CONCLUSIONS: 

1. Results  obtained by the   p re sen t  method  showed good agreement 
wi th  test d a t a  and  proved t h a t   r e s u l t s   o b t a i n e d  when change  of 
geometric  shape was not  considered are inadequa te   fo r   f l ex ib l e  
r ings.  

2. Although  or-ly  rings  with  double symmetry  under i n t e r n a l   p r e s -  
su re   l oads   a r e   d i scussed   i n   t he   p re sen t  work, the  method can  be 
extended  to  include  rings  of  any  shape  under  any  system  of exter- 
na l   loads .  

TN 1705 EXPERIMENTAL INVESTIGATION OF THE EFFECTS OF THE PLASTIC FLOW I N  A 
TENSION PANEL WITH A CIRCULAR HOLE, George E. G r i f f i t h ,  September 
1948 

. Seven  uniformly  dimensioned 24s-T tension  panels  with a c e n t r a l  
c i rcu lar   ho le   were   subjec ted   to   var ious   loads .  

The r e s u l t s  show that ,  as t h e  amount o f   p l a s t i c  flov7 increases ,  
t h e  stress concent ra t ion   fac tor  is appreciably  reduced  and  the 
s t r a in   concen t r a t ion   f ac to r  is  appreciably  increased. 

Subjec t ing   the   pane ls   to  100 repeated  loading  cycles  caused no 
change t o  occur i n   t h e  maximum values  of t h e  stress and s t r a i n  
concent ra t ion   fac tors .  

TN 1710 MINIMUM-\EIGHT DESIGN OF SIMPLY  SUPPORTED  TRANSVERSELY  STIE'FENED 
PLATES UNDER CONT?RESSION, Alexander Gornza and Paul  Seide,  September 
1948 

Weight of a s imply  supported  t ransversely  s t i f fened  compression 
panel   subjec ted   to  a given  buckling  load i s  inves t iga t ed   a s  a 

20 7 



func t ion   of   the   s t i f fener   spac ing ,   p la te   th ickness ,  and the  
geometry  of t he   s t i f f ene r   c ros s   s ec t ion .  

It is shovm tha t   t he re   a r e   pa r t i cu la r   combina t ions  of s t i f f e n e r  
spacing and plate  thickness,   dependent upon the  geometrical   pro- 
pe r t i e s   o f   t he   s t i f f ene r   c ros s   s ec t ion ,   fo r   wh ich   t he   pane l   we igh t  
i f  a minimum. Char t s   a re   p resented   to   fac i l i t a te   the   de te rmina-  
t i o n  of  these optimum values   o f   s t i f fener   spac ing  and p l a t e  
thickness.  

TN 1714 PLATE  COXPRESSIVE STRENGTH OF  FS-11.1 MAGNESIUM-ALLOY SHEET AND A 
MAXI"-STRENGTH FORMULA  FOR MAGNESIUM-ALLOY AND ALUMINUM-ALLOY 
FORMED  SECTIONS, George L. Gallaher,  October  1948 

The plate  compressive  strength  of  FS-lh  magnesium-alloy  sheet 
was determined  f rom  local-s tabi l i ty  tests of  formed  Z-section 
columns. The c r i t i c a l  compressive stress was found t o   c o r r e l a t e  
well wi th   the   compress ive   s t ress -s t ra in   curve   for   the   mater ia l .  
The curves  of  average stress a t  maximum load   p lo t ted   aga ins t  
c a l c u l a t e d   e l a s t i c  c r i t i ca l  s t r a i n   r e s u l t e d   i n  a family  of  curves 
s imilar   to   previous  resul ts   for   a luminum-al loy  sheet .  

TN 1728 SHEAR LAG I N  AXIALLY LOADD PANELS, Paul Kuhn and James P. Peterson, 
October  1948 

The  method o f   ca l cu la t ing   shea r - l ag   e f f ec t s   i n   ax i a l ly   l oaded  
panels by  means  of the  previously  developed  concept  of  the 
" subs t i t u t e   s ing le - s   t r i nge r   pane l s ' '  i s  s impl i f i ed  by  an  empirical 
expression  for   the  width  of   the  subst i tute   panel   which  e l iminates  
the need for   successive  approximations.   For   s imple  types  of  
s ing le-s t r inger   pane ls ,  a theory  not  dependent  on  the  assumption 
o f   i n f i n i t e   t r a n s v e r s e   s t i f f n e s s  i s  developed  that  can  be  used  to 
e s t ima te   t he   e f f ec t   o f   t r ansve r se   s t i f fnes s  on the  stresses i n  
p r a c t i c a l   p a n e l s .   S t r a i n  measurements  on f ive   pane l s   i nd ica t e  
that   the   theory  should  be  adequate   for   design  purposes  and t h a t  
t h e   e f f e c t   o f   t r a n s v e r s e   s t i f f n e s s  may be  appreciable.  

TN 1730 EFFECTS OF TENPORAL TANGENTIAL BEARING ACCELERATION OF  PERFORMANCE 
CHARACTERISTICS  OF SLIDER AND JOURNAL BEARINGS, Dezso J. Ladanyi, 
October  1948 

A t h e o r e t i c a l   a n a l y s i s  of the   e f fec ts   o f   t empora l   t angent ia l   bear -  
i ng   acce le ra t ion  on severa l   per formance   charac te r i s t ics   o f   s l ider  
and journal   bear ings i s  presented. The de r iva t ions  of t h e  mathe- 
mat ica l   express ions   for   these   e f fec ts   begin   wi th   the  laws of 
c l a s s i c a l  hydrodynamics  and  conclude  with  modified  versions of 
the  usual  performance  equations in   lubr ica t ion .   Equat ions  are 
presented   tha t   es tab l i sh   fundamenta l   re la t ions  and show the 
e f f e c t s  of t h i s   t ype  of a c c e l e r a t i o n  on p r e s s u r e   d i s t r i b u t i o n  
and  load  capacity. 
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The equations show tha t   the   fac tor   which  i s  most  important i n  
e s t a b l i s h i n g   t h e   e f f e c t  of acce le ra t ion  on bearing  performance 
c h a r a c t e r i s t i c s  i s  the   r a t io   o f   acce l e ra t ion   t o   speed .   \ hen  
t h i s   r a t i o  is  h igh ,   the   e f fec t   o f   acce le ra t ion  i s  large;  when 
it  i s  1 0 ~ 7 ,  t h e   e f f e c t  i s  small. It ~ - 7 ~ s  found t h a t   a c c e l e r a t i o n  
acts   to   decrease  load  capaci ty   of   the   bear ing.  

TN 1737 EFFECT OF VARIATION ON DIAMETER AND PITCH OF RIVETS ON COXE'RESSIVE 
STRENGTH OF PANELS WITH Z-SECTION STIFFENERS - PANELS THAT FAIL 
BY LOCAL BUCKLING AND HAVE VARIOUS  VALUES  OF  WIDTH-TO-THICKNESS 
RATIO FOR THE WEBS OF THE STIFFENERS, Norris F. Dow and  William 
A. Hickman, November 1948 

An exper imenta l   inves t iga t ion  is being  conducted  to  determine  the 
e f f e c t  of varying  the  r ivet   d iameter  and p i t c h  on the  compressive 
s t r e n g t h  of f l a t  24s-T  aluminum al loy  Z-st i f fened  panels   of   the  
type  for   which  design  char ts  are ava i l ab le .  The present   par t   o f  
t h e   i n v e s t i g a t i o n  is concerned  with  panels  which  have  various 
values  of  width-to-thickness  ratio of t h e  webs o f   t h e   s t i f f e n e r s  
and  have  such  length  that   fa i lure  is  by local   buckl ing.  The 
r e s u l t s  show t h a t   f o r   t h e s e   p a n e l s ,   r e g a r d l e s s   o f   t h e i r   s t i f f e n e r  
widths,   the  compressive  strengths  increased  appreciably  with . -  
e i t h e r  an inc rease   i n   t he   d i ame te r   o f   t he   r i ve t s  o r  a decrease 
i n   t h e   p i t c h   o f   t h e  rivets. 

TN 1747 DETERMINATION OF COUPLED AND UNCOUPLED MODES AND FREQUENCIES  OF 
NATURAL VIBRATION OF SWEPT AND UNSIJEPT WINGS FROM UNIFORM CANTI- 
LEVER MODES, Roger A. Anderson  and  John C. Houbolt,  Langley 
Mem. Lab., November 1948 

Except f o r   c e r t a i n   i d e a l i z e d   c a s e s ,   t h e   n a t u r a l   v i b r a t i o n  modes 
and frequencies  of  airplane  wings  cannot  be  found by exact  analy- 
sis, and thus  approximate  methods must  be  used. Such  a  method 
i s  presented. The energy method i s  used t o   d e r i v e  two sets of 
l inear   charac te r i s t ic   equa t ions ,   one   for   symmetr ica l  modes and 
the  other   for   ant isymmetr ical  modes.  These same equat ions  a lso 
l ead   t o   so lu t ions   fo r   t he   coup led  and  uncoupled modes and f r e -  
quencies  of  the uns1-7ept wing  and  fuselage. 

The important   feature   of   the  method presented  herein is  t h e  
s i m p l i f i c a t i o n   t h a t   r e s u l t s  from  the  use  of  the  natural  modes of 
a uniform  cant i lever  beam as expans ions   for   the   def lec t ion  and 
twist of the   v ibra t ing   nonuni form  f ree- f ree  wing.  With the  addi- 
t ion  of  appropriate  r igid-body-displacement terms, these  expres: 
s ions may be made to   sat isfy  a l l   the .geometr ica1  boundary  condi-  
t ions  for  both  symmetrical   and  antisymmetrical   wing  vibration. 
Analyzing  ideal ized  s t ructures   for   which  exact   solut ions  could  be 
made shows t h a t   o n l y  a few terms are needed in   t he   expans ions   t o  
o b t a i n  good accuracy. 
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TN 1749 SHEAR FLOWS I N  CfULTICELL SANDWICH  SECTIONS, Stanley U. Benscoter, 
Langley  Aero. Lab. , November 1948 

Formulas  developed i n   e x p l i c i t  form for   the   shear   f lows   in  m u l t i -  
c e l l  sandwich beams i n  bending  and  torsion.  Formulas  also 
developed  for  the  shear  f lows  corresponding  to  various  functional 
chordwise  dis t r ibut ions  of   the  ce l l  twist and, i n   s c a l a r   o r  
mat r ix  form, fo r   t he   shea r  flo-c7s corresponding  to   an  arbi t rary 
chordwise twist d i s t r i b u t i o n .  A formula   for   the   to rs ion   cons tan t  
of  a mult icel l   sandwich beam has  also  been  developed. 

TN 1750 BUCKLING TESTS  OF  FLAT  RECTANGULAR  PLATES UNDER COMBINED SmAR 
AND LONGITUDINAL COMPRESSION, Roger W. Peters,  Langley Aero. 
Lab. , November 1948 

An exper imenta l   inves t iga t ion  made t o   v a l i d a t e  a t h e o r e t i c a l  
p a r a b o l i c   i n t e r a c t i o n   c u r v e   f o r   t h e   e l a s t i c   b u c k l i n g  of f l a t  
rectangular   plates   under  combined shear   and  longi tudinal  com- 
press ion   loads .  The f o u r   f l a t   r e c t a n g u l a r   p l a t e s   t e s t e d  formed 
the   s ides   o f  a square box  having  corner  angles.  Although some 
of  the  experimentally  determined  points l i e  above  and o the r s  
below the   theore t ica l   in te rac t ion   curve ,   the   average   o f   the  
ind iv idua l   exper imenta l   po in ts   p lo t ted   very   c lose ly   to   th i s  
t heo re t i ca l   cu rve  recommended for   design  use.  

TN 1751 BUCKLING  OF A LONG SQUARE TUBE I N  TORSION AND COMPRESSION, Bernard 
Budiansky,  Manuel Stein,  and  Arthur C. Gilbert,  Langley Mem. Aero. 
Lab., November 1948 

The buckling o f  an  inf ini te ly   long  square  tube  under  combined 
to r s ion  and  compression i s  inves t iga t ed  by means of  an  exact 
energy method u t i l i z ing   Lagrang ian   mu l t ip l i e r s .  An i n t e r a c t i o n  
curve is obtained  from  which i t  i s  possible   to   determine  the 
amount of  one  loading  required  to  produce  buckling when  a given 
amount of   the   o ther   loading  is present .  

From th i s   cu rve  i t  can  be  concluded  that   an  appreciable amount of 
t o r s ion  may be   p re sen t   w i thou t   i n  anyway reducing  the  compression 
required  for   buckl ing.  

TN 1756 ULTIMATE  STRESSES  DEVELOPED BY 24s-T AND ALCJAD 75s-T ALUMINUM 
ALLOY SHEET I N  INCOMPLETE DIAGONAL TENSION, L. Ross Levin,  Langley 
Aero. Lab. , November 1948 

St rength  tests were made on 24s-T and  Alclad 75s-T  aluminum shee t  
i n  diagonal  tension.  These tests ind ica t ed   t ha t   t he   u l t ima te  
shear  stress was essent ia l ly   independent   of   the  r ivet  f a c t o r   i f  
t h e  r ivet  f a c t o r  was greater  than  0.6,  which  covers  most  of  the 
pract ical   range.   Curves  showing  the  effect   of   diagonal   tension 
on   the   u l t imate   shear  stress i n   t h e   g r o s s   s e c t i o n   a r e   p r e s e n t e d .  
These  curves  supersede  those  given i n  NACA TN 1364. 
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TN 1758 PROPERTIES OF 19-9DL ALLOY BAR STOCK AT 12000 F, J. W. Freeman, 
E. E. Reynolds, D. N. Frey and A. E. White, November 1948 

Although i9-9DL v7as used f o r   t h e s e  tests, the  main  purpose of t h e  
test ~ 7 a s   t o   e s t a b l i s h  a re la t ionship  between  processing of a good 
h e a t   r e s i s t a n t   a l l o y  and t h e   r e l a t i v e   p r o p e r t i e s .  The  samples  were 
t e s t ed   i n   t h ree   d i f f e ren t   cond i t ions ,   ho t - co ld  worked, hot-rolled,  
and so lu t ion - t r ea t ed .  

It v7as found t h a t  hot-cold-worked  samples  produced  the  highest 
s t r e n g t h s   i n   r u p t u r e  when t e s t e d  a t  h igh   s t r e s ses  and rapid 
s t r a i n   r a t e s ;   t h i s   c o n d i t i o n   a l s o  had t h e   h i g h e s t   s t r e n g t h   i n  
the  creep test. As the time ~7as increased  the  s t rengths   of   the  
ho t - ro l l ed  and the  solut ion  t reated  samples   increased.  The solu- 
t i o n   t r e a t e d   m a t e r i a l  had t h e   b e s t   s t r e n g t h  a t  time periods 
longer  than  several   thousand  hours.  The e f f e c t  of time and s t r a i n  
ra te  on p r o p e r t i e s   i n d i c a t e s   t h a t   t h e  optimum treatment   for   any 
p a r t i c u l a r   a p p l i c a t i o n  depends  on the   se rv ice   condi t ions .  It may 
be  important   that   the   mater ia l   have  other   propert ies   than  load 
car ry ing   ab i l i ty   under   t ens ion;   those   t rea tments   tha t  may develop 
s t r eng th   a t   h igh   t empera tu re  may be bad fo r   t he   co r ros ion   r e s i s t ance  
p rope r t i e s  of the  mater ia l .  The s t r eng th  of   the  mater ia l  was found 
to   be  a funct ion o f  t h e   s i z e  and d i spe r s ion  o f  p r e c i p i t a t e   p a r t i -  
c les   toge ther   wi th   the  amount of cold work. LOSS of s t r e n g t h  by 
the  cold-hot-v7orked mater ia l   a t   p ro longed  time periods seems to   be  
caused by s t r u c t u r a l   i n s t a b i l i t y   d u e   t o  cold-v7ork. 

The report   a lso  contains   12  pages  of   char ts  and graphs  on  the 
p rope r t i e s  of 19-9DL. 

TN 1777 DIRECT-READ.ING DESIGN CHARTS FOR 24S-T ALUMINUM-ALLOY  FLAT COM- 
PRESSION PANELS HAVING LONGITUDINAL STRAIGHT-WEB Y-SECTION 
STIFFENERS, Norriw F. Dow, January 1949 

(a) Direct-reading  design  char ts  are presented   for  24s-T 
aluminum-alloy f i a t  compression  panels  having  longitudinal 
straight-web  Y-section  st iffener.   These  charts make poss ib l e  
the  direct   determinat ion  of   the stress and a l l   t he   pane l   p ropor -  
t ions  required  to   carry a g iven   i n t ens i ty  of  loading  with a given 
skin  thickness  and effect ive  length  of   panel .  

(b) This TN contains 25 pages  of  charts and graphs. 

TN 1778 DIRECT READING DESIGN CHARTS  FOR 24s-T ALUMINUM-ALLOY FLAT CON- 
PRESSION  PANELS HAVING LONGITUDINAL FORMED 2-SECTION  STIFFENERS, 
Norris F. Dow and Albert  S. Keevil, Jr., Langley  Lab.,  January 
1949 

Direct   reading  char ts   are   presented.   These  char ts  make poss ib l e  
the  direct   determinat ion  of   the stress and a l l  the  panel  propor- 
t i ons   r equ i r ed   t o   ca r ry  a g iven   i n t ens i ty  of  loading  with a given 
skin  thickness  and e f f ec t ive   l eng th  of  panel. 

211 



The c h a r t s   a r e   q u i t e   d e t a i l e d .  

TN 1786 RECOMMJINDATIONS  FOR NUMERICAL SOLUTION  OF  REINFORCED-PANEL AND 
FUSELAGE-RING  PROBLEMS, N. J. Hoff  and Paul A. Libby  (superseded 
by  Report  934), December 1948 

This report   contains  recommendations  as  to  the  choice  of  the  most 
expedi t ious method of   so lu t ion   of   the   s imul taneous   l inear  equa- 
t ions   represented  by the   ope ra t ions   t ab l e  and the   ex te rna l   loads .  
The opera t ions   t ab le  is  first e s t ab l i shed   i n   acco rdance   w i th  
Southwell 's   suggestions  and,  together  with  the  external  loads,  
defines  completely the problem  of stress d i s t r i b u t i o n   i n  a re in-  
forced  panel  o r  of   the  moment d i s t r i b u t i o n  of a fuse lage   r ing .  
However, the   fo l lowing   genera l ized   sugges t ions   can   be  made: 

1. In  most  reinforced  panel  problems  the  use o f  t he   r e l axa t ion  
procedure i s  advantageous. 

2. Solut ion  of   the  equat ions  def ining a reinforced  panel  problem 
by means of t he  electric analogue is  advisable  when any  c losely 
r e l a t e d  problems  have to   be   inves t iga ted .  

3. Ring  problems are  best   solved  by  matrix  methods.  

4. In  very  complicated  r ing  problems a combination  of  matrix 
methods with  the  growing-unit  and  relaxation  methods may become 
advisable .  

TR 934  contains no new information. 

Comparisons are made of   the   s t ruc tura l   e f f ic iency   of   pane ls   having  
s t r a i g h t  web and  curved web Y-sec t ion   s t i f feners .  The comparisons 
show t h a t ,   i n   t h e   h i g h - s t r e s s   r e g i o n   i n   w h i c h   f a i l u r e  i s  a t   l e a s t  
in   par t   associated  with  local   buckl ing,   panels   having  curved web 
Y-sec t ion   s t i f f ene r s   have   h ighe r   s t ruc tu ra l   e f f i c i enc ie s   a r e   ev i -  
denced  by  higher  average stresses a t  f a i l u r e ,   s m a l l e r   s t i f f e n e r  
heights ,   or   wider   average  spacing of r i v e t   l i n e s ,   i n   v a r i o u s  
combinations  depending  on  the  design  requirements. 

TN 1806 DETERMINATION OF PLATE  COMPRESSIVE  STRENGTHS AT ELEVATED TEMPERA- 
TURES, George J. Heimerl and William M. Roberts, TR 960,  February 
19  49 

The r e s u l t s   o f   t h e   l o c a l - i n s t a b i l i t y  tests of  extruded  H-sections 
of 75S-T6 aluminum al loy  warrant   the  fol lowing  conclusions  regard-  
ing   the   de te rmina t ion   of   compress ive   s t rengths   o f   f la t   p la tes   o r  
p la te   assembl ies  o f  var ious   ma te r i a l s  a t  elevated  temperatures:  
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1. The c r i t i c a l  compressive stress for   H-sec t ion   p la te   assembl ies  
of  extruded 75S-T6 aluminum may be  determined  approximately a t  
room temperature by the  use  of   the   compressive  s t ress-s t ra in  
c u r v e   f o r   t h e   m a t e r i a l   f o r   t h e   d e s i r e d   t e m p e r a t u r e ,   s t r a i n  rate, 
and  exposure time. A t  elevated  temperature,  the  secant-modulus 
method i s  s l i g h t l y   u n c o n s e r v a t i v e   i n   t h e   p l a s t i c   r e g i o n   a s  v7as 
found t o   b e   t h e   c a s e   a t  room tempera ture   for   th i s  material. 

2. Approximately  the same r e l a t i o n s h i p   e x i s t s  between t h e  com- 
p r e s s i v e  stress, the  average stress a t  maximum load,  and  the com- 
p r e s s i v e   y i e l d  stress a t   e l eva ted   t empera tu re   a s   a t  room tempera- 
ture   for   H-sect ion  plate   assemblies .   For   s t resses   above 3 /4  com- 
p r e s s i v e   y i e l d  stress, the  average stress a t  maximum load i s  only 
s l i g h t l y   g r e a t e r   t h a n   t h e  cr i t ical  compressive stress; whereas, 
below  3/4  of the  compressive  yield stress, the  average stress a t  
maximum load may be   apprec i ab ly   g rea t e r   t han   t he   c r i t i ca l  compres- 
s i v e  s tress. 

3. I n  viet7 of t he   cons i s t en t   gene ra l   r e l a t ionsh ip   p rev ious ly  
found a t  room temperature  between  the  H-section  plate-assembly 
test  r e s u l t s   f o r   t h e   c r i t i c a l   c o m p r e s s i v e  stress and the  compres- 
sive s t r e s s - s t r a i n   r e l a t i o n s h i p   c u r v e   f o r  a number of materials, 
and t h e   f a c t   t h a t   t h i s   r e l a t i o n s h i p  now a p p e a r s   t o   b e   v a l i d   a t  
e levated  as  well as a t  room temperature, i t  is  reasonable   to  ex- 
p e c t  t ha t   t he   c r i t i ca l   compress ive  stress may be  approximately 
determined a t   e l eva ted   t empera tu re   fo r   i nd iv idua l   p l a t e s  and 
var ious  plate   assemblies  by methods  which a r e   s a t i s f a c t o r y   a t  
room temperature ,   provided  that   the   compressive  s t ress-s t ra in  
c u r v e   f o r   t h e   m a t e r i a l   a t   t h e   d e s i r e d   t e m p e r a t u r e ,   s t r a i n   r a t e ,  
and  exposure time i s  given. 

TN 1817 PLASTIC BUCKLING OF SIMPLY SUPPORTED CONPRESSED  PLATES, Richard 
A. Pr ide  and  George 3.  Heimerl, Apr i l  1949 

The r e s u l t s  of t h e   l o c a l - i n s t a b i l i t y  tests of  dravm square  tubes 
warran t   the   fo l lowing   conclus ions   as   regards   the   p las t ic   buckl ing  
of a long, flat,  simply  supported  compressed  plate: 

1. The r e s u l t s   o f   t h e s e  tests show  good agreement  with  Stowell 's  
t heo ry   fo r   t he   p l a s t i c   buck l ing  of a simply  supported  plate  which 
is based  on a deformation  theory  of   plast ic i ty .   This   confirmation,  
toge ther   wi th   tha t   p rev ious ly  shown f o r  a f l ange  and  column, is 
cons idered   to   cons t i tu te  a s a t i s f ac to ry   expe r imen ta l   ve r i f i ca t ion  
of  the  theory. 

2. Good agreement  with.  the test r e s u l t s  i s  evidenced i n   g e n e r a l  
by  the  deformation  type  theories   for   plast ic   buckl ing.   Stonel l ' s  
theory is  i n   t h e   c l o s e s t   a g r e e m e n t   w i t h   t h e   t e s t   r e s u l t s   r e p o r t e d  
he re in ,   bu t   I l yush in ' s  and B i j l aa rd ' s   t heo r i e s   g ive   r e su l t s   on ly  
s l i gh t ly   h ighe r .  
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3. Marked disagreement is shown between  the test  results and the  
Handelman-Prager  theory  which is  based  on a flow  theory  of  plastic- 
i t y .  

4. Buckl ing   s t ress   ca lcu la ted  by the  empirical  secant-modulus 
method are  reasonable,   though  higher  than  the test  resu l t s .   This  
convenient  rapid method can  therefore   be  used  for   an  approximate 
de te rmina t ion   of   the   c r i t i ca l   compress ive   s t ress .  

TN 1820 STRENGTH  ANALYSIS OF STDFENED THICK BEAM WEBS, L. Ross  Levin  and 
Charles W. Sandlin, Jr., March  1949 

Methods t o   p r e d i c t   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 c e d   c r i p p l i n g  
f a i lu re s   o f   t he   up r igh t s ,   t he   rup tu re  of t h e  webs were  presented 
f o r   s t i f f e n e d  beam webs w i t h   r a t i o s  of web depth  to web thick- 
ness  between 115  and 1500. 

The formula f o r   t h e   c r i t i c a l   s h e a r   s t r e s s  is: 

This is the same as   g iven   i n  TN 1364. 

I f   t h e   c r i t i c a l   s h e a r   s t r e s s  computed  by the  previous  formula is 
i n   t h e   p l a s t i c   r e g i o n  i t  must  be recomputed by the  following form- 
ula:  

These  formulas  give results to   the  same degree  of  accuracy as the  
r e s u l t s   i n  TN 1364. 

TN 1822 ELASTIC AND PLASTIC BUCKLING OF SIMPLY SUPPORTED METALITE TYPE 
SANDWICH PLATES I N  COMPRESSION, Paul  Seide and Elbridge Z. 
Stowell,  (report  967),  February 1949 

A s o l u t i o n  is presented  for  the  problem  of  the  compressive  buckling 
of  simply  supported,   f lat ,   rectangular,   Metali te  type  sandwich 
p l a t e s   s t r e s s e d   e i t h e r   i n   t h e   e l a s t i c   r a n g e   o r   i n   t h e   p l a s t i c   r a n g e .  
Char t s   for   the   ana lys i s  of long  sandwich  plates   are   presented  for  
p la tes   having   face   mater ia l s  of 24S-T3 aluminum al loy,  75S-T6 
Alclad aluminum al loy,  and s t a i n l e s s  steel. 

c 

The theory i s  checked by a comparison  of  computed  and  experimental 
r e s u l t s   f o r   s q u a r e  sandwich plates .   Fair   agreement  i s  found. 
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TN 1823 THE BUCKLING OF PARALLEL  SlMpLY  SUPPORTED  TENSION AND COMPRESSION 
MEMBERS CONNECTED BY ELASTIC  DEFLECTIONAL  SPRINGS, Paul  Seide and 
John F. Eppler,  February  1949 

An i n v e s t i g a t i o n  of  the  problem  of  the  buckling  of  parallel  simply 
supported  tension and compression members connected by equal ly  
s t i f f  and equa l ly   spaced   e l a s t i c   de f l ec t iona l   sp r ings  i s  made as  
an  approximation  to   the  problem  of   the  effect   of   f ini te   s t i f fness  
of r i b s  and tension  surface  on  the  buckling  load  of  the  compression 
surface  of  a wing. 

For   s implici ty ,   the   tension  surface  of   the  wing  can  be assumed to  
be  equivalent   to  a r igid  foundat ion and the   shea r  webs and r i b s  
can  be assumed to   be   equiva len t   to   r ig id   suppor ts   tha t   d iv ide   the  
compression  surface  into small panels so that   the   compressive 
buckling  load  of  the  wing  surface is  the  buckling  load o f  t h e  
small   panels.   Actually,   the  shear webs and r i b s  and the   t ens ion  
sur face   have   f in i te   s t i f fness ;   therefore ,   the   buckl ing   load  of t h e  
compression  surface is reduced  because  of  the  deflection  of  the 
supports. An exac t   ana lys i s  of t h i s  problem is  given i n   t h e  
appendix  of  this  report  which is  a v a i l a b l e   i n   t h e  NCSU Library. 
The exac t   ana lys i s  i s  by  Rayleigh  and  Ritz. 

TN 1825 COWRESSIVE  BUCKLING OF SIMPLY SUPPORTED PLATES WITH LONGITUDINAL 
STIFFENERS, Paul  Seide and  Manuel Stein,  March  1949 

Char t s   a re   p resented   for   the   ana lys i s   o f   the   s tab i l i ty   under  com- 
p res s ion  of  simply  supported  rectangular  plates  with one, two, 
three,  and a n   i n f i n i t e  number  of ident ical   equal ly   spaced  longi-  
t ud ina l   s t i f f ene r s   t ha t   have   ze ro   t o r s ion .  

These   char t s   ind ica te   tha t   re la t ionship   be tween  the   buckl ing  
stress coef f ic ien t   andthe  p l a t e  bay   aspec t   ra t io   for   var ious  
va lues   o f   t he   r a t io  of t h e   s t i f f e n e r   f l e x u r a l   s t i f f n e s s   t o   t h e  
f l e x u r a l   s t i f f n e s s   o f  a p l a t e  bay  and t h e   r a t i o  of t h e   s t i f f e n e r  
a rea   t o   t he   a r ea   o f  a p l a t e  bay. 

The s t a b i l i t y   e q u a t i o n s  from  which the   char t s   were  computed a r e  
derived by means of  the  Rayleigh-Ritz  energy method. 

TN 1827 MATRIX METHODS FOR CALCULATING CANTILEVER-BEAM DEFLECTIONS, 
Stanley U. Benscoter and Myron L. Gossard,  March  1949 

The  method of numer i ca l   i n t eg ra t ion   fo r   ca l cu la t ion  of beam de- 
f l e c t i o n  is  p resen ted   i n   ma t r ix  form to   g ive  i t  the  advantages 
which a r e   i n h e r e n t   i n   a n   i n f l u e n c e - c o e f f i c i e n t  method. 

The advantage  of   an  inf luence  coeff ic ient  method of   def lec t ion  
ana lys i s  is  t h a t  i t  provides a d i r e c t   l i n e a r   r e l a t i o n  between 
the  loading and t h e   d e f l e c t i o n   i n   e x p l i c i t  form.  The  same  advan- 
tage may be   ob ta ined   in  a numerical  integration  process,  employing 
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beam s t i f f n e s s   p r o p e r t i e s ,   i f   t h e   a n a l y s i s  is  expressed i n  matrix 
form. The l inear   re la t ionships   for   d i s t r ibu ted   loading   have   been  
developed. 

The accuracy  of  both  the  numerical   integration and in f luence  
c o e f f i c i e n t  methods  can  be  improved  by the   i n t roduc t ion  of 
weighting  matrices.  Consequently,  for a desired  appreciable  
s a v i n g   i n   c a l c u l a t i o n  time s ince   t he  computing  work v a r i e s  as 
the  square  of   the   order   of   the   matr ices .  

TN 1829 DATA ON THE COXPRESSIVE STRENGTH OF 75S-T6 ALUMINUM ALLOY FLAT 
PANELS WITH LONGITUDINAL EXTRUDED 2-SECTION  STIFFENERS, TJil l iam 
A. Hickman and Norris F. Dow, March  1949 

DATA ONLY: 

P a r t  of   an  extensive  s tudy  on  s t i f feners  a t  Langley.  Since  in- 
v e s t i g a t i o n  is expensive  and t i m e  required  to   complete   experi-  
mental work  and to   ana lyze   da t a  will be  prolonged,  the  data i s  
presented,  without  analysis,  as it  is obtained. 

In   this   paper ,   the   resul ts   are   presented  for   panels   in   which  the 
s t i f f e n e r s   a r e ' r e l a t i v e l y   t h i c k  and c lose ly   spaced;   spec i f ica l ly  
fo r   pane l s   fo r   wh ich   t he   r a t io  of the   th ickness   o f   the   s t i f fener  
m a t e r i a l   t o   t h e   s k i n   m a t e r i a l   v a r i e s  from  0.4  to  1.0 and the 
r a t i o  of s t i f f ene r   spac ing   t o   sk in   t h i ckness   va r i e s  from 15 t o  40. 

TN 1830 TENSION PROPERTIES OF ALUMINUM ALLOYS I N  THE PRESENCE OF STRESS 
RAISERS - I - EFFECTS OF TRLAXIAL STRESS  STATES ON THE FRACTURING 
CHARACTERISTICS OF 24S-T86 ALUMINUM ALLOYS, E. E. Aul, A. W. 
Dana and G. Sachs,  March  1949 

TN 1831 I1 - CONPARISON OF NOTCH STRENGTH PROPERTIES OF 24ST,  75ST, AND 
24S-T86 ALUMINUM ALLOYS, March  1949 

CONCLUSIONS  FOR PART I: 

1. The f rac ture   s t ra in   decreases   cont inuous ly   wi th   increas ing  
t r i a x i a l i t y .  The rate of   th i s .decrease   p robably   d i f fe rs  con- 
s i d e r a b l y   f o r   d i f f e r e n t   m a t e r i a l s .  

2. The a c t u a l   f r a c t u r e  stress increases   with  increasing tri- 
axia l i ty .   For  a d u c t i l e  metal t h e   r a t e  of i nc rease  i s  a l a r g e  
f r a c t i o n   o f   t h a t   o f   t h e  stress requi red   for   p las t ic   f low.  No 
conclusions  can  be drawn  from  notched-bar t e n s i l e   t e s t s   r e g a r d i n g  
the   cond i t ion   o f   f r ac tu re   fo r  metals which are b r i t t l e   w i t h i n   t h e  
access ib l e   r ange   o f   t r i ax ia l i t y .  

3. The a c t u a l   f r a c t u r e   s t r e s s e s ,   f o r   v a r i o u s   t r i a x i a l i t i e s ,   a r e  
associated  with  var ious  s t ra ins .   For  any cons t an t   s t r a in ,   t he  
f r a c t u r e  stress must  be  located somewhere  between t h e   a c t u a l  
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f r a c t u r e  stress and the   s t r e s s   r equ i r ed   fo r   p l a s t i c   f l ow.   The re -  
fore ,   the   hypothe t ica l   f rac ture  stress f o r  any  given  strain  de- 
pends  upon t r i a x i a l i t y  i n  almost  the same manner a s   t he  stress 
requi red   for   p las t ic   f low.  

4 .  The stress requ i r ed   fo r   p l a s t i c   f l ow is determined  by  the 
condi t ion  of   plast ic i ty .   Consequent ly ,   the   condi t ion of f r a c t u r e  
f o r   d u c t i l e  metals d e v i a t e s   o n l y   s l i g h t l y  from the   condi t ion  of  
p l a s t i c i t y .  Under condi t ions   o f   ro ta t iona l  syrm6etry, the  condi-  
t i o n   o f   p l a s t i c i t y  is  iden t i ca l ly   desc r ibed  by a constant  maxi- 
mum shear  stress and a cons tan t   d i s tor t ion   energy .  

5 .  I n   o r d e r   t o   a c c o u n t   f o r   t h e   d e c r e a s e   i n   d u c t i l i t y   w i t h   i n -  
c r e a s i n g   t r i a x i a l i t y ,   t h e  unknown condi t ion  of   f racture   must  
dev ia t e  from t h e  maximum shea r  stress condi t ion  to   yield  lower 
s t resses .   This   requirement  i s  f u l f i l l e d   i f   t h e   c o n d i t i o n   o f  
f r a c t u r e  i s  located somewhere  between the  condition  of maximum 
shea r  stress and the  condi t ion of maximum p r i n c i p a l  stress. For 
duct i le   metals ,   the   condi t ion  of   f racture   has   been  found  to   be 
cons ide rab ly   c lose r   t o   t ha t   y i e ld ing  a constant  maximum shear  
stress than  to  that   determined  by a constant  maximum p r i n c i p a l  
stress. 

CONCLUSIONS TO 11: 

1. Notching  of   metal   subjected  to   tension  general ly   reduces  the 
d u c t i l i t y .  For a given  notch  shape,  the  decrease i n   d u c t i l i t y  
from t h e   v a l u e   f o r   r e g u l a r   t e n s i o n  is  v e r y   d i f f e r e n t   f o r   v a r i o u s  
metals. 

2. The r e l a t i v e   m a g n i t u d e   o f   t h e   r e d u c t i o n   i n   d u c t i l i t y  is  
s i m i l a r   f o r   m i l d l y  and for   sharply  notched  bars .  

3. The n o t c h   s e n s i t i v i t y   r e g a r d i n g   d u c t i l i t y  i s  n o t   r e l a t e d   i n  
a simple manner to   t he   no tch   s ens i t i v i ty   r ega rd ing   s t r eng th .  
Only i f   t h e   m a t e r i a l s   a r e   v e r y   s i m i l a r   r e g a r d i n g   t h e i r  stress- 
s t r a i n   c h a r a c t e r i s t i c s  do the   no tch   s t rength  and t h e   f r a c t u r e  
stress become universa l   func t ions   o f   the   no tch   duc t i l i ty .  NO 
d e f i n i t e   r e l a t i o n  between d u c t i l i t y  and s t rength  can  be  der ived 
a t  p r e s e n t   f o r  aluminum a l loys .  

TN 1832 SMALL BE;NDING AND STRETCHING  OF SAND'WICH-TYPE SHELLS, Eric 
Reissner  (superseded by r e p o r t  9 7 3 ,  March 1949 

A system  of  basic  equations  has  been  derived  for  the  analysis 
of  small-deflection  problems  of  sandviich-type  thin  shells.   This 
system of equat ions   reduces   to   Love ' s   theory   o f   th in   she l l s  . 
when t h e   t r a n s v e r s e   s h e a r  and  normal stress deformabil i ty   of   the  
core  of  the  sandwich is  of  negligible  importance.  The system 
of  basic  equations  has  been  applied  to a  number of   specif ic   prob-  
lems from the   t heo ry   o f   p l a t e s ,   c i r cu la r   r i ngs ,   c i r cu la r  
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c y l i n d r i c a l   s h e l l s ,  and s p h e r i c a l   s h e l l s ,  and i t  has  been  found 
t h a t   t h e   e f f e c t s   o f   b o t h   t r a n s v e r s e   s h e a r  and transverse  normal 
stress deformation may be  of  such  magnitude  that  an  analysis  which 
disregards them gives   va lues   for   def lec t ions  and s t r e s s e s  which 
are apprec iab ly   i n   e r ro r .  

The genera l   ana lys i s   has   been   res t r ic ted  by the  fol lowing two 
order-of-magnitude  relations: (1) t /h  << 1 and  (2)  tEf/hEc >> 1, 

where t is  the  face- layer   thickness ,  h is  the  core- layer   thickness ,  
E i s  t h e   e l a s t i c  modulus  of  the  isotropic  face-layer  material ,  

and E i s  t h e   e l a s t i c  modulus  of t he   co re   l aye r   ma te r i a l   i n   t he  

t ransverse  direct ion.   Therewith i t  is  f e l t   t h a t   v e r y   l i k e l y  
n e a r l y   a l l   s i t u a t i o n s   h a v e   b e e n   c o v e r e d   i n  which t h e   e f f e c t  of 
t r a n s v e r s e   c o r e   f l e x i b i l i t y  is of   s ign i f icant   p rac t ica l   impor tance .  
If   desired,   the  theory  could  be  extended s o  as   to   include  cases  
where  one or   both  of   these two order-of-magnitude  re la t ions  are  
n o t   s a t i s f i e d .  The main l i m i t a t i o n  of  the  present  analysis is 
the  omission of a l l  f i n i t e - d e f l e c t i o n  and i n s t a b i l i t y   e f f e c t s .  

f 

C 

TN 1833 NOTES ON THE FOUNDATIONS  OF THE THEORY OF SMALL DISPLACEMENTS 
OF ORTHOTROPIC SHELLS, F. B. Hildebrand, E. Reissner, and G. B. 
Thomas, March  1949 

From a survey  of  various  systems  of  equations  given  in  the  l i tera- 
t u r e   f o r   t h e   a n a l y s i s  of small de f l ec t ions   o f   t h in  elastic s h e l l s ,  
it appears   that   the   quest ion  concerning  the  best  form  of the 
basic   system  of   equat ions  of   shel l   theory  has   not   yet   been  decided,  
even in   the   smal l -def lec t ion   theory .  

TN 1837 ELEVATED-TEMPERATURE  COMPRESSIVE  STRESS-STRAIN DATA FOR 24S-T3 
ALUMINU”ALL0Y SHEET AND COMPARISONS WITH EXTRUDED 75S-T6 ALUMI- 
NUM ALLOY, William M. Roberts  and George J. Heimerl, March  1949 

Th i s   r epor t   p re sen t s   r e su l t s  on compress ive   s t ra in-s t ress   t es t s  
of 24S-T3 aluminum-alloy a t  s tabi l ized  e levated  temperatures  up to 
700° F, with  exposure times of 1/2 t o  2 hours,  and s t r a i n   r a t e s  
of 0.002 t o  0.006 per  minute. The r e s u l t s  were compared wi th  
similar da ta   ob ta ined   i n  TN 1806 f o r  75S-T6 A l .  

A t  room temperature  the  compressive maximum stress was 54  ksi ,  
a t  3000 F it was 48 k s i ,   a t  400° F i t  was 54  ksi ,  and a t  700° F 
i t  was 8 k s i .  The compressive  yield stress d e c r e a s e s   a t   f i r s t ,  
as   the  temperature  is  raised,  and then may increase   aga in  depend- 
ing  on  the  exposure time, bu t  above  4000  F the  compressive  yield 
stress shows  a rapid  decrease.  While 75S-T6 has   h igher   y ie ld  
stress v a l u e s   a t  room temperature  than  does 24S-T3 once  above 
400° F t h i s   r e p o r t  shows t h a t  24S-T3 has  the  higher  compressive 
y i e l d  stress. 
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TN 1840 ANALYSIS  OF  PROPERTIES OF FOAM, J. W. McBain, Syney  Ross  and 
A. P. Brady,  March  1949 

This i s  a r epor t   on   t he  volume of  foam t h a t   d i f f e r e n t   t y p e s  of 
l iquid  produce when produced  by d i f fe ren t   types   o f   ag i ta t ion .  
It v7as a first thought   tha t   the  volume of  foam migh t   be   d i r ec t ly  
r e l a t e d   t o  the foam s t a b i l i t y .  The s t a b i l i t y   o f  foam i s  d i r e c t l y  
r e l a t e d  t o  t h e   v i s c o s i t y  of t h e   l i q u i d .  However i t  v7as found 
t h a t   t h e  amount of foam depends   no t   on ly   on   the   s tab i l i ty   bu t   on  
t h e  mechanism of  i t s  production. 

TN 1851 CRITICAL SHEAR STRESS OF INFINITELY LONG, SIMPLY  SUPPORTED  PLATE 
WITH TRANSVERSE STIFFENERS, Manuel S t e i n  and  Robert W. Fra l ich ,  
Apr i l  1949 

(a)  This TN p resen t s  a t h e o r e t i c a l   s o l u t i o n   f o r   a n   i n f i n i t e l y  long, 
simply  supported, f l a t   p l a t e  with ident ical ,   equal ly   spaced,  
t ransverse  st iffeners o f   z e r o   t o r s i o n a l   s t i f f n e s s .  
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TN 1852 REINFORCED CIRCULAR CUTOUTS I N  PLANE  SHEETS, H. Reissner and M. 
Morduchow, Apr i l  1949 

(a) The purpose   o f   th i s   repor t  is to   des ign  a reinforcement of a 
c u t o u t   i n  a p lane   shee t   in   such  a way as to   provide  equivalent  
s u p p o r t   t o   t h e   p a r t   t h a t  was cut   out .  The following  expressions 
were  formulated  for  the  cross-sectional  area and moment of  in- 
e r t ia  of the  cutout  reinforcement  r ing: 

Ar = ( a t )  

r c2 C 
E C (Pficosna) + - s i n @  + - cos@ 3 
s n=o r=al,n+l t t 1 

I cosn${n 2 y - - y P A + a  'n P ' l+n 2 d  - [yPA--+(n2-1) 'n J p  n dr] )  
Ercn=o al I n  2a 2 r=al  al r 

Ir = (a t) 
3 

cosn@[P$l - (P>lnfl - Pnlr=a a - -s in@ 

Ercn=o cos@(n -1) [Pnal-l - 7 P i  - (n2-1)  Pnr-'dr] 
--cos@ + 2 -  

-1 c2 c2 
s n=o 1 t t 
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r=al 

C1, C2, and C3 a r e   i n t e g r a t i o n   c o n s t a n t s  

Ar = c ross - sec t iona l  area of  cutout  reinforcement  r ing 
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rad ius   o f   cen ter   l ine   o f   r ing  
radius   of   outer   c i rcumference  of   r ing 

half   width of s h e e t  
modulus of  e l a s t i c i t y  of r i n g  

modulus o f   e l a s t i c i t y   o f   s h e e t  

c r o s s   s e c t i o n a l  moment o f   i ne r t i a   o f   r i ng  

order  of terms of stress funct ion 
c o e f f i c i e n t s   i n   s t r e s s   f u n c t i o n  

t = thickness  of  sheet 
y = P o i s s o n ' s   r a t i o  
@ = angular   po lar   coord ina te  

Further  information on t h i s   s u b j e c t  is  a v a i l a b l e   i n   S t r e s s e s   i n  
A i r c r a f t  and She l l   S t ruc tu res  by  Kuhn. 
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TN 1856 THEORETICAL  STUDY OF THE DIFFUSION CONSTANT FOR SELF-DIFFUSION I N  
METALS, M. Leichter ,   Apr i l  1949 

(a)  Age-hardening,  annealing,  and  order-disorder  transformation 
depend  on the  movement of  atoms wi th in  a latt ice.  A method of 
determining  the movement of  atoms wi th in  a l a t t i c e  is to   s tudy  
the ra te  a t  which metals d i f fuse   i n to   each   o the r .  

E = Ae -Q/RT A = -  2 r r v W $ T 3 d  2 e f  E /ZRT 
3 

D = d i f fus ion   cons t an t  
d = average  length o f  atomic jumps 
Ef = heat   o f   fus ion  

Et = average  thermal  energy 

El = average  energy  required to make one jump 

Q = energy  of   act ivat ion 
R = t a s   cons t an t  
T = temperature 
TJ = number o f   nea res t   ne ighbors   i n   l a t t i ce  
v = f requency  of   vibrat ion 

The t h e o r e t i c a l  and  experimental   data compare very  v7e11. 

TN 1863 CONPARATIVE  STRENGTHS  OF  SONE ADHESIVE-ADHERENT SYSTEMS, N. J. 
Dellis, Nancy Rucker,  and J. ’E. TJier, March  1949 

This   repor t  17as a study of var ious  adhesive  (polyvinyl  acetate, 
ce l lu lose   n i t r a t e ,   r e so rc ino l   r e s in ,   ca se in ,  gum arabic,  rubber, 
neoprene)  -adherent  (stainless steel, aluminum alloy,  paper- 
phenol ic   laminate ,   g lass   birch wood, hard  rubber)  systems. 

It ~7as found tha t   po lyv iny l   ace t a t e  was t h e   b e s t   a d h e s i v e   i n   t h e  
shear  and t e n s i l e  test, while  rubber vas a very poor  adhesive 
w i t h   r e s p e c t   t o   t e n s i l e  and s h e a r   s t r e n g t h s - i t  v7as v a s t l y   s u p e r i o r  
during  the impact test. Polyvinyl   ace ta te  was such a good adhesive 
t h a t   a l l  o f   t he   adhe ren t s   f a i l ed   du r ing   t he   t ens i l e  and s h e a r   t e s t  
except   the steel  and  aluminum. It should  be  noted  that   long time 
t e s t s  shop7 that   thermoset t ing  adhesives  were s u p e r i o r   t o  thermo- 
plast ic   adhesives .   For  .example polyvinyl acetate (thermoplastic) 
f a i l e d   i n  45  days  with a 200 p s i  load ,   whi le   resorc inol   res in  
(thermosetting) showed n o . s i g n   o f   f a i l u r e   a f t e r  6 months wi th  a 
680 psi   load.   Resorcinol   res in   gave  the  second  highest   values   in  
t h e  s ta t ic  test, but  have very l i t t l e  o r  no adhes ion   fo r   g l a s s  and 
the  metals. 

TN 1867 A STUDY OF EFFECTS ..OF HEAT  TREATMENT AND HOT-COLD-WORK ON PROPER- 
TIES OF LON-CARBON N-155  ‘ALLOY, J. W. Freeman, E. E. Reynolds, 
D. N. Frey,  and A. E. White, May 1949 
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Phys ica l   p roper t ies  a t  room temperature and rupture   t es t   charac-  
teristics a t  1200O F were used as c r i t e r i o n s   t o   e v a l u a t e   t h e  
effects   of   systematic   var ia t ions  of   solut ion  t reatments ,   aging,  
and  hot-cold-work  on  the  properties  of  bar  stock  from  one  heat 
of low-carbon N-155 a l loy .  The r a n g e   i n   y i e l d   s t r e n g t h   f o r  0.02% 
o f f s e t  a t  room temperature was from 30,000 t o  134,000 psi .   Rupture 
s t r eng ths  a t  1200' F ranged  from  40,000 t o  66,000 p s i   a t  100 hours 
and  from  35,000 t o  56,000 p s i  a t  1000 hours.   This  rupture-strength 
range i s  equiva len t   to   such   ex t reme  var ia t ion  as 100 to  approximate- 
l y  6000,000 hour s   fo r   f r ac tu re  a t  1200O  F under a stress of 40,000 
p s i   f o r   t h e  same ba r   s tock   w i th   d i f f e ren t   t r ea tmen t s .  

TN 1871 A MATHEMATICAL THEORY OF PLASTICITY BASED ON THE CONCEPT OF SLIP, 
S. B. Batdorf  and  Bernard  Budiansky, Apr i l  1949 

Quote: "The experimental   data  however are not   very  extensive.  
Before the nev7 theory  can  be  regarded as es tab l i shed ,   addi t iona l  
experimental   data  of t h e  same general   type  must  be  obtained. 

TN 1879 CRITICAL  AXIAL-COMPRESSIVE  STRESS OF A CURVED RECTANGULAR  PANEL 
WITH A CENTRAL  LONGITUDINAL  STIFFENER, Murry Schi ldcrout  and 
Manuel S te in ,  May 1949 

A t h e o r e t i c a l   s o l u t i o n  is p r e s e n t e d   € o r   t h e   c r i t i c a l   a x i a l -  
compressive stress of a simply  supported  curved  rectangular  panel . 
having a c e n t r a l   l o n g i t u d i n a l   s t i f f e n e r   o f f e r i n g  no t o r s i o n a l  
r e s t r a i n t  . 

D = ~ t ~ / 1 2 ( 1  - p2) 
b = circumferential   dimension  of  panel 
t = thickness   of   panel  

The c r i t i c a l  stress: 

The r epor t   g ives   i n   g raphs  (6 pages) k axial   compressive stress 
coe f f i c i en t ,   a s  a funct ion  of  EI/Db. XJ 

TN 1886 COMPRESSIVE  BUCKLING OF FLAT RECTANGULAR METALITE TYPE SANDWICH 
PLATES  WITH  SIMPLY  SUPPORTED LOADED EDGES AND CLAMPED UNLOADED 
EDGES, Paul  Seide, May 1949 

This repor t   p re sen t s  a theo re t i ca l   so lu t ion   fo r   t he   p rob lem  o f   t he  
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compressive  buckling  of f l a t   r e c t a n g u l a r   M e t a l i t e   t y p e   s a n d t ~ i c h  
plates   with  the  loaded  edges  s imply  supported and the  unloaded 
edges  clamped. The s o l u t i o n  is based  on  the  small-deflection 
theory  developed i n  TN 1526. 
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shea r  modulus  of  core material 
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Young’s  modulus f o r   f a c e   m a t e r i a l  

P o i s s o n ’ s   r a t i o   f o r   f a c e  material 

face  thickness  

core  thickness 

number.of  half  waves in   buck led -p la t e   de f l ec t ion   su r f aces  
i n   d i r e c t i o n   o f   l o a d i n g  

TN 1887 EFFECT OF HIGH SHEAR RATE ON EROSION OF COMMON BEARING METALS, 
Charles D. Strang and Thomas P. Clark,  June  1949 

This is  a r e p o r t   t h a t   g i v e s   t h e   r e s u l t s  of   an  invest igat ion  on  the 
scoring  of   dif ferent   samples   of   types  of   bear ings.  It was found 
that  annealed  copper,   si lver,  and lead  specimens showed  no erosion 
when exposed t o   f l o w i n g   o i l  a t  mean shea r  stresses as h igh  as 43 
pounds per  square  inch. The only  erosion  that   could  be  achieved 
~7as  when f o r e i g n   p a r t i c l e s  were introduced  into  the  f low,   small  
foreign  par t ic les   could  cause  erosion  whenever   they  were  forced 
t o  change  direct ion by the  erosion  specimens. 

TN 1889 BIAXIAL FATIGUE STRmGTH OF 24s-T ALUMINUM ALLOY, Joseph  Marin 
and  TJilliam  Shelson, May 1949 



B i a x i a l   t e n s i l e   f a t i g u e   s t r e n g t h s  of  24s-T  aluminum-alloy  tubing 
were ob ta ined   fo r   va r ious   r a t io s  of  b i a x i a l  maximum stresses and 
wi th   the  minimum stresses   approximately  equal   to   zero.  The t e s t  
showed t h a t   t h e   b i a x i a l   f a t i g u e   s t r e n g t h  may be as low as 50% of 
the   un iax ia l   s t r eng th .  

TN 1891 ELASTIC BUCKLING OF A SIMPLY  SUPPORTED PLATE UNDER A COMPRESSIVE 
STRESS THAT VARIES LINEARLY M THE DIRECTION OF LOADING, Charles 
Libove,  Saul Ferdman,  and John J. Reusih,  June 1949 

The r epor t   p re sen t s  a  method  of calculat ing  the  buckl ing  load,  
maximum s t r e s s ,  and the   ave rage   s t r e s s  of a p l a t e  on  which the 
stress varies l i n e a r l y  from  one  edge t o   t h e   o t h e r ,   t h e   p l a t e  
i s  of  uniform  thickness and is  subjected  to  unequal  compressive 
stresses a t  t h e  two opposite  edges. The p l a t e   s t r e s s e d   i n   t h i s  
r epor t  i s  similar t o   t h e  stress t h a t   t h e  wing  of  an a i r p l a n e  
undergoes. 

The method presents  the  average and maximum s t r e s s   a s   f u n c t i o n s  
of two parameters,  the  parameters k  and  k a re   p resented  on 
graphs  as  functions  of r the   load   grahent   parameter .  ma av 
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D = k  max  max ;ST 
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B i s  t h e   r a t i o  of the  length  over   the  width 
r is  t h e   r a t i o  of t h e  minimum stress t o   t h e  maximum s t r e s s  

TN 1909 EFFECT OF TRANSVERSE SHEAR AND ROTARY INERTIA ON THE NATURAL FRE- 
QUENCY OF A UNIFORM BEAM, Edwin T. Kruszewski, J u l y  1949 

(a) A t h e o r e t i c a l   a n a l y s i s   o f   t h e   e f f e c t  of  t ransverse   shear  and 



r o t a r y   i n e r t i a   o n   t h e   n a t u r a l   f r e q u e n c i e s  of a uniform beam is  
presented. 

(b) The natural   f requency o is  p l o t t e d   i n   t h e   r a t i o  u/uo as a 
funct ion  of   the  shear-s t i f fness   parameter  and t h e   r o t a r y - i n e r t i a  
parameter, ks and k o is obtained  by  neglecting  secondary RI' o 
e f fec t s ,   t r ansve r se   shea r  and r o t a r y   i n e r t i a .   I n   o r d e r   t o   o b t a i n  
co from the  graphs, w is ca l cu la t ed  from: 
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TN 1909 also  contains   graphs  for   the 2nd and  3rd modes of t h e  
c a n t i l e v e r  beam and fo r   t h ree   symmet r i ca l ly   v ib ra t ion  modes and 
three   an t i - symmetr ica l ly   v ibra t ion  modes of a f r e e - f r e e  beam. 
TN 1909 is  a v a i l a b l e   i n   t h e  NCSU Library. 
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TN 1910 SHEAR BUCKLING OF INFINITELY LONG SIMPLY SUPPORTED  METALITE TYPE 
SANDWICH  PLATES, Paul  Seide,   July 1949 

(a )   In   th i s   repor t   the   sandwich-p la te   theory   deve loped   in  TN 1526 
was app l i ed   t o  the problem  of  shear  buckling i n   i n f i n i t e l y   l o n g  
simply  supported  plates.  

(b) Good agreement was found  between t h i s  and several o the r  
methods. 

TN 1928 CRITICAL COMBINATIONS OF SHEAR AND DIRECT AXIAL STRESS  FOR CURVED 
RECTANGULAR PANELS, Murry Schildcrout  and Manuel Stein,  August 
1949 

A s o l u t i o n  is presented  for   the  problem  of   the  buckl ing  of   curved 
r ec t angu la r   pane l s   sub jec t ed   t o  combined shear  and d i r e c t   a x i a l  
stress. Char t s   g iv ing   theore t ica l  c r i t i ca l  combinations o f  
shea r  and d i r e c t   a x i a l  stress are presented  for   panels   having 
five d i f fe ren t   l ength-widths   ra t ios .  

Because t h e   a c t u a l  c r i t i ca l  compressive stress of   rec tangular  
pane ls   having   subs tan t ia l   curva ture  is  known t o   b e  much lower 
than   t he   t heo re t i ca l   va lue ,  a semi-empirical method of   ana lys i s  
of   curved  panels   subjected  to  combined shear  and d i r e c t   a x i a l  
stress i s  p resen ted   fo r   u se   i n   des ign .  

TN 1940 FUNDAMENTAL  EFFECTS  OF AGING ON CREEP  PROPERTIES  OF  SOLUTION- 
TREATED LOW-CARBON N-155 ALLOY, D. N. Frey, J. W. Freeman,  and 
A. E. White, (superseded by  1001) , August  1949 

This is  one  of a series of   repor t s  (TN 1867) t h a t   i n v e s t i g a t e s  
by  which  processing,  heat  treatment,  and  chemical  composition 
con t ro l  the proper t ies   o f   a l loys  a t  high  temperature. A s tudy 
was made i n   t h i s   r e p o r t   o n   t h e   e f f e c t   o f   a g i n g  on short- t ime 
creep,   and  on  the  rupture   propert ies   of   solut ion-treated low- 
carbon N-155 a l loy .  

It was found that   aging  progressively  lowered  the  short- t ime 
creep.  Short-t ime  aging  resulted i n   a n   i n c r e a s e   i n   r u p t u r e  
s t r e n g t h  and  long time a g i n g   r e s u l t e d   i n  l i t t l e  more increase.  
Aged ma te r i a l   a l so   i nc reased  the d u c t i l i t y   o f   t h e   m a t e r i a l .  

TN 1962 STRESSES I N  AND GENERAL INSTABILITY OF MONOCOQUE CYLINiIERS WITH 
CUTOUTS - V I 1  - EXPERIMENTAL  INVESTIGATION  OF  CYLINDERS HAVING 
EITHER LONG BOTTOM CUTOUTS OR SERIES OF SIDE CUTOUTS, N. J. Hoff, 
Bruno A. %ley,  and  Joseph J. Mele, October 1949 

(a)  Eight 24s-T cylinders  having 4S0 cutouts   of   varying  lengths  
and  varying numbers of  cutouts.  A l l  c y l i n d e r s   b u t   o n e   f a i l e d   i n  
gene ra l - in s t ab i l i t y  and it f a i l e d   i n   t e n s i o n .  The tests were 
r u n   t o   f i n d   i f   t h e  axial l eng th   o f   t he   gene ra l - in s t ab i l i t y   bu lge  



v7ould always  be  longer  than  the  cutout and they  were  run  to   f ind 
what the  length  of   the  cutout   ~70uld do to  magnitude  of  the buck- 
l ing.  

(b) It was found t h a t  when the   on ly   d i f fe rence   in   cy l inders  v7as 
the  length  of   the  cutout   the  cyl inder   with  the  longer   cutout  
f a i l e d  a t  the  lower  buckling  load. It was a l s o  found t h a t   t h e  
genera l - ins tab i l i ty   bu lge   can   be  smaller than  the  cutout .  

TN 1963 STRESSES IN AND GENERAL INSTABILITY OF MONOCOQUE CYLINDERS WITH 
CUTOUTS - V I I I  - CALCULATION OF THE BUCKLING LOAD OF CYLLNDERS 
WITH LONG SYMMETRIC SUBJECTED TO PURF: BENDING, N. J. Hof f ,  Bruno 
A. Boley,  and  Merven iJ. Mandel, October 1949 

(a) The s t r a i n  energy  theory  presented  in TN 1263 v7as used i n  
t h i s   r e p o r t   w i t h   t h e   a d d i t i o n  of the  axial wave l eng th   a s   an  
addi t ional   parameter .   This   reduced  the  average  error   f rom  33.9 
to   18.1  percent .  

(b) A b e t t e r   r e p o r t  on the   ca l cu la t ions  of stresses i n   c y l i n d e r s  
wi th   cu touts  is  p r e s e n t e d   i n   S t r e s s e s   i n   A i r c r a f t  and She l l  
S t ruc tu res  by Kuhn. 

TN 1971 PLASTIC B U C m I N G  OF EXTRUDED COMPOSITE SECTIONS I N  COMPRESSION, 
Elbridge Z. Stowell  and  Richard A. Pride,  October 1949 

(a)  This  report   presents a  method f o r   d e t e r m i n i n g   t h e   c r i t i c a l  
stress of  an  extruded  shape. The  method  ends up wi th  two equa- 
t ions ,   one   for   the  cr i t ical  stress o f . t h e  web and  one f o r   t h e  
c r i t i c a l   s h a p e  of the  f lange;  each  equation  has two  unknox-ms, 
b u t   t h e   c r i t - i c a l  stress of   the  f lange must  e q u a l   t h e   c r i t i c a l  
stress of t h e  web. The formulas i n   t h i s  method a re   l ong  and 
complex. Kuhn i n   S t r e s s e s   i n   A i r c r a f t  and She l l   S t ruc tu res  
p re sen t s  a method on the   buckl ing  stress of   the  web on  page 56. 
He a l so   g ives   g raphs   fo r   co r rec t ing   t he  c r i t i ca l  stress ca l cu la t ed  
i n   t h e  elastic r e g i o n   f o r   u s e   i n   t h e   p l a s t i c   r e g i o n   f o r  75S-T6 and 
24S-T3. The c r i t i ca l  stress of t h e  web i s  i d e n t i c a l  with t h e  
c r i t i c a l  stress fo r  the   en t i re   ex t ruded   shape .  

TN 1972 CRITICAL SHEAR STRESS OF A CURVED RECTANGULAR PANEL IJITH A CENTRAL 
STIFFENER, Manuel S t e i n  and  David J. Yaeger,  October  1949 

(a) A t h e o r e t i c a l   s o l u t i o n  is g i v e n   f o r   t h e   c r i t i c a l   s h e a r   s t r e s s  
of a s imply   suppor ted   curved   rec tangular   p la te   s t i f fened  by  a  cen- 
t ra l  s t i f f e n e r   o f f e r i n g  no to r s iona l   r e s t r a in t   wh ich  l i es  i n  either 
the   ax ia l   o r   c i r cumfe ren t i a l   d i r ec t ion .  

(b) The f o l l o a i n g   e q u a t i o n   g i v e s   t h e   c r i t i c a l   s h e a r  stress i n  
terms  of  the  constant ks. ks i s  p l o t t e d  a t  t h e  end  of t h i s  

r epor t   fo r   d i f f e ren t   cu rva tu re   pa rame te r  Z and a s p e c t   r a t i o  8 
as  a func t ion  of EI/Db. 
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TN 1974 EFFECT OF OPEN CIRCULAR HOLES ON TENSILE  STRENGTH AND ELONGATION 
OF SHEET SPECIMENS OF SOME ALUMINUM ALLOYS, H. N. Hill and R. S. 
Barker,  October 1949 

Th i s   r epor t   dea l s   w i th   t he   e f f ec t  of  holes i n   t h e   t e n s i l e   s t r e n g t h  
and percent  reduction  of some aluminum a l loys   under   t ens i le   load-  
ings. 

I n   p r a c t i c a l   c a s e s  i t  was  found t h a t   t h e   r e d u c t i o n   i n   s t r e n g t h  
r e s u l t i n g  from  holes  ~7as  about 5% for   Alc lad  14S-T6 and  75S-T6, 
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24S-T81, and 24S-T86.  The r educ t ion   i n   t he   ca se   o f  24S-T3, 
24s-0,  and  Alclad 14S-T3 17as about 10%. 

The specimens were t e s t e d   w i t h  a s ingle   ho le ,  two staggered  holes,  
and  four   holes   in  a diamond pa t t e rn .  The  two h o l e s   i n   t h e   s t a g -  
g e r e d   p a t t e r n   p r e s e n t e d   t h e   g r e a t e s t   r e d u c t i o n   i n   s t r e n g t h ,  25%, 
t h e  diamond p a t t e r n  v7as next   with 15%, and then   t he   s ing le   ho le  
wi th  a maximum reduc t ion   i n   s t r eng th   o f  5%. 

The m a t e r i a l s   w i t h   t h e   g r e a t e s t   d u c t i l i t y  showed t h e   g r e a t e s t  
r educ t ion   i n   s t r eng th ,   wh i l e   t he   l e s s   duc t i l e  materials showed 
the   l a rges t   r educ t ion   i n   e longa t ion .  

TN 1978 DATA ON THE COMPRESSIVE STRENGTH OF 75S-T6 ALUMINUM ALLOY FLAT 
PANELS HAVING SMALL THIN, WIDELY SPACED, LONGITUDINAL EXTRUDED 
Z-SECTION  STIFFENERS, William A. Hickman and Norris F. Dov, 
November 19 49 

This   repor t  i s  the  second  par t   of  a series of tests run  on 75S-T6 
panels   having  Z-sect ion  s t i f feners .  The repor t   i smost ly   da ta  on 
t h e   e f f e c t : r a t i o  of the  thickness  of t h e   s t i f f e n e r   m a t e r i a l   t o  
s k i n   m a t e r i a l  i s  small and t h e   r a t i o  of s t i f f e n e r   s p a c i n g   t o   s k i n  
thickness  i s  large.   This   report   contains   15  pages  of   tables  and 
g raphs   on   t he   e f f ec t   o f   t he   r a t io   o f   s t i f f ene r   t h i ckness   t o   sk in  
thickness and t h e   e f f e c t  of t he   s t ruc tu ra l   i ndex  on s t r e n g t h  of 
the  panel .  

As l ong   a s   t he   sma l l   s t i f f ene r s  were not   very   long   they   car r ied  
the  load  adequately. It vas   found  that   in   cases   where  the 
s t i f f e n e r s  had  high  width-   to-   thickness   ra t ios   that  the s t i f f e n e r s  
f a i l e d  by l o c a l   i n s t a b i l i t y .  There was found to   be  l i t t l e  d i f -  
ference  between  panels   having  s t i f feners   . lo2 and  .064  inches  thick 
in so fa r   a s   s t r eng th  is concerned. 

TN 1981 CRITICAL STMSS OF RING-STIFFENED  CYLINDERS I N  TORSION, Manuel 
Stein,  J. Lye11  Sanders, Jr. , and  Harold Crate, (superseded by 
Report  989), November 1949 

This   repor t   p resents  a t h e o r e t i c a l   s o l u t i o n   f o r   t h e   c r i t i c a l -  
shea r - s t r e s s  of a r ing   s t i f f ened   cy l inde r .  

T 
c r  2r  t 2 7 - 
" 

This method gives   answers   that   d i f fer   f rom  the  experimental  
answers by 15%. A similar method is  p r e s e n t e d   i n  NASA CR 912, 
Apr i l  1968, Frame-Stiffened  Cylinders,  page 637. 

TN 1985 ELASTIC  BUCKLING OF OUTSTANDING  FLANGES CLAMPED AT ONE EDGE AND 
REINFORCED BY BULBS AT OTHER EDGE, Stanley Goodman, October  1949 
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I n  this report   the   compressive  buckl ing stress of  an  outstanding 
f lange   re inforced  by  a bulb v7as computed  by the   s t ra in-energy  
method. 

Af = c r o s s   s e c t i o n a l   a r e a   o f   f l a n g e  

As = c ross   s ec t iona l  area o f   s h e e t   i n   s h e e t - s t r i n g e r   s t r u c t u r e  

If = moment o f   i n e r t i a  of f lange  about  i t s  base 

L = f lange   length  
E = Young's  modulus 

It was found t h a t  the f l ange   ab le   t o   g ive   t he   mos t   suppor t  had a 

flange  width  of  3.4 6 . 
TN 1986 STABILITY OF ALCW PLATES, Kenneth P. Buchert, December 1949 

The repor t   p resents  a t h e o r e t i c a l   s o l u t i o n   f o r   t h e   b u c k l i n g  of 
p l a t e s ,  it is f e l t ,   t h a t  NASA l'N D 2505 and NASA CR 864 p resen t  
b e t t e r   s o l u t i o n s   t o   t h i s  problem. 

TN 1990 PLASTIC  BUCKLING OF A LONG  FLAT  PLATE UNDER COMBINED SHEAR AND 
LONGITUDINAL COHPRESSION, Elbr idge Z. Stowell, December 1949 

The cond i t ion   fo r   p l a s t i c   buck l ing   o f  a p l a t e   unde r  combined 
shear  and longitudinal  compression is obtained  by  using the 
theory of p las t ic   buckl ing .  The combination of shear   and  direct  
stress t h a t  w i l l  cause  buckling are given by: 

R c + R  = 1 2 
S 

U = a p p l i e d   d i r e c t  stress, pos i t ive   in   compress ion  

T = appl ied  shear  stress 
X 

E = e l a s t i c  modulus 
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ES 
D = bend ing   s t i f fnes s  of p l a t e   i n   e l a s t i c   r a n g e  (Eh /9) 

= secan t  modulus a t  stress i n t e n s i t y  ul 
3 

k , k  = cons tan t s   t ha t  depend  on  the  ratio of t h e   d i r e c t  

b = p la t e   w id th  
h = p la t e   t h i ckness  

c s  stress to   t he   shea r  stress 

TN 1996 ON INTERNAL DAMPING OF ROTATING BEAMS, Morris Morduchow, December 
1949 

T h i s   r e p o r t   i n v e s t i g a t e s   t h e   i n t e r n a l  damping of a beam r o t a t i n g  
about a t r ansve r se   ax i s  and   harmonica l ly   v ibra t ing   in  a d i r e c t i o n  
normal t o  i t s  plane  of   rotat ion.  

It v7as found t h a t   f o r  a beam, as  above, t h e   i n t e r n a l   l o g a r i t h m i c  
decrement  of  such a beam nil1 increase  asymptot ical ly  v7ith t h e  
mode o f   v i b r a t i o n  and will approach  the  value srg which i t  would 
have i n  a l l  modes i f   t h e  beam were no t   ro t a t ing .   I f   t he  beam is 
v i b r a t i n g   i n  i t s  p l ane   o f   ro t a t ion   t hen   t he   i n t e rna l   l oga r i thmic  
decrement will be  equal  'or  less than srg, i n   t h e  fundamental mode; 
will decrease  in   the  second mode; and then will increase  asymptot- 
i c a l l y   w i t h   t h e   h i g h e r  modes t o   t h e   v a l u e  of ng. Thus t h e   g r e a t e s t  
variation  of  the  logarithmic  decremerits  with  the mode will occur 
i n   t h e  lower modes, ro t a t ion   o f  a beam diminishes   the   s t ruc tura l  
logarithmic  decrements. 

TN 2012 RESULTS OF SHEAR FATIGUE  TESTS OF JOINTS WITH 3/16 INCH DIAMETER 
24S-T31 RIVETS I N  0.064 I N C H  THICK ALCLAD SHEET, Marshall  Holt, 
Alcoa,  February 1950 

Results showed tha t   t he   des ign   o f   t he   j o in t   g ives  a wider  range 
of   fa t igue  s t rengths   than  does  the  choice  of  material from  the 
group  studied. The r e s u l t s   a l s o  shoved t h a t  no  one s h e e t   a l l o y  
shoved  superior i ty   over   the  others .  

TN 2017 A SMALL DEFLECTION THEORY FOR CURVED SANDTJICH PLATES, Manuel 
S t e i n  and 3 .  Mayers,  Langley  Aero. Lab., February 1950 

A small def lect ion  theory  that   takes   into  account   deformation 
due   to   t ransverse   shear  is  presented   for   the   e las t ic -behavior  
ana lys i s   o f   o r tho t rop ic   p l a t e s  of cons tan t   cy l indr ica l   curva ture ,  
with  considerations  of  buckling  included. The theory i s  app l i cab le  
pr imari ly   to   sandwich  construct ion.  

Considerable amount of work  on  sandwich s t r u c t u r e s  on the  Theory 
of She l l s  and P l a t e s   t r a n s l a t i o n  from  Russian.  October 1 9 6 2 .  

TN 2020 COMPRESSIVE  STRENGTH  OF  FLANGES, Elbr idge Z. Stowell,  Langley 
Mem. Aero.  Lab., January 1950 
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A theore t ica l   ana lys i s   o f   the   compress ive   s t rength   o f   f langes ,  
based  on a deformat ion   theory   o f   p las t ic i ty  combined wi th   the  
t h e o r y   f o r   f i n i t e   d e f l e c t i o n s   f o r   t h i s   s t r u c t u r e ,  and  comparison 
with  experimental   data   lead  to   the  fol lowing  conclusions:  

1. The m a x i m u m  load   for  a flange  under  compression  and  hinged 
along  one  edge may be   accura te ly  computed  from the  dimensions  of 
t he   f l ange  and the   compress ive   s t ress -s t ra in   curve   for   the  
material. 

2.  Maximum loads  occur when, because  of   the  onset   of   plast ic i ty ,  
t h e   e f f e c t i v e  modulus  has  been  reduced to   such a low v a l u e   t h a t  
i t  is no longer .   poss ib le   for   the   average  stress to   i nc rease   w i th  
i n c r e a s i n g   s t r a i n .   F a i l u r e  is not  a l o c a l  phenomenon bu t  is an 
in t eg ra t ed   e f f ec t   ove r   t he   c ros s   s ec t ion  of  the  flange. 

3. For a v ide   var ie ty   o f   c ruc i form  sec t ions ,   the  stress i n t e n s i t y  
a long   the   h inge   l ine  a t  maximum load is a constant  to  about 1 per- 
cent.  

4. The f a c t   t h a t  maximum loads may be  computed i n   t h i s   c a s e   s u g -  
ges t s   t ha t   t he   de fo rma t ion   t heo ry   o f   p l a s t i c i ty  is s u f f i c i e n t l y  
accu ra t e  when the  stress s t a t e  changes  from  compression t o  com- 
bined  compression  and  shear i n   t h e   c a s e  when t h e   s h e a r   s t r a i n s   a r e  
less than  about  two-thirds  of  the  compressive  strains.  

TN 2021 BUCKLING OF THIN WALLED CYLINDER UNDER AXIAL COMPRESSION AND 
INTERNAL PRESSURE, Hsu Lo, Harold Crate, and Edward B. .Schwartz, 
Langley  Aero.  Lab.,  January  1950 

This  information is  similar to   t ha t   con ta ined   i n   She l l   Ana lys i s  
Manual, NASA CR 912. 

TN 2024 SOUND MEASUREMENTS FOR FIVE SHROUDED PROPELLERS AT STATIC CONJII- 
TIONS, Harvey H. Hubbard, Apr i l  1950 

It v7as found that   the   shrouded  propel ler   produces from  one-half  to 
twice the   no i se  of an  unshrouded  propeller.  The shrouded  propeller 
produces  far less no i se  when the  f low  about  the  shroud  has  not 
separated  and more no i se  when the  f low separates from the  shroud 
than  does  the  unshrouded  propeller. It was a l s o  found t h a t  as the  
number,  of propel le r   b lades  was  increased  the  sound level decreased. 
When t i p   c l e a r a n c e  and  shroud  chord  are  adjusted  to  give  the  best  
aerodynamics  the  sound  decreases. 

TN 2029 THE INTERPRETATION OF BIAXIAL-TENSION EXPERIMENTS INVOLVING CON- 
STANT STRESS RATIOS, S. B. Batdorf,  February 1950 

S l ip   t heo ry   o f   p l a s t i c i ty  is a p p l i e d   t o   c a l c u l a t i n g   t h e   s t r a i n s  
a s soc ia t ed   w i th   b i ax ia l   t ens ion ,   i n   wh ich   t he  stress r a t i o s  and 
d i r ec t ions   a r e   kep t   cons t an t .  
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TN 2037 

TN 2038 

TN 2039 

E " = p l a s t i c   s t r a i n  
T L = shea r  stress a t  which plast ic   deformation  begins  

g (-) = f u n c t i o n   g i v i n g   v a r i a t i o n   o f   p l a s t i c   s t r a i n   w i t h   a p p l i e d  0- 
n o  L stress 

F = shear   func t ion  

a = c o e f f i c i e n t  of  n-th term i n  series n 

This  theory  has  been  checked  with  data and shows good agreement. 

RESISTANCE  OF SIX CAST  HIGH-TEMPERATURE  ALLOYS TO CRACKING CAUSED 
BY THERMAL SHOCK, M. J. Whitman, R. I?. Hall,  and C. Yaker, February 
1950 

The thermal-shock  evaluat ion  uni t   u t i l ized a cont ro l led   water  
quench of the  symmetrical  edge of a uniformly  heated,  modified 
wedge-shaped  specimen. The specimens were h e a t e d   a t  a uniform 
temperature of 1750' F f o r  1 hour  and water quenched a t  45O F. 
This   cycle  was repeated  unti l   thermal-shock  failure  occurred. 
The order  of  decreasing  resistance  to  thermal-shock  cracking  of 
t he   a l loys  v7as S-816, S-590, Vitallium, 422-19, S-40 and S te l l i t e  6. 

COMPRESSIVE PROPERTIES OF TITANIUM SHEET AT ELEVATED TEMPERATURES, 
Paul F. Barrett,   Langley Aero.  Lab., February 1950 

Results are presented  of   compressive  s t ress-s t ra in  tests o f   t i t an -  
ium s h e e t  a t  temperatures  from room temperature up t o  800° F, 
exposure times of  1/2 t o  2 hours,  and s t r a i n  rates of 0.002 t o  
0.006 per  minute. The r e s u l t s  show tha t   t i t an ium  has   favorable  
compressive  propert ies ,   comparable   to   those  in   tension,  up 
through 800° F. Marked anisotropy  in   compression ~7as also  noted.  

INTESTIGATION OF FRETTING CORROSION BY MICROSCOPIC OBSERVATION, 
Douglas  Godfrey, Lewis Fl ight   Propuls ion  Lab., February 1950 

An experimental   invest igat ion  using  microscopic   observat ion  of  
the   ac t ion   ~7as   conducted   to   de te rmine   the   cause   o f   f re t t ing   cor ro-  
sion.  Glass  and  other  noncorrosive  materials,  as well as metals, 
were used  as  specimens. A very s imple  apparatus  vibrated  convex- 
s u r f a c e s   i n   c o n t a c t   w i t h   s t a t i o n a r y   f l a t   s u r f a c e s  a t  f requencies  
of 60 cyc le s   o r  less than 1 cycle  per  second,  an  amplitude  of 
0.001  inch,  and a load of 0.2 pound. 

The observations and ana lys i s   l ed   t o   t he   conc lus ions   t ha t   f r e t t i ng  
corrosion was caused  by  the  removal of th in ly   d iv ided  and apparent ly  
v i r g i n  material due to   inherent   adhesive  forces ,  and t h a t  i t s  
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primary  act ion is  independent   of   vibratory  motion  or   high  s l iding 
speeds. The f r e t t i n g   c o r r o s i o n  of platinum,  glass,  quartz,  ruby, 
and  mica r e l e g a t e d   t h e   r o l e  of  oxidation as a cause   t o   t ha t  of 
secondary  factor .   Fret t ing  corrosion  occurred to  clean  non-metals 
and metals r e a d i l y  and glass   microscope  s l ides  and s teel  b a l l s  
provided  an  excellent method f o r   v i s u a l   s t u d i e s .  

TN 2050 PROPERTIES OF A BORON CARBIDE-IRON CERAMAL, W. G. Lidman  and 
H. J. Hamjian, Lewis Fl ight   Propuls ion  Lab.,  March  1950 

An invest igat ion  of   boron  carbide and of a ceramal  comprising 
36% (by  weight)  iron  and 64% boron  carbide  yielded  the  following 
r e s u l t s :  

Microscopic  examination showed the  ceramal  to  be composed of a t  
l e a s t  two phases:  boron  carbide,  and a so lu t ion   or   chemica l  
combination  of  iron and  boron  carbide.  Ceramals  containing 
m a t e r i a l s   t h a t  form a bonding  phase may possess   des i rab le   s t rength  
p r o p e r t i e s  a t  temperatures  approaching  the  melting  point of the 
metal. 

The hot-pressed  boron  carbide c7as super ior   to   the   ceramal   in  
modulus-of-rupture  strength (50, 300 t o  39,100 p s i   f o r   t h e   c e r a m a l  
a t  room temperature, and  28,900  compared w i t h  23,400 p s i   f o r   t h e  
ceramal a t  2600O F). The high  percentage  of room temperature 
s t r e n g t h   r e t a i n e d  by  the  ceramal a t  2600° F c a n   b e   a t t r i b u t e d   t o  
the   h igh   s t rength  of the  carbide  network,  strengthening of the  
i r o n  by  combination  with some of the  boron  carbide, o r  both. The 
ceramal 57as super ior   to   the   boron   carb ide   in   res i s tance   to   thermal  
shock. A t  1600O  F, t he   r e s i s t ance   t o   ox ida t ion   o f   t he   ce rama l  was 
b e t t e r   t h a n   t h a t  of the  ceramic;  although  both  metals  oxidized 
r a p i d l y  a t  2000° F, the  ceramic was superior .  The poor  oxidation 
r e s i s t ance   o f   t he  ceramal ind ica t ed   t ha t  a p ro tec t ive   coa t ing  would 
be  required  for  continued  operation  above 16000 F. 

Density  of  the  ceramal  varied from  3.17 t o  3.29  grams per  m i l l i -  
liter. The  low dens i ty  of the  ceramal  gives it an   addi t iona l  
advantage when it is compared wi th  metals or   other   ceramals  on the  
bas i s   o f   s t rength-dens i ty   ra t io .  

TN 2054 STRESS AND DISTORTION  MEASUREMENTS I N  A 45O  SWEPT BOX BEAM SUB- 
J E C T D  TO ANTISYMMETRICAL BENDING AND TORSION, George W. Zender 
and  Richard R. Heldenfels,  Langley  Aero.  Lab.,  April  1950 

An untapered  aluminum-alloy box beam, represent ing  the main 
s t r u c t u r a l  component of a full-span, two spar ,  450 swept  wing  with 
a carry  through  sect ion,  was subjec ted   to   an t i symmetr ica l   t ip  bend- 
ing  and twis t ing   loads   such   tha t   the  stresses were kept  below the  
p ropor t iona l  limit. 
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Simi lar   ana lys i s  is  i n  Kuhn's S t r e s s e s   i n   A i r c r a f t  and S h e l l  
Structures '   but  a 45O swept wing is not   cons idered   appl icable   for  
t h i s   p r o j e c t  . 
An untapered aluminum box beam, r ep resen t ing   t he  main s t r u c t u r a l  
component of a 45O swept  wing ~7as subjected  to .   ant isymmetr ical  
t ip   bending   and   twis t ing   loads   such   tha t   the  stresses were kept  
below the   p ropor t iona l  limit. Antisymmetric  load  magnifies  the 
e f f ec t s   o f  sweep i n  such a way t h a t   t h e r e  is a build-up of normal 
stress and vertical shea r  stress i n   t h e  rear spar.  Antisymmetri- 
ca l   loading   a l so   p roduces   l a rge   shear - lag  stresses e s p e c i a l l y   i n  
the  bending  case.  Antisymmetrical  torque  loads cause an  appreci-  
a b l e   d e c r e a s e   i n   t h e   s h e a r  stress i n   t h e   c o v e r s  and f r o n t   s p a r  
i n   t h a t   p o r t i o n  of t h e   t r i a n g u l a r   s e c t i o n   n e a r e s t   t h e   c a r r y -  
through  section. Antisymmetrical tors ion   loads   a l so   cause  verti-  
c a l   s h e a r  and torque   in   the   car ry- through  sec t ion .   Def lec t ions  
from  antisymmetric  loading  cannot  be  calculated  as  accurately as 
from symmetric loading. 

TN 2073 STRESS AND STRAIN CONCENTRATION AT A CIRCULAR IDLE I N  AN INFINITE 
PLATE, Elbridge Z. Stowell ,   April  1950 

The theory of elasticity shows t h a t   t h e  m a x i m u m  stress a t  a 
c i r c u l a r   h o l e   i n   a n   i n f i n i t e   p l a t e   i n   t e n s i o n  i s  t h r e e  times t h e  
appl ied stress when t h e  material remains elastic. 

The formula   for   the  stress concentrat ion a t  a c i r c u l a r   h o l e   i n   a n  
i n f i n i t e   s h e e t  is  u: 

where (Es) is  the   s ecan t  modulus a t  t h e   p o i n t  of maximum 

stress and ( E S ) ~  is  the   s ecan t  modulus a t  p o i n t s   f a r  removed 

from the  hole,   where  the  lqad is appl ied.   This   re la t ion  must   be 
solved by t r i a l  and er ror .  Va-es of stress concentrat ions ob- 
tained  from  the  previous  formula are i n  good agreement  with 
l imi t ed  tests on 24S-T3 aluminum-alloy  tension  panels. 

A, d 2  

TN 2082 A REVIEW OF INFORMATION ON THE  MECHANICAL PROPERTIES OF ALUMINUM 
ALLOYS AT LOW TEMPERATURES, K. 0. Bogardus, G. W. St ickley,  and 
F. M. Howell, May 1 9 y  

This   repor t   p resents   the  works  (by  author  and title) of 66 works 
on  the  mechanical  properties  of aluminum a t  low temperatures. 
The r e p o r t   a l s o   p r e s e n t s  some of t h e  more important   data  from 
each  report .  
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The t e n s i l e  and y i e ld   s t r eng th   o f  aluminum are higher  a t  low 
temperature  than a t  room temperature  and  wrought  alloys show a 
greater i n c r e a s e   i n   s t r e n g t h   t h a n  do cast a l loys .  The percent  
e longat ion ,   hardness ,   and   fa t igue   s t rength   increase ,   ~rh i le   the  
r e d u c t i o n   i n  area decreases a t  lop7 temperature when  compared t o  
t h e   p r o p e r t i e s  a t  room temperature,   and  the  notch  sensit ivity 
of A1 is not  adversely  affected  by lot7 temperature. 

TN 2084 STRENGTH  PROPERTIES OF RAYON-MAT HONEYCOMB CORE “3KlX,, TJ. J. 
Kommers, Apr i l  1950 

This is  one  of a series o f   r epor t s   on   d i f f e ren t   ma te r i a l s   fo r  
u s e  as c o r e   m a t e r i a l s   i n  honeycomb structures.   Cores  were made 
and t e s t ed   w i th   t he   f i be r s   runn ing   e i the r   pe rpend icu la r   o r   pa ra l l e l  
t o   t he   d i r ec t ion   o f   co r ruga t ion  and   wi th   e i ther  70 o r  20% of  the 
to t a l   we igh t  of the   f i n i shed   co re  as con tac t   r e s in .  The cores  
w i t h  f ibers   perpendicular   had   h igher   y ie ld   s t rength ,   bu t   the  
p a r a l l e l   f i b e r s  had   the   h igher   t ens i le   s t rength .  The cores  having 
20% of  the  weight as c o n t a c t   r e s i n  had a h i g h e r   t e n s i l e   s t r e n g t h  
than  the 70% core. The resin-impregnated  paper honeycomb cores  
were a much b e t t e r   o v e r a l l   c o r e  material than  the  resin-impregnated 
rayon m a t .  The paper honeycomb ma te r i a l  v7as t e s t e d   i n  TN 1529. 

TN 2085 STRESS-STRAIN AND ELONGATION GRAPHS FOR ALUMINU“ALL0Y 75S-T6 
SHEET, James A. Miller, A p r i l  1950 

This   repor t  is one of  a series of r e p o r t s  (TN 1010,  1385,  1512, 
1513)  on high  strength  aluminum-alloy  sheet. It p resen t s  some 
27 pages  of  charts  and  graphs on: 

Tens i l e  and  compressive s t r e s s - s t r a i n   r e l a t i o n s  up to  a s t r a i n  

Tangent  modulus  versus stress, i n  compression 
S t r e s s - s t r a i n   r e l a t i o n s   f o r   t e n s i l e  tes t  t o   f a i l u r e  
P la s t i c   buck l ing  stress values  
Local  elongation and e longa t ion   aga ins t   gage   l eng th   fo r   t ens i l e  

of 1% 

test t o   f a i l u r e  

TN 2094 STRESS-STRAIN AND ELONGATION GRAPHS FOR ALCLAD ALUMINU”ALL0Y 
24S-T86 SHEET, James A. Miller, May 1950 

This   repor t  is one  of a series of r e p o r t s  (TN 1010,  1385,  1513, 
1512,  2085)  on high-strength  aluminum-alloy  sheet. The r e p o r t  
p re sen t s  some  22 pages  of  charts and  graphs  on  the  following 
p r o p e r t i e s  of 24S-T86 A 1  sheet:  

Tensi le  and  compressive  s t ress-s t ra in   re la t ions up t o  a s t r a i n  

S t r e s s - s t r a i n   r e l a t i o n s   f o r   t e n s i l e  tes t  r u n   t o   f a i l u r e  
Data f o r   l o c a l   e l o n g a t i o n  and  of  elongation  against  gage  length 

of 1% 

f o r   t e n s i l e  test r u n   t o   f a i l u r e  
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TN 2097 IMPROVEMENT OF HIGH-TWERATURE PROPERTIES OF  MAGNESIUM-CERIUM 
FORGING ALLOYS, K. Grube, 3 .  A. Davis, L. W. Eastwood, C. H. 
Lorig,  and H. C. Cross, May 1950 

This   repor t   dea ls   wi th  a number of   experiments   seeking  to   f ind a 
v7ay t o  improve   the   t ens i le   s t rength   and   c reep   charac te r i s t ics  of 
magnesium a l loys   conta in ing  6% cerium and 2% manganese.  Nickel 
vas  found t o   g i v e   t h e   g r e a t e s t   i n c r e a s e   i n  tensile s t r e n g t h  and 
aluminum t o   a i d   t h e   r e s i s t a n c e   t o   c r e e p   t h e  most. It 1-7as a l s o  
found t h a t  2% aluminum  added to   t he   a l loy   a l so   he lped   t o   r educe  
oxidation. The repor t   does   no t   say   what   the   e f fec t   o f  A1  on 
t e n s i l e   s t r e n g t h  is, o r  what t h e   e f f e c t   o f   n i c k e l  on creep  reduc- 
t i o n  is, however it should   be   no ted   tha t   the   repor t   does  state 
t h a t  several metals .produced  adverse  effects  on  the  reduction  of 
creep. 

TN 2106 EVALUATION  OF  SEVERAL  ADHESIVES AND PROCESSES  FOR BONDING SAND- 
WICH CONSTRUCTIONS  OF  ALUMINUM  FACINGS ON PAPER HONEYCOMB CORE, 
H. W. Eickner, May 1950 

This ~-7as a two p a r t   r e p o r t   t o   f i n d   t h e   b e s t  way of  bonding  aluminum 
and honeycomb c o r e .   I n   t h e   f i r s t   p a r t  of t h e   r e p o r t   t e n s i l e  tests 
were run on 14 processes of these,  6  gave good r e s u l t s   v i t h  75- 
p e r c e n t   o f   t h e   f a i l u r e   i n   t h e   c o r e  and t h e   a v e r a g e   t e n s i l e   s t r e n g t h  
above 350 p s i .  The best   four   of   these,   l iquid  phenol   res in   and a 
po lyv iny l   r e s in  powder, thermose t t ing   res ins  and synthe t ic   rubbers  
and  an  acid-catalyzed  intermediate-temperature-sett ing  phenol  resin,  
high-temperature-set t ing  polyvinyl   phenol   res in ,  were used  to 
determine  the  best  amount  of adhesive  to   use.  When moderately 
heavy  spreads were app l i ed   t o   bo th   co re  and fac ing   then  a l l  fou r  
adhesives  produced good joints .   Process  D ( thermose t t ing   res ins  
and synthetic  rubbers  with  an  acid-catalyzed  phenol  resin)  produced 
bonds of 300 p s i  and 50% f a i l u r e   i n   t h e   c o r e  when the  process  1-7as 
appl ied   on ly   to   the   fac ings .   This  was the  only  process  which  pro- 
duced  good resu l t s   vhen   appl ied   on ly   to   one   sur face .  

TN 2132 THE CALCULATION OF MODES AND FmQUENCIES OF A MODIFIED STRUCTURB 
FRON  THOSE  OF THE UNMODIFIED STRUCTURJ3, Edwin T. Kruszewski  and 
John C. Houbolt,  Langley, J u l y  1950 

A method is developed  for   the  calculat ion  of   the  natural   coupled 
or  uncoupled  frequencies  and modes of  a s t ruc tu re   w i th   mod i f i ca -  
t ions,   such as t h e   a d d i t i o n  of  concentrated.masses  or  springs, 
d i r e c t l y  from t h e  knotm  modes and frequencies  of  the  unmodified 
s t r u c t u r e .  The modes of   the  modif ieh  s t ructure  are expanded i n  
terms of t h e  modes of the  unmodif ied  s t ructure .  A c h a r a c t e r i s t i c  
equation and  frequency  determinant, the order  of  which is twice 
t h e  number of  modifications,  are derived by the   use  of   the   Galerkin 
method. Numerical examples are presented   to  show the accuracy  of 
t h e  method  and t h e  number of modes and frequencies   of   the  unmodi- 
f i ed   s t ruc tu re   necessa ry   fo r   ag reemen t   w i th   exac t   so lu t ions .  
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TN 2139 EFFECT OF VARIATION I N  R N E T  DIAMETER AND PITCH ON THE AVERAGE 
STRESS AT M A X I "  LOAD FOR 24S-T3 AND 75S-T6 ALUMl3jlUM ALLOY, 
FLAT  Z-STIFFENED PANELS THAT FAIL BY LOCAL INSTABILITY, Norris 
F. Dow and William A. Hickman, Langley, J u l y  1950 

Charts are presented  for   design  purposes .  They determine  the 
diameter  and  pitch  required  to  insure  the  development  of a given 
average stress f o r   l o c a l   i n s t a b i l i t y .  

TN 2152 SHEAR STRESS  DISTRIBUTION ALONG GLUE LINE BETWEEN SKIN AND CAP- 
STRIP OF AN AIRCRAFT WING, C. B. Norris and L. A. Ringe l s t e t t e r ,  
J u l y  1950 

This   repor t   inves t iga ted   the  stress d is t r ibu t ion   be tween  the   sk in  
and the  cap  of   the  spar   or  beam; because  of  the  forces on t h e  wing 
the   sk in  and  cap are dis tor ted  which  causes   the stress d i s   t r i bu -  
t i on   t o   be  non-uniform. It. was found t h a t   t h e  stresses increased 
r ap id ly  from  zero a t  the   r e - en t r an t   co rne r   t o  a maximum a t  a very  
short   distance  then  gradually  diminished  throughout  the  length 
u n t i l   w i t h i n  a ve ry   sho r t   d i s t ance  from the  other  edge  where it 
decreased  rapidly  to   zero.  The maximum which  occurred  very  near 
the   re -en t ran t   corner  v7as 50%  above  the  average stress. 

TN 2153 THE STABILITY OF THE COMPRESSION COVER OF BOX BEAMS STIFFENED BY 
POSTS, Paul  Seide and Paul F. Barrett, Langley,  August  1950 

An i n v e s t i g a t i o n  is  made of the  buckl ing of the  compression  cover 
of   pos t - s t i f fened  box beams subjec ted   to  end  moments. Charts are 
presented  for   the  determinat ion  of   the minimum p o s t   a x i a l   s t i f f -  
nesses and the  corresponding  compressive  buckling  loads  required 
for   the  compression  cover   to   buckle  with nodes  through  the  posts. 
Appl ica t ion   of   the   char t s   to   des ign  and ana lys i s  and the   l imi t a -  
t i ons   o f   t he i r   u se  are discussed. 

1. For s ta t ic  loads  on  r iveted beams, the  values  of modulus of 
f a i l u r e  were about  the same as t h e   t e n s i l e   s t r e n g t h s   f o r   a l l  
al loys  except  Alclad 24S-T3, f o r  which  the  modulus  of f a i l u r e  was 
about  12%  lower  than  the  tensile  str 'ength.  

2. F o r   s t a t i c   l o a d s  on  spot-welded beams, the  values  of modulus 
of f a i l u r e  were about 10% lower   t han   t he   t ens i l e   s t r eng ths   fo r  
Alclad 24S-T81, Alclad 24S-T36, Alclad 24S-T86, Alclad 14S-T6, 
and  Alclad 75S-T6 and  about 25% lo~7er   for   Alc lad  24S-T3 and 
Alclad 24S-T3 aged t o  -T81 a f t e r  assembpr. 

3. In  general ,  beams of h ighes t - s t rength   mater ia l s  had the  
grea tes t   res i s tance   to   impact .  Of t h e   r i v e t e d  beams, Alclad 
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75S-T6 requi red  the highest   drop and Alclad 24S-T3 the  lowest.  
O f  the spot-welded beams Alclad 24S-T36 required the h ighes t  
drop  and  Alclad 24S-T3 aged t o  -T81 after assembly the lowest. 

4 .  The height   of   drop  producing  fa i lure   of   the   spot-welded 
beams averaged  about 70% o f   t ha t   p roduc ing   f a i lu re   o f   t he  
r i v e t e d  beams. 

5. No d i r e c t   r e l a t i o n s h i p  seems t o  exist between the toughness 
value  of   the  mater ia l   as   determined  f rom the t e n s i l e   p r o p e r t i e s  
and relative a b i l i t y   t o  resist impact   o f   the   mater ia l   in   the  
form  of a r i v e t e d   o r  welded  structure.  

6. Aging  of beams of   Alclad 24S-T3 t o  -T81 a f t e r  assembly is  
cer ta inly  not   advantageous and probably  undesirable,  a t  least 
f o r  spot-welded beams, from the s tandpoint   of  s ta t ic  and  impact 
s t rength .  

TN 2163 CRITICAL  STRESS OF  PLATE  COLUMNS, John C. Houbolt  and  Elbridge 
Z. Stonell,  Langley,  August 1950 

Superseded  by  the  treatment i n  Kuhn's  book. 

TN 2185 ANALYTICAL  DETERMINATION OF COUPLED  BENDING-TORSION  VIBRATIONS 
OF  CANTILEVER BEAMS BY MEANS OF STATION  FUNCTIONS, Alexander 
Mendelson  and  Selvyn  Gendler, Lewis F l igh t   P ropu l s ion  Lab., 
September 1950 

Primarily  concerned  with  compressor  blades  failure.  

S i m i l a r  methods are p r e s e n t e d   i n   t h e  books  by Kuhn and  Bruhn 
c i ted   p rev ious ly .  

TN 2188 EXPERIMENTAL  INVESTIGATION  OF  STIFFENED CIRCULAR CYLINDERS  SUB- 
JECTED TO COXBINED TORSION AND COMPRFSSION, James P. Peterson, 
Langley  Aero.  Lab.,  September  1950 

F i v e   s t i f f e n e d   c i r c u l a r   c y l i n d e r s   t e s t e d   t o   f a i l u r e   u n d e r   v a r i o u s  
combinations  of  torsion  and  compression.  Results  presented i n  
form of p l o t s  of s t r i n g e r  stress against   cyl inder   load  and  an 
i n t e r a c t i o n   c u r v e   f o r   t h e   s t r e n g t h   o f   s t r i n g e r s   t h a t   f a i l   b y  
loca l   c r ipp l ing .  A method i s  g i v e n   f o r   c a l c u l a t i n g   s t i f f e n e r  
stresses i n   c y l i n d e r s   s u b j e c t e d   t o  combined loads,  and a compari- 
son  between  calculated  and  experimental   str inger stress is  made. 

"Because t h e  method i s  semi-empirical, however,  more tests would 
b e   d e s i r a b l e   i n   o r d e r   t o  assess the  accuracy  of  the  method." 

TN 2201 MEASUREMENT OF THE MOMENTS OF INERTIA OF AN AIRPLANE BY A SIMPLI- 
FIED METHOD, Howard L. Turner,  October  1950 
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Because a i r p l a n e s  are ge t t i ng   heav ie r  i t  is no longe r   p rac t i ca l  
t o  suspend  the  plane  for  experimentally  determining  the moment 
o f   i n e r t i a  by  the compound and b i f i l a r  pendulum. 

The net7 method  of  determining  the moment of i n e r t i a   c o n s i s t s  of 
mounting  the  plane  on  knife  edges  along  the  centerline  of  the 
p lane   running   in   the  x d i r e c t i o n  and a t t ach ing  a spr ing   to   each  
wing t i p .  The moment of  i ne r t i a   abou t   t he   ax i s   o f   ro t a t ion  is  
now a funct ion  of   the  spr ing  constant ,   the   locat ion  of   the  spr ing,  
and the   pe r iod   o f   t he   r e su l t i ng   o sc i l l a t ion .  The  measurement of 
the  moment of i n e r t i a   a b o u t   t h e   p i t c h . a x i s  is near ly   the same 
with  the  knife  edges  located  under  the rear s p a r ,   a f t  of the  
center   of   gravi ty ,  and the   sp r ing  was secu red   t o   t he   t a i l .  
The  moment o f   i ne r t i a   abou t   t he  z o r  yaw a x i s  is measured by the  
use  of a b i f i l a r   t o r s i o n a l   a x i s .  The long  length of t h e  pendulum 
necessary  to  keep  the  plane  near  the  ground is a c t u a l l y   b e n e f i c i a l  
to  the  accuracy  of  the  measurements made w i t h   t h e   b i f i l a r   t o r s i o n a l  
pendulum. 

This new method is an  improvement  over o lde r  methods  of  measuring 
t h e  moment of iner t ia ,   the   plane  remains  near   the  ground and 
does  not assume  any unnatural   posi t ions.  The use  of  the N u l l  
method  makes the   ca l cu la t ion   o f   t he   i nc l ina t ion   o f   t he   p r inc ipa l  
axis  simple.  

TN 2208 ANALYSIS OF SHEAR STRENGTH OF HONEYCOMB CORES FOR SANDWICH CON- 
STRUCTIONS, Fred  Warren  and  Charles B. Norris,  October 1950 

Analysis  undertaken  to  get  a mathematical   formula  for  shear 
s t r eng ths  of  honeycomb cores  for  sandwich  constructions.   Analysis 
i s  partly  empirical ,   being  based upon data   obtained from  previous 
tests of plywood panels. It was app l i ed   success fu l ly   t o  honeycomb 
cores  composed of  resin-impregnated  papers,   but  should  be  verified 
f o r  materials g r e a t l y   d i f f e r e n t   b e f o r e  i t  i s  general ly   appl ied.  

This   repor t  is superseded by more cur ren t   da ta .  

TN 2217 ANALYSIS OF PLANE STRESS PROBLEMS WITH AXIAL SYMMETRY IN STRAIN- 
HARDENING RANGE, M. H. Lee Wu, December 1950 

A simple method developed  to  solve  plane-stress  problems  with 
a x i a l  symmetry in   the  s t ra in-hardening  range  based on the  deforma- 
t ion  theory of p l a s t i c i t y  employing  the  f inite-strain  concept.  The 
equations  defining  the  problems are f i r s t  reduced  to two simul- 
taneous   nonl inear   d i f fe ren t ia l   equa t ions   involv ing  two independent 
var iab les :   (a )   the   oc tahedra l   shear   s t ra in ,  and  (b)  a parameter 
i n d i c a t i n g   t h e   r a t i o   o f   p r i n c i p a l  stresses. By mul t ip ly ing   the  
load  and  dividing  the  radius   by  an  arbi t rary  constant ,  i t  is  pos- 
s ib l e   t o   so lve   t hese   p rob lems   w i thou t   i t e r a t ion   fo r  any value  of  
the  modified  load. The constant  is determined l a t e r  by  the bound- 
ary  condition. 
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TN 2225 

TN 2231 

TN 2232 

TN 2243 

BENDING AND BUCKLING OF RECTANGULAR SANDWICH  PLATES, N. J. Hoff, 
November 1950 

Di f f e ren t i a l   equa t ions  and  boundary  conditions are de r ived   fo r   t he  
bending  and  buckling  of  sandwich  plates. The buckling  load is  
c a l c u l a t e d   f o r  a simply  supported  plate  subjected  to  edgewise com- 
pression. The formulas  obtained  are  evaluated  numerically  and 
t h e   r e s u l t s  are p l o t t e d   i n  a diagram. The theory is  i n  satis- 
factory  agreement   with  resul ts   of  tests c a r r i e d   o u t  a t  the 
Forest   Products  Laboratory.  

COMPARISON OF FATIGUE  STRENGTHS OF BARE AND ALCLAD 24S-T3 A.LUMIJ9Ubf 
ALLOY SHEET SPEClMENS TESTED AT 12 AND 1000 CYCLES PER MINUTE, 
Frank C. Smith, William C. Brueggeman, and  Richard H. Hamell, 
December  1950 

This   repor t   descr ibes  the r e s u l t s  of a x i a l   f a t i g u e  tests conducted 
on 0.032-inch-flat-sheet  specimens  of  bare  and  Alclad 24S-T3 
aluminum a l l o y  t o  determine  the  effect   of  frequency  of  loading 
on   the   fa t igue   s t rengths   o f   these   mater ia l s .  The  number of  cycles 
t o  f a i l u r e   v a r i e d  from  about 150 to   ove r  10,000,000.  Tests were 
conducted  using  completely  reversed axial load a t  two frequencies 
of loading:  12  and 1000 cycles  per  minute. 

The t e s t s  shoved t h a t   t h e   f a t i g u e   s t r e n g t h s   o f   t h e  materials were 
s l i g h t l y  less when tes ted   a t   12   cyc les   per   minute .  

For  those  specimens  which were stresses i n t o   t h e   p l a s t i c   r a n g e  
an   i nves t iga t ion  ~7as made of t h e   v a r i a t i o n  of m a x i m u m  s t r e s s e s  
and mean s t resses   wi th   repea ted   loading .  

STRESS AND DISTORTION ANALYSIS OF A SWEPT BOX BEAM HAVING BULK- 
HEADS  PERPENDICULAR TO THE SPARS, Richard R. Heldenfels, George TJ. 
Zender,  and  Charles  Libove, November 1950 

The repor t   p resents  a  method for   approximate   ca lcu la t ion   of   the  
stress and d i s t o r t i o n s   o f   t h e   s t r u c t u r e   o f  a swept wing.  The 
ou te r  and carry-through  sections  can  be  analyzed by e x i s t i n g  
methods  and the   t r i angu la r   s ec t ion   t ha t   connec t s  them is divided 
i n t o   f r e e   b o d i e s  and  analyzed  using  equilibrium  and  continuity. 
Numerical examples are presented.  There i s  only   fa i r   agreement  
wi th  test da ta   because   shear   l ag  v7as no t   i nc luded   i n   t he  method. 
A method f o r   i n c l u d i n g   t h e   e f f e c t s  o f  shear   l ag   and   mul t ip le  
spars   has   been  indicated i n  the   r epor t .  

EFFECT  OF  CELL SHAPE ON COMPRESSIVE  STRENGTH OF HEXAGONAL HONEY- 
COHB STRUCTURES, L. A. R inge l s t e t t e r ,  A. W. Voss, and C. B. Norris, 
December  1950 

The shape   of   the   ce l l s   in  a hexagonal honeycomb s t r u c t u r e  was 
found, i n   t e s t s  a t  the  Forest   Products  Lab., to   be  an  important  
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fac tor   in   de te rmining   the   compress ive   s t rength   o f   the  structure 
p a r a l l e l   t o   t h e   f l u t e s .  

From the   r e su l t s   ob ta ined   w i th  35 tes t  specimens  of  untreated 
50-weight k r a f t  paper,. a family of curves was obtained by means 
of  which it is  p o s s i b l e   t o  estimate the  specif ic   compressive 
s t rength  of   such honeycomb structures   within  the  range  of   the 
t e s t   d a t a .  These  curves  apply  only when the   ce l l   wal l s   buckle  
a t  stresses less than  the  compressive  strength of the   mater ia l .  

The test r e su l t s   i nd ica t e   t ha t   t he   s t r eng th   o f   t he   ce l l   changes  
wi th  i t s  shape. It appears from the  curves  mentioned  above  that, 
wi thin  the  range  of   the  seven  shapes  s tudied,   for  any va lue  of 
t he   appa ren t   spec i f i c   g rav i ty   t he   s t r eng th   o f   t he   s t ruc tu re   i n -  
c reases   wi th   each   increase   in   ce l l   wid th ,  and t h e   s t r o n g e s t   c e l l  
is  t h a t  which i s  wides t  and  had t h e   s h o r t e s t  walls of  double 
thickness.  The d a t a   i n d i c a t e   t h a t   t h e   s t r o n g e s t  honeycomb 
s t r u c t u r e   f o r  i t s  weight is t h a t   f o r  which  the  hexagonal  shape 
is  reduced  to a square by shortening  the  double-thickness walls 
u n t i l   t h e y  are v i r tua l ly   e l imina ted .  

TN 2266 STRENGTH OF HEAT-RESISTANT LAMINATES UP TO 375' C, B. M. Axilrod 
and  Martha A. Sherman, February  1951 

For several condi t ions  of   heat ing and t e s t i n g ,   t h e   r e s u l t s  of 
tests to   determine  the  f lexural   propert ies   of   samples   of   glass-  
fabr ic   laminates  bonded wi th   va r ious   r e s ins  may be  summarized as  
follows. It should   be   no ted   tha t   these   resu l t s ,   except   for  
those  of   the  polyester   laminates ,  are based  on  data   for   only 
one sample of  each type of glass-fabric   laminate  and hence  can 
be  considered  only  tentat ively as being  representat ive  of   the 
various  types  of material. 

1. The s i l i cone   l amina te  was supe r io r   t o   t he   o the r   l amina te s  
t e s t e d   i n   r e t e n t i o n   o f   f l e x u r a l   p r o p e r t i e s   a t   t e m p e r a t u r e s   o f  
250° t o  300° C. When t e s t e d   a t  above  3250 C a f t e r   e i t h e r   0 . 5  

. hours  or 200 hours   heat ing a t  that   temperature ,   th is   laminate  
r e t a i n e d   a t   l e a s t  30 percent  of i t s  i n i t i a l   f l e x u r a l   s t r e n g t h  
and over 50 percent  of i t s  i n i t i a l   f l e x u r a l  modulus  of e l a s t i c -  
ity. 

2. The phenolic  laminate showed good r e t e n t i o n  o f  i t s  f l e x u r a l  
p rope r t i e s  when t e s t e d  a t  e levated  temperatures   af ter   heat ing 
fo r   0 .5   hour s   a t   t he   t e s t   t empera tu re .  

3. The melamine  laminate,  although much in fe r io r   t o   t he   pheno l i c  
laminate when t e s t e d  a t  a temperature of 3750 C a f te r   0 .5   hours  
heating, was super ior   to   the   phenol ic   in   re ten t ion   of   f lexura l  
s t r e n g t h   a f t e r  200 hour s   hea t ing   a t  2500 C. 
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4 .  The four   po lyes te r   l amina tes   los t  a t  l e a s t  80% o f   t h e i r  
f l e x u r a l   s t r e n g t h s  when t e s t e d   a t  2500 C a f t e r   e i t h e r  0.5 o r  
200 hours of heating. 

5.  The a c r y l i c   a d d i t i o n   l a m i n a t e   l o s t  a t  l e a s t  80% of i t s  
f l e x u r a l   s t r e n g t h  when t e s t e d  a t  150' C a f t e r   e i t h e r  0.5 o r  200 
hours  heating. 

6. For  each  laminate and each tes t  c o n d i t i o n ,   l o s s   i n   f l e x u r a l  
modulus  of e l a s t i c i t y   c o r r e l a t e d   w i t h   l o s s   i n   f l e x u r a l   s t r e n g t h ;  
the  former loss was less than  the la t ter .  

7. The l o s s   i n   f l e x u r a l   p r o p e r t i e s   d u r i n g   p r o l o n g e d   h e a t i n g  
may depend  on t h e  method of exposing  the  specimens i n   t h e  oven. 
For  specimens  of  the  polyester  and  phenolic  laminates,  heating 
i n  a c i r c u l a t i n g  a i r  oven i n  open bo t t l e s   caused   s ign i f i can t ly  
less l o s s   i n   f l e x u r a l   p r o p e r t i e s   t h a n   d i d   h e a t i n g  on the  shelves  
of   the oven. 

TN 2267 INELASTIC COLUMN BEHAVIOR; John E. Duberg  and Thomas W. Wilder, 
111, January  1951 

TR 1072  supersedes  this TN. 

TN 2272 LATFXAL ELASTIC INSTABILITY OF HAT-SECTION STRINGERS UNDER CON- 
PRESSIVE LOAD, Stanley Goodman, January  1951 

The high  value  of  computed e l a s t i c   s t r a i n   f o r   l a t e r a l   i n s t a b i l i t y  
f o r   t h e   f i v e   s t r i n g e r   s e c t i o n   i n v e s t i g a t e d   s u b s t a n t i a t e s   t h e   w i d e l y  
he ld   op in ion   tha t   c lo i sed   sec t ion   s t r ingers   o f   reasonable   p ropor-  
t i o n s   f a i l   i n  ways o t h e r   t h a n   l a t e r a l   i n s t a b i l i t y  of the top. 
Even i n   t h e   c a s e  of the  narrowest  section, (T /E is  0.0141, 

a value well in to   t he   p l a s t i c   r ange   o f  aluminum a l loys .  
cr,min 

U cr,min 
= c r i t i c a l  stress f o r   p r i m a r y   l a t e r a l   e l a s t i c   i n s t a b i l i t y  

o f   an   i n f in i t e ly   l ong   s t r inge r  
E = Young's  modulus 

TN 2276 STATIC AND FATIGUE  STRENGTHS OF HIGH-STRENGTH ALUMINUM-ALLOY 
BOLTED JOINTS, E. C. Hartmann, Marshall  Holt,  and I. D. Eaton, 
February  1951 

RESULTS: 

1. The mechanical   propert ies  of the  75S-T6,  24S-T4, and 14S-T6 
aluminum a l l o y s  used i n   t h i s   i n v e s t i g a t i o n   a r e   t y p i c a l  of t h e  
values   obtained  for   these  a l loys.  

The r e s u l t s  of t h i s   i n v e s t i g a t i o n   a r e   b e l i e v e d   t o   b e   i n c l u d e d   i n  
a manual by the  Society  of Metals. The a l l o y s   a r e   n o t  numbered 
as present  usage  types. 
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TN 2287 AN INVESTIGATION OF PURE BENDING I N  THE PLASTIC RANGE WKFN LOADS 
ARE NOT PARALLEL TO A PRINCIPAL  PLANE, Harry A. Williams, 
February  1951 

Rectangular beams and  I-beams of aluminum a l l o y  75s-0 were t e s t e d  
in   pu re   bend ing   i n   t he   p l a s t i c   r ange   w i th   t he   p l ane   o f   l oad ing  
a t  angles  of 0, 30, 60, and 90 degrees   to   the  minor   pr incipal  
a x i s  of the   c ross   sec t ion .  It was found t h a t  Cozzone's  method 
of plast ic   bending  analysis   gave  reasonable   correlat ion  between 
t h e o r e t i c a l  and  experimental  bending moments f o r   t h e   p l a s t i c  
range beyond t h e   y i e l d   s t r e n g t h .  The ana lys i s  is  approximate 
s i n c e  i t  assumes t h a t   t h e   n e u t r a l   a x i s   d o e s   n o t   r o t a t e   o r   t r a n s -  
late. The la t te r  occurs i n  a l l  cases and the  former  occurs 
when t h e   l o a d s   a r e   n o t   p a r a l l e l   t o  a pr inc ipa l   p lane .   S imi la r  
t e s t s  of  an  exploratory  nature  were made wi th   angle   c ross   sec t ion  
beams. A modification  of  Cozzone's method  gave reasonable results 
f o r  some pos i t ions   o f   loading   bu t   no t   for   o thers .  

Reference: Cozzone, Frank  P.: Bending S t r e n g t h   i n   t h e   P l a s t i c  
Range. Jour.  Aero. Sci . ,  vol .  10, no. 5, May 1943,  pp.  137-151. 

TN 2289 ELASTIC CONSTANT  FOR CORRUGATED-CORE SANDTJICH PUTES, Charles 
Libove  and  Ralph E. Hubka, February  1951 

The sandt r ich   p la te   cons is t ing  of corrugated  sheet  fastened  between 
two f ace   shee t s  is- considered.   Applicat ion  of   exis t ing  theories  
t o  the   ana lys i s  of  such a sandwich p l a t e   r e q u i r e s   t h e  knowledge 
of   cer ta in   e las t ic   cons tan ts .   Formulas  and cha r t s   a r e   p re sen ted  
fo r   t he   eva lua t ion   o f   t hese   cons t an t s   i n   t h i s   r epor t .  The  formu- 
l a s   f o r   t h r e e  of  these  constants were checked  experimentally and 
found to   give  values   in   c lose  agreement   with  the  experimental  
values.  

TN 2290 A MJ3THOD FOR  CALCULATING  STRESSES I N  TORSION BOX COVERS WITH CUT- 
OUTS, Richard  Rosecrans,  February  1951 

A theory i s  p resen ted   fo r   ca l cu la t ing   s t r e s ses   i n   t he   cove r s  of 
t o r s ion  boxes  containing  large  cutouts.  Half  the  cymmetrical 
uncut   port ion  of   the  cover  i s  represented by t h r e e   s t r i n g e r s  
t h a t   c a r r y   a l l   d i r e c t  stresses and the  intermediate   cover   mater ia l  
which is  assumed to   car ry   on ly   shear  stress. D i f f e r e n t i a l  equa- 
t i o n s  of  equilibrium are derived and so lved   to   ob ta in  stresses 
a long   each   s t r inge r .   I l l u s t r a t ive  examples are solved and the 
r e s u l t s   a r e  compared with  experimental  values.  For  one  of  these 
examples t h e   r e s u l t s  are a l s o  compared wi th  a  more de ta i led   so lu-  
t i o n  made by numerical method of  analysis.  The  agreement  between 
theory and experiment i s  s a t i s f a c t o r y   i n  a l l  cases  except  those 
wi th   very   l a rge   cu touts  and f lexible   bulkheads.  
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TN 2299 EXPOSURF,  TESTS OF BALVANIZED-STEEL-STITCHED ALUMINUM ALLOYS, Fred 
M. Reinhart,  February  1951 

Sheets  of 24S-T3 and Alclad 24S-T3 aluminum a l l o y s  were jo ined   to  
themselves by s t i t c h i n g   w i t h   g a l v a n i z e d   s t e e l  wire and  were ex- 
posed t o  a marine  atmosphere and tidewater  to  determine  whether 
they v7ould have   a   s a t i s f ac to ry   s e rv i ce   l i f e .   i n   t hese   env i ronmen t s .  
Both a l loys   jo ined   by   th i s  method a r e   s a t i s f a c t o r y   w i t h   r e s p e c t  
to   cor ros ion   res i s tance   for   se rv ice   in   mar ine   a tmospheres .  The 
Alclad 24S-T3 i s  s a t i s f a c t o r y   f o r   s h o r t   p e r i o d s o f  time, where 
t h e   i n s t a l l a t i o n  is  sub jec t   t o   f r equen t   we t t ing  by sea water. 
The use  of 24S-T3 shee t   jo ined   by   s t i t ch ing   wi th   ga lvanized  wire 
is  n o t   s a t i s f a c t o r y  when s u b j e c t   t o   w e t t i n g  by sea water. 

TN 2300 ANAI,YTICIIL AND EXPERIMENTAL INVESTIGATION OF EFFECT  OF  TWIST ON 
VIBRATIONS OF CANTILEVER BEAMS, Alexander  Mendelson  and  Selwyn 
Gendler, March 1951 

An a n a l y t i c a l  and  experimental   invest igat ion was made of the  
e f   fee t   o f  twist on   t he   v ib ra t ions   o f   can t i l eve r  beams.  The 
a n a l y t i c a l   i n v e s t i g a t i o n s  were made by the   u se   o f   S t a t ion  Func- 
t ions.   General   equations are developed  for  the  coupled  bending- 
bending   to rs ion   v ibra t ions   o f  a c a n t i l e v e r  beam, and it is  shovm 
how these equations  reduce  to s impler  cases.  The use  of  tabulated 
S t a t i o n  Numbers makes t h e   a n a l y t i c a l  method presented  herein 
pa r t i cu la r ly   s imp le   t o   app ly .  

An example is  worked o u t   i n   d e t a i l   t o   i l l u s t r a t e   t h e   a p p l i c a t i o n  
of the  method. Good agreement is obtained among t h e  method pre- 
sented,  an exact theore t ica l   so lu t ion   deve loped ,  and  experimental 
r e s u l t s .  

It i s  shovm t h a t   f o r  beams wi th  a r a t i o  of  bending s t i f f n e s s   i n  
the  two p r inc ipa l   d i r ec t ions   equa l   t o  144, t h e   e f f e c t  of  coupling 
due t o  twist is  t o   r a i s e   t h e   v a l u e   o f   t h e   f i r s t   n a t u r a l   f r e q u e n c y  
by a neg l ig ib ly  small amount, to   decrease   s tead i ly   the   second 
frequency,   and  to   lover   the  third  f requency  considerably.  

TN 2301 LINEARIZED SOLUTION AND GENERAL PLASTIC BEHAVIOR OF T H I N  PLATE 
WITH CIRCULAR HOLE I N  STRAIN-HARDENING RANGE, M. H. Lee WU, March 
1951 

1. The resu l t s   ob ta ined  by the   l i nea r i zed   so lu t ion   ag ree   ve ry  
well with  those  obtained  by  the exact so lu t ion   based   on   the  
deformation  theory of p l a s t i c i t y . ,  The  amount of  computation 
required is very  much reduced by t h e   l i n e a r i z a t i o n .  

2. The variation  of  a  parameter  determined  from  the  octahedral 
s h e a r   s t r e s s   s t r a i n   c u r v e  of t h e  material can  be  used as a simple 
g e n e r a l   c r i t e r i o n  of a p p l i c a b i l i t y  of   deformation  theory  for   this  
problem. 
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3. The r e s u l t s   o b t a i n e d   f o r  the i d e a l l y   p l a s t i c   m a t e r i a l   w i t h  
the   i n f in i t e s ima l   s t r a in   concep t   g ive  good approximate  values 
o f   p r inc ipa l   s t r a ins ,   bu t   no t   o f   p r inc ipa l  stresses. 

4. Su f f i c i en t ly   accu ra t e   va lues   o f   p r inc ipa l  stresses can  be 
obtained  by  the  approximate  method  of  using  the  strains  obtained 
b y   t h e   i d e a l l y   p l a s t i c   m a t e r i a l ,   t o g e t h e r   w i t h  the actual   octahe-  
d r a l   s h e a r   s t r e s s - s t r a i n   r e l a t i o n   o f   t h e   m a t e r i a l .  

5. I f  a s imple   ana ly t i ca l   func t ion   r ep resen t ing   t he   oc t ahedra l  
s h e a r   s t r e s s - s t r a i n   r e l a t i o n  is  r equ i r ed   fo r   ana lys i s ,   t he  power- 
law  approximation  can  be  used. 

TN 2312 BENLING STRENGTHS OF SOME ALUMINUM-ALLOY PERMANENT-MOLD CASTINGS, 
E. M. Finley,  February  1951 

Proper t ies   o f   ou tda ted   mater ia l s  numbers. 

TN 2319 SOME PROPERTIES OF  HIGH-PURITY SINTEXED WROUGHT MOLYBDENUM METAL 
AT TEMPERATURES UP TO 2,4000 F, R. A. Long, K. C. Dike, and H. R. 
Bear,  March 1951 

1. Commercially  pure  sintered  wrought molybdenum possessed  ten- 
s i le  s t r e n g t h   a n d   d u c t i l i t y   i n   t h e   t e m p e r a t u r e   r a n g e   o f  18000 t o  
24000 F comparable  with  or  higher  than  the  other  proposed  high 
temperature  materials.  At a temperature  of 1800° F, the   shor t -  
time t e n s i l e   s t r e n g t h   v a r i e d  beimeen  25,310  and 33,670 pounds per  
square  inch. A t  24000 F, t he   t ens i l e   s t r eng th   va r i ed   be tween  
13,070  and 26,100 psi,  depending upon manufacturing  swaging  vari-  
ab l e s  and  whether  the  evaluation  temperature was above o r  below 
the   r ec rys t a l l i za t ion   t empera tu re  of the  specimen  evaluated. 

2. A t  1800O  F t h e  stress f o r   t h e  100 hour   s t r e s s - rup tu re   l i f e  
of  as-swaged molybdenum was approximately 19,300 2 300 pounds 
per  square  inch,  which i s  h ighe r   t han   t ha t  o f  other  proposed 
high-temperature  alloys. The stress f o r  100 hour l i f e   o f  re- 
c r y s t a l l i z e d  molybdenum a t  1800° F was approximately  10,000  psi. 

3. Rec rys t a l l i za t ion   l owered   t he   t ens i l e   s t r eng ths  of molybdenum 
a t  a l l  temperatures .   Recrystal l ized metal was q u i t e   d u c t i l e   a t  
e leva ted   t empera tures   bu t   ex t remely   b r i t t l e   a t  room temperatures.  

4.  Swaging, from  38 t o  96% ingot-area  reduct ion,   has  l i t t l e  
e f f e c t  on i nc reas ing   t he  room temperature  and  the  elevated  tempera 
t u r e   t e n s i l e   s t r e n g t h ,   b u t  had a pronounced e f f e c t  upon lowering 
the   recrys ta l l iza t ion   tempera ture .  

5. The e f f e c t  of t e n s i l e  specimen  " tes t -sect ion"  cross   sect ional  
a r ea  upon t h e   u l t i m a t e   t e n s i l e   s t r e n g t h  was negl ig ib le .  
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6. As-swaged molybdenum exhibi ted a t ransgranular   fa i lure   under  
tension a t  a l l  temperatures a t  w h i c h   e f f e c t i v e   r e c r y s t a l l i z a t i o n  
did  not  occur.  

7. Rec rys t a l l i zed   me ta l   exh ib i t ed   an   i n t e rg ranu la r   f a i lu re  a t  
room temperature. From 1500° t o  2000° F the   f r ac tu re   ~7as   p re -  
dominately  transgranular;  and  above 20000 t o  2400' F, t h e   f r a c t u r e  
r eve r t ed   t o   t he   i n t e rg ranu la r   t ype .  

8. Ro l l ed   p l a t e   1 /4   i nch   t h i ck   posses sed   de f in i t e   d i r ec t iona l  
p rope r t i e s .  The t e n s i l e   s t r e n g t h   i n   t h e   t r a n s v e r s e   d i r e c t i o n  
M ~ S  10 to  15   percent   h igher   than   tha t   in   the   longi tudina l   d i rec-  
t i o n   a t  a l l  evaluation  temperatures below t h e   r e c r y s t a l l i z a t i o n  
t empera tu re .   Duc t i l i t y   i n   t he   l ong i tud ina l   d i r ec t ion  17as almost 
d o u b l e   t h a t   i n   t h e   t r a n s v e r s e   d i r e c t i o n  a t  elevated  temperatures. 

9. Molybdenum w i t h  similar amounts  of ingot   reduct ion   bu t  from 
two manufacturers   possessed  considerably  different   s t rengths  
and r e c r y s t a l l i z a t i o n   p r o p e r t i e s .  

TN 2322 CREEP OF LEAD AT VARIOUS TWERATUFCES, P e t e r  W. Neurath  and J. S. 
Koehler, March  1951 

Bending will produce   spur ious   resu l t s   par t icu lar ly  when very  small  
s t r a i n  measurements a r e  made. The f x o  s t r a in   gages  used s imul-  
taneously  agreedto  within  about 25 percent   over   the 1 percent  
range ,   bu t   in   the   in i t ia l   one-hundredth   o r   one- th i r t ie th   o f   tha t  
range ,   the   d i f fe rences   a re   o f ten  much larger.  Another  problem 
is  tha t   o f   v ibra t ion   and/or   shock .   This   p revents   the   accura te  
measurement of creep rates of less than  inch  per   inch  per  
minu te ,   o r ' a t   l ea s t  makes  them suspect.  

TN 2324 FATIGUE  STRENGTHS  OF AIRCRAFT MATERIALS. AXIAL-LOAD FATIGUE 
TESTS ON UNNOTCHED SHEET  SPECIMENS OF 24S-T3 AND 75S-T6 ALUMINUM 
ALLOYS AND OF SAE 4130 STEEL, H. J. Grover, S. M. Bishop,  and 
L. R. Jackson, March 1951 

1. The da ta   ob ta ined   cons t i tu te   an   ex tens ion   of   in format ion  
obtained  previously by o the ' r   inves t iga tors  and,  where dup l i ca t ion  
occur s ,   t he   r e su l t s  are i n  agreement  with  those  obtained  previous- 
1 Y  - 
2. Slow-speed tests (90 cprn) indicate ,   but   have  not   conclusively 
shotm, t h a t   t h e   f a t i g u e   s t r e n g t h  may be  reduced  about 10 percent  
when the  speed  of   tes t ing is changed  from  1100 to  90 cycles   per  
minut e. 

3. Two-s t ress - leve l   t es t s   o f   fa t igue  damage show damage r a t i o s  
d i f f e r e n t  from c y c l e   r a t i o s .  



TN 2325 DEVELOPMENT OF MAGNES1U"CERIUM  FORGED  ALLOYS  FOR ELEVATED TEMPERA- 
TURE SERVICE, K. Grube, R. Kaiser, L. N. Eastwood, C. M. Schwartz, 
and H. C. Cross,  March  1951 

I n t e r e s t i n g   b u t  somewhat obsolete .  Newer developments  can  be 
found i n   p u b l i c a t i o n s   o f   t h e  American Society of Metals. 

TN 2362 TORSIONAL STRENGTH OF STIFFENED D-TUBES, E. S. Kavanaugh  and 
N. D. Drinkwater, May 1951 

The ave rage   u l t ima te   s t r eng th   i n   t o r s ion   can   be   ca l cu la t ed  f o r  
s t i f f ened   o r   uns t i f f ened  D-tubes  having a c ross   s ec t ion   s imi l a r  
to   the  NACA 0012 a i r f o i l   s e c t i o n  and a c los ing  web a t  30 percent 
of  the  chord. The r e l a t i o n s h i p   i n v o l v e d   i n   t h i s   c a l c u l a t i o n  is: 

where 

I-1= 
T =  

U 
L =  
s =  

E =  
t =  
a =  

P o i s s o n ' s   r a t i o  
to r s iona l   shea r ing  stress a t   u l t i m a t e  moment, inch pounds 

d i s t ance  between  ribs,  inches 
ac tua l   sk in   l eng th  of la rges t   pane l   in   chordwise   d i rec t ion ,  
inches 
modulus  of e l a s t i c i t y  of material;   10.2 x 1 0   p s i  
thickness  of  skin,  inches 
semi-major  axis of s e c t i o n  on b a s i s  of  complete  oval;  18  in. 

6 

The average-u l t imate   s t rength   curve   p resented   in   th i s   repor t  and 
based  on  the  above  equation  should  be  useful in   de te rmining   the  
u l t ima te   l oad -ca r ry ing   ab i l i t y  of t h i s   t y p e  of s t r u c t u r e .  With 
the  advent of h igh-speed   a i rc raf t   the   use  of  symmetrical a i r f o i l s  
should become q u i t e  common and  should  enhance  the  value  of  the 
repor t .  

Comparison o f  the  measured twist with  Bredt 's   theory  has shown 
good agreement  below the  buckling  point,   al though  the  buckling 
p o i n t   i t s e l f  v7as not  well-defined. 

TN 2384 PRELIMINARY  INVESTIGATION  OF NEAR AND FRICTION  PROPERTIES UNDER 
SLIDING CONDITIONS OF  MATERIALS SUITABLE FOR GAGES OF ROLLING- 
CONTACT BEARINGS, Robert L. Johnson, Max A. Swikert,  and Edmond 
E. Bisson,  June  1951 

1. The a b i l i t y   o f  materials t o  form su r face   f i lms   t ha t   p reven t  
welding is a most   important   factor   in   both  dry  f r ic t ion and 
boundary lubr ica t ion .   These   sur face  films were  probably  supplied 
from w i t h i n   t h e   s t r u c t u r e  of t h e   c a s t   i r o n s  by graphi t ic   carbon 



and  of the  bronze, by lead. Monel,  Nichrome V, and beryll ium 
copper  formed  films,  believed  to  be  oxides,  under  dry and l u b r i -  
cated  conditions.  When present ,   the   f i lms improved the  perform- 
ance  of   these  mater ia ls .  

2. On the  basis  of  wear and res i s tance   to   weld ing   on ly ,   cas t  
i rons   vere   the   mos t   p romis ing   mater ia l s   inves t iga ted .  They showed 
t h e   l e a s t  wear  and  the  least  tendency  toward  surface  welding  of 
any  of t he   ma te r i a l s  when run  dry. The  same observations were 
made f o r  boundary lubricated  conditions  where it vas es t ab l i shed  
t h a t   t h e   c a s t   i r o n s  had the   h ighes t   l oad   capac i t i e s  of a l l   t h e  
mater ia ls .   Nodular   i ron  has   physical   propert ies   that   are   superior  
to  those  of  grey  iron. 

3. The performance of monel  and  Nichrome V depended  on  whether o r  
not  a' f i l m  17as p re sen t   bu t   t he   ma te r i a l s   w i th   f i lms  had r e l a t i v e l y  
high  load  capacity when boundary  lubricated.  

4. Bronze  had the   l owes t   f r i c t ion   coe f f i c i en t   unde r   d ry   s l i d ing  
conditions,  however, i t  was s u b j e c t   t o   s u r f a c e   f a i l u r e  and in-  
c r eas ing   f r i c t ion   a s   t he   s l i d ing   cond i t ions  became  more severe.  

5. Brass,  beryllium  copper,  and 24s-T  aluminum  showed continuous 
f a i l u r e  under a l l   cond i t ions   i nves t iga t ed .  

TN 2389 FATIGUE  STRENGTHS OF AIRCRAFT MATERIALS. AXIAL-LOAD FATIGUE  TESTS 
ON NOTCHED SHEET SPECIMENS  OF 24S-T3 AND 75S-T6 ALUMINUM ALLOYS 
AND OF  SAE 4130 STEEL WITH STRESS-CONCENTRATION  FACTORS  OF 2.0 
AND 4.0, H. J. Grover, S. M. Bishop,  and L. R. Jackson,  June  1951 

Axial load   fa t igue  tests results  have  been  obtained on notched 
sheet  specimens  of 24S-T3 and 75S-T6 a l l o y s  and  of  Sae 4130 steel. 
Several  notches  forms were used  and tests were run a t  seve ra l  
l e v e l s  of mean s t r e s s .  The r e s u l t s  show tha t :  

1. Reduction i n   f a t i g u e   s t r e n g t h   ( i n  terms of  nominal stresses) 
var ies   wi th :  

a .   Notch   sever i ty   ( theore t ica l   s t ress -concent ra t ion   fac tor )  
b.  Notch  form, espec ia l ly   for   severe   no tches  
c. Mater ia l  
d. Stress l e v e l  - both  nominal mean s t r e s s  and  nominal stress 

amplitude 

2. Simply def ined   fa t igue-s t rength   r , educ t ion   fac tors  do no t  
appear   to   have   usefu l   cor re la t ion   wi th   the   theore t ica l  stress- 
concent ra t ion   fac tor .  

TN 2390 FATIGUE  STRENGTHS  OF AIRCRAFT MATERIALS. AXIAL-LOAD  FATIGUE 
TESTS ON NOTCHED SHEET  SPECIMENS OF 24S-T3 AND 75S-T6 ALUMINUII 
ALLOYS AND OF  SAE 4130 STEEL WITH STRESS-CONCENTRATION  FACTOR  OF 
5.0, H. J. Grover, S. M. Bishop,  and L. R. Jackson,  June  1951 
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Comparison o f   r e su l t s   i nd ica t e s   i nc reas ing   f a t igue - s t r eng th  
reduct ion   wi th   increase   in   no tch   sever i ty   (as   ind ica ted   by   the  
theo re t i ca l   s t r e s s -concen t r a t ion   f ac to r ) .  

The inc rease   i n   f a t igue - s t r eng th   r educ t ion ,  however, i s  n o t   i n  
d i r e c t   p r o p o r t i o n   t o   t h e   i n c r e a s e   i n   t h e o r e t i c a l  stress- 
concentration  factor  of  the  notch. 

TN 2392 CHARTS G I V I N G  CRITICAL COMPRESSIVE  STRESS  OF CONTINUOUS FLAT 
SHEET DIVIDED INTO  PARALLEL0GRA"SHAPED  PANELS, Roger A. 
Anderson, June  1951 

Charts  giving  compressive  buckling stress using  the  energy method. 
Comparison of  parallelogram-panels and rectangular-panels and 
showed the  paral le logram-panel  more s t ab le   t han   t he   equ iva len t  
rec  tangular-panel. 

TN 2394 EFFECTS  OF DESIGN DETAILS ON THE  FATIGUE STRENGTH OF 355-T6 SAND- 
CAST  ALUMINUM  ALLOY, M. Holt  and I. D. Eaton,  July  1951 

Of the   des ign  detai ls  s tudied,   the   unreinforced  hole  was t h e  
most e f f e c t i v e  stress r a i s e r   f o r   f a t i g u e  lives from  10,000 t o  
25,000,000 cycles .  The unreinforced  hole   in   the  sand-cast  
specimen was n o t  so severe i n   r e d u c i n g   t h e   f a t i g u e   s t r e n g t h  as 
a s i m i l a r   h o l e   i n  wrought 17S-T4,  27S-T6,  53S-T6 o r  14S-T6 p la t e .  

The f rac tures   o f   bo th   the   s ta t ic   fa t igue   spec imens   wi th  a boss 
o r   r i b  were gene ra l ly   i n   c ros s   s ec t ions   c lose   t o   t he   edge  of t he  
boss o r   r i b .  

TN 2414 AN EXPERIMENTAL  DETERMINATION  OF THE CRITICAL BENDING MOMENT OF 
A BOX BEAM STIFFENED BY POSTS, Paul F. Ba r re t t  and Paul  Seide, 
July  1951 

This  experiment was  made i n   o r d e r   t o  compare  experimental  values 
w i t h   t h e   a n a l y t i c a l   v a l u e s   o b t a i n e d   i n  TN 2153. It was found 
that   the   bending moment  was 2 percent  below  the  calculated  bending 
moment.  The s t r u c t u r e  cont inued  to   take  load  unt i l   fa i lure   oc-  
curred when s e v e r a l   p o s t s  were c r i p p l e d   a t  a point   about  8 percent  
above  the  strain-reversal   buckling  load.  Buckling  occurred  with 
transverse  nodes  through  the  posts.  The r e p o r t   p o i n t s   o u t   t h a t  
considerat ion  should  be  given  to   the  possibi l i ty  and importance of 
cross-sect ional   deformation  in   any  appl icat ion of  s t i f f e n i n g  by 
the  u s e  of   posts .  

TN 2425 PLASTIC  STRESS-STRAIN  RELATIONS  FOR 75S-T6 ALUMINUM ALLOY SUBJECTED 
TO BIAXIAL TENSILE  STRESSES, Joseph  Marin, B. H. Ulrich,  and 
W. P. Hughes, August  1951 

I n   t h i s   r e p o r t   t h e   m a t e r i a l   t e s t e d  was 75S-T6 aluminum a l l o y  
subjec ted   to   b iax ia l  and t e n s i l e  stresses. P l a s t i c  stress s t r a i n  
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r e l a t i o n s   f o r   t h e   d i f f e r e n t   b i a x i a l  stress condi t ions were found 
using  an SR-H s t r a i n  gage. 

Conclusions made were as  follows: 

1. Biax ia l   y i e ld   s t r eng ths  may be   s a fe ly   p red ic t ed  by  maximum- 
s h e a r   o r   s t r e s s   t h e o r i e s .  

2. For   cons tan t   p r inc ipa l  stress rat ios ,   octahedral   deformation 
theory  gave a  good engineering  approximation f o r  t h e   p l a s t i c   b i -  
a x i a l   s t r e s s   s t r a i n   r e l a t i o n s .  

TN 2435 DIRECT-READING DESIGN CHARTS FOR 75S-T6 ALUMINUM-ALLOY FLAT COX- 
PEUBSION PANELS HAVING LONGITUDINAL EXTRUDED Z-SECTION STlFFENERS , 
William A. Hickman and Norris F. Dow, February  1952 

These  charts may be   used   for   the   d i rec t   de te rmina t ion   of   the  stress 
and panel  dimensions  required  to  carry a g iven   i n t ens i ty  of Load- 
ing   wi th  a given  skin  thickness  and ef fec t ive ' length   o f   pane l .  

RANGE OF PROPORTIONS TESTED: 

- tTq from  0.25 t o  1.00 

b 
- from 15 t o  75 S 

tS 

b 
- from  12 t o  40 v7 

tF7 

L = length  of  panel 
ts = thickness of the   pane l  

t = thickness of the  channel 

bs = d i s t ance  from center   of  web of  one  channel t o  the   cen te r  

b = d i s t a n c e  from center   of   one  leg  of   channel   to   the  center  

17 

of   the   next  

of t h e   o t h e r   l e g  t-7 

TN 2452 FLEXURAL FATIGUE  STRENGTHS OF RIVETED BOX BEAMS - ALCLAD 14S-T6, 
ALCLAD 75S-T6, AND VARIOUS TEMPERS OF ALCLAD 24S, I. D. Eaton  and 
Marshall  Holt, November 1951 

Of the   mater ia l s   t es ted ,  none show any  advantage  over  any of t h e  
o the r s   fo r   t he  tes t  cond i t ions   i n   t h i s   r epor t .  
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TN 2512 STRESSES I N  A TWO-BAY N O N C I R C W R  CYLINDER UNDER TRANSVERSE LOADS, 
George E. Griffith,  October  1951 

This   repor t  i s  superseded by TR 1097. 

TN 2514 RIZLATIVE STRUCTURAL EFFICIENCIES OF  FLAT BALSA-CORE SANDWICH 
AND STIFFENED-PANEL CONSTRUCTION, Ralph E. Hubka, Norris F. 
Dow, and Paul  Seide,  October  1951 

An ana lys i s  is  made and char t s   a re   p resented   for   the   de te rmina t ion  
of regions  of   eff ic ient   appl icat ion  of   f la t   balsa-core  sandwich 
and s t i f f ened   pane l   cons t ruc t ion   fo r  a large  range of design  re- 
quirements. Optimum sandwiches were found to   have   re la t ive ly  
low values   o f   the   ra t io  of  core   thickness   to   face  thickness .  

The analysis   of   this   paper   should  not   be  construed  as   appreciat ive 
o r   dep rec i a t ive  of a given  type of construction. The choice  of 
any  type of wing construction  involves  the  weighing  of a  number 
of   factors ,  and the  present  type  of  analysis  should be  considered 
c h i e f l y   a s   a n   a i d   i n   t h e  more accurate   evaluat ion of the  one 
ra ther   impor tan t   fac tor ,   the   s t ruc tura l   e f f ic iency .  

TN 2529 SECONDARY  STRESSES I N  THIN-WALLED BEAMS WITH CLOSED CROSS SECTIONS, 
Stanley  Urner  Benscoter,  October  1951 

An accurate  method of de te rmining   secondary   s t resses   in   th in   wal l -  
ed, uniform beams of   c losed  cross   sect ion is  herein  presented.  
The c ross   sec t ions  are assumed to  be  preserved by closely  spaced 
r i g i d  diaphrams.  The  cross  section,  loading  distributions,  and 
end condi t ions   a re  assumed t o  be   a rb i t ra ry .  By introducing gen- 
eral ized  difference  equat ions  the  mathematical   analysis   for   the 
s t i f f e n e d  beam  may be  performed i n  a  manner exactly  analogous  to 
the  process  used  for  the  unstiffened beam. A sepa ra t ion  of  var- 
i a b l e s   i n   t h e  homogeneous equa t ion   l eads   t o   t he   na tu ra l   s t r e s s   o r  
displacement modes f o r  a c ross   sec t ion .  The so lu t ion   o f   t he  non- 
homogeneous equation i s  then  expressed as an  expansion i n  terms 
o f   t he   na tu ra l   s t r e s s  modes. P a r t i c u l a r   a t t e n t i o n  is given  to 
c ros s   s ec t ions   w i th   s ing le  symmetry  and double symmetry. 

TN 2533 EVALUATION OF HIGH-ANGLE-OF-ATTACK AERODYNAMIC-DERIVATIVE DATA 
AND STALL-FLUTTER  PREDICTION TECHNIQUES, Robert L. Halfman, H. 
C. Johnson  and S. M. Haley, November 1951 

Report  examines i n   g r e a t   d e t a i l   t h e  changes i n  aerodynamic 
d e r i v a t i v e   d a t a   w i t h   s i n u s o i d a l  and non-sinusoidal   vibrat ion 
a t  and n e a r   t h e   s t a l l .  It f i n d s   t h a t   t h e   t r a n s i t i o n  from c l a s s i -  
c a l   t o  s ta l l  f l u t t e r  is  very complex, i n  s p i t e  of the  appearance 
of being a s imple  phenomena. It f inds   a l so   t ha t   t he   da t a   va ry  
i n  a per iodic  manner, b u t   d e f i n i t e l y   s i n u s o i d a l .  
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Repor t   goes   in to   g rea t   de ta i l  on the   t r ans i en t   cond i t ions  of 
t r a n s i t i o n  from c l a s s i c a l   t o   f l u t t e r   s t a l l  which is  not   very  
use fu l   t o   t h i s   r epor t .  Looked f o r  a fac tor   to   be   used   to  
p r e d i c t  maximum loads,   but  could  f ind none. 

TN 2536 CRITICAL COMBINATIONS OF BENDING, SHEAR AND TRANSVERSE COB'RES- 
SION STRESSES FOR  BUCKLING  OF INFWITELY LONG FLAT  PLATES, Aldie 
E. Johnson, Jr., and  Kenneth P. Buchert, December 1951 

Three   d imens iona l   in te rac t ion   sur faces   a re   p resented  f o r  the  
computation of e la s t i c   buck l ing  stresses f o r   a n   i n f i n i t e l y   l o n g  
f la t   p la te   subjec ted   to   combina t ions   o f   bending ,   shear  and 
t ransverse  compression  in  i t s  plane - a loading  approximating 
t h a t   o c c u r r i n g   i n  a shear  t7eb. Sur faces   a re   p resented   for  two 
sets of  edge  conditions;  both  edges  simply  supported  and  lover 
edge  simply  supported,  upper  edge  clamped.  Present  results  are 
i n  good  agreement  with  data  for  one  load and two load   l imi t ing  
cases  previously  published. 

TN 2538 MECHANICAL AND CORROSION TESTS OF SPOT-WELDED ALUMINUM ALLOYS, 
Fred M. Reinhart, W. F. Hess, R. A. Wyant, F. 3 .  Winsor,  and 
R. R. Nash, December 1951 

Exposure to t idewater and weather  appeared  to  reduce  the  shear 
s t r e n g t h  of  spot  welds in   A lc l ad  24S-T3 sheet  which  had  been 
prepared  for   spot   welding by wire brushing. 

Exposure to   t idewater  and weather   def ini te ly   reduced  the  shear  
s t r e n g t h  of s p o t   v e l d s   i n  0.020 inch R-301-T6 made w i t h   d i r t y  
e l ec t rodes  and exhib i t ing   sur face   c racks .  

Spot  welds i n  XB75S-T6 were ext remely   suscept ib le   to   loca l ized  
corrosion and loss of s h e a r   s t r e n g t h  upon exposure  to   t idewater  
and  weather . 

TN 2540  APPLICATION OF RESPONSE  FUNCTION TO CALCULATION  OF  FLUTTJZR 
CHARACTERISTICS  OF A WING  CARRYING CONCENTRATED MASSES, H. Serbin 
and E. L. Costilow, November 1951 

Concepts  involved i n   t h e  harmonic  response  function method, such 
a s   t h e   d i r e c t   o r   c o n j u g a t e   c h a r a c t e r i s t i c  modes, a r e   i l l u s t r a t e d  
by appl ica t ion   of   the  method to   t he   ca l cu la t ion   o f   t he   change   i n  
f l u t t e r   c h a r a c t e r i s t i c s  of a wing  due to  adding  concentrated 
masses. The main  purpose  of  the  numerical  procedures  which are 
given is t o  i l l u s t r a t e  more spec i f i c ,   r a the r   t han   t o  stress the  
immediate  and cu r ren t   p rac t i ca l   u se fu lness .  The r i g i d  body is  
f i r s t   i d e a l i z e d  as a po in t  mass,  then as a d i s t r i b u t e d  mass. An 
appendix i s  given  which  contains some o f   t h e   e s s e n t i a l   t h e o r e t i c a l  
background. 
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TN 2548 EQUAL STRENGTH DESIGN OF TENSION  FIELD WEBS AND UPRIGHTS, Ralph 
H. Upson, George M. Phelps,  and Tung-Sheng Liu,  January  1952 

A method i s  presented  for  proportioning  thin-web beams t o   a t t a i n  
equal   s t rength   o f  web and uprights  which may i n   t u r n   b e  employed 
toward optimum des ign   of   these  components.  Improved empir ical  
formulas   for   this   purpose are developed  and  the  results  checked 
by experimental   loading  of   s ix  beams. 

TN 2556 BUCKLING  OF  RECTANGULAR  SANDWICH  PLATES SUBJECTED TO EDGENISE 
COMPRESSION WITH LOADED EDGES  SIMF'LY  SUPPORTED AND UNLOADED 
EDGES  CLAMPED,  Kuo T a i  Yen, B. L. Salerno,  and N. J. Hoff,  January 
1952 

The compressive stress for   buckl ing  i s  ca l cu la t ed   fo r  a rec-  
t a n g u l a r   f l a t  sandwich plate  with  loaded  edges  simply  supported 
and  unloaded  edges r i g i d l y  clamped. In   t he   ca l cu la t ions   Hof f ' s  
d i f f e r e n t i a l   e q u a t i o n s  are in t eg ra t ed  by  Leggett 's  method i n  
order  to  obtain  lower  bounds and  by Galerkin 's  method t o  
es tab l i sh   upper  bounds. The t rue  values   of   the   buckl ing stress 
are es t imated   as   the  arithmetic means of   these bounds  and a r e  
p r e s e n t e d   i n  a d iagram  which   covers   the   en t i re   p rac t ica l   range  
of  the  geometric  and  mechanical  quantities  involved. The theo- 
re t ical  r e s u l t s  are i n   s a t i s f a c t o r y  agreement  with  results of 
tests car r ied   ou t   a t   the   Fores t   Products   Labora tory .  

TN 2564 PROPERTIES OF HONCICCMB CORES AS AFFECTED BY FIBER TYPE,  FIBER 
ORIENTATION, RESIN TYPE AND AMOUNT, R. J. Seidl ,  D. J. Fahey,  and 
A. W. Voss, November 1951 

1. Higher t e n s i l e  and compressive  strengths were ob ta ined   i n  
honeycomb s t r u c t u r e s   h a v i n g   t h e   p r i n c i p a l   f i b e r   g r a i n   p a r a l l e l  
t o  t h e   a x i s  of t he  cel ls  than   in   those   having   the   f iber   g ra in  
perpendicular   to   the   axes   o f   the  cells. This was t r u e   f o r  
cotton,  rayon  or  paper.  

2.  Honeycomb s t r u c t u r e s  made from  paper  had  higher  dry  and wet 
t e n s i l e  and  compressive  s t rength  values   than  s t ructures  made 
from  rayon o r   c o t t o n  when comparing  cores  having  the  f iber  grain 
e i t h e r   p a r a l l e l   o r   p e r p e n d i c u l a r  t o  the   axes   of   the  cells. 

3. Increases   in   p re t rea t ing- res in   conten t   o f   the   cor ruga ted  
paper were more effective in increas ing   the   s t rength   o f   the  
s t r u c t u r e s  when t e s t e d   i n   t h e  wet cond i t ion   t han   i n   t he   d ry  
condi t ion ,   and   a l so   for   s t ruc tures  made wi th  a small  propor- 
t i o n  of t o t a l   r e s i n   t h a n   w i t h  a la rge   p ropor t ion   of   res in .  

4. In   genera l ,   cores  made by using  a lcohol-soluble-resin 
t reatment  had h ighe r   ad jus t ed   s t r eng th   va lues   t han   s t ruc tu res  
made from t h e   p o l y e s t e r   r e s i n   o r  from the  pretreated  paper   only.  
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5. A honeycomb structure   having  high and equal ly   adjusted com- 
p res s ive  and t e n s i l e   s t r e n g t h s  t7as made from 40 pound corrugated 
paper  bonded  with  a  simple  glue and having   the   f iber   g ra in   para l -  
le l  to   t he   axes   o f   t he   ce l l s .  

6. A core   w i th   an   ac tua l   t ens i l e   s t r eng th   i n   excess  of  about: 
1000 p s i  and with  an  actual   compressive  s t rength of about 2650 
p s i  1.7as made from  110 pound paper  and  polyester  resin.  The 
s p e c i f i c   g r a v i t y   o f   t h i s   c o r e  ~-7as 0.234  grams per   cubic   cen t i -  
meter. 

A STUDY  OF ELASTIC AND PLASTIC  STRESS CONCENTRATION FACTORS DUE 
TO NOTCHES AND FILLETS I N  FLAT PLATES, Herbert F. Hardrath  and 
Lachlon Ohman, December 1951 
Covered i n  Timoshenko's  Theory  of E l a s t i c i t y  and Strength of Materials.  
DEFLECTIONS OF A SIMPLY SUPPORTED RECTANGLTLAR SANDWICH PLATE SUB- 
JECTED TO TRANSVERSE LOADS, Kuo T a i  Yen, Sade t t in  Gunturkun,  and 
Frederick V. Pohle, December 1951 

The different ia l   equat ions  of   the   bending  of   sandwich  plates  were 
in t eg ra t ed   t o   ob ta in   t he   de f l ec t ions  when the  four  edges of the  
p l a t e  are s imply  supported  and  the  loading  consis ts   of   e i ther  a 
uni formly   d i s t r ibu ted   t ransverse   load   or   a   concent ra ted   load  
appl ied a t  the  center   of   the   panel .  The d e f l e c t i o n   p a t t e r n s   a r e  
shovm i n  diagrams  and  the maximum de f l ec t ion   o f   t he   p l a t e  is pre- 
s e n t e d   i n  a number of  graphs. 

INVESTIGATION OF THE STRUCTUEWL DAMPING OF A FULL SCALE AIRPLANE 
WING, Jh igh t  W. Fearnow, February  1952 

An i nves t iga t ion   t o   de t e rmine   t he   s t ruc tu ra l  damping cha rac t e r i s -  
t i c   o f   a   f u l l - s c a l e   a i r p l a n e  wing ~7as conducted by the  shock- 
e x c i t a t i o n  method wherein  the  wing was loaded  to  a  predetermined 
d e f l e c t i o n  and the  load  suddenly  released. The test specimen 
v ib ra t ed  a t  i t s  fundamental  bending  frequency of 1.69  cps. Only 
the  first 2  or   3   cycles  showed any indicat ion  of   a   higher   f re-  
quency  being  superimposed  upon  the  fundamental  bending  frequency. 
The  damping v7as found to   i nc rease  from  about  0.002 of c r i t i c a l  
a t  an  amplitude of v i b r a t i o n  of 0.05 inches  to  approximately 
0.006  of c r i t i c a l   a t   a n   a m p l i t u d e  of  5  inches. 

STRESSES AND DEFORMATIONS I N  A WING SUBJECTED TO TORSION, B. F.. 
Ruffner  and  Eloise Hunt, February  1952 

Basic  equations  of Harman and  Chien  (given i n  "Torsion  with 
Variable Twist", Jour.  Aero.  Sci., vol. 13,  no. 10, October 1946) 
a re   so lved  by represent ing  the  shape  of  a t o r s i o n  box  by  means 
of  a  Fourier series. 

Results  obtained  for  angles  of twist and  normal stresses are i n  
good agreement   with  calculat ions  except   a t   sharp  corners .  
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TN 2601 COMPRESSIVE  BUCKLING  OF  SIMPLY  SUPPORTED CURVED PLATES AND CYL- 
INDERS OF  SANDWICX  CONSTRUCTION, Manuel S t e i n  and J. Mayers, 
January 1952 

Theore t ica l   so lu t ions   a re   p resented   for   the   buckl ing   in   un i form 
axial   compression  of two types  of  simply  supported  curved  sand- 
wich  plates:   the   corrugated-core  type and the   i so t ropic-core  
type. The so lu t ions  are obtained  from a theory   for   o r tho t ropic  
curved  plates   in   which  def lect ions  due  to   shear  are taken   in to  
account .   Resul ts   are   given  in   the  form  of   equat ions and  curves. 

TN 2608 CHARTS AND APPROXIKATE  FORMULAS  FOR THE ESTIMATION OF AEROELASTIC 
EFFECTS ON THE LOADING OF  SWEPT AND UNSWEPT WINGS, Frankl in  W. 
Diedrich  and  Kenneth A. FOSS, February 1952 

Char t s   fo r   e s t ima t ion   o f   ae roe la s  t i c  effects on  spanwise l i f t  
distribution,  l if t-curve  slope,   aerodynamic  center,  and  damping 
i n   r o l l  of  swept  and  unswept  wings a t  subsonic  and  supersonic 
speeds. The types   o f   s t i f fnes s   cons ide red  were v a r i a t i o n   o f  
s t i f f n e s s  with the   fou r th  power of  the  chord  and  variation  based 
on  ideal ized  constant  stress s t ruc ture .   Char t s   a re   l imi ted  be- 
cause  they do not   apply  to   wings  with  very low a s p e c t   r a t i o   o r  a 
ve ry   l a rge   ang le   o f  sweep, n o r   t o  wings with  large  sources   of  
concentrated  aerodynamic  forces.   Charts were less r e l i a b l e   f o r  
wings with zero   t aper .  

TN 2612 STRESS  PROBLEMS I N  PRESSURIZED CABINS, 14. Flugge,  February  1952 

Poss ib ly   no t   appl icable .  A deta i led   s tudy   of   the   var ious   p rob-  
lems noted in   p re s su r i zed   cab ins .  

TN 2620 PRINCIPLE AND APPLICATION  OF  COMPLEMFNTARY ENERGY METHOD FOR THIN 
HONOGENEOUS AND SANDNICH  PLATES AND SHELLS WITH FINITE DEFLECTIONS, 
Chi-teh Wang, February 1952 

The principle  of  complementary  energy i n   t h e   n o n - l i n e a r   e l a s t i c i t y  
theory is shovm t o  be de r ivab le  from the   p r inc ip l e   o f   po ten t i a l  
energy by a Legendre  type  of   t ransformation.   In   par t icular ,   the  
expression of t h e  complementary  energy is  derived  €or homogeneous 
and  sandwich p l a t e s  and she l l s   w i th   l a rge   de f l ec t ions .  By the  
method  of  complementary  energy, t h e   s t r e s s - s t r a i n   r e l a t i o n s   a r e  
de r ived   fo r  homogeneous, sandwich  plates,  and  sandwich  shells. 
Without the use of this method much l eng th ie r   ca l cu la t ions  would 
be  necessary. 

TN 2621 DEFLECTION AND STRESS  ANALYSIS  OF THIN SOLID WINGS OF ARBITRARY 
PLAN FORM AND WITH  PARTICULAR REFERENCE TO DELTA WINGS, Manuel 
Stein,  J. Edward Anderson,  and  John M. Hedgepath,  February  1952 

Superseded  by TR 1131. 
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TN 2637 COPPRESSIVE BUCKLING OF FLAT RECTANGULAR METALITE TYPE SANDWICH 
PLATES WITH SnfPLY SUPPORTED LOADED EDGES AND CLAMF'ED IJNLOADED 
EDGES, Paul  Seide,  February  1952 

The s o l u t i o n  i s  based upon the   genera l   smal l   def lec t ion   theory  
f o r   f l a t  sandwich  plates  developed i n  NACA Rep. 899. A compari- 
son is made o f   t he   p re sen t   r e su l t s  and o the r   so lu t ions  of  the 
problem. 

A comparison is a l s o  made between  the  present  theory and experi-  
men ta l   r e su l t s   fo r  two types of sandvich  plates;   p la tes   having 
Alclad 24s-T  aluminum faced  and  end-grain  balsa 9700d o r   c e l l u l a r  
c e l l u l o s e   a c e t a t e   c o r e s .  Better agreement is  found  between 
computed  and experimental  buckling stresses of  sandwich p l a t e s  with 
ce l lu l a r   ce l lu lose   ace t a t e   co res   t han  f o r  sandwich  plates  having 
end g r a i n   b a l s a  wood cores.  

TN 2640 INTERACTION OF COLUMN AND LOCAL BUCKLING IN COMPRESSION  ELEMBERS, 
P. P. B i j l aa rd  and G. P. Fisher,  March 1952 

1. T e s t   r e s u l t s  do no t  show any n o t i c e a b l e   i n t e r a c t i o n   e f f e c t  
for   the   square   tubes  tests. 

2. The i n t e r a c t i o n   e f f e c t  i s  n e g l i g i b l e   f o r  box sect ions,  as 
indicated by both  theory and experiment. 

3. Tests  confirm  the kno1.m fac t   t ha t   app rec i ab le   pos tbuck l ing  
s t r e n g t h  beyond t h e   c r i t i c a l   p l a t e  stress is  poss ib l e  when t h e  
l a t t e r  is well wi th in   the   e las t ic   range .   Converse ly ,  when t h e  
c r i t i c a l   p l a t e  stress is i n   t h e   p l a s t i c  range,  complete  collapse 
of  the  column  accompanies  beginning of  plate   buckl ing.  

TN 2661 A SUMMARY OF DIAGONAL  TENSION. PART I. MF;IIHODS OF ANALYSIS, 
Paul Kuhn, James P. Peterson,  and L. Ross  Levin, May 1952 

Previously  published  methods  for stress and s t r e n g t h   a n a l y s i s  
of  plane and  curved  shear webs working in   d i agona l   t ens ion   a r e  
presented  as a un i f i ed  method. 

TN ,2662 A SUMMARY OF DIAGONAL TENSION. PART I1 - EXPERIMENTAL EVIDENCE, 
Paul Kuhn, James P. Peterson, and L. Ross  Levin, May 1952 

Continuation  of TN 2661. 

TN 2671 INVESTIGATION OF STRESS  DISTRIBUTION I N  RECTANGULAR PLATES WITH 
LONGITUDINAL STIFFENERS UNDER AXIAL' COMPRESSION  AFTER BUCKLING, 
Chi-Teh Wang and  Harry  Zuckerberg, March  1952 

! 

An i n v e s t i g a t i o n  t7as ca r r i ed   ou t   t o   s tudy   t he  elastic behavior 
a f t e r   buck l ing   o f  a rec tangular   p la te   re inforced   wi th   longi -  
t u d i n a l   s t i f f e n e r s  and subjected  to   compressive  loads  in  a 
d i r e c t i o n   p a r a l l e l   t o   t h e   s t i f f e n e r s .  Two possible   buckl ing 
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TN 2679 

TN 2682 

TN 2737 

TN 2760 

TN 2782 

modes were inves t iga ted ;  namely, t h e   p l a t e  may buckle  around 
t h e   s t i f f e n e r s   a s   n o d a l   l i n e s  and t h e   p l a t e  may buckle   with 
the i n t e r m e d i a t e   s t i f f e n e r s   a s  a un i t .  The  edge s t i f f e n e r s  were 
assumed to   have a f i n i t e   t o r s i o n   r i g i d i t y ,   i n f i n i t e   b e n d i n g  
r i g i d i t y   p e r p e n d i c u l a r   t o  the p la t e ,  and e i t h e r   i n f i n i t e   o r   z e r o  
b e n d i n g   r i g i d i t y   i n   t h e   p l a n e   o f   t h e   p l a t e .  

This   modif ied  var ia t ional   procedure will give  much b e t t e r   r e s u l t s  
with the same amount of  computational  labor. 

THE STABILITY UNDER LONGITUDINAL  COMPRESSION  OF  FLAT SYMMETRIC 
CORRUGATED CORE SANDWICH PLATES WITH SIMPLY SUPPORTED LOADED 
EDGES AND SIMPLY  SUPPORTED OR CLAMPED UNLOADED EDGES, Paul  Seide, 
April  1952 

A theo ry   fo r   t he   e l a s t i c   behav io r   o f   o r tho t rop ic   s andwich   p l a t e s  
is used to  determine  the  compressive  buckling  load  parameters o f  
f l a t  symmetric corrugated  core  sandwich  plates  with  simply  sup- 
ported  loaded  edges  and  simply  supported  or  clamped  unloaded  edges. 
Charts   are   presented  for   corrugated  core   sandwich  plates   for   which 
t h e   t r a n s v e r s e   s h e a r   s t i f f n e s s   i n   p l a n e s   p a r a l l e l   t o   t h e   a x i s  of 
the  corrugat ion may be assumed i n f i n i t e .  The limits o f   v a l i d i t y  
of  this  assumption are inves t iga ted   for   s imply   suppor tedpla tes .  

TRANSVERSE VIBRATIONS OF HOLLOW THIN WALLED CYLINDRICAL BEAMS, 
Bernard  Budiansky  and Edwin T. Kruszewske, Apr i l  1952 

Superseded  by  report  1129. 

PLASTIC  STRESS  STRAIN  RELATIONS  FOR COMBINED TENSION AND COZYIPRES- 
SION, Joseph  Marin  and G. A. B. Wiseman, Ju ly  1952 

This   report  treats mater ia l   previously  covered by TN's 1536  and 
2425. 

DERIVATION OF STABILITY  CRITERIONS  FOR BOX BEAMS WITH LONGITUDI- 
NALLY  STIFFENED  COVERS CONNECTED BY POSTS, Paul  Seide,  August  1952 

These s t a b i l i t y   c r i t e r i o n s   g i v e   t h e   a x i a l   s t i f f n e s s  of t he   pos t s  
requi red   to   ach ieve   des i red  stress v a l u e s   i n   t h e  box-beam covers. 

The parameters  used i n   t h e   p r e s e n t   p a p e r  are d e f i n e d   i n  terms of 
the   t ransverse   spac ing  of  t h e  rows of   posts  rather than  the  cover 
width  because more na tura l   parameters   a re   thereby   ob ta ined .  

BENDING OF THIN PLATES WITH COMPOUND CURVATURE, H. G. Lew, October 
1952 

An ana lys i s  is  presented   for   the   deformat ion   of  a doubly  curved 
t h i n   p l a t e  under   edge  loads  or   surface  loads  for  small de f l ec t ions  
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An a n a l y t i c a l   s o l u t i o n  is presented  completely  for a p l a t e   w i t h   a n  
a rb i t ra ry   mer id ian   curve  of small curvature  and loaded  by  normal 
edge  loads  on.one  pair  of  opposite  edges. 

The  method i s  developed  to   the  point   that  i t  may be  applied  readi- 
ly  to  other  problems  of  the  deformation  of  doubly  curved  thin 
plates under  edge  or  surface  loads.  The theory is l imi ted   to   smal l  
de f l ec t ions   o f   t he   p l a t e   o r   she l l   cons ide red .  

TN 2785 INTRODUCTION TO ELECTRICAL CIRCUIT ANALOGIES FOR BEAM ANALYSIS, 
Stanley U. Benscoter  and  Richard H. MacNeal, September  1952 

An app l i ca t ion  is  descr ibed  of   the  wel l  kno1.m analogy  between 
e l e c t r i c a l  and mechanical   systems  to   the  calculat ion of s t r e s s e s  
and def lec t ions   o f  beams. The object   of   the   paper  is  to   g ive   an  
explanat ion  of   the  analogies   in   an  e lementary manner  which will 
enable a s t ruc tura l   engineer   to   unders tand   the   p rocess   o f   des ign-  
i n g   t h e   e l e c t r i c a l   c i r c u i t s .  The analogies   which  are   discussed 
a r e   t h o s e   t h a t  are now being  used i n   t h e  Cal-Tech  analog  computer. 
Analogies   are   given  for  beams i n  bending   and   to rs ion   wi th   s ta t ic  
loads and i n   v i b r a t i o n a l  motion. 

TN 2786 EQUIVALENT PLATE THJIORY FOR A STRAIGHT MULTI-CELL NING, Stanley 
U. Benscoter  and  Richard H. MacNeal, September  1952 

A s t r u c t u r a l   t h e o r y  is developed Eo-: t he   ana lys i s  of t h in   mu l t i -  
c e l l  w ings   w i th   s t r a igh t   spa r s  and perpendicular   r ibs .  The analy- 
sis is  intended  to   be  sui table   for   supersonic   wings  of  lot7 aspect  
r a t i o .  It could  probably  be  applied  to  our  purpose.  Deflections 
due  to   shear ing  s t ra ins   are   taken  into  account .  The theory i s  
expeessed   en t i re ly   in  terms o f   f i r s t - o r d e r   d i f f e r e n t i a l   e q u a t i o n s  
in   o rde r   t ha t   ana logous   e l ec t r i ca l   c i r cu i t s   can   be   r ead i ly  de- 
signed  and  solutions  obtained on t h e  Cal-Tech  analog  computer. 

TN 2792 DIRECT READING DESIGN CHARTS  FOR 24S-T3 ALUMINUM ALLOY FLAT CON- 
PRESSION PANELS HAVING LONGITUDINAL FORMED HAT SECTION  STIFFENERS 
AND COivIPARISONS WITH PANELS HAVING Z-SECTION  STIFFENERS, William 
A. Hickman and Norris F. Dow, March 1953 

' I . .  . Charts. .  . " 
St ruc tu ra l   eva lua t ions   o f   ha t   s ec t ion   s t i f f ene r s ,   t oge the r   w i th  
the   d i r ec t   r ead ing   cha r t s   p re sen ted   fo r   des ign   ha t   s t i f f ened  
pane l s ,   have   i nd ica t ed   t ha t   t he   ha t   s ec t ion   s t i f f ene r  is  s t ruc -  
t u r a l l y   b e t t e r   t h a n   t h e  Z s e c t i o n   s t i f f e n e r   f o r   o n l y  a l imi t ed  
range   of   appl ica t ions   a t   bes t .   For   car ry ing  s imple  compression, 
and when used as the  covers  of box  beams which a r e   s u b j e c t e d   t o  
compression  plus  bending  or  to  compression  plus  bending  plus 
ve r t i ca l   shea r ,   t he  Z s t i f f e n e d   p a n e l  compared very  favorably 
wi th   t he   ha t   s t i f f ened   pane l ,   even   i n   t he   r ange   o f   c lo se   s t i f f en -  
er spac ings   for   which   the   ha t   sec t ion  i s  b e s t   s u i t e d .  
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TN 2812 EFFECTS OF CYCLIC LOADING ON MECHANICAL BEHAVIOR OF 24S-T6 ALUMI- 
NUM ALLOYS AND SAE 4130 STEEL, C. W. MacGregor  and N. Grossman, 
October 1952 

When fatigued  above  the  endurance l i m i t  t h e   t r a n s i t i o n  tempera- 
t u r e s   f o r  SAE 4130 increased  rapidly  with  the number of   p r ior  
cycles.  There were no cracks  or   changes  in   t ransi t ion  tempera-  
t u r e   f o r   c y c l i n g  below the  endurance l i m i t  f o r  4130. 

75S-T6 showed l e s s   ene rgy   abso rp t ion   a t  -3200 F than  did 24S-T4. 
The energy  for  both aluminums decreased  as  the number of  cycles 
increased. The infer ior   energy   absorp t ion   capac i ty  and  notch 
s e n s i t i v i t y   ( t o   c o r r o s i o n )   o f  75S-T6  when compared t o  24S-T4 is 
due t o  its higher   hardness   level .  

TN 2821 TORSION  TESTS OF ALUMINUM ULOY STIFFENED CIRCULAR CYLINDERS, 
J. t i .  Cla rk  and R. L .  fifoore, Xwember 1952 

The o b j e c t   o f   t h i s   i n v e s t i g a t i o n  was to   obtain  information on 
the  shear-buckl ing  res is tance and tension-field  behavior of 
a luminum-al loy   s t i f fened   c i rcu lar   cy l inders   loaded   in   to rs ion .  
The specimens were fdrmed o f  .032-  by 36- by 96-inch 24S-T3 
sheets ,   the  mean diameter was 30.08  inches  and  the  overall   length 
36 inches. The r i n g   s t i f f e n e r s  were made of  1/2 by 1/2  inch 
24S-T3 and the   l ong i tud ina l   s t i f f ene r s   were  formed  of  .032-inch 
24S-T3 sheet,  and t h e  end bulkheads  r ings were made from  3/8-inch- 
th i ck  s teel  p l a t e s .  

The empirical  formula  which was found to  give  agreement  with  the 
measured s t i f f e n e r  stresses: 

- h t  H 
crST - - (? - - T D c r  1 

*ST 

where: 

cr = average stress i n   l o n g i t u d i n a l . s t i f f e n e r ,   p s i  

H = spacing, of longi tudinal   s t i f feners , .   inches 
D = spac ing   of   r ing   s t i f feners ,   inches  
AST = cross-sect io-nal   area of l o n g i t u d i n a l   s t i f f e n e r ,   i n .  

t = thickness  of  sheet,   in.  

ST 

2 

? = average  shear stress i n   s h e e t ,   p s i  
T cr = shear-buckling stress for   pane ls ,   ps i  

The r e su l t s   o f   t hese  tests agree well w i t h   t h e o r e t i c a l   r e p o r t s  
NACA TN's 1344  and  1348. The empi r i ca l   s t r a igh t - l i ne   r e l a t ion -  
ship  gave good r e s u l t s .  A l l  of  the  cylinders  having a wa l l  
thickness  of 0.32 inch and  8 o r  16 l o n g i t u d i n a l   s t i f f e n e r s   f a i l e d  
by the   co l lapse   o f   those   s t i f feners .  
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TN 2540 BUCKLING OF LOW ARCHES OR CURVED BEAMS OF SMALL CURVATWE, U. C. 
Fung  and A. Kaplan, November 1952 

Presents  method f o r   c a l c u l a t i n g   t h e   c r i t i c a l   l a t e r a l   l o a d ,  when 
a  low a rch  is sub jec t ed   t o  a la teral  loading  act ing  toward  the 
center   of   curvature ,   the   axial   thrust   induced by the  bending  of 
t he   a r ch  may cause  the  arch  to  buckle so tha t   t he   cu rva tu re  be- 
comes suddenly  reversed. The buckling  load  based  on  the  energy 
c r i t e r i o n   o f  Karman and Tsien 17as calculated,   the   experimental  
c r i t i c a l   l o a d s  were appreciably  below  those  calculated  from  the 
c l a s s i ca l   c r i t e r ion ,   bu t   a l~~7ays   above   t hose   ca l cu la t ed  from  the 
energy   c r i te r ion .  

TN 2872 THE EFFECT OF INITIAL -CURVATURE ON THE STRENGTH OF AN INELASTIC 
COLUMN, Thomas TJ. Wilder, 111, William A. Brooks, Jr., and  Eldon 
E. Mathauser,  January  1953 

This   paper   presents  a t h e o r e t i c a l   r e l a t i o n   f o r   t h e   e f f e c t   o f  
i n i t i a l   d e f l e c t i o n  on the   s t r eng th   o f  a column. 

- U 

3/14 (1 + f ) n  + f e U = 3/14 [ (>max I n  
1 1 

U T 3n T n  U 
+ [  "+-(-) ] ( f  - e) 

0 1  7 0 1  

where: 

b =  
d =  

do - 
- 

e =  

f =  
n =  

- 
"1 - 

- 
ER - 
" =  T 
- o =  

column thickness 
t o t a l  la teral  d e f l e c t i o n  of column a t  midheight   a f te r  
loading 
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loading 
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compressive stress i n   r i g h t  (convex) f l ange   a t   midhe igh t  
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average   c ross -sec t iona l  stress corresponding  to  tangent- 
modulus  load  of  column 
average   c ross -sec t iona l  stress of  column 
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TN 2873 THE EFFECT OF LONGITUDINAL  STIFFENERS LOCATED ON ONE SIDE OF A 
PLATE ON THE COMPRESSIVE  BUCKLINE STRESS OF THF: PLATE  STIFFENER 
COMBINATION, Paul  Seide,  January  1953 
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Most usefu l   in format ion  i s  on   ca lcu la t ing   the  moment o f   i n e r t i a  
o f   t he   s t i f f ene r s ;   t h i s   i n fo rma t ion  is  now a v a i l a b l e   i n  most 
s t ructure   textbooks.  

TN 2874 ON TRAVELING WAVES I N  .BEAMS, Robert W. Leonard  and  Bernard 
Budiansky, January  1953 

P r e s e n t s   s o l u t i o n s   t o   t h e  basic equations  of Timoshenko f o r   t h e  
motion  of  vibrating  non-uniform beams, which   a l low  for   e f fec t  of 
transverse  shear  deformation and r o t a r y   i n e r t i a .  

TN 2875 BEHAVIOR I N  PURE BENDING OF A LONG MONOCOQUE BEAM OF CIRCULAR ARC 
CROSS SECTION, Robert W. Fra l ich ,  J. Mayers,  and Eric Reissner, 
January  195 3 

The pure monocoque beam, wi th  no internal   bulkheads,   r ibs ,  etc. , 
represents  a l imi t ing   s t ruc tu re   i n   t he   des ign   o f   w ings .   Th i s  
r e p o r t  was made i n   o r d e r   t o   d e t e r m i n e  i t s  favorable   or   unfavor-  
a b l e   c h a r a c t e r i s t i c s .  

The r e p o r t  shows a nonlinear  relationship  between  bending moment 
and beam c u r v a t u r e   t h a t  arises from the  low chordwise  bending 
s t i f fnes s   o f   t he   cove r s  and u l t i m a t e l y   l e a d s   t o   a n   i n s t a b i l i t y .  
There was a l s o  much p r o f i l e   f l e x i b i l i t y  which is  bad  from an 
aerodynamic  point; this could  be  corrected by additional  chordwise 
b e n d i n g   s t i f f n e s s   i n   t h e   c o v e r s .   I f  no i n t e r a c t i o n  is assumed 
between local   buckl ing  of   the  compression  cover   and  f la t tening 
i n s t a b i l i t y ,   l o c a l   b u c k l i n g   s h o u l d   p r e c e d e   f l a t t e n i n g   i n s t a b i l i t y  
when the   rad ius- th ickness   ( r / t )   ra t io   exceeds  720 and f l a t t e n i n g  
i n s t a b i l i t y   o c c u r s   f i r s t  when r/t i s  less than 720. 

If an  average  value of 1.3 is assumed f o r   t h e   r a t i o   o f   t h e   c r i t i c a l  
stresses, t h e  stress fo r   l oca l   buck l ing   i n   bend ing  becomes 

IJ = (0.765 - 0.000563 r/t) E t / r  
X cr 

cr = loca l   buckl ing  stress of  compression  cover 

r = radius   of   curvature   of   c i rcular-arc   cross   sect ion,   in .  
t = thickness   of   cover   plate ,   in .  
E = Young's  modulus f o r  beam mater ia l ,   lb / in .  

X cr 

2 

TN 2884 CALCULATION AND MEASWEBENT OF NORMAL  MODES OF VIBRATION  OF AN 
ALUMINUM ALLOY BOX BEAM WITH AND WITHOUT LARGE DISCONTINUITIES; 
Frank C. Smith and  Darnley M. Howard, January  1953 

This   repor t   uses  a m a t r i x   i t e r a t i o n  method; it i s  v e r y   l i k e l y  
t h a t  by the   u se   o f  a computer a more accu ra t e   so lu t ion   has  been 
found. 
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TN 2886 ANALYSIS  OF STATICALLY  INDETERMINATE TRUSSES HAVING MEMBERS 
STRESSED BEYOND THE PROPORTIONAL LIMIT, Thomas TJ. Wilder, 111, 
February  1953 

The  method p resen ted   i n   t h i s   pape r  i s  an   app l i ca t ion  of t h e  
pr inc ip le   o f  minimum complementary  energy fo r   t he   so lu t ion   o f  
trusses having  redundant members. 

TN 2915 EFFECT OF PROCESSING  VARIABLES ON THE TRANSITION  TEMPERATURE, 
STRENGTH AND DUCTILITY OF HIGH PURITY, SINTERED, WROUGHT 
MOLYBDENUM METAL, Kenneth C. Dike  and  Roger A. Long, March  1953 

The fo l lowing   resu l t s  were obtained  f rom  an  invest igat ion  of   the 
e f fec t   o f   p rocess ing   var iab les  on the   p rope r t i e s   o f   s in t e red ,  
wrought molybdenum. 

1. An i n c r e a s e   i n   t h e  swaging of  molybdenum progressively  lowers 
the   t rans i t ion   t empera ture .  

2. A t  room temperature,  swaging  to 99 percent  had  very l i t t l e  
e f f e c t  (13  percent) upon i n c r e a s i n g   t h e   u l t i m a t e   t e n s i l e   s t r e n g t h  
over   that   of  molybdenum swaged 35 percent. 

3. A l l  t he   ma te r i a l   eva lua ted   i n   t ens ion ,   i r r e spec t ive  of t h e  
amount of  swaging,  whether i n   t h e  as-swaged, s t r e s s - r e l i eved ,  
o r   r e c r y s t a l l i z e d  s ta te  showed a t r a n s g r a n u l a r   f r a c t u r e   a t   a l l  
temperatures. 

4. No r e l a t ion   cou ld   be   e s t ab l i shed  between t h e   g r a i n   s i z e   o f  
r e c r y s t a l l i z e d   m e t a l  and s t r e n g t h  and d u c t i l i t y ,   w i t h i n   t h e  
t rans i t ion   t empera ture   range ,   in   the   g ra in   count  of 75 t o  825 
gra ins   per   square  millimeter. However, above  the  transit ion  range, 
f o r  example, a t  2000 F, duc t i l i t y   i nc reased   w i th   dec reas ing   g ra in  
s i z e .  

TN 2920 INTERIM REPORT ON A FATIGUE INVESTIGATION OF A FULL  SCALE TRANS- 
PORT AIRCRAFT WING STRUCTURE, J. James McGuigan, Jr., Apr i l  1953 

Cons tan t - leve l   fa t igue  tests were conducted  on  several   ful l -scale  
C-46 wings a t  a l e v e l  o f  1 2 0.6258  indicated a l i f e t i m e  a t  t h i s  
level of  about 200,000 cycles.  There were four  main  types  of 
f a i l u r e :  

1. Corner  of  inspection  cutouts 
2. Riveted  tension  joint  
3. Rive ted   shear   jo in t  
4 .  Discon t inu i t i e s   i n   s ec t ion   o r   shape  

There were 10 f a i l u r e s  of t h e   f i r s t   t y p e .  The  second  type was a 
f a i l u r e  of t h e   r i v e t e d   t e n s i o n   j o i n t   n e a r   t h e   c e n t e r   l i n e   o f   t h e  
a i r c r a f t  of which  there  were 6. The  6 f a i l u r e s   i n   t y p e  3 occurred 
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i n  a r ive ted   shear   jo in t   where   the   shear  web of t h e   f r o n t   s p a r  was 
r ive t ed   t o   t he   t ens ion   f l ange   o f   t ha t   spa r .  The 1 2   f a i l u r e s   i n  
type 4 o r ig ina t ed  a t  abrupt   changes   o r   d i scont inui t ies   in   sec t ion  
or  shape. 

Fat igue damage had no e f f e c t  on e i the r   t he   na tu ra l   f r equency   o r  
damping u n t i l   a f t e r   f a t i g u e   f a i l u r e  had or iginated,  and then 
only  very l i t t l e  e f f e c t .  When a crack  did  occur, i t s  rate of 
growth v7as ra ther   s low  unt i l   about  5 to  9 percent   of   the   tension 
ma te r i a l  had f a i l e d ,   a f t e r  which the - ra t e   o f   c r ack  growth  in- 
creased  rapidly.  

TN 2930 STRENGTH ANALYSIS OF STIFFENED THICK BEAM WEBS WITH RATIOS OF WEB 
DEPTH TO WEB THICKNESS OF APPROXIMATELY 60, L. Ross  Levin, May 1953 

This   report   (experiment)   indicates   that   the   methods  of   s t rength 
ana lys i s   p re sen ted   i n  NACA TN 2661 a r e   a p p l i c a b l e   t o  beams wi th  
the  f langes  symmetr ical ly   arranged  with  respect   to   the web i f  
the   por ta l - f rame  e f fec t  i s  taken  into  account.  It was noted 

. during  the  experiment  that  beams with  unsymmetric  f langes  failed 
wi th  a nominal   shear   s t ress   18  to   14  percent   lower   than  that   in  
similar beams with  f langes  symmetrically  arranged. However, t h i s  
d e t r i m e n t a l   e f f e c t   r e s u l t i n g  from the  unsymmetrical  arranged 
f langes was no t   no ted   i n  beams with,  depth of beam, thickness  of 
web r a t i o s  of  115 or   g rea te r .   This  is  t h e   f i r s t   r e p o r t   t o   f i n d  
o u t   t h a t   t h e  method  of TN 2661  could  be  used  on beams w i t h   r a t i o s  
of web depth  to  web thickness  of 60 i f   t he   f l anges   a r e   symne t r i -  
ca l ly   a r ranged  and i f   t h e   p o r t a l - f r a m e   e f f e c t  is  taken   in to  
account. 

TN 2963 EFFECT OF VARIATION IN RIVET STRENGTH ON THF. AVERAGE STRESS AT 
MAXI” LOAD FOR ALUMINUM ALLOY,  FLAT Z STIFFENED COMPRESSION 
PANELS THAT FAIL BY LOCAL BUCKLING, Norris F. DOW, William A. 
Hickman, and B. Walter Rosen, June  1953 

Presents  curves and  method for   choosing  the maximum allowable 
r ive t   fo r   an   ave rage   pane l  stress a t  max imum load. 

TN 2987 CHARTS RELATING THE COMPRESSIVE BUCKLING STRESS OF  LONGITUDINALLY 
SUPPORTED  PLATES TO THE EFFECTIVE DEFLECTIONAL AND ROTATIONAZ, 
STIE’FNESS OF THE SUPPORTS, Roger A. Anderson  and  Joseph W. 
Semonian,  August  195 3 

The c h a r t s  make possible  the  determination  of  the  compressive 
buckling stress of  plates  supported  by members whose s t i f f n e s s  
may be  determined. Ekamples are used t o   i l l u s t r a t e   t h e   u s e  of 
t he   cha r t s   i n   des ign ing  wing s t r u c t u r e s .  The da ta   fo r   de f l ec -  
t i o n  and r o t a t i o n a l   s t i f f n e s s  are obtained by analyzing a p l a t e  
under  edge  compression. 
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TN 2994 COLUMN STRENGTH  OF  H-SECTIONS AND SQUARE TUBES I N  POSTBUCKLING 
RANGE OF COMPONENT PLATES, P. P. B i  j l aa rd  and G. P. Fisher,  
August  195 3 

Where the  component plates  have  buckled  the column buckling 
stress is  ca l cu la t ed  by t h e  method  of s p l i t   r i g i d i t i e s .   F o r  
the   e las t ic   reg ion   the ,co lumn  buckl ing  stress i s  ca l cu la t ed  by 
us ing   the   Euler   buckl ing   s t resses .   For   the   p las t ic   reg ion  a 
Johnson  parabola  vhich is  t angen t   t o   t he   cu rve   fo r   t he   e l a s t i c  
column buckling stress in   the   pos t   buckl ing   range .  

The pos   tbuckl ing   s t rength   ( tha t  is excess   s t rength  beyond t h a t  
i nd ica t ed   by   t he   c r i t i ca l   p l a t e   buck l ing  stress) increases  v7ith 
decreas ing   s lenderness   ra t ios  L/r. 

Tests were c a r r i e d   o u t   f o r  a v ide   range   of   s lenderness   ra t ios .  
Experimental   and  theoret ical   u l t imate   buckl ing stresses agree. 

TN 3023 RESULTS OF EDGE-COMPRESSION  TESTS ON STIFFENED  FLAT-SHEET  PANELS 
OF ALCLAD AND NONCLAD 14S-T6,  24S-T3 AND 75S-T6 ALUMINUM ALLOYS, 
Marshall  Holt,  April  1954 

This t7as an   inves t iga t ion   to   ob ta in   da ta   on   the   compress ive  
s t r e n g t h s  of  s t i f fened   f la t - shee t   pane ls   in   the   range   where  
ul t imate   s t rengths   approach  the  compressive  yield  s t rengths  
of   the   mater ia l s .  The u l t imate   s t rengths   o f   the   pane ls   var ied  
from  93.3 to  118.0  percent  of  the  compressive  yield  strength 
of   the   mater ia l s .  The unsupported  width-to-thickness  ratio 
of t he   shee t  i s  about 11 and t h a t  of t h e   f l a t   p o r t i o n   o f   t h e  
s t i f f e n e r  i s  about 8. U-shaped s t i f f e n e r s  were used. 

F a i l u r e  of  the  specimens v7as a s soc ia t ed  more nea r ly   w i th  column 
a c t i o n  of the  sheet   between rivet f a s t en ings   t han   w i th   l oca l  
buckling  of  the,   sheet.  The u l t imate   s t rengths   o f   the   pane ls  
v7as l imi t ed  by   the   s t rength   o f   the  rivets. 

TN 3039 EXPERIMENTAL  STRESS  ANALYSIS OF STIFFENED CYLINDERS WITH CUTOUTS, 
PURE  TORSION, Floyd R. Schlechte and Richard  Rosecrams, November 
1953 

Torsion tests were made on a c y l i n d r i c a l  semi-monocoque s h e l l .  
The t e s t s  were f i r s t  made w i t h  a cutout  and  then  the  cutout  ~7as 
enlarged  from 30° t o  130' and  from 1 t o  2 bays i n   l e n g t h .  Data 
is  p resen ted   i n  six t a b l e s   € o r   d i f f e r e n t   s i z e   c u t o u t s ;  no attempt 
v7as made to   ana lyze   the   da ta .  

TN 3059 ELASTIC BUCKLING UNDER COMBINED STRESSES OF  FLAT  PLATES WITH 
INTEGRAL  WAFFLE-LIKE  STIFFENING, Norr is  F. DOW, L. Ross Levin, 
and  John L. Troutman, January  1954 
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Nx = longitudinal  compressive  loading 

W = p l a t e   w i d t h  
D1D2py,DK a r e  found i n  NACA RM L 53E13a 

Kc = compressive  buckling  coefficient 

Theory  and  experiment were found i n  good agreement f o r   t h e   e l a s t i c  
buckling o f  long f l a t   g l a t e s   w i t h   w a f f l e - l i k e   s t i f f e n i n g   u n d e r  
combined stresses. 45 w a f f l e   s t i f f e n i n g  was found to   be  the 
most e f f ec t ive   conf igu ra t ion   ove r   t he   w ides t   r ange   o f  tes t  condi- 
t ions .  

TN 3061 STRESSES AROUND RECTANGULAR CUTOUTS I N  TORSION BOXES, Paul  Kuhn 
and James P. Peterson, December 1953 

The problem  of   calculat ing  the stresses produced by cu touts  i s  
d iv ided   i n to  two par t s .  The  box i s  t r e a t e d   l i k e  a box without  
a cu tout  and then "key" stresses a r e  found i n   t h e   c o v e r  by t h e  
method of  shear  lag.  The  method i s  unconse rva t ive   i f   t he   cu tou t  
i s  s h o r t  and  narrow,  otherwise i t  g i v e s   s a t i s f a c t o r y  resul ts .  

TN 3070 EFFECTS  OF  PANEL FLEXIBILITY ON NATURAL VIBRATION FREQUENCIES  OF 
BOX BEAMS, Bernard  Budiansky  and  Robert W. F ra l ich ,  March 1954 

Ef fec t s  of l oca l   pane l   o sc i l l a t ions   on   t he   v ib ra t ions  of box beams 
were inves t iga ted .  The resul ts   obtained  can  be  used  to   guide  the 
e s t ima t ion   o f   coup l ing   e f f ec t s   i n  box beams  when the  uncoupled 
local  frequency i s  higher  than  the  uncoupled  overall  frequency. 
Char t s   g ive   p l a t e   f r equenc ie s   fo r  a  number of  configurations.  

TN 3073 EXPERIMENTAL STRESS ANALYSIS  OF  STIFFENED  CYLINDERS WITH CUTOUTS 
PURE BENDING, Floyd R. Schlechte  and  Richard  Rosecrans, March 
1954 

Bending tests were made on a c y l i n d r i c a l  semi-monocoque s h e l l   o f  
c i r cu la r   c ros s   s ec t ion .  Tests were f i r s t  made without  a cutout,  
the  cutout  vas  then  enlarged  from 30' t o  130' and  from 1 t o  2 
bays i n   l e n g t h .  The s t r a i n s  from d i f f e r e n t   p a r t s   o f   t h e   c y l i n d e r  
were  measured  with  strain  gages;   this  data is p resen ted   i n   t ab l e s ,  
bu t  no attempt was  made t o   i n t e r p r e t   t h i s   d a t a .  

TN 3077 THE EFFECT OF DYNAMIC LOADING ON TJB STRENGTH OF AN INELASTIC 
COLUMN, William A. Brooks, Jr., and Thomas W. Wilder, 111, March 
1954 

The repor t   p resents   the  maximum loads   o f   an   i dea l i zed   i ne l a s t i c  
H-section column whose pinned  ends  approach  each  other a t  a 
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constant  rate. A s  t h e   r a t e  of end displacement becomes smaller  
t h e  dynamic buckl ing   so lu t ions   approach   the   s ta t ic   so lu t ion   as  
a lover  l i m i t .  I n e r t i a   e f f e c t s   a r e   n e g l i g i b l e   a t   r a t e s  of  end 
displacement  comparable  to  those  used i n   s t a t i c  column tests. 
For   t he   r a t e s   i nves t iga t ed   t he   s t a t i c  maximum  may be  used  as a 
conservat ive estimate of t h e  maximum column load. 

TN 3082 EXPERIMENTAL  INVESTIGATION OF THE PURE-BENDING STRENGTH OF 75S-T6 
ALl"-ALLOY MULTI-WEB BEAMS WITH FORMED-CHANNEL  WEBS, Richard 
A. Pr ide  and Nelvin S. Anderson,  March  1954 

Results  are  presented  for  pure-bending tests of  53  multi-web beams 
of  various  proportions.  The beams had  channel-type webs which 
had  been  formed  with  bend rad i i   o f   four   t imes   the  web thickness.  
A l l  fa i lures   occurred  with  the  formation  of  a trough i n   t h e  com- 
pression  skin  extending  across   the web attachment  flanges. The 
two modes of  buckling  that   occurred  were  local  buckling  of  the 
plate   e lements  and wrinkling  of  the  entire  compression  skin.  The 
average  skin stress a t   f a i l u r e   c a n   g e n e r a l l y  be increased by 
any of the  following:  decreasing web depth,  decreasing  ~7eb  spac- 
ing, and inc reas ing  web thickness.  The most e f f i c i e n t   r a t i o  of 
web thickness   to   skin  thickness  t rJ/ts = 0.63 and web spacing  to  

skin  thickness   bs/ ts  = 25 was found fo r   t he   t ype  of beam studied. 

Three-cell  beams gave good indication  of  multi-web  behavior;  the 
use  of  more  than  three cells produced  insignif icant   changes  in  
the  buckl ing and f a i l i n g  stresses of   the beams. 

TN 3090 INVESTIGATION OF SANDWICH  CONSTRUCTION UNDER LATERAL AND AXIAL 
LOADS, Wilhelmina D. Kroll,  Leonard  Mordfin,  and TJi l l iam A. 
Garland, December 1953 

Tests  were made on  sandwich  panels  under  both  axial   and  lateral  
loads. The theory   tha t  was used is  derived  from  the  theory  for 
the  buckling of  a simply  supported  sandwich column. Computed 
and  experimental  values  of  the maximum load were wi th in  9%; t h e  
computed values  were conservative.  

TN 3113 ANALYSIS OF  STRAIGHT MULTrCELL WINGS ON CAL-TECH ANALOG COivLpUTER, 
Stanley U. Benscoter and Richard H. MacNeal, January  1954 

The repor t   p resents  i n  some d e t a i l   t h e  method t h a t  was used  to 
analyze a wing structurally  using  an  analog  computer.  Wings wi th  
a s p e c t   r a t i o s  of 2 and  4 with  rectangular  and biconvex  cross 
sections  were  considered. The e f f ec t s   o f   t he   shea r ing   s t r a ins  
a t   t h e   r i b s  and spa r s  were included,  due  to  concentrated  loads 
a t   t h e   i n t e r s e c t i o n s   o f   t h e   r i b s  and spars .  Data is presented 
f o r   d e f l e c t i o n s  and i n t e r n a l   f o r c e   q u a n t i t i e s   a l o n g   w i t h   v i b r a -  
t i o n  modes and frequencies.  It requi red   four  weeks  of  normal 
working time f o r   t h e   a n a l y s i s   t o   b e  made using  the  analog  computer. 
The r e su l t s   d id   no t   ag ree   i n  a l l  cases   with beam theory. The  wings 
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of   a spec t   r a t io  4 show b e t t e r  agreement  than  those  of  ratio 2. 

TN 3118 DESIGN DATA FOR  MULTIPOST-STIFFENED  WINGS I N  BENDING, Roger A. 
Anderson, Aldie  E. Johnson, Jr. , and Thomas 17. Wilder, 111, 
January 1954 

This   repor t  is a  summary of   the   da ta  and ca lcu la t ions   o f  NACA 
€31 L52KlOa and g ives   numer ica l   va lues   for   the   s t i f fnesses  re- 
quired of t he   va r ious  components of a mult ipost-s t i f fened  wing 
to   achieve  the  desired  buckl ing-stress   values   under   bending 
loads,   both  upright   post  and posts  used  as  diagonals  of a Warren 
t r u s s  are considered. 

TN 3136 CREEP BENDING AND BUCKLING OF  LINEARLY  VISCOELASTIC COLUMNS, 
Joseph Kempner, January  1954 

The fol lowing  equat ion  ~7as  der ived  for   the  creep  bending  of  a 
beam l o a d e d   l a t e r a l l y  and ax ia l ly :  

This   equat ion  ~7as  used  to   obtain  the  creep  def lect ions  due t o  
bending.  Deflections  increase  continuously  with time, bu t   l a rge  
d e f l e c t i o n s   a r e   o b t a i n e d   i n   s h o r t   p e r i o d s   o f   t i m e   o n l y   i f   t h e  
appl ied  load i s  near   the  Euler   load  of   the column. 

I = moment of i n e r t i a  
E = Young‘s  modulus 
M = bending moment 
t = t i m e  
K = 1 + (.,/z,> + (E1/E2) 

T ~ , T ~  = r e l axa t ion  and r e t a r d a t i o n  time, r e spec t ive ly  

a = r a t i o   o f  end load and Euler  load 

TN 3138 CREEP BUCKLING  OF COLUMNS, Joseph Kempner and  Sharad A. Pa te l ,  
January 1954 

The following  formula was d e r i v e d   f o r   t h e   c r i t i c a l  time ( t h e  
time requ i r ed   fo r   i n f in i t e   de f l ec t ions   t o   deve lop ) .  The c r i t i -  
c a l  time is p l o t t e d   f o r  a wide  range  of  parameters. 

- t an   [2f t   t an  1 I -1 na  

0 
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TN 3139 

TN 3158 

T = c r i t i c a l  time 
c r  

f = fl/[l - 1 
f l  = ampl i tude   o f   in i t ia l   devia t ion   d iv ided   by  h 0 

h = d i s t ance  between  f langes  of  idealized  H-section 
m = exponent 
n = i n t e g e r  
0 = average  axial   compressive stress 

oE = s t a t i c   b u c k l i n g  stress , R EII/AL , I = Ah /4 2 2 2 

L = column length 
A = area  of   ideal ized  H-sect ion 
El = e f f e c t i v e   e l a s t i c  modulus 

TIME-DEPENDENT B U C a I N G  OF A UNIFORMLY HEATED COLUMN, Nathan Ness, 
January  1954 

This   repor t   p resents  a t h e o r e t i c a l   i n v e s t i g a t i o n  of the  time- 
temperature-dependent  buckling  of a pin-   jointed  constant-sect ion 
column,  whose i n i t i a l   c u r v a t u r e  i s  defined by a ha l f - s ine  wave 
when the   ma te r i a l  is l i n e a r l y   v i s c o e l a s t i c  and is heated  uniformly 
along  the column a t  a prescr ibed time rate.   Deviations  from 
s t r a i g h t n e s s   i n c r e a s e   w i t h  time and become i n d e f i n i t e l y   l a r g e  
when heating  reduces  the Young's  modulus of   the   mater ia l   to   the  
va lue  a t  which  the  applied  load i s  the  Euler   load of t h e  column. 

t 

where: 

C = constant  EoP/PE 
0 

E = Young's  modulus 

Fi 
L = length of column 
P = constant,  compressive end load 

= maximum deflection  of  unloaded column 

P ( t )  = temperature  (time)  dependent  Euler  load, fl E(t)  I/L 

t = t i m e  

2 2 
E 

T.7 = a d d i t i o n a l   d e f l e c t i o n  form i n i t i a l l y  curved,  unloaded 
column 

X = ax ia l   coo rd ina te  of  column 
x = v i s c o s i t y   c o e f f i c i e n t  

A SUBSTITUTE-STRINGER APPROACH FOR INCLUDING SHEAR-LAG  EFFECTS 
I N  BOX-BEAM VIBRATIONS, William I?. Davenport  and  Edvin T. 
Kruszewski,  January  1954 
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The subs t i tu te   s t r inger   approach   for   f ind ing   the   shear - lag   in   the  
c a l c u l a t i o n  of t r ansve r se  modes and frequencies  of  box beams is  
used  to  idealize  thin-walled  hollow  rectangular beams.  Compari- 
son   w i th   expe r imen ta l   da t a   i nd ica t e s   t ha t   t h i s  method may be  used 
to   y i e ld   accu ra t e   r ep resen ta t ion   o f   t he   shea r - l ag   e f f ec t   i n  dynarn- 
i c   a n a l y s i s .  

TN 3167 THERMAL CONDUCTANCE OF  CONTACTS I N  AIRCRAFT JOINTS, Martin E. 
Barzelay,  Kin Nee Tong and  George Hollo, March 1954 

It 1.7as found t h a t  (1)  the  thermal  conductance of t h e   i n t e r f a c e  
jo in t   i nc reases   w i th  mean temperature,   but  stays  constant  with 
h e a t  flow, (2) t h i n   f o i l s  of a good conducting  material  between 
t h e   i n t e r f a c e s  improved t h e   h e a t   t r a n s f e r  and  (3) common s t r eng th -  
giving  bonding  mater ia ls   provide  joints   with  poor   thermal  conduc- 
t i v i t y .  

TN 3184 BUCKLING OF LONG SQUARE TUBES I N  COMBINED COMPRESSION AND TORSION 
AND CONPARISON WITH FLAT-PUTE BUCKLING THEORIES, Roger W. Pe te r s ,  
May 1954 

Experiments  and ca l cu la t ions  were made to  see i f   d a t a  and theory 
f o r   f l a t   p l a t e s   c o u l d  be  used for  long  square  tubes.  The follow- 
ing  equat ion from p la t e   t heo ry   a long   w i th   p l a s t i c   r educ t ion   f ac -  
t o r s  from  compressive s t r e s s - s t r a i n   d a t a  was found to   g ive  good 
r e su l t s   fo r   t ubes :  

m c r  

where 

c r  

‘cr 
I =  
K =  
R =  

Subscr ipt  

u =  
- - 

Kcrr E 

1 2  ( 1  - v2) (b/t) 

2 KSn E 
2 

= 11, Tcr = 7s 1 2 ( 1 -  v2) (b/t)  

c r i t i c a l  compression  s t ress  

c r i t i c a l   s h e a r  stress 

p l a s t i c i t y   r e d u c t i o n   f a c t o r  
p l a t e   buck l ing   coe f f i c i en t  
r a t e  of  combined loading   s t ress   to   ind iv idua l   loading  
stress 
s denotes  shear; c denotes  compression. An i n t e r a c t i o n  

curve  with  the  fol lowing  equat ion was found to  be  adequate  for  long 
square  tubes: 

2 2 
Rc + Rs = 1  

The d i r e c t i o n  of load  path  has no e f f e c t  on the  shape of  t h e   i n t e r -  
act ion  curves .  

TN 3192 .EXPERIMENTAL STRESS  ANALYSIS OF STIFFENED CYLINDERS WITH CUTOUTS, 
SHEAR LOAD, Floyd R. Schlechte and Richard  Rosecrans,  July  1954 

A c y l i n d r i c a l  semi-monocoque s h e l l  was  mounted a s  a c a n t i l e v e r  
and  loaded by d i r e c t   s h e a r  a t  t h e   t i p .  The cutout  was gradual ly  
enlarged  from 300 t o  1300 and  from  one t o  two bays.  Tests  were 
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TN 3200 

TN 3231 

TN 3232 

TN 3308 

made wi th   t he   cu tou t  on the   neu t r a l   ax i s   (one   s ide )  and  on t h e  
t ens ion   s ide  of the  cylinder.   Charts  are  presented  which show 
how the   load   var ied  on  each  ring. 

STRESS ANALYSIS OF CIRCULAR SEMI-MONOCOQUE CYLINDERS WITH CUTOUTS 
BY A PERTURBATION LOAD TECHNIQUE, Harvey G. McComb, Jr., 
September 1954 

A stress ana lys i s  is made o f   c i r c u l a r  semi-monocoque cyl inders  by 
apply ing   th ree   un i t   loads ,  a concentrated  force,  a d i s t r i b u t e d  
force  a long a s t r i n g e r ,  and a d i s t r i b u t e d   f o r c e   a l o n g   t h e   r i n g s  
and s t r ingers   around a panel so as   to  cause shea r   i n   t ha t   pane l .  
The  method can  be  used  for  any  loading  case  for  which  the  structure 
without  the  cutout  can  be  analyzed and is  s u f f i c i e n t l y   v e r s a t i l e  
to   account   for   s t r inger  and shear  reinforcement  about  the  cutout.  
The  method is as  follows: 

1. Find stress d is t r ibu t ion   t7 i thout   the   cu tout .  

2. Find stress d is t r ibu t ion   wi th   the   per turba t ion   loads   p laced  
around  the  locat ion  of   the  cutout .  

3. Write equat ions  for   each  s t r inger   and  panel   effected by t h e  
cutout .  

4. Solve   the   equat ions   for   the  stress d i s t r i b u t i o n .  

The report   presents  examples and shows how the   equat ions   a re  
changed f o r   d i f f e r e n t   c a s e s .  

BENDING TESTS ON BOX BEAMS HAVING SOLID- AND OPEN-CONSTRUCTION 
WEBS, Aldie E. Johnson, Jr., August  1954 

A s tudy v7as made on   the   e f fec t  of r e p l a c i n g   a l t e r n a t e  webs i n  a 
multiv7eb beam  by open pos t   s t r i nge r   cons t ruc t ion .  It 1-7as found 
t h a t   p o s t   s t r i n g e r s  will stabi l ize   the  compressive  cover   of  a 
beam i n  bending,  before  and  after  buckling,  as we11 a s  a web of 
the same weight. 

AN ANALYSIS OF THE STABILITY AND ULTIMATE BENDING STRENGTH OF 
IllJLTINEB BEAMS WITH FORMED-CHANNEL  WEBS, Joseph I{. Semonian 
and  Roger A. Anderson,  August  1954 

Curves a re   g iven   fo r   f i nd ing   t he  stresses a t  which  wrinkling 
i n s t a b i l i t y  and fa i lure   occur   in   mul t iweb beams. It v7as found 
t h a t   t h e  method o f  r i v e t i n g   t h e  t7eb to   t he   cove r   sk in   o f   t he  
beam i s  very  important   to   the  ul t imate   s t rength.  

AN WLORATORY INVESTIGATION OF SOME TYPES OF AEROELASTIC INSTABI- 
LITY OF OPEN AND CLOSED  BODIES OF REVOLUTION MOUNTED ON SLENDER 
STRUTS, S. A. Clevenson, E. Widmayer, Jr., and F rank l in  1-7. 
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Diederich, November 1954 

An invest igat ion  has   been  conducted  in   order   to   gain some i n s i g h t  
i n t o   t h e   n a t u r e  o f   t he   i n s t ab i l i t y  phenomena of i so la ted   bodies  
of revolu t ion   (c losed  and  open). A l l  tests were conducted a t  
Mach No less than 5 and Re (based  on  body  length)  from  1.5  to 

7 .1  x 10 . The bodies o f  revolu t ion   a re   in tended   to   represent  
such  bodies  as  external  fuel  tanks.  The procedure   for   each   tes t  
was to   increase   the   tunnel   speed  and the  angle  of yaw of the model 
t o   g i v e   z e r o   l i f t  and moment on  the body u n t i l  some form o f  in- 
s t a b i l i t y   o c c u r r e d .  

6 

Several  types of a e r o e l a s t i c   i n s t a b i l i t y  were encountered. Coupled 
f l u t t e r  similar to   c l a s s i ca l   bend ing- to r s ion   f l u t t e r  was encounter- 
ed, except that  bending and tors ion   were   l a te ra l   mot ion  and  yawing. 

A combined f l u t t e r  and d ive rgence   i n s t ab i l i t y  was observed,  not 
unl ike  the  type  of  phenomenon which a wing may exper ience   i f  i t s  
f l u t t e r   o c c u r s   i n  a mode which  involves  very l i t t l e  bending. 

Continuous  or  intermittent,  self-excited,  small-amplitude  yawing 
o s c i l l a t i o n s ,   u s u a l l y   w i t h   f a i r l y  well defined  frequency were 
observed. 

It was found  that: 

1. Flu t te r   could   no t   be   p red ic ted   for   the   s t reaml ined  body by 
using  aerodynamic  forces  based  on  potential   theory.  

2. Closed  strut-mounted  bodies of revolution  appear  to  be  sub- 
ject  t o  a nonc la s s i ca l   i n s t ab i l i t y   wh ich   cons i s t s   i n   s e l f - exc i t ed  
non-v io len t   osc i l la t ions   which   appear   to   s ta r t ,   in   the   case  of 
aerodynamically  clean  bodies a t  a b o u t   1 / 3   t h a t   a t   f l u t t e r   o r  
divergence of  a given body. 

3. The  mechanism  which  causes t h e s e   o s c i l l a t i o n s  is  a s   y e t  un- 
known. 

An Appendix  on Calcula t ion   of   Aeroe las t ic   Ins tab i l i t i es  i s  given. 

TN 3368 ANALYSIS  OF BEHAVIOR OF STMPLY SUPPORTED  FLAT PLATES CONPRESSED 
BEYOND THE BUCKLING LOAD INTO THE PLASTIC RANGE, J. Mayers  and 
Bernard  Budiansky,  February  1955 

A computer analysis   for   the  postbuckl ing  behavior  of a simply 
s u p p o r t e d   f l a t   p l a t e .  The r e s u l t s   t h a t  were  obtained  indicate 
g r e a t e r   p l a t e   s t r e n g t h   t h a n  found  experimentally  on  plates  that  
do not   sa t i s fy   s t ra ight   edge   condi t ions .  
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TN 3431 AN ANALYSIS OF THE STABILITY AND ULTIMATE COPPRFSSIVE  STRENGTH 
OF SHORT SHEET  STRINGER PANELS WITH REFERENCE TO THE INFLUENCE 
OF RIVETED CONNECTIONS BETWEEN SHEET AND STRINGER, Joseph 107. 
Semonian  and  James P. Peterson, March 1955 

Rivet d iameter ,   p i tch ,   and   loca t ion   grea t ly   a f fec t   the  compres- 
s ive   s t r eng th   o f   t he   pane l .  The sma l l e r   t he   p i t ch  and t h e   l a r g e r  
the  diameter   the  higher   the  s t rength  of   the  panel .  The panel 
s t r e n g t h  may be  increased by the  above method u n t i l   p a n e l   f a i l s  
i n   l o c a l   b u c k l i n g .  The r i v e t i n g   s p e c i f i c a t i o n s   t h a t  will cause 
t h e   p a n e l   t o   f a i l   i n   t h e   l o c a l  mode depends  on the  panel  shape 
and mater ia l .  

TN 3464 INFLUENCE OF SHEAR DEFORMATION OF THE CROSS  SECTTON ON TORSIONAL 
FREQUENCIES  OF BOX BEAMS, Edwin T. K r u s z e ~ ~ s k i  and William I?. 
Davenport,  October  1955 

The repor t   inves t iga ted   the   impor tance  of bulkhead  shear  deforma- . 
t ion  on  tors ional   f requencies .   For   convent ional   construct ions,  
cross-sect ional   shear   deformation  general ly  i s  negl igible .   For  
beams t h a t  depend  on the   ben t   ac t ion   o f   t he i r  opm walls f o r  most 
o f   t he i ' r   c ros s - sec t iona l   s t i f fnes s ,   t he   e f f ec t   o f   c ros s - sec t iona l  
shear  deformation is considerable.  

1 , ~ ~  = natura l   to rs iona l   f requency   of   four   f lange  box beam 

l b 0  = frequency  of  cross  sectional  uniform  shear mode 

I = mass moment of inertia per   un i t   l ength   about   the   y -ax is  
Y 

273 



Iz = mass moment of i ne r t i a   pe r   un i t   l eng th   abou t   t he   z - ax i s  

SUBSCRIPTS 

m = mode  number 
r i g  = r igid  bulkhead 

TN 3618 EXPERDENTAL  INVESTIGATION OF THE VIBRATIONS  OF A BUILT-UP 
RJICTANGULAR BOX BEAM, Eldon E. Kordes  and Edwin T. Krusze.c.~ski, 
February  1956 

Experimental modes and frequencies  compared well wi th   those  ob- 
t a i n e d   u s i n g   s u b s t i t u t e   s t r i n g e r  and elementary  or a four-f lange 
beam analys is .  

TN 3633 ANALYSIS OF  THE ULTIMATE STRENGTH AND OPTl" PROPORTIONS OF 
MULTITJEB WING STRUCTURES, B. Walter Rosen,  March 1956 

Although  the  report  ~7as done for   the   des ign   of   supersonic  air-  
c r a f t ,  minimum s t ruc tu ra l   we igh t  i s  shown as  a func t ion  of t h e  
design  variables  (bending moment, wing  chord,  depth  and  skin 
thickness)   and  should  be  useful   in   designing a multiweb  wing 
f o r  any  type  of  plane. The cha r t s  are f o r  7075 A 1  bu t   g ive  
the   t rend   tha t   should   be   the  same f o r   o t h e r   m a t e r i a l s .  The 
char t s   a re   based  on equat ions   deve loped   to   re la te   u l t imate  
bending  strength  of  multiweb beams t h a t   f a i l   i n   t h e   l o c a l  buck- 
l i n g  mode t o  beam proport ions and ma te r i a l   p rope r t i e s .  

TN 3636 THE ACCURACY OF THE SUBSTITUTE-STRINGER  APPROACH  FOR DETERMINING 
THE BENDING FREQUENCIES  OF  MZTLTISTRINGER BOX BEAMS, William W. 
Davenport,  April  1956 

This   repor t   conc ludes   tha t   the   subs t i tu te   s t r inger  method as  
w r i t t e n  up i n  NACA TN 3158 can   y i e ld   accu ra t e   f r equenc ie s   fo r  
m u l t i s t r i n g e r  box beams, bu t   sugges t s   t ha t  bs/bc  be  changed 

from 0.50 t o  0.55, s ince  t h i s   g i v e s   b e t t e r   r e s u l t s .  

bs = d i s t ance  between web and   ad jacen t   subs t i t u t e   s t r i nge r  

bc = d i s t ance  between web and cent ro id   o f   a rea   o f   ha l f   the  
cover 

TN 3640 A METHOD FOR  DEFLECTION  ANALYSIS  OF THIN LOW-ASPECT-RATIO  WINGS, 
Manuel S t e i n  and J. Lye11  Sanders, Jr., June 1956 

A method i s  g iven   fo r   o rgan iz ing   da t a   i n to   ma t r ix  form s o  t h a t  
i t  may be  used by a computer t o   g ive   i n f luence   coe f f i c i en t s   fo r  
thin  low-aspect-rat io   wings of bu i l t -up   cons t ruc t ion .  

TN 3684 LARGE DEFLECTION  OF CURVED PLATES, H. G. Lew, J. A. Box, and T.  T. 
Loo, October  1956 
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The e f f e c t   o f   i n i t i a l   c u r v a t u r e   f o r  a plate   under   axial   compression 
is to   i nc rease  i t s  def lec t ion   cons iderably  upon t h e   a p p l i c a t i o n  of 
load.  With  increasing  loads,   the  deflection  curves  merge  into  one 
cu rve   r ega rd le s s   o f   t he   i n i t i a l   de f l ec t ion  form. The i n i t i a l  
curva ture   a f fec ts   the   average   shear  s t r a in  of a p la te   under   shear  
load  very l i t t l e .  For a c i r c u l a r   c y l i n d r i c a l   p l a t e   w i t h   s m a l l  
io i t ia l   curva ture   under   ax ia l   compress ion   the   rad ius  R i s  more 

impor tan t   than   the   in i t ia l   curva ture   as   fa ras   the   def lec t ion  of 
t h e   p l a t e s  is  concerned. The e f f e c t   o f   a n   i n i t i a l   d e f l e c t i o n  is 
tha t   o f   reducing   the   e f fec t ive   wid th .  

0 

TN 3726 COHPRESSIVE AND TORSIONAL BUCKLING OF  THIN-WALL  CYLINDERS I N  YIELD 
REGION, George  Gerard,  August  1956 

The following  equations were de r ived   fo r   t he   p l a s t i c   buck l ing   o f  
cylinders  based on a s sumpt ions   fo r   t he   i ne l a s t i c   buck l ing   o f   f l a t  
p l a t e s .  Agreement  between  theory  and  experimental  data was satis- 
factory.  

- 
Ocr - 
E =  

Es - 
Et - 

- 
- 

R =  
t =  
V 
V 

- - 
- - 

e 

B = 0. 6qcE(t/R) cr 

2 1 -  

1 - v  S 
E 

1/2 Es Et )1/2  '7, - ( -  - 
" ( F  

c r i t i c a l  stress f o r   p l a s t i c   b u c k l i n g  

modulus  of e l a s t i c i t y  
secan t  modulus 

tangent modulus 

rad ius   o f   cy l inder  
thickness 
P o i s s o n ' s   r a t i o  
e l a s t i c  value of   Poisson ' s   ra t io  

The r e s u l t s  of loading   twenty- f ive   r ing   s t i f fened   c i rcu lar   cy l -  
i n d e r s   t o   f a i l u r e  are presented  as   design  curves   appl icable   to  
cy l inde r s   w i th  heavy r ings   wh ich   f a i l   i n   l oca l   buck l ing .  

TN 3756 STUDY OF SIZE EFFECT I N  SKEET-STRINGER  PANELS, J. P. Dorman and 
Edward B. Schwartz, STATISTICAL  ANALYSIS, Edward B. Schwartz, 
J u l y  1956 

The o b j e c t  of   the  report  was to   de t e rmine   i f   t he   p red ic t ion   o f  
t h e   s t r e n g t h  of la rge   pane ls  by model t e s t s  is  r e l i a b l e .  
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There was no s i g n i f i c a n t   s i z e   e f f e c t   i n   t h e   c o m p r e s s i v e   s t r e n g t h  
of  Z-stiffened  panels,   therefore  the  compressive  strength  of  large 
panels  may be  predicted  from model tests of  nondimensional param- 
eters. 

TN 3781 HANDBOOK OF  STRUCTURAL STABILITY.  PART I. BUCKLING OF  FLAT 
PLATES, George  Gerard  and Herbert  Becker, Ju ly  1957 

Var ious   f ac to r s   con t ro l l i ng   f l a t   p l a t e   buck l ing   a r e   r ev iewed  and 
summarized i n   c h a r t s  and tab les .   Numer ica l   va lues   a re   g iven   for  
buck l ing   coe f f i c i en t s   fo r   d i f f e ren t - load ings  and  boundary  condi- 
t ions .  The e f f e c t s   o f   p l a s t i c   b u c k l i n g   a r e   p r e s e n t e d   i n  a non- 
dimensional  buckling  chart   using a three   parameter   s t ress -s t ra in  
curve. 

TN 3782 HANDBOOK OF  STRUCTURAL STABILITY. PART 11. BUCKZING OF COMPOSITE 
ELEMENTS, Herbert  Becker, Ju ly  1957 

T h i s   p a r t   o f - t h e  handbook  summarizes the  buckl ing  of   s t i f fened 
p l a t e s  and cyl inders .   Buckl ing  coeff ic ients   are   given  for  a 
number o f   cond i t ions .   P l a s t i c i ty  i s  discussed. The r e s u l t s  of 
t h e  summary a r e   p r e s e n t e d   i n   c h a r t s  and tab les .  

TN 3783 HANDBOOK OF STRUCTURAL STABILITY. PART 111. BUCKLING  OF CURVED 
PLATES AND SHELLS, George  Gerard  and Herbert  Becker,  August  1953 

The buckling  of  curved  plates and s h e l l s  i s  reviewed fo r   bo th  
theory  and test data .  The cases  which  presented a disagreement 
between l inear   buckl ing  theory  ( for   tors ion and ex terna l   p ressure  
i n   b o t h   t h e   e l a s t i c  and ine l a s t i c   r anges )  were analyzed  using a 
unified  semiempirical method  which  proves s a t i s f a c t o r y   f o r  
design and analysis  purposes.  

TN 3784 HANDBOOK OF  STRUCTURAL STABILITY. PART I V .  FAILURE  OF PLATES AND 
COMPOSITE  ELEMENTS, George  Gerard,  August  1957 

The f a i l u r e   o f   f l a t   p l a t e s  i s  reviewed and da ta  on postbuckling 
behavior,   effective  width,  and f a i l u r e   o f   f l a t  and  curved  plates 
i s  cor re la ted .  Data  on the  cr ippl ing  s t rength  of   composi te   shapes 
i s  also  reviewed  with a general ized method of   analysis   being formu- 
la ted .  

TN 3785 HANDBOOK OF STRUCTURAL STABILITY.  PART V. COMPRESSIVE STRENGTH 
OF  FLAT  STIFFENED  PANELS, George  Gerard,  August  1957 

A gene ra l i zed   c r ipp l ing   ana lys i s   fo r   sho r t   mono l i th i c   pane l s   w i th  
s t r i n g e r s  was presented. The e f f ec t   o f  rivets i s  analyzed.  Fail-  
u re   modeshr   in te rmedia te   and   long   s t i f fened   pane ls  i s  covered 
i n   t h e   r e p o r t .  Data f o r  optimum s t i f f ened   pane l s  i s  presented. 
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TN 3786 HANDBOOK OF  STRUCTURAL STABILITY.  PART V I .  STRENGTH OF STIFFENED 
CURVED PLATES AND SHELLS , Herbert  Becker,  August  1957 

This   repor t   rev iem  the   fa i lure   o f   s t i f fened   curved   p la tes  and 
s h e l l s .  The load ings   cons ide red   fo r   t he   p l a t e s  were a x i a l  and 
shear,   while  bending,  external  pressure,   torsion, and t r ansve r se  
shear  were cons ide red   fo r   t he   cy l inde r s .   Tes t   da t a  and theory 
were co r re l a t ed  and p resen ted   i n   cha r t s .  A u n i f i e d   t h e o r e t i c a l  
approach   to   ana lys i s   o f   genera l   ins tab i l i ty   o f   s t i f fened   cy l inders  
t7as developed. 

TN 3801 EXPERIMENTAL INVESTIGATION OF THE STRENGTH OF IWLTIXEB BEAMS WITH 
CORRUGATED  WEBS, Allister F.  Fraser,  October  1956 

From data   obtained  f rom  the  experimental   invest igat ion of m u l t i ~ ~ e b  
beams wi th   cor ruga ted  webs i t  has  been  found  that: 

1. The connection  between web and s k i n  i s  very  important. 

2. Corrugated web  beams c a n   b e   b u i l t   w i t h   b e t t e r   s t r u c t u r a l  
eff ic iency  than  channel  web  beams over a wide  range  of   s t ructural  
index. 

TN 4011 SOME  ASPECTS  OF FAIL-SAFE DESIGN OF PRESSURIZED  FUSELAGES, Paul  
Kuhn and  Roger W. Peters ,   June 1957 

How l a r g e  must t h e   i n i t i a l  damage be, before   the   p ressure   causes  
t h e   s h e l l   t o   r u p t u r e ?  Only longi tudina l   c racks  were considered. 
The r epor t   a l so   i nc ludes   da t a  on the   type   o f   rup ture ,  ~7as it 
confined  to  one  bay  (confined  rupture)  or  did i t  extend   in to  
another  bay  (unconfined  rupture)? 
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TN 4012 FATIGUE-CRACK  PROPAGATION AND RESIDUAL STATIC STRENGTH OF BUILT- 
UP STRUCTURES; Herbert  F. Hardrath and  Richard E. Whaley, May 1957 

Summary of  crack-propagation  and  static-strength test  i n   s e v e r a l  
types  of  built-up  specimens  and f u l l   s c a l e  wings. The r a t e  of 
crack-propagation i s  inf luenced   s t rongly   by   the  mode of  connect- 
i n g   t h e   s k i n  and s t r i n g e r s  and  by  the  proportions  of  areas  of 
t h e   s k i n  and s t r i n g e r s .  

TN 4114 WEIGHT-STRENGTH  STUDIES  OF  STRUCTURES  REPRESENTATIVE  OF  FUSELAGE 
CONSTRUCTION, James P. Peterson,  October 1957 

Weight s t r e n g t h   p l o t s   f o r   c y l i n d r i c a l   s h e l l s   i n   b e n d i n g   a r e   p r e -  
sented.  Sandwich-type  st iffening was found  to  be  the  most  effec- 
tive. No advantage was found  between  waffle-like  and  longitudinal 
s t i f f e n i n g   f o r  minimum weight  design. The r a t i o  of compressive 
s t r eng th  t o  dens i ty  was found  to  be  most  important  material  param- 
eter f o r  sandwich-type  shells. The dens i ty   o f   the   mater ia l  i s .  
j u s t  as impor t an t   fo r   she l l s   w i th   l ong i tud ina l   o r   waf f l e - l i ke  
s t i f f e n i n g .  

TN 4137 FATIGUE BEKAVIOR OF  AIRCRAFT  STRUCTURAL BEAMS, W. S. Hyler, H. G. 
Popp, D. N. Gideon, S. A. Gordon and H. 3. Grover,  January  1958 

The s tudy  seeks t o  correlate   composi te   s t ructural   fa t igue  behavior ,  
bas ic   mater ia l ,  and  simple-element  behavior. The s tudy   ind ica tes  
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t h a t  a simulation  approach will be  useful   for   those  cases   where 
i t  i s  p o s s i b l e   t o  assess reasonably  factors   causing stress-raisers 
i n  t h e   s t r u c t u r e .  High f a t igue   no tch   f ac to r s  were found i n  com- 
pos i t e   s t ruc tu res   i nvo lv ing  stress gradien t  and b i a x i a l  stress 
d i s t r i b u t i o n s   a t   o r   n e a r  rivets. The simulation  procedure is 
p r e s e n t e d   i n   d e t a i l .  The u s e   i n   d e s i g n   o f  Kf,  fa t igue  notch  fac-  

tors,  obtained  from  simply notchedcoupons may be  unconservative. 

TN 4188 CHARTS RELATING THE COMPRESSIVE AND SHEAR  BUCKLING  STRESSES OF 
LONGITUDINALLY  SUPPORTED  PLATES TO THE  EFFECTIVE  DEFLECTIONAL 
STIFFNESS OF  THE  SUPPORTS, Aldie E. Johnson, Jr., February  1958 

Using   the   resu l t s   o f  a s t a b i l i t y   a n a l y s i s   o f   l o n g   f l a t   r e c t a n g u l a r  
p l a t e s ,   cha r t s  are presented   for   the   de te rmina t ion   of   the   buckl ing  
load   o f   p l a t e s   s t i f f ened  by s t r i n g e r s   o r  webs. 

TN 4207 EFFECT  OF A STRINGER ON THE STRESS  CONCENTRATION DUE TO A CRACK I N  
A THIN SHEET, J. Lye11  Sanders, Jr., March 1958 

I n   t h e   r e p o r t  a c o e f f i c i e n t  ~7as obta ined   for   de te rmining   the  effect  
of  a r e in fo rc ing   s t r inge r   on   t he  stress concent ra t ion   fac tor  a t  the  
t i p   o f   t h e   c r a c k   i n  a t h in   shee t .  The c rack   runs   perpendicular   to  
t h e   s t r i n g e r  and  extends  an  equal   dis tance  on  e i ther   s ide.  The 
r e s u l t s   ( c o r r e c t i o n   f a c t o r   f o r  stress concen t r a t ion   fo r  a c rack)   a re  
p re sen ted   i n   g raph ica l  and t abu la r  form for   the   case   where   the  
s t r i n g e r  i s  i n t a c t  and the  case  where i t  i s  broken. 

TN 4237 GENERAL INSTABILITY OF STIFFENED  CYLINDERS, Herbert  Becker,  July 
1958 

Theoret ical   buckl ing stresses were determined i n   e x p l i c i t  form 
using a derivation  of  Donnell 's   equation  by  Taylor.  The der iva-  
t i o n  is  p resen ted   i n   t he   r epor t .  

For   i so t ropic   cy l inders :  

KJI E t  2 2  

u =  J 

12 (1 - v )L - 2 2  

K = 1.033 Z: - L' ZL - - 
Y 'RT 

For   long  cyl inders   under   radial   pressure:  

U 
Y 
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c r =  

E =  
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0% - 
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R =  
t =  
T =  
v =  
L =  

circumferential-compressive-buckling stress 

elas t i c  modulus 
rad ius  of gyra t ion  of f rame  sect ion 

rad ius   o f   cy l inder  
th ickness   o f   cy l inder   wal l  
torque  loading on cy l inde r   wa l l  
P o i s s o n ' s   r a t i o  
length  of   cyl inder  

TN 4244 ON SOLUTIONS FOR THE  TRANSIENT  RESPONSE OF BEAMS, Robert I?. 
Leonard,  June  1958 

Williams type modal solut ions  are   presented  €or   e lementary and 
Timoshenko beam equat ions  for   the  response  of   several   uniform 
beams wi th  a general   load  appl ied.  Examples are   included.  

TN 4246 FURTHER  INVESTIGATION OF FATIGUE-CRACK  PROPAGATION I N  ALUMINUM- 
ALLOY BOX B W S ,  Herbert  F. Hardrath  and  Herbert A. Leybold, 
June 1958 

T~enty-one  box beams of   n ine   des igns  were t e s t ed   a t   one   l oad  level 
to   s tudy  fa t igue-crack  propagat ion.  The r a t e  of  crack  propagation 
was f a s t e r   i n  7075 A 1  t h a n   i n  2024 A l .  Specimens with bonded 
s t r i n g e r s  had t h e  lowes't crack  growth  rate,  while  those  specimens 
wi th   sma l l   t o t a l   s t r i nge r   a r ea   o r   i n t eg ra l ly   s t i f f ened   cove r s  
had high  growth  rates.  

TN 4292 LOCAL INSTABILITY OF THE  ELEMENTS OF A TRUSS-CORE SANDWICH PLATE, 
Melvin S. Anderson, Ju ly  1958 

Charts  covering a wide  range of sandwich  proportions  give  the com- 
press ive   buckl ing   coef f ic ien t .  

TN 4398 ANALYSIS OF THE CREEP BEHAVIOR OF A SQUARE PLATE LOADED I N  EDGE 
CONPRESSION, Harvey G. McComb, Jr., September  1958 

A simply  supported  square  plate  loaded  in  edge  compression and 
subjec ted   to   c reep  was analyzed  theoret ical ly .  A m a t e r i a l   t h a t  
obeys a nonlinear  creep  law was assumed. The theory  did  not  
y i e l d  a f i n i t e   c o l l a p s e  time, b u t   d i d   i n d i c a t e   l a t e r a l   d e f l e c -  
t i ons  and uni t   shor ten ing   due   to   c reep .  Creep  can  cause  signi- 
f i can t   r ed i s t r ibu t ion   o f   t he   midd le - su r face  stresses i n  a p l a t e .  
Applied  load  has a s t ronger   inf luence  on  creep  def lect ions.  
Along the  loaded  edges  the stresses i n c r e a s e   a t   t h e  ends  and  de- 
crease  in   the  center .   Provided  the  unloaded  edges  remain  s t ra ight ,  
s i g n i f i c a n t  stresses can grow along  these  edges. The e f f e c t i v e  
width of t h e   p l a t e s  i s  reduced as the   creep  progresses .  
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TN 4403 TESTS OF RING-STITFEXED CIRCULAR CYLINDERS SUBJECTED TO A TRANS- 
VERSE SHEAR LOAD, James P. Peterson and Richard G. Updegraff, 
September  1958 

In te rac t ion   curves  are used to   present   the  data   obtained when 
34 r ing   s t i f fened   cy l inders   were   loaded   in  combined bending 
and t r ansve r se   shea r   t o   f a i lu re .   Cha r t s  are app l i cab le  t o  
design o f  c y l i n d e r s   t h a t   f a i l   i n   l o c a l   b u c k l i n g .  
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NACA T e c h n i c a l  Notes Dealing w i t h   S t r u c t u r a l  Analysis o r  
Des ign   Bu t  Not J u d g e d   A p p l i c a b l e   t o   L i g h t   A i r c r a f t  

THE  DEVELOPMENT  OF ELECTRICAL  STRAIN GAGES, A. V. DeFores t and 
H. Leaderman,   January   1940 

DESIGN OF  TOOLS  FOR P m S S  COUNTERSINKING OR DIMPLING 0.040-INCH 
THICK 24s-T SHEET, R. L. Templ in   and  J. W. Fogwel l ,   Augus t   1942  

THE CRITICAL COMPRESSION  LOAD  FOR A UNIVERSAL TESTING MACHINE 
WHEN THE SPEClMEN I S  LOADED  THROUGH KNIFE EDGES, Eugene E. 
Lundquis t   and   Edward  B. Schwar tz ,   September   1942 

STRESS ANALYSIS OF  MONOCOQUE  FUSELAGE  BULKHEADS BY THE  PHOTO- 
ELASTIC METHOD, Benjamin F. R u f f n e r ,  December 1942 

CURING  OF RESIN WOOD COMBINATIONS BY HIGH  FREQUENCY  HEATING, 
Arthur R. Von H i p p e l   a n d  A. G. H. Dietz, December 1942  

EFFECT OF FILTERS AND OF M I X I N G  PROCEDURE ON THE  STRENGTH  OF 
PLASTIC MATERIALS, William Kynoch  and L. A. P a t r o n s k y ,   J a n u a r y  
1943  

A PORTABLE  CALIBRATOR FOR DYNAMIC STRAIN GAGES, Albert  E. 
McPherson ,   February   1943 

CHARTS  FOR RAPID ANALYSIS OF 45' STRAIN-ROSETTE DATA, S. S. 
Manson, May 1944  

AN AUTOMATIC  ELECTRICAL  ANALYZER  FOR 45' STRAIN-ROSETTE DATA, 
S. S. Manson, May 1944 

PERFORMANCE TESTS OF  WIRE STRAIN GAGES. I - CALIBRATION  FACTORS 
I N  TENSION, William R. Campbell,  November  1944 

PERFORMANCE TESTS OF WIRE STRAIN GAGES, William R. Campbell ,  
Sep tember  1945 

SURVEY  OF  ADHESIVES AND ADHESION,  R. C. R i n k e r   a n d  G. M. Kline, 
Augus t   1945 

PERFORMANCE TESTS OF WIRE STRAIN GAGES, William R. Campbell, 
December  1945 

TABLE  OF  INTERPLANAR  SPACINGS  FOR  CRYSTAL  STRUCTURE  DETERMINA- 
TIONS BY X-RAY DIFFRACTION WITH  MOLYBDENUM,  COPPER,  COBALT,  IRON, 
AND CHROMIUM RADLATIONS, Howard Kittel, O c t o b e r  1945 
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TN 1011 

TN 1019 

TN 1020 

TN 1 0 2 1  

TN 1022  

TN 1028  

TN 1042  

TN 1133 

TN 1165  

TN 1182  

TN 1240 

TN 1279 

TN 1 2 8 1  

TN 1318 

TN 1346  

TN 1355 

ERRORS I N  INDICATED  STRAIN  FOR A TITICAL TJIRE STRAIN GAGE  CAUSED 
BY PRESTRAINING, TEMPERATURE  CHANGES, AND WEATHERING, William R. 
C a m p b e l l ,   A p r i l   1 9 4 6  

THE SYNTHESIS AND PURIFICATION OF  AROMATIC  HYDROCARBONS: I - 
BUTYLBENZENE, J o s e p h  V. Karabinos and J o s e p h  M. Lamber t ,   J anua ry  
1946  

THE SYNTHESIS AND PURIFICATION OF  AROMATIC  HYDROCARBONS: I1 - 
1, 2, 4, TRIMETHYLBENZENE, . E a r l  R. E b e r s o l e ,   J a n u a r y   1 9 4 6  

THE SYNTHESIS AND PURIFICATION OF  AROMATIC  HYDROCARBONS: I11 - 
ISOBUTYLBENZENE,  SEC-BUTYLBENZENE, AND TERT-BUTYLBENZENE, C. M. 
Guess, J. V. Karab inos ,   P .  V. Kunz, and L. C. Gibbons ,   June   1946 

A FIXTURE FOR  COMPRESSIVE TESTS OF THIN SHEET  METAL BETIEEN 
LUBRICATED STEEL GUIDES, James A. Miller, A p r i l   1 9 4 6  

EXTENSION OF  THE  CHAPLYGIN  PROOFS ON THE EXISTENCE OF  COMPRES- 
SIBLE-FLOW  SOLUTIONS TO  THE SUPERSONIC  REGION, Theodore   Theodorsen ,  
March 1946  

PERFORMANCE TESTS OF WIRE STRAIN GAGES. I V  - AXIAL AND TRANSVERSE 
SEHSITIVITIES,  ‘Nillibm R. Campbel l ,   1942 

EFFECT OF MISALIGNMENT OF STRAIN-GAGE  COMPONENTS  OF  STRAIN 
ROSETTES, S. S. Manson and  W. C. Morgan, Sep tember  1946 

TENSILE PROPERTIES OF A SILLIMANTITE REFRACTORY  AT  ELEVATED  TEMPER- 
ATURES, Alfred E. Kunen, F r e d e r i c k  J. Hartwig,  and J o s e p h  R. 
Bressman, November 1946  

A COLLECTION OF  THE  COLLAPSED  RESULTS  OF  GENERAL  TANK TESTS OF 
MISCELLANEOUS  FLYING-BOAT-HULL  MODELS, F. W. S. Locke, Jr., 
March 1947 

EFFECT OF SIMULATED SERVICE  CONDITIONS ON PLASTICS, W. A. Crouse,  
D. C. C a u d i l l  and F. TJ. R e i n h a r t ,   J u l y   1 9 4 7  

THE  DETEIWINATION OF ELASTIC STRESSES I N  GAS-TURBINE DISKS, 
S. S. Manson, May 1947  

AN ELECTRICAL COMPUTER  FOR  THE  SOLUTION  OF  SHEAR  LAG AND BOLTED 
JOINT PROBLEMS, R o b e r t  D. Ross,  May 1947  

PERFORMANCE TESTS OF WIRE STRAIN GAGES, W. R. Campbel l  and A. F. 
Medbery, J u l y   1 9 4 7  

CRITICAL SHEAR STRFSS OF  LONG PLATES  WITH  TRANSVERSE  CURVATURE, 
S. B. B a t d o r f ,   M u r r a y   S c h i l d c r o u t ,  and M a n u e l   S t e i n ,   J u n e   1 9 4 7  

A STUDY OF METAL  TRANSFER  BETCJEEN SLIDING SURFACES,  B. S. Nakmann, 
N. Grossman, and John W. Imine, Jr., September   1947 
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PERFORMANCE TESTS OF  WIRE STRAIN GAGES  (PART V I ) ,  William R. 
Campbe l l ,   J anua ry  1948 

INFLUENCE OF CRYSTAL  PLANE AND SURROUNDING  ATMOSPHERE  OF SOME 
TYPES OF FRICTION AND WEAR BETWEEN  METALS, A l l a n  T. Gwathmey, 
H e n r y   L e i d h e i s e r ,  Jr., and  G. P e d r o   S m i t h ,   J u n e   1 9 4 8  

STRESS DISTRIBUTION I N  A BEAM OF ORTHOTROPIC  MATERIAL  SUBJECTED 
TO A CONCENTRATED M A D ,  C. B. S m i t h   a n d  A. W. Voss, March 1948  

COXPARISON  OF  CRYSTAL  STRUCTURES  OF 10' WROUGHT  HEAT RESISTING 
ALLOYS  AT EUVATED TEMPERATURES  WITH TKEIR CRYSTAL  STRUCTURES 
AT  ROON  TEMPERATURE, J. Howard Kittel ,  November  1947 

ON THE INTERPRETATION OF  CONBINED  TORSION AND TENSION TESTS OF 
THIN WALL  TUBES, W. P a a g e r ,   J a n u a r y   1 9 4 8  

A METALLURGICAL INVESTIGATION OF FIVE FORGED GAS TURBINE DISCS 
OF  TIMKEN  ALLOY, J. TJ. Freeman, E.  E. Reynolds ,   and  A. E. White, 
J u n e  1948 

A METALLURGICAL INVESTIGATION OF TWO CONTOUR FORCH) GAS TURBINE 
DISCS OF 19-9DL ALLOY, J. TJ. Freeman, E. E. Reynolds ,   and A. E. 
White, September   1948 

A METALLURGICAL INVESTIGATION OF TWO LARGE DISCS OF  CSA  ALLOY, 
E.  E. Reynolds ,  J. W. Freeman,   and A. E. White, Sep tember  1948 

A METALLURGICAL INVESTIGATION OF A CONTOUR  FORGED DISC OF  EME 
ALLOY,  E. E. Reynolds ,  J. W. Freeman,   and A. E. White, November 
1948  

A METALLURGICAL INVESTIGATION OF TWO TURBOSUPERCHARGER DISCS OF 
19-9DL ALLOY,  E.  E. Reynolds ,  J. TJ. Freeman,  and A. E. White, 
November  1948 

TENSILE AND CWRESSIVE PROPERTIES OF  LAMINATED PLASTICS AT HIGH 
AND LOW TEMPERATURES, 3. J. Lamb, Isabelle Bosvell, and  B. M. 
A x i l r o d ,   J u l y  1948 

>ECHANICAL PROPERTIES OF FIVE LAMINATED PLASTICS, William N. 
F i n d l e y   a n d  Will J. IJor ley ,   Augus t   1948 

STRENGTH AND CREEP  CHARACTERISTICS OF CERAMIC BODIES AT  ELEVATED 
TEMPERATURES, M. D. Burd ick ,  R. E. Moreland,  and R. F. Geller, 
A p r i l   1 9 4 9  

METHODS  OF  CONSTRUCTING  CHARTS  FOR ADJUSTING  TEST RESULTS  FOR 
THE  COMPRESSIVE  STRENGTH  OF  PLATES  FOR DIFFERENCES I N  MATERIAL 
PROPERTIES, George J. H e i m e r l ,   A p r i l   1 9 4 8  
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FRICTION OF SOLID  FILMS ON STEEL AT HIGH SLIDING  VELOCITIES, 
Robert L. Johnson,  Douglas  Godfrey,  and Edmond  E. Bisson,  April 
19 48 

X-RAY DIFFRACTION  INVESTIGATION OF MINOR PHASES OF 20 HIGH 
TENPERATLIRE  ALLOYS, B. M. Rosenbaum, J u l y  1948 

A STUDY  OF  CERAMIC  COATINGS  FOR  HIGH-TENPERATITRE  PROTECTION  OF 
MOLYBDENUM, D. G. Moore, L. H. Bolz,  and W. N. Harrison,  July  1948 

DETERMINATION OF STRESSES I N  GAS-TURBINE  DISKS  SUBJECTED  TO 
PLASTIC FLOW AND CREEP, M. B. Millenson  and S. S. Manson, June 
1948 

TEST OF SIX TYPES  OF  BAKERLITE  BONDED WIRE STRAIN  GAGES, William 
R. Campbell, J u l y  1948 

EFFECT OF STRENGTH AND DUCTILITY ON BURST  CHARACTERISTICS  OF 
ROTATING  DISCS, Ar thur  G. Holms and  Joseph E. Jenkins,   July  1948 

FRICTION AT HIGH SLIDING  VELOCITIES OF  SURFACES  LUBRICATED  TJITH 
SULFUR  AS AN ADDITIVE, Robert L. Johnson, Max A. Swikert,  and 
Edmond E. Bisson,  October  1948 

NACA AND OFFICE OF  NAVAL  RESEARCH  METALLURGICAL  INVESTIGATION  OF 
"70 LARGE  FORCED DISCS OF 5-590 ALLOY, J. W. Freeman  and Howard 
C. Cross,  February  1949 

OFFICE OF  NAVAL  RESEARCH AND NACA METALLURGICAL  INVESTIGATION  OF 
LARGE  FORCED DISC OF S-816 ALLOY, Howard C. Cross  and J. V. 
Freeman, February  1949 

OFFICE OF  NAVAL  RESEARCH  AND NACA METALLURGICAL  INVESTIGATION 
OF A LARGE  FORCED DISC OF INCONEL X ALLOY, Howard C. Cross  and 
J. 17. Freeman, Apri l   1949 

INITIAL INVESTIGATION OF  CARBIDE-TYPE  CERAMAL  OF  80-PERCENT 
TITANIUM  CARBIDE  PLUS  20-PERCENT  COBALT  FOR  USE  AS  GAS-TURBINE- 
BLADE  MATERIAL, Charles A. Hoffman, G. Mervin Ault,  and  James 
J. Gangler, March 1949 

THEORETICAL  STUDY  OF  THE  DIFFUSION  CONSTANT  FOR  SELF-DIFFUSION 
I N  METALS, $1. Leichter,   April   1949 

COMPARATIVE  STRENGTHS  OF  SOME  ADHESIVE-ADHEmNT  SYSTEMS, N. J. 
DeLollis, Nancy Rucker,  and J. E. Wikr, March  1949 

PHYSICAL  PROPERTIES  AT  ELEVATED  TEMPERATURE  OF  SEVEN  HOT-PRESSED 
CERAMICS, James J. Gangler,  Chester F. Robards,  and James E. 
McNutt, J u l y  1949 
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TN 1914 

TN 1915 

TN 1918 

TN 1920 

TN 1928  

TN 1938  

TN 1945  

TN 1957  

TN 1962  

TN 1 9 6 3  

TN 2003 

TN 2052 

TN 2128 

TN 2162 

OXIDATION  OF  TITANIUM  CARBIDE  BASE  CERMALS  CONTAINING  MOLYBDENUM, 
TUNGSTEN, AND COBALT, M. 3. Whitman  and A. J. Repko, J u l y   1 9 4 9  

ELEVATED  TEMPERATURE PROPERTIES OF SEVERAL  TITANIUM  CARBIDE  BASE 
CERAMALS, George C. Deutsch,  Andrew J. Repko,  and William G. 
Lidman, J u l y  1949 

CORRELATION  OF  PHYSICAL PROPERTIES OF CERAMIC MATERIALS  WITH 
RESISTANCE TO  FRACTURE BY THERMAL  SHOCK, W. G. Lidman  and A. R. 
Bobrowsky, J u l y   1 9 4 9  

PRELIMINARY INVESTIGATION OF  NEEDLE  BEARINGS  OF L-1/8-INCH 
PITCH DIAMETER  AT  SPEEDS  TO 17,000 RPM, E. Fred   Macks ,   Augus t   1949 

CRITICAL COMBINATIONS OF SHEAR AND DIRECT  AXIAL STRESS FOR 
CURVED  RECTANGULAR  PANELS, M u r r y   S c h i l d c r o u t   a n d   M a n u e l   S t e i n ,  
Augus t   1949 

MECHANISMS OF FAILURE OF HIGH NICKEL-ALLOY  TURBOJET  COMBUSTION 
LINERS, J o h n  W. Weeton, October 1949 

INVESTIGATION OF BONDING BETWEEN  METALS AND CERAMICS,  H. J. Hamjian 
and  W. G. Lidman,  September  1949 

DIRECT METHOD  OF DESIGN AND STRESS ANALYSIS OF ROTATING DISCS 
WITH  TEMPERATURE-GRADIENT, S. S. Manson,  October  1949 

STRESSES I N  AND GENERAL INSTABILITY OF  MONOCOQUE  CYLINDERS  WITH 
CUTOUTS. V I 1  - EXPERIMENTAL INVESTIGATION OF CYLINDERS  HAVING 
EITHER LONG  BOTTOM  CUTOUTS  OR SERIES OF SIDE CUTOUTS, N. J . Hof f, 
Bruno A. Boley ,   and   Joseph  J. Mele, October 1949 

STRESSES I N  AND GENERAL INSTABILITY OF  MONOCOQUE  CYLINDERS  WITH 
CUTOUTS. V I 1 1  - CALCULATION  OF THE BUCKLING  LOAD  OF  CYLINDERS 
WITH  LONG  SYMMETRIC  CUTOUT  SUBJECTED  TO  PURE BENDING, N. J. Hoff, 
Bruno A. Boley, a n d  Merven W. Mandel, October 1949 

INVESTIGATION OF A NACA HIGH-SPEED STRAIN-GAGE  TORQUEMETER, John 
J. Rebeske,  Jr., J a n u a r y  1950 

EFECTS OF AN AGING TREATMENT ON LIFE OF  SMALL  CAST  VITALLIUM 
GAS-TURBINE  BLADES, Charles A. Hoffman and Charles Yaker,  March 
1950 

INVESTIGATION OF 75-MILLIMETER-BORE  CYLINDRICAL  ROLLER  BEARINGS 
AT HIGH SPEEDS. I - INITIAL STUDIES, E. F r e d  Macks and  Zolton N. 
Nemeth, J u l y  1950 

INVESTIGATION OF PROPERTIES OF AIS1  TYPE 310B ALLOY SHEET AT HIGH 
TEMPERATURES,  E.  E. Reynolds ,  J. W. Freeman, and A.  E. White, 
Augus t   1950 
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TN 2180 EFFECTIVENESS OF  MOLYBDENUM DISULFIDE AS A FRETTING-CORROSION 
INHIBITOR, Douglas   Godfrey   and  Edmond E. Bisson ,   September   1950 

TN 2187 BONDING INVESTIGATION OF TITANIUM  CARBIDE  WITH  VARIOUS  ELEMENTS, 
Walter J. Engel ,   September   1950 

TN 2198 SINTERING MECHANISM  BETWEEN  ZIRCONIUM  CARBIDE AND COLUMBIUM, 
H. J. Hamj ian  and W. G. Lidman, October 1950 

TN 2218 DIFFUSION OF  CHROXIUM I N  A COBALT-CHROMIUM SOLID SOLUTIONS, John 
TJ. Weeton, November  1950 

TN 2224 MULTIPLE-FIT24 BACK-REFLECTION CAMERA FOR  ATOMIC STRAIN STUDIES, . 
Anthony B. Marmo, November  1950 

TN 2232 STRESS AND DISTORTION  ANALYSIS OF A SWEPT BOX BEAM HAVING BULK- 
HEADS  PERPENDICULAR  TO  THE;  SPARS, R i c h a r d  R. H e l d e n f e l s ,   G e o r g e  W. Zender ,  and Charles Libove,  November 1950 

TN 2240 THE EFFECT OF  NONUNIFORM  TEMPERATURE DISTRIBUTIONS ON THE STRESSES 
AND DISTORTIONS OF STIFFENED-SHELL STRUCTURES, R i c h a r d  R. 
Heldenfe ls ,   November  1950 

TN 2241  A NUMERICAL  METHOD  FOR  THE STRESS ANALYSIS  OF STIFFENED-SHELL 
STRUCTURES  UNDER NONUNIFORM TEMPERATURE DISTRIBUTIONS, R i c h a r d  
R. Heldenfels, November 1950 

TN 2269 A STRUCTURAL-EFFICIENCY  EVALUATION OF TITANIUM AT  NORMAL AND 
ELEVATED  TINPERATURES, George J. H e i m e r l   a n d   P a u l   F .  Barrett, 
January 1951 

TN 2320 EFFECTS OF  SOME SOLUTION  TREATMENTS  FOLLOWED BY AN AGING TRFAT- 
MENT ON THE LIFE OF  SMALL  CASE GAS-mBINE BLADES  OF A COBALT- 
CHROXILM-BASE  ALLOY. I - EFFECT OF SOLUTION-TREATING  TEMPERATURE, 
C. Yaker and C. A. Hoffman, March 1951 

TN 2327 FATIGUE TESTING MACHINE  FOR APPLYING A SEQUENCE OF LOADS OF TWO 
AMPLITUDES, F r a n k  C. Smith,  Darnley M. Howard, I ra  Smith,  and 
R i c h a r d  Harwell, March 1 9 5 1 .  

TN 2329 HIGH-TEMPERATURE  PROTECTION  OF A TITANIUM-CARBIDE CERAMAL WITH 
A CERAMIC-METAL  COATING HAVING A HIGH CHROMIUM  CONTENT, Ihight 
G. Moore, S t a n l e y  G. Benner, and  William N. H a r r i s o n ,  March 1951 

TN 2342 EVALUATION  OF PACmD  DISTILLATION COLUMNS. I - ATMOSPHERIC PRES- 
SURE, T h a i n e  W. Reyno lds  and George H. S u g i m u r a ,   A p r i l   1 9 5 1  

TN 2354 A NTJMERICAL  APPROACH  TO  THE INSTABILITY PROBLEMS  OF  MONOCOQUE 
CYLINDERS, Bruno A. Boley,   Joseph  Kempner ,   and J. Mayers, A p r i l  
1 9 5 1  
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TN 2366 

TN 2367 

TN 2369 

TN 2376 

TN 2377 

TN 2380 

TN 2385 

TN 2386 

TN 2397 

TN 2420 

TN 2422 

TN 2433 

TN 2434 

FRICTION AT HIGH SLIDING VELOCITIES OF  OXIDE FILMS ON STEEL 
SURFACES  BOUNDARY-LUBRICATED  WITH STEARIC-ACID  SOLUTIONS, R o b e r t  
L. Johnson,  Marshall B. P e t e r s o n  and Max A. S w i k e r t ,  May 1 9 5 1  

GENERAL PLASTIC BEHAVIOR AND APPROXIMATE:  SOLUTIONS OF ROTATING 
DISK I N  STRAIN-HARDENING  RANGE, M. H. Lee  Vu, May 1 9 5 1  

TORSION AND TRANSVERSE  BENDING  OF  CANTILEVER  PLATES, E r i c   R e i s s n e r  
and M a n u e l   S t e i n ,   J u n e   1 9 5 1  

METHOD  FOR  ANALYZING  INDETERMINATE  STRUCTURES  STRESSED  ABOVE 
PROPORTIONAL LIMIT,  F. R. S t e i n b a c h e r ,  C. N. Gay lo rd   and  TI. K. 
Rey, June 1951 

EFFECT OF FUEL  IMMERSION ON LAMINATED PLASTICS, TI. A. Crouse,  
Margie Carickhoff and M a r g a r e t  A. F i s h e r ,   J u n e   1 9 5 1  

EFFECTIVENESS OF CERAMIC COATINGS I N  REDUCING  CORROSION  OF FIVE 
HEAT-RESISTANT  ALLOYS BY LEAD-BROMIDE  VAPORS, Dwight G. Moore 
a n d  Mary W. Mason, J u n e   1 9 5 1  

FUNDAMENTAL  AGING D?FECTS  INFLUENCING HIGH-TEMPERATURE PROPERTIES 
OF  SOLUTION-TREATED  INCONEL X,  D. N. F r e y ,  3. TI. Freeman, and 
A. E. White, J u n e  195i 

STUDIES OF HIGH-TEMPERATURE  PROTECTION  OF A TITANIUM-CARBIDE 
CERAMAL  BY  CHROMIUM-TYPE  CERAMIC-METAL  COATINGS, Dwight G. Moore, 
S t a n l e y  G. Benner,  and William N. Harrison, J u n e   1 9 5 1  

INFLUENCE OF TENSILE STRENGTH AND DUCTILITY ON STRENGTHS OF 
ROTATING DISKS I N  PRESENCE OF MATERIAL AND FABRICATION DEFECTS 
OF  SEVERAL  TYPES, A r t h u r  G. Holms, J o s e p h  E. Jenkins, and  Andrew 
J. Repko, J u n e   1 9 5 1  

INVESTIGATION OF 75 MILLIMETER-BORE  CILINDRICAL-ROLLER  BEARINGS 
AT HIGH SPEEDS. I11 - LUBRICATION AND COOLING STUDIES - OIL INLET 
DISTRIBUTION, OIL INLET TEMPERA=, AND GENERALIZED SINGLE-OIL- 
JET COOLING-CORRELATION  ANALYSIS,  E. F r e d  Macks and  Zolton N. 
Nemeth, J u l y  1951 

STUDY OF CHRONIUM-FRIT-TYPE  COATINGS  FOR  HIGH-TEMPERATURE  PROTEC- 
TION OF  MOLYBDENUM, D. G. Moore, L. H. Bolz,  J. W. P i t t s ,   a n d  
W. N. Harrison, J u l y   1 9 5 1  

A CRITICAL REVIEW OF  NOTCH SENSITIVITY I N  STRESS-RUPTURE TESTS, 
W. F.  Brown, Jr. , and George Sachs ,   Augus t   1951 

A BIHARMONIC  RELAXATION  METHOD  FOR  CALCULATING  THERMAL STRESS. 
I N  COOLED IWGULAR CYLINDERS, A r t h u r  G. Holms, A u g u s t   1 9 5 1  
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TN 2439 

TN 2442 

TN 2444 

TN 2447 

TN 2448 

TN 2449 

TN 2460 

TN 2469 

TN 2472 

TN 2491  

TN 2507 

TN 2513 

TN 2523 

TN 2532 

A THEORY OF CONDUCTIVITY OF  COLD-WORKED COPPER, R o l f   L a n d a n e r ,  
S e p t e m b e r  1951 

A PHOTOELASTIC INVESTIGATION OF STRESS CONCENTRATIONS  DUE TO 
SMALL FILLETS AND GROOVES I N  TENSION, M. M. Frocht, Augus t  1951 

EFFECT OF STRESS-SOLVENT  CRAZING ON TENSILE STRENGTH  OF  POLY- 
METHYL  METHACRYLATE,  B. M. Axilrod and Martha A. Sherman,  August 
1951 

STATISTICAL FLUCTUATION OF INTENSITY I N  DEBYE-SCHERRER LINES DUE 
TO RANDON ORIENTATION OF  CRYSTAL  GRAINS, Hans E k s t e i n ,   A u g u s t  1951 

X-RAY DIFFRACTION BY  BENT  CRYSTAL  LAMELLAE, Hans E k s t e i n ,   S e p t e m b e r  
1951 

INVESTIGATION OF INFLUENCE OF  CHEMICAL CONPOSITION OF FORGED 
MODIFIED LOW-CARBON N-155 ALLOYS I N  SOLUTION-TREATED AND  AGED 
CONDITION AS RELATED  TO  RUPTURE PROPERTIES AT 12000 F, E.  E. 
Reynolds ,  J. W. Freeman, and A. E. White, Sep tember   1951  

FOFNATION  OF SULFIDE FILMS ON STEEL AND EFFECT OF  SUCH FILMS ON 
STATIC FRICTION, E r v a  C. L e v i n e  and Marshall B. P e t e r s o n ,   S e p t e m b e r  
1 9 5 1  

RUPTURE PROPERTIES OF  LOW-CARBON N-155 TYPE  ALLOYS  MADE  WITH A 
COLUMBIUM-TANTALUM  FERRO-ALLOY, J. W. Freeman, E.  E. Reynolds ,  
and A. E. White, October 1 9 5 1  

FUNDAMENTAL EFFECTS OF  COLD-WORKING ON CREEP PROPERTIES OF  LOW- 
CARBON N-155 ALLOY, D. N. Frey, J. 11. Freeman, and A. E. White, 
O c t o b e r  195 1 

KINETICS OF SINTERING CHRONIIM  CARBIDE, W. G. Lidman  and H. J. 
Hamjian,   August  1951 

EXPERIMENTAL INVESTIGATION OF OIL FILM PRESSURE DISTRIBUTION FOR 
MISALINED PLAIN BEARINGS, G. B. DuBois, H.  H. Mabie, and  F. 1.1. 
Ocvirk, October 1951 

EFFECTS OF  SOME  SOLUTION  TREATMENTS  FOLLOWED  BY AN AGING  TREATMENT 
ON THE LIFE OF SMALL  CAST  GAS-TURBINE  BLADES OF A COBALT-CHROXIUM- 
BASE  ALLOY. I1 - EFFECT OF SELECTED  CONBINATIONS OF SOAKING TINE, 
TWERATURE, AND COOLING  RATE, C. A. Hoffman  and C. F. Robards,  
October 1 9 5 1  

RETROGENERATIVE  DETECTION OF  CORROSION  CURRENTS, J o s e p h  P. 
McAndrew, William H. Colner ,  and Howard T. F r a n c i s ,  November 1 9 5 1  

X-RAY DIFFRACTION STlTDY  OF  THE  INTERNAL  STRUCTURE  OF  SUPER-COOLED 
WATER, R o b e r t  G. Dorsch and Bemrose Boyd, October 1951 
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TN 2544 

TN 2545 

TN 2561  

TN 2574 

TN 2586 

TN 2602 

TN 2603 

TN 2617 

TN 2618 

TN 2628 

TN 2632 

TN 2636 

TN 2639 

TN 2678 

290 

GYRODYNAMIC LUBRICATION OF  CYCLICALLY  LOADED  BEARINGS,  R. W. 
Dayton   and  E. M. Simons,  November  1951 

DISCREPANCIES BETWEEN  THEORETICAL AND OBSERVED  BEHAVIOR  OF 
CYCLICALLY  LOADED  BEARINGS,  R. W. Dayton, E. M. Simons,  and  F.  A. 
Fend,  November  1951 

A STUDY  OF POISSON'S RATIO I N  THE YIELD REGION, George   Gerard  
a n d   S o r r e l   W i l d h o r n ,   J a n u a r y   1 9 5 2  

THEORETICAL  ANALYSIS  OF SOME SIMPLE TYPES OF ACCELERATION 
RESTRICTORS, W i l l i a m  H. P h i l l i p s ,  December  1951 

FUNDAMENTAL EFFECTS OF  COLL-WORK ON SOME COBALT  CHROMIUM NICKEL 
IRON  BASE  CREEP RESISTANT ALLOYS, D. N. F rey ,  J. W. Freeman,  and 
A. E. White, J a n u a r y   1 9 5 2  

SURVEY  OF THE CHROMIUM COBALT NICKEL PHASE DIAGRAM AT 1200° C, 
TJ. D. Manly and P a u l  A. Beck, February 1 9 5 2  

SURVEY  OF PORTIONS OF  THE  COBALT  CHROMIUM  IRON NICKEL QUATERNARY 
SYSTIM, E. L. Kamen a n d   P a u l  A. Beck, F e b r u a r y   1 9 5 2  

RELATIVE  IMPORTANCE  OF  VARIOUS  SOURCES  OF  DEFECT  PRODUCING 
HYDROGEN  INTRODUCED  INTO STEEL DURING APPLICATION OF VITREOUS 
COATINGS, Dwight G. Moore, Mary A. Mason, and William N. Harrison, 
F e b r u a r y   1 9 5 2  

CREEP I N  METALS, A. D. Schwope,  F. R. S h a b e r   a n d  L.  R. J a c k s o n ,  
F e b r u a r y   1 9 5 2  

BONDING OF  MOLYBDENUM DISULFIDE TO  VARIOUS  MATERIALS  TO  FORM A 
SOLID LUBRICATING FILM. I - THE BONDING MECHANISM, Douglas  
Godf rey  and Edmond E. Bisson, F e b r u a r y   1 9 5 2  

CORROSION  OF  MAGNESIUM  ALLOY ZKGOA I N  MARINE  ATMOSPHERE AND 
TIDE-WATER, F r e d  M. R e i n h a r t ,   F e b r u a r y   1 9 5 2  

INFLUENCE OF  LUBRICANT VISCOSITY ON OPERATING  TEMPERATURES OF 
75"M BORE CYLINDRICAL  ROLLER  BEARING AT HIGH  SPEEDS,  E. F r e d  
Macks, W i l l i a m  J. Anderson,  and Z o l t o n  N. Nemeth, F e b r u a r y   1 9 5 2  

FATIGUE STRENGTHS  OF AIRCEUFT MATERIALS  AXIAL LOAD FATIGUE TESTS 
ON NOTCHED SHEET SPECIMENS OF 24S-T3 AND 75S-T6 ALUMIiWM  ALLOYS 
AND OF SAE 4130 STEEL WITH STRESS CONCENTRATION  FACTOR  OF 1.5, 
H. J. Grover, W. A. H y l e r ,   a n d  L. R. J a c k s o n ,   F e b r u a r y   1 9 5 2  

ABNORMAL GRAIN GROWTH I N  S-816 ALLOY,  A. I. Rush, J. TJ. Freeman, 
a n d  A. E. White, A p r i l   1 9 5 2  



TN 2683 

TN 2695 

TN 2696 

TN 2704 

TN 2709 

TN 2716 

TN 2717 

TN 2719 

TN 2731 

TN 2745 

TN 2746 

TN 2754 

TN 2758 

SURVEY  OF PORTIONS OF  THE  CHROMIUM  COBALT NICKEL MOLYBDENUM 
QUATERNARY  SYSTEM  AT 1200O C, S h e l d o n   P a u l   R i d e o u t  and P a u l  A. 
Beck, A p r i l   1 9 5 2  

MIGRATION  OF  COBALT  DURING FIRING OF GROUND COAT  ENAMELS ON IRON, 
William N. H a r r i s o n ,   J o s e p h  C. Richmond, J o s e p h  W. P i t t s ,  and 
S t a n l e y  G. Benner,  June 1 9 5 2  

A FUNDAMENTAL  STUDY OF THF:  MECHANISM  BY  WHICH  HYDROGEN ENTERS 
METALS DURING CHEMICAL AND ELECTROCHEMICAL  PROCESSING,  L. D. 
McGraw, C. A. Snave ly ,  H. L. Moore, P. T. Woodberry, and C. L. 
F r a u s t ,   A p r i l   1 9 5 2  

FATIGUE STRENGTHS  OF 14S-T4 ALUMINUM  ALLOY SUBJECTED TO BIAXIAL 
TENSILE STRESSES, J o s e p h  Marin and W. P.  Hughes, J u n e   1 9 5 2  

FATIGUE AND STATIC TESTS OF FLUSH  RIVETED JOINTS, Darnley M. 
Howard and Frank C. S m i t h ,   J u n e   1 9 5 2  

EFFECT OF  OPEN  CIRCULAR  HOLES ON TENSILE STRENGTH AND ELONGATION 
OF SHEET  SPECIMENS OF A MAGNESIUM  ALLOY, R. S .  Barker, J u n e   1 9 5 2  

EFFECT OF  TEMPERATURES  FROM -70° TO 6000 F ON STRENGTH  OF  ADHESIVE 
BONDED LAP SHEAR SPECIMENS OF  CLAD 24S-T3 ALUMINUM  ALLOY p;ND OF 
COTTON AND GLASS FABRIC PLASTIC LAMINATES,  H. W. E i c n e r ,  W. 2. 
Olson, and  R. F. B l o m q u i s t ,   J u n e   1 9 5 2  

INVESTIGATION OF STATISTICAL NATURE OF FATIGUE PROPERTIES, E. 
Epremian   and  R. F.  Mehl, June 1952 

INFLUENCE OF STRUCTURE: ON PROPERTIES OF SINTERED CHROIIIUM  CARBIDE, 
H. J. Hamjian and IJ. G. Lidman, J u n e   1 9 5 2  

INFLUENCE OF  CHEMICAL CONPOSITION ON RUPTURE TEST PROPERTIES AT 
1500° F OF  FORCED  CHROHIUM  COBALT NICKEL IRON  BASE  ALLOYS, J. W. 
Freeman, J. F.  Eving, and A. E. White, J u l y   1 9 5 2  

PREVIEW  OF  BEHAVIOR  OF GRAIN BOUNDARIES I N  CREEP  OF  ALUMINUM 
BICRYSTALS, F. N. Rhines and  A. W. C o c h a r d t ,   J u l y   1 9 5 2  

A METHOD  OF SELECTING THE THICKNESS, HOLLOWNESS, AND SIZE OF A 
SUPERSONIC WING FOR  LEAST DRAG AND SUFFICIENT BENDING  STRENGTH 
AT SPECIFIED FLIGHT CONDITIONS, James L. h i c k ,  J u l y   1 9 5 2  

WEAR AND SLIDING FRICTION PROPERTIES OF NICKEL ALLOYS SUITED FOR 
GAGES  OF HIGH  TEMPERATURE  ROLLING  CONTACT  BEARINGS. I - ALLOYS 
RETAINING MECHANICAL PROPERTIES TO 600' F, R o b e r t  L. Johnson, 
Max A. S w i k e r t ,   a n d  Edmond E. B i s son ,   Augus t   1952  
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TN 2769 

TN 2771 

TN 2777 

TN 2778 

TN 2779 

TN 2788 

TN 2791  

TN 2798 

TN 2802 

TN 2803 

TN 2805 

TN 2808 

VEAR AND SLIDING  FRICTION PROPERTIES OF NICKEL ALLOYS SUITED FOR 
GAGES  OF HIGH TIMPERATITRE  ROLLING  CONTACT  BEARINGS. I1 - ALLOYS 
RETAINING MECHANICAL PROPERTIES ABOVE 600° F, Robert L. Johnson,  
Max. A. S w i k e r t ,   a n d  Edmond E. Bisson ,   Augus t   1952 

EXPERlMENTAL AND THEORETICAL  DETERMINATION  OF  THERMAL STRESSES I N  
A FLAT  PLATE, R i c h a r d  R. H e l d e n f e l s  and William M. Rober t s ,   Augus t  
195 2 

THERMAL  BUCKLING  OF  PLATES, Myron L. Gossa rd ,   Pau l   Se ide ,   and  
William M. Rober t s ,   Augus t   1952  

THEORETICAL DISTRIBUTION OF SLIP ANGLES I N  AN AGGREGATE  OF  FACE- 
CENTERED  CUBIC  CRYSTALS, John M. Hedgepeth,   August   1952 

STRESS AND STRAIN AT  ONSET  OF CRAZING OF  POLYMETHYL  METHACXLATE 
AT  VARIOUS  TIWPERATLJRES, M. A. Sherman  and B. M. Axi l rod ,   Septem-  
ber 1952  

EFFECTS OF  MODERATE BIAXIAL STRETCH  FORMING ON TENSILE AND CRAZING 
PROPERTIES OF ACRYLIC PLASTIC GLAZING, B. M. A x i l r o d ,  M. A. S h e r -  
man, V. Cohen, and I. Wolock, October 1 9 5 2  

EFFECT OF  SOLVENTS IN .IMPROVING BOUNDARY LUBRICATION OF STEEL BY 
SILICONES, S. F. Mur ray   and   Rober t  L. Johnson ,   Sep tember   1952  

CORRELATION  OF TENSILE STRENGTH, TENSILE DUCTILITY, AND NOTCH 
TENSILE STRENGTH  OF  ROTATING DISKS OF  SEVERAL DESIGNS I N  THE 
RANGE OF LOW AND INTERMEDIATE  DUCTILITY, A r t h u r  G. Holms and  
Andrew J. Repko,   September   1952 

AN EXPERDENTAL INVESTIGATION OF  THE  BEHAVIOR  OF 24S-T4 ALUMINUM 
ALLOY SUBJECTED TO REPUTED STRESSES OF  CONSTANT AND VARYING 
AMPLITUDES, Herbert F. H a r d r a t h   a n d   E l m e r  C. U t l e y ,  Jr., October 
195 2 

BONDING OF  MOLYBDENUM DISULFIDE TO  VARIOUS  MATERIALS  TO  FORM A 
SOLID LUBRICATING  FILM. I1 - FRICTION AND ENDURANCE  CHARACTERIS- 
TICS OF FILMS BONDED  BY PRACTICAL  METHODS, Douglas   Godfrey   and  
Edmond E. Bisson, October 1 9 5 2  

A THEORETICAL AND EXPERIMENTAL INVESTIGATION OF  THE INFLUENCE OF 
.TEBPERATURE  GRADIENTS ON THE  DEFORMATION AND BURST SPEEDS OF 
ROTATING DISCS,  P. J. W i l t e r d i n k ,  A. G. Holms, and  S. S. Mason, 
October 1952 

AN ENGINEERING METHOD  FOR ESTIMATING NOTCH SIZE EFFECT I N  FATIGUE 
TESTS ON STEEL, P a u l  Kuhn  and Herbert F .   Hard ra th ,   Oc tobe r   1952  

SHORT  BEARING  APPROXIMATION  FOR FULL JOURNAL  BEARINGS, F. W. 
Ocvirk ,  October 1952  
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TN 2809 

TN 2822 

TN 2838 

TN 2841  

TN 28'42 

TN 2846 

TN 2862 

TN 2865 

TN 2876 

TN 2883 

TN 2890 

TN 2896 

TN 2924 

EXPERIMENTAL INVESTIGATION OF ECCENTRICITY  RATIO, FRICTION, 
AND OIL FLOW OF SHORT  JOURNAL  BEARINGS, G. B. DuBois and F. W. 
Ocvirk, November 1 9 5 2  

A SPECIAL INVESTIGATION TO  DEVELOP A GENERAL  METHOD FOR  THREE 
DIMENSIONAL  PHOTOELASTIC STRESS ANALYSIS, M. M. F r o c h t   a n d  
R. Guernsey, Jr., December 1 9 5 2  

CALORIMETIC  DPllERMINATION OF  CONSTANT PRESSURE SPECIFIC HEATS  OF 
CARBON DIOXIDE AT  ELEVATED  PRESSURES AND TEMPERATURES, Vi rg i l  E. 
Schrock,  December 1 9 5 2  

INVESTIGATION OF 75-MILLIMETER BORE  DEEP  GROOVE  BALL  BEARINGS 
UNDER  RADIAL  LOAD  AT  -HIGH SPEEDS. I - OIL-FLOW STUDIES, Z o l t o n  
N. Nemeth, E. F r e d  Machs, a n d  William J. Anderson, December 1 9 5 2  

THE  PLANNING  CHARACTERISTICS OF SURFACE  HAVING A BASIC ANGLE OF 
DEAD RISE OF 40' AND HORIZONTAL  CHINE  FLARE, Ulysse J. Blanchard, 
December 1 9 5 2  

EFFECTIVE LUBRICATION RANGE  FOR STEEL SURFACES  BOUNDARY LUBRI- 
CATED  AT  HIGH SLIDING VELOCITIES BY VARIOUS  CLASSES  OF  SYNTHETIC 
FLUIDS, R o b e r t  L. Johnson,  Max A. S w i k e r t ,   a n d  Edmond E. B i s son ,  
December  1952 

INFLUENCE OF NONMARTENSITIC TRANSFORMATION PRODUCTS ON MECHANICAL 
PROPERTIES OF TWERED NARTENSITE, J. M. Hodge and TJ. T. Lankfo rd ,  
December 1 9 5 2  

INVESTIGATION OF GASES EVOLVED  DURING FIRING OF VITREOUS  COATING 
ON STEEL, Dwight G. Moore and Mary A. Mason,   January 1953 

THE PLANING  CHARACTERISTICS OF TWO V-SHAPED PRISMATIC SURFACES 
HAVING ANGLES  OF  DEAD RISE OF 20' AND 400, Derrill B. Chambl i s s  
and George M. Boyd, Jr., January 1953 

BEARING  STRENGTHS  OF SOME 75S-T6 AND 14S-T6 ALUMINUM  ALLOY HAND 
FORGINGS,  E. M. F i n l e y ,   J a n u a r y   1 9 5 3  

A LINEAR TINE T ~ P E R A T U R E  RELATION FOR EXTRAPOLATION OF CREEP 
AND STRESS RUPTURE  DATA, S. S. Manson and A. M. Haferd, March 1 9 5 3  

SURVEY OF PORTIONS OF THE  IRON-NICKEL-MOLYBDENUM AND COBALT-IRON- 
MOLYBDENUM  TERNARY SYSTBfS AT 1200° C, D i l i p  K. Das and P a u l  A.. 
Beck, F e b r u a r y  1953 

COMBINED STRESS FATIGUE STRFNGTH OF 76S-T61 fiUMINUM ALLOY  WITH 
SUPERINPOSED MEAN STRESSES AND CORRECTIONS  FOR YIELDING, William 
N. F i n d l e y ,  May 1 9 5 3  
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TN 2928 

TN 2933 

TN 2934 

TN 2935 

TN 2945 

TN 2973 

TN 3001 

TN 3002 

TN 3003 

TN 3006 

TN 3011 

TN 3017 

AXIAL LOAD FATIGUE PROPERTIES OF 24s-T AND 75s-T ALUMINUM  ALLOY 
AS  DETERMINED I N  SEVERAL  LABORATORIES, H. J. Grover, W. S. Hyler, 
P a u l  Kuhn, Charles B. Lande r s ,  May 1 9 5 3  

BEHAVIOR  OF  MATERIALS  UNDER  CONDITIONS  OF  THERMAL STRESS, S. S. 
Manson, July 1 9 5 3  

RELATION  BETWEEN  ROUGHNESS  OF  INTERFACE AND ADHERENCE  OF  PORCELAIN 
ENAMEL  TO STEEL, J. C. Richmond, D. G. Moore, H. B. K i r k p a t r i c k ,  
and W. N. Harrison, Apri l  1 9 5 3  

THE  GALVANIC  CORROSION  THEORY  FOR  ADHERENCE OF PORCELAIN ENAMEL 
GROUND COATS  TO STEEL, D. G. Moore, J. W. P i t t s ,  J. C. Richmond, 
and W. N. H a r r i s o n ,   J u n e  1953 

THE  CREEP OF SINGLE CRYSTALS  OF  ALUMINUM,  R. D. Johnson ,   F .  R. 
Shober ,  and A. D. Schwope, May 1953 

EFFECT OF PRESTRAINING ON RECRYSTALLIZATION  TEMPEWTURE AND 
MECHANICAL PROPERTIES OF  COMMERCIAL, SINTERED, WROUGHT  MOLYBDENUM, 
Kenneth C. D ike   and   Roger  A. Long, J u l y   1 9 5 3  

COMPARISON  OF  OPERATING  CHARACTERISTICS  OF  FOUR  EXPERIMENTAL AND 
TWO CONVENTIONAL  75-MILLIMETER-BORE  CYLINDRICAL-ROLLER  BEARINGS 
AT  HIGH SPEEDS, William J. Anderson,  E. F r e d  Macks a n d   Z o l t o n  N. 
Nemeth,   September   1953 

EFFECT OF  BRONZE AND NODULAR  IRON  GAGE  MATERIALS ON GAGE SLIP AND 
OTHER  PERFORMANCE  CHARACTERISTICS  OF  75-MILLIMETER-BORF: CYLINDRI- 
CAL  ROLLER  BEARINGS  AT DN VALUES  TO 2x106, William J. Anderson, 
E. F r e d  Macks and Zolton N. Nemeth,  September 1953 

INVESTIGATION OF 75-MILLIMETER-BORE  DEEP-GROOVE  BALL  BEARINGS 
UNDER  RADIAL  LOAD  AT  HIGH SPEEDS. I1 - OIL INLET TE24PERATURE, 
VISCOSITY, AND GENERALIZED  COOLING  CORRELATION, William J. 
Anderson, E. Fred  Macks  and Zolton N. Nemeth,  September 1953 

CORRELATION OF CALCULATION AND FLIGHT STUDIES OF  THF, EFFECT OF 
WING FLEXIBILITY ON STRUCTURAL  RESPONSE  DUE  TO  GUSTS, John C. 
Houbol t ,   Augus t   1953 

COEFFICIENT OF FRICTION AND DAMAGE  TO  CONTACT  AREA  DURING  THE 
EARLY  STAGES  OF FRETTING. I - GLASS, COPPER, OR STEEL AGAINST 
COPPER, Douglas  Godfrey and  John M. Bailey, Sep tember   1953  

AXIAL-LOAD FATIGUE TESTS ON NOTCHED  AND  UNNOTCHED SHEET  SPECIMENS 
OF 61S-T6 ALUMINUM  ALLOY,  ANNEALED 347 STAINLESS STEEL AND HEAT- 
TREATED 403 STAINLESS STEEL, H e r b e r t  F. H a r d r a t h ,  Charles B. 
L a n d e r s  and Elmer C. Utley, Jr., October 1 9 5 3  
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TN 3043 APPLICATION OF SILVER CHLORIDE I N  INVESTIGATIONS OF  ELASTO- 
PLASTIC STATES OF STRESS, L.. E. Goodman and J. G. S u t h e r l a n d ,  
November 1 9 5 3  

TN 3055 FRICTION AND WEAR INVESTIGATION OF MOLYBDENUM DISULFIDE. 
I - EFFECT OF  MOISTURE, Marshal B. P e t e r s o n   a n d   R o b e r t  L. Johnson,  
December 1 9 5 3  

TN 3074 A PRELIMINARY INVESTIGATION OF THE EFFECTS OF GUSTY AIR ON 
HELICOPTER-BLADE  BENDING  MOMENTS, J o s e p h  I?. J ewe l ,  Jr. and P a u l  
J. C a r p e n t e r ,  March 1954 

TN 3084 A METHOD  FOR  MEASURING  THF,  PRODUCT  OF INERTIA AND THE INCLINATION 
OF THE PRINCIPAL LONGITUDINAL AXIS OF INERTIA OF AN AIRPLANE, 
R o b e r t  I?. Boucher, Drexel A. R ich ,   Haro ld  L. Crane and  Cloyce E. 
Matheny, A p r i l   1 9 5 4  

TN 3085 AN EXPERIMENTAL  STUDY  OF POROSITY  CHARACTERISTICS OF  PERFORATED 
MATERIALS I N  NORMAL AND PARALLEL  FLOW, George M. S t o k e s ,  Don D. 
Davis, Jr. and Thomas B. S e l l e r s ,   A p r i l  1954 

TN 3107 EFFECT OF  HEAT  TREATMENT  UPON  THE  MICROSTRUCTURE AND HARDNESS OF 
A WROUGHT  COBALT-BASE  ALLOY STELLITE 2 1  (AMS5385), F. J. C l a u s s  
and J. W. Weeton, March 1954 

TN 3108 RELATION OF  MICROSTRUCTURE  TO HIGH-TWERATURE PROPERTIES OF A 
WROUGHT  COBALT-BASE  ALLOY STELLITE 2 1  (AMs 5385), F. J. C l a u s s  
and J. W. Weeton, March 1 9 5 4  

TN 3109 AN INVESTIGATION OF  LAMELLAR  STRUCTURES AND MINOR  PHASES I N  
ELEVEN  COBALT-BASE  ALLOYS  BEFORE AND AFTER  HEAT  TREATMENT, 
J. I?. Weeton  and R. A. S i g n o r e l l i ,  March 1954  

TN 3110 TRENDS OF ROLLING-CONTACT  BEARINGS  AS APPLIED TO AIRCRAFT GAS- 
TURBINE  ENGINES, Daniel Gurney, C. M. Michaels, S t e p h e n  Drabek, 
F r a n k  W. Wellons, R o b e r t  L. Johnson ,  Max A. S w i k e r t ,  Edmond E. 
B i s son ,  E. F. Macks, Apr i l  -1954  

TN 3111 FRICTION AND NEAR INVESTIGATION OF  MOLYBDENUM D1SUL;FIDE. I1 - 
EFFECTS OF  CONTAMINANTS AND METHOD  OF APPLICATION, Marshal B. 
P e t e r s o n   a n d   R o b e r t  L. Johnson, March 1 9 5 4  

TN 3114 ANALYSIS OF MULTICELL  DELTA  WINGS ON CAL-TECH ANALOG COMPUTER, 
R i c h a r d  H. MacNeal and S t a n l e y  V. Benscoter, December 1 9 5 3  

TN 3115 ANALYSIS OF SWEPTBACK  WINGS ON CAL-TECH  ANALOG  COMPUTER, R i c h a r d  
H. MacNeal and S t a n l e y  V. Benscoter, January 1954 

TN 3117 LUBRICANTS OF REDUCED  FLAMMABILITY, Charles E. Frank,   Donald E. 
S v ~ a r t s   a n d  Kenneth T. Meck lenborg ,   J anua ry   1954  
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TN 3119 

TN 3132 

TN 3154 

TN 3164 

TN 3195 

TN 3197 

TN 3203 

TN 3204 

TN 3206 

TN 3207 

TN 3209 

TN 3211  

TN 3212 

TN 3214 

TN 3216 

STATIC PROPERTIES AND RESISTANCE  CHARACTERISTICS OF A FAMILY  OF 
SEAPLANE  HULLS HAVING VARYING  LENGTH-BEAM  RATIO, Arthur W. Carter 
and David R. Woodward, J a n u a r y  1954 

FATIGUE STRESSES PRODUCING FAILURE I N  2 TO 10,000 CYCLES 24S-T3 
AND 75S-T6 ALUMINUM-ALLOY SHEET  SPECIMENS  TJITH A THEORETICAL 
STRESS-CONCENTRATION  FACTOR OF 4.0 SUBJECTED TO  COMPLETELY 
ReVERSED AXIAL  LOAD, H e r b e r t  F. H a r d r a t h   a n d  Walter I l l g ,  January 
1954  

INFRARED  SPECTRA  OF 4 7  DICYCLIC HYDROCARBONS, John   F .  Lamneck, Jr., 
H a r o l d  F. H i p s h e r  and Virginia 0.  Fenn,   June   1954 

FURTHER STUDIES OF THE MECHANISM BY WHICH  HYDROGEN  ENTERS  METALS 
DURING  CHEMICAL AND ELECTROCHEMICAL  PROCESSING,  L. D. McGraw, 
I?. E. D i tmars ,  C. A. S n a v e l y  and C. L. F a u s t ,  March 1954  

TIME-TEMPERATURE  PARAMETERS AND AN APPLICATION TO  RUPTURE AND 
CREEP OF ALUMINUM  ALLOYS, George J. H e i m e r l ,   J u n e   1 9 5 4  

MECHANICAL PROPERTIES AT  ROOM  TEMPERATURE  OF  FOUR  CERMETS OF 
TITANIUM  CARBIDE  WITH  NICKEL  BINDER, A l d i e  E. Johnson, Jr., 
Augus t  1954 

CONSIDERATIONS ON A LARGE  HYDRAULIC JET CATAPULT, Upshur  T. 
Joyner and Walter B. Horne, J u l y   1 9 5 4  

AN INVESTIGATION OF  THE  CREEP LIFETIME OF 75S-T6 ALUMINUM-ALLOY 
COLUMNS, E l d o n  E. M a t h a u s e r  and William A. Brooks,  Jr., J u l y   1 9 5 4  

TORSIONAL VIBRATIONS OF HOLLOW  THIN-WALLED  CYLINDRICAL  BEAMS, 
Edwin T. K r u s z e w s k i   a n d   E l d o n  E. Kordes ,   Augus t  1954 

ROLE  OF NICKEL DIP I N  ENAMELING  OF  SHEET STEEL, D. .G. Moore, J. W. 
P i t t s   a n d  W. N. Harrison, J u n e  1954 

HIGH-RESOLUTION  AUTORADIOGRAPHY, George C. Towe, Henry J. Gomberg 
and  J. W. F r e e m a n ,   J u l y  1954 

STATISTICAL STUDY OF OVERSTRESSING I N  STEEL, G. E. Dieter, G. T. 
Horne   and  R. F. Mehl, Apri l  1954  

A NONLINEAR  THEORY  OF  BENDING AND BUCKLING  OF T H I N  ELASTIC 
SHALLOW SPHERICAL SHEZLS, A. K a p l a n  and Y. C. Fung,  August  1954 

FWAMENTAL STUDY  OF  EROSION  CAUSED BY STEEP PRESSURE WAVES, 
B. G. R i g h t m i r e  and J. M. B o n n e v i l l e ,   J u n e   1 9 5 4  

COOPERATIVE INVESTIGATION OF RELATIONSHIP BETWEEN STATIC AND 
FATIGUE PROPERTIES OF  WROUGHT N-155 ALLOY  AT  ELEVATED  TEMPERATURES, 
NASA Subcommit tee  on H e a t - R e s i s t i n g  Materials, A p r i l  1955 
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TN 3221  STUDY  OF  THE SUBSONIC  FORCES AND MONENTS ON AN INCLINED PLATE OF 
I W I N I T E  SPAN, B r a d f o r d  H. Wick, J u n e   1 9 5 4  

TN 3233 A REVIETJ  OF  PLANING  THEORY AND EXPERIMENT  WITH A THEORETICAL  STUDY 
OF PURE-PLANING LIFT OF  RECTANGULAR FLAT  PLATES, Charles L. 
Shufo rd ,  Jr. , Augus t   1954  

TN 3257 EFFECTS OF  CHEMICALLY ACTIVE ADDITIVES ON BOUNDARY LUBRICATION 
OF STEEL BY SILICONES, S. F .   Murray  and R o b e r t  L. Johnson, Augus t  
1954 

TN 3259 INVESTIGATION OF  NICKEL-ALUMINUM  ALLOYS  CONTAINING  FROM 14 TO 34 
PERCENT  ALUMINUM, W e  A. Maxwel l   and  E. M. Grala, Augus t   1954  

TN 3268 SHEARING-STRESS  MEASUREME3lTS BY USE  OF A HEATED  ELENENT, H. W. 
Liepmann and G. T. Skinner ,   November  1954 

TN 3279 EFFECT OF  PHOSPHATE  COATINGS ON TENPERATURE  OF  METAL  PARTS  EXPOSED 
TO  FLAME  ENVIRONMENTS, George C. F r y b u r g ,  Norman H. Katz, and 
Sidney L. Simon, J u l y   1 9 5 6  

TN 3280 ELECTRICAL ANALOGIES  FOR STIFFENED SHELLS  WITH FLEXIBLE RINGS, 
R. H. MacNeal, December 1954  

TN 3281  INTERGRANULAR  CORROSION  OF HIGH-PURITY ALUMINUM I N  HYDROCHLORIC 
ACID. I - WFECTS OF  HEAT  TREATNENT,  IRON  CONTENT, AND ACID 
CCDIPOSITION, M. M e t z g e r   a n d  J. Intratter,  F e b r u a r y  1955 

TN 3282 INTERGRANULAR  CORROSION  OF HIGH-PURITY ALUMINUM I N  HYDROCHLORIC 
ACID. 11 - GRAIN-BOUNDARY  SEGREGATION  OF  IMPURITY  ATONS, M. 
M e t z g e r  and J. Intrater, A p r i l   1 9 5 5  

TN 3286 GENEBALIZED INDICIAL FORCES ON DEFORMING  RECTANGULAR WINGS I N  
SUPERSONIC FLIGHT, H a r v a r d  Lomax, F r a n k l y n  B. F u l l e r   a n d  Loma 
Sluder ,   November 1954 

TN 3 2 9 1  EXPERIMENTAL INVESTIGATION OF NOTCH-SIZE  EFFECTS ON ROTATING-BEAM 
FATIGUE BEHAVIOR  OF 75S-T6 ALUMINUM  ALLOY,  IJ. S. Hyler, R. A. 
L e v i s  and H. J. Grover,  November  1954 

TN 3292 INFLUENCE OF  EXPOSED  AREA ON STRESS-CORROSION CRACKING OF 2 4 s  
ALUMINUM  ALLOY, W i l l i a m  H. Colner and Howard T. Francis ,   November 
1954  

TN 3293  CUMULATIVE FATIGUE DAMAGE OF AXIALLY  LOADED  ALCLAD 75S-T6 AND 
ALCLAD 24S-T3 ALUMINU"ALL0Y SHEET, Ira Smith,  Darnley M. Howard, 
and  Frank C. Smi th ,   September   1955 

TN 3295 EFFECT OF PRESSURE ON THERMAL  CONDUCTANCE  OF  CONTACT JOINTS, 
Martin E. Barzelay, Kin Tee  Tong and George F. Holloway, May 1955 
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TN 3297 

TN 3305 

TN 3309 

TN 3310 

TN 3315 

TN 3333 

TN 3351 

TN 3352 

TN 3380 

TN 3386 

TN 3402 

TN 3409 

TN 3412 

TN 3413 

EFFECT OF OXYGEN CONTENT OF THE  ATMOSPHERE ON ADHERENCE  OF 
VITREOUS  COATINGS TO IRON,  A. G. Eubanks  and D. G. Moore, May 1955 

SOME  MEASUREMENTS AND POWER SPECTRA RUNWAY  ROUGHNESS, James H. 
Walls, John C. Houbo l t  and Harry Press ,   November  1954 

MECHANICAL PROPERTIES AT  ROON  TEMPERATURE  OF  FOUR  CERMETS  OF 
TUNGSTEN  CARBIDE  WITH  COBALT  BINDER, A l d i e  E. Johnson, Jr., 
December  1954 

INVESTIGATION OF STATIC STRENGTH AND CREEP  BEHAVIOR  OF AN ALUMI- 
NUM - ALLOY  MULTIWEB BOX BEAM  AT  ELEVATED  TEMPERATURES, E ldon  E. 
Mathauser,   November 1954 

TENSILE AND CONPRESSIVE STRESS-STRAIN PROPERTIES OF  SOME HIGH- 
STRENGTH SJ3EpII ALLOYS  AT  ELEVATED  TEMPERATURES, P h i l i p  J. Huges, 
J o h n  E. Inge a n d   S t a n l e y  B. Prosser ,   November  1954 

CORROSION  OF  METALS  OF  CONSTRUCTION BY ALTERNATE  EXPOSURE  TO 
LIQUID AND GASEOUS  FLUORINE, R i c h a r d  M. Gundzik  and Charles E. 
F e i l e r ,  December 1954  

PLASTIC DEFORMATION  OF  ALUMINUM SINGLE CRYSTALS  AT  ELEVATED  TEMPER- 
ATURES,  R. D. Johnson,  A. P. Young, and A. D. Schwope, A p r i l   1 9 5 5  

EXPERIMENTAL INVESTIGATION OF MISALINING COUPLES AND ECCENTRICITY 
AT  ENDS  OF MISALINED PLAIN BEARINGS, G. B. DuBois,  F. W. O c v i r k  
a n d  R.  L. Wehe, F e b r u a r y   1 9 5 5  

STUDY  OF EFFECTS OF  MICROSTRUCTURE AND ANISOTROPY ON FATIGUE OF 
24S-T4 ALUMINUM  ALLOY,  H. A. L i p s i t t ,  G. E. Dieter, G. T. Horne and 
R. F. Mehl, March 1955 

SOME CONSIDERATIONS ON TWO-DDENSIONAL  THIN AIRFOILS DEFORMING I N  
SUPERSONIC FLOW, Eugene   Migo t sky ,   J anua ry   1955  

BOUNDARY LUBRICATION OF STEEL WITH  FLUORINE- AND CHLORINE- 
SUBSTITUTED METHANE AND ETHANE  GASES, S. F .   Murray ,   Rober t  L. 
Johnson, and  Max A. S w i k e r t ,   F e b r u a r y   1 9 5 5  

CHAIN  BREAKING AND BRANCHING I N  THE ACTIVE-PARTICLE DIFFUSION 
CONCEPT  OF QUENCHING, F r a n k  E. Belles and  A. L. B e r l a d ,   F e b r u a r y  
1955 

CREEP AND CREEP-RUPTURE  CHARACTERISTICS OF  SOME RIVETED AND SPOT- 
WELDED LAP JOINTS OF AIRCRAFT MATERIALS, Leona rd  Mordfin, J u n e  1955 

INVESTIGATION OF THE USE OF A RUBBER  ANALOG I N  THE  STUDY  OF STRESS 
DISTRIBUTION IN RIVETED AND CDIENTED JOINTS, L o u i s  R. Demarkles, 
November  1955 
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TN 3414 

TN 3415 

TN 3423 

TN 3443 

TN 3444 

TN 3450 

TN 3459 

TN 3462 

TN 3463 

TN 3473 

TN 3493 

TN 3514 

TN 3542 

TN 3544 

INFLUENCE OF TEMPERATURE ON CREEP,  STRESS-RUPTURE, AND STATIC 
PROPERTIES OF MELAMINE-RESIN AND SILICONE-RESIN GLASS-FABRIC 
LAMINATES, .William N. F i n d l e y ,   H a r l a n  TJ. Peithman,  and Will J, 
Worley, J a n u a r y   1 9 5 6  

A UNIVERSAL COLUMN FORMULA FOR  LOAD  AT  WHICH YIELDING STARTS, 
L. H. Donne11 and V. C. T s i e n ,  October 1955 

METHOD OF CONTROLLING STIFFNESS PROPERTIES OF A SOLID-CONSTRUCTION 
MODEL WING, Norman S. Land and F r a n k  T. Abbo t t ,  Jr., A p r i l   1 9 5 5  

SHEARING EFFECTIVENESS OF INTEGRAL STIFFENING, Rober t   F .   Crawford  
and Charles Libove,  June 1955 

FRICTION, WEAR, AND SURFACE DAMAGE  OF  METALS  AS  AFFECTED  BY SOLID 
SURFACE FILNS, Edmond E. Bisson, R o b e r t  L. Johnson,  Max A. S w i k e r t  
and   Doug las  Godfrey, May 1955 

PRELIMINARY INVESTIGATION OF PROPERTIES OF HIGH-TEFPERATURE  BRAZED 
JOINTS PROCESSED I N  VACUUM  OR IN MOLTEN  SALT, C. A. Gyorgak and  
A. C. F r a n c i s c o ,  May 1955  

SIMPLIFIED PROCEDURES AND CHARTS  FOR  THE W I D  ESTIMATION OF 
BENDING FREQUENCIES OF  ROTATING  BEAMS, R o b e r t  T. Yntema, June 1955  

TENSILE PROPERTIES OF 70  75-T6 AND 2024-T3 ALUMINUM-ALLOY  SHEET 
HEATED  AT UNIFORM TEMPERATURE  RATES  UNDER  CONSTANT  LOAD, George 
J. H e i m e r l  and John E. Inge ,  July 1955 

INVESTIGATION OF  THE VIBRATIONS OF A HOLLOW  THIN-WALLED  RECTANGU- 
LAR BEAM, E l d o n  E. Kordes  and Edwin T. Kruzewsk i ,   Oc tobe r   1955  

RAPID RADIANT-HEATING TESTS OF WLTIIJEB BEAMS, J o s e p h  N. Kotanchik, 
Adie E. Johnson, Jr., and R o b e r t  D. Ross ,   September   1955 

DEVELOPMENT OF EQUIPMENT AND OF  EXPERIMENTAL  TECHNIQUES  FOR  COLlJ$fN 
CREEP TESTS, S h a r a d  A. P a t e l ,  Martin Bloom, B u r t o n   E r i c k s o n ,  
Alexander   Chwick  and Nicholas John Hoff ,   September  1955 

RESPONSE OF HOMOGENEOUS AND TWO-MATERIAL  LAMINATED  CYLINDERS  TO 
SINUSOIDAL ENVIRONMENTAL  TENPERATURE  CHANGE,  WITH APPLICATIONS TO 
HOT-WIRE  ANEMOMETRY AND THERMOCOUPLE  PYRONETRY, Herman H. L o w e l l  
a n d  Norman A. Pa t ton ,   Sep tember   1955  

ANALYSIS OF STRESSES I N  THE PLASTIC RANGE  AROUND A CIRCULAR  HOLE 
I N  A PLATE  SUBJECTED TO UNIAXIAL TENSION, Berna rd   Bud iansky   and  
R o b e r t  J. Vidensek, October 1955 

COHPARISON  BETWEEN  THEORETICAL AND EXPERIMENTAL STRESSES I N  
CIRCULAR  SEMI-MONOCOQUE  CYLINDERS  WITH  RECTANGULAR  CUTOUTS, 
Harvey G. McComb, Jr., a n d  b e t  F. Low, Jr., October 1955 
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TN 3552 

TN 3553 

TN 3556 

TN 3577 

TN 3578 

TN 3595 

TN 3596 

TN 3600 

TN 3 6 3 1  

TN 3638 

TN 3646 

TN 3647 

TN 3657 

TN 3660 

INVESTIGATION OF  THE CWRESSIVE STRENGTH AND CREEP LIFETIME OF 
2024-T3 ALUMINUM-ALLOY  PLATES  AT  ELEVATED TDPERATURES, E l d o n  E. 
M a t h a u s e r   a n d  William D. Deveikis, J a n u a r y  1956 

COXPRESSIVE CRIPPLING OF  STRUCTURAL SECTIONS, Melvin S. Anderson, 
January 1 9 5 6  

GRAIN-BOUNDARY  BEHAVIOR I N  CREEP  OF  ALUMINUM BICRYSTALS, F.  N. 
Rhines, TJ. E. Bond, and M. A. Kissel, December  1955 

THE NICKEL DIP: A RADIOISOTOPE STuqY OF METALLIC DEPOSITS I N  
PORCELAIN  ENAMELING, J o s e p h  C. Richmond,  Harry B. K i r k p a t r i c k  and 
W i l l i a m  N. Harrison, F e b r u a r y  1956 

INFLUENCE OF  LARGE  AMPLITUDES ON FLEXURAL  MOTIONS  OF ELASTIC 
PLATES, George Herman, May 1 9 5 6  

WEAR OF TYPICAL CARBON-BASE SLIDING SEAL  MATERIALS  AT  TEMPERATURES 
TO 700° F, R o b e r t  L. Johnson, Max A. S w i k e r t  and John M. Bailey, 
F e b r u a r y  1956 

ON THE  PERMEABILITY OF  POROUS  MATERIALS,  E. Carson Yates, Jr., 
J a n u a r y  195 6 

CORRELATION  OF CRIPPLING STRENGTH  OF  PLATE  STRUCTURES  WITH 
MATERIAL PROPERTIES, R o g e r  A. Ander son   and  Melvin S. Anderson,  
J a n u a r y   1 9 5 6  

RESULTS  OF  AXIAL-LOAD FATIGUE TESTS ON ELECTRO-POLISHED 2024-T3 
AND 7075-T6 ALUMINU"ALL0Y-SHEET  SPECIMENS  WITH CENTRAL  HOLES, 
Charles B. L a n d e r s   a n d  Herbert F .   Hard ra th ,  March 1 9 5 6  

ON PANEL  FLUTTER AND DIVERGENCE  OF INFINITELY LONG UNSTIFFENED 
AND RING-STIFFENED THIN-WALLED  CIRCULAR  CYLINDERS, R o b e r t  W. 
Leonard   and  John M. H e d g e p e t h ,   A p r i l   1 9 5 6  

A THEORY  FOR  THE ELASTIC DEFLECTIONS OF PLATES  INTEGRALLY 
STIFFENED ON ONE SIDE, R o b e r t  F. C r a w f o r d ,   A p r i l   1 9 5 6  

INVESTIGATION OF THE COMPRESSIVE  STRENGTH AND CREEP LIFETIME OF 
2024-T ALUMINUM-ALLOY SKIN-STRINGER PANELS  AT  ELEVATED  TEMPERA- 
TURES, E l d o n  E. M a t h a u s e r  and W i l l i a m  D. D e v e i k i s ,  May 1956  

FRICTION STUDIES OF  GRAPHITE AND MIXTURES  OF W H I T E  WITH 
SEVERAL  METALLIC  OXIDES AND SALTS  AT  TEMPERATURES  TO 10000 F, 
Marshal B. P e t e r s o n  and R o b e r t  L. J o h n s o n ,   F e b r u a r y   1 9 5 6  

INVESTIGATION OF THE N i  A 1  PHASE OF  NICKEL-ALUMINUM  ALLOYS, 
Edward M. Grala, A p r i l   ? 9 5 6  
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TN 3669 PERFORATED  SHEETS  AS A POROUS  MATERIAL  FOR DISTRIBUTED  SUCTION 
AND INJECTION, Robert F. Dannenberg,  Bruno J. Gambucci  and  James 
A. W e i n b e r g ,   A p r i l   1 9 5 6  

TN 3678 INFLUENCE OF ALLOYING  UPON  GRAIN-BOUNDARY  CREEP, F. N. Rhines, 
W. E. Bond and  M. A. Kissel, A p r i l  1956 

TN 3679 INFLUENCE OF COPPER  IONS ON ADHERENCE  OF VITREOUS  COATINGS TO 
STAINLESS STEEL, D. G. Moore and A. G. Eubanks ,   Feb rua ry   1956  

TN 3681 INVESTIGATION OF PLASTIC BEHAVIOR OF BINARY  ALUMINUM  ALLOYS  BY 
INTERNAL-FRICTION METHODS, R. E. Maringer, L. L. Marsh, and  
G. K. Manning, J u n e   1 9 5 6  

TN 3699 SOME EFFECTS OF JOINT CONDUCTIVITY ON THE  TEMPERATURES AND THERMAL 
STRESSES I N  AERODYNAMICALLY  HEATED SKIN-STIFFENER COXBNATIONS, 
George E. Griffi th and Georgene  H. Miltonberger, J u n e  1956 

TN 3727 INFLUENCE OF HOT-VORKING  CONDITIONS ON HIGH-TJMPERATURE  PROPER- 
TIES OF A HEAT-RESISTANT  ALLOY, John F. Ewing and J. TJ. Freeman, 
Augus t  195 6 

TN 3728 STUDY OF ALUMINUM  DEFORMATION BY ELECTRON  MICROSCOPY,  A. P. Young, 
C. W. Melton, and C. M. Schwar tz ,   Augus t   1956 

TN 3731  TENSILE PROPERTIES OF INCONEL AND RS-120 TI"-ALLOY SHEET 
UNDER RAPID-HEATING AND CONSTANT-TEMPERATURE  CONDITIONS, George 
J. Meimerl, Ivo M. Kurg, and John E. Inge, J u l y   1 9 5 6  

TN 3732 AN INVESTIGATION OF VERTICAL-WIND-SHEAR INTENSITIES FRON  BALLOON 
SOUNDINGS  FOR APPLICATION TO AIRPLANE- AND MISSILE-RESPONSE 
PROBLEMS, H. B. T o l e f s o n ,   J u l y   1 9 5 6  

TN 3736 POISSON'S RATIOS AND VOLUME  CHANGES  FOR PLASTICALLY  ORTHOTROPIC 
MATERIAL, E l b r i d g e  2. S t o w e l l  and R i c h a r d  A. P r i d e ,   A u g u s t   1 9 5 6  

TN 3742 TENSILE PROPERTIES OF HK31XA-H24  MAGNESIUM-ALLOY  SHEET  UNDER 
RAPID-HEATING  CONDITIONS AND CONSTANT  ELEVATED TE"ERA"URES, 
Thomas TJ. Gibbs, Augus t   1956  

TN 3749 TORSIONAL STIFFNESS OF THIN-WALLED SmLLS J3AVING REINFORCING 
CORES AND RECTANGULAR,  TRIANCXJLAR,  OR  DIAMOND  CROSS SECTION, 
Harvey  G. McComb, Jr., October 1956 

TN 3752 TJINSILE PROPERTIES OF AZ31A-0 MAGNESIUM-ALLOY  SHEET  UNDER RAPID- 
HEATING AND CONSTANT-TEMPERATURE  CONDITIONS, I v o  M. Kurg,   August  
195 6 

TN 3755 SOME  OBSERVATIONS ON THE RELATIONSHIP BETWEEN FATIGUE AND INTERNAL 
FRICTION, S. R. V a l l u r i ,   S e p t e m b e r   1 9 5 6  
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TORSIONAL INSTABILITY OF  HINGED  FLANGES STIFFENED BY LIPS AND 
BULBS, George Gerard ,   Augus t   1956 

INTERACTION OF BEARING AND TENSILE LOADS ON CREEP PROPERTIES OF 
JOINTS, E. G. Bodine,  R. L. C a r l s o n ,   a n d  G. K. Manning ,   October  
1956  

FURTHER INVESTIGATION OF  THE FEASIBILITY OF  THE FREEZE-CASTING 
METHOD  FOR  FORMING FULL-SIZE INFILTRATED  TITANIUM  CARBIDE  TURBINE 
BLADES, E. M. Grala, October 1956 

EFFECT OF  THREE  DESIGN  PARAMETERS ON THE  OPERATING  CHARACTERIS- 
TICS OF 75-MILLIMETER-BORE  CYLINDRICAL  ROLLER  BEARINGS AT HIGH 
SPEEDS, W i l l i a m  J. Anderson, Oc tobe r   1956  

THE DESIGN OF BRITTLE-MATERIAL BLADE  ROOTS  BASED ON THEORY AND 
RUPTURE TESTS OF PLASTIC MODELS, Andre J. Meyer, Jr., Albert 
Kaufman  and William C. Caywood, Sep tember   1956  

ANALYSIS OF ELASTIC THERMAL STRESSES I N  THIN PLATE  WITH  SPANWISE 
AND CHORDWISE  VARIATIONS  OF  TEMPERATURE AND THICKNESS, A l e x a n d e r  
Mendelson  and Marvin Hirschberg,   November  1956 

HEAT-CAPACITY  MEASUREMENTS  OF  TITANIUM AND OF A HYDRIDE  OF 
TITANIUM  FOR  TEMPERATURES  FROM 4' TO 15' K INCLUDING A DETAILED 
DESCRIPTION OF A SPECIAL ADIABATIC SPECIFIC-HEAT CALORIMETER, 
M. H. Aven, R. S. Craig, and  W. E. Wallace, Oc tobe r   1956  

COMPARISON  OF  THEORETICAL STRESSES AND DEFLECTIONS OF MULTICELL 
WINGS  WITH  EXPERIMENTAL  RESULTS  OBTAINED  FROM PLASTIC MODELS, 
George W. Zender,  November  1956 

EFFECT OF AN INTERFACE ON TRANSIENT  TEMPERATURE DISTRIBUTION I N  
COMPOSITE  AIRCRAFT JOINTS, Martin E. Ba rze l ay   and   George   F .  
Ho l loway ,   Apr i l   1957  

INVESTIGATION OF  THE N i A l  PHASE OF  NICKEL-ALUMINUM  ALLOYS, Edward 
M. Grala, J a n u a r y   1 9 5 7  

FAILURE  CHARACTERISTICS OF PRESSURIZED STIFFENED CYLINDERS, Roger  
N. P e t e r s  and Norris F. Dow, December  1956 

COMPRESSIVE STRESS-STRAIN PROPERTIES OF 2025-T3 ALUMINUM-ALLOY 
SHEET  AT  ELEVATED TWERATURES, E l d o n  E. Mathauser ,   November  1956 

COMPRESSIVE STRESS-STRAIN PROPERTIES OF 7075-T6 ALUMINUM-ALLOY 
SHEET AT  ELEVATED  TEMPERATURES, E ldon  E. Mathauser ,   November  1956 

FATIGUE TESTS ON NOTCHED AND DNNOTCIED  SHEET  SPECIMENS OF 2024-T3 
AND 7075-T6 ALUMINUM  ALLOYS AND OF SAE 4130 STEEL WITH SPECIAL 
CONSIDERATION OF THE LIFE RANGE  FRON 2 TO 10,000 CYCLES, Walter 
I l lg ,  December 1956  



TN 3889 

TN 3892 

TN 3594 

TN 3901  

TN 3925 

TN 3927 

TN 3930 

TN 3 9 3 1  

TN 3932 

TN 3933  

TN 3939 

TN 3949 

TN 3972 

TN 3976 

PRESSURE  LOSSES OF TITANIA AND MAGNESIUM SLURRIES I N  PIPES AND 
PIPELINE TRANSITIONS, R u t h  N. Weltmann and Thomas A. Keller, 
J a n u a r y   1 9 5 7  

PERFORMANCE  OF 110-MILLIMETER-BORE M-1 TOOL STEEL BALL  BEARINGS 
AT  HIGH  SPEEDS,  LOADS, AND TEDPERATURES, William J. Anderson, 
J a n u a r y   1 9 5  7 

A STUDY OF THE  IMPACT  BEHAVIOR  OF  HIGH-TENPERATIRE  MATERIALS, 
H.  B. P r o b s  t a n d  Howard T. McHenry, March 1957  

SHEAR  STRENGTH  AT  75' F TO 500' F OF  FOURTEEN  ADHESIVES  USED  TO 
BOND A GLASS-FABRIC-REINFORCED  PHENOLIC RESIN LAMINATE  TO STEEL, 
John R. Davidson,  December 1956 

PRELIMINARY  METALLOGRAPHIC STUDIES OF  BALL FATIGUE UNDER  ROLLING- 
CONTACT CONDITIONS, H. R o b e r t   B e a r  and R o b e r t  H. B u t l e r ,  March 
195  7 

PRELIMINARY INVESTIGATION OF THE  ETFECT  OF  SURFACE  TREATMENT ON 
THE  STRENGTH  OF A TITANIUM  CARBIDE - 30 PERCENT  NICKEL  BASE 
CERMET, Leonard   Robins   and   Edward  M. Grala, F e b r u a r y   1 9 5 7  

STRESS-LIFE RELATION OF  THE  ROLLING-CONTACT  FATIGUE SPIN RIG, 
R o b e r t  H. B u t l e r   a n d  Thomas L. Carter, March 1957 

A STUDY OF THE  "TOSS  FACTOR" I N  THE  IMPACT TESTING OF  CERMETS BY 
THE IZOD PENDULUM TEST, H. B. P r o b s t  and Howard T. McHenry, 
F e b r u a r y   1 9 5 7  

AN INVESTIGATION OF HIGH-TEMPERATURE VACUUM AND HYDROGEN  FURNACE 
BRAZING, Walter E. R u s s e l l   a n d  John P. Wisner, March 1957  

EFFECT OF FIBER ORIENTATION ON BALL FAILURES UNDER ROLLING- 
CONTACT CONDITIONS, R o b e r t  H. B u t l e r ,  H. Rober t   Bea r ,   and  Thomas 
L. Carter, F e b r u a r y   1 9 5 7  

A THEORETICAL AND EXPERlMENTAL  STUDY  OF  PLANING  SURFACES  INCLUD- 
I N G  EFFECTS OF  CROSS SECTION AND PLAN FORM, Charles L. Shufo rd ,  
Jr., March 1957  

EXPERINEXCAL INVESTIGATION OF  THE OSCILLATING FORCES AND MONENTS 
ON A TWO-DIMENSIONAL W I N G  EQUIPPED  WITH AN OSCILLATING CIRCULAR- 
ARC SPOILER, Sherman A. Clevenson and John E. Tomassoni,  March 
1957 

EFFECT OF  FREQUENCY AND TEMPERATURE ON FATIGUE OF  METALS, S. R. 
V a l l u r i ,   F e b r u a r y   1 9 5 7  

RUPTURE  STRENGTH OF SEVERAL  NICKEL-BASE  ALLOYS I N  SHEET FORM, 
James H. Dance a n d   F r a n c i s  J. C l a u s s ,   A p r i l   1 9 5 7  
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TN 3989 

TN 3990 

TN 3991 

TN 3993 

TN 3994 

TN 4000 

TN 4003  

TN 4019 

TN 4026 

TN 4027 

TN 4032 

TN 4036 

TN 4049 

EFFECT OF  ENVIRONMENTS  OF  SODIUM  HYDROXIDE, AIR, AND ARGON ON 
THE  STRESS-RUPTLTRE PROPERTIES OF NICKEL AT 1500O F, Howard T. 
McHenry and H. B. P r o b s t ,   J a n u a r y  1958 

STRENGTH AND DUCTILITY OF BAINITIC STEELS, Donald H. Desy, J. 0. 
B r i t t a i n ,  and M. Gensamer, Augus t   1957  

EFFECT OF  CRYSTAL  ORIENTATION ON FATIGUE-CRACK INITIATION I N  
POLYCRYSTALLINE  ALUMINUM  ALLOYS, J. G. Weinberg   and  J. A. Benne t t ,  
Augus t  195 7 

INTERFACE THERMAL  CONDUCTANCE OF TWENTY-SEVEN  RIVETED  AIRCRAFT 
JOINTS, Martin E. Barzelay and  George F. Ho l loway ,   Ju ly   1957  

BURSTING  STRENGTH OF UNSTIFFENED  PRESSURE  CYLINDERS  WITH SLITS, 
Roger  W. P e t e r s  and P a u l  Kuhn, A p r i l   1 9 5 7  

STATIC STRENGTH OF CROSS-GRAIN 7075-T6 ALUMINUM-ALLOY  EXTRUDED BAR 
CONTAINING FATIGUE CRACKS, Walter I l l g  a n d   A r t h u r  J. McEvily, Jr., 
A p r i l   1 9 5 7  

A PHENONENOLOGICAL  RELATION  BETWEEN STRESS,  STRAIN RATE, AND 
TEMPERATURE  FOR  METALS  AT  ELEVATED TWERATURES, E l b r i d g e  Z. 
S t o w e l l ,  May 1957 

A VARIATIONAL  THEORE!4  FOR  CREEP WITH APPLICATIONS TO PLATES AND 
COLUMNS, J. Lye11   Sande r s ,  Jr., Harvey  G. McComb, Jr., and   F loyd  
R. S c h l e c h t e ,  May 1957 

SOME OBSERVATIONS ON STRESS-CORROSION CRACKING OF SINGLE CRYSTALS 
OF AZ61X  MAGNESIUM  ALLOY, F. Meller and  M. M e t z g e r ,   J u l y   1 9 5 7  

EFFECTS OF T H E W L  RELAXATION AND SPECIFIC-HEAT CHANGES ON 
MEASUREMENTS  WITH A PNEUMATIC-PROBE PYRWETER, P. W. Kuhns, J u l y  
1957 

APPLICATION OF OBLIQUELY  MOUNTED STRAIN GAGE  TO  MEASUREMENT OF 
RESIDUAL  STRESSES I N  DISKS, M. H. Hirschberg, R. H. Kemp, and  
S. S. Manson,  September  1957 

REDUCTION  OF OXIDIZED NICHROME V POTJDmS AND SINTERING OF 
NICHROME V BODIES, P a u l   S i k o r a   a n d   P h i l i p   C l a r k i n ,   S e p t e m b e r   1 9 5 7  

CREEP OF ALUMINU"C0PPEX ALLOYS  DURING  AGE  HARDENING,  E. E. Under- 
wood, L.  L. Marsh, and  G. K. Manning ,   February   1958 

INFLUENCE OF CRUCIBLE  MATERIALS ON HIGH-TEMPERATURE PROPERTIES 
OF VACUU"MELTED  NICKEL-CHROMIUM-COBALT  ALLOY, R. F. Decker, John 
P. Rowe, and  J. TJ. Freeman,   June   1957 
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TN 4054 

TN 4065 

TN 4067 
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TN 4075 

TN 4076 

TN 4081 

TN 4082 

TN 4083 

TN 4084 
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STUDIES OF STRUCTURAL FAILURE DUE  TO ACOUSTIC  LOADING, R o b e r t  TJ. 
Hess, R o b e r t  W. F r a l i c h ,  and Harvey H. Hubbard, July 1957 

EFFECTS OF RAPID HEATING ON STRENGTH  OF  AIRFRAME CWONENTS, 
R i c h a r d  A. P r i d e ,  John B. Hall, Jr., and  Melvin S .  Anderson,   June 
1957 

TLJO FACTORS INFLUENCING TEMJ?ERATURE DISTRIBUTIONS AND THERMAL 
STRESSES I N  STRUCTURES, Nill iam A. Brooks,  Jr., George E. 
Griffith, and H. K u r t   S t r a s s ,   J u n e   1 9 5 7  

THE  COHBINATIONS OF  THERMAL AND LOAD STRESSES FOR  THE  ONSPT  OF 
PERMANENT  BUCKLING I N  PLATES, George TJ. Zender and R i c h a r d  A. 
P r i d e ,   J u n e   1 9 5 7  

EFFECT OF TRANSIENT  HEATING ON VIBRATION  FREQUENCIES OF  SOME 
SSMPLE WING STRUCTURES, Louis F. Vosteen, R o b e r t  R. McWithey, 
and Robert G. Thomson, J u n e   1 9 5 7  

TENSILE PROPERTIES OF INCONEL X SEEM: UNDER RAPID-HEATING AND 
CONSTANT-TFdlPERATURE  CONDITIONS, Ivo M. Kurg,   August   1957 

APPROXIMATE  ANALYSIS  OF EFFECTS OF LARGE DEFLECTIONS AND INITIAL 
TI?IST ON TORSIONAL STIFFNESS OF A CANTILEVER  PLATE  SUBJECTED TO 
THERMAL STRESSES, R i c h a r d  R. H e l d e n f e l s   a n d   L o u i s   F .  Vos teen, 
Augus t   1957 

CWRESSIVE STRESS-STRAIN  PROPERTIES OF 17-7 PH AND AM 350 
STAINLESS-STEEL SHEET  AT  ELEVATED TWERATURES, Bland  A. S t e i n ,  
Augus t 195 7 

TENSILE STRESS-STRAIN  PROPERTIES OF 17-7 PH AND AM 350 STAINLESS- 
STEEL  SHIIET AT  ELEVATED  TI?MPERATURES, Ivo M. Kurg,   September   1957 

CALCULATED AND MEASURED STRESSES I N  SIMPLE PANELS SUBJECT TO 
INTENSE RANDOH ACOUSTIC  LOADING  INCLUDING  THE NEAR NOISE FIELD 
OF A TURBOJET  ENGINE, L e s l i e  W. L a s s i t e r  and R o b e r t  TJ. Hess, 
Sep tember   1957  

EFFECT OF OVERHMTING ON CREEP-RUPTURE PROPERTIES OF S-816 ALLOY 
AT 1,500° F, John P.  Rowe and  J. 11. Freeman, December 1957 

ABNORMAL GRAIN GROWTH I N  NICKEL-BASE  HEAT-RESISTANT  ALLOYS,  R. F. 
Decker, A. I. Rush, A. G. Dano, and  J. W. Freeman, December 1957 

EFFECT OF OVERHEATING ON CREEP-RUP& PROPERTIES OF HS-X A L ~ Y  
AT 1,5000 F, John P.  Rowe and J. IJ. Freeman, December 1957 

ABNORMAL  GRAIN  GROWTH I N  "252 AND S-816 ALLOYS,  R. F. Decker, 
A. I. Rush, A. G. Dano, and  J. TJ. Freeman, November 1957 
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PRACTICAL  SOLUTION OF PLASTIC DEFORMATION  PROBLEMS I N  ELASTIC- 
PLASTIC RANGE, A. Mende l son   and  S. S. Manson,  September  1957 

THE  MECHANISM  OF  THERMAL-GRADIENT MASS TRANSFER I N  THE SODIUM 
HYDROXIDE-NICKEL SYSTIN, Charles E. May, September   1957 

EFFECT OF LUBRICANT VISCOSITY ON ROLLD CONTACT FATIGUE LIFE, 
Thomas L. Carter, October 1957 

INVESTIGATION OF THE CWRESSIVE STRENGTH AND CREEP  OF 7075-T6 
ALUMINUM ALLOY  PLATES  AT  ELEVATED  TEMPERATURES, William D. 
Deveikis, November  1957 

GENERALIZED  MASTER  CURVES  FOR  CREEP AND RUPTURE, George J. H e i m e r l  
a n d   A r t h u r  J. McEvily, Jr., October 1957 

THEORY  OF AIRCRAFT  STRUCTURAL  MODELS  SUBJECT  TO  AERODYNAMIC  HEAT- 
I N G  AND EXTERNAL  LOADS, William J. O ' S u l l i v a n ,  Jr., September   1957 

CREEP  DEFORMATION  PATTERNS  OF JOINTS UNDER  BEARING AND TENSILE 
LOADS,  E. G. Bodine, R. L. Carlson, and  G. K. Manning, December 
1 9 5  7 

THE  USEFUL  KEAT  CAPACITY  OF  SEVERAL  MATERIALS  FOR BALLISTIC NOSE- 
CONE  CONSTRUCTION, J a c k s o n  R. S t a l d e r ,  November  1957 

CORROSION RESISTANCE OF NICKEL ALLOYS I N  MOLTEN  SODIUM  HYDROXIDE, 
H. B. P r o b s t ,  C. E. May, and  Howard T. McHenry, J a n u a r y  1958 

THERMAL FATIGUE OF DUCTILE  MATERLALS. I - EFFECT OF VARIATIONS I N  
THE  TEMPERATURE  CYCLE ON THE THERMAL-FATIGUE LIFE OF S-816 ANT) 
INCONEL 550, F r a n c i s  J. C l a u s s   a n d  James W. Freeman,   September  
1958 

EFFECT OF  LUBRICANT  BASE  STOCK ON ROLLING-CONTACT FATIGUE LIFE, 
Thomas L. Carter, F e b r u a r y   1 9 5 8  

EFFECT OF  TEMPERATURE ON ROLLING-CONTACT FATIGUE LIFE WITH LIQUID 
AND DRY  POWDER LUBRICANTS, Thomas L. Carter, J a n u a r y   1 9 5 8  

THERMAL FATIGUE OF DUCTILE  MATERIALS. I1 - EFFECT OF CYCLIC 
THERMAL STRESSING ON THE  STRESS-RUPTURE LIFE AND DUCTILITY OF 
S-816 AND INCONEL 550, F r a n c i s  J. C l a u s s   a n d  James N. Freeman, 
September   1958 

TRANSIENT  HEATING  EFFECTS ON THE  BENDING  STRENGTH  OF  INTEGRAL 
ALUMINUM-ALLOY BOX BEAMS, R i c h a r d  A. P r i d e   a n d  John B. H a l l ,  Jr., 
March 1958  

MEASUREMENTS  OF  TOTAL  HEMISPHERICAL EMISSIVITY OF  VARIOUS OXIDIZED 
ME2ALS  AT  HIGH  TEMPERATURE, William R. Wade, March 1958 
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TN 4328  

TN 4329 
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EXPERIMENTAL  THERMAL CONDUCTIVITIES OF  THE N204=2N02 SYSTEM, 
C l e v e l a n d  O'Neal, Jr., F e b r u a r y  1958 

EFFECT OF FIBER ORIENTATION I N  RACES AND BALLS  UNDER  ROLLING- 
CONTACT FATIGUE  CONDITIONS, Thomas L. Carter, F e b r u a r y  1958 

ANALYSIS OF STRESSES AND DEFLECTIONS I N  A DISK SUBJECTED TO 
GYROSCOPIC  FORCES, M. H. Hirschberg and A. Mendelson, March 1958 

RELATION OF  JOURNAL  BEARING  PERFORMANCE  TO M I N I "  OIL-FILM 
THICKNESS, F. TJ. Ocvirk and  G. B. DuBois, A p r i l   1 9 5 8  

EFFECT OF  OVERHEATING ON CREEP-RUPTURE PROPERTIES OF "252 ALLOY, 
John P. Rove  and J. TJ. Freeman, March 1958  

INTERNAL-FRICTION STUDY OF ALUMINUM  ALLOY  CONTAINING 4 WEIGHT 
PERCENT  COPPER,  B. S. B e r r y  and A. S. Nonick,   August  1958 

EFFECT OF THE  PROXTMITY OF THE WING FIRST-BENDING FREQUENCY AND 

Carl R. Huss and James 3. Donegan, June 1958  
THE. SHORT-PERIOD  FREQUENCY ON THE AIRPLANE DYNAMIC-MSPONSE  FACTOR, 

TRANSGRANULAR AND INTERGRANULAR  FRACTURE  OF  INGOT  IRON  DURING 
CREEP, L. A. S h e p a r d  and IJ. H. Giedt, Augus t  1958 

MECHANISM OF BENEFICIAL EFFECTS OF  BORON AND ZIRCONIUM ON CREEP- 
RUPTURE PROPERTIES OF A COMPLEX HEAT-RESISTANT  ALLOY,  R. F. Decker 
and J. TJ. Freeman, A u g u s t   1 9 5 8  

RELATIONSHIP OF METAL  SURFACES  TO HEIT-AGING PROPERTIES OF ADHESIVE 
BOEDS, J. M. B l a c k   a n d  R. F. B lomqui s t ,   Sep tember  1958 

COMPRESSIVE  STRENGTH ANTI CREEP OF 17-7 PH STAINLESS-STEEL PLATES 
AT  ELEVATED  TEMPERATURES, B land  A. S t e i n ,   J u l y  1958 

TEMPERATURE AND THERMALSTRESS DISTRIBUTIONS I N  SOHE  STRUCTURAL 
ELEMENTS  HEATED  AT A CONSTANT  RATE, William A. Brooks,  Jr., Augus t  
1958 

STUDY OF HYDROGEN  EMBRITTLEMENT  OF  IRON  BY INTERNAL-FRICTION 
METHODS, R. E. M a r i n g e r ,  E. B. Swetnam, L. L. Marsh, and  G. K. 
Manning, Sep tember  1958 

INFLUENCE OF  HEAT  TREATMENT ON MICRO-STRUCTURE AND HIGH-TDPERA- 
TURE PROPERTIES OF A NICKEL-BASE  PRECIPITATION-HARDENING ALLOY, 
R. F. Decker, J o h n  P. Rowe, W. C. Bigelow,   and J. W. Freeman, 
J u l y   1 9 5 8  

AN INVESTIGATION OF  THE EFFECTS OF  ATMOSPHERIC  CORROSION ON THE 
FATIGUE LIFE OF  ALUMINUM  ALLOYS, Herbert A. Leybold,  Herbert F. 
H a r d r a t h ,  and R o b e r t  L. Moore, Sep tember   1958  
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TN 4348 EFFECT OF  TETMPERATlTRE ON DYNAMIC MODULUS  OF ELASTICITY OF  SOME 
STRUCTURAL  ALLOYS, L o u i s  F. Vosteen, Augus t   1958  

TN 4349 HEAT  TRANSFER AND THERMAL STRESSES I N  SANDWICH  PANELS, R o b e r t  T. 
Swann, Sep tember  1958 

TN 4 3 7 1  SOME OBSERVATIONS  RELATING  TO  RECOVERY OF INTERNAL FRICTION DURING 
FATIGUE OF ALUMINUM, S. R. V a l h r i ,  Sep tember   1958  

TN 4 3 7 2  EFFECT OF PRECIPITATE PARTICLES ON CREEP  OF  ALUMINUM-COPPER  ALLOYS 
DURING AGE HARDENING, E.  E. Underwood, L. L. Marsh and  G. K. 
Manning, Sep tember   1958  
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Applicable NASA Memoranda 

MEMO 5-3-59L INVESTIGATION OF TKE STRUCTURAL BEHAVIOR AND M A X I "  BENDING 
STRENGTH OF SIX MULTIWEB BEAMS WITH THREE TYPES OF WEBS, James 
P. Peterson and Walter E. Bruce, Jr., May 1959 

It vas decided  to  test 6  seven-web beams of optimum weight- 
s t rength   des ign   in   bending  and  compare the   exper imenta l   resu l t s  
wi th   the   resu l t s   ob ta ined  by weight-strength  diagrams. The 
computations  necessary to cons t ruc t   such  a diagram make use  of 
assumptions  that  may a f f e c t   t h e   v a l i d i t y  of the  computat ions  in  
regions  of optimum design. The  beams t e s t e d  were of  near   op t i -  
mum des ign   fo r  a g iven   r a t io   o f  beam depth  to  face-sheet  thick- 
ness   as   there  were two types of fu l l -dep th   so l id   nebs  and 
combinations  of webs and pos t - s t r inge r  webs f ab r i ca t ed  from 
7075-T6 aluminum. 

Ex i s t ing  methods  (weight-strength  diagrams) werk found t o  be 
adequate   for   predict ing  s t ructural   behavior ,   local   buckl ing,  and 
f a i l u r e s  of the  beams. Pos t - s t r inge r  webs were found i n   c e r t a i n  
c a s e s   t o   b e   a t   l e a s t   a s   e f f i c i e n t   a s   t h e   s o l i d - w e b  beams. 
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N o t   A p p l i c a b l e  NASA Memoranda 

MEMO 10-5-583 STRUCTURAL  DESIGN AND PRELIMINARY  EVALUATION OF A LIGHTWEIGHT, 
BRAZED,  AIR-COOLED  TURBINE  ROTOR  ASSEMBLY, Andre/ J. Meyer, Jr., 
and William C. Morgan, December 1958 

MEMO 10-18-58L EFFECT OF  TRAGET THICKNESS ON CRATERING AND PENETRATION OF 
PROJECTILES IMPACTING  AT VELOCITIES TO 13,000 FEET PER SECOND, 
William H. Kina rd ,  C. H. Lambert ,  Jr., David R. Schrye r ,   and  
F r a n c i s  W. Casey, Jr., December  1958 

MENO 11-21-588 EE'FECT OF REST  PERIODS ON FATIGUE OF HIGH-PURITY ALUMINUM, 
J. W. Berry, J. L e m a i t r e ,  and S. R. V a l l u r i ,   1 9 5 8  

NE" 12-3-58L AN ANALYSIS OF FLIGHT-TEST MEASUREMENTS  OF  THE WING STRUCTURAL 
DEFORMATIONS I N  ROUGH AIR OF A LARGE FLEXIBLE SWEPT-WING AIR- 
PLANE, Haro ld  N. Murrow, J a n u a r y   1 9 5 9  

MEbIO 12-29-588 EFFECTS OF LARGE WING-TIP MASSES ON OSCILLATORY STABILITY OF 

IEMO 1-5-59L 

MEMO 1-30-59L 

MEMO 2-12-59L 

MENO 2-18-59L 

$EN0 2-24-59W 

MEMO 2-25-593 

MEMO 2-28-59L 

WING BENDING  COUPLED  WITH  AIRPLANE PITCH, Donald T. Higdon, 
January 1959 

T m  EFFECT OF BEAM LOADING ON WATER  IMPACT  LOADS AND MOTIONS, 
John S. Mixson, Februa ry   1959  

EFFECTS OF  CROSS-SECTIONAL  SHAPE, SOLIDITY, AND DISTRIBUTION OF 
HEAT-TRANSFER COEFFICIENT ON THE  TORSIONAL STIFFNESS OF THIN 
WINGS  SUBJECTED  TO  AERODYNAMIC  HEATING, Robert G. Thomson, 
F e b r u a r y   1 9 5 9  

CWRESSION TESTS ON CIRCULAR  CYLINDERS STIFFENED LONGITUDINALLY 
BY CLOSELY  SPACED Z-SECTION  STRINGERS, James P. P e t e r s o n   a n d  
Marvin B. Dow, March 1959 

EVALUATION  OF  SEVERAL  APPROXIMATE  METHODS  FOR  CALCULATING  THE 
SYMMETRICAL  BENDING-MOMENT  RESPONSE  OF FLEXIBLE AIRPLANES TO 
ISOTROPIC ATMOSPHERIC  TURBULENCE, F l o y d  V. B e n n e t t   a n d   R o b e r t  
T. Yntema, March 1959 

THEORETICAL  DETERMINATION OF LIFETIME OF  COMPRESSED  PLATES  AT 
ELEVATED  TEMPERATURES, George Herrmann and  Hu-Nan Chu, March 
1959 

HALOGEN-CONTAINING  GASES  AS  BOUNDARY  LUBRICANTS  FOR  CORROSION- 
RESISTANT ALLOYS  AT 1200°  F,  Donald H. Buck ley   and   Rober t  L. 
Johnson,  March 1959 

COIQARISON  OF  MEASURED FLAPWISE STRUCTURAL BENDING MOMENTS ON A 
TEETERING ROTOR  BLADE  WITH  RESULTS  CALCULATED  FROM  THE  MEASURED 
PRESSURE DISTRIBUTION, A l t o n  P. Mayo, March 1959 
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MI340 3-2-593 LUBRICATING PROPERTIES OF  LEAD-MONOXIDE-BASE  COATINGS  OF  VARIOUS 
COMPOSITIONS AT  TEMPERATURES  TO 1250°  F, Harold E. S l i n e y ,  
F e b r u a r y   1 9 5 9  

MEMO 3-3-59L WIND-TUNNEL INVESTIGATION OF  THE EFFECT OF  ANGLE  OF  ATTACK AND 
FLAPPING-HINGE  OFFSET ON PERIODIC BENDING  MOMENTS AND FLAPPING 
OF A SMALL ROTOR, J o h n   L o c k e  McCarty, George W. Brooks,   and 
Domenic J. Maglieri, March 1959 

MEMO 3-3-59V STUDY  OF PLASTIC DEFORMATION I N  BINARY  ALUMINUM  ALLOYS  BY 
INTERNAL-FRICTION METHODS, E. C. Olson, R. E. M a r i n g e r ,  L. L. 
Marsh, a n d  G. K. Manning, March 1959 

EEMO 3-9-593 TENSILE PROPERTIES OF  MOLYBDENUM AND TUNGSTEN  FROM 2500' TO 
3700° F, R o b e r t  W. H a l l  and P a u l  F. S i k o r a ,   F e b r u a r y  1959 

MEMO 3-10-593 OPTIMIZATION OF PARAMETRIC  CONSTANTS  FOR  CREEP-RUPTURE  DATA 
BY MEANS OF  LJIAST SQUARES, S. S. Manson and  A. Mendelson, 
March 1959 

MDIO 4-12-59L EXPERIMENTAL INVESTIGATION OF EFFECTS OF RANDOM LOADING ON THE 
FATIGUE LIFE OF  NOTCHED  CANTILEVER-BEAM SPEClMENS OF 7075-T6 
ALUMINUM  ALLOY, R o b e r t  W. F r a l k h ,  June 1959 

PIEM0 4-13-593 EXPLORATORY INVESTIGATION OF  ADVANCED-TEMPERATURE  NICKEL-BASE 
ALLOYS, John C. Freche and William J. Waters, May 1959 

MENO 6-2-59L COMPRESSIVE  STRENGTH  OF STAINLESS-STEEL SANDrJICHES  AT  ELEVATED 
TEMPERATURES, E l d o n  E. M a t h a u s e r   a n d   R i c h a r d  A. P r i d e ,   J u n e  
1959 

~ ~ f 0  6-14-59L DETERMINATION OF STATIC STRENGTH AND CREEP  BUCKLING  OF UNSTIF- 
FENED  CIRCULAR  CYLINDERS  SUBJECTED  TO  BENDING  AT  ELEVATED 
TEMPERATURES, E l d o n  E. Ma thause r   and   Avraham  Berkov i t s ,   June  
1959 



TN D 98 

TN D 104 

TN D 158 

TN D 162 

TN D 163 

Applicable  Technical  Notes, D-Series 

OPTIMUM  PROPORTIONS OF TRUSS CORE AND NEB  CORE  SANDWICH  PLATES 
LOADED I N  COMPRESSION, Melvin S. Anderson,  September  1959 

The proportions  of  truss-core  and  ~7eb  core  sandwiches  which  give 
t h e  minimum weight   for   carrying  inplane  compressive  loads are 
presented.  For  l ightly  loaded  sandwich  plates,   the  truss-core 
sandwich i s  less e f f i c i e n t   t h a n  a honeycomb sandwich,  but  for 
h ighe r   l oad ing   i n t ens i t i e s   t he   t ru s s -co re   s andwich  i s  more 
e f f i c i e n t .  The web-core  sandwich is n o t  as e f f i c i e n t   a s   e i t h e r  
t h e   t r u s s - c o r e   o r  honeycomb sandwich. 

M I N I "  WEIGHT ANALYSIS OF SYMMETRICAL MULTI WEB BEAMS  STRUCTURES 
SUBJECTED TO TJBRMAL STRESS, Robert R. McWithey, October  1959 

A s tudy  is presented   to   de te rmine  beams of optimum weight  based 
upon buckling and y i e l d i n g  stress c r i t e r i a .  Curves  of minimum 
s t ruc tu ra l   we igh t   and  optimum va lues   o f   t he  beam parameters   a re  
shown a s  a funct ion  of   the  bending moment for   var ious   t empera ture  
differences  between  skin  and 17eb. 

LIMITED INVESTIGATION OF  CRUSHABLE  STRUCTURES  FOR  ACCELERATION 
PROTECTION  OF  OCCUPANTS  OF VEHICLES AT LOW IMPACT  SPEEDS, Thomas 
C. O'Bryan  and Howard G. Hatch,  October  1958 

"A LIMITED inves t iga t ion   has   been  made to   determine  the  charac-  
terist ics o f   t h ree  materials t o  see how they   can   be   appl ied   for  
human p r o t e c t i o n   a g a i n s t   a c c e l e r a t i o n s   e n c o u n t e r e d   a t  low impact 
speeds. 

HANDBOOK OF STRUCTURAL  STABILITY.  PART V I I ,  George Gerard and 
Herbert  Becker,  September  1959 

The s t a b i l i t y   o f   v a r i o u s   f o r m s   o f   s t i f f e n e d  and  sandwich  plates 
which  have  been  considered  for  the  compression  covers  of  thin 
wings i s  p r e s e n t e d   i n  terms of   o r tho t ropic   p la te   theory .   Des ign  
c h a r t s  are g iven   and   methods   o f   eva lua t ing   the   p la te   e las t ic  con- 
s t a n t s  are reviewed.  Buckling  and  failure  of  multiweb,  multipost, 
and  multipost-st iffened  forms  of beams cons t ruc t ion   a re   cons idered  
i n  terms o f   ava i l ab le   t heo re t i ca l   and   expe r imen ta l   r e su l t s .  The 
pe r t inen t   f i nd ings   o f  minimum-weight ana lyses   a re   p resented .  

H4NDBOOK OF  STRUCTURAL STABILITY.  PART I11 - BUCKLING OF CURVED 
PLATES AND SHELLS, George  Gerard,  September  1959 

Recent  experimental   data on buckling  of  cylinders  under  pressure 
is c o r r e l a t e d   w i t h   e x i s t i n g   t h e o r i e s  as of September  1959. 
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TN D 171 CALCULATED  EFFECTIVE THERMAL CONDUCTIVITIES OF HONEYCOMB SANDWICH 
PANELS, R. T. Swann,  December 1959 

The s teady-s ta te   t empera ture   d i s t r ibu t ion   th rough honeycomb type 
sandwich  panels i s  calculated  with  s imultaneous  radiat ion  and 
conduction. 

TN D 178 FLUTTER  INVESTIGATION OF A TRUE SPEED DYNAMIC MODEL TJITH VARIOUS 
T I P  TANK CONFIGURATIONS, J. L. Sewall, R. TJ. Herr and TJ. G. Igoe, 
March  1960 

A 1/6 scale wing t i p   t a n k  model, representa t ive   o f   an  unswept  wing 
a i rp lane ,  vas f l u t t e r   t e s t e d .  The wing was dynamical ly   scaled  to  
f l u t t e r  a t  t h e  same speed as a t y p i c a l   f u l l  scale configurat ion.  
E x p e r i m e n t a l   f l u t t e r   r e s u l t s   i n d i c a t i n g  the e f f e c t s   o f   e x t e r n a l  
s t o r e s  are compared wi th   the   resu l t s   o f   convent iona l   Rayle igh-  
R i t z   t ype   o f   f l u t t e r   ana lys i s   wh ich   p red ic t ed   f l u t t e r   speeds  
t h a t  were excessively  conservat ive with respect   to   experiment  
as   the   t ip   t ank   cen ter   o f   g rav i ty   approached   the  e las t ic  ax is .  

TN D 208 AN INVESTIGATION OF NONPROPAGATING  FATIGUE  CRACKS, A. J. McEvily, 
December 1959 

Through cons idera t ion   of   the  stresses e x i s t i n g  a t  t h e   t i p   o f  a 
fa t igue   c rack   an   a t tempt  is  made to   account   for   nonpropagat ing 
f a t igue   c r acks .  It is concluded  that   such  cracks may form  under 
cons tan t -ampl i tude   cyc l ic   loading   i f  the crack   c loses   dur ing  com- 
p r e s s i o n   o r  i f  t he   e f f ec t ive   r ad ius   o f   t he   c r ack  is l a r g e r   t h a n  
t h a t   o f   t h e   i n i t i a l   n o t e .  The resu l t s   o f   exper imenta l  work on 
s teel  and  aluminum a l l o y s  compare favorably with predic t ions .  

TN D 256 FATIGUE DAMAGE DURING CONPLEX STRESS HISTORIES, H. 'IJ. Liu, 
November 1959 

The r e l a t i o n  be tween   f a t igue   l i f e   and  the relative number and 
amplitude  of  imposed  cycles  of stress ~7as   de te rmined   in  wire 
specimens  of 2024-T4 and 7075-T6 aluminum al loys  and  hard dravm 
steel. Agreement ~7as excellent between the hypo thes i s   t ha t   t he  
f a t i g u e  l i f e  vas adequately  descr ibed  by a  two parameter  expres- 
s ion   i nvo lv ing   t he   pe rcen t   o f   cyc le s  a t  h igh  stress and a stress 
i n t e r a c t i o n   f a c t o r  and the   exper imenta l ly   de te rmined   fa t igue  l i fe .  

TN D 360 BENDING AND CONPRESSION  TESTS  OF  PRESSURIZED RING STIFFENED 
CYLINDERS, Marvin B. Dow and James P. Peterson,   Apri l  1960 

The r e s u l t s   o f  tests on p res su r i zed   r i ng   s t i f f ened   cy l inde r s   sub -  
jected  to  compression  and  bending are presented  and  discussed. 
The r e s u l t s   o b t a i n e d  a t  h igh   va lues   o f   i n t e rna l   p re s su re   d i f f e r  
f rom  those  obtained  by  previous  invest igators   in   that   the   theore-  
t i ca l  small def lect ion  compressive  buckl ing  coeff ic ient   of  0.6 was 
near ly   achieved  in   each test. Smal l  amounts  of i n t e r n a l   p r e s s u r e  
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had a g r e a t e r   s t a b i l i z i n g   e f f e c t   i n   t h e   b e n d i n g  t e s t  than i n   t h e  
compression tests. 

TN D 400 ANALYSIS  OF  FRAME REINFORCED CYLINDRICAL SHELLS, Richard H. 
TN D 401 Mac Neal and  John A. Bai l ie ,  May 1960 
TN D 402 

The s ta te  of  stress i n  and  near a reinforced  frame  subjected  to 
concentrated  loads and moments and s u p p o r t e d   i n  a c i r c u l a r   c y l i n -  
d r i c a l   s h e l l  is inves t iga t ed  and shown to  be  mainly  dependent upon 
a s ingle   parameter .  The theoret ical   approach is new and enables 
t a b l e s   o f   c o e f f i c i e n t s   f o r  the ca l cu la t ion   o f   l oads   pe r   i nch   i n  
t h e   s h e l l  as well as   loads  and def lec t ions   in   the   f rame  to   be  
evaluated  using a d i g i t a l  computer. The tab les   a re   p resented  
i n   p a r t  111. A comparison  of  this work  and two e x i s t i n g   t h e o r i e s  
is made t o  show re l a t ionsh ips  between  parameters  developed i n   t h e  
t h r e e  methods  of ana lys i s .  The usefu lness   o f   these  two t heo r i e s  
is  thereby  extended. 

TN D 424 INVESTIGATION OF THE BUCKLING STRENGTH OF CORRUGATED WEBS I N  
SHEAR, James P. Peterson  and  Michael P. Card, June 1960 

Design  char ts   are   presented from  which the  buckl ing  s t rength  of  
corrugated  shear  webs can  be  determined. The c h a r t s   a r e   a p p l i -  
c a b l e   t o  webs with  supported  edges i n  which  the  edge  rotations 
o f   t h e  17eb a long   l ines   o f   suppor t  may range from unres t ra ined  
(simply  supported  edges)  to  completely  restrained  (clamped  edges). 
I n   a d d i t i o n ,   t h e   r e s u l t s   o f   s h e a r  tests on  seven beams with  cor-  
rugated webs are presented and discussed. 

TN D 429 CREEP BENDING AND BUCKLING  OF THIN CIRCULAR CYLINDRICAL SHELLS, 
Burton  Erickson,  Francis W. French,  Sharad A. Pa te l ,  N. J. Hoff, 
and  Joseph Kempner, June  1960 

A number of   c i rcular   cyl indrical   shel ls   manufactured  of  5052-0 
aluminum a l l o y  were tes ted   in   pure   bending ,   mos t   a t  5000 F. Some 
specimens were reinforced,  some had  longitudinal,  some had c i r -  
cumferential ,  and some had long i tud ina l  and  c i rcumferent ia l   re in-  
fo rc ing  elements. A l l  the   spec imens   no t   subjec ted   to   s ta t ic  tests 
f a i l e d  by  creep  buckling. The resu l t s   o f   the   exper iments   a re  
p r e s e n t e d   i n   t a b l e s  and  diagrams. 

TN D 451 FLUTTER  RESEARCH AND SKIN  PANELS, Eldon E. Kordes, Weimer J. 
Tuovila  and  Lawrence D. Guy, September  1960 

Resul ts  are presented   for   uns t i f fened   rec tangular   pane ls  and f o r  
r ec t angu la r   pane l s   s t i f f ened  by  corrugated  backing.  Flutter boun- 
d a r i e s   a r e   e s t a b l i s h e d   f o r  a l l  types  of   panels  when considered  on 
the   bas i s  of   equiva len t   i so t ropic   p la tes .  A f l u t t e r   a n a l y s i s   o f  
or thot ropic   pane ls  is  presented i n  the  appendix. 
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TN D 506 STRUCTURAL BEHAVIOR OF PRESSURIZED,  RING-STIFFENED,  THIN-VALL 
CYLINDERS  SUBJECTED TO AXIAL  COMPRESSION, James P. Peterson  and 
Marvin B. Dow, October 1960 

Al though  no t   d i rec t ly   appl icable   to   mos t   l igh t   a i rc raf t   because  it 
dea ls   wi th   p ressur ized   cy l inders ,  this r e p o r t  is a con t r ibu t ion  
t o   t h e  development of more exact methods t o   a n a l y z e   c y l i n d r i c a l  
s t ructures .   See TN D 3089 f o r  more r e c e n t   r e l a t e d  work. 

TN D 526 CORRELATION OF THE BUCKLING STRENGTH OF PRESSURIZED,  CYLINDERS I N  
C W R E S S  I O N  OR BENDING WITH  STRUCTURAL  PARAMETERS, James P. 
Peterson,  October  1960 

The d a t a  on nonpressur ized   cy l inders   in   bending   of  NACA TN 3735 
and the  data   on  pressurized  cyl inders   in   compression and  bending 
of NASA TN D 360 a r e   c o r r e l a t e d  with s t ruc tura l   parameters  by 
using small deflection  buckling  theory  and  reduced  values for 
t h e   e x t e n s i o n a l   s t i f f n e s s  of t h e   c y l i n d e r   n a l l .  

TN D 536 APPLICATIONS OF A GENERAL FINITE DIFFEXNCE METHOD FOR  CALCULATING 
BENDING DEFORMATIONS OF SOLID PLATES, William C. Walton, Jr., 
November 19 60 

A f i n i t e   d i f f e r e n c e   t e c h n i q u e   f o r   c a l c u l a t i n g   s m a l l   s t a t i c   o r  
simple  harmonic  f lexures of p l a t e s  and beams is reported.  On 
t h e   b a s i s  of comparisons  with  experiments  and  exact  theory it is  
concluded  that   the  method i s  accu ra t e  and  general. An appendix 
i s  devoted  to   computing  procedures   which  faci l i ta te   appl icat ion 
of  the  technique  in  conjunction  with  high  speed  computing  equip- 
ment. 

TN D 543 FATIGUE CRACK PROPAGATION I N  ALUMINUM ALLOY  TEXSION  PANELS, 
Richard E. Whaley and P e t e r  R. Kurzhals, November 1960 

Resul ts  are presented  of  fatigue-crack  propagation  and stress re- 
d i s t r i b u t i o n   i n   b u i l t  up t e n s i o n   p a n e l s   f o r   v h i c h   t h e   r a t i o   o f  
s k i n  area t o   s t i f f e n e r  area 17as var ied   over  a wide  range. 

TN D 547 FATIGUE  INVESTIGATION  OF  FULL  SCALE  TRANSPORT  AIRPLANE WINGS, Lee 
R. Fos t e r  and  Richard E. IJhaley,  October  1960 

S i x  f a t i g u e  tests were conducted  on C-46 a i r p l a n e  wings: Two 
tests a t  high  constant  amplitude  load, two tests with loading 
schedules  based  on  gust  frequency s ta t is t ics ,  and two tests wi th  
loading  schedules  developed  from  maneuver-loads s ta t is t ics .  The 
resul ts   are   presented,   d iscussed,   and compared wi th   p rev ious ly  
publ ished  data   f rom  other  tests i n  this series. 

TN D 635 FATIGUE  INVESTIGATION OF  FULL  SCALE WING PANELS  OF 7075 ALUMINUM 
ALLOY, Claude B. Castle  and  John F. Ward, April   1961 

315 



TN D 647 

TN D 661 

TN D 662 

TN D 725 

TN D 796 

Resul t s   a re   p resented   of  a fa t igue   inves t iga t ion   conducted   us ing  
18 outer  wing  panels  of a T-29A airplane.  Constant-amplitude 
tests were performed  by  using  the  resonant  frequency method a t  
t h ree   d i f f e ren t   a l t e rna t ing   l oad  levels superposed  on a 1 g, o r  
level f l i g h t  mean load. 

FATIGUE DAMAGE UNDER VARYING .STRESS  AMPLITlTDES, H. W. Liu and H. 
T. Corten, November 1960 

The inf luence   o f  complex stress h i s t o r i e s  on t h e   f a t i g u e   l i f e   o f  
members  was inves t iga ted   to   de te rmine  the relat ionship  between 
f a t i g u e   l i f e  and the relative number and  amplitude  of  imposed 
cycles  of stress. A phys ica l  model  of f a t i g u e  damage  was formu- 
l a t e d   i n  terms of   the  number of damaged n u c l e i   i n i t i a t e d  by t h e  
h ighes t   appl ied  stress and the  propagation  of damage  by a l l  sub- 
sequent  cycles  of stress. Based on this phys ica l  model, a mathe- 
mat ica l   equa t ion  was d e r i v e d   t h a t   r e l a t e d  the f a t i g u e   l i f e   t o  
stress h i s to ry .   Fu r the r   i n t e rp re t a t ion   o f  this equat ion was  made 
by   an   a l te rna t ive   hypothes is .  Aluminum-alloy, hard-dram-s tee l ,  
and high-strength-s teel   music  wire were tested and t h e   d a t a   s t a -  
t i s t i c a l l y   a n a l y z e d   t o   o b t a i n  a measure of mean f a t i g u e  l i f e  and 
s c a t t e r .  

ANALYTICAL STUDY OF CREEP DEFLECTION  OF STRUCTURAL BEAMS, Leonard 
Mordfin, December 1960 

A s tudy  ~7as made o f   ex i s t ing  methods  of  analyzing  the creep de- 
f l e c t i o n s  of beams. Using  Popov's  elastic  followup  technique, 
t h e  stress and s t r a i n   d i s t r i b u t i o n s   a r e   d e t e r m i n e d   f o r   t h e   c r e e p  
bending of beams o f  nonrectangular  cross  section  having  unequal 
c r eep   p rope r t i e s   i n   t ens ion  and  compression. 

EXPERIMENTAL  INVESTIGATION  OF CREEP DEFLECTION OF EXTRUDED AND 
RIVETED I BEAMS, Leonard  Mordfin  and  Nixon  Halsey, December 1960 

Tests of 2024-T4 aluminum beams in   c r eep   bend ing   a t  450°  F a r e  
reported.  The c reep   def lec t ions  were compared w i t h   t h e o r e t i c a l  
va lues   ca l cu la t ed  by t h e  methods  presented in   ano the r   r epor t .  

FACTORS IN EVALUATING  FATIGUE LIFE OF STRUCTURAL PARTS, Walter 
I l l g ,   Apr i l   1961  

T h r e e   f a c e t s   o f   f a t i g u e   t e s t i n g   a r e   d i s c u s s e d   i n   r e l a t i o n   t o  
problems  involved i n   e v a l u a t i n g   t h e   f a t i g u e   l i f e  of s t r u c t u r a l  
par ts .   These  facets  are var iable   ampli tude  loading,   fa t igue-  
crack  propagation,  and  equivalent  fatigue  loading.  Experimental  
tests resu l t s   a re   inc luded   to   suppor t   conc lus ions .  

RESIDUAL  STATIC STR.ENGTH OF  ALUMINUM  ALLOY BOX BEAMS CONTAINING 
FATIGUE CRACKS IN THE TENSION  COVERS, Herbert  A. Leybold, Apr i l  
1961 
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S t a t i c  tests were performed  on  31 box  beams to   de te rmine   the i r  
r e s i d u a l   s t a t i c   s t r e n g t h s .  The  beams were constructed  of 7075 
and  2024  aluminum according  to   several   designs and  employed 
s t r i n g e r s   t h a t   w e r e   e i t h e r  bonded, r i ve t ed ,   o r   an   i n t eg ra l   pa r t  
of  the  skin. Beams v i t h   s t r i n g e r s  bonded t o   t h e   s k i n   ( b o t h  
ma te r i a l s )  had the   h ighes t   r e s idua l   s t a t i c   s t r eng ths ,   whereas  7075 
beams w i t h   i n t e g r a l l y   s t i f f e n e d   c o v e r s  had t h e   l o ~ 7 e s t   r e s i d u a l  
s t r eng ths .  The tes t  r e s u l t s   a r e  compared wi th   p red ic t ions   o f   the  
r e s i d u a l   s t a t i c   s t r e n g t h .   F a i r   a g r e e m e n t  between  predicted 
s t r e n g t h  and a c t u a l   s t r e n g t h  was o b t a i n e d   f o r   a l l  beams tes ted .  

TN D 826 GENERAL THEORY OF LARGE DEFLECTIONS OF THIN SHELLS, E. H. D i l l ,  
March 1961 

A general   theory is deve loped   fo r   l a rge   de f l ec t ions   o f   t h in   she l l s  
bu t   wi th   ro ta t ions   o f   the   e lements   negl ig ib le  compared to   un i ty .  
The d e r i v a t i o n  i s  c a r r i e d   o u t   i n   t e n s o r  form  and  any  coordinate 
system  on  the  surface of t h e   s h e l l  can  be  used. It is  shotm t h a t  
f o r   s h a l l o a   s h e l l s  and developable  surfaces  the  problem  can  be 
reduced t o  the   so lu t ion  of two f o u r t h - o r d e r   p a r t i a l   d i f f e r e n t i a l  

_equa t ions   i n  a s ty-eF.s ,  funct ion and the   de f l ec t ion  normal t o   t h e  
she l l .   For   she l l s   forming  a s u r f a c e   o f   r e v o l u t i o n   t h e   r e s u l t s  
a re   ind ica ted   in   t e rms   of   the   equat ion   of   the   genera t ing   curve .  
The d i f f e r e n t i a l   e q u a t i o n s   f o r   t h e   c o n i c a l   s h e l l   a r e   l i s t e d .  

TN D 987 CROSS-SECTION DEFORMATIONS OF MONOCOQUE BEAMS AND THEIR EFFECTS 
ON THE NATURAL VIBRATION FREQUENCIES, Robert G. Thompson and 
Edwin T. .Kruszewski, December 1961 

The v a r i a t i o n a l   p r i n c i p l e ,   d i f f e r e n t i a l   e q u a t i o n s ,  and  boundary 
cond i t ions   gove rn ing   t he   c ros s - sec t iona l   d i s to r t ions  due to  
ine r t i a   l oad ing   o f  a- two-dimensional  model  of a t h i n  monocoque 
~7irig are shovm. A t h e o r e t i c a l   a n a l y s i s -   o f   t h i s   s i m p l i f i e d  model 
is  made, i n   o rde r   t o   de t e rmine   t he   na tu re  o'f the  coupling  between 
the   c ros s   s ec t iona l  modes and the  spanv~ise  deformation modes. 
Gene ra l   so lu t ions   a r e   ob ta ined   i n   f i n i t e   d ig fe rence  form f o r  
a r b i t r a r y   ' c r o s s   s e c t i o n s  and  an  exact  solution is presented   for  
a pa rabo l i c  arc c r o s s   s e c t i o n  of  constant  cover  thickness. 

TN D 1008 CALCULATED MODE SHAPES AND PRESSUR3 DISTRIBUTIONS AT FLUTTER FOR 
A HIGHLY TAPERED HORIZONTAL TAIL I N  SUBSONIC FLOW, Gerald L. Hunt 
and Gerald D. Nalberg,  April  1962 

The kernel-funct ion method i s  used fo r   ca l cu la t ing   uns t eady  
aerodynamic  loads. 

TN D 1101 ,INVESTIGATION OF TAPERED CIRCULAR REINFORCEMENTS AROUND CENTRAL 
HOLES I N  FLAT  SHEET UNDER BIAXIAL LOADS I N  THE ELASTIC RANGE, 
Alber t  Kaufman, Peter T. Bizon  and  William C. Morgan, February 
19 62 

Nine  configurations of p l a s t i c   r e i n f o r c i n g   r i n g s  were centered 
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on  each s ide   o f   p las t ic   shee t   spec imens .  Stress concentrat ion 
f a c t o r s  were determined  from s t r a i n  gage  measurements.  Design 
curves  are  given  and  the  best  geometries  determined. The re- 
s u l t s  were compared with  those from an  invest igat ion  of   rectangu-  
l a r   c ros s   s ec t ion   r e in fo rcemen t s ,  and wi th   p red ic t ions  from an 
a n a l y t i c a l  media. 

TN D 1156 THEORETICAL FLUTTER ANALYSIS OF  FLAT RECTANGULAR PANELS I N  UNIFORM 
COPLANAR  FLOW  T?ITH ARBITRARY DIRECTION, Eldon E. Kordez  and 
Richard B. Noll,  January  1962 

Numerical  calculations show tha t   sma l l   va r i a t ions   i n   f l ow  d i r ec -  
t ion  have a marked effect on  the  f lut ter   of   s imply  supported rec- 
tangular   panels .  The r e su l t s   o f   t he   ca l cu la t ions   a l so  show t h a t  
t h e   c r i t i c a l   f l u t t e r  mode changes a t   sma l l   f l ow  ang le s  when the  
length-width  ra t io  i s  less than 1. F l u t t e r   c o n d i t i o n s   f o r  a 
given  panel a t  different  f low  angles  can  be compared  on a common 
bas i s  by use  of a dynamic-pressure  parameter r a t i o   r e f e r e n c e d   t o  
f low  condi t ions  of   an  a l ined  panel .  

TN D 1195 INVESTIGATION OF CIRCULAR REINFORCEMENTS  OF  RECTANGULAR CROSS 
SECTION AROUND CENTRAL  HOLES I N  FLAP SHEETS UNDER BIAXIAL LOADS 
I N  THE ELASTIC RANGE, Alber t  Kaufman, P e t e r  T. Bizon,  and  William 
C. Morgan, February  1962 

Twenty-f ive  different   configurat ions of p l a s t i c   r e i n f o r c i n g   r i n g s  
were cemented  on  each s ide  of   plast ic   sheet   specimens.   Design 
curves were constructed and the   bes t   re inforcements  were de te r -  
mined. The r e s u l t s  were compared wi th   p red ic t ions   o f  a two- 
dimensional   analyt ical  method. 

TN D 1200 EXPERDENTAL INVESTIGATION OF STRESS DISTRIBUTIONS NEAR ABRUPT 
CHANGES I N  WALL THICKNESS I N  THIN WALLED PRESSURIZED CYLINDERS, 
William C. Morgan and P e t e r  T. Bizon,  June  1962 

Stress d i s t r i b u t i o n s  were compared wi th   those   p red ic ted  by a 
prev ious ly   publ i shed   theore t ica l  method  of  analysis.  This method 
was deve loped   t o   i nc lude   cons ide ra t ion   o f   s t r e s ses   a t t r i bu tab le  
to   d i f f e rences  be tween   ave rage   r ad i i   i n   cy l ind r i ca l   s ec t ions   a s  
well as   to   th ickness   changes .   Typica l   cases   o f   rad ica l ly  sym- 
metric abrupt  changes in   cy l inde r   wa l l   t h i ckness  were inves t iga ted  
f o r   r a t i o s  of d iameter   to   l a rger   wal l   th ickness   o f  117  and 28. 
The degree  of  correlation  between  predicted and  experimental 
stress d i s t r i b u t i o n s   e s t a b l i s h e d   t h e   v a l i d i t y  of t h e   t h e o r e t i c a l  
method. The s ign i f i cance  of add i t iona l  stresses caused by  change 
i n   w a l l   t h i c k n e s s  was evaluated. 

TN D 1251 STRUCTURAL BEHAVIOR AND CONPRESSIVE  STRENGTH  OF CIRCULAR CYLINDERS 
WITH LONGITUDINAL STIFFENERS, James P. Peterson,  Ralph 0. Whitley 
and J e r r y  N. Deaton, May 1962 

Results  of tests on   17   c i rcu lar   cy l inders   wi th   longi tudina l  
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s t i f f e n i n g   a r e   p r e s e n t e d  and  discussed. In addi t ion ,   s tud ies  of 
the  compressive  load-shortening  characteris t ics  o f   p l a t e s   w i th  
large  width,- thickness   ra t ios   and  of   the  s t rength o f  columns  con- 
s i s t i n g   o f   l o n g i t u d i n a l l y   s t i f f e n e d  sheet which buckled  pr ior   to  
column f a i l u r e  are given  and employed i n   a n a l y s e s  o f  the cy l inder  
tests. Correlation  between  experiment  and  analysis t7as achieved 
i n   p r e d i c t i n g   l o c a l   b u c k l i n g   o f   t h e   s k i n ,   i n   p r e d i c t i n g   s h o r t e n i n g  
of  the cylinders,  and i n   p r e d i c t i n g  the p a n e l   i n s t a b i l i t y   l o a d   o n  
the   longer   cy l inders .   Shor te r   cy l inders   fa i l   wi th   loads   cons id-  
e rab ly  less than  those  predicted.  

TN D 1258 INVESTIGATION OF  THE  RESPONSE OF MULTIIJEB BEAMS TO STATIC AND 
DYNAMIC LOADING, Wilbur B. F i c h t e r  and  Eldon E. Kordes, May 1962 

Measured  cover stresses are   p resented   for   four   mul t iweb beams 
subjected  to   t ransient   uniform  loading.   Elementary beam theory 
more accura te ly   p red ic ted   the   bending  stresses due t o   s t a t i c  
loading  than  those  due  to   t ransient   loading.  Timoshenko beam 
theory  offered no  improvement over  elementary  theory  for  the  one 
beam considered.  Results  for  one  specimen  indicate  that  dynamic 
e f fec ts   on   the   s t rength   o f   mul t iweb beams can  be  appreciable .  

TN D 1510 COLLECTED PAPERS ON INSTABILITY OF SHELL  STRUCTURES, 1962 

This is i n  effect  a s t a t u s   r e p o r t  on  methods for   de te rmining   the  
i n s t a b i l i t y   o f   s h e l l   s t r u c t u r e s .  

TN D 1522 VARIABLE  AMPLITUDE  FATIGUE  TESTS WITH PARTICULAR ATTENTION TO THE 
EFFECTS OF HIGH AND LOW LOADS, Eugene C. Naumann,  December 1962 

Load schedules were designed  to  approximate  gust   load statistics 
and  maneuver load statist ics.  The test da ta  were analyzed by 
assuming l inear   cumulat ive damage, and a l i m i t e d   s t a t i s t i c a l  
ana lys i s  17as used to   s t rengthen   conclus ions .  

TN D 1666 A GmERAL DIGITAL COMPUTER  ANALYSIS  OF  STATICALLY INDETERMINATE 
STRUCTURES, Paul H. Denke, Douglas A i r c r a f t  Co., Inc., December 
1962 

A procedure   for   s t ruc tura l   ana lys i s ,   compr is ing  a matrix  formula- 
t i on   o f   t he   equ i l ib r ium and Maxwell-Mohr cont inui ty   equat ions,  
and  an  associated  digi ta l   computer  program, has  been  developed. 
This  procedure is  app l i cab le ,   i n  i t s  b a s i c  form, t o  any l i n e a r  
d i s c r e t e   s t r u c t u r e .  The method has   been   fu l ly   ve r i f i ed  by com- 
p a r i s o n   v i t h  tes t  r e s u l t s ,   b o t h   i n   t h e   l a b   a n d   i n   p r o o f  tests, 
and it has  been  shotm  to  be a p r a c t i c a l   a n a l y s i s   t o o l   i n  5 
numerous appl ica t ions .  

TN D 1803 INVESTIGATION OF THE EFFECTS OF VARIABLE AMPLITUDE  LOADINGS ON 
FATIGUE CRACKS PROPAGATION  PATTERNS, C. Michael Hudson and 
Herbert  F. Hardrath,  August  1963 
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Axia l   load   var iab le   ampl i tude   fa t igue  tests were conducted  on 
2024-T4 aluminum  specimens.  Both gus t  and  ground-air-ground 
cycles  were simulated i n  these  tests, and t h e   r e s u l t i n g   f r a c t u r e  
pa t t e rns  were careful ly   inspected  to   determine  which  loadings 
produced  the  various  markings. The e f fec ts   o f   loading   order  and 
load  magnitude  on  the  size and t ex tu re  of the  markings were a l s o  
inves t iga ted .  

TN D 1872 OBSERVATIONS ON THE ROLE OF  NONLINEARITY I N  RANDON VIBRATIONS  OF 
STRUCTURES, Richard H. Lyon, Bolt  Beraner  and Nevnnan Inc., March 
1963 

The effect o f   n o n l i n e a r i t y   i n   s e v e r a l  clamped-clamped beam vibra-  
tion  problems  are  reviewed.  Studies  of  prototype  panel-frame 
s t r u c t u r e s  show similar   behavior .  The necess i ty   for   ex tending  
t h e s e   e f f o r t s   t o   b u i l t - u p   s t r u c t u r e s  i s  emphasized.  Also, esti-  
mates fo r   t he   onse t   o f   non l inea r i ty   based   on  two simple  models 
a r e  made t o  show how one  can  be  guided in   experimental   design by 
quant i ta t ive-empir ica l   cons idera t ions .  

TN D 1948 APPLICATION OF THE TRANSTABILITY CONCEPT TO FLUTTER  OF FINITE 
PANELS AND EXPERIMENTAL  EtESULTS, Sidney C. Dixon, September  1963 

The govern ing   d i f fe ren t ia l   equa t ion  was solved by the  Galerkin 
method.  Numerical resul ts   obtained  f rom  four  term s o l u t i o n s   a r e  
presented   for   bo th  clamped  and  simply  supported  panels  with  vari-  
ous   l eng th   w id th   r a t io s   and   va r ious   r a t io s   o f   l a t e ra l   t o   l ong i -  
tudinal  midplane stress. Exper imenta l   da ta   a re   p resented   for  
e s s e n t i a l l y  clamped panels  with a length-width  ra t io   of   4 .  The 
r e s u l t s   r e v e a l e d   t h a t   t h e   f l u t t e r   c h a r a c t e r i s t i c s   a r e   v e r y   s e n s i -  
tive to   t he   l oca l   buck l ing   cha rac t e r i s t i c s .  Both theory and 
exper iment   ind ica ted   tha t   ex is t ing   exper imenta l   pane l - f lu t te r  
envelopes   can   be   inadequate   as   f lu t te r   c r i te r ia   for  stresses 
panels.  

TN D 1967 AN ANALYTICAL AND EXPERIMENTAL  INVESTIGATION  OF Tm NATURAL FRE- 
QUENCIES OF UNIE'OREi RECTANGULAR CROSS SECTION FREE-FREE  SANDWICH 
BEAMS, Robert R. Clary  and Sumner A. Leadbetter,  October  1963 

N a t u r a l   f r e q u e n c i e s   o f   t h e   f i r s t   s i x   l a t e r a l   b e n d i n g  modes were 
measured.  Correlation  with  values  calculated from the  Timoshenko 
beam theory v7as exce l l en t  when the  secondary effect of   t ransverse  
shear  was included. The s h e a r   e f f e c t  was increasingly  important  
f o r   t h e   h i g h e r  modes. For  one beam the   na tura l   f requencies  
corresponding  to  the f i r s t   f i v e  modes were measured  and were found 
t o   i n c r e a s e   a s   t h e   d e n s i t y   o f   t h e   s u r r o u n d i n g   a i r  was reduced from 
a sea  level v a l u e   t o   t h a t   o f  a near  vacuum. 

TN D 2051 COMPARATIVE EVALUATION OF  METHODS  FOR PREDICTING FLUTTER AND 
DIVERGENCE OF  UNSWEPT WINGS OF FINITE SPAN, E. Carson  Yates, Jr., 
and  Samuel R. Bland,  December 1963 
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Subsonic   and  supersonic   f lut ter   and  divergence  calculat ions  have 
been made f o r   f i v e  unswept  wings  by several a n a l y t i c a l  methods. 
The resul ts   have  been compared & t h   e x p e r i m e n t a l   f l u t t e r   d a t a   i n  
order   to   eva lua te   each  method  of p r e d i c t i n g   a e r o e l a s t i c   i n s t a b i l -  
i t ies,  p a r t i c u l a r l y   i n   t h e   h i g h   s u b s o n i c  and 1 0 ~ 7  supe r son ic   t o  
hypersonic  ranges. 

TN D 2200 BENDING TESTS  OF LARGE DIAMETER STIFFENED  CYLINDERS SUSCEPTIBLE 
TO GENERAL INSTABILITY, Michael F.  Card, April   1964 

7 r i n g  and s t r i n g e r   s t i f f e n e d ,   c i r c u l a r   c y l i n d e r s  were loaded 
t o   f a i l u r e   i n  bending. A t  101.7 l oad ings ,   po r t ions   o f   t he   sk in   i n  
each   of   the   cy l inders   buckled   loca l ly ;   the   overa l l   load   d i s t r ibu-  
t i o n   i n   t h e   c y l i n d e r s ,  however,   could  be  predicted  analytically 
up t o   f a i l u r e .   F a i l u r e   o f  a l l  bu t   one   o f   the   cy l inders  is be- 
l i eved   to   have   been   prec ip i ta ted   by   genera l   ins tab i l i ty .   Corre-  
l a t i o n  between  orthotropic  buckling  theory and  experiment v7as 
found t o   b e   f a i r l y  good, d i screpancies   be ing   a t t r ibu ted   main ly  
t o   u n c e r t a i n t i e s   i n  two o f   t he   o r tho t rop ic   s t i f fnes ses .  

TN D 2206 ANALYSIS  OF  PLASTIC  THERMAL STRESS AND STRAINS I N  FINITE THIN 
PLATE  OF STRAIN HARDENING MATERIAL, Ernest  Roberts, Jr., and 
Alexander  Mendelson,  October  1964 

A p r a c t i c a l  method f o r   o b t a i n i n g   t h e   p l a s t i c   d e f o r m a t i o n s   i n  a 
b i a x i a l  stress f i e l d  is  presented. The method i s  numerical, 
u t i l i z i n g  a system  of  successive  approximations.   There  are  no 
l imi ta t ions   regard ing   boundar ies ,   loading   h i s tory ,   s t ress -s t ra in  
curves,   or temp dependence  of material proper t ies .  The incre-  
menta l   theory   o f   p las t ic i ty  i s  used. Two examples a re   p re sen ted  
for   s t ra in-hardening   mater ia l s :  a thermally  loaded  square  plate  
and a thermally  loaded  long  rectangular   plate .  Where possible ,  
comparisons are made wi th   ex i s t ing   so lu t ions .  The v a l i d i t y   o f  
certain approximations  of the s o l u t i o n  is  a l so   i nves t iga t ed .  

TN D 2227 RESEARCH ON PANEL  FLUTTER, D. R. Kobett  and E. F. E. Zeydel, 
November 1963 

A theo re t i ca l   pa rame t r i c   s tudy  i s  conduc ted   o f   t he   f l u t t e r  
charac te r i s t ics   o f   s imply   suppor ted   f la t   pane l   a r rays   ex tending  
t o   i n f i n i t y   i n  the spanv i se   d i r ec t ion  and t o  one  panel i n  the 
chordwise  direct ion.   Small   def lect ion  plate   theory  and  exact  
l inear ized ,  three dimensional  aerodynamic  theory  are  used. 

TN D 2260 ELASTIC  STRESS  DISTRIBUTION I N  A FINITE IJIDTH  ORTHOTROPIC  PLATE 
CONTAINING A CRACK, Alexander  Mendelson  and  Samuel 14. Spero, 
March  1964 

The e l a s t i c  stress d i s t r i b u t i o n   i n  a thin-finite-FTidth  ortho- 
t rop ic   p l a t e   con ta in ing  a cent ra l   c rack   under   t ens ion  is pre-  
sented. The s o l u t i o n  i s  no t   exac t   i n   t he   s ense   t ha t   t he   no rma l  
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stress d i s t r i b u t i o n   i n   t h e   s i d e s   o f   t h e   p l a t e  is  not   zero,   but  i t  
has a ze ro   r e su l t an t .   Fo r   an   i so t rop ic   p l a t e ,   t he   so lu t ion   ag rees  
with  Westergaard 's   semi- inverse  solut ion  for  a set  of   co l inear  
c racks ,   and   as   the   ra t io   o f   c rack   length   to   p la te   wid th   approaches  
zero ,   the   so lu t ion   reduces   to  the well known s o l u t i o n   f o r   t h e  
i n f i n i t e   p l a t e .  It is  shown t h a t   t h e  stress i n t e n s i t y   f a c t o r  i s  
independent   of   the   or thotropy  of   the  mater ia l .  

TN D 2266 REVIEW  OF SOME RECENT RESEARCH ON NOISE AND STRUCTURAL VIBRATION, 
R. H. Lyon and G. Maidanik,  Bolt,  Beranek  and Newman Inc. ,   Apri l  
1964 

A series of   s tud ies   in   the   response   o f   s t ruc tures   to  sound  and 
energy  t ransfer   between  a t tached  s t ructures  i s  discussed. The 
procedure  for  computing  radiation loss factor,   which  measures  the 
coupling  between  sound  and  structure,  and  measurements  of  this 
parameter   are   descr ibed.  

TN D 2297 COMPARISONS  OF SOME WING FLUTTW CHARACTERISTICS OBTAINED BY MODI- 
FIED  STRIP ANALYSIS, SUBSONIC KERNEL  FUNCTION, AND EXPERIMENT, 
E. Carson Yates and  Robert N. Desmarais, May 1964 

A l l  f lu t te r   speeds   ca lcu la ted   for   seven   swept  and  unswept  wings 
by  both  modif ied  s t r ip  method  and kernel-funct ion method a r e   i n  
good  agreement with  subsonic   experimental   values   with  the  ex-  
cept ion   of   kerne l - func t ion   resu l t s   for  two swept  wings t h a t  had 
ba l las t   weight   d i s t r ibu ted   a long   lead ing   or   t ra i l ing   edges .  The 
ke rne l   func t ion   ca l cu la t ions   i nc luded   va r i a t ions   i n   t he  number 
and  type  of  vibration modes and i n   t h e  number and locat ion  of   the 
downwash co l loca t ion   po in t s .  

TN D 2395 STRESS INTENSITY  FACTORS  FOR A SINGLE EDGE NOTCH TENSION SPECIMEN 
BY BOUNDARY COLLOCATION  OF A STRESS  FUNCTION, Bernard  Gross,  John 
E. Srawley  and William F. Brown, Jr., August  1964 

A boundary  value  col locat ion  procedure  appl ied  to   the  Wil l iams 
stress func t ion  was employed t o   d e t e r m i n e   t h e   e l a s t i c  stress 
d i s t r i b u t i o n   i n   t h e  immediate v i c i n i t y  o f  t h e   t i p  of  an  edge 
c r a c k   i n  a f ini te-width  specimen  subjected  to   uniform  tensi le  
loading. The a n a l y t i c a l   r e s u l t s   a r e   e x p r e s s e d   i n   s u c h  a way t h a t  
t h e   s t r e s s - i n t e n s i t y   f a c t o r  may be  determined  from knotm condi t ions 
of  specimen  geometry  and  loading. As  the  crack  length  decreased,  
t he   r e su l t s   ob ta ined  by the  collocation  procedure  approached  those 
der ived   f rom  the   so lu t ion   for   an   edge   c rack   in  a semi - in f in i t e  
p l a t e .  

TN D 2396 EXPERIMENTAL DETERMINATION OF THE DEPENDENCE OF CRACK EXTENSION 
FORCE ON CRACK LENGTH FOR A SINGLE EDGE NOTCH TENSION SPECIMEN, 
John E. Srawley,  Melvin H. Jones  and  Bernard  Gross,  August  1964 

The single-edge-notch  form  of a p lane   s t ra in   c rack   toughness  
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TN D 2505 

TN D 2537 

TN D 2578 

specimen is  p a r t i c u l a r l y   e c o n o m i c a l   i n   r e g a r d   t o   a v a i l a b l e  test 
m a t e r i a l  and. tes t ing  machine  capaci ty .  The necessary   ca l ibra-  
t i o n   r e l a t i o n   f o r  a pa r t i cu la r   des ign   o f  a single-edge-notch 
specimen, cent ra l ly   loaded  i n  tension, v7as determined  from a 
series of  compliance  measurements a t  crack  lengths  ranging  from 
zero  to   one  half   the   specimen  width.  The accuracy  of the c a l i b r a -  
t i o n  i s  est imated  to   be 3 1/2  percent i n   t h e   r a n g e   o f   i n t e r e s t .  
Agreement with resul ts   obtained  by  boundary  col locat ion  of   an 
appropr ia te  stress funct ion  is  exce l len t .  

INFLUENCE  OF RING STIFFENERS ON INSTABILITY OF ORTHOTROPIC 
CYLINDERS I N  AXIAL COMPRESSION, David L. Block, October  1964 

Calcula t ions   a re   p resented   f rom  ana ly t ica l   inves t iga t ion   on   the  
i n f l u e n c e   o f   r i n g   s t i f f e n e r s  on t h e   i n s t a b i l i t y  modes of   or tho-  
t ropic   cyl inders   subject   to   compressive  or   bending  loads.  The 
ana lys i s  i s  performed  by  employing small def lec t ion   theory   and  
by modifying  the  equi l ibr ium  equat ion  to   include  the effects of 
d i s c r e t e   r i n g   s t i f f e n e r s   c h a r a c t e r i z e d  by a bend ing   s t i f fnes s  
tha t   r e s t r a ins   r ad ia l   de fo rma t ion   o f   t he   she l l .  These ca lcu la-  
t i o n s   i n d i c a t e   t h a t   t h e   r i n g   b e n d i n g   s t i f f n e s s   n e c e s s a r y   t o   c a u s e  
pane l   ins tab i l i ty   can   be   adequate ly   de te rmined  by use  of  an 
analysis   which  does  not   include  the  discreteness   of   the   r ings.  
Comparison of the r e s u l t s   o f   t h e   c a l c u l a t i o n s  with an   empir ica l  
r i n g   d e s i g n   c r i t e r i o n   i n  common use   ind ica ted   tha t   the   empir ica l  
formula  can  be  e i ther   very  conservat ive  or   very  nonconservat ive 
depending  on  the  cylinder  geometry. 

PLANE-STRESS  ANALYSIS  OF AN EDGE-STIFFENED RECTANGULAR PLATE 
SUBJECTED TO LOADS AND TEMPERATURE  GRADIENTS, Charles  Libove, 
Dalpat  Panchal,  and  Frank Donn, December 1964 

THE EFFECTS  OF END SLOPE ON THE BUCKLING STRESS OF  CYLINDRICAL 
SHELLS, C. D. Babcock and E. E. Sechler,  December 1964 

Seamless c y l i n d r i c a l  shells with a r a t i o   o f   c y l i n d e r   r a d i u s   t o  
shel l   th ickness   of   approximately 800 were loaded  with a uniform 
a x i a l   l o a d   t o   f a i l u r e .  The radial   d isplacement   of  the boundary 
v7as con t ro l l ed  and the  boundary  slope v7as measured.  With these  
va lues  knovm, t h e  maximum s lope  of t h e   s h e l l   n e a r  the boundary 
could   be   ca lcu la ted .   I f   the  maximum s lope  i s  p l o t t e d   a g a i n s t  
the  degradat ion  of   buckl ing stress from t h e   c l a s s i c a l   v a l u e  a 
d e f i n i t e   c o r r e l a t i o n   a p p e a r s .  

THE AUTOCORRELATION FUNCTION  OF  STRUCTURAL  RESPONSE  MEASUREMENTS, 
Richard D. Rechtien,  January  1965 

The au tocorre la t ion   func t ion   of   the   response   o f  a multi-degree-of- 
freedom  system is  formally  der ived and  analyzed  to  determine  those 
f ac to r s   wh ich   s ign i f i can t ly   i n f luence  i t s  c h a r a c t e r i s t i c s .  The 
form  of   the  autocorrelat ion  funct ion is primarily  governed by the 
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j o i n t  and  cross- joint   acceptance  funct ion from the  viewpoint  of 
coincidence as well a s   t h e   g e o m e t r i c   d i s t r i b u t i o n   o f   p r e s s u r e  
cross-power  spectral   densi ty .  Modal cross-coupling by  damping 

. a l so   i n f luences   t he   r e sponse   fo r  some s t ruc tu res .   Au tocor re l a t ion  
function  of  response  measurements will genera l ly   be  complex i n  
nature   and will cons i s t   o f  a superposi t ion  of  damped s i n e  and 
cos ine   func t ions   o f  many frequencies .  Narrow  band f i l t e r i n g  of 
the  response  measurements may y ie ld   au tocor re l a t ion   func t ions  
possessing  s ingle-degree-of-freedom  character is t ics   depending 
on  the  spat ia l   homogenei ty  of the   p re s su re   co r re l a t ion   func t ions .  

TN D 2603 STRESS INTENSITY FACTORS  FOR  SINGLE-EDGE-NOTCH  SPECIMENS I N  BEND- 
I N G  OR CONBINED BENDING AND TENSION BY BOUNDARY COLLOCATION OF A 
STRESS FUNCTION, Bernard  Gross  and  John E. Srawley,  January  1965 

TN D 2672 INVESTIGATION OF THE ELASTIC-PLASTIC STRESS STATE AROUND A RE- 
INFORCED OPENING I N  A SPHBRICAL  SHELL, Alber t  Kaufman and  David A. 
Spera,  February  1965 

TN D 2783 EFFECT  OF  FACE-SHEET STIFFNESS ON BUCKLING  OF CURVED PLATES ANTI 
CYLINDRICAL SHELLS OF SANDWICH CONSTRUCTION I N  AXIAL COMPRESSION, 
Robert E. Fu l ton ,   Apr i l  1965 

TN D 2799 ANALYSIS  OF  PRESSURIZED AND AXIALLY LOADED ORTHOTROPIC  MULTICELL 
TANKS, Robert E. Blum, May 1965 

TN D 2814 COLLAPSE  TESTS  OF  PRESSURIZED  MEMBRANE-LIKE CIRCULAR CYLINDERS 
FOR COMBINED COMPRESSION AND BENDING, Waltor J. Leaumont, Jr., 
May 1965 

TN D 2926 STRUCTURAL BEHAVIOR AND BUCKLING STRENGTH OF HONEYCOMB SANDWICH 
CYLINDERS SUBJECTED TO BENDING, James P. Peterson and James Kent 
Anderson,  August  1965 

TN D 2960 BUCKLING OF ECCENTRICALLY STIFFENED ORTHOTROPIC  CYLINDERS, David L. 
Blocks,  Michael F. Card,  and Mart in  M. Mikulas, Jr., August  1965 

TN D 3002 MEMBRANE ANALYSIS  OF  PRESSURIZED  THIN  SPHEROID SHELLS COMPOSED OF 
FLAT GORES, AND ITS APPLICATION TO ECHO 11, Hossein Bahiman, 
October  1965 

TN D 3089 THE GENERAL INSTABILITY OF RING STIFFENED  CORRUGATED  CYLINDERS 
UNDER AXIAL COHPRESSION, John N. Dickson  and  Richard H. B r o l l i a r ,  
January 1966 

TN D 3111 BUCKLING AND POSTBUCKLING  TESTS  OF  RING-STIFFENED CIRCULAR 
CYLINDERS LOADED BY UNIFORM EXTERNAL PRESSURE, Donaldson A. Dow, 
November 1965 

TN D 3157 TEST  OF A TRUSS CORE SANDWICH CYLINDER LOADED TO FAILURE I N  BEND- 
ING, James P. Peterson  and James Kent  Anderson, December 1965 
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TN D 3336 BENDING TESTS OF LARGE-DIAMETER RING-STIFFENED CORRUGATED CYLIN- 
DERS, James P. P e t e r s o n  and James Kent Anderson, March 1 9 6 6  

TN D 3351 BUCKLING OF ECCENTRICALLY STIFFENED ORTHOTROPIC  CYLINDERS  UNDER 
PURE BENDING, David L. Block, March 1960 

TN D 3639 EXPERIMENTAL AND THEORETICAL  R.FSULTS  FOR  BUCKLING OF ECCENTRICALLY 
STIFFENED CYLINDERS, Michael F .   Card   and   Rober t  M. Jones, O c t o b e r  
1966  

TN D 3647 TEST OF A LARGE-DIAMETER RING-STIFFENED CYLINDER  SUBJECTED TO 
HYDROSTATIC  PRESSURE, James P. P e t e r s o n   a n d   D o n a l d s o n  A. Dow, 
October 1 9 6 6  

TN D 3702 BENDING TESTS OF TlJO LARGE-DIAMETER  CORRUGATED CYJJNDERS WITH 
ECCENTRIC  RING STIFFENERS, James Kent Anderson,  November 1966  

TN D 3769 PLASTIC BUCKLING  OF  AXIALLY  COMPRESSED  ECCENTRICALLY STIFFENED 
CYLINDERS, R o b e r t  M. J o n e s ,   J a n u a r y  1967 

TN D 3826 ECCENTRICALLY STIFFENED SHALLOW SHELLS OF  DOUBLE CURVATUJiE, 
John A. McElman, F e b r u a r y   1 9 6 7  

TN D 4073  STRUCTURAL EFFICIENCY OF RING-STIFFENED CORRUGATED  CYLINDERS I N  
AXIAL  COMPRESSION, James P. P e t e r s o n ,   A u g u s t   1 9 6 7  
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A STUDY  OF THE ACOUSTIC FATIGUE  CHARACTERISTICS OF  SOME FLAT AND 
CURVED  ALUMINUM  PANELS  EXPOSED  TO  RANDOH AND DISCRETE NOISE, 
R o b e r t  TJ. Hess, R o b e r t  W. Herr, and  William H. Mayes, Augus t   1959 

VACUUM-INDUCTION,  VACUUM-ARC, AND INDUCTION  MELTING OF A COMPLEX 
HEAT RESISTANT ALLOY,  R. F.  Decker, John P. and  J. W. Freeman, 
Augus t   1959 

A COMBINED  WATER-  BROMOTRIFLUOROMETHANE  CRASH-F IRE PROTECTION 
SYSTEM  FOR A T-56 TURBOPROPELLER  ENGINE, J o h n  A. Campbel l   and 
A r t h u r  M. Busch,  August  1959 

EFFECT OF CHORDIJISE  HEAT  CONDUCTION ON THE  TORSIONAL STIFFNESS 
OF A DIAMOND-SHAPED WING SUBJECTED TO A CONSTANT  HEAT INPUT, 
R o b e r t  G. Thomson and 3. Lye11   Sande r s ,  Jr., September   1959 

EFFECTS OF  WATER-LANDING  IMPACT ON AN ORBITAL  CAPSULE  FROM  THE 
STANDPOINT OF OCCUPANT  PROTECTION, Howard G. Hatch, Jr., Sep tember  
1959 

THE  RATE  OF  FATIGUE-CRACK  PROPAGATION  FOR TWO ALUMINUM  ALLOYS 
UNDER COMPLETELY  REVERSED  LOADING, Walter I l l g  and A r t h u r  J. 
McEvily, Jr., October 1959 

INVESTIGATION OF VIBRATION  CHARACTERISTICS  OF  CIRCULAR-ARC 
MONOCOQUE  BEAMS, W i l b u r  B. F i c h t e r   a n d   E l d o n  E. Kordes ,   September  
1959 

THERMAL FATIGUE OF DUCTILE  MATERIALS. I11 - BEHAVIOR OF CRUCIBLE 
422 STEEL, F r a n c i s  J. C lauss ,   Oc tobe r   1959  

GRAVITY  TORQUE ON AN ORBITING VEHICLE, Brian F.   Dool in ,   September  
1959 

DUCTILE  CERAMICS. I - FACTORS AFFECTING THE PLASTICITY OF  SODIUM 
CHLORIDE LITHIUM  FLUORIDE, AND MAGNESIUM  OXIDE SINGLE CRYSTALS, 
Carl A. S t e a r n s ,  Ann E. Pack, and R o b e r t  A. Lad,   October   1959 

DUCTILE  CERAMICS. I1 - INTRODUCTORY  STUDY  OF DUCTILITY I N  POLY- 
CRYSTALLINE  SODIUM  CKLORIDE AND MAGNESIUM OXIDE, Charles E. May, 
H u b e r t  H. Grimes, a n d   R o b e r t  A. Lad,   October   1959 

HIGH-TDPERATURE TENSILE PROPERTIES OF WROUGHT SINTERED TUNGSTEN, 
P a u l  F. S i k o r a   a n d   R o b e r t  W. Hall, September   1959 
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INVESTIGATION OF HIGH-SPEED  IMPACT:  REGIONS OF IMPACT AND IMPACT 
AT  OBLIQUE  ANGLES, James L. Summers, October 1959 

INVESTIGATION OF ALUMINUM  PHOSPHATE  COATINGS  FOR  THERMAL  INSULA- 
TION OF  AIRFRAMES,  A. G. Eubanks  and D. G. Moore,  November  1959 

RELATIONSHIP OF  POLYMER  STRUCTURE  TO  TKERMAL DETERIORATION OF 
ADHESIVE BONDS I N  METAL JOINTS, J. M. B l a c k  and R. F. Blomquist ,  
Augus t   1959 

FEFECTS OF CREEP STRESS ON PARTICULATE  ALUMIJWM-COPPER  ALLOYS, 
E. E. Undenrood  and G. K. Manning, September   1959 

FATIGUE STRENGTHS OF AIRCRAFT MATERIALS.  AXIAL-LOAD FATIGUE  TESTS 
ON EDGE-NOTCHED  SHEET SPEClMENS OF 2024-T3 AND 70 75-T6 ALUMINUM 
ALLOYS AND OF SAE 4130 STEEL WITH  NOTCH RADII OF 0.004 AND 0.070 
INCH, H. J. Grover, W. S. H y l e r  and L. R. Jackson, September   1959 

OPTI"  DESIGN OF INSULATED TENSION MEMBERS  SUBJECTED  TO AEXO- 
DYNAMIC  HEATING, J o h n  J. Davidson, December 1959 

TENSILE PROPERTIES OF 6A1-4V TITANIUM-ALLOY  SHEET  UNDER RAPID-  
HEATING AND CONSTANT-TEMPERATURE  CONDITIONS, Howard L. P r i c e ,  
November 1959 

COMPRESSIVE AND TENSILE CREEP OF 7075-T6 AND 2024-T3  ALUMINU" 
ALLOY  SHEET, George J. H e i m e r l  and John  Farquhar ,   December   1959 

APPLICATION OF  RATE-TEMPERATURE PAWETERS TO TENSILE DATA  FOR 
MAGNESIUM  ALLOYS AND A RELATION  BETWEEN  THE  LARSON-MILLER  CONSTANT 
AND THE  ACTIVATION  ENERGY, Charles R. Manning, Jr., May 1960 

INVESTIGATIONS OF  CREEP  BEHAVIOR OF STRUCTURAL JOINTS UNDER CYCLIC 
LOADS AND TEMPERATURES, Leona rd  Mordfin, Nixon Halsey ,   and   Gary  
E. Greene, October 1959 

INVESTIGATION OF IGNITION TEMPERATURES  OF SOLID METALS, If. C. 
Reyno lds ,  October 1959 

EXPLORATORY INVESTIGATION OF  SEVERAL  COATED AND UNCOATED  METAL, 
REFRACTORY, AND GRAPHITE  MODELS I N  A 3,8000 F STAGNATION 
TEMPERATURE AIR  JET, Otto F. T r o u t ,  Jr., F e b r u a r y   1 9 6 0  

ROTATING-BEAM FATIGUE TESTS OF NOTCmD AND UNNOTCH3iD 7075-T6 
ALUMINUM-ALLOY  SPECIMENS  UNDER STRESSES OF  CONSTANT AND VARYING 
AMPLITUDES, Herbert F. H a r d r a t h ,   E l m e r  C. Utley, and  David E. 
G u t h r i e ,  December 1959 

AXLAL-LOAD FATIGUE TESTS OF 2024-T3 AND 7075-T6 ALUMINUM-ALLOY 
SHEET  SPECIMENS UNDER  CONSTANT- AND VARIABLE-AMPLITUDE  LOADS, 
Eugene C. Naumann, H e r b e r t  F. H a r d r a t h ,  and David E. G u t h r i e ,  
December 1959  
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A THREE-STAGE SOLID-FUEL SOUNDING  ROCKET'SYSTEM SUITABLE FOR 
RESEARCH  AT ALTITUDES NEAR 200 NAUTICAL MILES, Waldo L. D ickens  
and E a r l  C. H a s t i n g s ,  Jr., December 1959 

TENSION,  CONPRESSION, AND FATIGUE  PROPERTIES OF SEVERAL SAE 52100 
AND TOOL STEELS USED  FOR  BALL  BEARINGS, G. Sachs ,  R. S e l l ,   a n d  
V. Weiss, F e b r u a r y   1 9 6 0  

A SUMMARY  OF OPERATING  CONDITIONS  EXPERIENCED BY TWO HELICOPTERS 
I N  A CONMERCIAL AND A MILITARY OPERATION, Andrew B. Connor and  
LeRoy H. L u d i ,   A p r i l .   1 9 6 0  

AN ANALYSIS  OF  NOSE  ABLATION FOR BALLISTIC VEHICLES, Leonard  
R o b e r t s ,   A p r i l   1 9 6 0  

ROLLING-CONTACT FATIGUE LIFE OF A CRYSTALLIZED GLASS CERAMIC, 
Thomas L. Carter and   Erwin  V. Zare tsky ,   March   1960 

INITIAL INVESTIGATION OF  ARC MELTING AND  EXTRUSION  OF  TUNGSTEN, 
F r e d  A. F o y l e ,  Glen E. McDonald, and Neal T. Saunder s ,  March 1960 

EFFECT OF HARDNESS AND OTHER  MECHANICAL PROPERTIES ON ROLLING- 
CONTACT FATIGUE LIFE OF FOUR HIGH-TEMPERATIJFCE  BEARING STEELS, 
Thomas L. Carter, Enaiin V. Za re t sky ,   and  William J. Anderson,  
March 1960 

ANALYSIS OF ELASTIC-PLASTIC STRESS DISTRIBUTION I N  THIN-WALL 
CYLINDERS AND SPHERES  SUBJECTED TO INTERNAL  PRESSURE AND NUCLEAR 
RADIATION  HEATING, Donald  F.  Johnson, A p r i l   1 9 6 0  

THERMALSTRESS  FATIGUE CRACKING  OF  TURBINE  BUCKETS  OPERATED  AT 
17000 F I N  A TURBO-JET  ENGINE  WITH LONG PERIODS OF OPERATION 
BETWEEN STARTS, R o b e r t  A. S i g n o r e l l i ,  James R. Johns ton ,   and  
W i l l i a m  J. Waters, F e b r u a r y   1 9 6 0  

OXIDATION  BEHAVIOR  OF  BINARY  NIOBIUM  ALLOYS, C h a r l e s  A. B a r r e t t  
and James L. Corey, November 1960'  

HALOGEN-CONTAINING  GASES AS LUBRICANTS  FOR  CRYSTALLIZED-GLASS- 
CERAMIC - METAL  COMBINATIONS  AT  TEMPERATURES  TO 1500O  F.,  Donald 
H. B u c k l e y   a n d   R o b e r t  L. Johnson, October 1960 

TEMPERATURE HISTORIES IN CERAMIC-INSULATED  HEAT-SINK  NOZZLE, 
Carl C. C i e p l u c h ,   J u l y   1 9 6 0  

USE  OF LESS  REACTIVE  MATERIALS -AND MORE STABLE  GASES  TO  REDUCE 
CORROSIVE WEAX WHEN LUBRICATING  WITH  HALOGENATED  GASES, Donald 
H. Buck ley   and   Rober t  L. Johnson, Augus t   1960 

THE HOT-PRESSING OF HAFNIUM CARBIDE  (MELTING POINT, 7030° F) ,  
William A. S a n d e r s   a n d   S a l v a t o r e  J. Grisaffe, August   1960 
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AN EXPLORATORY INVESTIGATION OF SOME FACTORS  INFLUENCING  THE ROOL 
TEMPERATURE DUCTILITY OF  TUNGSTEN, J o s e p h  R. S tephens ,   Augus t   1960  

A TECHNIQUE  FOR  DETERMINING  RELAXATION T W S  BY FREE-FLIGHT TESTS 
OF LOW-FINENESS-RATIO  CONES;  WITH  EXPERIMENTAL  RESULTS  FOR AIR 
AT EQUILIBRIUM TEMPERATURES  UP TO 34400 K., Jack D. S t ephenson ,  
S e p t e m b e r  1960 

EXPERIMENTAL  DETERMINATION  OF  THE  PRESSURE DISTRIBUTION ON A 
RECTANGULAR WING OSCILLATING I N  THE FIRST BENDING MODE  FOR  MACH 
NUMBERS  FROM 0.24 TO 1.30, Henry C. L e s s  ing, J. L. Troutman, and 
Gene P. Menees, December 1960 

ON THE  INDUCED  FLOW OF AN ELECTRICALLY  CONDUCTING LIQUID I N  A 
RECTANGULAR  DUCT BY ELECTRIC AND MAGNETIC FIELDS OF FINITE 
EXTENT, Vernon 'J. Rossow, Mu. P r i c h a r d  Jones, a n d   R o b e r t  H. H u e r t a ,  
J a n u a r y   1 9 6 1  

HEAT  TRANSFER  TO  SURFACES  OF FINITE CATALYTIC ACTIVITY I N  FROZEN 
DISSOCIATED HYPERSONIC  FLOW, P a u l  M. Chung  and  Aemer D. Anderson, 
J a n u a r y   1 9  61 

DETERMINATION OF THE  INTERNAL  TlMPERATURE I N  SATELLITE 1959 ALPHA 
(VANGUARD 11) , V. R. Simas,  J. B. Martin, and E. C . Humphrey, 
J u n e   1 9 6 0  

FLIGHT MEASUREMENTS  OF  THE EFFECTS OF  BLADE  OUT  OF  TRACK ON THE 
VIBRATION LEVELS ON A TANDEM  ROTOR HELICOPTER, LeRoy H. L u d i  and 
John E. Yeates, Jr., May 1960 

NATURAL FREQUENCIES I N  BENDING  OF  TWISTED  ROTATING AND NONROTATING 
BLADES, G. Isakson and J. G. E i s l e y ,  March 1960 

EFFECTS OF VARIOUS AGING HEAT' TREATMENTS AND SOLUTION-ANNEALING 
AND AGING  HEAT  TREATMENTS ON TENSILE, CREEP, AND STRESS-RUPTURE 
STRENGTHS  OF  INCONEL X SHEET TO  TEMPERATURES  OF 1,4000 F. , F.  W. 
Schmidt ,  John F a r q u h a r ,  and Ivo M. Kurg,   June  1960 

CONBINATIONS  OF SHEAR, COMPRESSIVE  THERMAL, ANTI COMPRESSIVE LOAD 
STRESSES FOR  THE  ONSET  OF  PERMANENT  BUCKLES I N  PLATES, George IT. 
Zender  and John B. H a l l ,  Jr., May 1960 

SOME EXPERIMENTS  CONCERNING  SUBSEQUENT YIELD SURFACES I N  
PLASTICITY, Harvey G. McComb, Jr., J u n e   1 9 6 0  

AN EVALUATION  OF  SOME CuRRzm PRACTICES FOR  SHORT-TIME  ELEVATED- 
TEMPERATURE TENSILE TESTS OF  METALS, Charles R. Manning, Jr., and  
George J. Heimer l ,   September   1960 

RANGE  OF INTERFACE THERMAL  CONDUCTANCE  FOR AIRCRAFT JOINTS, Martin 
E. B a r z e l a y ,  May 1960 
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TN D- 427  

TN D- 430 

TN D- 439 

TN D- 447 

TN D- 457 

TN D- 459 

TN D- 476  

TN D- 477  

TN D- 478  

TN D- 479 

TN D- 495 

TN D- 497 

TN D- 499 

STUDY  OF EFFECT OF A NON-NEWTONIAN OIL ON FRICTION AND ECCENTRIC- 
ITY RATIO OF A PLAIN JOURNAL  BEARING, G. B. DuBois,  F. W. Ocvirk, 
and R. L. Wehe, May 1960 

VIBRATION AND NEAR-FIELD SOUND OF THIN-WALLED  CYLINDERS  CAUSED BY 
INTERNAL  TURBULENT FMU, P a u l  F. R. Weyers, June   1960 

AXIAL-LOAD FATIGUE TESTS ON 17-7 PH STAINLESS STEEL UNDER  CONSTANT- 
AMPLITUDE  LOADING, Herbert A. Leybold,  October 1960 

INVESTIGATION OF  PROBLEMS  ASSOCIATED  WITH  THE  USE  OF  ALLOYED 
MOLYBDENUM SHEET I N  STRUCTURES  AT  ELEVATED  TDIPERATURES, E ldon  E. 
Maxhauser,   'Bland A. S t e i n ,   a n d   D o n a l d  R. Rummler, Oc tobe r   1960  

STRUCTURAL  CONSIDERATIONS  OF  INFLATABLE  REENTRY VEHICLES, R o b e r t  
TJ. Leonard,   George W. Brooks,   and Harvey G. McComb, Jr., Sep tember  
1960 

SOME  MEASUREMENTS  OF NOISE TRANSMISSION AND STmSS RESPONSE OF A 
0.020-INCH DURALUMIN  PANEL I N  THE  PRESENCE  OF AIR FLOW, George T. 
Kantarges, September   1960 

BONDED AND SEALED  EXTERNAL  INSULATIONS  FOR  LIQUID-HYDROGEN-FUELED 
ROCKET  TANKS  DURING  ATMOSPHERIC FLIGHT, V. H. Gray, T. F .   Ge lde r ;  
R. P. Cochran, and J. H. Goodykoontz; APPENDIX B:  STRENGTH  OF 
INSULATIONS AND BOND  TO  ALUMINUM  AT  CRYOGENIC  TEMPERATURES, Morgan 
P. Hanson; APPENDIX C: STEP METHOD OF APPROXIMATE  NUMERICAL 
CALCULATION  OF  ONE-DIMENSIONAL  TRANSIENT  HEAT  CONDUCTION  WITH 
VARIABLE  THERMAL PROPERTIES, William Lewis, October 1960 

SURVEY  OF  MATERIALS  PROBLEMS  RESULTING  FROPI  LOW-PRESSURE AND 
RADIATION  ENVIRONMENT I N  SPACE, R o b e r t  A. Lad,  November  1960 

LUBRICATING PROPERTIES OF  SOZYIE  BONDED FLUORIDE AND OXIDE  COATINGS 
FOR  TEMPERATURE  TO 15000 F . ,   Haro ld  E. S l i n e y ,  October 1960 

THERMAL-FATIGLTE  CRACK-GROWTH CHARACTERISTICS AND MECHANICAL STRAIN 
CYCLING  BEHAVIOR OF A-286, DISCALOY, AND 16-25-6 AUSTENITIC STEELS, 
R o b e r t  W. Smi th   and   Gordon T. Smi th ,   October   1960 

VANCURD I SATELLITE STRUCTURE AND SEPARATION  MECHANISM, J o h n  T. 
S h e a   a n d   R o b e r t  C. Baumann, March 1 9 6 1  

VANGUARD SATELLITE SEPARATION  MECHANISMS, R o b e r t  C. Baumann, 
A p r i l   1 9 6 1  

THE LIMITING SIZES OF  THE  HABITABLE  PLANETS, Su-Shu  Huang, 
September   1960 
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TN D- 505 

TN D- 508 

TN D- 518 

TN D- 519 

TN D- 520 

TN D- 5 2 1  

TN D- 531 

TN D- 5 5 6  

TN D- 592  

TN D- 5 9 8  

TN D- 602 

TN D- 633 

TN D- 644 

CHARACTERISTICS OF A 60-INCH ARC-"AGE FURNACE AND APPLICATION TO 
THE STUDY  OF  MATERIALS, Roger  TJ. P e t e r s ,  R. Gale Wilson, and 
Milton A. W a l l i o ,  October 1960 

ANALOG  TECHNIQUES  FOR  MEASURING THE FREQUENCY  RESPONSE  OF LINEAR 
PHYSICAL SYSTEMS  EXCITED BY FREQUENCY-SWEEP INPUTS, Wilmer H. 
Reed 111, Albert W. Hall, and Lawrence E. Barker, Jr., October 
19  60 

IMPORTANT  RESEARCH  PROBLEMS I N  ADVANCED FLIGHT STRUCTURES  DESIGN 
1 9 6 0 ,   E d i t e d   b y  Norris F, Dow, J u n e   1 9 6 0  

AN ANALYSIS OF  EXACT AND APPROXIMATE  EQUATIONS  FOR THE TEHPERATURE 
DISTRIBUTION I N  AN INSULATED  THICK SKIN SUBJECTED TO  AERODYNAMIC 
HEATING, R o b e r t  S. Harris, Jr., a n d   J o h n  R. D a v i d s o n ,   J a n u a r y   1 9 6 1  

OPTIMUM DESIGN OF INSULATED  CONPRESSION  PLATES  SUBJECTED TO  AERO- 
DYNAMIC HEATING, J o h n  R. Dav idson   and  James F. Dalby, J a n u a r y   1 9 6 1  

THE  IN-PLANE VIBRATIONS OF A FLAT SPINNING DISK, 3ames G. Simmonds, 
October 1960 

EXPERIMENTAL INVESTIGATION OF  THE NATURAI, FREQUENCIES OF LIQUIDS 
I N  TOROIDAL  TANKS, John Locke McCarty, H. Wayne Leonard ,   and  
William C. Walton,  Jr., Oc tobe r   1960  

INVESTIGATION OF  THE  CAPE  CANAVEEUL, FLORIDA, WIND MAGNITUDE A%fD 
TJIND  SHEAR  CHARACTERISTICS I N  THE  TEN  TO  FOURTEEN  KILOMETER 
ALTITUDE  REGION, William W. Vaughan,   January   1961 

SMOOTH AND SHARP-NOTCH TENSILE PROPERTIES OF COLD-REDUCED AIS1  301 
AND 304L STAINLESS-STEEL SHEET AT 75O, -320°, AND -4230  F., Morgan 
P. Hanson, F e b r u a r y   1 9 6 1  

THE COLLISION BOUNDARY  BETTJEEN  THE nJ0 SEPARATING  STAGES  OF  THE 
SA-4 SATURN  VEHICLE, William B. Chubb, A u g u s t   1 9 6 1  

ADVANCED STATIC INVERTER UTILIZING  DIGIT TECHNIQUES AND HARMONIC 
CANCELLATION, D o r r a n c e  L. A n d e r s o n ,   A l b e r t  E. Willis, and  Car 
Iqinkler, May 1962  

AN ANALYSIS  OF  THE FLAPNISE BENDING  FREQUENCIES AND MODE SHAPES OF 
ROTOR  BLADES HAVING 'IN0 FLAPPING HINGES TO  REDUCE VIBRATION  LEVELS, 
George W. Brooks and  H. Wayne  Leonard, December 1960 

A STUDY  OF  THE  OXIDATION  OF  MATERIALS I N  AN ARC-IMAGE  FURNACE, 
R. Gale Wilson, Roger  W. P e t e r s ,  and Arthur 3 .  McEvily, Jr., 
J a n u a r y  1961 
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TN D- 663 

TN D- 664 

TN D- 668 

TN D- 676 

TN D- 707 

TN D- 708 

TN D- 714 

TN D- 722  

TN D- 726 

TN D- 737 

TN D- 750 

TN D- 755 

TN D- 759 

TN D- 7 6 1  

TN D- 769 

EXPERIMENTAL INVESTIGATION OF EFFECTS OF RANDOM LOADING ON THE 
FATIGUE LIFE OF  NOTCHED  CANTILEVER-BEAM  SPECIMENS  OF  SAE 4130 
NORMALIZED STEEL, R o b e r t  W. Fralich,  F e b r u a r y   1 9 6 1  

MICROWAVE REFLECTIVITY OF DEPOSITED ALUMINUM FITNS FOR PASSIVE 
RELAY  COMMUNICATIONS, William F. Cuddihy  and  Lloyd H. Sh reve ,  
F e b r u a r y   1 9 6 1  

POLYESTER FILM BELTS, John H. L i c h t   a n d   A r t h u r  White, May 1961  

EFFECT OF  SURFACE  CONDITION  OF DUCTILE-TO-BRITTLE  TRANSITION 
TEMPERATURE  OF  TUNGSTEN, J o s e p h  R. S t e p h e n s ,   F e b r u a r y   1 9 6 1  

STRUCTURE AND DESIGN  CONSIDERATIONS  OF  THE  VANGUARD SLV-5 
MAGNETIC FIELD SATELLITE, John T. Shea ,   Augus t   1961  

THEORY AND DESIGN  CURVES  FOR A YO-YO DE-SPIN MECHANISM  FOR 
SATELLITES, J. V. F e d o r ,   A u g u s t   1 9 6 1  

ANALYSIS OF EFFECTIVE THERMAL CONDUCTIVITIES OF HONEYCONB-CORE 
AND CORRUGATED-CORE  SANDWICH  PANELS, R o b e r t  T. Swann  and  Claud 
M. P i t m a n ,   A p r i l   1 9 6 1  

TITANIUM NITRIDE: AN OXIDIZABLE COATING  FOR THE HIGH-TFblPERATURE 
PROTECTION OF GRAPHITE, N.  T. Wakelyn ,   February   1961 

AN INVESTIGATION OF HIGH-VELOCITY  IMPACT  CRATERING  INTO NON- 
METALLIC  TARGETS AND  CORRELATION  OF  PENETRATION  DATA FOR METALLIC 
AM) NONMETALLIC  TARGETS, William H. K ina rd   and   Rufus  D. C o l l i n s ,  
Jr., F e b r u a r y   1 9 6 1  

SONE RECENT STUDIES I N  STRUCTURAL  DYNAMICS  OF  ROTOR  AIRCRAFT, 
George W. Brooks and Milton A. S i l v e i r a ,  March 1 9 6 1  

LOCAL BUCKLING  OF  LONGITUDINALLY STIFFENED CURVED PLATES, James 
P. P e t e r s o n   a n d   R a l p h  0. Whitley, A p r i l   1 9 6 1  

THE STIE'FNESS PROPERTIES OF STRESSED  FABRICS AS  OBTAINED  FROM 
MODEL TESTS, George W. Z e n d e r   a n d   J e r r y  W. Dea ton ,   Augus t   1961 

FLIGHT INVESTIGATION OF EFFECTS OF SELECTED  OPERATING  CONDITIONS 
ON THE  BENDING AND TORSIONAL MWNTS ENCOUNTERED BY A HELICOPTER 
ROTOR  BLADE, L e r o y  H. L u d i ,   A p r i l ,   1 9 6 1  

THE  MELTING POINTS OF  TANTALUM  CARBIDE AND OF  TUNGSTEN, C h a r l e s  
F. Zalabak, March 1 9 6 1  

NASA-AEC  LIQUID-METALS  CORROSION  MEETING,  DECEXBER 7-8, 1960, 
WASHINeTON, D. C., F e b r u a r y   1 9 6 1  
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TN D- 782 

TN D- 799 

TN D- 8 0 2  

TN D- 805 

TN D- 806 

TN D- 813 

TN D- 8 1 6  

TN D- a 2 3  

TN D- 8 3 2  

TN D- 8 3 7  

TN D- 838 

TN D- 844 

TN D- 848 

TN D- 8 6 4  

. .  

A SEQUENCE DIAGRAM ANALYSIS OF  THE VANGUARD SATELLITE LAUNCHING 
VEHICLE, William J. D. E s c h e r   a n d   R i c h a r d  TJ. F o s t e r ,  May 1 9 6 1  

INVESTIGATION OF T m E  ANALYTICAL  HYPOTHESES  FOR  DETERMINING 
MATERIAL  CREEP  BEHAVIOR  UNDER  VARIED  LOADS,  WITH AN APPLICATION 
TO 2024-T3 ALUM1NU"ALLOY  SHEET I N  TENSION  AT 400° F . ,  Avraham 
Berkovits, May 1 9 6 1  

A PRELIMINARY INVESTIGATION OF "HI3 EFFECT OF  BUMPERS  AS A MEANS 
OF  REDUCING -PROJECTILE PENETRATION, John 0. F u n k h o u s e r ,   A p r i l  1961 

TENSILE AND CONPRESSIVE  CREEP OF 6A1-4V TITANIUM-ALLOY  SHEET AND 
METHODS  FOR ESTIMATING  THE M I N l "  CREEP  RATE, Howard L. P r i c e  and 
George J. H e i m e r l ,   A p r i l  1961 

THE  BEFAVIOR OF BERYLLIUM AND BERYLLIUM  COPPER I N  A 4,0000 F 
SUPERSONIC AIR  JET AT A MACH  NUMBER OF 2, W i l l i a m  H. K i n a r d ,  May 
19 61 

ANALYSIS OF  PARTLY  WRINKLED  MFNBRANES, M a n u e l   S t e i n   a n d  John M. 
H e d g e p e t h ,   J u l y   1 9   6 1  

THE  GENERAL  EQUATIONS OF EQUILIBRIUM OF ROTATIONALLY  SYHMPTRIC 
MEMBRANES AND SOME STATIC SOLUTIONS  FOR  UNIFORM  CENTRIFUGAL 
LOADING, James G. Simmonds , May 1961 

TENSILE PROPERTIES OF 17-7 PH AND 1 2  MoV STAINLESS-STEEL SHEET 
UNDER RAPID-HEATING AND CONSTANT-TMPFXATURE  CONDITIONS, Charles 
R. Manning, Jr., and  Howard L. P r i c e ,  May 1 9 6 1  

INVESTIGATIONS OF  GRAIN-BOUNDARY STRESS CONCENTRATIONS I N  SILVER 
CHLORIDE, L. E. Goodman, March 1 9 6 1  

. 

INFLUENCE OF IMPURITY  ELEMENTS,  STRUCTURE, AND PRESTRAIN ON TEN- 
SILE TRANSITION TEMPERATURE  OF  CHROMIUM, B. C. Allen, D. J. 
Maykuth, and R. I. Jaffee, A p r i l   1 9 6 1  

INVESTIGATION OF OXIDATION-RESISTANT  COATINGS ON W H I T E  AND 
MOLYBDENUM I N  TWO 'ARC-POWERED FACILITIES,  Roger TJ. P e t e r s   a n d  
Thomas A. Rasn ick ,  July 1 9 6 1  

STABILITY OF REFRACTORY  CONPOUNDS I N  HYDROGEN  BETWEEN 4500' AND 
50000 F, AND THEIR COMPATIBILITY WITH  TUNGSTEN, Charles E. May 
and P a u l  D. Hoeks t r a , ,  May 1 9 6 1  

TRANSIENT  TDIPERATURE PROFILES AND CALCfJIATED  THERMAL STRAMS OF 
TURBOJET-ENGINE  BUCKETS, J. R. J o h n s t o n ,  J. C. Freche, and  

. R. A. S i g n o r e l l i ,   J u n e  1961 

EXPERIMENTAL METHOD OF  PRODUCING  POROUS  TUNGSTEN  FOR ION ROCKET . 

ENGINES, Neal T. S a u n d e r s ;  APPENDIX:  METALLOGRAPHIC  PREPARATION 
OF  POROUS  TUNGSfb7, Anne R. Kendra, J u n e   1 9 6 1  
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TN D- 8 6 7  

TN D- 8 7 1  

TN D- 879 

TN D- 8 8 2  

TN D- 9 0 6  

TN D- 9 2 8  

TN D- 9 3 1  

TN D- 960 

TN D- 9 6 4  

TN D- 966 

TN D- 990 

TN D- 998 

TN D- 999 

ELECTRICAL  CHARACTERISTICS OF  FOUR  TERNARY  PLATINUM-RHODIUM-BASE 
ALLOYS  CONTAINING  CHRONIUM,  COBALT,  OR  RUTHENIUM, Herman H. 
Lowe l l ,   Huber t  8 .  A l l e n ,  and J o e  E. Jenkins, May 1 9 6 1  

GAS  FLOW,  EMITTANCE, AND I O N  CURRENT CAPABILITIES OF  POROUS 
TUNGSTEN, T h a i n e  W. Reynolds   and   Lawrence  W. Kreps ,   Augus t   1961  

THE  PRODUCTION  OF  SUBMICRON  METAL  POWDERS BY BALL MILLING WITH 
GRINDING AIDS, Max Q u a t i n e t z ,   R o b e r t  J. S c h a f e r ,   a n d   C h a r l e s  R. 
Smeal, March 1962  

STRESS CONCENTRATIONS I N  FILAMENTARY  STRUCTURES, John M. Hedgepeth,  
May 1 9 6 1  

INVESTIGATIONS OF  THE  DETERIORATION  OF 22  REFRACTORY  MATERIALS I N  
A MACH NUMBER 2 JET AT A STAGNATION  TEMPERATURE  OF 3,8000 F, 
B. W. Lewis ,   June   1961  

EFFECTS OF  CONSTITUENT PARTICLES ON THE NOTCH-SENSITIVITY AND 
FATIGUE-CRACK-PROPAGATION  CHARACTERISTICS OF  ALUMINUM-ZINC- 
MAGNESIUM  ALLOYS, L a r r y  H. Glassman a n d   A r t h u r  J. McEvily, Jr., 
A p r i l   1 9 6 2  

EXPERIMENTAL AND TmORETICAL DEFLECTIONS AND NATURAL FREQUENCIES 
OF AN INFLATABLE FABRIC PLATE, TJ. J e f f e r s o n   S t r o u d ,   O c t o b e r   1 9 6 1  

EFFECTS OF CHANGING STRESS AMPLITUDE ON THE  RATE OF FATIGUE-CRACK 
PROPAGATION I N  TWO ALUMINUM  ALLOYS, C. Michael Hudson   and   Herbe r t  
F.  Hardrath, Sep tember   1961  

THE  USE  OF  HIGHER-ORDER DIFFERENCE METHODS I N  BEAM VIBRATION 
ANALYSIS, Donald T. Greenwood, December 1 9 6 1  

EFFECT OF DECARBURIZATION ON NOTCH SENSITIVITY AND FATIGUE-CRACK- 
PROPAGATION  RATES I N  1 2  MoV STAINLESS-STEEL SHEET, William H. 
H e r r n s t e i n  111 and A r t h u r  J. McEvily, Jr. , November  1961 

METHODS  FOR  DETERMINING THE OPTl" DESIGN OF STRUCTURJE  PROTECTED 
FRON  AERODYNAMIC  HEATING AND APPLICATION TO TYPICAL BOOST-GLIDE 
OR  REENTRY FLIGHT PATHS, R o b e r t  S. Harris, Jr., and John R. 
Davidson, March 1962 

MEASUREMENTS  OF  TOTAL  EMITTANCE OF SEVERAL  REFRACTORY  OXIDES, 
CERMES, AND CERAMICS  FOR  TEMPERATURES  FROM 6000 F TO 2,0000 F, 
William R. Wade and  IJayne S. S lemp ,  March 1962  

COEFFICIENTS OF FRICTION AND WEKR CHARACTERISTICS  FOR SKIDS MADE 
OF  VARIOUS  METALS ON CONCRETE,  ASPHALT, AND LAKEBED  SURFACES, 
R o b e r t  C. Dreher a n d   S i d n e y  A. B a t t e r s o n ,   J a n u a r y   1 9 6 2  
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TN D-1001 

TN D-1018 

TN D-1039 

TN D-1070 

TN D-1084 

TN D-1087 

TN D-1088 

TN D-1094 

TN D-1100 

TN D-1102 

TN D-1103 

TN D-1120 

TN D-1158 

TN D-1161 

THERMAL DESIGN OF  EXPLORER X I 1 1  MICRO-METEROID SATELLITE, E a r l  C. 
Hastings, Jr., R i c h a r d  E. T u r n e r ,  and Katherine C. S p e e g l e ,  May 
19   62  

A NOTE ON HELICOPTER  ROTOR-BLADE  FATIGUE-CRACK  PROPAGATION  RATES 
UNDER EQUIVALENT-LIFETIME  FATIGUE  LOADINGS, John F.  Ward, 
F e b r u a r y   1 9 6 2  

PRELIMINARY INVESTIGATION OF  IMPACT ON MULTIPLE-SmET STRUCTURES 
AND AN EVALUATION OF THE  METEROID HAZARD TO SPACE VEHICLES, 
C. R o b e r t  Nysmith and  James L. Summers, S e p t e m b e r   1 9 6 1  

SKIN STRESSES I N  AN INFLATED  SPHERE  DURING  IMPACT, E. Dale Martin, 
A u g u s t   1 9 6 1  

VAPOR  PRESSURE AND VAPOR FRACTIONATION OF TEKTITE MELTS, L. S. 
Walter and M. K. Carron, Sep tember   1964  

HIGH-TEMPERATURE TENSILE AND STRESS-RUPTURE PROPERTIES OF  SOME 
ALLOYS I N  THE  TUNGSTEN-MOLYBDENUM  SYSTEM, P a u l  F. S i k o r a ,  Apr i l  
1962  

RADIANT  HEAT  TRANSFER  BETWEEN NONGRAY PARALLEL  PLATES  OF  TUNGSTEN, 
J. R o b e r t   B r a n s t e t t e r ,   A u g u s t   1 9 6 1  

EFFECT OF STRAIN RATE ON MECHANICAL PROPERTIES OF  WROUGHT 
SINTERED TUNGSTEN  AT  TINPERATURES  ABOVE 25000 F, P a u l   F .   S i k o r a  
a n d   R o b e r t  W. Hall, October 1961 

THE  DESIGN OF VARIOUS  TYPES  OF AIR BEARINGS  FOR  SIMULATING FRIC- 
TIONLESS ENVIRONMENTS, Kenneth W. S t a c k ,  May 1962  

CONSISTENT P 1  ANALYSIS OF AQUEOUS UWIUM-235 CRITICAL ASSEMBLIES, 
Daniel F i e n o ,  November 1 9 6 1  

EFFECT OF INERT, REDUCING, AND O X I D I Z I N G  ATMOSPHERES ON FRICTION 
AND WEAR OF  METALS  TO 10000 F,   Donald  H. Buck ley  and R o b e r t  L. 
Johnson ,   Oc tobe r   1961  

SERVO  LOOP  DESIGN FOR AIR BEARING INEXTIAL COMPONENTS, Herman E. 
Thomason, May 1 9 6 2  

STRUCTURAL DYNAMIC EXPERIENCES OF THE X-15 AIRPLANE, Gareth H. 
Jordan, Norman J. McLeod, and Lawrence D. Guy, March 1962 

ELECTRON AND LIGHT MICROSCOPY  TECHNIQUES SUITABLE FOR  STUDYING 
FATIGUE DAMAGE I N  A CRYSTALLIZED  GLASS CERAMIC, S h e l l e y   H a r r e l l  
and E m i n  V. Zare tsky ,   November   1961 
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TN D-1175 

TN D-1182 

TN D-1190 

TN D-1191 

TN D-1194 

TN D-1198 

TN D-1217 
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TN D-1224 

TN D-1243 

TN D-1247 

TN D-1253 

TN D-1259 
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SOME EFFECTS OF VARIATION OF HOT-PRESSING  TEMPERATURE  UPON THE 
AGGLOMERATION  OF MgO I N  A DISPERSION STRFNGTHENED  NICKEL-MgO 
ALLOY, R o b e r t  J. S c h a f e r ,  Max Q u a t i n e t z ,   a n d  John W. Weeton, 
March 1 9 6 2  

THE  STRUCTURE  OF THE EXPLORER X MAGNETOPETER  SPACE  PROBE,  E. D. 
Angulo and R. K. Brotming, A p r i l   1 9 6 2  

ELASTIC DESIGN  CHARTS  FOR THIN PLATES  WITH  SPANWISE AND CHORDWISE 
VARIATIONS I N  TEMPERATURE, E r n e s t   R o b e r t s ,  Jr., March 1962  

LUBRICATING PROPERTIES OF  CERAMIC-BONDED  CALCIUM FLUORIDE COATINGS 
ON NICKEL-BASE  ALLOYS  FRON 7 5 O  TO 19000 F, H a r o l d  E. S l i n e y ,  
F e b r u a r y   1 9 6 2  

MICROWAVE  INTERFEXONETER MEASURl34ENTS OF  ELECTRON- I O N  RECOMBINATION 
I N  NITROGEN, AIR, AND ARGON, P e r r y  Kuhns, F e b r u a r y   1 9 6 2  

AN ANALYTICAL  STUDY  OF  THE  CONTINUOUS  CHEMICAL  REGENERATION  OF 
SURFACES, Leona rd  K. Tower ,   February   1962 

EXPERIMENTAL INVESTIGATION OF LITHIUM HYDRIDE  AS A HEAT-SINK 
MATERIAL, C. R o b e r t  Morse a n d   R o b e r t  0. H i c k e l ,  May 1962 

HIGH-VACUUM  CONDENSER DESIGN:  EXPERlMENTAL EFFECTS FROM CESIUM 
AND MERCURY I O N  BEAMS, Edward A. R i c h l e y   a n d   R o n a l d  J. C y b u l s k i ,  
A u g u s t   1 9   6 2  

INFLUENCE OF CERTAIN  COMPOSITION AND FABRICATION VARIABLES ON THE 
STRESS-RUPTURE PROPERTIES OF A COBALT-BASE  ALLOY  CONSOLIDATED BY 
POWDER  METALLURGY, P h i l i p  A. C l a r k i n ,  John W. Weeton, and P a u l  F. 
S i k o r a ,   A u g u s t   1 9 6 2  

COMBINATIONS  OF  TIMPERATURE AND AXIAL COMPRESSION  REQUIRED  FOR 
BUCKLING  OF A RING-STIFFENED CYLINDER, Melvin S. A n d e r s o n ,   A p r i l  
1962  

DESIGN OF THE NASA  LIGHTWEIGHT  INFLATABLE SATELLITES FOR  THE 
DETERMINATION OF ATMOSPHERIC  DENSITY  AT  EXTREME ALTITUDES, C l a u d e  
W. Cof fee ,  Jr., Walter E. B r e s s e t t e ,   a n d   G e r a l d  M. Keating, A p r i l  
1962 

A MATRIX  METHOD  FOR THE DETERMINATION OF THE NATURAL VIBRATIONS OF 
FREE-FREE UNSYMMETRICAL  BEAMS  WITH APPLICATION TO LAUNCH VEHICLES, 
Vernon L. A l l e y ,  Jr., and  A. H a r p e r  Gerringer, A p r i l   1 9 6 2  

AXIAL-LOAD FATIGUE  TESTS USING LOADING  SCHEDULES  BASED ON MANEUVER- 
LOAD STATISTICS, Eugene C. Naumann a n d   R u s s e l l  L. S c h o t t ,  May 1962  

UNIFIED NOTCH-STRENGTH  ANALYSIS  FOR  WROUGHT  ALUMINUM  ALLOYS, P a u l  
Kuhn  and I. E. F i g g e ,  May 1962  
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DETERMINATION OF THE  CREEP  DEFLECTION AND LIFETIME OF  ALUMINU" 
ALLOY  MULTITEB BOX BEAMS SUBJECTED TO VARIED LOADS  AT  CONSTANT 
TEMPERATURE, Avraham  Berkovi t s ,  June 1962 

MEASUREMENT  OF  TOTAL NORMAL EMITTANCE  OF  BORON NITRIDE FROM 
1,2000 F TO 1,9000 F WITH. NORMAL SPECTRAL  EMITTANCE  DATA  AT 
1,400° F, Gilbert H. .Walker and F r a n c i s  TJ. Casey, Jr., J u l y   1 9 6 2  

IMPACT  CHARACTERISTICS OF VARIOUS  MATERIALS  OBTAINED BY AN 
ACCELERATION-TIME-HISTORY  TECHNIQUE APPLICABLE TO  EVALUATING 
m O T E  TARGETS, John Locke McCarty and Huey D. Carden, J u n e   1 9 6 2  

LAUNCH  DEFLECTOR DESIGN CRITERIA AND THEIR APPLICATION TO 
SATURN C-1 DEFLECTOR,  R.  L. Evans  and 0. L. S p a r k s ,  March 1963  

SMOOTH AND SHARP-NOTCH  PROPERTY  VARIATIONS  FOR  SEVERAL  HEATS  OF 
Ti-6A1-4V SHEET  AT ROOM AND CRYOGENIC  TJNPERATURES, Morgan P. 
Hanson  and   Hadley  T. R i c h a r d s ,  May 1 9 6 2  

COMPATIBILITY OF SEVERAL PLASTICS AND ELASTOMERS  WITH  SODIUM, 
POTASSIUM, AND RUBIDIUM, Louis   Rosenblum  and  Henry P u t r e , '   A p r i l  
1962  

AN ANALYTICAL  DETERMINATION  OF TWERATURE OSCILLATIONS I N  A WALL 
HEATED BY ALTERNATING  CURRENT, Frank A. Jeglic, J u l y   1 9 6 2  

IMPORTANT RESEARCH PROBLEMS IN MISSILE AND 'SPACECRAFT STRUCTURAL 
DYNAMICS, 1961, M. V. Barton i n  c o l l a b o r a t i o n   w i t h  the NASA 
R e s e a r c h   A d v i s o r y   C o m m i t t e e  on Missile and S p a c e  Vehicle S t r u c -  
t u r e s ,  May 1 9 6 2  

OBSERVATIONS OF PROPERTIES OF SINTERED W~OUGHT TUNGSTEN SHEET AT 
VERY HIGH TDfPERATURES,  E. C. S u t h e r l a n d  and William D. Klopp, 
F e b r u a r y  1963 

CRITICALITY EFFECTS OF  CENTRALLY  LOCATED  TUBES AND RODS  OF  ALUMINUM, 
IRON, AND TUNGSTEN I N  A HOMOGENEOUS  REACTOR, Daniel Fieno ,   Eugene  
Gum, Clayton Barber, Thomas Fox, Donald A l g e r ,  and R o b e r t  Mueller, 
Augus t 19 62  

RELATIONS BETWEEN  MICROSTRUCTURE AND CREEP-RUPTURE PROPERTIES OF 
NICKEL-BASE  ALLOYS  AS  REVEALED BY  OVERTEMPERATURE  EXPOSURES, 
John P.  Rove  and J. W. Freeman,   September   1962 

INITIAL IJEIGHT LOSS OF PLASTICS I N  A VACUUM AT  TEMPERATURES  FROM 
800 TO 500' F, Hermilo R. G l o r i a ,  W: James   S teward ,   and  Raymond 
C. Sav in ,  December 1 9 6 2  

BEARINGS  FOR VACUUM OPERATION.  PHASE I. Harold E. Evans a n d  
Thomas TJ. F l a t l e y ,  May 1 9 6 2  
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THE  CONPOSITION OF  GASES I N  A TEKTITE BUBBLE, John A. 0 'Keefe, 
Kenneth L. Dunning, and P a u l  D. Lowman, Jr., J u l y   1 9 6 2  

A USE  OF  CONFORMAL  MAPPING  TO  DETERMINE  THE  APPARENT  ADDITIONAL 

EXPERIMENTAL  EVALUATIONS OF RESULTS, Charles E. IJatkins ,   Donald 
L. L a n s i n g ,   a n d   F r e d e r i c k  W. Gibson,   September   1962 

MASS OF SCALLOPED AND/OR CLUSTERED CYLINDER CONFIGURATIONS WITH 

EXPERIMENTAL INVESTIGATION OF  THE EFFECTS OF  COMPRESSIVE STRESS 
ON THE FLUTTER  OF A CURVED  PANEL AND A FLAT PANEL  AT  SUPERSONIC 
MACH  NUMBERS, R o b e r t  TJ. H e s s   a n d   F r e d e r i c k  W. Gibson, October 
1962  

EFFECT OF NINE LUBRICANTS ON ROLLING-CONTACT  FATIGUE LIFE,  Erwin 
V. Z a r e t s k y ,  William J. Ander son ,   and   R icha rd  J. P a r k e r ,  October 
19 62  

REACTOR-WEIGHT  STUDY  OF  BERYLLIUM  OXIDE,  BERYLLIUM, LITHIUM-7 
HYDRIDE, AND WATER  AS  MODERATORS  WITH  TUNGSTEN 184 STRUCTURAL 
MATERIAL AND URANIUM DIOXIDE FUEL, R o b e r t  E. Hyland ,   September  
19 62  

THERMODYNAMIC AND TRANSPORT  PROPERTY  CORRELATION  FORMULAS  FOR 
EQUILIBRIUM AIR FROM l ,OOOo K TO 15,000° K, J o h n  R. V i e g a s   a n d  
John T.  Howe, O c t o b e r   1 9 6 2  

AN EXPERIMENTAL INVESTIGATION OF THE IMPACT RESISTANCE OF  DOUBLE- 
SHEET  STRUCTURES  AT VELOCITIES TO 24,000 FEET PER SECOND, C. 
Rober t   Nysmi th  and James L. Summers, O c t o b e r   1 9 6 2  

EFFECT OF OXIDIZER PARTICLE SIZE ON ADDITIVE AGGLOMERATION, L o u i s  
A. P o v i n e l l i ,  November  1962 

CO>PATIBILITY OF  MOLTEN URANIUM DIOXIDE WITH FIVE REFRACTORY 
MATERIALS, W i l l i a m  A. S a n d e r s  and I s a d o r e  L. Drell, J a n u a r y   1 9 6 3  

PRELIMINARY INVESTIGATION OF EFFECT OF  HYDROGEN ON STRESS-RUPTURE 
AND FATIGUE  PROPERTIES OF AN IRON-, A NICJEL-, AND A COBALT-BASE 
ALLOY, S t a n l e y  J. K l i m a ,  A l f r e d  J. N a c h t i g a l l ,   a n d  Charles A. 
Hoffman, December  1962 

ENVIRONMENTAL  PROBLEMS  OF  SPACE FLIGHT STRUCTURES. 11. METEOROID 
HAZARD, J o h n  R. Dav idson  and P a u l  E. S a n d o r f f  ( i n  c o l l a b o r a t i o n  
w i t h  the NASA Resea rch   Adv i so ry   Commi t t ee  on Missile a n d   S p a c e  
Vehicle S t r u c t u r e s ) ,   J a n u a r y   1 9   6 3  

LANDING CHARACTERISTICS OF A WINGED  REENTRY VEHICLE WITH ALL-SKID 
LANDING GEAR HAVING YIELDING-METAL  SHOCK  ABSORBERS, Ulysse J. 
Blancha rd ,  December 1962  
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ROOM-TENE'ERATURE S T E M  AND CONPRESSION TESTS OF STIFFENED PANELS 
WITH  INTEGRAL OR  ATTACHED  COOLING CIRCUITS, Marvin B.  DO^ a n d  
R a l p h  0. Whi t l ey ,  March 1 9 6 3  

BUCKLING  OF RING-STIFFENED CYLINDERS  UNDER A PURE BENDING MONENT 
AND A NON-UNIFORM TINPERATURE DISTRIBUTION, Melvin S. Ander son  
and Michael F.  Card,  November  1962 

AN EXPERIMENTAL INVESTIGATION OF  SEVERAL  ABLATION  MATERIALS I N  AN 
ELECTRIC-ARC-HEATED AIR  JET,  Andrew J. Chapman, A p r i l   1 9 6 3  

OPTICAL PROPERTIES OF SATELLITE MATERIALS - THE  THEORY  OF OPTICAL 
AND INE'RARED PROPERTIES OF  METALS , R e s e a r c h   P r o j e c t s  Division, 
March 1 9 6 3  

CONTINUED INVESTIGATION OF AN ADVANCED  TEMPERATUUZ,  TANTALUH- 
MODIFIED,  NICKEL-BASE ALLOY, J o h n  C. F r e c h e  and V i l l i a m  J. Waters, 
A p r i l   1 9 6 3  

EXPERIMENTAL  EVALUATION OF THEORETICAL ELASTIC STRESS DISTRIBU- 
TIONS FOR  CYLINDER-TO-HEMISPHERE AND CONT-TO-SPHERE  JUNCTIONS I N  
PRESSURIZED  SHELL  STRUCTURES, W i l l i a m  C. Morgan a n d   P e t e r  T. 
Bizon, F e b r u a r y   1 9   6 3  

ALLOYING EFFECTS OF TUNGSTEN-FIBER-REINFORCED  COPPER-ALLOY OR 
HIGH-TEMPERATURE-ALLOY  MATRIX  COMPOSITES, Donald W. P e t r a s e k   a n d  
J o h n  W. Weeton, O c t o b e r   1 9 6 3  

FATIGUE BEHAVIOR  OF  MATERIALS  UNDER.STRAIN  CYCLING I N  LON AND 
INTERMEDLATE LIFE RANGE, R o b e r t  TJ. Smith,  Marvin H. Hirschberg, 
and S. S. .Manson, A p r i l   1 9 6 3  

EFFECT OF  THE  ACCELERATION  DISTURBANCES  ENCOUNTEXED I N  THE MA-7 
SPACECRAFT ON THE LIQUID-VAPOR  INTERFACE I N  A BAFFLED  TANK DURING 
WEIGHTLESSNESS, Donald A. P e t r a s h ,   R a l p h  C. Nuss l e ,  and Edward W. 
O t t o ,   J a n u a r y   1 9 6 3  

EFFECT OF  OXYGEN ON MECHANICAL PROPERTIES OF  TUNGSTEN, J o s e p h  R. 
S t e p h e n s ,   A p r i l   1 9 6 3  

TENSILE PROPERTIES AND SHEET-BENDING  FATIGUE PROPERTIES OF  SONE 
REFRACTORY  METALS  AT  ROOM  TEMPERATURE, L e e  R. F o s t e r ,  Jr., and 
Bland  A. Stein,  J a n u a r y  1963 

STRENGTH  OF  FILAMENTARY  SHEETS  WITH  ONE  OR  MORE FIBERS BROKEN, 
George Id. Zender  and Jerry It. Deaton, March 1 9 6 3  

EFFECTS OF SPUTTERING WITH HYDROGEN IONS ON TOTAL  HEBIISPHERICAL 
IMITTANCE OF  SEVERAL  METALLIC  SURFACES, Donald L. Ander son  and 
George 5. Nothwang,   January  1963 
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EROSION  RESISTANCE AND FAILURE MECHANISMS  OF SEVERAL NOZZLE 
MATERIALS I N  A SMALL SOLID-PROPELLANT  ROCKET  ENGINE, R o b e r t  A. 
S i g n o r e l l i   a n d   J a m e s  R. J o h n s t o n ,   F e b r u a r y   1 9 6 3  

A CONTRIBUTION TO THE THEORY  OF FOLDING  DEFORMATIONS I N  EXPANDABLE 
STRUCTURES  WITH A PARTICULAR APPLICATION TO TOROIDAL SHELLS, H. U. 
S c h u e r c h   a n d  G. $1. S c h i n d l e r ,  December 1962  

STRUCTURAL SYNTHESIS OF  SYMMETRIC  TJAFFLE  PLATE, L u c i e n  A. S c h m i t  
a n d  Thomas P. Kicher, December 1962  

A THEORY AND APPLICATIONS OF  FILAMENTARY  STRUCTURES, H. U. Schuerch, 
0. R. B u r g g r a f   a n d  A. C. Kyser, December 1962  

INFLUENCE OF FLUORINE  ENVIRONMENT ON THE  MECHANICAL PROPERTIES OF 
SEVERAL SHEET  ALLOYS, Hadley T. R i c h a r d s  and Morgan P. Hanson, 
A p r i l   1 9 6 3  

PRELIMINARY  INVESTIGATION OF MELTING,  EXTRUDING, AND MECHANICAL 
PROPERTIES OF  ELECTRON-BEAM-MELTED TUNGSTm, Walter R. Witzke, 
E a r l  C. Su the r l and ,   and   Gordon  K. Watson, May 1 9 6 3  

INFLUENCE OF  MICROSTRUCTURAL INCLUSIONS ON FRICTION AND WEAR  OF 
NICKEL AND IRON IN VACUUM  TO MILLIMETER OF MERCURY, Donald H. 
Buck ley  and R o b e r t  L. Johnson,  May 1963  

AN EXPERTMENTAL INVESTIGATION OF  THE EFFECTIVENESS OF SINGLE 
ALUMINUM  METEOROID  BUMPERS, Donald H. Humes, May 1 9 6 3  

INVESTIGATION OF  MECHANICAL PROPERTIES AND METALLURGICAL CHARAC- 
TERISTICS OF A METALLIC  CHROMIUM AND MAGNESIUM  OXIDE  COMPOSITE, 
Charles R. Manning, Jr., and   D ick  M. R o y s t e r ,   J u n e   1 9 6 3  

PROGRESS  REPORT  OF  THE  NASA SPECIAL COMMITTEE ON MATERIALS  RESEARCH 
FOR  SUPERSONIC  TRANSPORTS, R i c h a r d  H. R a r i n g ,  J. W. Freeman, J. W. 
S c h u l t z ,   a n d  H. R. Voorhees,  May 1 9 6 3  

EFFECT OF TWO BRAZE COATINGS, 'PROCESSING VARIABLES, AND HEAT 
T " E N T S  ON 1200° F STRESS-RUPTURE  STRENGCH OF L-605,  A-286, 
AND INCONEL 700 SHEET, John H. S i n c l a i r   a n d  Charles A. Gyorgak, 
November 1963 

STRESS STRAIN BEHAVIOR  OF TUNGSTEN-FIBER-REINFORCED COPPER  COMPOS- 
ITES, David L. McDanels, R o b e r t  W. Jech, and John W. Weeton, 
O c t o b e r  19 6 3  

ARIEL I - EVOLUTION  OF ITS STRUCTURE, Carl  L. Wagner, Jr., 
S e p t e m b e r   1 9 6 3  

ON ISOMETRIC DEFORMATION  OF  SCREW  SURFACES, G. W. S c h i n d l e r ,  
May 1963  
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A CONTRIBUTION  TO  THE  THEORY  OF PRESSURE STABILIZED STRUCTURES, 
A. C. Kyser, May 19   63  

ANALYSIS OF AXISYMMETRIC,  ROTATING PRESSURIZED FILAMENTARY 
STRUCTURES, 0. R. Burggra f   and  H. U. Schuerch ,  May 1963  

A METHOD  FOR PREDICTING THE STATIC STRENGTH OF A STIFFENED SHEET 
CONTAINING A SHARP CENTRAL  NOTCH, Herbert A. Leybold ,   Augus t   1963 

AN INVESTIGATION OF A NEW NICKEL ALLOY  STRENGTHENED  BY DISPERSED 
THORIA, Charles R. Manning, Jr., Dick M. R o y s t e r ,  and David N. 
B r a s k i ,   J u l y   1 9 6 3  

THE EFFECT OF INITTAL IMPERFECTIONS ON THE  BUCKLING STRESS OF 
CYLINDRICAL  SHELLS, C. D. Babcock and E.  E. S e c h l e r ,  Ju ly  1963 

MEASLJREMENT  OF  TORSIONAL RIGIDITY OF STIFFENED PLATES, Herbert 
Becker and George Gerard, J u l y   1 9 6 3  

DIFFUSION STUDIES OF  SEVERAL  OXIDATION RESISTANT COATINGS ON 
Mo-O.5Ti MOLYBDENUM  ALLOY  AT 2,500° F, Bland  A. S t e i n  and W. B a r r y  
L i s a g o r ,   A u g u s t  19 64  

A STUDY OF SEVERAL OXIDATION-RESISTANT COATINGS ON Mo-O.5Ti ALLOY 
SHEET  AT 2,500°  F,  Donald R. Rummler,  Bland A. S t e i n ,   a n d   R i c h a r d  
A. P r i d e ,   A u g u s t   1 9 6 4  

RESIDUAL STATIC STRJ3NGTH  OF  SEVERAL  TITANIUM AND STAINLESS-STEEL 
ALLOYS AND ONE  SUPERALLOY  AT -1090 F, 700 F, AND 5500  F, I. E. 
F i g g e ,  December 1963 

IMPORTANT  STRUCTURAL  RESEARCH  PROBLEMS  FOR  THF,  SUPPORT  OF  FUTURE: 
SPACE MISSIONS, Lewis  H. Abraham i n  c o l l a b o r a t i o n   w i t h  the NASA 
Research Advisory   Commit tee  on Missile a n d   S p a c e  Vehicle S t r u c -  
t u r e s ,   A u g u s t   1 9 6 3  

AN EXAMINATION OF THE ROLLING-CONTACT FATIGUE  PROCESS I N  A 
CRYSTALLIZED-GLASS CERAMIC, S h e l l e y  Harrell a n d   E m i n  V. Zaretsky, 
December 1963 

RECOMMENDATIONS AND EVALUATIONS  OF  MATERIALS-RESEARCH  AREAS  OF 
IMPORTANCE  TO MISSILE AND SPACE  VEHICLE  STRUCTURES, Jack B. Esga r ,  
Norris F. Dow, and W i l l i a m  R. Micks i n  c o l l a b o r a t i o n   w i t h  the NASA 
R e s e a r c h   A d v i s o r y   C o m m i t t e e  on Missile and S p a c e  Vehicle S t r u c -  
t u r e s ,   O c t o b e r   1 9 6 3  

DETERMINATION OF LESS THAN 10 PARTS PER MILLION CARBON I N  'TUNGSTEN, 
William A. Gordon,  Judson W. Graab, and  Zita T. Tumney, Oc tobe r  
196Lr 
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DESIGN, TESTS, AM) ANALYSIS OF A HOT  STRUCTURE  FOR LIFTING RE- 
ENTRY VEHICLES, R i c h a r d  A. P r i d e ,   D i c k  M. Roys ter ,   and   Bobbie   F .  
Helms, A p r i l   1 9 6 4  

EFFECT OF WEIGHT  DENSITY, AND HEAT  LOAD ON THERMAL-SHIELDING 
PERFORMANCE  OF  PHENOLIC NYLON, Andrew J. Chapman, J u n e   1 9 6 4  

TENSILE COUPON TESTS OF  CRYOFORMED AIS1  301 STAINLESS-STEEL 
PRESSURE  VESSELS AT  CRYOGENIC  TEMPERATURES, Thomas TJ. Orange, 
October 1964  

FREQUENCIES AM) MODES  OF VIBRATION OF  BUCKLED  CIRCULAR  PLATES, 
B. Herzog and E. F .   Masur ,   February   1964 

PROPOSED  MECHANISM  FOR  THERMOPHOTOTROPIC  BEHAVIOR I N  PEROVSKITE- 
STRUCTURED  TITANATES, S t a n l e y  M. Neuder, March 1964  

EFFECTS OF INTERSTITIAL  lMPURITIES ON THE  LOW-TEMPERATURE TENSILE 
PROPERTIES OF  TUNGSTEN, J o s e p h  R. S t e p h e n s ,   J u n e   1 9 6 4  

EFFECTS OF PREOXIDATION  TREATMENTS ON SPECTRAL NORMAL AND TOTAL 
NORMAL EMITTANCE OF INCONEL,  INCONEL-X, AND TYPE 347 STAINLESS 
STEEL, Wayne S. S l e m p ,   J u l y   1 9 6 4  

THERMOPHOTOTROPISM I N  CORTICATED  ALKALINE  EARTH TITANATES, J. B. 
S c h u t t ,  J. A. Colony, and D. R. Lepp,   June  1964 

FRICTION AND WEAR OF  NICKEL-ALUMINUM  ALLOYS AND SOME  SULFUR- 
MODIFIED STEELS I N  VACUUM  TO MILLlMETER OF MERCURY, Donald 
H. Buck ley  and R o b e r t  L. Johnson, May 1964  

WELDED  ELECTRONIC  MODULE FABRICATION, John C. Lyons  and  David 
R. Dargo ,   June   1964 

FATIGUE-CRACK  PROPAGATION I N  SEVERAL  TITANIUM AND STAINLESS-STEEL 
ALLOYS AND ONE SUPERALLOY, C. Michael Hudson, October 1964 

EXPERIMENTAL  EVIDENCE OF DEGRADATION EFFECTS I N  SHORT  SAMPLES  OF 
HARD  SUPERCONDUCTORS, J o h n  C. Fakan  and  Edward R. Schrade r ,   June  
19   64  

BUCKLING OF THE  ECHO A-12 PASSIVE COMMUNICATIONS SATELLITE, W i l b u r  
B. F i c h t e r ,   H a r v e y  G. McComb, Jr., a n d   R o b e r t  W. Leonard;  APPENDIX 
A: MEMBRANE STRESSES I N  A SPHERE DUE  TO  SOLAR  OR DYNAMIC PRESSURE, 
Robert W. F r a l i c h ,   J u l y   1 9 6 4  

AXIAL-LOAD FATIGUE PROPERTIES OF PH 15-7 Mo STAINLESS STEEL I N  
CONDITION TH 1050 AT  AMBIENT  TJNF'ERATURE AND 5000 F, Walter I l l g  
a n d   C l a u d e  B. Castle, J u l y   1 9 6 4  
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TN D-2359 THE EFFECTS OF COMBINED PRIOR STRESS AND ATMOSPHERIC  CORROSION 
ON THE FATIGUE LIFE OF  ALUMINUM  ALLOYS, Herbert A. Leybold,  
August   1964.  

TN D-2372 AZIMUTHAL  MAGNETIC FIELD OF A THICK, FINITE-LENGTH, HELICAL 
SOLENOID, Edmund E. Callaghan and  James C. S t o l l ,   J u l y   1 9 6 4  

TN D-2397 RADIATIVE  EQUILIBRIUM I N  PLANETARY  ATMOSPHERES. I. APPLICATION 
OF THE  STRONG LINE ABSORPTION LAW TO  THE  ATMOSPHERE  OF  VENUS, 
R u d o l f  A. Hanel a n d  Brank B a r t k o  , Augus t   1964  

TN D-2398 AN EXPERIMENTAL AND ANALYTICAL VIBRATION STUDY  OF A RING-STIFFENED 
CYLINDRICAL  SHELL  STRUCTURF,  WITH  VARIOUS  SUPPORT  CONDITIONS, John 
L. S e w a l l ,   R o b e r t  R. Clary, and  Sumner A. L e a d b e t t e r ,   A u g u s t   1 9 6 4  

TN D-2410 ELECTROCHEMICAL  OXIDATION  OF  TITANIUM DIBORIDE, Warren P h i l i p p ,  
Augus t 19 64  

TN D-2430 LOW-COVERAGE  HEAT  OF  ADSORPTION. I - ALKALI  NETAL ATOMS. ON 
TUNGSTEN; ATm-METAL  INTERACTION  THEORIES, Harold E. Neus t a d t e r  
and  Keung P.  Luke, Augus t  19 64  

TN D-2431 LOW-COVERAGE  HEAT  OF  ADSORPTION. I1 - ALKALI  METAL  ATOMS ON 
TUNGSTEN;  LENNARD-JONES  ATOM-ATON  INTERACTION  THEORY, Harold E. 
Neus tad te r ,   Keung  P. Luke, and Thomas  Sheahan,  August  1964 

TN D-2434 STUDY  OF  CARBONATE IMPURITY I N  SURFACE  REGION OF SODIUM  CHLORIDE 
CRYSTALS, Dumas A. O t  t e r s o n   a n d  Myron 0. Davies, A u g u s t  19 64  

TN D-2439 EVALUATION OF AN ENERGY  METHOD USING FINITE DIFFERENCES FOR 
DETERMINING  THERMAL  MIDPLANE STRESSES I N  PLATES, H a r r y  G. S c h a e f f e r  
and Walter L. Heard, Jr., Augus t   1964  

TN D-2445 MICROMETEOROID SATELLITE (EXPLORER XVI) STAINLESS-STEEL PENETRA- 
TION RATE  EXPERIMENT, Elmer H. D a v i s o n  and P a u l  C. Winslow, Jr., 
A u g u s t  1964 

TN D-2456 BEHAVIOR OF A FLAT STRETCHED  MEMBRANE  WRINKLED  BY  THE  ROTATION 
OF AN ATTACHED  HUB, Mart-in M. Miku las ,  Jr. , Sep tember   1964  

TN D-2459 SURFACE FAILURE OF TITANIUM  CARBIDE  CERMET AND SILICON CARBIDE 
BALLS I N  ROLLING CONTACT  AT  TEMPERATURES  TO 20000 F, R i c h a r d  3. 
P a r k e r ,   S a l v a t o r e  J. Grisaffe, and Erwin  V. Za re t sky ,   Augus t   1964  

TN D-2461 ANALYSIS OF BONDING MECHANISM  BETWEEN  PLASMA-SPRAYED  TUNGSTEN AND 
A STAINLESS STEEL SUBSTRATE, W i l l i a m  A. S p i t z i g   a n d   S a l v a t o r e  J. 
Grisaf fe, September   19   64  

TN D-2464 INVESTIGATION OF  THERMAL  SHOCK RESISTANCE OF ZIRCONIA WITH  METAL 
ADDITIONS, A l a n   A r i a s ,   S e p t e m b e r  1964 
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TN D-2499 

TN D-2503 

TN D-2523 

TN D-2524 

TN D-2561 

TN D-2563 

TN D-2566 

TN D-2599 

TN D-2607 

TN D-2613 

TN D-2629 

TN D-2638 

TN D-2640 

TN D-2647 

THE SUSCEPTIBILITY OF SIX STAINLESS STEELS TO STRESS CORROSION  AT 
AMBIENT AND ELEVATED TWERATURES, David N. Braski, December 1964  

EFFECTS OF PURITY'AND  STRUCTURE ON. RECRYSTALLIZATION,  GRAIN GROWTH, 
DUCTILITY, TENSILE, AND CREEP PROPERTIES OF  ARC-MELTED  TUNGSTEN, 
William D. Klopp and P e t e r  L. Raffo,   November  1964 

MARKED INFLUENCE OF  CRYSTAL  STRUCTURE ON THE FRICTION AND WEXR 

MILLIMETER OF  MERCURY. I - POLYCRYSTALLINE AND SINGLE CRYSTAL 
COBALT, Donald H. B u c k l e y   a n d   R o b e d  L. Johnson, December 1964  

CHARACTERISTICS OF COBALT AND COBALT-BASE ALLOYS IN VACUUM TO 10-9 

MARKED INFLUENCE OF  CRYSTAL  STRUCTURE ON THE FRICTION AND WEAR 

MILLIMETER OF  MERCURY. I1 - COBALT  ALLOYS, Donald H. Buck ley  and 
R o b e r t  L. Johnson,  December 1964  

CHARACTERISTICS OF COBALT AND COBALT BASE ALLOYS IN VACUUM TO 10-9 

MECHANICAL PROPERTIES OF  ARC-MELTED AND ELECTRON-BEAM-MELTED 
TUNGSTEN-BASE  ALLOYS, P e t e r  L. R a f f o ,  William D. Klopp, and 
Walter R. Wi tzke ,   J anua ry   1965  

PROBLEMS  OF FATIGUE OF  METALS I N  A VACUUM  ENVIRONMENT, C. Michael 
Hudson,   January  1965 

MECHANICAL  RESONANCE DISPERSION AND STRESS-STRAIN BEHAVIOR  OF 
SEVERAL I O N I C  SINGLE CRYSTALS, Edward R. Gotsky and  Carl A. 
S tearns, J a n u a r y   1 9 6 5  

FRACTURE  TOUGHNESS TESTING, John E. S t r a w l e y   a n d   W i l l i a m  F. Brown, 
Jr. , J a n u a r y   1 9 6 5  

STABILITY OF 4 TITANIUM-ALLOY AND 4 STAINLESS-STEEL SHEET  MATERIALS 
AFTER EXPOSURES U P  TO 22000 HOURS AT 550' F (561' K) , George J. 
Heimer, F e b r u a r y  19 65 

RESIDUAL  STRENGTH  OF  ALLOYS  POTENTIALLY  USEFUL I N  SUPERSONIC AIR- 
CRAFT, I. E. F i g g e ,   F e b r u a r y   1 9 6 5  

FATIGUE UNDER RANDOM AND PROGRAMED  LOADS, Eugene C. Maumann, 
F e b r u a r y   1 9   6 5  

MAGNETIC SUSCEPTIBILITIES OF COMPOSITIONS I N  TANTALUM-TANTALUM 
CARBIDE  SYSTEM, Gilbert  3 .  S a n t o r o ,   J a n u a r y  1965 

EFFECT OF  COMPONENT DIFFERENTIAL HARDNESS ON ROLLING-CONTACT 
FATIGUE AND LOAD CAPACITY, E r w i n  V. Zaretsky, R i c h a r d  J. P a r k e r ,  
a n d   W i l l i a m  J. Anderson, March 1965  

AN INVESTIGATION OF  THE  VANADIUM-GALLIUM  SYSTEM  BETWEEN 50 AND 100 
ATOMIC  PERCENT VANADIUM, John J. F i s c h e r  and H u b e r t  B. P r o b s t ,  
F e b r u a r y   1 9  65 
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TN D-2649 GRAIN  GROIJTH I N  DILUTE TUNGSTEN-BORON ALLOYS, Peter L. R a f f o  
and R o b e r t  F. Hehemann, March 1965 
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Applicable NACA Technical  Reports 

TR 696 TENSILE ELASTIC PROPERTIES OF TYPICAL STAINLESS STEELS AND NON- 
FERROUS  METALS AS AFFECTED BY PLASTIC DEFORMATION AND BY HEAT 
TREATMENT, D. J. McAdam, Jr., and R. TJ. Mebs, National Bureau of 
Standards, 1940 

In t e re s t ing   bu t   da t ed   i n fo rma t ion .  The m e t a l s   l i t e r a t u r e ,  
p a r t i c u l a r l y   t h e  A.S.M. Manual, i s  a source  for  updated  informa- 
t ion.  

TR 697 INVESTIGATIONS ON THE INCOMPLETELY DEVELOPED  PLANE DIAGONAL- 
TENSION FIELD, Paul Kuhn, 1940 

This  information i s  among the  sources   used by Kuhn t o   p r e p a r e   h i s  
1965 book f o r  McGrar .7-Hil l ,  S t r e s s e s   i n   A i r c r a f t  and Shel l   S t ruc-  
tures. See   a l so  TN 2661  and TN 2 6 6 2 f o r  more recent- b y e  
same author.  

TR 701 MECHANICAL PROPERTIES OF  FLUSH-RIVETED JOINTS, W. C. Brueggeman 
and Frederick C. Roop, 1940 

This   repor t  showed that   countersunk rivets are s t ronger   and  have 
b e t t e r  aerodynamic quali t ies  (smoother  skin)  than  dimpled rivets. 
The reason   for   the   super ior i ty   o f   the   countersunk rivets was t h e  
f a c t   t h a t   t h e y   f i t   t h e   h o l e s   t i g h t e r  and that   d impling  causes  
l o c a l  stresses i n   t h e   s k i n .  

TR 724 EFFECT  OF AGING ON MECHANICAL PROPERTIES OF ALUMINUM-ALLOY RIVETS, 
Frederick C. Roop, 1941 

Reprint  of TN 804. 

TR 733 CRITICAL COMPRESSIVE  STRESS  FOR  FLAT RECTANGULAR PLATES SUPPORTED 
ALONG ALL EDGES AND ELASTICALLY  RESTRAINED  AGAINST  ROTATION ALONG 
THE  UNLOADED EDGES, Eugene E. Lundquist  and  Elbridge 2. Stowell, 
1942 

A c h a r t  is  p resen ted   fo r   t he   va lues   o f   t he   coe f f i c i en t  i n  t h e  
formula   for   the   c r i t i ca l   compress ive  stress a t  which  buckling may 
be   expec ted   t o   occu r   i n   f l a t   r ec t angu la r   p l a t e s   suppor t ed   a long  
a l l  edges  and, i n   a d d i t i o n ,   e l a s t i c a l l y   r e s t r a i n e d   a g a i n s t   r o t a -  
t ion  a long  the  unloaded  edges.  The mathematical   der ivat ions  of   the  
formulas  required in   t he   cons t ruc t ion   o f   t he   cha r t   a r e   g iven .  

TR 734 CRITICAL COHPRESSIVE STRESS FOR OUTSTANDING FLANGES, Eugene E. 
Lundquist  and  Elbridge 2. Stowell,  1942 

A c h a r t  is p r e s e n t e d   f o r   t h e   v a l u e s   o f   t h e   c o e f f i c i e n t   i n   t h e  
formula   for   the   c r i t i ca l   compress ive  stress a t  which  buckling 
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may be  expected  to  occur  in  outstanding  f langes.   These  f langes 
are flat   rectangular  plates  supported  along  the  loaded  edges,  
supported  and  elastically  restrained  along  one  unloaded edge, 
and free  along  the  other  unloaded edge.  The  mathematical  deriva- 
t ions   o f   the   formulas   requi red   for   the   cons t ruc t ion   of   the   char t  
are   given.  

RESTRAINT PROVIDED A FTAT RECTANGULAR PLATE BY A STURDY STIFFENER 
ALONG AN EDGE OF THE PLATE, Eugene E. Lundquist and Elbridge 2. 
Stowell,  1942 

A s t u r d y   s t i f f e n e r  i s  defined  as a s t i f fener   o f   such   propor t ions  
t h a t  i t  does   no t   su f f e r   c ros s   s ec t iona l   d i s to r t ion  when  moments 
are appl ied   to  some p a r t  o f  the   c ross   sec t ion .  Vhen such a 
s t i f f e n e r  is attached  to  one  edge of a p la te ,  it will resist 
ro ta t ion   o f   tha t   edge   of   the  p l a t e  by means of i t s  t o r s i o n a l  
p rope r t i e s .  A formula is  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  
provided  the  plate  by 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  is  
r equ i r ed   fo r   t he   ca l cu la t ion  of the   c r i t i ca l   compress ive   s t r e s s  
of   the  plate .  

BENDING OF RECTANGULAR PLATES WITH LARGE DEFLECTIONS, Samuel Levy, 
1942 

Repor t   p resents   the   so lu t ion  of von  Karman‘s  fundamental  equations 
f o r   t h e   l a r g e   d e f l e c t i o n s  of a plate  simply  supported and  under 
combined  edge  compression  and la teral  loading. A numerical solu- 
t ion ,  is g iven   for   square  and rectangular   plates   with  width-span 
ra t ios   o f   3 : l .  

SHEAR LAG I N  BOX BEAMS. METHODS OF ANALYSIS AND EXPERIMENTAL IN-  
VESTIGATION, Paul Kuhn and P a t r i c k  T. Chiarito,  1942 

This   information  in  more cu r ren t  and  complete  form is  inc luded   in  
Kuhn’s  book previously  c i ted.  

SQUARF, PLATE b7ITH CLAMPED EDGES UNDER NORMAL PRESSURE PRODUCING 
LARGE DEFLECTION, Samuel Levy, 1942 

A t h e o r e t i c a l   a n a l y s i s  i s  g i v e n   f o r   t h e   s t r e s s  and de f l ec t ions  
of a squa re   p l a t e   w i th  clamped  edges  under  normal  pressure  pro- 
ducing  large  def lect ions.   Values  of the   bending   s t ress  and man- 
b rane   s t r e s s  a t  the   cen ter   o f   the  p l a t e  and a t  the  midpoint  of 
the  edge are g iven   for   cen ter   def lec t ions  up to  1.9 times t h e  
p la te   th ickness .  The shape  of   the  def lected  surface i s  given 
f o r  low pressures  and for   the  highest   press’ure   considered.  Con- 
vergence  of   the  solut ion i s  considered  and it is  es t imated   tha t  
t h e   p o s s i b l e   e r r o r  i s  less than 2 percent.  The r e s u l t s   a r e  com- 
pared  with  the  only  previous  approximate  analysis knotm t o   t h e  
author and agree   wi th in  5%. They are a l s o  shotm t o  compare 
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favorably with t h e  known exact s o l u t i o n s   f o r  the long  rectangular  
p l a t e  and t h e   c i r c u l a r   p l a t e .  

TR 744 NORMAL PRESSW TESTS OF CIRCULAR PLATES WITH CLAMPED  EDGES, 
Alber t  E. McPherson, Walter Ramberg and  Samuel Levy, 1942 

Supersedes TN 848. See  previously.  

TR 748 NORMAL  PRESSURE  TESTS  OF  RECTANGULAR  PLATES, Walter Ramberg, 
Albert E. McPherson  and  Samuel Levy, 1942 

Supersedes TN 849. See  previously. 

TR 799 CHARTS FOR THE DETmINATION OF WING TORSIONAL  STIFFNESS  REQUIRED 
FOR SPECIFIED ROLLING CHARACTERISTICS OR AILERON REVERSAL  SPEED, 
Henry A. Pearson  and William S. Aiken, Jr., 1944 

"Charts . . . I t  and  governing  equations. 

The cha r t s   app ly   t o   l i nea r ly   t ape red  wings  and e l l i p t i c a l  wings  of 
t ubu la r   she l l   cons t ruc t ion   hav ing   va r ious   a spec t   r a t io s   w i th  
a i l e ron   span  and loca t ion   of   a i le rons  as v a r i a b l e s .   I n   t h e  
der iva t ions   o f   the   char t s ,   induced   l i f t   e f fec ts   have   been   taken  
into  account  and the  form  of t he   w ing   t o r s iona l   s t i f fnes s   cu rve  
has  been assumed. 

TR 809 PRINCIPLES OF MOMENT DISTRIBUTION  APPLIED TO STABILITY OF STRUC- 
TURES COMPOSED  OF BARS OR PLATES , Eugene E. Lundquist,  Elbridge 
Z. Stowell  and Evan H. Schuette,  1945 

The pr inc ip les   o f   the   Cross  method  of moment d is t r ibu t ion ,   which  
have   p rev ious ly   been   app l i ed   t o   t he   s t ab i l i t y  of s t r u c t u r e s  com- 
posed  of  bars  under axial load, are a p p l i e d   t o   t h e   s t a b i l i t y  of 
s t r u c t u r e s  composed of   long  plates   under   longi tudinal   load.  A 
br ie f   theore t ica l   t rea tment   o f  the subject ,  as app l i ed   t o   s t ruc -  
t u re s  composed o f   e i t h e r   b a r s   o r   p l a t e s ,  is  included,  together 
w i t h   a n   i l l u s t r a t i v e  example for   each   of   these  two types  of 
s t ruc tu re .  The appendix  presents  the  derivation  of  the  formulas 
f o r  the v a r i o u s   s t i f f n e s s e s  and ca r ry   ove r   f ac to r s   u sed   i n   so lv ing  
problems i n   t h e   s t a b i l i t y  of s t r u c t u r e s  composed of  long  plates.  

TR 827 CHARTS  FOR  THE MINIMU"WE1GHT DESIGN  OF 24s-T ALUMINU"ALL0Y  FLAT 
COMPRESSION  PANELS WITH LONGITUDINAL 2-SECTION  STIFFENERS, Evan 
H. Schuette,  1945 

Design  charts are developed  for 24s-T  aluminum f l a t  compression 
panels  with long i tud ina l   Z - sec t ion   s t i f f ene r s .  "These cha r t s  
make p o s s i b l e   t h e   d e s i g n   o f   t h e   l i g h t e s t   p a n e l s  of t h i s   t y p e   f o r  
a wide  range  of  design  requirements. ' I  Examples of  the u s e  of  the 
charts are given  and it i s  pointed  out   on the basis   of   these 
examples  that,  over a wide  range of des ign   condi t ions ,   tha t   the  
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maintenance  of   buckle   f ree   surfaces   does  not   confl ic t   wi th   the 
achievement   o f   h igh   s t ruc tura l   e f f ic iency .  

TR 828 BENDING AND SHEAR STRESSES  DEVELOPED BY THE INSTANTANEOUS ARREST 
OF THE ROOT OF A MOVING CANTILEVER BEAM, Elbridge Z. Sto~7el1, 
Edward B. Schwartz  and  John C. Houbolt,  1945 

A t h e o r e t i c a l  and  experimental   invest igat ion  has   been made of t h e  
behavior  of a c a n t i l e v e r  beam in   t ransverse   mot ion  when i t s  roo t  
i s  suddenly  brought  to rest. Equations are given  for   determining 
the   s t r e s ses ,   t he   de f l ec t ions  and t h e   a c c e l e r a t i o n s   t h a t  arise i n  
the  beam as  a r e su l t   o f   t he  impact. The, theore t ica l   equa t ions ,  
which  have  been  confirmed  experimentally,  reveal  that, a t  a given 
percentage  of  the  distance  from  root  to  t ip,   the  bending stress 
f o r  a p a r t i c u l a r  mode is independent  of  the  length  of  the beam 
whereas  the  shear stresses vary   inverse ly   wi th   the   l ength .  

TR 845 QUANTITATIVE TREATMENT OF THE CREEP OF METALS BY DISLOCATION AND 
RATE-PROCESS THEORIES, A. S. Nowick and E. S. Machlin,  1946 

The  need f o r   h e a t   r e s i s t a n t   a l l o y s   f o r   u s e   i n   g a s   t u r b i n e s   h a s  l e d  
t o   t h e   f a c t   t h a t   t h e   c r e e p  rate i s  one  of  the more important 
f ac to r s   i n   hea t - r e s i s t ance ,   Th i s   r epor t   g ives   an   equa t ion   fo r  
the  creep ra te  for   s teady-state   condi t ions;   the   values   obtained 
from the  equat ion are i n   v e r y  good agreement   with  data   for   pure  
annealed metals. The equat ion  suggests   that   one of ihe   requi re -  
ments f o r  a h e a t   r e s i s t a n t   a l l o y  is  t h a t  i t s  matrix be a metal  
t ha t   has  a h igh  modulus  of r i g i d i t y  and the re fo re  a high modulus 
of e l a s t i c i t y .  

2dlkT 2 2  
u = -  e L h  -('& s i n h [ q V x f ( ~ - 2 ~ ~ ) / k T ]  

u =  
d =  1 
f =  

h =  
k =  
L =  
p '  = 

P =  

G .  = 

q =  
T =  
v =  
x =  

t e n s i l e  creep rate a t  s teady-s ta te   condi t ions  
d i s t a n c e  between  atoms i n   s l i p   d i r e c t i o n  

f r a c t i o n  whose va lue  is  about  1/2 
modulus  of r i g i d i t y  a t  any  temperature 
Planck 's constant  
Boltzmann ' s constant  
d i s t ance  betmeen  imperfections  in a s i n g l e  
-k log p 
p robab l l i t y   o f   occu r rence   o f   o sc i l l a t ion   i n   c rys t a l lo -  

s t ress -concent ra t ion   fac tor  
absolute   temperature  
volume assoc ia ted   wi th   one  atom 
r a t i o   o f  d t o  d 

e x t e r n a l l y   a p p l i e d   t e n s i l e  stress 
back stress 

5 
f! 

graphic   direct ion  under   considerat ion 

1 2 
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TR 847 CRITICAL  CONBINATIONS OF SHEAR AND TRANSVERSE STRESS FOR AN 
INFINITELY LONG FLAT  PLATE  WITH EDGES ELASTICALLY RESTRAINED 
AGAINST ROTATION, S. B. Batdorf  and  John C. Houbolt,  1946 

For cases of  combinations of shear  and t r ansve r se  stress where 
the   shea r  is app l i ed   a long   t he   en t i r e   l eng th   t he   i n t e rac t ion  
formula  of  the type 

RY + R; + R; + ... = 1 

must  be  replaced by: 

1 b2 2 x2 26 x2 
x '112 7 2fle [-, (1 + 02)2 fl + 2(1  + 30 )f2 + ;;2 f3 + - k = -  

S 

x2 f + 0 2 fl)l - k c  (2 2 

f l  
r[ 2 1 2 2 1 4  + ( P - T ) E + P  1 
120 

51 'II 

f2 = (5/24 - + (1/2 - 4/n2) E + 1/2 

b = width   o f   p la te  

ks = cr i t ica l  compressive  and  shear-stress  coefficients 
r e spec t ive ly  

f f f = func t ions   o f   r e s t r a in t   coe f f i c i en t   g iven   i n   r epor t  1.' 2' 3 
6 = nondimensional  coefficient of edge   res t ra in t ,   ze ro  

edge r e s t r a i n t  i s  simply  supported  edges  and  in- 
f i n i t e  edge r e s t r a i n t  is  clamped  edges 

x = parameter  determining  buckle  form  (half wave length  
of  buckle) 

0 = t an  @ 

@ = angle  between  buckle mode and  y-axis 

An i n f i n i t e l y   l o n g   f l a t   p l a t e  may be  loaded  with  an  appreciable  
f r a c t i o n  of i t s  c r i t i c a l  stress (from  one-third  to more than one- 
half ,   depending  on  the  degree  of  restraint)  i n  pure  shear   without  
causing  any  reduction in   t he   t r ansve r se   compress ive  stress neces- 
sary  to  produce  buckling. It i s  expec ted   tha t   the   fea ture   o f   an  
apprec i ab le   f r ac t ion  o f  t h e  c r i t i ca l  shear  stress reducing  the 
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c r i t i c a l  compressive stress very  l i t t l e  f o r   i n f i n i t e l y   l o n g   p l a t e s  
will be  c losely  approached  in   the case o f   l o n g   f i n i t e   p l a t e s .  

848 THE L A G M G L A N  MULTIPLIER METHOD OF FINDING UPPER AND LOWER LIMITS 
TO CRITICAL  STRESSES OF  CLAMPED  PLATES, Bernard  Budiansky  and P a i  
C. Hu, 1946 

Th i s   r epor t  is  a r e p r i n t   o f  TN 1103. 

874 A SIMPLIFIED METHOD OF ELASTIC-STABILITY  ANALYSIS  FOR THIN 
CYLINDRICAL  SHELLS, S. B. Batdorf,  1947 

Similar   information may be  found i n  Kuhn's  book. 

887 CRITICAL STRESS OF  THIN-WALLED  CYLINDERS I N  AXIAL COMPRESSION, 
S. B. Batdorf, Murry Schildcrout  and Manuel Stein,  1947 

Empirical  design  curves are p r e s e n t e d   f o r   t h e   c r i t i c a l  stress of 
th in   wa l l ed   cy l inde r s   l oaded   i n  axial compression.  These  curves 
are p l o t t e d   i n  terms of  the  nondimensional  parameters  of small 
de f l ec t ion   t heo ry  and are compared with  theoret ical   curves   de-  
r ived   fo r   t he   buck l ing   o f   cy l inde r s   w i th   s imp ly   suppor t ed  and 
clamped  edges. An emprical   equat ion is g iven   fo r   t he   buck l ing  
of cylinders  having a l e n g t h   r a d i u s   r a t i o   g r e a t e r   t h a n  0.75. 

The tes t  data   obtained  f rom  var ious  sources   fol low  the  general  
t rend   of  the theo re t i ca l   cu rve   fo r   cy l inde r s  with clamped  edges, 
agree ing   c lose ly  with the   theory  i n  t h e  case of sho r t   cy l inde r s ,  
b u t   f a l l i n g   c o n s i d e r a b l y  below t h e   t h e o r e t i c a l   r e s u l t s   f o r   l o n g  
cyl inders .  The discrepancy i n  t h e  case of   long  cyl inders   in-  
c reases  97ith increasing  values   of  the r a t i o  of   rad ius   to  wall 
thickness.  

89 8 A UNIFIED THEORY OF PLASTIC  BUCKLING OF COLUMNS AND PLATES, 
Elbr idge Z. Stowell,  1948 

For  compression  long columns which  bend  without  twisting  require 
the   t angent  modulus  and long   f l anges   t ha t  twist without  bending 
r equ i r e   t he   s ecan t  modului .   For   s t ructures   that  twist and  bend 
a combination of the  tangent   and  secant  modulus is required.  
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9 is t h e  number by  which t h e  c r i t i ca l  stress computed f o r   t h e  
e las t ic  case must  be mul t ip l i ed   t o   g ive   t he  c r i t i ca l  str,ess f o r  
the p l a s t i c  case. 

A GENERAL SMALL-DEFLECTION  TKEORY  FOR FIAT SANDWICH  PLATES, Charles 
Libove  and S. B. Batdorf,  1948 

A r e p r i n t i n g   e s s e n t i a l l y   o f  TN 1526. 

EFFECT  OF  CENTRIFUGAL  FORCE ON THE ELASTIC CURVE OF A VIBRATING 
CANTILEVER BEAM, S c o t t  H. Simpkinson,  Laurel J. Eater ton  and 
Morton B. Millenson,  1948 

Centr i fugal   force  has  no effect on   h igh   v ibra tory-s t ress   pos i t ions .  
Therefore   nonro ta t ing   v ibra t ion   surveys   o f   p rope l le r   b lades  are 
va luable   in   p red ic t ing   h igh   v ibra tory-s t ress   loca t ions   under  
operat ing  condi t ions.  

RECOWNDATIONS  FOR  NUMEXICAL  SOLUTION  OF  REINFORCED-PANEL AND 
FUSELAGE-RING  PROBLmS, N. J. Hoff  and Paul A. Libby,  1949 

Reproduction of TN 1786. Nothing new i n  this repor t .  

PLASTIC BUCKLING OF A RECTANGULAR  PLATE UNDER EDGE THRUSTS, G. H. 
Handelman and W. Prager,  1949 

This   repor t   rep laced  TN 1530  and uses a "p la s t i c   f l ow"   t heo ry   fo r  
a new p l a s t i c   t h e o r y   o f  a plate   under   compression,   This   report  



uses  reduced stresses, that  is  t h e   a c t u a l  stress divided  by 
Young's  modulus. 

For i? 2 0, where i? = dw/dt, 

€x = xux - (v + ") u EZ = -(v + -+ u - (v - 4 x-1 - 1-1 * 1-1 - 
Y X 

X - 1  . x+3 - ; = -(v + -+ax 
Y + -6- 0; yxy 

= 2(1  + v) ; 
XY 

€X vu Y 

= - v D x + u  Y Y 

€2 
- - v& - v;r - 

X Y 

v7 = d e f l e c t i o n  
k = s t r a i n  rate 
ir = stress rate  
v = P o i s s o n ' s   r a t i o  
T = shear stress component 
X = r a t i o   o f  Young's  modulus to   t angen t  modulus 

TR 960 DETERMINATION OF PLATE  CON??RESSIVE  STRENGTHS  AT  ELEVATED  TEiMPERA- 
TURES, George J. Heimerl and Wi.lliam M. Roberts, 1950 

Supersedes TN 1806. See  previously.  

TR 9 6 7  ELASTIC AND PLASTIC BUCKLING OF SIMPLY SUPPORTED  SOLID-CORE SAND- 
WICH PLATES I N  CONPRESSION, Paul  Seide  and  Elbridge 2. Stowell, 
1950 

Supersedes TN 1822. See  previously. 

TR 975 SMALL  BENDING AND STRETCHING OF SANDWICH-TYPE SHELLS, Eric 
Reissner, 1950 

More recent material on th i s  s u b j e c t  may 6e-found in NASA CR-396, 
March 1966. 



TR 1001 FUNDAMENTAL  EFFECTS OF AGING ON CREP PROPERTIES OF SOLUTION- 
TREATED LOW-CARBON N-155 ALLOY, D. N. Frey, J. W. Freeman  and 
A. E. White, 1950 

Supersedes TN 1940. See previously.  

TR 1005 ANALYTICAL DETERMINATION OF  COUPLED BENDING-TORSION VIBRATIONS OF 
CANTILEVER BEAMS BY MEANS OF  STATION  FUNCTIONS, Alexander 
Mendelson  and  Selwyn  Gendler,  1951 

Supersedes TN 2185. See  previously.  

TR 1008 A SMALL-DEFLECTION THEORY FOR CURVED SANDWICH PLATES, Manuel S t e i n  
and J. Mayers,  1951 

Supersedes TN 2017. See previously.  

TR 1009 INVESTIGATION OF  FRETTING BY MICROSCOPIC  OBSERVATION, Douglas 
Godfrey,  1951 

Supersedes TN 2039. See  previously. 

TR 1021 ANALYSIS  OF  PLANE-PLASTIC-STRESS  PROBLEMS WITH AXIAL SYMMETRY I N  
STRAIN-HARDENING RANGE, M. H. Lee TJu, 1951 

A simple method is  developed   for   so lv ing   p lane-p las t ic -s t ress  
problems  with axial symmetry in   t he   s t r a in -ha rden ing   r ange   wh ich  
i s  based  on  the  deformation  theory  of  plasticity  employing  the 
f in i t e - s t r a in   concep t .  The equations  defining  the  problems  are 
f i r s t  reduced  to two s imul taneous   nonl inear   d i f fe ren t ia l   equa t ions  
involving two dependent  variables.  By mul t ip ly ing   the   load  and 
d iv id ing  the rad ius  by an   a rb i t ra ry   cons tan t ,  it is  p o s s i b l e   t o  
so lve  these problems  wi thout   i t e ra t ion   for   any   va lue  of t h e  modi- 
f ied   load .  The cons tan t  is determined by the  boundary  condition. 

CONCLUSIONS : 

1. Inasmuch as t h e   r a t i o s   o f   t h e   p r i n c i p a l  stresses remain 
e s sen t i a l ly   cons t an t   du r ing   l oad ing   fo r   t he   ma te r i a l s   cons ide red ,  
the  deformation  theory i s  app l i cab le   t o   t h i s   g roup  of  problems. 

2. In   p l a s t i c   de fo rma t ion ,   t he   d i s t r ibu t ions   o f   t he   p r inc ipa l  
s t r a i n s  and  of  the  octahedral shear s t r a i n  are less uniform  than 
i n  the e l a s t i c  range,  although the d i s t r i b u t i o n s   o f   t h e   p r i n c i p a l  
stresses were more  uniform. The s t ress -concent ra t ion   fac tor   a round 
the   ho le  is  reduced  with  plastic  deformation,  but a h i g h   s t r a i n  
concentrat ion  factor   occurs .  

3. F o r   t h e   r o t a t i n g   d i s k  and t h e   i n f i n i t e   p l a t e   t h e   d e f o r m a t i o n  
tha t   can  be sus ta ined  by t h e  member before  failure  depends  mainly 
on the  maximum oc tahedra l   shea r   s t r a in   o f   t he   ma te r i a l .  
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4 .  The  added load   tha t   the  member could  sustain  between  the  onset 
o f   y i e ld ing  and f a i l u r e  depended  mainly  on  the  octahedral  shear 
s t r e s s - s t r a i n   r e l a t i o n s   o f   t h e  material. 

TR 1027 BUCKLING OF THIN WALLED CYLINDER UNDER AXIAL COMPRESSION AND I N -  
TERNAL PRESSURE,  Hsu Lo, H. Crate and E. B. Schvartz  (supersedes 
TN 2021),  1951 

Befo re   t h i s   r epor t   an   i nves t iga t ion  of thin-walled  cylinders  under 
axial compression  with  internal   pressure by Flugge  had  found  that 
t he   i n t e rna l   p re s su re  made l i z t l e  d i f f e rence   i n   t he   buck l ing   l oad ,  
s i n c e   t h i s  v7as i n   c o n t r a d i c t i o n   t o   t h e   r e s u l t s   o f  a s e r i e s   o f  
tests, the   fo l lo~7 ing   i nves t iga t ion  t7as made. A cy l inde r   15"   i n  
diameter made of 24s-T A 1  t7as ax ia l ly   loaded  and t e s t s  were run 
to  see i f   the   buckl ing   load   var ied   wi th   in te rna l   p ressure .  The 
in te rna l   p ressure   d id   vary   the   buckl ing   load .  A net7 theory  using 
large  def lect ions  (Flugge  used a small-deflection  theory) v7as 
developed; while the  theory and  experimental  data  agreed as t o  
trends,  they do not  coincide.  

I 

II 0.2 1.0 

0.2 

p = i n t e r n a l   p r e s s u r e  
R = r ad ius  of t he   cy l inde r  
t = wall thickness 
E = Young ' s modulus 
cm = buckling stress c r  

TR 1029 COMPRESSIVE STRENGTH OF FLANGES, Elbridge Z. Stowell,  1951 

A t h e o r e t i c a l   a n a l y s i s  of the  compressive  strength  of  f langes,  
based  on a deformat ion   theory   o f   p las t ic i ty  combined w i t h   t h e  
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theory of f i n i t e   d e f l e c t i o n s   f o r   t h i s   s t r u c t u r e ,  and  comparison 
with  experimental  data lead  to   the  fol lowing  conclusions:  

1. The maximum l o a d   f o r  a flange  under  compression  and  hinged 
along  one  edge may be   accu ra t e ly  computed  from the  dimensions 
of the f l ange  and the   compress ive   s t r e s s - s t r a in   cu rve   fo r   t he  
material. 

2. M a x i m u m  load  occurs when, because   o f   the   onse t   o f   p las t ic i ty ,  
the  effective modulus has  been  reduced to  such a low v a l u e   t h a t  
it i s  no longer   poss ib le   for   the   average  stress t o   i n c r e a s e   w i t h  
i n c r e a s i n g   s t r a i n .   F a i l u r e  is n o t  a l o c a l  phenomenon but  i s  an  
in t eg ra t ed   e f f ec t   ove r   t he   c ros s   s ec t ion   o f   t he   f l ange .  

3. For a wide  var ie ty   of   cruciform  sect ions,   the  stress i n t e n s i t y  
(averaged  over   the  thickness)   a long  the  hinge  l ine a t  maximum load 
is a constant   to   about  1 percent .   This   value  of  stress i n t e n s i t y  
is  ve ry   c lose   t o   t he   y i e ld  stress f o r   t h e   m a t e r i a l .  

4 .  The f a c t   t h a t  maximum loads may be computed i n   t h i s   c a s e  sug- 
ges t s   t ha t   t he   de fo rma t ion   t heo ry   o f   p l a s t i c i ty  i s  s u f f i c i e n t l y  
accura te  when t h e  stress s ta te  changes  from  compression  to com- 
bined  compression  and  shear as i s  t h e  case when t h e   s h e a r   s t r a i n s  
are less than  about  two-thirds  of  the  compressive  strains.  

TR 1043 A NUMERICAL METHOD  FOR  THE  STRESS  ANALYSIS  OF  STIFFENED SHELL 
STRUCTURES UNDER NONUNIFORM TEMPERATURE DISTRIBUTIONS, Richard R. 
Heldenfels,  1951 

A numerical  method f o r   t h e  stress a n a i y s i s   o f   s t i f f e n e d   s h e l l  
structures  under  non-uniform  temperature  distributions  has  been 
presented. The  method is no t   app l i cab le   t o   t he   so lu t ion  of a l l  
s t r u c t u r a l  problems  involving  temperature  effects  because it re- 
quires   extensive  and  tedious  calculat ions  and  because  the  basic  
assumpt ions   o f   bu lkheads   r ig id   in   the i r  o1.m plane and constant  
shear  stress i n  a g iven   pane l   occas iona l ly   l ead   to   unsa t i s fac tory  
r e s u l t s .  It i s  however, a power fu l   t oo l   fo r   t he   so lu t ion   o f  many 
structural   problems  because: 

1. It is  a means for   accura te ly   de te rmining  a l l  types  of  secondary 
stresses i n  compl i ca t ed   s t ruc tu res   t ha t   canno t   be   s a t i s f ac to r i ly  
analyzed by s impl i f i ed  methods. 

2. It is s u f f i c i e n t l y   f e a s i b l e   t o   c o p e   w i t h  a wide  var ie ty   of  
s t ructural   problems  involving  nonuniform  temperature   dis t r ibut ions.  

3.  It involves  only  simple arithmetic that   can  be  handled by 
automatic  computing  machinery. 
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TR 1072 INELASTIC COLUMN BEHAVIOR, John E. Duberg  and Thomas 1J. Wilder, 
111, (supersedes TN 2267),  1952 

The s i g n i f i c a n t   f i n d i n g s   o f  a theo re t i ca l   s tudy   o f  column behavior 
i n  the p l a s t i c  stress range are presented.  When the behavior  of 
a s t r a i g h t  column is  regarded as the   l imi t ing   behavior   o f   an  im- 
p e r f e c t  column as the in i t i a l  imperfec t ion   ( lack   of   s t ra ightness)  
approaches  zero,   the  departure  from  the  straight  configuration 
occurs a t  the  tangent-modulus  load.  Without  such a concept of 
the behavior  of a s t r a i g h t  column, one is  l e d   t o  the u n r e a l i s t i c  
conclus ion   tha t  lateral  de f l ec t ion   o f   t he  column can  begin a t  any 
load  between  the  tangent-modulus  value  and the Euler  load,  based 
o n   t h e   o r i g i n a l  elastic modulus. 

The behavior  of a column w i t h   v a n i s h i n g   i n i t i a l   l a c k  o f  s t r a i g h t -  
ness  a t  loads beyond the  tangent-modulus  load  depends  upon  the 
s t r e s s - s t r a i n   c u r v e   f o r  the material. A family  of  curves show- 
ing   load   aga ins t  lateral  d e f l e c t i o n  i s  p resen ted   fo r   i dea l i zed  
H-section  columns  of  various  lengths  and  of  various materials 
tha t   have  a sys t ema t i c   va r i a t ion  of t h e i r   s t r e s s - s t r a i n   c u r v e s .  
These  curves show t h a t ,   f o r  columns i n  which  the material stress- 
strain curves  depart   gradually  from the i n i t i a l   e l a s t i c   s l o p e  as 
is  c h a r a c t e r i s t i c   o f   s t a i n l e s s  steels, t h e  max imum column loads 
may be  significantly  above  the  tangent-modulus  load. If  t h e  
depa r tu re  from the elastic curve is  more abrupt,   such as f o r  the 
high-strength aluminum o r  magnesium a l loys ,   t he  max imum load is 
on ly   s l i gh t ly   above  the tangent-modulus  load. 

TR 1097 STRESSES I N  A TWO-BAY NONCIRCULAR CYLINDER UNDER TRANSVERSE  LOADS, 
George E. Gr i f f i th   ( supersedes  TN 2512), 1952 

A method, tak ing   in to   account  the e f f e c t s   o f   f l e x i b i l i t y  and 
based  on a genera l   e igh th-order   d i f fe ren t ia l   equa t ion ,  is pre- 
s e n t e d   f o r   f i n d i n g  the stresses i n  a two-bay, nonci rcu lar   cy l inder  
in   the   c ross   sec t ion   of   which   can   be  composed o f   c i r cu la r  arcs. 
Numerical examples are g i v e n   f o r  two cases of r i n g   f l e x i b i l i t y  
f o r  a cylinder  of  doubly symmetrical ( e s s e n t i a l l y   e l l i p t i c )  cross 
sect ion,   subjected t o  concent ra ted   rad ia l ,  moment, and t angen t i a l  
loads.  The r e s u l t s   p a r a l l e l   t h o s e   a l r e a d y   o b t a i n e d   f o r   s h e l l s  
w i th   c i r cu la r   r i ngs .  

TR 1117 A STUDY OF ELASTIC AND PLASTIC  STRESS  CONCENTRATION  FACTORS DUE 
' TO NOTCHES AND FILLETS I N  FLAT  PLATES, H. F. Hardrath  and L. Ohman, 

(supersedes TN 2566),  1953 

The elastic stress concen t r a t ion   f ac to r s  were found t o   b e   s l i g h t l y  
h igher   than   those   ca lcu la ted  by Neuber's  method  and  those  obtained 
p h o t o e l a s t i c a l l y  by Frocht. The r e s u l t s  showed f u r t h e r   t h a t   t h e  
stress concent ra t ion   fac tor   decreases  as s t r a i n s  a t  the d i scon t i -  
nu i ty   en t e r   t he   p l a s t i c   r ange .  
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A g e n e r a l i z a t i o n   o f   S t o w e l l ' s   r e l a t i o n   f o r   t h e   p l a s t i c  stress con- 
c e n t r a t i o n   f a c t o r  a t  a c i r c u l a r   h o l e   i n  an i n f i n i t e   p l a t e  was 
appl ied  to   the  specimen  shapes  tes ted and  gave good agreement  with 
test r e s u l t s .  

TR 1129 TRANSVERSE VIBRATIONS OF HOLLOW  THIN-TJA.LUD  CYLINDRICAL BEAMS, 
Bernard  Budiansky  and Edrcrin T. Kruszewski  (supersedes TN 2682), 
1953 

The numerical   calculat ions show that   secondary  effects   have 
apprec iab le   in f luence   on   the   na tura l   f requencies   o f   rec tangular  
box beams of uniform wall th ickness .   These   resu l t s   cons t i tu te  
an  indication  of  the  probable  inadequacy  of  elementary beam 
theory   for .   the   v ibra t ion   ana lys i s   o f   ac tua l   a i rc raf t   s t ruc tures  
of t h e  monocoque and  semimonocoque type  and  emphasize  the  need 
fo r   p rac t i ca l   ca l cu la t ions   p rocedures   fo r   such   s t ruc tu res   t ha t  
would take  into  account   t ransverse  shear   deformation,   shear   lag,  
and, when necessa ry ,   l ong i tud ina l   i ne r t i a .  The genera l   so lu t ions  
for   cyl inders   of   uniform  thickness ,  as well as t h e   r e s u l t s   f o r  
rec tangular  box beams, should   be   usefu l   in   the   assessment  of t h e  
accuracy of any  procedure of t h i s   k i n d   t h a t  may be  developed. 

TR 1131 DEFLECTION AND STRESS ANALYSIS OF THIN SOLID WINGS OF ARBITRARY 
PLAN FORM WITH PARTICULAR REFEmNCE TO DELTA WINGS, Manuel Stein,  
J. Edward Anderson  and  John M. Hedgepeth,  (supersedes TN 2621), 
195 3 

The s t r u c t u r a l   a n a l y s i s   o f   a r b i t r a r y   s o l i d   c a n t i l e v e r  wings  by 
smal l -def lec t ion   th in-p la te   theory  is reduced   to   the   so lu t ion  
o f   l i n e a r   o r d i n a r y   d i f f e r e n t i a l   e q u a t i o n s  by the  assumption  that  
the  chordwise  def lect ions a t  any  spanwise  s ta t ion may be  expressed 
i n  the form  of a power series i n  which   the   coef f ic ien ts  are func- 
t ions   o f   the   spanwise   coord ina tes .   I f   the  series is  l i m i t e d   t o  
t h e   f i r s t  ~ F J O  and t h r e e  terms ( t h a t  is, i f   l i n e a r  and parabol ic  
chordwise  def lect ions,   respect ively,  are assumed), t h e   d i f f e r e n -  
t i a l   e q u a t i o n s   f o r   t h e   c o e f f i c i e n t s   a r e   s o l v e d   e x a c t l y   f o r   u n i -  
formly  loaded  sol id   del ta   wings  of   constant   thickness   and of 
symmetrical  double-wedge a i r f o i l   s e c t i o n   w i t h   c o n s t a n t   t h i c k n e s s  
r a t io .   Fo r  cases f o r  which exact s o l u t i o n s   t o   t h e   d i f f e r e n t i a l  
equations  cannot  be  obtained, a numerical  procedure i s  derived. 
Experimental   def lect ion and stress da ta   for   cons tan t - th ickness  
delta-plate  specimens  of 45O and 50°  sweep are presented  and are 
found t o  compare favorably  with  the  present   theory.  

TR 1170 BEHAVIOR OF  MATERIALS UNDER CONDITIONS OF THERMAL STRESS, S.  S. 
Manson, (supersedes TN 2933),  1954 

This   report   deals   with  thermal  stresses i n   b o t h   b r i t t l e  and d u c t i l e  
materials. Thermal stresses are so severe i n   b r i t t l e   m a t e r i a l s  
that   they are called  thermal  shocks  and it usua l ly   requi res   on ly  
o n e   c y c l e   f o r   f a i l u r e  with b r i t t l e  materials. The following two 
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equations  give  the  stresses  caused  by  thermal  loading. 

where : 

B =  

P =  
E =  
a =  

0 - =  

- 
To - 
h =  
a =  
k =  
P =  
c =  

ah/k 
actual  stress 
Poisson's  ratio 
elas  tic  modulus 
coefficient of expansion 
initial  uniform  temperature  of  above  ambient  temperature 
heat-transfer  coefficient 
half  thickness  of  plate 
conductivity of the  material 
density  of  the  material 
specific  heat 

0.7 

+ 
b 

0 
kt 0.6 

For  a  ductile  material  there  is  no  analytical  expression  dealing 
with  thermal  stresses.  The  number  of  cycles  required  for  failure 
is  usually  inversely  proportional  to  the  cube  of  the  strain  per 
cycle. 
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Stress   concent ra t ion ,   l a rge   a reas ,   cor ros ion ,   and   t igh t  con- 
s t ra ints   should  be  avoided  where  possible .   Pre-s t ressing is 
h e l p f u l   f o r   b o t h   d u c t i l e  and b r i t t l e  materials. The ma te r i a l s  
shou ld   be   s t r e s sed   w i th   a t t en t ion   t o  i ts  operat ion.   For  example, 
i f  it is go ing   t o   be   ope ra t ed   i n  a tens ion   condi t ion   then  it 
should  be  pre-stressed  by  compressive  forces.  Combinations  of 
d u c t i l e  and b r i t t l e  materials to   ach ieve   the   mos t   res i s tance   to  
thermal stresses a r e   c a l l e d  cermets and are an  improvement.  Care 
should  be  taken  to test materials under   operat ional   condi t ions,  
s ince  the  index  of  merit f o r  many m a t e r i a l s   v a r i e s   w i t h  tempera- 
ture .  

retained  ductility after 
/ cycle straining 

TR 1181 STRUCTURAL RESPONSE TO DISCRETE AND CONTINUOUS GUSTS OF AN AIR- 
PLANE HAVING NING-BENDING FLEXIBILITY AND A CORRELATION OF CAL- 
CULATED AND FLIGHT  RESULTS, John C. Houbolt  and  Eldon E. Kordes, 
(supersedes TN 3006,  2763,  2897), 1954 

An ana lys i s  i s  made o f   t he   s t ruc tu ra l   r e sponse   t o   gus t s   o f   an  
airplane  having  the  degrees  of  freedom  of vertical  motion  and 
wind b e n d i n g   f l e x i b i l i t y  and basic  parameters are es tab l i shed .  
A convenient  and  accurate  numerical   solution  of  the  response 
equations is developed  for  the  case  of  discrete-gust  encounter,  
an   exac t   so lu t ion  i s  made for   the  s impler   case  of   cont inuous-  
sinusoidal-gust  encounter,   and  the  procedure i s  o u t l i n e d   f o r  
t r e a t i n g   t h e  more real is t ic  condition  of  continuous random at-  
mospheric  turbulence,  based  on  the  methods  of  generalized  har- 
monic  analysis .   Correlat ion  s tudies   between  f l ight  and ca lcu la ted  
r e s u l t s  are then  given  to  evaluate  the  influence  of  wing  bending 
f l e x i b i l i t y  on t h e   s t r u c t u r a l   r e s p o n s e   t o   g u s t s   o f  two twin- 
engine   t ranspor t s  and  one  four-engine bomber. It i s  shotm t h a t  
c a l c u l a t e d   r e s u l t s   o b t a i n e d  by  means of a discrete-gust  approach 
r evea i   t he   gene ra l   na tu re   o f   t he   f l ex ib i l i t y   e f f ec t s  and  lead  to  
q u a l i t a t i v e   c o r r e l a t i o n   w i t h   f l i g h t   r e s u l t s .   I n   c o n t r a s t ,  cal- 
cu la t ions  by  means of  the  continuous-turbulence  approach shows 
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good q u a n t i t a t i v e   c o r r e l a t i o n   w i t h   f l i g h t   r e s u l t s  and i n d i c a t e  a 
much g r e a t e r   d e g r e e   o f   r e s o l u t i o n   o f   t h e   f l e x i b i l i t y   e f f e c t s .  

TR 1190 AXIAL-LOAD FATIGUE  PROPERTIES OF 24s-T AND 75s-T ALUMINUM ALLOY 
AS DETERMINED I N  SEVEXAL LABORATORIES, H. J. Grover, W. S. Hyler, 
Paul Kuhn, Charles B. Landers  and F. M. Howell, (supersedes 
TN 2928) , 1954 

The r epor t   p re sen t s  axial load  fa t igue  data   on 24s-T and 75s-T 
aluminum a l l o y   o b t a i n e d   a t  4 labs .  Tests a t  the B a t t e l l e  
Memorial I n s t i t u t e  and a t  Langley were made on   po l i shed   shee t  
specimens  from  the same l o t   o f  material. Tests a t  the   Nat iona l  
Bureau  of  Standards were made on  unpolished  specimens  from  dif- 
f e r e n t   l o t s   o f   s h e e t   m a t e r i a l .  Tests a t  t h e  Aluminum Research 
Labs. of  the  Alcoa were made on  rod material. 

For   the  24S-T, agreement  between  results  from a l l  four   l abs  i s  
very  good; t he   d i f f e rences  between  polished  and  unpolished  speci- 
mens, o r  between  rod  and  sheets, are shotm t o   b e  small. 

For the 75S-T, s i m i l a r l y  good agreement exists o n l y   i f  the compari- 
son is conf ined   t o   shee t   ma te r i a l   t e s t ed  a t  medium stresses. I f  
the  comparison i s  extended  to   include  sheet  material t e s t e d  a t  
low stresses and  rod material, discrepancies  appear.  A t  t h e  
present ,  it is d i f f i c u l t   t o   s a y  how much of   the   d i screpancy  
s h o u l d   b e   a t t r i b u t e d   t o   v a r i a b i l i t y   o f  material and how much t o  
unrecognized  differences  in  test condi t ions.  

TR 1195 FORMULAS FOR ELASTIC CONSTANTS OF PLATES KLTH INTEGRAL WAFFLE-LIXE 
STIFFENING, Norr is  F. Dow, Charles  Libove  and  Ralph E. Hubka, 
(supersedes RML 53L13a),  1954 

Formulas are d e r i v e d   f o r   t h e   f i f t e e n  e las t ic  cons t an t s   a s soc ia t ed  
with  bending,  stretching,  twisting  and  shearing  of  plates  with 
c lose ly   spaced   i n t eg ra l   r i bb ing   i n  a va r i e ty   o f   con f igu ra t ions  
and   p ropor t ions .   In   t he   de r iva t ion   t he   p l a t e s  are considered as 
more  uniform  orthotropic  plates.  The constants ,  which inc lude  
t h e   e f f e c t i v e n e s s   o f   t h e   r i b s   f o r   r e s i s t i n g   d e f o r m a t i o n s   o t h e r  
than   bending   and   s t re tch ing   in   the i r   longi tudina l   d i rec t ions  
a r e   d e f i n e d   i n  terms of   four   coeff ic ients ,   and  theoret ical   and 
experimental  methods  for the eva lua t ion  of these c o e f f i c i e n t s  
are discussed.  Four  of  the more important elastic cons tan ts  are 
predic ted  by these  formulas  and are compared wi th  tests r e s u l t s .  
Good c o r r e l a t i o n  is  obtained. 

TR 1251 STRESS  ANALYSIS  OF  CIRCULAR SEMIMONOCOQUE CYLINDERS WITH CUTOUTS, 
Harvey G. McComb, Jr., (supersedes TN 3199),  1955 

A method i s  p resen ted   fo r   t he  stress ana lys i s   o f   c i r cu la r  semi- 
monocoque cy l inders   wi th   cu touts .  It is  more a c c u r a t e   i n  problems 
where  the  cutout  is loca ted  fa r  from e x t e r n a l   r e s t r a i n t s .  The 
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loading may be  any  combination  of  torsion,  bending,  shear  or 
axial load.  Other  loadings are p e r m i s s i b l e   i f   t h e  stress d i s t r i -  
bu t ion   i n   t he   cy l inde r   w i thou t  a cu tout  i s  known.  The method  of 
ana lys i s  is  based  on  the  superposi t ion  of   cer ta in   per turbat ion 
stress d i s t r i b u t i o n s   t o   g i v e   t h e   e f f e c t s   o f   t h e   c u t o u t  on t h e  
stress d is t r ibu t ion   which  would e x i s t   i n   t h e   c y l i n d e r   w i t h o u t  a 
cutout .  The equat ions   for   the   th ree   necessary   per turba t ion  stress 
d i s t r i b u t i o n s  are d e r i v e d   i n   t h i s   r e p o r t ,  and tab les   o f   coef f i -  
c i en t s   ca l cu la t ed  from these   equa t ions   a r e   p re sen ted   fo r  a wide 
r ange   o f   s t ruc tu ra l   p rope r t i e s .  Ring   bending   f lex ib i l i ty  is  
t aken   i n to   accoun t   i n   t he   t ab l e s .  The t a b l e s   r e f e r   t o  a s t r u c t u r e  
having 36 s t r ingers ,   bu t   they   can   be   used   for   cy l inders   having   any  
number o f   s t r i n g e r s  by r e d i s t r i b u t i o n   o f   t h e   a c t u a l   s t r i n g e r   a r e a  
i n t o  36 f i c t i t i o u s   s t r i n g e r s .  Sample c a l c u l a t i o n   u t i l i z i n g   t h e  
t a b l e s   o f   c o e f f i c i e n t s   a r e   p r e s e n t e d   t o   i l l u s t r a t e   t h e   a n a l y t i c a l  
procedure. 

TR 1255 AN ANALYSIS OF THE STABILITY AND ULTIMATE COMPRESSIVE STRENGTH OF 
SHORT SHEETSTRINGER  PANELS WITH SPECIAL  REFERENCE TO THE  INFLUENCE 
OF TKF, RIVETED CONNECTION BETWEEN SHEET AND STRINGER, Joseph W. 
Semonian  and James P. Peterson,  1956 

A method of   s t rength  analysis   of   short   compression  panels   has   been 
presented  which relates the  panel   s t rength  to   the  pi tch,   d iameter ,  
and loca t ion   of   the  rivets used to  assemble  the  panel. A l a r g e  
number of  panels  have  been  analyzed  with  this method.  These panels  
covered a wide  range  of  panel  configurations.  They  had elements 
with  aspect   ra t ios   which  ranged from 20 t o  50 and were assembled 
with rivets which  had p i t c h   d i a m e t e r   r a t i o s  from 3 t o  15.  Both 
2024-ST and 7075-T6 aluminum a l loy   pane l s  were considered. The 
following  conclusions  can  be made from these   s tud ie s :  

1. Panel   s t rength  is highly  inf luenced by v a r i a t i o n s   i n   r i v e t  
pi tch,   d iameter  and loca t ion .  

2. Favorable   var ia t ions   in   the   p i tch ,   d iameter ,  and locat ion  of  
rivets f o r  a g i v e n   p a n e l   r e s u l t s   i n   i n c r e a s e d   p a n e l   s t r e n g t h   u n t i l  
t h e   r i v e t i n g  i s  a d e q u a t e   t o   f o r c e   f a i l u r e   i n   t h e   l o c a l  mode; fu r -  
t h e r   v a r i a t i o n s   i n   r i v e t i n g  will produce   negl ig ib le   increases   in  
pane l   s t rength .  

3. The minimum r i v e t i n g   s p e c i f i c a t i o n s   t h a t  will force   the   pane l  
t o   f a i l   i n   t h e   l o c a l  mode depend  on the   pane l   conf igura t ion  and 
on  the  panel  material. 

TR 1267 PLASTIC DEFORMATION OF ALUMINUM SINGLE CRYSTALS AT ELEVATED TEMPER- 
ATURES, R. D. Johnson, A. P.  Young and A. D. Schwope, (supersedes 
TN 3351),  1956 

Constant-s t ress   creep tests were run on aluminum c r y s t a l s  from 
400 t o  9000 F, while  constant-load  creep tests were run up t o  
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11000 F.  X-ray techniques  shoved a de f in i t e   po lygon iza t ion   o f   t he  
c r y s t a l l i n e  . lat t ice during  creep.  It was conc luded   t ha t   p l a s t i c  
deformation  takes  place  predominantly by s l i p  which is  accompanied 
by t h e  mechanisms  of  kinking  and  polygonization.  Duplex s l i p   h a s  
been  observed  within  the band s t r u c t u r e   i n  specimens,  but is  more 
apparent   in   the   loner   pur i ty   spec imens .  

TR 1302 ON PANEL  FLUTTER AND DIVERGENCE OF INFINITELY LONG UNSTIFFENED 
AND RING-STIFFENED THIN-WALLED CIRCULAR CYLINDERS, Robert W. 
Leonard  and  John M. Hedgepeth,  1957 

A p r e l i m i n a r y   t h e o r e t i c a l   i n v e s t i g a t i o n   o f   t h e   p a n e l   f l u t t e r  and 
divergence  of   inf ini te ly   long,   unst i f fened  and  r ing  s t i f fened 
th in   wa l l ed   c i r cu la r   cy l inde r s  is  described,  using  Donnel's 
cyl inder   theory  and  l inear ized  unsteady  potent ia l   f lot7  theory.  
A l i m i t e d   s t u d y   o f   t h e   r e s u l t i n g   s t a b i l i t y  cri teria has   y ie lded  
the  following  information: 

For   uns t i f fened   cy l inders   wi th   vanish ingly   smal l   s t ruc tura l  damp- 
i n g   t h e   o n l y   p o s s i b l e   i n s t a b i l i t y  a t  subsonic Mach numbers is 
s ta t ic  divergence.  For Mach numbers g rea t e r   t han  1 p l u s   t h e   r a t i o  
of   the  speeds of sound i n   t h e   f l u i d s   i n s i d e  and ou t s ide   t he   cy l in -  
der, no adjustment of the   phys ica l   p roper t ies   o f   the   cy l inder  ~ - 7 i . 1 1  
render i t  s t a b l e .  The presence   o f   even   the   smal les t  amount of 
s t r u c t u r a l  damping i s  found t o   b e  an impor t an t   f ac to r   i n   ana lyses  
o f   i n f in i t e ly   l ong   uns t i f eened   cy l inde r s .  

TR 1308 INVESTIGATION  OF THE COMPRESSIVE  STRENGTH AND CREEP  LIFETIME OF 
2024-T3 ALlJhINTJM ALLOY  PLATES AT ELEVATED TFNPERATURES, Eldon E. 
Mathauser  and William D. Deveikis,  (supersedes NACA TN 3552),  1957 

This repor t   i nves t iga t e s   t he  effect of   e levated  temperatures  on 
t h e   s t r e n g t h  o€ 2024-T3 A l .  It v7as found t h a t .   t h e   f o l l o w i n g  
r e l a t ion   can   be   u sed   fo r   ob ta in ing  maximum p l a t e   s t r e n g t h   f o r  a l l  
materials a t  e i t h e r  room or  elevated  temperatures.  

uf 
- = c d K  .t'b 

It was found t h a t   p l a t e s   w i t h   w i d t h - t h i c k n e s s   r a t i o s   o f  20 will 
support   equal   tensi le   or   compressive stress fo r   an   equa l   l i f e t ime .  

.- I 

Time, hr 
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b = width 
t = thickness 
Es = secant  modulus 

C = cons tan t   ( for  2024-T3 - u = average stress a t  max f 

= 1.6,  depends 

imum ( f a i l i n g )  

on slope) 

load 

u = 0.2 percent   offset   compressive  yield stress 
CY 

TR 1316 TORSIONAL  STIFFNESS OF  THIN-WALLED  SHELLS HAVING REINFORCING CORES 
AND FECTANGULAR, TRUNGULAR OR DIAMOND CROSS SECTION, Harvey G. 
McComb, (supersedes TN 3749),  1957 

This  report   deals  with  the  problem  of  torsion  of  composite  bars,  
thin-wal led  shel ls   wi th  re inforcing  cores .   Because  the  thickness  
of t h e   s h e l l  w a l l  is  small compared with  the  overal l   d imensions 
o f   t he   c ros s   s ec t ion ,   t he   s t r e s s   i n   t he   wa l l   can   be  assumed t o  be 
uni formly   d i s t r ibu ted   over   the   th ickness .   This   s t ress  is equal   to  
the  normal   der ivat ive and is  given by: 

This  leads  to: Q1 I = 0 

c1 

I f  the middle,   outer  and  inner  boundaries  of  the  thin  shell ,   then 
f ind ing  a funct ion @ sa t i s fy ing   t he   equa t ion  

V2$ = - 2 G2 9 

along C i s  the   nex t   pa r t  of t h e  problem. 

For a composi te   bar   of   rectangular   cross-sect ion  the  tors ional  
s t i f fness   can   be   expressed  as: 

" - GIJl = G2J2 e 
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where: 

J1 = 4cto tK A 
2 

J2 = 2cto A 
3 

and  where 

s i n  Xnb 2 

+ s i n  Xnb cos  lnb) 1 
K s i n h  Xna 

a Xnb( Xnb s i n h  X a + K cosh n 

TR 1331 INFLUENCE OF ALLOYING  UPON GRAIN-BOUNDARY CREEP, F. N. Rhines, W. E. Bond and M. A. Kissel, (supersedes TN 3678),  1957 

It 1.7as found that   the   grain-boundary  displacement  i s  a func t ion  
of the   percent   copper   ( in  Cu a l loys )  and t h e  minimums i n  stress 
and  temperature,  below  which  grain-boundary  motion  does  not  occur, 
increases  regularly  17ith  the  copper  content.  

T =400° C 

600 

0' 1 .D 2.0 3 .O 
'Weight O/O Cu 
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TR 1341 INFLUENCE OF HOT-WORKING CONDITIONS ON HIGH-TFMPERATURE  PROPERTIES 
OF A HEAT-RESISTANT ALLOY, John F. Ewing and J. W. Freeman,  1957 

Alloy  of 20% chromium, 20% nickel ,  20% cobolt ,  3% molybdenum, 
2% tungsten and 1% columbium. 

E x t e n s i v e   p r e c i p i t a t i o n   r e a c t i o n  a t  16000 t o  2000' F. This 
m a t e r i a l  was hot-worked  and s o l u t i o n   t r e a t e d  a t  2200° F. This 
temperature is the   opera t ing   tempera ture   for  some a l l o y s  a t  t h i s  
da te .   For   th i s   reason ,   th i s   repor t  is considered  to  be  superseded 
by a more cu r ren t   a l l oy .  

TR 1342 A VARIATIONAL THEOREM FOR  CREEP WITH APPLICATIONS TO PLATES AND 
COLTJk!dS, J. Lye11  Sanders, Jr., Harvey G. McComb, Jr., and  Floyd 
R. Schlechte,  1958 

A v a r i a t i o n  theorem f o r  creep  has  been  formulated  which i s  an 
extension  of a v a r i a t i o n a l  theorem  developed by Reissner.  Various 
systems of equat ions  leading  to   approximate  solut ions  to   problems 
of the  creep  behavior  of p l a t e s ,   co lmns ,  beams and s h e l l s  may be 
obtained by us ing   d i rec t   methods   o f   the   ca lcu lus  of v a r i a t i o n s   i n  
conjunct ion   wi th   the   s ta ted   theorem.  The app l i ca t ion   o f   t he  
theorem is  i l l u s t r a t e d   f o r   p l a t e d  and  columns by t h e   s o l u t i o n  of  
two sample  problems. 
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TR 1343 A PHENOMENOLOGICAL RELATION BETWEEN  STRESS, STMIN RATE AND 
TEMPERATURE  FOR METALS AT ELEVATED TEQERATURES, Elbr idge Z. 
Stowell,  (supersedes TN 4000), 1955 

The fol lowing  equat ion is  given i n  this r e p o r t   t o  relate stress, 
s t ra in  rate, creep rate, c reep   rup ture ,   hea t ing  times and  tempera- 
tu re .  

m - d o  dT 
- -  

RT 
E (E) + a ! - +  2s Te s i n h  - IT 

d t  
rO 

t = time i n  hours 

cr = stress, k s i  
ro = c o n s t a n t ,   k s i  

E = Young' s modulus 
a = l inear   expans ion   coef f ic ien t ,   per  OK 

T = temperature, OK 

OH = act ivat ion  energy,  cal  per  mole 
R = gas  constant,   taken as 2 cal  per  mole  per OK 
s = cons tan t ,   pe r   h r   pe r  OK 

= s t r a i n  rate per  hour 

I n  a comparison  of  experimental  data  and  data  obtained  using  the 
above  equation 7075-T6 aluminum ~-7as used.  The d a t a   f o r   c r e e p  
rate, time for   creep  rupture ,   and  for   rapid-heat ing  agreed  very 
well, whi le  the s tress-s t r a i n   r e l a t i o n s  showed agreement  between 
data  obtained  from the equat ion and  experiment  for 4000 and 6000 F 
temperatures   but   did  not  Shot7 agreement a t  2000 F. Although  the 
au tho r   t h inks   t ha t   even   be t t e r   co r re l a t ion  would  be poss ib l e   w i th  
more pure metal, care should  be  used i n   t h e   u s e   o f  this equation. 
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UNIT VOLUME, P. H. Wise, K. T. S e r i j a n ,   a n d  I. A. Goodman, 1950 

EFFECTS OF WING FLEXIBILITY AND VARIABLE AIR  LIFT WING BENDING 
M-TS DURING LANDING IMPACTS OF A SMALL  SEAPLANE, Kenneth F. 
Merten and Edgar  B. Beck, 1 9 5 1  

DIFFUSION OF CHROMIUM I N  ALPHA  COBALT-CHROMIUM SOLID SOLUTIONS, 
John W. Weeton, 1 9 5 1  

INFLUENCE OF  CHEMICAL  COMPOSITION ON RUPTURE PROPERTIES AT 1200° F 
OF  FORGED  CHROMIUM-COBALT-NICKEL-IRON  BASE  ALLOYS I N  SOLUTION- 
TREATED AND AGED CONDITION, E. E. Reynolds ,  J. W. Freeman,  and 
A. E. White, 1951 

A BIHARMONIC REWEATION METHOD FOR CALCULATING  THERMAL STRESS I N  
COOLED-  IRREGULAR  CYT.,LNDERS, Arthur G. Holms, 1951 

HYDRODYNAMIC  IMPACT  OF A SYSTEM W I T H  A SINGLE ELASTIC MODE. I - 
THEORY AND GENERALIZED  SOLUTION  WITH AN APPLICATION TO AN ELASTIC 
AIRFRAME, W i l b u r  L. Mayo, 1952  

HYDRODYNAMIC IMPACT  OF A SYSTEM WITH A SINGLE  ELASTIC MODE. I1 - 
COMPARISON  OF  EXPERIMENTAL  FORCE AND RESPONSE  WITH  THEORY, R o b e r t  
TJ. Miller and  Kenneth F. Merten, 1 9 5 2  



TR 1122  

TR 1148 

TR 1 1 6 6  

TR 1 1 7 3  

TR 1177  

TR 1178  

TR 1 2 5 4  

TR 1288  

TR 1290 

TR 1367 

TR 1392  

SURVEY  OF PORTIONS OF  THE: CHROWNM-COBALT-NICKEL-MOLYBDENUM 
QUATERNARY SYSTm AT 1,200' C, S h e l d o n   P a u l   R i d e o u t   a n d   P a u l  A. 
Beck, 1953 

A SPECIAL INVESTIGATION TO  DEVELOP A GENERAL  METHOD  FOR  THREE- 
DIMENSIONAL  PHOTOELASTIC STRESS ANALYSIS, M. M. Frocht and R. 
Guernsey, Jr., 1953  

RELATION BETIEEN ROUGHNESS  OF INTERFACE AND ADHERENCE  OF  PORCELAIN 
ENAMEL  TO STEEL, J. C. Richmond, D. G. Moore, H.  B. K i r k p a t r i c k ,  
and  TJ. N. H a r r i s o n ,  1954 

ON TRAVELING WAVES I N  BEAMS, R o b e r t  W. Leona rd  and B e r n a r d  
Budiansky, 1954 

COMPARISON  OF  PERFORMANCk  OF  EXPERIMENTAL ANT) CONVENTIONAL  CAGE 
DESIGNS AND MATERIALS  FOR  75-MILLIMETER-BORE  CYLINDRICAL  ROLLEX 
BEARINGS  AT HIGH SPEEDS, W i l l i a m  J. Anderson, E. F r e d  Macks, and 
Z o l t o n  N. Nemeth, 1954 

CALIBRATION OF STRAIN-GAGE INSTALLATIONS I N  AIRCRAFT  STRUCTURES 
FOR  THE:  MEASUREMENT  OF FLIGHT LOADS,  T. H. S k o p i n s k i ,  William S. 
Aiken, Jr., and 'Wilber B. Huston,  1954 

FRICTION, WEAR, AND SURFACE DAMAGE  OF  METALS  AS AFFECTED BY SOLID 
SURFACE FILMS, Edmond E. Bisson, R o b e r t  L. Johnson, M a x  A. S w i k e r t  
and   Doug las  Godfrey, 1 9 5 6  

COOPERATIVE INVESTIGATION OF RELATIONSHIP BETlJEEN STATIC AND 
FATIGUE PROPERTIES OF  WROUGHT N-155 ALLOY  AT  ELEVATED  TEHPERATURES, 
1 9 5 6  

DEVELOPMENT  OF  CRAZE AND IMPACT RESISTANCE I N  GLAZING PLASTICS BY 
MULTIAXIAL  STRETCHING, G. M. K l i n e ,  I. Wolock, B. M. A x i l r o d ,  M. 
A. Sherman, D. A. George, and V. Cohen,  1957 

CALCULATED AND MEASURED STRESSES I N  SIMPLE PANELS SUBJECT TO 
INTENSE RANDOM ACOUSTIC  LOADING  INCLUDING  THE  NEAR NOISE FIELD 
OF A TURBOJET  ENGINE, L e s l i e  W. L a s s i t e r  and R o b e r t  W. Hess ,   1958 

BORON AND ZIRCONIUM FROM CRUCIBLE  REFRACTORIES I N  A COMPLEX  HEAT- 
RESISTANT ALLOY,  R. F. Decker, John P. Rowe, and J. TJ. Freeman, 
1958 



ADDlicable NASA Technical  ReDorts 

TR R-13 EFFECT OF A STRINGER ON THE STRESS CONCENTRATION DUE TO A CRACK I N  
A THIN SHEET, J. Lyell  Sanders, Jr., 1959 

It i s  necessary  to   be  able   to   determine  the  s ta t ic   s t rength of 
cracked  par ts .  It has  been  found  that a s t r e s s   concen t r a t ion  
factor   obtained  f rom  elast ic i ty   theory will give   the   s t rength  of 
the  cracked  par t .  A formula   for   ca lcu la t ing   the  stress concentra- 
t i o n   f a c t o r  i s  given i n  NACA TN 3816  by  McEvily, I l l g ,  and 
Hardrath. 

The purpose  of NASA TR R-13 i s  t o   d e a l   w i t h   t h e   e f f e c t   o f  a s t r i n g e r  
on the   concen t r a t ion   f ac to r  o f  a cracked  sheet. The s t r i n g e r  ex- 
tends  equally on bo th   s ides  of the  crack and i s  perpendicular   to  
the  crack. The case of the   b roken   s t r inge r  is also  considered. 
The r a t i o ,  C, between s t r e s s   c o n c e n t r a t i o n   f a c t o r s   f o r  a cracked 
shee t   w i th  and wi thou t   s t r i nge r s  is p resen ted   i n   t ab l e s  and 
graphical ly .  

TR R-24 AN DIPROVED  FIRST-APPROXIMATION THEORY FOR THIN SHELLS, J. Lyel l  
Sanders, Jr., 1959 

An improvement  over  Love's f i r s t  approximation  theory  has  been 
derived. A l l  s t ra ins   vanish  for   small   r igid-body  motions  of   the 
s h e l l   i n   t h e  improved vers ion .   In   bo th   vers ions   t ransverse  and 
normal  shear are neglected. The p r i n c i p a l  of v i r t u a l  work was 
used to   develop  the  der ivat ions.  The theory  has  been  developed 
f o r  tr.Jo-dimensiona1 cases. 

Three  s t ra in   compat ibi l i ty   equat ions are given  which  lead  to ex- 
p re s s ions   fo r   t he  stress r e s u l t a n t s  and couples   in  terms of  a set 
of stress functions.  The e x p r e s s i o n s   f o r   t h e   s t r e s s   r e s u l t a n t s  
and couples   sa t i s fy   the   equat ions   o f   equi l ibr ium  ident ica l ly .  

TR R-30 LOCAL INSTABILITY OF TIE ELEMENTS OF A TRUSS-CORE SANDWICH PLATE, 
Melvin S. Anderson,  1959 

Double  and s ing le   t ru s s -co re  sandwich p l a t e s  were analyzed t o  ob- 
ta in   the   compress ive   buckl ing   coef f ic ien t   for   loca l   ins tab i l i ty .  
Such conf igu ra t ions   a r e   des i r ab le  from  a weight   to   s t rength   bas i s .  

The t r u s s  were idea l i zed  so tha t   t he   co re   cons i s t ed   o f   s t r a ign t -  
l ine  e lements .  It was a l s o  assumed that  buckling  occurred  with 
r o t a t i o n  of t h e   j o i n t s   b u t   w i t h  no d e f l e c t i o n  of t h e   j o i n t s .  
Angles  between d i f f e ren t   e l emen t s   a t  a jo in t   a re   main ta ined   dur ing  
buckling. End e f f ec t s   a r e   a l so   neg lec t ed .  The buckl ing  coeff i -  
c i e n t  was ca l cu la t ed  and i s  p resen ted   i n   s ix   pages  of  graphs a t  
the  end of   the  report .  
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TR R-39 THE PHENOMENON OF CHANGE IN BUCKLE PATTERN I N  ELASTIC  STRUCTumS, 
Manuel Stein,  1959 

It has  been  observed  that   the   buckl ing  pat tern  of   s t i f fened and 
unst i f fened plates and s h e l l s  changes s.rheti the  buckle  mode becomes 
unstable.  The change  occurs as the   s t ruc tu re   s eeks  a s t a b l e  con- 
f igu ra t ion .  

The model  chosen t o  use in   ana lyz ing   t he  change cons i s t s  of t h r e e  
r ig id   rods   r e s t r a ined  by  nonlinear  springs  which  introduce  the 
cub ic   non l inea r   cha rac t e r i s t i c s   o f   p l a t e s .  For i n i t i a l l y   p e r f e c t  
specimens,   intersections  between  curves  for  the  various  equili-  
br ium  configurat ions  lead  to   changes  in   the  buckle   pat tern.   These 
curves  are   presented and a discussion  of how t h e   p r e s e n t   r e s u l t s  
may be   app l i ed   t o   p l a t e s  and o t h e r   e l a s t i c   s t r u c t u r e s  is  given. 

TR R-40 LOADS AND DEFORMATIONS OF BUCKLED RECTANGULAR PLATES, Manuel 
Stein,  1959 

Rectangular  plates  which are supported  on a l l  edges may ca r ry  
considerable  load beyond their   buckl ing  load.  Von Karman’s  non- 
l i nea r   l a rge -de f l ec t ion   equa t ions   fo r   p l a t e s  are converted  into a 
set of l i n e a r   p a r t i a l   d i f f e r e n t i a l   e q u a t i o n s  by expanding  the 
displacements   into a power series i n  terms of   an   a rb i t r a ry  param- 
eter. These  l inear  equations  give some so lu t ions   fo r   t he   pos t -  
buckl ing  behavior   of   plates   in   the  e las t ic   range.  

Some solut ions  for   plates   with  s imply  supported  edges are pre- 
sented, and these   so lu t ions  are s a i d - t o   p r o v i d e  a conservative 
est imate  of the  postbuckling  behavior  of a r ec t angu la r   p l a t e  of 
thin-wall   construction  supported by r e l a t i v e l y   s t i f f   s u p p o r t i n g  
elements.  Comparison  between r e su l t s   ob ta ined  by t h e   l i n e a r  
equations will not   solve  the  postbuckl ing  problems  of   plates  
w i th   i n i t i a l   eccen t r i c i t i e s .   Tempera tu re  was also  considered 
in   us ing   the   l inear   equa t ions .  

TR R-103 THEORETICAL ELASTIC STRESS  STRESS  DISTRIBUTIONS ARISING FRON 
DISCONTINUITIES AND EDGE LQADS I N  SEVERAL SHELL-TYPE  STRUCTURES, 
Robert H. Johns and Thomas TI. Orange,  1961 

It vas necessary  to   f ind a b e t t e r  way t o   c a l c u l a t e   t h e  stress 
d i s t r i b u t i o n s   f o r   s e v e r a l   d i f f e r e n t   t y p e s   o f   s h e l l s   s i n c e   t h e r e  v7as 
no method a t  t h e  time that   could  be used by the  average  engineer.  

The  method of   analysis   deal t   pr imari ly   with  regions  where  discon-  
t i n u i t y   f o r c e s  were located. Where more than  one  discont inui ty  
was present,  it 17as assumed that  they  had no e f f e c t   o f   t h e   d i s -  
cont inui ty   shear  and moment of   the   o ther .  A l l  s h e l l s  were con- 
s idered   to   ro ta te   symmetr ica l ly  and to   be  loaded by i n t e r n a l  
pressure.   Stresses   due  to   weight  were not  considered. The s h e l l  
v7as imagined to   be   phys ica l ly   separa ted  a t  t h e   d i s c o n t i n u i t y .  A 
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discont inui ty   shear  and moment must  be  present t o  preserve con- 
t i n u i t y  of r o t a t i o n  and de f l ec t ion .  

The summary of solut ions  includes:  

Discontinuity  Shear  Forces and  Bending Moments 
A t  an axial change of t h i ckness   i n  a c i r cu la r   cy l inde r  
A t  an  axial   change of thickness of a cone 
A t  a change in   th ickness   o f  a po r t ion  of a sphere 
A t  t he   j unc t ion  of a cy l inde r  and a por t ion  of a sphere 
A t  t he   j unc t ion  of a cy l inde r  and a f l a t  head 
A t  t he   j unc t ion  of a cone  and a po r t ion  of a sphere 

Right   c i rcu lar   cy l inders  
Frustum of a cone 
Por t ion  of a sphere 
Simply  supported f l a t   p l a t e  

Determination  of  Stresses and  Deformations i n  Edge-Loaded She l l s  



Not A p p l i c a b l e  NASA T e c h n i c a l   R e p o r t s  

TR  R- 5 APPLICATION OF  MORSE POTENTIAL  FUNCTION TO CUBIC  METALS, L o u i s  
A. Girifalco and  Victor G. Weizer, 1959 

TR R- 12 EFFECT OF  THE PROXIMITY OF  THE  WING FIRST-BENDING FREQUENCY AND 
THE  SHORT-PERIOD  FREQUENCY ON THE  AIRPLANE  DYNAMIC-RESPONSE 
FACTOR, Carl R. Huss  and James J. Donegan, 1959 

TR R- 2 1  ON SOLUTIONS  FOR  THE  TRANSIENT  RESPONSE  OF  BEAMS, Robert W. Leonard,  
1959 

TR R- 28 PRACTICAL  SOLUTION OF PLASTIC DEFORMATION  PROBLEMS I N  ELASTIC- 
PLASTIC RANGE,  A. Mendelson   and  S. S. Manson, 1959 

TR R- 4 4  A PHF;NOMENOLOGICAL  THEORY FOR THE  TRANSIENT  CREEP OF METALS  AT 
ELEVATED  TEMPERATURES, E l b r i d g e  Z. S towe l l ,   1959  

TR R- 59 PREDICTED BEHAVIOR  OF  RAPIDLY  HEATED  METALS I N  COMPRESSION, E l b r i d g e  
2. Stov7el l   and George J. Heimer l ,   1960 

TR R- 60 A STUDY  OF SOME FACTORS AFFECTING ROLLING-CONTACT FATIGUE LIFE, 
Thomas L. Carter, 1960 

TR R- 70 AN EVALUATION  OF EFFECTS OF FLFXIBILITY ON WING STRAINS I N  ROUGH 
AIR FOR A LARGE  SWEPT-WING AIRPLANE BY MEANS OF EXPERDENTALLY 
DETERMINED  FREQUENCY-RESPONSE  FUNCTIONS  WITH AN ASSESSMENT  OF 
RANDOH-PROCESS  TECHNIQUES  EMPLOYED, Thomas L. Coleman, Harry P r e s s ,  
and  May T. Meadows , 1960 

TR R- 9 1  THE EFFECT OF  REPEATED STRESSING ON THE  BEHAVIOR  OF LITHIUM  FLUORIDE 
CRYSTALS, A r t h u r  J. McEvily, Jr., and  E. S. Machlin, 1 9 6 1  

TR R-105 SPUTTERING OF METALS  BY  MASS-ANALYZED N2+ AND N+, Michel Bader, 
F r e d  C. Witteborn, and Thomas W. Snouse ,   1961  

TR R-112 A METHOD FOR  THE  CALCULATION  OF LATTICE  ENERGIES OF  CONPLEX 
CRYSTALS WITH APPLICATION TO THE OXIDES OF  MOLYBDENUM, W i l l i a m  S. 
Chaney , 19 6 1 
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Applicable Wartime  Reports 

WR L 2 STRESSES NEAR THE  JUNCTURE  OF A CLOSED AND AN OPEN TORSION BOX 
AS INFLUENCED BY BULKHEAD FLEXIBILITY, Paul Kuhn and  Harold G. 
Brilmyer,  August  1945 

This   mater ia l ,  while in t e re s t ing ,  i s  covered i n  later publ ica t ions .  
See p a r t i c u l a r l y   t h e  book  by Paul Kuhn, Stresses i n   A i r c r a f t  and 
She l l   S t ruc tu res ,  McGraw-Hill, 1956. 

WR L 10 AN ANALYSIS OF THE FATIGUE LIFE OF AN AIRPLANE WING STRUCTURE 
UNDER OVERLOAD CONDITIONS, Abbott A. Putnam  and Thomas D. Reisert, 
February  1946 

Resu l t s   o f   an   ana lys i s   t o   de t e rmine   t he   e f f ec t   o f   ove r load   ope ra -  
t i ons   on   w ing   f a t igue   l i f e   a r e   p re sen ted .  The inves t iga t ion  was 
confined  to   one  t ransport   type  a i rplane,   which was assumed t o  
ope ra t e  a t  c ru i s ing  power  and with  overload up t o  50% of  design 
gross  weight. 

Overload  weight  concentrated i n  the fuse lage  was found to   adverse-  
l y   a f f e c t   t h e   f a t i g u e   l i f e ,   b u t   o v e r l o a d   w e i g h t   d i s t r i b u t e d   p r o p o r -  
t iona l ly   to   the   des ign   gross   weight  had n e g l i g i b l e   e f f e c t   o n   t h e  
f a t i g u e   l i f e .  The fa t igue   l i fe ,   fu r thermore ,  was adverse ly   a f -  
f ec t ed  by over load   to  a sma l l e r   deg ree   t han   t he   s ing le   gus t   l i f e .  
A s  i n   t h e  case of s i n g l e   g u s t  l i fe ,  the  wing  weight   ra t io  v7as a 
main f a c t o r   i n   d e t e r m i n i n g   t h e  relative r e d u c t i o n   o f   f a t i g u e   l i f e  
by  overload. 

WR L 11 APPLICATION OF A NUMERICAL  PROCEDURE TO STRESS  ANALYSIS  OF STRING- 
ER REINFORCED PANELS, Joseph Kempner, March  1945 

A numerical  procedure,  as well as   the  underlying  theory and assump- 
t ions ,  i s  p resen ted   fo r   t he   ca l cu la t ions   o f   t he   s t r i nge r  stresses 
and shear  stresses in   r e in fo rced   pane l s .  The method may be  appl ied 
t o  a l l  panel  problems i n  which  the  loads may be  considered  act ing 
i n   t h e   p l a n e   o f   t h e   s h e e t .  

The numer i ca l   p rocedure   pa ra l l e l s   t ha t   o f   Sou thwe l l ' s   r e l axa t ion  
method  and Cross's  moment-distribution  method  but i s  g i v e n   i n   t h e  
r e p o r t  so t h a t   t h e   r e a d e r  need  have  no  previous  knowledge  of  these 
techniques. 

WR L 14 SECONDARY  STRESSES I N  OPEN BOX BEAMS SUBJECTED TO TORSION, Paul 
Kuhn, S. B. Batdorf,  and  Harold G. Erilmyer, November 1944 

Kuhn's book, previously  c i ted,  i s  a more up-to-date  treatment  of 
t h i s   m a t e r i a l .  
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17R L 20 COLUMN AND PLATE COMPRESSIVE  STRENGTHS OF AIRCRAFT STRUCTURAL 
MATERIALS 17s-T ALUMINUM ALLOY SHEET, George J. Heimerl and 3 .  
Albert  Roy, June 1945 

These tests are pa r t   o f   an   ex tens ive   r e sea rch   i nves t iga t ion   t o  
provide   da ta  on t h e   s t r u c t u r a l   s t r e n g t h s  o f   va r ious   a i r c ra f t  
ma te r i a l s .   Resu l t s   a r e   p re sen ted   i n   t he  form  of  curves  and 
c h a r t s   t h a t  may be  used i n   t h e   d e s i g n  and a n a l y s i s   o f   a i r c r a f t  
s t r u c t u r e s .  

WR L 27 BENDING AND SHEAR STRESSES DEVELOPED BY THE INSTANTANEOUS  ARREST 
OF THF: ROOT OF A CANTILEVER BEAM ROTATING WITH CONSTANT ANGULAR 
VELOCITY ABOUT A TRANSVERSE  AXIS THROUGH THE ROOT, Elbridge Z. 
Stowell, Edward B. Schvartz  and  John C. Houbolt,  June  1945 

Such s t r e s s e s   o c c u r   i n   t h e   s t r u c t u r e   o f   a n   a i r p l a n e   a s  a r e s u l t  
of the  shocks  experienced  in   landing.   Equat ions  are   given  for  
determining  the stresses, the   def lec t ion ,  and the   acce le ra t ions  
t h a t   o c c u r   i n   t h e  beam as a r e s u l t   o f   t h e   a r r e s t  of  motion. 

The equations  for  bending and shear  stress revea l   t ha t ,  a t  a 
given  percentage  of   the  dis tance  f rom  the  root   to   t ip   and a t  a 
g iven   t ip   ve loc i ty ,   the   bending  stresses f o r  a p a r t i c u l a r  mode 
are  independent  of  the  length  of  the 'beam and the  shear  stresses 
vary   inverse ly   wi th   the   l ength .  When examined w i t h   r e s p e c t   t o  a 
given  angular   veloci ty   instead  of  a g iven   t i p   ve loc i ty ,   t he  equa- 
t ions   revea l   tha t   the   bending  stress is p ropor t iona l   t o   t he   l eng th  
of  the beam; whereas  the  shear stress i s  independent  of  the  length. 

Suf f ic ien t   exper imenta l   ver i f ica t ion 'of   the   theory   has   p rev ious ly  
been  given in  connection  with  another  problem  of  the same type. 

1R L 32 COLUMN AND PLATE COXPRESSIVE  STRENGTHS OF AIRCRAFT  STRUCTURAL 
MATERIALS EXTRUDED 24s-T ALUMINUM ALLOY, George J. Heimerl and 
J. Albert  Roy, Ju ly  1945 

Column and plate   compressive  s t rengths   of   extruded 24s-T  aluminum 
alloy  were  determined  both  within and  beyond t h e   e l a s t i c   r a n g e  
from tests o f   t h in - s t r ip  columns  and l o c a l   i n s t a b i l i t y  tests of 
H-, A, and  channel  section columns.  These tests are p a r t  of  an 
ex tens ive   research   inves t iga t ion   to   p rovide   da ta   on   the   s t ruc-  
t u r a l   s t r e n g t h   o f   v a r i o u s   a i r c r a f t  materials. The r e s u l t s  are 
p r e s e n t e d   i n   t h e  form  of  curves and c h a r t s   t h a t   a r e   s u i t a b l e   f o r  
use i n   t h e   d e s i g n  and ana lys i s  of a i r c r a f t   s t r u c t u r e s .  

FIR L 33 COLUMN AND PLATE COMPRESSIVE STRENGTHS OF AIRCRAFT  STRUCTURAL 
MATERIALS EXTRUDED R303-T ALUMINUM ALLOY, George J. Heimerl and 
Douglas P. Fay, October  1945 



Strengths  determined  both  within and  beyond t h e   e l a s t i c   r a n g e  
from tests o f   t h i n - s t r i p  columns  and l o c a l - i n s t a b i l i t y   t e s t s  of 
H- , Z-, and channel-section columns.  These t e s t s   a r e   p a r t  of  an 
ex tens ive   research   inves t iga t ion   to   p rovide   da ta  on the   s t ruc -  
t u r a l   s t r e n g t h   o f   v a r i o u s   a i r c r a f t   m a t e r i a l s .  The r e s u l t s   a r e  
p r e s e n t e d   i n   t h e  form  of  curves and c h a r t s   t h a t   a r e   s u i t a b l e   f o r  
u se   i n   t he   des ign  and ana lys i s  of a i r c r a f t   s t r u c t u r e s .  

T J R  L 34 CONPARISON  OF  STRUCTURAL EFFICIENCIES OF DIAGONAL TENSION WEBS 
AND TRUSS WEBS OF 24s-T ALUMINUM ALLOY, David W. Ochi l t ree ,   Ju ly  
1945 

A comparison was made of t h e   s t r u c t u r a l   e f f i c i e n c i e s  of  24s-T 
aluminum-alloy P r a t t  and  Warren t r u s s  webs  and diagonal-tension 
webs designed  on  the  basis   of   ident ical   a l lowable stresses. It 
was concluded  that   the  diagonal-tension web is  more e f f i c i e n t  
than a t r u s s  web except   for  a small range  in   which a Warren truss 
web i s  more eff ic ient .   For   complete  beams (webs  and f langes)  , 
however, the  diagonal- tension beam probably  always wsll be more 
e f f i c i e n t   t h a n   t h e  Warren t r u s s  beam because  of  the low e f f i c i e n c y  
o f   t he   f l anges   i n   t he  Warren t r u s s  beam. 

IJR L 35 AN ANALYSIS OF LIFE EXPECTANCY OF AIRPLANE WINGS I N  NORMAL CRUIS- 
I N G  FLIGHT, Abbott A. Putnam, J u l y  1945 

In   o rde r   t o   p rov ide  a bas is   for   judging   the   re la t ive   impor tance  
of  wing f a i l u r e  by f a t i g u e  and  by s ing le   i n t ense   gus t s ,   an   ana lys i s  
of  wing l i f e   f o r  normal c r u i s i n g   f l i g h t  was made based  on  data  on 
the  frequency  of  atmospheric  gusts. The independent   var iables  
cons idered   in   the   ana lys i s   inc luded   s t ress -concent ra t ion   fac tor ,  
s t r e s s - load   r e l a t ion ,  wing  loading,  design and cruis ing  speeds,  
design  gust   veloci ty ,  and a i r p l a n e   s i z e .  The r e s u l t s   i n d i c a t e d  
tha t :  

1. The f a t i g u e   l i f e  and s ing le -gus t   l i f e   appea r   t o   be  of about 
equal   impor tance ;   the   ac tua l   l i fe   involv ing   e i ther   fa t igue   o r  
d i r e c t   f a i l u r e  due to  overload  depends on the   i n f luence  of the 
operating  conditions and t h e   d e t a i l   d e s i g n  and construct ion.  

2. Occasional   fa i lures   of   the   overload  type and f a t i g u e   f a i l u r e s  
with  moderate   values   of   s t ress-concentrat ion  factor  may be  expect- 
ed w i t h i n   t h e   o p e r a t i n g   l i f e  of some ex i s t ing   a i rp l anes .  

3. The trends  in  design  toward  higher  wing  loading,  reduced  load 
f ac to r ,   l a rge r   s i ze ,  and increased  speed  appear  to  have a secondary 
e g f e c t   o n   b o t h   t h e   f a t i g u e   l i f e  and the   s ing le -gus t   l i f e .  

4.  The design  allowable stresses used f o r  a given  material   have 
an  important   effect  on t h e   f a t i g u e   l i f e   o f  a s t ruc tu re ,  and the  
t rend  to   increased  design  a l lowable stresses and  more e f f e c t i v e  
u t i l i z a t i o n   o f  a ma te r i a l  w i l l  l ead   to   reduced   fa t igue   l i fe .  
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5. F a t i g u e   l i f e  i s  determined  primarily by d e t a i l   d e s i g n  and 
construct ion and is  a f f ec t ed   on ly   t o  a secondary  degree by  normal 
changes in   operat ing  speed  and by moderate  changes i n   d e s i g n   g u s t  
v e l o c i t y .  

6 .  Sing le -gus t   l i f e  i s  not   appreciably  affected by t h e   d e t a i l  
design  but  i s  markedly  affected by operating  speed and by changes 
in   des ign   gus t   ve loc i ty .  

kIR L 37 TESTS AND APPROXIMATE ANALYSIS OF BENDING STRESSES DUE TO TORSION 
I N  A D-SECTION BOX, John E. Duberg  and  Harold G. Brilmyer, May 
1944 

An approximation  to  the maximum bending  s t resses   due  to   tors ion 
tha t   occurs   near   the   f lange  of a D-section box may be  obtained by 
computing  the  s t resses   in   an  equivalent   rectangular  box t h a t   c i r -  
cumscribes  the  D-section box.  The approximation may not   be con- 
s e r v a t i v e   f o r   t h e  stresses near  the  leading  edge  of  the  D-section 
box, but   these stresses vi11 usua l ly   no t   be   c r i t i ca l   fo r   des ign  
purposes. 

FIR L 44 EFFECT  OF VARIATION I N  DIAMETER AND PITCH OF RIVETS ON COMPRESSIVE 
STRENGTH OF PANELS WITH Z-SECTION STIFFENERS. I - PANELS WITH 
CLOSE  STIFFENER  SPACING THAT FAIL BY LOCAL BUCKLING, Norris F. Dow 
and William A. Hickrnan, August  1945 

Exper imenta l   inves t iga t ion   to   de te rmine   the   e f fec t  of varying  the 
r ive t   d iameter  and p i t c h  on the  compressive  strength  of 24s-T 
aluminum a l loy   pane ls   wi th   longi tudina l   Z-s t i f feners .   Pane ls  
s e l ec t ed   on   t he   bas i s   o f   ava i l ab le   des ign   cha r t s  and the   pane l  
proport ions were l imited  to   the  region  of   these  char ts   in   which 
the  panels   have  the  c losest   s t i f fener   spacings and the   sma l l e s t  
values   of   width- to- thickness   ra t io   for   the webs o f   t he   s t i f f ene r s  
and have   such   length   tha t   fa i lure  i s  by local   buckl ing.  The re- 
s u l t s  showed tha t   for   these   pane ls   the   compress ive   s t rengths   in -  
c reased   apprec iab ly   wi th   e i ther   an   increase   in   the   d iameter   o f  
t h e   r i v e t s  o r  a dec rease   i n   t he   p i t ch   o f   t he  rivets. Data a r e  
also  presented  from  which  the rivet diameter  and  pitch  required 
to  develop a given stress i n   t h e   p a n e l s  may be  determined. 

FIR L 49 CRITICAL CONBINATIONS OF LONGITUDINAL AND TRANSVERSE DIRECT STRESS 
FOR AN INFINITELY LONG FLAT PLATE WITH EDGES  ELASTICALLY  RESTRAINED 
AGAINST ROTATION, S. B. Batdorf, Manuel Stein,  and  Charles  Libove, 
March  1946 

In te rac t ion   curves  are p r e s e n t e d   t h a t   g i v e   t h e   c r i t i c a l  combina- 
t ions  of stress fo r   s eve ra l   d i f f e ren t   deg rees   o f   e l a s t i c  edge 
res t ra in t ,   inc luding   s imple   suppor t  and  complete f i x i t y .  It was 
found tha t   an   apprec i ab le   f r ac t ion  of t h e   c r i t i c a l   l o n g i t u d i n a l  
s t r e s s  may be   appl ied   to   the   p la te   wi thout   any   reduct ion   in   the  
t ransverse   compress ive   s t ress   requi red   for   buckl ing .  
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T T R  L 57 EFFECT OF NORMAL PRESSURE ON THE CRITICAL COMPRESSIVE AND SHEAR 
STRESS OF CURVED SHEET, Norman Rafel and Charles TJ. Sandlin, Jr., 
March  1945 

Results  of tests of 40 specimens to   determine  the  effect   of  normal 
pressure on the   c r i t i ca l   compress ive  and s h e a r   s t r e s s  of  curved 
sheet  indicated  the  following  conclusions: 

1. Normal pressure   apprec iab ly   ra i sed   the   c r i t i ca l   compress ive  
s t r e s s   fo r   cu rved   shee t  when inward  snap  diaphragm  buckling 
occurred. 

2.  Normal pressure  lowered  the  cr i t ical   compressive stress f o r  
curved  sheet when outward  bulging  occurred. 

3. Normal p r e s s u r e   r a i s e d   t h e   c r i t i c a l   s h e a r  stress for   curved 
and f l a t   s h e e t   r e g a r d l e s s  of  whether  buckles  formed  slowly  or 
with a snap. 

4. The g r e a t e r   t h e   r a t i o  of  radius  of  curvature  to  thickness of 
t he   shee t ,   t he   g rea t e r   t he   pe rcen tage   i nc rease   i n   c r i t i ca l  com- 
p res s ive  and shear   s t ress   with  increasing  normal   pressure.  

T J R  L 58 AN EMPIRICAL FORMULA  FOR THE CRITICAL SHEAR STRESS OF CURVED 
SHEETS, Paul Kuhn and L. Ross  Levin,  January  1945 

This   mater ia l  i s  a l s o   t r e a t e d  by  Kuhn's  book. It i s  c i t ed   he re  
only  for   reference.  

T T R  L 59 STRAIN  MEASUREMENTS AND STRENGTH TESTS ON THE TENSION SIDE OF A 
BOX BEAM WITH FLAT COVER, P a t r i c k  T. Ch ia r i to  and Simon H. Diskin, 
February 1945 

In  the tests of t he   f l a t   s t i f f ened   t ens ion   cove r  of an  open box 
beam, t h e  stresses measured a t  high  loads were wi th in  10 percent  
of t he   ca l cu la t ed  stresses f o r   a l l   s t a t i o n s   e x c e p t   t h e   r o o t ,   a t  
which  the  average  measured  value v7as about 17% lower  than  the 
va lue   ca l cu la t ed  by the  approximate  shear-lag  theory and 12% 
lower  than  the  value  obtained by an  adaptation  of  the  exact method. 
When the  normal stress in   t he   f l ange   r eached   t he   y i e ld   s t r e s s   fo r  
the   mater ia l  and a f t e r   t h e   c o v e r   s h e e t   i n   t h e  l u t e r  panels had 
buckled, a spanwise  readjustment  of  flange stress took  place. The 
shear  stresses i n   t h e   c o v e r   s h e e t  were ca lcu la ted   to   wi th in  10% 
of  the  measure  values. 

The extrapolated u l t imate  s t r a i n   i n   t h e   c o r n e r - f l a n g e   a n g l e   a t  
the   roo t   o f   the  beam was approximately  0.012,  whereas  0.015 was 
obtained  for  a double-angle  tension  specimen  of  the same cross  
section.  These  values were only  about 10% of t h e  maximum s t r a i n s  
t h a t  were measured i n  gage  lengths  of 2 inches  on  standard  ten- 
s i l e  specimens of  so l id   t russ   sec t ions .   These   va lues   p rovide   an  
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index  of  the maximum elongat ion  of   the  corner   f lange  of   the box 
beam i n  comparison  with  the  values   of   the   s tandard  tensi le   speci-  
mens. 

The v a r i a t i o n s   i n   s t r a i n s  measured a t  d i f f e r e n t   l o c a t i o n s  on t h e  
beam and the  double-angle  specimen  emphasized  the  fact  that  doubt 
s t i l l  accompanies t h e   i n t e r p r e t a t i o n  of s t r a i n s  measured i n  rivet- 
ed s t r u c t u r e s .   I n   o r d e r   t o   i n t e r p r e t  more e x a c t l y   t h e   s t r a i n s  
measured up t o   f a i l u r e ,  i t  i s  necessary   to   ob ta in   addi t iona l   in -  
formation  about  the  influences  of rivet holes.  

UR L 61 PRELIMINARY INVESTIGATION OF THE RELATION OF T€JE COXPRESSIVE 
S T m G T H  OF SHEET  STIFFENER PANELS TO -THE DIAMETER OF RIVET USED 
FOR ATTACHING STIFFENERS TO SHEET, Norris F. Dow and William A. 
Hickman, November 1944 

This  experiment was r u n   t o   f i n d   t h e   e f f e c t  of r ivet  diameter on 
the   compress ion   s t rength   o f   s t i f fened   pane ls .  It was found t h a t  
for   equa l  rivet spacing  the  compressive  strength  increased  as  the 
r a t i o  of rivet d i ame te r   t o   ove ra l l   t h i ckness   ( shee t   p lus   s t i f f en -  
er)  increased  to  1.25.  These  experiments were r u n   f o r   f i v e   d i f -  
f e r e n t   r a t i o s  o f  s t i f f ene r   t h i ckness   t o   sk in   t h i ckness  and f o r  
d i f f e ren t   r i ve t   spac ings .  

\JR L 62 COMPRESSIVE  STRENGTH OF FLAT  PANELS WITH Z- AND HAT-SECTION STIFFEN- 
ERS, Joseph N. Kotanchik, R. W. Weinberger, G. V. Zender,  and J. 
Neff, Jr., June  1944 

Has already  been  covered by TN 2792. 

FIR L 63 BENDING AND SHEAR STRESSES DEVELOPED BY THE INSTANTANEOUS ARREST 
OF THE ROOT OF A MOVING CANTILEVER BEAM, E. 2. Stowell, E. E. 
Schwartz,  and J. C. Houbolt, November 1944 

A t h e o r e t i c a l  and  experimental   invest igat ion  has   been made of  the 
behavior  of a c a n t i l e v e r  beam in   t ransverse   mot ion  when i t s  r o o t  
i s  suddenly  brought  to rest. Equations are given  for  determining 
the   s t resses ,   the   def lec t ions ,  and t h e   a c c e l e r a t i o n s   t h a t  arise i n  
the  beam as a r e s u l t  o f  the  impact. The theore t ica l   equa t ions ,  
which  have  been  confirmed  experimentally,  reveal  that, a t  a given 
percentage  of  the  distance  from  root  to t i p ,  the   bending  s t resses  
f o r  a p a r t i c u l a r  mode are  independent of the   l ength   o f   the  beam 
whereas   the  shear   s t resses   vary  inversely  with  the  length.  

This vas republished as NACA Technical  Report  828. 

FJR L 64 A METHOD  FOR ESTIMATION OF MAXI" STRESSES AROUND A SMALL RECTAN- 
GULAR CUTOUT I N  A SHEET STRINGER PANEL I N  SHEAR, E. M. Moggio and 
H. G. Brilmyer,  April  1944 
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Available   in   Chapter  8 of  Kuhn's Stresses i n   A i r c r a f t  and She l l  
Structures ,  McGrav-Hill,  1956. 

IJR L 66 THE EFFECT OF CONCENTRATED LOADS ON FLEXIBLE RINGS I N  CIRCULAR 
SHELLS, Paul Kuhn, John E. Duberg,  and  George E. G r i f f i t h ,  December 
1945 

Kuhn co l l ec t ed   t he  more s i g n i f i c a n t   f e a t u r e s  of t h i s  and o the r  of 
h i s   s t u d i e s   i n   h i s  book. 

WR L 67 THE  EFFECT OF INTERNAL PRESSURE ON THE BUCKLING STRESS OF T H I N -  
WALLED CIRCULAR CYLINDERS UNDER TORSION, H. Crate, S. B. Batdorf, 
and G. W. Baab, May 1944 

The c r i t i c a l   s t r e s s  of a cy l inde r   i n   t o r s ion   i nc reases   a s   t he  
in te rna l   p ressure   increases .  The fol lowing  interact ion  formula 
was found to   represent   approximately  the  buckl ing of  a cyl inder  
of  moderate  length  under  the combined e f f ec t s   o f   t o r s ion  and 
in t e rna l   p re s su re :  

where Rs is t h e   r a t i o  of c r i t i c a l   s h e a r   s t r e s s   w i t h   i n t e r n a l   p r e s -  

s u r e   t o   c r i t i c a l   s h e a r  stress wi thout   in te rna l   p ressure  and R i s  
P 

t h e   r a t i o   o f   i n t e r n a l   p r e s s u r e   t o   t h e   c r i t i c a l   p r e s s u r e   i n   t h e  
absence  of  torsion. 

WR L 104 STRAIN MEASUREMENTS AND STRENGTH  TESTS OF 25-INCH  DIAGONAL-TENSION 
BEAMS WITH SINGLE  UPRIGHTS, James P. Peterson, November 1945 

For  the tests onnine beams descr ibed   here in ,   the   s t resses   in   the  
uprights  throughout  the  load  range were predicted  with  fa i r   accu-  
racy   un less   the   s t resses   exceeded   the   e las t ic  l i m i t  of the  rnater- 
i a l  used i n   t h e   u p r i g h t s .  The loads   a t   wh ich   t he   up r igh t s   f a i l ed  
were predicted  with a maximum e r r o r  of  10%. 

The t h e o r e t i c a l   s t r e s s   c o n c e n t r a t i o n   i n   t h e  webs caused by the  
f l e x i b i l i t y  of the  f langes was too  high  for   the beams wi th  a 
20 inch  upright  spacing  and  the  strength  predictions  for  these 
beams were the re fo re  up t o  32% conservative.  The s t rength   o f  
the webs of beams  v7ith a 10 inch  upright   spacing  vere   predicted 
wi th  a maximum er ror   o f  6%. 

F J R  L 106 SHEAR LAG TESTS OF A BOX BEAM W I T H  A HIGHLY CAMBERED COVER I N  
TENSION, James P. Peterson,   July 1945 

1. The average   s t r inger  stresses near   the   roo t  were i n   f a i r  
agreement  with  the stresses ca l cu la t ed  by the  shear-lag  theory, 
a l though  individual  stress values  showed apprec iab le   s ca t t e r .  
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2. The u l t imate   t ens i le   s t ress   deve loped   by   the  beam  was only 
s l i g h t l y   h i g h e r   t h a n   t h e   t e n s i l e   y i e l d   s t r e s s  of  the  material .  

VR L 121  FREQUENCY OF OCCURRENCE OF ATMOSPHERIC  GUSTS AND OF RELATED LOADS 
ON AIRPLANE STRUCTURES, Richard V. Rhode and P h i l i p  Donely, 
November 1944 

Data  from V-G r eco rds   t o t a l ing  9,000,000 miles of   opera t ion   a re  
re la ted.   Similar   data   of  German o r i g i n  are a l so   inc luded   for  
comparison. 

It 17as concluded t h a t   t h e   d i s t r i b u t i o n  o f  gus ts   wi th in   tu rbulen t  
reg ions   o f   the   ear th ' s   a tmosphere   fo l lo~~rs  a s u b s t a n t i a l l y   , f i x e d  
pa t te rn   regard less   o f   the   source  of the  turbulence.  The t o t a l  
frequencies are therefore  governed by the   t o t a l   l eng th  of the  
f l i g h t   p a t h   i n  rough a i r ,  and operating  conditions  determine  the 
to ta l   f requencies   on ly  by a f f ec t ing   t he   r a t io   o f   t he   l eng th   o f  
f l i g h t   p a t h   i n   r o u g h   a i r   t o   t o t a l   l e n g t h   o f   t h e   p a t h .  Gust load 
frequencies were found t o  be   inverse ly   p ropor t iona l  t o  a i r p l a n e  
s i z e .  

It 17as fur ther   concluded  that   the   gust   f requencies   can  be  appl ied 
wi th   smal l   e r ror   to   the   es t imat ion  of s t r e s s   f r e q u e n c i e s   i n   t h e  
pr imary   s t ruc tures  o f  a i rp l anes .  The r e s u l t s  of   the   ana lys i s   a re  
a p p l i c a b l e   t o   t h e .   f a t i g u e   t e s t i n g  of   the  pr imary  s t ructure   of   the  
ai r f rame and to   the  es t imat ion of t he   p robab i l i t y  of  encountering 
gus ts   o f   excess ive   in tens i ty   wi th in  any s t a t ed   pe r iod  of operation. 

FIR L 173 COLUMN AND PLATE CONPRESSIVE  STRENGTHS  OF  AIRCRAFT STRUCTURAL MATE- 
RIALS EXTRUDED 75s-T ALUMINUM ALLOY, George 3. Heimerl and J. 
Albert  Roy, Ju ly  1945 

The resul ts ,   which  are   presented  in   the  form  of   curves  and char t s  
t h a t   a r e   s u i t a b l e   f o r  use i n   t h e   d e s i g n  and ana lys i s  of a i r c r a f t  
s t ruc tures ,   supersede   p re l iminary   resu l t s   publ i shed   prev ious ly .  

These t e s t s   a r e   p a r t  of an  extensive  research  program  to  provide 
d a t a   o n   t h e   s t r u c t u r a l   s t r e n g t h   o f   v a r i o u s   a i r c r a f t   m a t e r i a l s .  

ITR L 176 TENSILE TESTS OF NACA AND CONVENTIONAL MACHINE COUNTERSUNK  FLUSH 
RIVETS, Merven TJ. Mandel  and  Leonard M. Bartone,  October  1944 

For  the same rivet-head  angle and f o r  a given  value  of c/d, r a t i o  
of  countersunk  depth  to rivet diameter,  the NACA rivets developed 
a higher   tensi le   s t rength  than  the  convent ional  rivets. 

Resul ts  are i n   c h a r t  and  graph  form. 

T.JR L 180 DETERMINATION OF DESIRABLE LENGTHS OF Z AND CHANNEL SECTION 
COLUMNS FOR LOCAL INSTABILITY TESTS, George J. Heimerl  and J. 
Albert  Roy, October  1944 
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F o r   l o c a l   i n s t a b i l i t y  tests of Z and channel   sect ion columns, t h e  
specimens  should  be  just   long enough to   avoid   the   increased  
s t r eng th   a s soc ia t ed   w i th   sho r t   l eng ths   bu t  o f  such   length   tha t  a 
buckl ing  pat tern  convenient   for  t e s t  purposes  occurs. A buck- 
l ing   pa t te rn   o f   th ree   ha l f -waves  meets these  requirements;  the 
p rope r   l eng th   fo r   t h i s   cond i t ion  may be  obtained from a curve 
based  on tests. When t h e   s t r e n g t h   f o r   l o c a l   i n s t a b i l i t y  i s  very  
high, a r e d u c t i o n   i n   t h i s   l e n g t h  may be  necessary  to   prevent  
column fa i lu re .   In   o rde r   t o   avo id   t he   i nc reased   s t r eng th   a s so -  
c i a t ed   w i th   sho r t   l eng ths ,  a r a t i o  of   length  to  web width  above 
3.5 should  be  used. 

WR L 183 CRITICAL  COMBINATIONS OF SHEAR AND TRANSVERSE DIRECT  STRESS FOR AN 
INFINITELY LONG  FLAT  PLATE W I T H  EDGES  ELASTICALLY  RESTRAINED 
AGAINST ROTATION, S. B. Batdorf  and  John C. Houbolt,  January 1945 
(Reissued  as TR 847) 

This r e p o r t   f o u n d   t h a t   a n   i n f i n i t e l y   l o n g   f l a t   p l a t e  may be  loaded 
wi th   an   apprec i ab le   f r ac t ion   o f  i t s  c r i t i c a l  stress i n   p u r e   s h e a r  
without  the  transverse  compressive stress necessary  to  produce 
buckling  being  reduced.  Interaction  formulas  of  the  type 

R1 + R2 + R3 + ... = 1 P q r  

a re   dec idedly   conserva t ive  when used f o r   f i n d i n g   t h e   r e s u l t s  of 
shear  and t ransverse   compress ion   ~7hen   appl ied   to   an   in f in i te ly  
long   p la te .  

2 
E X  Kc 

6 z + - - E2)COS&" 
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E =  
II 4Ec 
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The above   equat ions   g ive   the   re la t ion   be tween  the   c r i t i ca l  
compress ive   and   the   c r i t i ca l  shear-stress c o e f f i c i e n t s  K. and K 
respec t ive ly .  C S 

Ksst D 

b t  
2 

2 
= -  

u = t r a n s v e r s e   d i r e c t   s h e a r  

T = shear  stress 
Y 

D = ~ t ~ / 1 2 ( 1  - p2) 
t = t h i ckness   o f   p l a t e  
b = w i d t h   o f   p l a t e  
E = Young's  modulus 
p = P o i s s o n ' s   r a t i o  

WR L 187 CHARTS  FOR THE DETERMINATION OF IJING TORSIONAL STIFFNESS REQUIRED 
FOR SPECIFIED ROLLING  CHARACTERISTICS OR AILERON REVERSAL SPEED, 
Henry A. Pearson  and  William S. Aiken, Jr., December 1944 
(Reissued as TR 799) 

Th i s   r epor t   g ives  a series of   char ts   which  give  the  required  wing 
t o r s i o n a l   s t i f f n e s s   r e q u i r e d   t o  meet a g iven   s t anda rd   o f   ro l l i ng  
e f fec t iveness ,   the   a i le ron   span   and   loca t ion  are v a r i a b l e s ,   i n -  
duced l i f t  effects have  been  included,  and  the  charts  can  be  used 
fo r   bo th   l i nea r ly   t ape red   and   e l l i p t i ca l   w ings   o f   t ubu la r   cons t ruc -  
t ion .  Wing aspec t   ra t ios   run   f rom 5 t o  16. 

FR L 189 INVESTIGATION OF METHODS OF SUPPORTING SINGLE THICKNESS SPECIMENS 
I N  A FIXTURE  FOR  DETERMINATION  OF  COMPRESSIVE  STRESS-STRAIN CURVES, 
Joseph N. Kotanchik,  Walter Woods and  Robert A. Weinbergen, May 
19 45 

TN 819 i s  a r e i s s u e   o f   t h i s   r e p o r t .  

WR L 190 COLUMN AND PLATE  COMPRESSIVE  STRENGTHS OF AIRCRAFT STRUCTURAL 
MATERIALS 24s-T ALUMINUM  ALLOY  SHEET, Eugene E. Lundquist, Evan H. 
Schuette,  George J. Heimerl, and J. Albert Roy, June 1945 
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The repor t   conta ins   the  test da t a  from a series of  experiments 
made on 24s-T sheet .   This   data  may be  used i n   t h e   d e s i g n  and 
a n a l y s i s   o f   a i r c r a f t   s t r u c t u r e .  It is ava i l ab le   a s   cu rves  and 
l i s ted   in   char t s .   This   da ta   should   on ly   be   used   where   the   s t ruc-  
t u re   u ses  24s-T sheet   having similar compressive  properties.  

WR L 192 ON THE SHEAR STRENGTH  OF SKIN STIFFENED PANELS WITH INSPECTION 
CUT OUTS, Paul Kuhn and Simon H. Diskin, March 1945 

I n f o r m a t i o n   a v a i l a b l e   i n  Kuhn's Stresses i n   A i r c r a f t  and She l l  
S t ruc tures .  

WR L 197 CHARTS  FOR THE MINIMUM WEIGHT DESIGN OF 24s-T ALUMINUM ALLOY FLAT 
COMPRESSION  PANELS WITH LONGITUDINAL Z-SECTION STIFFENERS, Evan 
H. Schuette,  August  1945  (Reissued  as TR 827) 

Th i s   r epor t   p re sen t s   cha r t s   fo r   des ign ing   f l a t   compress ive   pane l s  
w i t h   z - s e c t i o n   s t i f f e n e r s   o f  24s-T aluminum of   the   l ighes t   pos-  
s i b l e   k i n d .  It w a s  found t h a t   f o r  many u s e s   t h i s   l i g h t e s t   p o s s i -  
b le   pane l   main ta ined  a buckle-free  surface.  However, t h e   r e p o r t  
p o i n t s   o u t   t h a t   t h i s  maximum p o s s i b l e   e f f i c i e n t   s t r u c t u r e   u s e s  
c l o s e r   s t i f f e n e r s   t h a n   t h o s e   i n   u s e   a t   t h e  t i m e  o f   t h i s   r e p o r t .  

WR L 198 THE DETERMINATION OF EFFECTIVE COLUMN LENGTH  FROM  STRAIN MEASURE- 
MENTS, Evan H. Schuet te  and J. Alber t  Roy, June  1944 

A method was needed for   exper imenta l   de te rmining   the   e f fec t ive  
l eng th  of a column. It was found t h a t  by  mounting s t r a in   gages  
a long   t he   s ides   o f   t he  column the  curvature  could  be  measured. 

€1 - €2 l/r = d 

1/r = curva ture  
E = s t r a i n   a t   p o i n t   i n   c r o s s   s e c t i o n  
d = d i s t ance  between p o i n t s   i n   c r o s s   s e c t i o n   f o r   t h e   s t r a i n s  

el  and e2 are   taken  measured  perpendicular   to   the  neutral  

a x i s  

The p o i n t s   o f   z e r o   c u r v a t u r e   a r e   t h e   p o i n t s   o f   i n f l e c t i o n .   T h i s  
method should  not  be  used when t h e r e  i s  b u c k l i n g   s i n c e   t h i s  ad- 
versely a f f e c t s   t h e   s t r a i n  measurements. 

WR L 204 CHARTS  FOR  CALCULATION OF THE CRITICAL  COMPRESSIVE  STRESS  FOR 
LOCAL INSTABILITY OF IDEALIZED WEB- AND T-STIFFENED  PANELS, Rolla  
B. Boughan and  George W. Baab, August  1944 

Working c h a r t s   a r e   p r e s e n t e d   f o r   u s e   i n   c a l c u l a t i n g   t h e   c r i t i c a l  
compressive stress of   s t i f fened   pane ls ,  and  examples a re   inc luded  
to  demonstrate  their   use.  
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WR L 224 

FIR L  225 

WR L 252 

FIR L 253 

- 

CHARTS  FOR CRITICAL  COMBINATIONS  OF  LONGITUDINAL AND TRANSVERSE 
DIRECT  STRESS  FOR  FLAT RECTANGULAR PLATES, Charles  Libove  and 
Manuel Stein,  March  1946 

Th i s   r epor t   p re sen t s   cha r t s   fo r   t he  c r i t i ca l  combinations  of  longi- 
t ud ina l  and t r a n s v e r s e   d i r e c t  stress o f   i s o t r o p i c   f l a t   r e c t a n g u l a r  
p l a t e s   w i t h  a l l  edges  simply  supported,  long  edges  simply  support- 
ed and short   edges clamped, long  edges  clamped  and  short  edges 
simply  supported,  and a l l  edges  clamped.  The c h a r t s  are based 
on  energy  equat ions.   In   the  char ts  k i s  p l o t t e d   a g a i n s t  $ and 
then k i s  p lo t t ed   ve r sus  k 

The following  equations  give the c r i t i ca l  long i tud ina l  and  trans- 
verse stresses. 

X 
X Y' 

f l D  2 
IJ = k -  

Y ' b2 t  
r r D  2 

I T =  
X kx 

l eng th   o f   p l a t e  
wi'dth o f   p l a t e  
length-width  ratio  (a/b) 
t h i ckness   o f   p l a t e  
elas t i c  modulus 
P o i s s o n ' s   r a t i o  

~ t ~ / 1 2 ( 1  - 2 ) 
l o n g i t u d i n a l   d i r e c t  stress, pos i t ive   for   compress ion  

t r a n s v e r s e   d i r e c t  stress 

dimensionless stress c o e f f i c i e n t s  

MATERIAL  PROPERTIES  OF TWO TYPES OF PLASTIC-BONDED GLASS CLOTH, 
Norman Rafel  and Evan H. Schuette,  December 1944 

Outdated.  Concerned with f ibe rg la s   t o   de t e rmine  i t s  v a l u e   i n  
a i r c r a f t  use.   Fiberglas is  in  
c o v e r   f o r   f a b r i c   a i r c r a f t .  

COMPARISON  OF  TIGHTNESS OF 78O 
I N  HOLES  PREPARED WITH 78O AND 
Gottl ieb  and Merven W. Mandel, 

There is  n o t  enough d i f f e rence  
s inking   too ls  are used  instead 

common use  today as a permanent 

MACHINE-COUNTERSUNK  RIVETS DRIVEN 
82'  COUNTERSINKING TOOLS, Robert 
September  1942 

i n   t h e   s t r e n g t h  when 78O counter-. 
o f  82' coun te r s ink ing   t oo l s   t o   be  

of   pract ical   use .  It v7as found t h a t  i f  t h e  rivet p r o j e c t s  above 
the   sk in   before   be ing   dr iven   then  a t i g h t  rivet is  obtained. 

TESTS  OF  STRESS CARRYING DOOR I N  COXPRESSION, Robert   Gottl ieb,  
September  1942 
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Tests were made of a monocoque box i n  compression  to  determine 
the   e f f ec t iveness  o f  a door  placed i n   t h e   c u t o u t  on t h e  com- 
p res s ion   s ide   o f   t he   cy l inde r .  The e f f ec t ivenss s  i s  def ined   as  
e i t h e r   t h e   r a t i o  of t h e  stress around  the  cutout  before  the  door 
t o   t h e  stress around  the  cutout   af ter   the   door  i s  i n   p l a c e ,   o r  
t he   r a t io   o f   t he   l oad   ca r ry ing   capac i ty   t ha t  was 10s t to   the   load  
ca r ry ing   capac i ty   t ha t  was regained when the  door was in se r t ed .  
The door becomes e f f e c t i v e   i n   l o a d   c a r r y i n g  a t  1500 lbs .  and i n  
stress reducing a t  2300 lbs .  The door is  n o t   e f f e c t i v e   a t  low 
loads  because a c e r t a i n  amount  of load i s  necessary   to   c lose  
the  gap  between the  door  and the   cu tout .  

Applied Force 

WR L 254 TESTS OF A STEESS-CARRYING DOOR I N  SHEAR, Robert  Gottlieb,  August 
1942 

A monocoque  box wi th  a stress carrying  door   placed  in  a cu tout  
was t e s t e d   i n   t o r s i o n .  It ~7as   found  tha t  much of the t o r s i o n a l  
s t i f f n e s s   l o s t  when the   cu tou t  was made  was regained by the  
door, i n   f a c t   i f   t h e  door  and i t s  frame a r e  made s u f f i c i e n t l y  
heavy   t hen   t he   t o r s iona l   s t i f fnes s   can   be   g rea t e r   w i th   t he   door  
than   before   the   cu tout .  
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ITR L 255 EXTENDED TABLES OF STIFFNESS AND CARRY-OVER FACTOR  FOR  STRUCTURAL 
MDIBERS UNDER AXIAL LOAD, Eugene E. Lundquist  and W. D. Kroll ,  
February  1944 

Concerns member under  axial   load  with  equal end moments; the   so lu-  
t ion   to   th i s   p roblem is  a v a i l a b l e   i n  Bruhn's  handbook. 

I.TR L 256 THE EFFECT  OF INITIAL DISPLACEMENT OF THE CENTER SUPPORT ON THE 
BUCKLING OF A COLUMN CONTINUOUS OVER THREE SUPPORTS, Eugene E. 
Lundquist and Joseph N. Kotanchik, November 1940 

Tests were run   t o   de t e rmine   t he   e f f ec t   on   t he   c r i t i ca l   l oad   o f  
the  two spans of a column supported by three   suppor ts  when the  
center   support  is  al lowed  an  ini t ia l   d isplacement .  The c r i t i c a l  
load   for   the  ,two spans  are  both  reduced by t h e   i n i t i a l   d i s p l a c e -  
ment, but   this   displacement  i s  so s m a l l   t h a t   t h e   e f f e c t  o f  curva- 
ture  due  to  bending on the   c r i t i ca l   l oad   fo r   t he   compress ion  
f l a n g e   m a t e r i a l  of a box beam is  probably  small  and  cad  be 
neglected i n  engineeringdesign. The center   support  57as allowed  to 
d e f l e c t  by being  hinged s o  a s   t o   b e   f r e e   t o  move p a r a l l e l   t o   t h e  
column during  buckling. 

WR L 257 THE EFFECT OF ARTIFICIAL AGING ON THE TENSILE PROPERTIES OF ALCLAD 
24s-T AND 24s-T ALUMINLTM ALLOY, Joseph N. Kotanchik,  \?alter Woods, 
and  George W. Zender,  August  1943 

The e f f e c t  of aging  on 24s-T Alclad  and  sheet i s  n e a r l y   t h e  same. 
For  every  temperature  there i s  a length of time t h a t   g i v e s  a maxi- 
mum v a l u e  of  strength.  While  aging  caused a s l i g h t   i n c r e a s e   i n  
u l t ima te   y i e ld   s t r eng th   i n   cause   o f   l a rge   dec rease   i n   e longa t ion .  
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Temperature 

WR L 258 EFFECT OF NORMAL PRESSURE ON TKE CRITICAL COMPRESSIVE STRESS OF 
CURVED SHEET, Norman Rafel, November 1942 

Tests were made to   determine  experimental ly   the  effect  of  normal 
pressure on  the  cr i t ical   compressive stress of a curved  sheet. 
A s h e l l  was formed  by f a s t en ing  fmo curves  sheets   together  a t  the 
edges  and  applying  an a i r  load   to   the i r   inner   sur faces .  

Loading  the  sheets by app ly ing   t he   a i r   l oad   i nc reases   t he   c r i t i -  
c a l  compressive stress. The increase  in  compressive  load, per- 
centage-wise, i s  g r e a t e r   f o r   u n s t i f f e n e d   o r   l i g h t l y   s t i f f e n e d  
sheets .  

388 Outward  acting normal pressure, psi 



WR L 259 SOME  STRENGTH TESTS OF STIFFENED CURVED SHEETS LOADED I N  SHEAR, 
P a t r i c k  T. Chiar i to ,  A p r i l  1944 

F i r s t   p a r t  of a s e r i e s   o f  tests t o  be  run  to   f ind  the  effect   of  
shear  on  curved  sheets.   Tests were made of  curved 1-7eb beams and 
c y l i n d r i c a l   s h e l l s  of  24s-T  aluminum a l loy .  No conclusions were 
made but   the   da ta  from t h e   f i r s t   s e r i e s   o f  tests was l i s t e d .  
There v7as a v ide   s ca t t e r ing   o f   t he   da t a .  

F J R  L 268 THE EFFECT OF ANGLE OF BEND BE'IWEEN PLATE ELEMENTS ON THE LOCAL 
INSTABILITY OF FORMED  Z-SECTIONS, J. Alber t  Roy and- Evan H. 
Schuette,  September  1944 

39 Z-sections formed  from  24s-T a l l o y   s h e e t   w i t h   t h e   a n g l e  of bend 
between the   f l anges  and t h e  web varying from 50 t o  1200 were t e s t -  
ed as columns.  Angles  of  bend  from 30° t o  120°  had l i t t l e  o r  no 
e f f e c t  on t h e   c r i t i c a l  stress o r  on  the  average stress a t  maximum 
l o a d   f o r   l o c a l   i n s t a b i l i t y  of t h e  columns.  The lengths   o f   the  
columns were such   tha t  a t  angles  of bend  below 30° t h e y   f a i l e d  
by  Euler  buckling. 

FR L 280 COiylpARISON  TESTS  OF SIX CURVED PAPER-BASE  PLASTIC  PANELS WITH 
OUTWARD-ACTING NORMAL PRESSURE, Evan H. Schuette,  Norman Rafel,  
and  Charles V. Dobrowski,  September  1944 

Outdated  mater ia l .  

FR L 284 COLUMN AND PLATE COMPRESSIVE  STRENGTHS  OF AIRCRAFT STRUCTURAL 
MATERIALS EXTRUDED 14s-T ALUMINUM ALLOY, George J. Heimerl and 
Donald E. Niles, May 1946 

Column and p la te   compress ive   s t rengths   o f   ex t ruded  14s-T  aluminum 
a l l o y  were determined  both  within and  beyond t h e   e l a s t i c   r a n g e  
from tests of   f la t -end  &sect ion columns  and  from loca l -  
i n s t a b i l i t y  tests of H-, Z- and channel-section columns.  These 
tests a r e   p a r t  of an   ex tens ive   r e sea rch   i nves t iga t ion   t o   p rov ide  
d a t a   o n   t h e   s t r u c t u r a l   s t r e n g t h   o f   v a r i o u s   a i r c r a f t   m a t e r i a l s .  
The r e s u l t s  are p r e s e n t e d   i n   t h e  form of curves and c h a r t s   t h a t  
a r e   s u i t a b l e   f o r   u s e   i n   t h e   d e s i g n  and a n a l y s i s   o f   a i r c r a f t  struc- 
tu re s .  

FR L 293 TESTS OF HYDRAULICALLY EXPANDED RIVETS, Merven W. Mandel, Harold 
Crate,  and Evan H. Schuette,  March  1944 

An i n v e s t i g a t i o n  ~7as made to   determine  , the   t ightness ,   shear  
s t r e n g t h ,   t e n s i l e   s t r e n g t h  and l i f e  under   pulsat ing  loads  of  
hollov7, hydrau l i ca l ly  expanded rivets. Two types  of 17.5-T 
aluminum a l l o y  rivets of  1/8  inch  diameter - countersunk-head 
rivets wi th  a 24s-T aluminum-alloy  insert   in  the  hollow  shank 
and  modified-roundhead rivets wi th  no i n s e r t  - were  invest igated.  
The tests resu l t s   ind ica te   tha t   the   countersunk-head  rivets, 
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w i t h   i n s e r t s ,  had an  average maximum load   i n   shea r  more than 150% 
grea te r   than   the   average  maximum load  for  the  modified-roundhead 
rivets, which  had no i n s e r t .  The average   y ie ld   load   for   the  
countersunk-head rivets, however, was o n l y   s l i g h t l y  more than 
t h a t   f o r   t h e  modified-roundhead rivets. For  modified-roundhead 
rivets having  bores  of 0.085 inch  or  of  0.100  inch  diameter, 
t he re  was no apprec iab le   d i f f e rence   due   t o   bo re   d i ame te r   i n  
either t h e   y i e l d   l o a d   o r   t h e  maximum l o a d   i n   s h e a r ,   o r   i n   t h e  
maximum t e n s i l e   l o a d .   I n   t e n s i o n  tests, both  types  of r ivet  tend- 
ed t o  f a i l  by  pul l ing  the  shank end of   the  r ivet  through  the  sheet,  
i f  the  hollow  length  of the rivet protruded  0.116  inch  or less be- 
yond the   shee ts .   In   the   pu lsa t ing- load  tests, the  looseness  of 
t he  rivets apparent ly   induced   re la t ive ly  severe loading  condi- 
t ions .  AS a r e s u l t ,   t h e  l i f e  o f   t h e   j o i n t s  was very   shor t ,  70 
c y c l e s   o r  less. 

IJR L 294 A STUDY OF THE TIGHTNESS AND FLUSHNESS  OF  MACHINE-COUNTERSUNK 
RIVF,TS  FOR  AIRCRAFT, Eugene E. Lundquist and Robert   Gottl ieb,  
June 1942 

Methods inves t iga ted :  

1. The manufactured  head  of  the  countersunk rivet i s  buckled  on 
a f l a t  p la te   whi le   the   shank  end i s  dr iven  by  hand wi th  a hammer. 

2. The manufactured  head  of  the  countersunk rivet is  buckled on 
a f l a t   p l a t e   w h i l e   t h e   s h a n k  end is  dr iven   wi th  a v i b r a t i n g  gun. 

3. The manufactured  head  of  the  countersunk rivet i s  dr iven   wi th  
a v i b r a t i n g  gun while  the  shank end is  buckled  with a bar .  

4. The countersunk rivet is dr iven   wi th  a pneumatic  squeeze. 

5. The manufactured  roundhead  of  the r ivet  i s  dr iven   wi th  a vi- 
b r a t i n g  gun while  the  shank end is buckled  with a bar .   Af te r   the  
rivet i s  dr iven ,   the   por t ion   o f   the  formed  head tha t   p ro t rudes  
above   the   sk in   sur face  i s  mi l led   o f f  and f in i shed  smooth with 
the   shee t .  

CONCLUS IONS : 

A comparison of the   qua l i ty   o f   machine-countersunk  r ive ted   jo in ts  
on   the   bas i s   o f  maximum load  a lone is no t   j u s t i f i ed .   Fo r   t he  
rivets on   t he   ex te r io r   su r f aces  of a i r c r a f t ,  it appea r s   t ha t  
f lushness   and  yield  load  as  a measure  oft ightness  should  be  the 
c r i t e r i o r   o r   q u a l i t y .  

The f a c t   t h a t   h i g h e r   y i e l d   l o a d s  were obtained  by  riveting  methods 
1, 2, 3 and 4 when hb was p o s i t i v e   t h a n  when  h  was nega t ive  

i n d i c a t e d   t h a t   t h e   d r i v i n g   o f   t h e  r ivet  m a t e r i a l   i n t o   t h e   h o l e   t o  
b 
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f i l l  i t  i s  the   mos t   impor t an t   f ac to r   i n   ob ta in ing   t i gh t  rivets. 

Because r i v e t i n g  method 5 gave  higher  yield  loads  than  methods 1, 
2, 3 and 4, i t  is  probable   tha t ,   o f   the   r ive t ing   methods   inves t i -  
ga ted ,   th i s  method o f   r i v e t i n g  f i l ls  the  hole  most  completely.  
In   the   p rocess   o f   d r iv ing   the  rivets of method 5, the shank swells 
along i t s  en t i r e   l eng th ,   f i l l i ng   t he   coun te r sunk- r ive t   ho le   p ro -  
g re s s ive ly  from  bottom  to  top. 

In   add i t ion   t o   p roduc ing   r i gh t  rivets, any  method of  r i v e t i n g   t h a t  
completely f i l l s   t h e  machine  countersunk  holes  and  removes  the 
protruding  port ions  of  the rivet heads a f t e r   d r i v i n g   a l s o   p r o v i d e s  
a method of   obtaining a un i fo rm  su r face   f i n i sh   t ha t  i s  p a r t i c u l a r l y  
useful  where extreme smoothness i s  required.  Use of   e i ther   o f  the 
m i l l i n g   t o o l s   t o  remove the   p ro t rud ing   po r t ions   o f   t he  rivet heads 
ail1 give  a s u r f a c e   s u f f i c i e n t l y  smooth  that, when the su r face  i s  
painted  and  rubbed dotm, the rivets cannot   be   de tec ted .   I f   pa in t  
is  not   appl ied,  a f i n a l   r u b b i n g  dolm o r   f i n i sh ing   ope ra t ion   on   t he  
metal su r face  i s  required  to  accomplish the same r e s u l t s .  Rivets 
in s t a l l ed   by  method 5 could  not   be  detected  by  inspect ion  of   the 
unpainted  surface when t h e   f i n a l   f i n i s h  was made. 

It appea r s   t ha t   s epa ra t e   ope ra t ions   a r e   necessa ry   i n   t he   p rocedure  
o f   r i v e t i n g   i f   t h e   j o i n t s  are to   be   o f   h igh   qua l i t y  with re spec t  
t o   bo th   t i gh tness   o f   t he   j o in t  and f lushness   o f   the  rivet. 

% = height   o f   the  r ivet  head  above o r  below t h e   s k i n   s u r f a c e  
be fo re   d r iv ing  

WR L 297 COMPARATIVE  TESTS  OF THE STRENGTH AND TIGHTNESS  OF  COMMERCIAL 
FLUSH RIVETS OF ONE TYPE AND NACA FLUSH RIVETS I N  MACHINE COUNTER- 
SUNK AND COUNTERPUNCHED JOINTS, Merven W. Mandel 

An i n v e s t i g a t i o n  v7as conducted  to  compare  the  strength  and  t ight-  
ness  of  machine-countersunk  flush-riveted  joints  assembled  with 
NACA f l u s h  rivets and  one  type of commercial f l u s h  r ivet  and a l s o  
t o  compare t h e   s t r e n g t h  and t ightness  of  counterpunched  f lush- 
r ive ted   jo in ts   assembled   wi th   the  same types  of rivet. The r e s u l t s  
of t h e   i n v e s t i g a t i o n   a r e   p r e s e n t e d   i n   t h e  form  of  load-displacement 
curves ,   which  indicate   that  the NACA f lush- r ive ted   jo in ts   t ended  
to   be  somewhat s t ronge r  and t ighter   than  the  corresponding commer- 
c i a l   f l u s h - r i v e t e d   j o i n t s .  The test r e s u l t s   a l s o  show t h a t   b o t h  
t h e  commercial  and NACA counterpunched  flush-rivet  specimens  had 
considerably  greater   s t rength  than  the  machine-countersunk  speci-  
mens of   corresponding  sheet   thickness .  

IJR L 307 SHEAR-LAG  TESTS  OF TWO BOX BEAMS  WITH  FLAT  COVERS LOADED TO DE- 
STRUCTION, P a t r i c k  T. Chiarito,  October  1942 

Strain-gage tests were made on two box beams loaded   to   des t ruc t ion  
i n  an   a t t empt   t o   ve r i fy   t he   shea r - l ag   t heo ry  a t  stresses beyond 
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t h e   y i e l d   p o i n t .  The tests r e s u l t s   i n d i c a t e d   t h a t   t h e   c o r n e r -  
f l ange  stresses can  be  predicted  with a fa i r   degree   o f   accuracy .  
Collapse  of  both beams  was p r e c i p i t a t e d  by f a i l u r e   o f   t h e   c o r n e r  
angles  a t  stresses c l o s e   t o   t h e  column y i e l d  stress of  the  mater- 
i a l .  

Theory  tested: NACA Rep.  739 , 1942, Kuhn, Paul,  and  Chiarito, 
P a t r i c k  T. 

WR L 310 COMPARISON  OF AN APPROXIMATE AND AN EXACT METHOD OF  SHEAR-LAG 
ANALYSIS, John E. Duberg, January 1944 

I n  beams of   pract ical   proport ions  the  approximate  theory  of   the 
s u b s t i t u t e   s i n g l e   s t r i n g e r  will p r e d i c t  a conse rva t ive   va lue   fo r  
t h e  maximum corner-f lange stress which,  on the   bas i s   o f   the   exac t  
so lu t ions ,  will b e   i n   e r r o r  by less than 10%. Comparisons wi th  
e x p e r i m e n t a l   r e s u l t s   i n d i c a t e   t h a t   t h e   d i f f e r e n c e  between  the 
s u b s t i t u t e   s i n g l e - s t r i n g e r   s o l u t i o n   f o r   t h e  maximum corner   f lange  
and  observed  values is, in   gene ra l ,  less than  the  value  of  10% 
indica ted  by the   exac t  method. 

Adequate   values   for   design stress f o r   s t r i n g e r s  and sheets   of  
axial ly   loaded  panels   dan  be  obtained  by  the  subst i tute   s ingle-  
s t r i n g e r  method, whi le   the   exac t  method grea t ly   exaggera tes   the  
maximum shear  stress. 

WR L 315 EFFECT OF COUNTERSUNK DEPTH ON THE TIGHTNESS OF TWO TYPES OF 
MACHINE-COUNTERSUNK RIVET, Robert  Gottlieb,  October  1942 

Method 3 - The manufactured  head  of  the  countersunk  rivet i s  dr iven  
wi th  a v i b r a t i n g  gun while   the  shank end is  bucked wi th  a bar.  The 
commercial r ive t  head i s  turned doFm i n  a l a t h e   i n   o r d e r   t o   c o n t r o l ,  
for   the  different   countersunk  depths ,   the   height  hb  of t he  r ivet  

head  above o r  below the   sk in   sur face   before   d r iv ing .   This   he ight  
is designated as p o s i t i v e  when t h e  r ivet  head i s  above  the  s ink 
su r face  and  negative when t h e  r ive t  head i s  below the   sk in   su r f ace .  
I n   t h i s   i n v e s t i g a t i o n ,  % was  made approximately  0.005 , 0.000 o r  
-0.005 inch. 

Method 5 - The manufactured  roundhead  of  the r i v e t  i s  dr iven   wi th  
a v i b r a t i n g  gun while   the  shank end i s  bucked wi th  a bar .   After  
t h e  r ivet  i s  dr iven,   the   port ion  of   the formed  head tha t   p ro t rudes  
above   the   sk in   sur face  i s  mi l led   o f f   wi th  a f lu sh - r ive t   mi l l i ng  
too l .  

CONCLUSIONS : 

1. Rivet ing method 5 produces  f lush r ivets of   cons is ten t ly   h igher  
s t r eng th   qua l i t y   t han  method 3 f o r   a l l   d e p t h s  of  countersink  in- 
ves t iga ted .  
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2. For a given  sheet   thickness ,  the y i e l d   l o a d   f o r   r i v e t i n g  
method 5 i s  almost  independent  of  the  depth  of  countersink;  where- 
a s ,   f o r   r i v e t i n g  method 3, t he   y i e ld   l oad  i s  appreciably  lowered 
by an   increase   in   the   depth   o f   counters ink .  

3. For a given  sheet   thickness   and  depth  of   counters ink,   r ivet ing 
method 3 d e v e l o p s   b e t t e r   s t r e n g t h   q u a l i t i e s  when  h is  p o s i t i v e  
than when hb i s  negative.  b 

m L 323 THE STRENGTH AND STIFFNESS OF SHEAR WEBS WITH ROUND LIGHTI~NING 
HOLES HAVING 45O  FLANGES, Paul  Kuhn,  December 1942 

F?R L 324 AN APPROXIMATE METHOD OF SHEAR-LAG ANALYSIS  FOR BEAMS LOADED  AT 
RIGHT ANGLES TO THE  PLANE  OF SYMMETRY OF THE CROSS SECTION, Paul 
Kuhn and  Harold G. Brilmyer, September  1943 

These two repor t s  were reviewed by  Kuhn f o r   h i s  book.  The essen- 
t i a l   f e a t u r e s  and  subsequent  developments are reported  therein.  
The r e p o r t s   a r e   c i t e d   h e r e   o n l y   t o   i n d i c a t e   t h e i r   a p p l i c a b i l i t y   t o  
t he   p re sen t   p ro j ec t .  

WR L 326 PRINCIPLES OF  MOMENT DISTRIBUTION  APPLIED TO STABILITY OF STRUC- 
TURES  COMPOSED  OF BARS OR PLATES, Eugene E. Lundquist,  Elbridge 
Z. Stowell,  and Evan H. Schuette,  November 1943 

The pr inciples   of   the   Cross  method o f  moment d is t r ibu t ion ,   which  
have   p rev ious ly   been   app l i ed   t o   t he   s t ab i l i t y   o f   s t ruc tu res  com- 
posed of bars   under   ax ia l   load ,   a re   appl ied   to  the s t a b i l i t y  of 
s t r u c t u r e s  composed of   long   p la tes   under   longi tudina l   load .  A 
b r i e f   t h e o r e t i c a l   t r e a t m e n t  of the subjec t ,  as app l i ed   t o   s t ruc -  
t u r e s  composed o f   e i t h e r   b a r s   o r   p l a t e s ,  is  included,  together 
w i t h   a n   i l l u s t r a t i v e  example for   each  of   these two types  of 
s t r u c t u r e .  An appendix  presents   the  der ivat ion  of   the  formulas  
f o r   t h e   v a r i o u s   s t i f f n e s s e s  and  carry-over   factors   used  in   solv-  
i n g  problems i n   t h e   s t a b i l i t y  of s t r u c t u r e s  composed of long 
p l a t e s .  

! 

References:  Cross, Hardy, Analysis  of  Continuous  Frames  by Dis- 
t r i b u t i n g  Fixed-End Moments. Trans. Am. SOC. Civil Eng., vo l .  96, 
1932,  pp.  1-10. 

WR L 340 CRITICAL  STRESS  FOR AN INFINITELY LONG FLAT  PLATE WITH ELASTICALLY 
RESTRAINED EDGES UNDER COMBINED SHEAR AND DIRECT STRESS, Elbridge 
Z. Stowell  and Edward B. Schwartz, November 1943 

It i s  concluded  that   the   values   of '  combined shear   and   d i rec t  stress 
a t  wh ich   an   i n f in i t e ly  long, f l a t   p l a t e   s u p p o r t e d   a l o n g  the edges 
wi th   equal  elastic restraints a g a i n s t   r o t a t i o n  may be  determined 
fo r   p rac t i ca l   eng inee r ing   pu rposes  by the   equat ion  
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where: 

Rc = r a t i o  o f   d i r e c t  stress when buckl ing  occurs   in  combined 
shea r  and d i r e c t  stress to  compressive stress when 
buckling  occurs  in  pure  compression;  tension is  regarded 
as  negative  compression 

Rs = r a t i o  o f  shear  stress when buckl ing   occurs   in  combined 
shea r  and d i r e c t  stress to   shea r  stress when buckling 
occur s   i n   pu re   shea r  

WR L 352 A METHOD OF  CALCULATING BENDING STRESSES DUE TO TORSION, Paul  
Kuhn, December 1942 

\JR L 367 THE STRENGTH OF  PLANE WEB SYSTEHS I N  INCOMPLETE DIAGONAL TENSION, 
Paul Kuhn and P a t r i c t  T. Chiar i to  

ITR L 368 STRESSES AROUND RECTANGULAR CUTOUTS I N  SKIN-STRINGER  PANELS UNDER 
AXIAL LOADS - 11, Paul Kuhn, John E. Duberg, and Simon H. Diskin, 
October  1943 

Comments on   t hese   t h ree   r epor t s   a r e   t he  same as t h o s e   f o r  WR L 324. 

T J R  L 393 SHEAR TESTS ON DUPONT EXPLOSIVE RIVETS WITH THE COUNTERSUNK HEAD 
MILLED  FLUSH  AFTER EXPANSION, Robert   Gottl ieb and  Leonard M. 
Bartone, May 1943 

In   p rev ious   repor t s  i t  has  been  found  desirable  to  allow  the  head 
of a machine-countersunk r ivet  to   p ro t rude  a d e f i n i t e  amount above 
the   sk in   su r f ace   be fo re   d r iv ing  and then   to  remove the   p ro t ruding  
p o r t i o n   a f t e r   d r i v i n g .   I n   t h i s  way, t i g h t  and  smooth r ivets  were 
obtained  even  though  large  tolerances  in  countersunk  depth were 
permitted.  

This  paper is a similar i n v e s t i g a t i o n   i n  which the  heads  of DuPont 
explosive  countersunk rivets were allowed  to  protrude  varying 
amounts  above the   sk in   sur face   before   expans ion  and the   p ro t rud ing  
po r t ions  were removed af ter   expansion.  

On the   bas i s   o f  these few tests, i t  would  appear  desirable  to  in- 
v e s t i g a t e   t h e   p o s s i b i l i t y  of f i l l i n g   t h e   e n t i r e  shank  with  an ex- 
p los ive   cha rge   i n   o rde r   t o   pe rmi t   g rea t e r   t o l e rances   i n   t he  
d i ame te r   o f   t he   d r i l l ed   ho le  and s t i l l  produce   cons is ten t ly   t igh t  
rivets. This  advantage  might  outweigh  the  disadvantage  of  the 
reduced maximum load   tha t  would r e s u l t  from the   decrease  i n  cross-  
s e c t i o n a l   a r e a  of t h e  r ivet  shank. 

WR L 398 TABLES OF STIFFNESS AND CARRY-OVER FACTOR  FOR  FLAT RECTANGULAR 
PLATES UNDER COMPRESSION, W. D. Krol l ,  November 1943 
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V I R  L  399 

V J R  L 401 

FIR L 402 

WR L 416 

. .  

38 pages  of   tables   are   presented of  s t i f f n e s s  and  carry-over  fac- 
t o r   f o r   i n f i n i t e l y   l o n g   f l a t   p l a t e s   s u b j e c t e d   t o  a uniformly 
dis t r ibuted  longi tudinal   compressive  load.  The t ab le s   a r e   i n t end-  
ed f o r   u s e   i n   s o l v i n g   p r o b l e m s   i n   t h e   s t a b i l i t y  of s t r u c t u r e s  com- 
posed of plates  under  compression. 

STRESSES AROUND RECTANGULAR CUTOUTS I N  SKIN-STRINGER PANELS UNDER 
AXIAL  LOADS, Paul  Kuhn and Edwin M. Moggio, June  1942 

A PROCEDURE  FOR THE SHEAR-LAG ANALYSIS  OF BOX BEAMS, Paul  Kuhn, 
January  1943 

THE: STRENGTH AND STIFFNESS OF SHEAR WEBS WITH AND WITHOUT LIGHTEN- 
ING HOLES; Paul  Kuhn, June  1942 

The mater ia l   in   these   th ree   repor t s   has   been   adequate ly  summarized 
i n  Kuhn's  book. 

EFFECT OF NORMAL PRESSURE ON THE: CRITICAL SHEAR STRESS OF CURVED 
SHEET, Norman Rafel,  January  1943 

1. Loading  of  the  specimen u n t i l   b u c k l i n g   o c c u r r e d   a t  normal 
p re s su re   a s   h igh   a s  6 ps i   d id   no t   apprec iab ly   in jure   the   spec imen 
f o r   a d d i t i o n a l  tests a t   d i f f e r e n t   p r e s s u r e s .  The presence of 
permanent  buckles, however, d i d   l o w e r   t h e   c r i t i c a l   s h e a r  stress 
f o r   t h e  specimen. 

2. An outward-acting normal p res su re   app rec i ab ly   r a i se s  the 
c r i t i ca l  shear  stress for   unst i f fened  curved  sheet .  

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 nor- 
mal p re s su re  was s l i g h t l y   g r e a t e r   f o r  a 30-inch r i b   s p a c i n g   t h a n  
f o r  a 10-inch  spacing. On the  basis  of  percentage,  however, t h 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  pressure is  
cons iderably   g rea te r   for   the   30- inch  r ib  spac ing   t han   fo r  the 
10-inch  spacing. 

4.  The curve  of  shear stress aga ins t  normal p r e s s u r e   a t  which 
buckles  disappeared was always  below  the  curve  of  shear stress 
against   normal  pressure  at   which  the  buckled  appeared. 

5. The relat ionship  between  shear  stress and  normal p r e s s u r e   a t  
which  buckles  disappeared i s  independent .of whether  the  buckles 
were made to   d i sappear   by   increase  of normal  pressure  or  by 
decrease  of  shear stress. 

6. The t o r s i o n a l   s t i f f n e s s  of the  specimens  before  buckling was 
not   affected  s ignif icant ly   by  an  outward-act ing  normal   pressure.  
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TJR L 429 CHARTS FOR CALCULATION OF THE CRITICAL STRESS FOR  LOCAL INSTABIL- 
ITY OF COLUMNS  WITH I-, Z-, CHANNEL AND RECTANGULAR-TUBE SECTION, 
TJ. D. Krol l ,  Gordon P. Fisher,  and  George J. Heimerl, November 1943 

These  char ts   are   intended  to   replace  the less complete  charts 
pub l i shed   i n  NACA TN 743. 

An experimental   curve i s  inc luded   for  use in   t ak ing   i n to   accoun t  
t he  effect o f  stresses above  the  e las t ic   range  on  the modulus of 
e l a s t i c i t y   o f  24s-T  aluminum a l loy .  

WR L 442 STRENGTH TESTS OF THIN-WALL  TRUNCATED  CONES OF CIRCULAR SECTION, 
Eugene E. Lundquist  and Evan H. Schuette, December 1942 

Since monocoque fuselages  usual ly   have some taper ,  tests were 
made to   de te rmine   the   s t rength   o f   th in-wal l   t runca ted   cones  o f  
c i rcu lar   sec t ion   in   to rs ion ,   compress ion , .and  combine t ransverse  
shear  and  bending. It was found t h a t   t h e   s t r e n g t h  of the  cone 
could  be computed by  the  formulas   for   thin-wal led  cyl inders   as  
long as the   ang le  between t h e   s i d e s  of  the  cone and t h e   a x i s  i s  
taken  into  account.  

T =  
r =  
t =  

- 
fs - 
f c  - 

- 

P =  
a =  

f b  - 
M =  
I =  

- 

- 
fv  - 
V '  = 
v =  
'b - 

- 

fS 

f b  

fv 

a p p l i e d   t o r q u e   a t   f a i l u r e  
rad ius  a t  a p a r t i c u l a r   s e c t i o n  
thickness  
shear  stress a t  f a i l u r e  

compressive stress a t   f a i l u r e  

applied  compressive  load 
angle  between  axis  of  the  cone  and  the  longitudinal ele- 
ments  of  the  surface 
maximum bending stress a t  f a i l u r e  

appl ied  moment a t   f a i l u r e  
moment o f   i n e r t i a   o f   t h e   c r o s s   s e c t i o n  
maximum shear  stress a t   f a i l u r e   f o r  combination  loading 

e f f e c t i v e   s h e a r   a t   f a i l u r e  (V - 
appl ied   t ransverse   shear  
s h e a r   r e s i s t e d  by  bending stresses (M t a n  a) /r 

'b) 

I 

T s e c a  - L1 f c  - - f c = f  - 
2 m  t c1 
" 

2 
- 

2 f l t  

- Mr sec  a = - seca  " 

I 2 
Trrt 

V ' r  - 2 V '  
I Jrrt 

- "" 

Subscript  1 denotes  cone  base. 
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WR L 466 CRITICAL STRESSES FOR PLATES, Eugene E. Lundquist  and Evan H. 
Schuette,  October  1943 

This i s  a review of p a r t  of  the work  done  by NACA on t he   sub jec t  
o f   t h e   c r i t i c a l  stresses fo r   p l a t e s   i n   compress ion  and i n  shear, 
a s  well as i n  combined d i r e c t  stress and shear.  Although some 
t h e o r e t i c a l  methods are  presented,  the  main  emphasis is  on  the 
p r a c t i c a l   s i g n i f i c a n c e  and use  of   the   resu l t s  of bo th   t heo re t i ca l  
s t u d i e s  and l abora to ry  tests concerned  with  the  buckling of p l a t e s .  

I?R L 472 THE LONGITUDINAL SHEAR STRENGTH REQUIRED I N  DOUBLE-ANGLE COLUMNS 
OF 24s-T ALUMINUM ALLOY, Paul Kuhn and Edwin M. Moggio, May 1943 

Tests  were made of riveted  double-angle columns to   determine  the 
t o t a l   r i v e t   s t r e n g t h   t h a t  i s  requi red   to  make these  bui l t -up 
columns  develop t h e   s t r e n g t h   p r e d i c t e d  by the  s tandard column 
formulas.  Results of t h e  tests l ed   t o   t he   conc lus ion  that the 
required r ivet  s t r e n g t h  may be   ca l cu la t ed  by t h e  beam method of 
design where: 

with: 

% = r equ i r ed   r i ve t   s t r eng th ,  ksi 
Q = s t a t i c  moment of   cross-sect ion  of   one  angle   about   neutral  

a x i s  of  column, in .  
b = width of outstanding  lag,   inches 
c = f i x i t y   c o e f f i c i e n t  

3 

The minimum pitch,  of  course, must  be  chosen  to  prevent  buckling 
of the  individual  angles  between rivets. 

FIR L 476 CRITICAL SHEAR STRESS OF AN INFINITELY LONG FLAT PLATE WITH EQUAL 
ELASTIC  RESTRAINTS  AGAINST ROTATION ALONG THE PARALLEL EDGES, 
'Elbridge Z. Stowell, November 1943 

A c h a r t   f o r   t h e   v a l u e s  of t h e   c o e f f i c i e n t   i n   t h e   f o r m u l a   f o r   t h e  
c r i t i c a l   s h e a r   s t r e s s   a t  which  buckling.may  be  expected  to  occur 
i n  a n   i n f i n i t e l y   l o n g   f l a t   p l a t e   w i t h   p a r a l l e l   e d g e s  i s  presented. 

The p l a t e  i s  assumed to  have  supported  edges  with  equal  elastic 
r e s t r a i n t s   a g a i n s t   r o t a t i o n   a l o n g   t h e i r , l e n g t h .  The mathematical 
de r iva t ions  of   the  formulas   required  for   the  construct ion  of   the 
c h a r t  are g iven   i n  fxo appendices. 

tR L 482 SJ3EAR-LAG  TESTS OF TVO BOX BEAMS WITH CORRUGATED COVERS LOADED 
TO FAILURE, P a t r i c k  T. Chiarito,  January  1944 
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S t r a i n  measurements  were made on the  compressive  side of the box 
beams with  corrugated aluminum s ides   loaded   to   fa i lure .  The cor- 
ner   f langes were formed  from s h e e t   f o r  box 1 where  the  angle was 
extruded  for  box 2. The shear   lag  theory  gave  values   within 10% 
f o r  beam 1 and 5% f o r  beam 2. F a i l u r e  i n  the  beams occurred a t  
the  corner   angles  a t  a stress t h a t  was higher  than  the  compressive 
y i e l d  stress of the  mater ia l .  Both the  formed  and  extruded  angles 
were thicker   than  the  cover   (s ide)   sheet .  

T J R  L 495 A PRELIMINARY STUDY OF MACHINE-COUNTERSUNK FLUSH RIVETS SUBJECTED 
TO A COMBINED STATIC AND ALTERNATING SHEAR LOAD, Harold  Crate, 
December 1943 

Tests were made to   de te rmine   the   e f fec t   o f   the   l ength   o f   the  head 
of t h e   r i v e t   p r o t r u d i n g  on t h e  number of cyc le s   t o   f a i lu re   o f  a 
machine-countersunk  flush-riveted  joint  under a  combined s t a t i c  
and a l t e rna t ing   shea r   l oad .  

When the  head of the rivet protruded  before   the  r ivet  was dr iven 
the number of   cyc les   to   fa i lure   var ied  from 500,000 t o  1,000,000; 
when t h e  head was below the   l eve l   o f   t he   sk in   t he  number of  cycles 
va r i ed  from 50 t o  100. I f  hb, he igh t  of t h e  r ivet  head  above  the 

sheet  before  being  driven, was z e r o   o r   p o s i t i v e   t h e   f a i l u r e  was 
i n   t h e   s h e e t ,   b u t   i f  h,, was n e g a t i v e   t h e   f a i l u r e  was  by shear  of 
t h e  r ivet .  

T J R  L 499 COMPRESSIVE  STRENGTH OF FLAT PANELS WITH Z-SECTION  STIFFENERS, 
Carl  A. Rossman, Leonard M. Bartone,  and  Charles V. Dobrowski, 
February 1944 

This was a s tudy   to   de te rmine   the   e f fec t  of va ry ing   r a t io s  of 
different   dimensions.  

bA = width  of  at tachment  f lange 

bF = width  of   outs tanding  f lange 

bS = spac ing   of   s t i f feners  

b = width of web 
W 

tw = thickness  of web 

t = thickness  of  sheet 

L = length 
S 

The  specimens  with b /b = .2  had less compress ive   s t r e s s   a t  maxi- 

mum load  than  those  specimens  with b /b 's of . 3 ,  . 4  o r  .5. 

L i t t l e  change  takes   place  in   the  average stress when b  /b i s  above F w  
. 3 .  The average stress a t  maximum load and the   buck l ing   s t r e s s  
decrease  with  increasing  bs/ ts .  The a v e r a g e   s t r e s s   a t  maximum 

F w  

F w 
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load   increases   wi th   increas ing  t $ts, bu t   t he re   appea r s   t o   be  no 

t rend  with  buckl ing stress f o r  changes i n  tFjts. Changes i n  

b t appear  to  have l i t t l e  e f f e c t  on e i ther   the   buckl ing   load  

o r   t h e  stress a t  maximum load. 
T.1 v7 

Tests  were made on s t r e s s   pane l s   t o   de t e rmine   t he   e f f ec t  on t h e  
s t r e n g t h  of  1-1/2 inch  holes.  This i s  t h e   s i z e   h o l e   t h a t  is  used 
for   condui ts ,   tubing and cont ro l   cab les .  The average   fac tor   o f  
stress v7as about 1.1 times the  stress wi thou t   t he   ho le .   In   t h in  
specimens  with  holes,  permanent se t  began a t  the  buckl ing stress. 
The panels were of  24s-T  aluminum  and r e in fo rc ing   t he   ho le s   d id  
not   increase   the   u l t imate   s t rength .  

1.R L 501 THE  INFLUENCE OF BULKHEAD SPACING ON BENDING STRESSES DUE TO 
TORSION, Paul Kuhn, May 1942 

I f  a r ec t angu la r   t o r s ion  box with  bulkheads  spaced a t  f i n i t e   d i s -  
tances  has a bu i l t - i n   roo t   s ec t ion ,   t he   no rma l   s t r e s ses  and the  
shear stresses caused by t h e   c o n s t r a i n t  a t  the  root   can  be  calcu-  
l a t e d  by Ebner 's   formulas  with  an  accuracy  sufficient  for  most 
prac t ica l   purposes .  

The theory  tends  to   be  s l ight ly   on  the  unconservat ive  s ide,   par-  
t i c u l a r l y   i n   t h e  immediate v i c in i ty   o f   t he   roo t .  Par t  of t h e  
discrepancy  can  be  traced  to a nonl inear   d i s t r ibu t ion   of   the  
bending stiresses; t h i s   f a c t o r  may r e q u i r e   a t t e n t i o n  when the  
cover   cons is t s  of s t i f f e n e r s  and th in   sk in .  

Special  allowances  must  be made on   the   shear  stresses a t   s t a t i o n s  
where  concentrated  torques  are  introduced,  because it will not   be  
p o s s i b l e   i n  many cases   t o   p red ic t   ve ry   c lose ly   t he   e f f i c i ency   o f  
the  bulkhead in   d i s t r ibu t ing   the   load   a round  the   per iphery   o f  
the  box. 

FR L 512 TESTS OF 10-INCH  24S-T ALUI4INU"ALLOY SHEAR PANELS WITH 1-1/2 INCH 
HOLES - I1 - PANELS HAVING HOLES WITH NOTCHED EDGES, Paul Kuhn and 
L. Ross  Levin, Apr i l  1944 

"Previous tests had  shotm t h a t   t h e   y i e l d i n g   o f  24s-T  aluminum 
a l l o y  is  s u f f i c i e n t   t o   r e d u c e   t h e   s t r e s s - c o n c e n t r a t i o n   f a c t o r  
fo r   sma l l   ho le s   t o   va lues   on ly   s l i gh t ly   g rea t e r   t han   un i ty  and 
tha t   r e in fo rc ing   r i ngs   consequen t ly   a f f ec t  no s i g n i f i c a n t  im- 
provement i n   t h e   s t a t i c   s t r e n g t h   d e v e l o p e d  by shear   panels   with 
small holes.  It appears  impossible,   therefore,   to  base  design 
c r i t e r i o n s  of t h e   s t r e n g t h  and s t i f f n e s s  of r e i n f o r c i n g   r i n g s  
on s t a t i c   s t r e n g t h .  The p resen t  tests e s t a b l i s h e d   t h e   f a c t   t h a t  
t h e  stress concentration  around  such  holes i s  ve ry   ma te r i a l ly  
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increased by the  presence  of a notch  and  that   th is   s t ress   concen-  
t ra t ion   caused  by notches  can  be  reduced  effectively by r e in fo rc -  
ing  r ings.   Notches o r  cracks would not exis t  i n   a c t u a l   s t r u c t u r e ,  
however, except as t h e   r e s u l t  of acc iden ta l  damage o r   v i b r a t i o n .  
It appears ,   therefore ,   tha t   des ign   c r i te r ions   for   re inforc ing   r ings  
will need to  be  based  on  service  experience.  '1 

- 
""" 

T T R  L 519 TEST DATA ON THE SHeAR STRENGTH OF JOINTS ASSEMBLED WITH ROUND- 
HEAD AND BRAZIER-HEAD RIVETS, Merven TJ. Mandel  and  Evan H. 
Schuette,  June  1943 

This   report  makes  a  comparison  between  round-head r i v e t s  (AN 430) 
and braz ie r -head   r ive ts  (AN 455).   For  1/8  inch  r ivets  brazier-  
head r i v e t s   a r e   t i g h t e r   f o r   t h i c k n e s s e s  of s k i n  between  0.064 
and  0.081;  round-head r i v e t s   a r e   t i g h t e r   f o r   s k i n   t h i c k n e s s e s  
of  0.025; for  skin  thicknesses  of  0.032  to  0.040  inches  there 
was no d i f f e r e n c e   i n   t h e   f i t .  The t i g h t e r   f i t   e n a b l e s   t h e   r i v e t  
t o   c a r r y  a la rger   load .  

T T R  L 523 TEST DATA ON TJ3E SHEAR STRENGTH OF MACHINE-COUNTERSUNK RIVETED 
JOINTS ASSHBLED BY AN NACA FLUSH-RIVETING  PROCEDURE, Robert 
Go t t l i eb  

When the  manufactured  round  head  of  the  rivet i s  dr iven  with a 
v i b r a t i n g  gun while   the  shank end i s  bucked into  the  countersunk 
hole   wi th  a bar  and the   po r t ion  of the  formed  head tha t   p ro t rudes  
above   t he   sk in   su r f ace   a f t e r   t he  rivet i s  dr iven i s  removed wi th  
a f lu sh - r ive t   mi l l i ng   t oo l ,  it is concluded  that: 

1. The var ia t ions   o f   r ive t -head   angle   inves t iga ted  (45O t o  82') 
had no c o n s i s t e n t   e f f e c t  on t h e   y i e l d  and m a x i m u m  shear   loads.  

2. The y ie ld   load  i s  almost  independent  of  countersunk  depth. 

Interchanging  the  vibrat ing gun  and the   bucking   bar   in   the   fore-  
going method  of driving  does  not  change  the  yield and maximum 
shea r   l oads   fo r   t he   r i ve t s .  

- 

"- 

When the   ho le  i s  countersunk a t  both  ends, a head le s s   r i ve t   i n -  
ser ted,  and  countersunk  heads  formed a t  both  ends  of  the  r ivet ,  
t he re  is  no change i n   t h e   y i e l d  and m a x i m u m  shear   loads from t h e  
values obtained by the  preceding methods of driving.  

T J R  L 524 TESTS OF B W S  HAVING WEBS WITH LARGE CIRCULAR LIGHTENING HOLES, 
L. Ross Levin 

Tests were made on two beams to   de te rmine   the   e f fec t   o f   l a rge  
l i g h t e n i n g   h o l e s   i n   t h e  web on the   s t rength .  It vas found t h a t  
beams cannot   be  designed  without   correct ions  for   the  holes ,  
however, t h e r e  was not  enough d a t a   t o   e s t a b l i s h  a method f o r  
making the   co r rec t ions .  
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WR L 527 A PRELIMINARY STUDY OF THE EFFECT OF  COMPRESSIVE LOAD ON THE 
FAIRNESS OF A LOIJ-DRAG WING SPECIMEN WITH Z-SECTION  STIFFENERS, 
Eastman N. Jacobs, Eugene E. Lundquist,  Milton  Davison, and John 
C. Houbolt 

The f a i rnes s   o f  a wing is measured by r o l l i n g  a s t r a i g h t  edge  over 
t h e   s u r f a c e   t o  see i f   t h e r e   a r . e  any f l a t   o r  buckled  areas.  For 
the   t ype   o f   s t ruc tu re  shotm belot7 t h e r e  v7as no damaging e f f e c t   f o r  
compressive  loading up t o  65% of t h e   u l t i m a t e  stress. 

The loading  produces some f l a t   a r e a s  a t  a l l  loads ;   the   def lec t ion  
caused by the  loading is: 

1 

1" 6f - 
- 

f 

cr 

f = load - 
cr = cr i t ica l  load 

Gf = d e f l e c t i o n  a t  load f 

6o = d e f l e c t i o n   a t   z e r o   l o a d  

WR L 536 THE ANALYSIS  OF  STRAINS INDICATED BY MULTIPLE-STRA-m RESISTANCE- 
TYPE T.IIRE STRAIN GAGES  USED  AS ROSETTES, Norris F. Dow 

This m a t e r i a l  now is  of h i s t o r i c a l   i n t e r e s t   o n l y .  

IR L 557 DATA ON BUCKLING STRENGTH OF CURVED SKEET I N  COMPJiESSION, Harold 
Crate and L. Ross  Levin,  October  1943 

It was found tha t   t he   c r i t i ca l   compress ive   l oad   fo r  a curved  sheet 
between s t i f f e n e r s  is  e i t h e r   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  
an   uns t i f f ened   c i r cu la r   cy l inde r   o f   t he  same radius- thickness  
r a t i o   o r   t h e   c r i t i c a l   c o m p r e s s i v e  stress f o r   t h e  same s h e e t  when 
f l a t  whichever   gives   the  larger   value  of   cr i t ical   compression.  
The c r i t i c a l  compressive stress may be l O V 7 e r  for   the   second and 
subsequent  loadings by the  deformation when the  sheet   buckles  
under   the   f i r s t   load .  



T T R  L 586 BENDING AND SHEAR STRESSES  DEVELOPED BY THE INSTANTANEOUS  ARREST 
OF THE ROOT OF A CANTILEVER BEAM WITH A MASS AT ITS TIP, Elbr idge 
Z. Stowell, Edward B. Schwartz,  John C. Houbolt,  and  Albert K. 
Schmieder 

When a p lane   l ands   the  vertical  component of   ve loc i ty  is  sudd, -.ly 
reduced  to  zero,  the  shock of the  sudden  change i n  motion  gives 
rise t o   v i b r a t o r y  stresses i n   t h e   a i r p l a n e .  The t h e o r e t i c a l  
equations  which were confirmed by experiment  are: 

where 8 is the   n th   roo t   o f   the   equat ion  
ll 

1 + cos0  coshe + re (sinhe  cos0 - cosh0  sine ) = 0 

n 

XW; 
Fn(x, t )  = Bn v_P Ee - - 2E n t s i n  w t 

Tn(x, t) = 

V L  2 
T.7 (x, t) = c - - n e - -  

n c  P 2E 
t s i n  w t n 

the  angular   f requency 

modulus  of e l a s t i c i t y  
v e l o c i t y  of  sound i n  a m a t e r i a l  
rad ius   o f   gyra t ion   of   c ross   sec t ion   of  beam 
length  of beam 
coordinate   a long beam measure  from  root 
dis tance  f rom  neutral  axis of beam t o  any f i b e r  
time, ze ro   a t   impac t  
in tegers   des igna t ing  a p a r t i c u l a r  mode of  v i b r a t i o n  
r a t i o   o f   t i p  mass t o  beam mass 
v e l o c i t y  of beam p r io r   t o   impac t  
de f l ec t ion   o f  beam a t   s t a t i o n  x and t f o r   t h e   n t h  mode 

acce le ra t ion  
bending stress i n  beam a t  s t a t i o n  x, y a t  time t f o r  
t h e   n t h  mode o f   v ib ra t ion  
average stress (shear)   over   cross   sect ion  of  beam a t  
s t a t i o n  x and t €or   t he   n th  mode of   v ibra t ion  
c o e f f i c i e n t   f o r   t h e   n t h  mode o f   v ib ra t ion  
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The higher  modes are quickly damped and therefore   the  lower modes 
are the   on ly   ones   o f   p rac t ica l   in te res t .  

WR L 587 COMPARISON  OF THE COMPRESSIVE STRFNGTH OF  PANELS WITH ALCLAD 
24S-T81 SHEET OR WITH ALCLAD 24S-T86 SHEET RIVETED TO ALCLAD 
24S-T84 HAT-STIFFENERS, Robert A. Weinberger, Carl A. Rossman, 
and  Gordon P. F i she r  

An i n v e s t i g a t i o n  was made to   determine  whether   sheets   of   Alclad 
24S-T86 were stronger   than  sheets   of   Alclad 24S-T81 when bo th   a r e  
re inforced by  24S-T84 s t i f f ene r s .   The re  was no i n c r e a s e   i n  
s t r e n g t h   w i t h   t h e   s t i f f e n e r s  9- and  12-inches  apart. So much 
buckl ing  occurred  that   the   effect ive  sheet  area was less than 
20% of   the   to ta l   pane l .   For   s t i f fener   spac ing   of  6 inches  the 
24S-T86 had  the  higher  compressive  strength  by  several   percent 
and t h e   e f f e c t i v e   a r e a  was more than 20% of   t he   en t i r e   pane l  
area.  

WR L 588 COMPRESSIVE  STRENGTH OF CORRUGATED-SHEET-STIFFENED PANELS  FOR 
CONSOLIDATED XB-36 AIRPLANE, Robert A. Weinberger, William C. 
Sperry,  and  Charles V. Dobrowski 

The r epor t   g ives   an   equa t ion   fo r   f i nd ing   t he   ave rage   s t r e s s  a t  
maximum load   for  a s h e e t   s t i f f e n e d  by a corrugated  sheet.  

P - 2a(tsus + tcuc) 

A - 2a( t s  + tc) c r =  

tc = thickness  of  corrugated  sheet 

ts = t h i ckness   o f   f l a t   shee t  

A = c ross - sec t iona l  area of  specimen 
P = maximum load  on  panel 
u = s t r e s s   i n   f l a t   s h e e t  a t  maximum load 

u = s t r e s s   i n   c o r r u g a t e d   s h e e t  a t  maximum load 

a = d i s t ance  from o u t e r  row rivets to  edge  of  sheet 

S 

C 

The s t r a i n   i n   t h e   f l a t   s h e e t  and t h e   s t r a i n   i n   t h e   c o r r u g a t e d  
s h e e t   a r e  assumed to   be  the same  and  from t h e   s t r e s s - s t r a i n  re- 
l a t i o n s  i t  i s  p o s s i b l e   t o   f i n d   t h e  stress for   both  the  corrugated 
and t h e   f l a t   s h e e t s .  The s t r a i n   i n   t h e   s h e e t  was found by measur- 
i n g   t h e  amount  of shortening  per  inch  of  corrugated  specimen  length 
and t h e   s t r a i n   a t  maximum load was found by extrapolat ion.  

pm L 604 TENSILE AND COMPRESSIVE  STRESS-STRAIN CURVES AND FLAT-END COLUMN 
STRENGTH FOR EXTRUDED MAGNESIUM ALLOY J-1, Carl  A. Rossman, Apr i l  
1942 

The  most apparent   conclusions  regarding  the  propert ies   of   extruded 
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magnesium J-1, as draQm  from t h e   t a b l e  and 4 graphs,  are: 

1. It has a very  low propor t iona l  l i m i t  i n   r e l a t i o n   t o   t h e   y i e l d  
and  ul t imate   s t rengths .  

2. It has a very  low yie ld   po in t   for   compress ion   as  compared 
with  tens   ion.  

The dimensions  of  the column  specimens,  which were selected  on 
t h e   b a s i s  of a much h ighe r   y i e ld   po in t ,  do not  cover a s .uf f ic ien t  
r ange   o f   s l ende rness   r a t io   t o   e s t ab l i sh   t he  column curve  near   the 
Eul er  range. 

WR L  690 PRELIMINARY  DATA ON BUCKLING STRENGTH OF CURVED SHEET  PANELS I N  
COMPRESSION, Eugene E. Lundquist, November 1941 

Resul ts   presented  in   compression tests of 8 s t i f fened   pane ls .  
Radius- thickness   ra t io   of   skin  between  s t i f feners   var ied  f rom 
400 t o   i n f i n i t y .  

From these  few tests, i t  is c o n c l u d e d   t h a t   t h e   c r i t i c a l  compres- 
sive stress f o r  a curved   shee t   be tween  s t i f feners  i s  e q u a l   t o   t h e  
la rger   o f :  

1. The c r i t i ca l  compressive stress f o r   a n   u n s t i f f e n e d   c i r c u l a r  
cy l inder   o f   the  same radius- thickness   of   ra t io .  

2. The c r i t i c a l  compressive stress f o r   t h e  same shee t  when f l a t .  

WR L 691 CRITICAL COMPRESSIVE STRESS  FOR CURVED SHEET  SUPPORTED  ALONG  ALL 
EDGES AND ELASTICALLY RESTRAINED AGAINST ROTATION  ALONG THE UN- 
LOADED EDGES, Elbr idge Z. Stowell,  September  1943 

A formula i s  g iven   fo r   t he   c r i t i ca l   compress ive  stress f o r   s l i g h t -  
ly   curved  sheet   with  equal  e las t ic  r e s t r a i n t s   a g a i n s t   r o t a t i o n  
along  the  unloaded  edges. The theory o f  smal l   def lec t ions  is 
used  and  the  formula  reduces  to  that   given  by Timoshenko f o r   t h e  
case of  simply-supported  edges. 

Reference: Timoshenko, S.: Theory   of   E las t ic   S tab i l i ty .  McGraw- 
Hill Book  Co., Inc.,  1936. 

- "" " 

" 
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FIR FJ 31 ALUM1NU"ZINC-MAGNESIUM-COPPER CASTING  ALLOYS, L. If. East17ood and 
L. If. Kempf, July  1941 

The t e n s i l e   p r o p e r t i e s  and hardness  of aluminum-zinc-magnesium- 
copper  alloys  containing  approximately  0.25% chromium  and  0.15% 
t i tanium  have  been  invest igated  over  a range  of 0 t o  1.75%  cop- 
per, 3 t o  13% zinc, and 0 to  1.0% magnesium.  The  chromium  and 
t i tanium were added f o r   t h e i r   s p e c i f i c   e f f e c t s  on   r e s i s t ance   t o  
corrosion and grain  refinement,   respectively.  Aluminum ingot  
which  contained  approximately 0.15% iron,  0.08% s i l i c o n ,  and 
99.75 + percent  aluminum  was used  as a base .   In   sand   cas t ings  , 
approximately  0.4%  copper, 6.6% zinc, 0.33% magnesium,  0.25% 
chromium and  0.15%  titanium  appears  to  give a good combination 
o f   s t r e n g t h  and d u c t i l i t y   t o g e t h e r   w i t h   s a t i s f a c t o r y   r e s i s t a n c e  
to   corrosion.  Such  an a l loy   ages  a t  room temperature  without  any 
previous  heat   t reatment  and a t t a i n s   h i g h   t e n s i l e   p r o p e r t i e s ,  en- 
durance l i m i t ,  r e s i s t a n c e   t o   f a i l u r e  by  impact,  and good resis- 
t a n c e   t o   c o r r o s i o n   i n   t h e   a c c e l e r a t e d  tests u t i l i z e d   i n   t h i s   i n -  
vest igat ion.   Cast ings of t h i s   t ype  of a l loy,  however, have  the 
disadvantage  of  being somewhat "hot  short".  Its t ens i l e   p rope r -  
t ies a t  elevated  temperatures   are  relatively low, and it  over- 
ages  with  the  consequent loss of t e n s i l e   s t r e n g t h  and hardness 
when exposed f o r  a few  months a t  temperature  as lot7 as 212' F. 
A t  3000 F, th i s   over -ag ing   e f fec t  is  r ap id  with consequent marked 
d e t e r i o r a t i o n  of t h e   t e n s i l e   p r o p e r t i e s  and  hardness. 

FIR W 33 A METHOD OF SHEAR-LAG  ANALYSIS OF BOX BEAMS FOR AXIAL STRESSES, 
SHEAR  STRESSES, AND SJ3EAR CENTER, Oscar Erlandsen, Jr., and 
Lawrence M. Mead, Jr., A p r i l  1942 

A p r a c t i c a l  and r e l a t i v e l y   r a p i d  method of  compensating  for  shear 
l a g   i n  box-beam analys is ,   wi th   accuracy   suf f ic ien t   for   des ign   pur -  
poses, is  presented .   Ef fec t iveness   curves   for  box-beam elements 
a re   der ived   for   an   idea l ,   symnet r ica l   s t ruc ture .   Appl ica t ion   of  
t h e   i d e a l   c u r v e s   t o   p r a c t i c a l   s t r u c t u r e s  is  d e s c r i b e d   i n   d e t a i l .  

Tabular  computation  forms  for  rapid,   accurate  calculation of axial 
stresses, shear   cen ter ,  and shea r  stresses f o r  a beam wi th   shear  
lag   a re   inc luded .   Resul t s   o f   ana lys i s  are compared w i t h  tes t  
stress d i s t r i b u t i o n s .   A n a l y t i c a l  methods of  checking  the  shear 
lag  curves  by the  use  of   the   pr inciple   of   consis tent   deformations 
are i l l u s t r a t e d  as a f u r t h e r   i n d i c a t i o n   o f   t h e i r   r e l i a b i l i t y .  

WR W 34 PROCEDURE USED AT ALUMINUM RESEARCH LABORATORIES FOR DETFXWINING 
TYPE OF ATTACK I N  SO- ALUMINUM ALLOYS, C. J. Walton  and F. Keller, 
August  1942 

Methods are descr ibed  for   determining  the  type  of   corrosion  a t tack 
i n  duralumin-type  alloys. They will ind ica t e   on ly  a rough  measure 

40 5 



o f   t h e   r e s i s t a n c e  of the   mater ia l   to   cor ros ion .   This   p rocedure  is 
not   intended  to   supplant   the  accelerated  a l ternate- immersion t e s t  
and the   s tandard   sa l t - spray  test .  A r e l i a b l e   e v a l u a t i o n   o f   t h e  
resistance  of  duralumin-type  alloys  to  corrosion  requires  the 
mechanical  testing  of 'corroded  samples and the  determinat ion  of  
changes i n  mechanical  properties  in  comparison  with  uncorroded 
samples  of  ' the same mater ia l .  

The  methods  developed are   to   ob ta in   an   approximate   idea   o f   the  
r e s i s t ance   t o   co r ros ion   o f   d i f f e ren t   s amples   w i thou t   r e so r t ing  
to  mechanical  testing  of  corroded  samples.  

For  design  purposes, the exact react ions  must   be known. Therefore, 
this  approximate method is of  no i n t e r e s t   f o r   d e s i g n .  

WR W 35 THE EFFECT  OF  VARIOUS SURFACE CONDITIONS ON PRESS FITS OF STEEL 
BUSHINGS AND 17s-T ALUMINUM-ALLOY FITTINGS, E. C. Hartmann  and 
J. F. Reedy,  December 1942 

Specimens  of  17s-T  aluminum a l l o y   f i t t i n g s   w i t h   p r e s s e d - i n  steel  
bushings were t e s t ed   fo r   va r ious   su r f ace   cond i t ions .  The maximum 
load   r equ i r ed   t o   i n se r t   t he   bush ing   i n to   t he   f i t t i ng  was measured 
when both   sur faces  were bare, when t h e  17s-T was anodical ly   coated 
and t h e  steel  cadmium plated,   and when e i t h e r   s u r f a c e  was t r e a t e d  
and the o the r  17as bare ,   both  without   lubricat ion and wi th  Gredag 
No. 83 a s  a lub r i can t .   Coe f f i c i en t s   o f   f r i c t ion   fo r  the var ious  
p r e s s   f i t s  were determined  from  these  loads  and  from  the  calcu- 
lated  pressures  on  the  specimens.  Use of  anodic  coating  on  the 
aluminum a l loy   f i t t i ng   r educed   t he   l oad   r equ i r ed   fo r  a press  f i t  
t o  less than  one-half  and  use  of cadmium p l a t i n g   o n   t h e  s tee l  
bushing t o  less than  one-third  the  load  required when both  sur-  
f aces  were bare. The use   o f   the   lubr icant  was very b e n e f i c i a l  
when both   sur faces  were bare   bu t  had l i t t l e  e f f e c t   f o r   t h e   o t h e r  
sur face   condi t ions .  

T J R  W 36 THE PROBLEM OF THERMAL-EXPANSION  STRESSES IN REINFORCED PLASTICS, 
P. S. Turner,  June  1942 

Somewhat unrelated.  

Fa i lure   o f   adhes ive  bonds is  a t t r i b u t e d   t o  boundary stress concen- 
t r a t i o n s .  An ana lys i s   o f   the   causes   o f   in te rna l  stress concentra- 
t i o n s  i n  r ig id   adhes ive   l ayers   l eads   to   the   conclus ion   tha t  stress 
concentrations  can be e l i m i n a t e d   i n  many cases by matching  the 
coeff ic ients   of   thermal   expansion  of   the component p a r t s .  A 
stress equilibrium  formula for calculat ing  the  thermal   expansion 
coef f ic ien ts   o f   mix tures   involves  the densi ty ,  modulus of elasti-  
ci ty ,   coeff ic ient   of   thermal   expansion,  and proportion  by  weight 
of the ingredien ts .   I l l+s t ra t ions   o f   the   appl ica t ion   of   the   for -  
mula  derived are included. The thermal  expansion  coefficients 
of a number of   pure  and r e i n f o r c e d   p l a s t i c s   a r e   r e p o r t e d .  Bonds 
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Obtained when the   t he rma l   coe f f i c i en t s   a r e  matched a r e   s t a b l e   o v e r  
a wide  temperature  range. 

WR W 38 PROGRESS REPORT ON FATIGUE OF SPOT-WELDED ALUMINUM, H. W. Russe l  
and L. R. Jackson,  February  1943 

This   report   contains  a detailed  account  of  approximately  half   of 
t h e  work planned  on  Contract NAW 1659. 

Fat igue tests on three  simple  basic  types  of  spot  welded test  
pieces  from 24s-T: 

1. Sheet   l ap   jo in t   loaded   in   repea ted   t ens ion .  

2. St i f fened  panel   to   be  loaded  in   repeated  compression.  

3. A nons t resses   a t tachment   jo in t ;   shee t   loaded   in   repea ted  
tens ion   bu t  no load  on  the  attachment. 

For   l ap   jo in ts :  

1. Three  typical   types   of   fa i lure:  

a. On a l l   s t a t i c   t e n s i o n  tests and on some high-load  fa t igue 

b. On some high-load  fa t igue tests, s p o t s   f a i l e d  by p u l l i n g  

c. On 1ow-load f a t i g u e   t e s t s ,   f a i l u r e   ~ 7 a s  by cracks i n   t h e  

tests, f a i l u r e  was by shear  through  the  spots.  

buttons.  

sheet .  

2. On s t a t i c   t e n s i o n  tests, the   load-bear ing   ab i l i ty   ~7as   the  same 
fo r   spo t   spac ing  of  3/4 as  for  1-1/4  inches;  however,  on f a t i g u e  
tests, the  3/4 spacing  ~7as  weaker   in  pounds per   spot .  

3. Tests  run a t  d i f f e r e n t   r a t i o s   o f  minimum to  maximum s t r e s s  
i n d i c a t e d   t h a t   t h e  stress range   a l lowable   for  a g i v e n   l i f e   f a l l s  
o f f   a s   t h e  mean stress is  increased. 

Resul t s   o f   t es t s  on s t i f fened  panels   can  be summarized as  follovys: 

1. The s t i f fened   pane ls   cons is ted  of ha t - shaped   s t i f feners   spot -  
welded to   shee t s  and were so des igned   t ha t   f a i lu re  was  by buckling 
of   the   shee t   ra ther   than  by Euler column f a i l u r e  of t h e   s t r u c t u r e  
as a whole. The buckl ing  produced  tension  type  fa i lures   in   the 
spots .  

2. Two thicknesses   of   s t i f fened  sheet  were inves t iga t ed  and two 
spot  spacings.  A l l  t e s t s  so  f a r  were run a t  a r a t i o  of Min t o  
Max load  of 0.25. Except a t  high  loads,  where  the l i f e  v7as less 
than 100,000 cycles ,   the   thick  sheet   withstood  higher   loads  than 
t h e   t h i n   s h e e t  and i n  a l l  cases ,   the  test  p ieces   wi th  3/4 inch 
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spot   spac ing  were s t ronger   than   those   wi th  1-1/4 inch  spot   spac-  
ing. 

3. A t  a l i f e   o f  2 x 10 cycles ,   the   0 .051  sheet   withstood  loads 
of   about  62% of i t s  s t a t i c   s t r e n g t h ,  and the  0 .032  inch  sheet  
withstood  loads  of 41% of  i t s  s t a t i c   s t r e n g t h .  A t  a l i f e   o f '  
100,000 cycles ,   the  0 .032  panels  had a s t rength   o f   over  70% of 
t h e   s t a t i c   s t r e n g t h  while the 0.051  sheet   withstood 68% of i t s  
s t a t i c   s t r e n g t h ;   t h u s ,   f o r  relatively high  loads,   the   thinner  
panels  were as effective as   the  thicker .   ones .  

6 

WR W 46 EFFECT OF pH ON STRENGTH OF RESIN BONDS, R. C. Rinker, F. W. 
Reinhart,  and G. M. Kline,  October  1943 

The increasduse  of   res in-bonded plywood f o r   s t r u c t u r a l   p a r t s  
has made i t  necessary  to   determine  the  effect   of   var ious  chemical  
proper t ies   o f   the   res ins   on   the   s t rength   p roper t ies   o f   the   res in  
bonds. This r e p o r t   d e a l s   w i t h  the e f f e c t   o f   t h e  pH f a c t o r   o f  
t h e   c a t a l y s t s   t h a t  are used  with  c lass  R and M (room temperature 
and room tempera ture   p lus   to  160° F cure)  on  the  strength  of  the 
bond. 

It t7as found that   for   b5rch  ply7ood  panels   the pH ranged  from 1 . 7  
t o  8 .4 ,  f o r  urea-formaldehyde  from  1.9 t o  5.7,  and  1.7  to  8.4 f o r  
the   phenol ic  materials. The pH values  of  3.7  to 4.0 were obtained 
f o r  Lamic. Urea-formaldehyde,  phenolic  and Lamic are t h e   r e s i n s  
used  to  bond t h e   b i r c h  plywood. 

The pH va lues   o f   t he   b i r ch   pane l s  are not  markedly  affected by 
moderate  baking o r  by exposure  to   cycles   of   heat  and  fog. The 
pH fac tor   for   u rea- formaldehyde   res ins   for  optimum f l e x u r a l  
and  impact  strength was above 3.8. For   phenol ic   res in   for  
optimum s t r e n g t h s   t h e   c r i t i c a l  pH va lue  i s  between 3 . 1  and  3.6. 
The delamination  of  birch plywoods made with  urea-formaldehyde 
i s  a f f ec t ed  by t h e  pH whi l e   t he  plywoods made wi th   phenol ic   res ins  
are no t   a f f ec t ed  by t h e  pH, however, when t h e  pH is below 3 . 1  f o r  
t h e   p h e n o l i c   t h e   m a t e r i a l s   a r e   n o t   a s   f l e x i b l e   a s   t h o s e   w i t h  pH 
values  above  3.6.  For  urea-formaldehyde  the  lower  the pH t h e  
fewer   cycles   required  for   delaminat ion  to   occur .  

T J R  TJ 48 PROGRESS W O R T  ON STRENGTH AND CREEP  OF  SPECIAL CERAMIC BODIES 
I N  TENSION AT ELEVATED TEMPERATURES, R. F. Geller and M. D. Burdick, 
June 1946 

I n   t h i s   r e p o r t  s ix  ceramic bodies were t e s t ed   t o   de t e rmine   t he i r  
t e n s i l e   s t r e n g t h  a t  h igh   t empera tu re   fo r   poss ib l e   u se   i n   gas   t u r -  
bines .  
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BODY TENSILE STRENGTH (psi)  - - 
Body 151, d e n s i t y  3.8 
Body 163, dens i ty   4 .4  
Body 353, dens i ty   4 .4  
Body 358, dens i ty   4 .9  
Body 481'1, densi ty   3 .0  
Body 16021, d e n s i t y  3.0 

13,000 a t  1500OF 
15,000 a t  17000F 
11,000 a t  1800OF 
13,000 a t  17000F 
4,000 a t  2050OF 

12,000 a t  1700°F 

VR W 5 1  EFFECT OF DEVELOPED WIDTH ON STRENGTH  OF  AXIALLY LOADED CURVED 
SHEET STRINGER  PANELS, Alber t  E. McPherson,  Kenneth L. Fienup, 
and  George Zibr i tosky,  November 1944 

Compression tests were made on six 24s-T  aluminum al loy  curved 
s h e e t   s t r i n g e r   B a n e l s   1 2   i n c h e s   i n   l e n g t h  and 24 inches   in   wid th ,  
re inforced  by six Z s t r inge r s   spaced  4 inches  between  centers. 
The panels  had tC70 r ad i i   o f   curva ture ,   76 .5   inches  and  25.5 
inches,   and  three  sheet   thicknesses ,  0.025,  0.100,  and  0.189  inch. 
The panels  were o f   t he  same design  as  s ix  o f   t he   pane l s   i n  TN 944. 

The increase   in   deve loped   wid th   had  no s i g n i f i c a n t   e f f e c t   o n   t h e  
s t r a i n   f o r   b u c k l i n g   o f   s h e e t   b e t w e e n   s t r i n g e r s ,   t h e   s t r a i n   f o r  
buckling  of  sheet  between rivets, t h e   l o a d   c a r r i e d   p e r   s h e e t  bay, 
o r   t h e  stress a t   f a i l u r e ;  however, i t  d id   reduce   the  c r i t i ca l  
s t r a i n   f o r   b u c k l i n g   o f   t h e   p a n e l   a s  a whole  between  edge  guides. 

FIR H 5 3  IMPACT  PROPERTIES  AT DIFFERENT TWERATURES OF  FLUSH-RIVETED JOINTS 
FOR  AIRCRAFT  MANUFACTURED BY VARIOUS RIVETING METHODS, G. A. Maney 
and L. T. Wyly, September  1945 

The r e s u l t s   o f   t h e  tests showed 'the j o i n t s   t o   b e   s t r o n g e r   u n d e r  
impact  loads a t  temperatures  varying  from -50° t o  -70° F than a t  
70° F. No apprec iab le   d i f f e rence  was found i n   t h e   i m p a c t   s t r e n g t h  
from -55O t o  -70° F. Torsion  impact tests on  commercially  obtained 
specimens  of aluminum  17s-T  showed about 10% i n c r e a s e   i n   s h e a r  
s t r e n g t h  a t  temp of  -70° F a s  compared wi th   t ha t   ob ta ined  a t  700 F. 
Commercial countersunk rivets w i t h  the head  .003  inch  below the 
sur face   before   d r iv ing   produced   the   s t ronges t   jo in ts   under   impact .  
Reverse-driven rivets produced   the   weakes t   jo in ts   for   impact  
loads.  

V I R  W 55 FATIGUE TESTS OF RIVETED JOINTS PROGRESS REPORT OF TESTS OF 17s-T 
AND 53s-T JOINTS, E. C. Hartmann, J. 0. Lyst,  and H. J. Andrews, 
September  1944 

p a r t  of a de t a i l ed   s tudy   begun   i n  1935  on r i v e t e d   j o i n t s  of alumi- 
num. There are i n   t h i s   r e p o r t ,  6 p a g e s   o f   r e s u l t s   r e l a t e d   t o   t h e  
"old" series aluminums. 
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WR W 56 FATIGUE  STRENGTH AND RELATED  CHARACTERISTICS  OF  AIRCRAFT JOINTS 
I - COMPARISON OF SPOT-TGLD AND RIVET PATTERNS I N  24S-T ALCLAD 
SHEET - COMPARISON  OF 24s-T ALCLAD AND 75s-T ALCLAD, H. W. R u s s e l l ,  
L. R. Jackson, H. J. Grover, W. W. Beaver, December 1944 

The repor t   conta ins   de ta i led   resu l t s   o f   the   fo l lowing  tests: 

1. Fat igue  tests on   spot   welded   lap   jo in ts   in   shee ts   o f   unequal  
thickness  of  Alclad 24s-T. These tests i n d i c a t e   t h a t   t h e   f a t i g u e  
s t r eng th  of a spot   welded   jo in t   in   shee ts   o f  two di f fe ren t   gages  
i s  s l i g h t l y   h i g h e r   t h a n   t h a t   o f  a similar j o i n t   i n  two sheets   of  
t he   t h inne r   ga t e   bu t   de f in i t e ly   l ower   t han   t ha t   o f  a s i m i l a r  
j o i n t   i n  two shee t s   o f   t he   t h i cke r .  

2. Fa t igue  tests on  spot  welded  Alclad 75S-T. Spot  welded  lap 
j o i n t  specimens  of  Alclad 75s-T were no t  any   s t ronge r   i n   f a t igue  
than  similar  specimens  of  Alclad 24s-T. 

3. Fa t igue  tests on  lap  joint   specimens  spot   welded  af ter   var ious 
surface  preparat ions.   These  included AC welding wire brushed  sur- 
faces ,  DC welding wire brushed  surfaces,  and DC welding  chemically 
cleaned  surfaces.   While  the AC welds were s t r o n g e s t   s t a t i c a l l y ,  
t h e  DC welds  on wire brushed  surfaces were s t r o n g e s t   i n   f a t i g u e .  
Specimens p r e p a r e d   i n   t h i s  way were ve ry   nea r ly   a s   s t rong   a s   t he  
best   r iveted  specimens  tested  for  comparison. 

4 .  Fat igue  tests on  specimens  spot  welded  with  varying  voltage 
so as t o   i n c l u d e  a wide  range  of s t a t i c  spo t  weld  strengths.  The 
f a t igue   s t r eng ths  were i n   t h e  same o rde r   a s   t he  s t a t i c  s t r eng ths  
bu t  showed less range. 

5.   Fatigue tests on  lap  joint   specimens  with  several   pat terns  
of  spot  welds.   In  general   these  patterns  which  gave  highest  
s t a t i c   s t r e n g t h s  gave   a l so   h ighes t   f a t igue   s t r eng ths .  

6. Fat igue tests on l a p   j o i n t  specimens  with  var ious  r ivet   pat-  
t e rns .   Again   fa t igue   s t rengths  were i n   t h e  same o r d e r   a s   s t a t i c  
s t rengths .   These   r ive ted   jo in ts  were gene ra l ly   s t ronge r   i n  
fa t igue  than  corresponding  spot   welded  joints .  

WR W 61 FATIGUE STRENGTH AND RELATED CHARACTERISTICS OF SPOT-WELDED JOINTS 
I N  24s-T ALCLAD  SHEET, H. W. Russell ,  December 1943 

The conclus ions   o f   th i s   repor t   a re :  

For maximum ul t imate   s t rength  the  spot   welds   should  be 3/4 of  an 
inch   apa r t ,   t he   l oad   sus t a ined   fo r  a given lifetime increases   as  
t he   d i s t ance  between  welds  increases  from 1-1/4 t o  3/8. The 
f a t igue   s t r eng ths   o f   s t i f f ened   pane l s   t e s t ed   i n   compress ion  shows 
a decrease  of  as much as 50% for   an   increase   in   spot -weld   spac ing  
from  3/4 t o  2 inches.   Transverse  cracks  from  overheating  the 
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welds   d id   no t   incept   fa t igue   fa i lure .  

UR W 63 FATIGUE  STREN.GTH AND RELATED CHARACTERISTICS OF JOINTS I N  24s-T 
ALCLAD SHEET, H. W. Russell ,  L. R. Jackson, H. J. Grover,  and 
W. 1.7. Beaver, May 1944 

Tests shoved t h a t  two shee ts   jo ined  by  a s i n g l e  row of t r ansve r se  
spot  welds  has  about 84% of   the s ta t ic  u l t i m a t e   s t r e n g t h  of t h e  
sheet .  Samples pos t-aged a f t e r   we ld ing  showed  90% of t h e   s t r e n g t h  
of the   shee t .  The fa t igue   s t rength   o f   the   welds  vas about 80% of 
t h e   f a t i g u e   s t r e n g t h  of  the  sheet.  Aging e i t h e r   b e f o r e   o r   a f t e r  
spot-welding  had l i t t l e  e f f e c t  o n   t h e   f a t i g u e   o r   s t a t i c   s h e a r  
s t r e n g t h  of the  spot  welded  lap-joint  samples.   Roll-welded 
j o i n t s  were weaker  than  spot-welded  joints by 0 t o  18%. 

1.JR I-7 64 FATIGUE  CHARACTERISTICS  OF SPOT-WELDED 24S-T ALUMINUM ALLOY, H. W. 
Russe l l ,  L. R. Jackson, H. J. Grover,  and TJ. W. Beaver,  June  1943 

In   t h i s   r epor t   on   spo t   we lds  i t  v7as found t h a t   t h e   s t a t i c   s h e a r  
s t r e n g t h  raises wi th   the   th ickness   o f   the   mater ia l  and t h a t   t h e  
q u a l i t y  of t h e  weld i s  not as important i n  low stress ( long   l i f e )  
ca ses   a s   i n   h igh  stress s i t u a t i o n s .   F o r   s t a t i c   s t r e n g t h - t o -  
weight   ra t ios   the   h ighes t   va lue  is  obta ined   wi th   th in   shee ts ,  
w h i l e   f o r   l o n g   l i f e  (low s t r e s s )   t he   h ighes t   va lue   o f   s t r eng th -  
to-weight i s  obta ined   wi th   th ick   shee ts .  The  most c r i t i c a l  area 
of  the  weld t7as found to   be   the   sharp   re -en t ran t   angle  formed by 
the  two shee t s  a t  t h e  weld  button. 

FIR F1 74 A METALLURGICAL INVESTIGATION OF A LARGE FORGED DISC OF 19-DL 
ALLOY, J. W. Freeman, E. E. Reynolds,  and A. E. White,  March  1945 

I n v e s t i g a t i o n   o f   e f f e c t s  o f   f ab r i ca t ion  of l a r g e   d i s c s  on the  
p r o p e r t i e s  of  the  alloy. The a l l o y   t e s t e d  17as 19-DL. 

(lb/sq  in.  ) 
0.02% o f f s e t   y i e l d   s t r e n g t h   a t  room temperature  39,275 
0.2% o f f s e t   y i e l d   s t r e n g t h  a t  room temperature  54,700 

A t  900°F  38,000 
12000F  37,900 
1350°F  31,000 

Rupture  s t rength a t :  (10 hrs )  (100 hrs )  (1000 hrs)  

1200°F 
1350°F 

46,000 40,000 34,000 
28,000 23,000 15,500 

The f a b r i c a t i o n   o f   t h i s   d i s c  v7as by  hot-work;  cold  work d i s c  
would  have s u p e r i o r   r u p t u r e   s t r e n g t h   a t  1200°F and  would give 
b e t t e r   v a l u e s  of s t r e n g t h  a t  short-time, however  by  1000 h r s  
t he   s t r eng th  of ho t  and cold worked d i s c  would  be nea r ly   t he  
same . 
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WR W 75 THE RUPTURE TEST  CHARACTERISTICSOOF SIX PRECISION-CAST AND THREE 
WROUGHT ALLOYS AT 1700' AND 1800 F, J. W. Freeman, E. E. Reynolds, 
and A. E. White, November 1945 

6059, Vitall ium, 61, S-40, and X-50 were prec is ion   cas t ings :  S590, 
S816, and Low-carbon N-155 were i n   t h e  wrought  form. X-40 had the  
bes t   rup tu re   s t r eng th   o f   t he   p rec i s ion   ca s t ings  (and t h e   b e s t  
s t r e n g t h   o f   a l l   t h e   a l l o y s )  and S590 had t h e   b e s t   r u p t u r e   s t r e n g t h  
of  the  wrought  bar  stock (S816  had the  same s t r e n g t h  as S590 a t  
17000 F, b u t  S590  was b e t t e r   a t  1800° F).  A l l  a l l o y s  showed a 
d e c r e a s e   i n   e l o n g a t i o n  and a r e d u c t i o n   i n   a r e a   w i t h   i n c r e a s e   i n  
t i m e  fo r   rup tu re   excep t  N-155 and 6059 a t   bo th   t empera tu res  and 
X-40 a t  1700O F. For time longer  than 10 hour s   t he   be t t e r   p rec i -  
s i o n   c a s t i n g  showed h igher   rup ture   s t rength   than   the   wrought  
s tock.   Solut ion  t reatment   a t   h igh  temperature   promotes   high 
rupture   s t rength .  The chemical  compositions  represented by X-40, 
X-50, 422-19, and cast S816 are   p robably   inherent ly   s t ronger   than  
the   o the r   a l l oys .  

WR W 76 COMPARATIVE FATIGUE  TESTS  OF RIVETED JOINTS OF ALCLAD 24s-T ALCLAD 
24S-T81, ALCLAD 24S-RT, ALCLAD 24S-T86 AND ALCLAD 75s-T SHEET, 
R. L.  Moore and H. N. H i l l ,  August  1945 

Comprehensive series of tests to   de t e rmine   t he   f a t igue   s t r eng th  
of   var ious  types  of   r iveted and spo t  welded j o i n t s   i n   t h e  alumi- 
num a l l o y s   o f   c u r r e n t   i n t e r e s t   i n   a i r c r a f t   d e s i g n .   T h i s   p r o g r e s s  
r epor t   p re sen t s   t he   r e su l t s   ob ta ined   t o   da t e  on t h e  riveted 
j o i n t s   o f   t h i s  series. 

The r e s u l t s   a r e   p r e s e n t e d   i n   c h a r t s .  

WR W 78 EARLY DETECTION  OF CRACKS RESULTING FRON  FATIGUE  STRESSING, John 
A. Bennett,  September  1944 

An apparatus  has  been  developed  for  detecting  the small changes 
i n   t h e   d e f l e c t i o n   o f  a specimen i n  a rotating-beam  fatigue 
machine  and  measuring them. This  change in   def lec t ion   has   been  
found to   be  a f u n c t i o n   o f   t h e   s i z e   o f   t h e   f a t i g u e   c r a c k   i n   t h e  
specimen. The cor re la t ion   be tween  def lec t ion   and   c rack   s ize   has  
been  invest igated.  The apparatus  may be   used   for   ind ica t ing   the  
format ion   of   fa t igue   c racks   o r   for   fo l lowing   the   p rogress   o f  
cracks as they  propagate  through  the  specimen. 

WR W 79 PROGRESS SUMMARY NO. I MECHANICAL PROPERTIES OF  FLUSH-RIVETED 
JOINTS  SUBMITTED BY FIVE  AIRPLANE  MANUFACTURERS, William  Charles 
Brueggeman, February  1942 

From tests on a series of  standardized  specimens  obtained  from a 
number of  airplane  manufacturers,   the  strength,   occurrence  of  de- 
f ec t s ,  and ef fec t   o f   the   angle   o f   the   r ive t   head   have   been   de te r -  
mined. The specimens  represented  combinations  of  structural  
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members f requent ly   jo ined  by f l u s h  rivets and were designed  to  
a f fo rd  a comparison  between  the  different  types  of r ivet  and 
r ive t ing   p rocess .  

Such  information i s  be l i eved   t o   be   ava i l ab le  from  manufacturers 
today. 

I n f o r m a t i o n   i n   t h i s   r e p o r t  is  i n   c h a r t  form. 

FIR T.1 80 PHYSICAL DATA ON CERTAIN ALLOYS  FOR HIGH TJBQFRATURE APPLICATIONS, 
A. E. White, J. TJ. Freeman,  and F. B. Rote, Apr i l  1943 

Data   cons t i tu tes  a summary of proper t ies   o f  120 samples  of  al loys,  
represent ing  86 compositions  which  have  been  investigated  for 
t he i r   su i t ab i l i t y   a s   t u rbosupe rcha rge r   whee l s   ma te r i a l s .  

Extensive  data  (250 pages)  gives  chemical  composition,  fabrication 
procedure ,   t ens i le  test  and  hardness  values a t  room temperature, 
and t e n s i l e  and rup tu re  t es t  c h a r a c t e r i s t i c s  a t  1200O F. 

WR 17 82 FATIGUE  STRENGTH  OF  FLUSH-RIVETED  JOINTS  FOR AIRCRAFT MANUFACTURED 
BY VARIOUS RIVETING METHODS, G. A. Maney and L. T. Wyly,  December 
1945 

The r e s u l t s   o f   t h e  tests showed t h a t   t h e   f a t i g u e   s t r e n g t h   o f   t h e  
j o i n t s  was d i r e c t l y   a f f e c t e d  by t h e  method o f   r i v e t i n g  used. The 
endurance l i m i t  o f   the  rivets i n  completely  reversed  shear v7as 
g r e a t e s t   f o r  commercial  countersunk rivets with  the  head 0.010 
inch  above  the  plate   surface  before   dr iving,   while   the  endurance 
l i m i t  v7as lowes t   fo r  commercial  countersunk rivets with  the  head 
0.003 inch  below  the  surface  before  driving. The endurance l i m i t  
fo r   reverse-dr iven  rivets ~7as  intermediate  between the extremes. 
In   severa l   cases   cons iderable   var ia t ion   in   behavior   under   the  same 
fa t igue   l oads  t7as found i n  specimens  of  the same series. The 1 0 ~ 7 -  

est endurance l i m i t  found i n   t h i s   i n v e s t i g a t i o n   ~ 7 a s   a b o u t  9400 p s i  
wh i l e   t he  maximum found was about 15,000 p s i .   S t a t i c  tests on  the 
reverse dr iven  rivets shoved  an  ul t imate   s t rength  of   about  38,000 
ps i ,  this being  the  highest   s t rength  developed  by  any  of   the 
j o i n t s .  

FIR W 83 THE FATIGUE  STRENGTHS  OF SOME WROUGHT ALUMINUM  ALLOYS, G. TJ. 
Stickley,   June 1942 

This   information is i n   t h e   S t r u c t u r e s  Aluminum  Handbook. 

It v7as der ived  to   help  complete  it. 
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The t o r s i o n  tests o f   s t i f f e n e d   c i r c u l a r   c y l i n d e r s   d e s c r i b e d   i n  
t h i s   r e p o r t  are t h e   f i r s t   o f  a series to   be  completed  in   an ex- 
per imenta l   inves t iga t ion   of   the   shear   buckl ing   res i s tance  and 
s t rength  of   s t i f fened  curved  sheet .   Al though a number o f  obser- 
va t ions   o f   in te res t   have   been  made regard ing   the   behavior   o f   th i s  
particular  group  of  0.020  inch  thick 24s-T cy l inders ,   addi t iona l  
tests are in   progress   which  should  be  considered  before   an  a t tempt  
is  made to   formulate   general   conclusions.  

WR W 9 1  THE  APPLICATION  OF  DATA ON STRENGTH UNDER REPEATED  STRESSES TO THE 
DESIGN OF  AIRCRAFT, L. R. Jackson  and H. J. Grover,  October  1945 

The examples i n   t h i s   r e p o r t  were c o n f i n e d   t o   a f f e c t   r e s u l t i n g  from 
gust  loading. They apply  only  to   wing  s t ructures .   Nevertheless ,  
whenever the   repea ted   load   h i s tory   o f   any   par t  i s  known, i t  should 
be  possibly  to   apply  the same method of  analysis  used  here.  

In   providing  the  l ink  between  load  his tory  and  fa t igue  data ,   the  
most  important  factor is  the  assumption  used  for  estimating damage 
from  repeated  loads. The one  used i n   t h i s   r e p o r t  was proposed by 
Miner.  This  assumption is open t o  criticism, and it is  poss ib l e  
to   demonst ra te   tha t ,   under   cer ta in   spec i f ic   loading   cyc les ,  i t  is  
not   cor rec t .  The sequence  of  loading  cycles,  under  which  Miner's 
proposal   does   not   hold  for  steels a t  l e a s t ,  is  one i n  which a l l  
high  loads are separated  from a l l  low  loads,. S i n c e   i n  service 
loading   the   loads  are mixed, i t  seems p o s s i b l e   t h a t   h i s   p r o p o s a l  
will hold much more c l o s e l y   f o r   s e r v i c e   l o a d i n g   t h a n   f o r   i d e a l i z e d  
load  sequences. 

Miner 's   proposal   has   a l ready  received some exper imenta l   ver i f ica-  
t i o n   f o r  mixed loadings; however, i n  vim7 of  the  importance  of 
t h i s  assumption, it should receive fur ther   experimental   s tudy.  

WR W 99 MECHANICAL TESTS OF MACERATED PHENOLIC MOLDING MATERIAL, William 
N. Finley,  June  1943 

These  materials  have  been  replaced  by  more  modern  materials i n  
a i rcraf t  use  today. 

T J R  TJ 102 A METHOD FOR WELDING SHEET ALUMINUM TO SAE 4140 STEEL, TJ. F. Hess 
and E. F. Nippes , Jr. , January  1944 

CONCLUSIONS: 

1. Silver i s  t h e  most s a t i s f a c t o r y  metal f o r   e l e c t r o p l a t i n g  s teel  
cy l inder   bar re l s   to   permi t   the   bonding   of  aluminum f i n s .  The 
optimum p la t ing   t h i ckness  is 0.25 m i l .  

2. Carefu l   a t ten t ion   to   the   s i lver -p la t ing   technique   mus t   be  
g iven   s ince   t he   s t r eng th  and  permanence  of  che bond depends t o  
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a l a rge   ex ten t  upon the   pe r f ec t ion   o f   t he  bond secured  during 
the   p l a t ing   . ope ra t ion .  

3. The bonding  of aluminum t o  SAE 4144 steel  may be  accomplished 
be low  the   c r i t i ca l   t empera tu re   fo r   t h i s   s t ee l .  Thus, object ion-  
able  rehardening  during  welding i s  avoided. An 0 .011  inch  s ta in-  
less s t e e l   s t r i p  between  the  e lectrode and the aluminum provides 
a proper   heat   balance.  

4. A seam-welding  machine  can  be  used for  automatically  bonding 
a flanged  continuous aluminum s t r i p   t o  a s i l v e r - p l a t e d  steel  
c y l i n d e r   b a r r e l   d u r i n g   t h e   w i n d i n g   o f   t h i s   s t r i p   i n   t h e  form  of 
a c l o s e   s p i r a l   o v e r   t h e   s u r f a c e  o f  the   cy l inder .  



Not Amlicable NACA Wartime R e p o r t s  

WR W- 70 GENERAL RESISTANCE TESTS ON nYING-BOAT HULL  MODELS, F. W. S. 
Locke, Jr., F e b r u a r y   1 9 4 4  

WR TJ- 7 3  A METALLURGICAL INVESTIGATION OF A LARGE  FORGED DISC OF  CSA 
(234-A-5) ALLOY, F. 3. Freeman, E. E. Reynolds ,   and  A. E. White, 
October 1945 

T J R  W- 93 HIGH TEMPERATURE  CHARACTERISTICS OF 1 7  ALLOYS AT 1200° AND 1350O F, 
J. W. Freeman,  F.  B. Rote ,   and A. E. White, March 1944  

T J R  TJ-103 A METALLURGICAL INVESTIGATION OF A LARGE  FORGED DISC OF  LOW- 
CARBON N-155 ALLOY, J. W. Freeman  and  H. C. Cross, December 1945 
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Applicable NACA Research Memorandum 

E34 L 8130b COMPRESSIVE BUCKLING OF  FLAT RECTANGULAR PLATES SUPPORTED BY 
R I G I D  POSTS, Bernard  Budiansky, November 1948 

Resul ts  of a theoret ical   invest igat ion  of   the  compressive  buckl ing 
of f l a t ,   r ec t angu la r ,   s imp ly   suppor t ed   p l a t e s   suppor t ed   i n   t he  
i n t e r i o r  by equally  spaced rows of r i g i d   p o s t s   a r e   p r e s e n t e d .  It 
i s  found tha t   t he   p l a t e s   buck le   a s   i f   s imp ly   suppor t ed   a long  a l l  
of t h e   t r a n s v e r s e   l i n e s  or else a l l  of t h e   l o n g i t u d i n a l   l i n e s  
pass ing   th rough  the   r ig id   pos ts ,   the   occur rence   o f   the   one  buck- 
l i n g  mode or   the  other   depending  on  the number and spacing  of 
the   pos ts .  

, 
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Not Applicable Research  Memoranda 

RM A51L17a 

RM A53L21 

RM A57K21 

RM A58B26 

RM E7G18a 

FN E53W6 

RM E53G03 

RM E53K24 

RM E53L03 

RM E53L21 

RM E54B08 

RM E54B15 

RM E54G22a 

THE EFFECT OF  VARIOUS MISSILE CHARACTERISTICS ON AIRFRAME FRE- 
QUENCY RESPONSE, Howard F. Mat thews   and  Walter E. McNeill, 1952  

INVESTIGATION OF A MISSILE AIRFRAME  WITH  CONTROL  SURFACES CON- 
SI'STING OF PROJECTING QUADRANTS  OF THE NOSE  CONE, F r a n k  A. 
L a z z e r o n i ,  1954 

ANALOG STUDY OF INFLUENCE OF  INTERNAL MODIFICATIONS TO WING 

FLIGJTC, Carr B. Neel, 1958  
LEADING EDGE ON ITS TRANSIENT TBlPERATURE RISE DURING  HIGH-SPEED 

A PRELIMINARY  INVESTIGATION OF HIGH-SPEED IMPACT:  THE  PENETRATION 
OF  SMALL SPHERES  INTO THICK COPPER  TARGETS,  A. C. Charters and  
G. S. Locke, Jr., 1958 

DETERMINATION OF STRESS-RUPTURE  PARAMETERS  FOR  FOUR HEAT-RESISTING 
ALLOYS, William G. Lidman,  1947 

INVESTIGATION OF EFFECTS OF  GRAIN SIZE UPON ENGINE LIFE OF CAST 
AMs 5385 GAS TURBINE  BLADE, C. A. Hoffman  and C. A. Gyorgak,  1953 

EFFECTIVE THERMAL CONDUCTIVITIES OF MAGNESIUM  OXIDE, STAINLESS 
STEEL, AND URANIUM OXIDE  POVDERS I N  VARIOUS  GASES, C. S. E i a n   a n d  
R. G. Deissler, 1 9 5 3  

KINETIC STUDY  OF MASS TRANSFER BY  SODIUM  HYDROXIDE I N  NICKEL UNDER 
FREE-CONVECTION  CONDITIONS, Don R. Mosher a n d   R o b e r t  A. Lad, 1954 

DYNAMIC CORROSION  OF NICKEL AT 1 5 0 0 O  F BY SODIUM  HYDROXIDE  WITH 
VARIOUS ADDITIVES I N  A TOROID  CIRCULATING  APPARATUS, L e l a n d  G. 
Desmon and  Don R. Mosher ,   1954 

PRELIMINARY INVESTIGATION OF FREEZE-CASTING METHOD  FOR  FORMING 
REFRACTORY  POWDERS, W. A. Maxwell, R. S. Gurnick,   and A. C. 
Francisco, 1954 

APPLICATION OF PULSE  TECHNIQUES TO STRAIN GAGES, Newel1 D. S a n d e r s  
a n d  George H. Brod ie ,  1954 

EFFECTS OF SOME METAL  ADDITION ON PROPERTIES OF  MOLYBDENUM 
DISILICIDE, H. A. DeVincentis and W. E. R u s s e l l ,   1 9 5 4  

RECOVERY  CORRECTIONS  FOR  BUTT-WELDED,  STRAIGHT-WIRF,  THERMOCOUPLES 
I N  HIGH-VELOCITY,  HIGH-TFMPERATURE GAS STREAMS, F r e d e r i c k  S. 
Simmons, 1954  
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RM E54H04 

RI4 E54L10 

RM E54L13 

€Ql E55127a 

REI E56L10 

RM E56LlS 

RM E5 7B14 

RM E5 7K22a 

RM L7H28 

RM LSI30b 

RM L55Elb 

RM L55E09a 

RM L55E12b 

SLOWING-DOWN DISTRIBUTION TO I N D I U M  RESONANCE  OF  NEUTRONS  FROM 
RA-A-BE  SOURCE I N  TJATER-IRON  MIXTURES  [WITH LIST OF REFERENCES] , 
Daniel F i e n o ,  1954 

MEASURED EFFECTIVE THERMAL  CONDUCTIVITY  OF URANIUM OXIDE POWDER 
I N  VARIOUS  GASES AND GAS MIXTURES [WITH LIST OF REFERENCES] , 
J. S. B o e g l i   a n d  R. G. Deissler, 1955 

THE  USE OF METALLIC INHIBITORS FOR ELIMINATING MASS TRANSFER AND 
CORROSION I N  NICKEL AND NICKEL ALLOYS BY  MOLTEN  SODIUM  HYDROXIDE, 
Americo F .   F o r e s t i e r i  and R o b e r t  A. Lad, 1955 

AVERAGE BOND ENERGIES BETWEEN  BORON AND ELDENTS OF 4TH,  5TH, 6TH 
AND 7TH GROUPS OF PERIODIC TABLE  [WITH LIST OF REFERENCES], Aubrey 
P. A l t s h u l l e r ,   1 9 5 5  

PERMEABILITY  VARIATION OF A TAPER-ROLLED  WIRE  CLOTH, Anthony J. 
Diaguila and Curt H. L i e b e r t ,   1 9 5 7  

THFRMAL DECOMPOSITION  OF  SOME  GROUP I, 11, AND 111 METAL  ALJCYLS, 
Louis   Rosenblum,  1957 

REVIEW  OF PHYSICAL AND THERMODYNAMIC PROPERTIES OF BORIC  OXIDE 
[WITH LIST OF REFERENCES], P a u l  C. S e t z e ,   1 9 5 7  

ELEVATED-TEMPERATURE  COMBINED STRESS-RUPWRE PLUS FATIGUE STRENGTH 
OF  WASPALOY HA.VING DIFFERENT AGING  TREATMENTS  AND/OR  MOLYBDENUM 
CONTENTS  [WITH LIST OF REFERENCES] , C. A. Hoffman  and M. B. Hornak, 
1958 

DETERMINATION  OF  COUPLED  MODES AND FREQUENCIES OF  STJEPT  WINGS BY 
USE OF POWER SERIES, Roger  A. Anderson ,   1947 

COHPRESSIVE  BUCKLING  OF  FLAT  RECTANGULAR  PLATES  SUPPORTED BY RIGID 
POSTS, Bernard   Budiansky ,  1948 

PRELIMINARY INVESTIGATION OF COMPRESSIVE  STRENGTH AND CREEP LIFE- 
TINE OF 2024-T3 (FORMERLY'24S-T3) ALUMINUM-ALLOY  PLATES  AT  ELE- 
VATED TDPERATURES [WITH LIST OF REFERENCES] , E l d o n  E. M a t h a u s e r  
and William D. Deveikis, 1955 

SUMMARY  OF  RECENT  THEORETICAL AND EXPERIMENTAL WORK ON BOX-BEAM 
VIBRATIONS  [WITH LIST OF REFERENCES] , John M. Hedgepeth,  1955 

TENSILE PROPERTIES OF SOME SHEET  MATERIALS  UNDER WID-HEATING 
CONDITIONS  [WITH LIST OF REFERENCES], George J. H e i m e r l  and John 
E. Inge, 1955 
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RM L55130 

REI L55L23b 

RM L57D23a 

RM L57E24 

RM L57G31 

RM L57H01 

RM L57J07a 

RM L57J17 

RM L57K15 

RM L57K26 

IN L57L13 
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EXPERIMENTAL STUDIES OF FLUTTER OF BUCKLED  RECTANGULAR  PANELS  AT 
MACH NUMBERS FROM 1 . 2  TO 3.0 INCLUDING  EFJ?ECTS OF PRESSURE DIFFER- 
ENTIAL ANTI OF PANEL  WIDTH-LENGTH  RATIO, M a u r i c e  A. S y l v e s t e r ,   1 9 5 5  

HIGH-TEMPERATURE  OXIDATION AND IGNITION OF  METALS, P a u l  R. Hill, 
David Adamson, Douglas H. Foland, a n d  Walter E. B r e s s e t t e ,   1 9 5 6  

SOME EXPERIMENTS  WITH  INSULATED  STRUCTURES, R i c h a r d   R o s e c r a n s ,  
A l d i e  E. Johnson, Jr., a n d   W i l l i a m  M. Bland, Jr., 1957 

EXPLORATORY TESTS OF  BEHAVIOR  OF  SEVERAL  MATERIALS I N  SUPERSONIC 
AIR JET AT 4,000° F, R u s s e l l  N. Hopko a n d   O t t o   F .   T r o u t ,  Jr., 1957  

THE:  BEHAVIOR  OF  BERYLLIUM AND BERYLLIUM  COPPER I N  A 4,0000 F 
SUPERSONIC AIR JPT: AT A MACH  NUMBER  OF 2, William H. Kina rd ,   1957  

TESTS OF  AERODYNAMICALLY  HEATED  MULTI-WEB W I N G  STRUCTURES I N  A 
FREE JET AT  MACH  NUMBER 2. THREE  ALUMINLTM-ALLOY  MODELS AND ONE 
STEEL MODEL  OF 20-INCH CHORD AND SPAN  WITH  VARIOUS  INTERNAL 
STRUCTURES AND SKIN THICKNESSES, R icha rd   Rosec rans ,   Lou i s   F .  
Vosteen, and William J. B a t d o r f ,  Jr., 1957 

INVESTIGATION OF  TANTALUM I N  A 3,800° F SUPERSONIC  AIRSTREAM, 
Otto F .   Trout ,  Jr., and  Jerry L. M o d i s e t t e ,   1 9 5 8  

EZFECTIVENESS OF  VARIOUS  PROTECTIVE  COVERINGS ON MAGNESIUM FINS 
AT  MACH  NUMBER 2.0 AND STAGNATION  TEMPERATURES UP TO 3,6000 R 
[WITH LIST OF REFERENCES], William M. Bland, Jr. , 1958 

PRELIMINARY INVESTIGATION OF  GRAPHITE, SILICON CARBIDE, AND 
SEVERAL POLYMER-GLASS-CLOTH  LAMINATES I N  A MACH  NUMBER 2 AIR  JET 
AT  STAGNATION  TEMPERATURES  OF 3,OOOO AND 4,0000 F, F r a n c i s  W. 
Casey, Jr., and R u s s e l l  N. Hopko, 1958  

BEHAVIOR  OF  SOME  MATERIALS AND SHAPES I N  SUPERSONIC  FREE JETS AT 
STAGNATION TWERATURES UP TO 4,210’ F, AND DESCRIPTIONS OF THE 
JPT:S, E. M. F i e l d s ,   R u s s e l l  N. Hopko, R o b e r t  L. Swain,   and Otto 
F. T r o u t ,  Jr., 1958 

TESTS OF AERODYNAMICALLY  HEATED  MULTI-WEB W I N G  STRUCTWS I N  A 
FREE JET AT MACH NUMBER 2. FOUR ALUMINU”ALL0Y MODELS  OF 20-INCH 
CHORD AND SPAN WITH 0.064-INCH-THICK SKIN, 0.025-INCH-THICK RIBS 
AND WEBS, AND ZERO, ONE, TWO, OR  THREE  CHORDWISE RIBS, J o h n  R. 
Dav idson ,   R icha rd   Rosec rans ,   and   Lou i s  F. Vosteen, 1958  



Applicable NACA Technical Memoranda 

933 THE STRFNGTH OF  SHELL AND TUBULAR SPAR WINGS, H. Ebner,  February 
19 40 

S i m i l a r  i n fo rma t ion   i n  Kuhn's  Theory  of A i r c r a f t  and S h e l l  
Structure .  

" " 

937 STRESSES I N  SINGLE-SPAR WING CONSTRUCTIONS WITH INCOMPLETELY 
BUILT-UP  RIBS, F. Reinitzhuber, March  1940 

It i s  shopm t h a t   t h e   f o r c e   d i s t r i b u t i o n   r e s u l t i n g  from  incomplete 
r i b s   i n   s i n g l e  spar wing s t r u c t u r e s  may be  determined  with  the 
a i d  of t h e   s h e a r   f i e l d  method  by a s t a t i c a l l y   i n d e t e n n i n a n t  com- 
putat ion.  

9 39 THE TORS I O N  OF BOX BEAIdS WITH ONE SIDE LACKING, E. Cambilargiu, 
Apr i l  1940 

The t o t a l  normal stresses ( p o s i t i v e   i f   i n   t e n s i o n )   i n   t h e  upper 
and  lower  edges  of  one v e r t i c a l  wall are: 

where : 

- 
Jv - 
JO = 
R =  
h =  
b =  
x =  
P =  

Eh cr = - (  
upper 2EJo + EQb 

2 -  

101*7er 

EJv + 11 

2 b2 
2(g.j + "4 E Jo 

moment of i n e r t i a   o f   o n e   v e r t i c a l  wall 

moment o f   i n e r t i a  of ho r i zon ta l  wall 
cross-sectional  area  of a v e r t i c a l   w a l l  
he igh t  of a vertical wall 
he ight   o f  a ho r i zon ta l  wall 
axial   d isplacement  
the   fo rce   t ha t   t oge the r   w i th   an   equa l   bu t   oppos i t e   fo rce  
produces  the  torque 

The stress on  the two vertical  walls i s  equal   but   opposi te .  The 
ho r i zon ta l   wa l l  is  n o t   s t r a i n e d a s a  v7hole, t h a t  is, i t s  c e n t e r   l i n e  
r e t a i n s  i t s  o r ig ina l   l eng th .  
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TM 947 NFJJ  EQUIPMENT  FOR TESTING THE FATIGUE  STRENGTH OF RIVETED AND 
WELDED JOINTS, TJ. Muller,   July 1940 

Special   reprint   of  Schweizer  Archiv No. 10,  1937. More r ecen t  
work has  been  done  on  the  subject. 

TM 950 BUCKLING TESTS W I T H  A SPAFLRIB GRILL, Josef  Weinhold,  September 
1940 

Superseded  by  Kuhn's S t r e s s e s   i n   A i r c r a f t  and She l l   S t ruc tu res .  - " 
TM 955 THF, CAUSE  OF WELDING CRACKS I N  AIRCRAFT STEELS, 3. Muller,  October 

19 40 

The var ious  causes   ascr ibed  to   welding  crack  tendency  in   the 
l i t e r a t u r e  are considered and t h e   r e s u l t   a r r i v e d   a t  is: t h a t  
causes   a r i s ing  from  welding  technique are not  responsible,   nor 
the  type  of  construction,  and  that   the  fundamental   causes of 
weld  crack  development l i es  in   the  composi t ion  of   the  mater ia l .  

Weld hardness  has no connection  with  the  tendency  to  weld  crack 
development. S i ,  C r ,  Mo o r  V content   has  no apprec iab le   e f f ec t ,  
whi le   increased manganese content   tends  to   reduce  the  crack 
s u s c e p t i b i l i t y .  

" A l l  e x p e r i e n c e   w i t h   a i r c r a f t   c o n s t r u c t i o n ,   a s   a l s o   a l l   i n v e s  ti- 
ga t ions   o f   the   l as t   e igh t   years ,   has   g iven   the   one  essential 
r e s u l t ,  namely, that   the  tendency  to  develop  weld  cracks  with un- 
a l loyed as well a s   w i th  chrome-molybdenum and  chrome  vanadium 
a l l o y e d   a i r c r a f t   s t r u c t u r a l  steels i s  caused  pr incipal ly  by too 
h igh   su lphur   conten t   in   the  steel, which  content   with  increasing 
carbon  content  must  be  correspondingly  held  within  lower limits. 
High  phosphorus  content  tends  toward  the same harmful   effect .  
Non-uniform d i s t r ibu t ion   o f   t hese  components  and c rys t a l   s epa ra -  
t ion  due  to   the  accumulat ion  of   sulphur   a t   the   grain  boundaries ,  
can  have  an  unfavorable  effect .  A s  h igh  degree  of   puri ty  and 
homogeneity  of t he  steel  as   poss ib le   should   therefore   be  aimed 
at .  Wi th   t he   un i fo rmi ty   a t t a ined   i n   p re sen t  day a i r c r a f t   s t r u c -  
t u r a l   p a r t s ,   t h e   a v e r a g e   a n a l y s i s  of t he  C, P, S and Mn content  
gives  a  good c r i t e r ion   fo r   t he   we ld ing   behav io r   o f  a steel .  I' 

TM 960 CREEP STRENGTH  OF STABILIZED WROUGHT-ALUMINUM ALLOYS, W. Muller, 
November 1940 

This  information is  more c u r r e n t   i n   t h e  ASM manual. 

TM 985 TABLES  FOR COMPUTING VARIOUS CASES OF BEAM COLUMNS, J. Cassens, 
August  1941 

S i m i l a r  to   Table  A 1 O . l  i n  Bruhn bu t   t he   r epor t  is much more com- 
p l e t e .   M e c h a n i c s   o f   D e f o r m a b l e   S o l i d s   b y  
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Shames, has a similar tab le .  The information is  n o t   ne^-7, j u s t  
tabulated.  

TI4 987 FACTORS INFLUENCING THE FATIGUE STRENGTH OF MATERIALS, F. 
Bollenrath,  September  1941 

The stresses occurr ing  under   actual   operat ing  condi t ions are 
compared with those  corresponding  to   the  convent ional  test proce- 
dure. A d i s t i n c t i o n  i s  t o   b e  made between s t r u c t u r a l   p a r t s   w h i c h  
are s u b j e c t   t o  stresses lying  between  not  widely  varying limits o r  
l i m i t  groups i.7ith a v e r y   l a r g e  number of  load  cycles  and  struc- 
t u r a l   p a r t s   f o r  which   the   f luc tua t ion   of   the  stresses occur  be- 
tween i r r egu la r ly   va ry ing  limits with  widely  varying  but  res t r ic t -  
ed  frequency  corresponding  to a prescr ibed   length  of l i f e .   F o r  
the former case t h e   f a t i g u e   s t r e n g t h  is  t o   b e   i n v e s t i g a t e d   f o r  
t he  stresses a r i s i n g   w i t h i n   t h e   m u l t i s t a g e  limits and t h e  effect 
of  any  succession  of limit groups  of  various  frequency. The 
o t h e r  case is  t o   b e   c o n s i d e r e d   s t a t i s t i c a l l y  and t h e   s a f e  stress 
i n v e s t i g a t e d   f o r  a given  frequency.  In  discussing  these  problems 
cons idera t ion  i s  g iven   t o  the e f f e c t   o f   i n t e r m i t t e n t   b r e a k s   i n  
operat ion  on  the  lJohler   s t rength  and the methods  whereby the tes t  
procedure  can  be made to   approach  the stresses under  operating 
condi t ions .   wi th   the   a id   o f  a few examples  from a i r p l a n e  con- 
s t ruc t ion ,  i t  is  shovm how t h e  material c a n   b e   t e s t e d   i n  a sta- 
t i s t i ca l  sense.  With a s t r e n g t h   i n v e s t i g a t i o n   c a r r i e d   o u t  from 
the   po in t   o f  view descr ibed a wider   basis  may be  expected  for  the 
proper   des ign   of   s t ruc tura l   par t s   under   ac tua l  stresses with a 
r e l i a b l e   s a f e t y  estimate and b e t t e r   u t i l i z a t i o n   o f  the  material 
obta ined .   F ina l ly  some r e s u l t s  are given  of a f e v 7  i nves t iga t ions  
on   f a t igue   s t r eng th   i imoun t ings  and the   e f f ec t   o f   su r f ace   p re s -  
sures   on   the   l imi ted  time and f a t igue   s t r eng ths .  

TM 989 BUCKLING  TESTS ON ECCENTRICALLY LOADED BEAM COLUMNS, 3 .  Cassens, 
October  1941 

Tes t   r e su l t s   a r e   p re sen ted   on   t h ree  sets of  curves. Two of these, 
a t  least  fo r   t he   e l a s t i c   r ange ,  are independent  of  the material 
t e s t ed .  The t h i r d  set, which  i s  independent  of  the material, 
possesses   greater   c learness   and is  therefore  used  for  comparing 
t h e  tes t  r e s u l t s   w i t h  the theo re t i ca l .  

The theory  matches  the tests. 

TM 992 STATISTICAL  ANALYSIS OF THF, TIME AND FATIGUE  STRJ3NGTH 
WING STRUCTURES, Hans W. Kaul,  October  1941 

The r e s u l t s  from stress measurements i n   f l i g h t   o p e r a t  

OF  AIRCRAFT 

ion   a f fo rd  
da ta   for   ana lyz ing   the   f requency   of   appearance   o f   cer ta in   par t s  
o f   t he  s ta t ic  breaking   s t rength   dur ing  a spec i f i ed  number of 
operat ion  hours .   Appropriate   f requency  evaluat ions  furnish  data  
for   the   p red ic t ion   of   the   requi red   s t rength   under   repea ted  stress 
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i n  the wing   s t ruc tu res   o f   a i r c ra f t   o f   t he   d i f f e ren t  stress ca ta -  
g o r i e s   f o r   t h e   s p e c i f i e d  number of   operat ing  hours  demanded during 
t h e  l i f e  of  a component.  Measures  adopted  depend  on the magni- 
tude and  frequency of the   loads   dur ing   the  l i f e  o f   t h e   a i r c r a f t  
and va ry   w i th   t he   t ype   o f   a i r c ra f t ,   pu rpose   o f  use,  and  atmos- 
pher ic   condi t ions   (gus ts ) .  

TM 994 EFFECT  OF THReADED AND SERRATED HOLES ON T€E LIMITED TIME AND 
FATIGUE  STRENGTH  OF  FLAT LIGHT-ALLOY STRIPS, H. Burnheim, November 
1941 

It was found t h a t   t h e   n o t c h  effect o f   t he   s e r r a t ed   ho le s   i n   bo th  
metals i s  greater   than  that   of   the   threaded  holes   and  that ,  
i n   t u r n ,  is g rea t e r   t han   t ha t   o f   t he   cy l ind r i ca l   ho le s   fo r   bo th  
the  unloaded  holes  and  the  pin-loaded  holes. On the  loaded  holes  
the   no tch  effect f o r  a l l  t h ree  forms assumes much g rea t e r   va lues  
than  on the unloaded  ones;  hence  the  limited time and f a t i g u e  
s t rength   o f   the   t ens ion   lugs  is considerably  lower.  While  the 
f a t i g u e   s t r e n g t h   r a t i o   o f   p l a i n  and d r i l l e d  specimens  increases 
very l i t t l e  on  the  unloaded  holes, it rises cons iderably   wi th  
the  number of  cycles  on  the  loaded  ones. 

TM 997 DETERMINATION OF THE BANDING AND BUCKLING EFFECT I N  THE STRESS 
ANALYSIS  OF SHELL STRUCTURES  ACCESSIBLE  FROM ONE SIDE ONLY, A. 
Dose,  December 1941 

The r epor t   desc r ibes  a device   for   ascer ta in ing   the   bending  and 
buck l ing   e f f ec t  i n  stress measurements on s h e l l   s t r u c t u r e s  
access ib l e  from one s ide   on ly .  The r e spec t ive   e r ro r s   o f   t he  t es t  
method f o r   g r e a t   o r   v a r i a b l e   s k i n   c u r v a t u r e   w i t h i n   t h e  t es t  range 
are ana lyzed   and   i l lus t ra ted  by specimen  example. 

TM 999 STRESS ANALYSIS  OF CIRCULAR FRAMES, H. Fahlbusch  and W. Wegner, 
December 1941 

This   mater ia l  is covered  adequately  in  Kuhn's book and  more 
r ecen t  TN 's . 

TM 1004 STATICS OF CIRCULAR-RING STIFFENERS  FOR MONOCOQUE FUSELAGES, 
W. Stieda,  February  1942 

Much work was done i n   t h e  TN ' s  la ter  on t h i s   s u b j e c t .  

TM 1005 THE  STRESSES I N  STIFFENER  OPENINGS, K. Marguerre,  February  1942 

Several  TN ' s  on t h i s   s u b j e c t .  

TM 1015 STATISTICAL  ANALYSIS  OF  SERVICE  STRESSES I N  AIRCRAFT WINGS, Hans 
N. Kaul,  June  1942 

Tes ts  were made €or six d i f f e r e n t  German a i r c r a f t   t o   d e t e r m i n e  
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t h e   s e r v i c e   l i f e   o f   t h e  wings  using  the component of   the  accelera- 
t i o n  a t  the   cen te r   o f   g rav i ty   i n   t he   d i r ec t ion   o f   f l i gh t .  

TM 1074 THE FRICTIONAL  FORCE WITH RXSPECT TO THE ACTUAL CONTACT SURFACE, 
Ragnar Holm, August  1944 

Hardy ' s   s t a t emen t   t ha t   t he   f r i c t iona l   fo rce  is  largely  adhesion, 
and t o  a lesser extent,  deformation  energy is  proved  by a simple 
experiment. 

The a c t u a l   c o n t a c t   s u r f a c e  of s l i c i n g   c o n t a c t s  and  hence  the  f r ic-  
t i o n   p e r   u n i t  o f  contac t   sur face  17as determined in   s eve ra l   ca ses .  
It t7as found for   contac ts   in   normal   a tmosphere   to   be   about  one- 
third  to   one-half  as high as the   microscopic   t ear ing   s t rength   o f  
t h e   s o f t e s t   c o n t a c t   l i n k .  While con tac t s   annea led   i n  vacuum and 
then  tes ted,   d isclosed  f r ic t ional   forces   which are grea te r   than  
the  microscopic  strength.  

TI4 1077 CALCULATIONS OF CENTRALLY LOADED THIN-WALLED COLUMNS ABOVE THE 
BUCKLING LIMIT, F. Reinitzhuber,   April  1945 

This  subject  has  been  covered  by a TN and is  a l s o   a v a i l a b l e   i n  
several handbooks. 

TI4 1086 DISTRIBUTION OF STRUCTURAL WEIGHT OF WING ALONG THE SPAN, V. V. 
Savelyev,  August  1946 

In   t he   r epor t   t ha t   fo l lows   t he   t rue   we igh t   d i s t r ibu t ion  law of 
t h e  wing s t ruc ture   a long   the   span  is  invest igated.  It is shovm 
t h a t   t h e   t r i a n g u l a r   d i s t r i b u t i o n  and tha t   based  on the  propor- 
t i o n a l i t y   t o   t h e   c h o r d s  do not   correspond  to   the  actual   weight  
d i s t r i b u t i o n .  On t h e   b a s i s  of extensive  data  on  wings  of  the 
CAHI type  airplane  formulas are obtained  from  which i t  is pos- 
s ib le   to   de te rmine   the   t rue   d iagram  of   the   s t ruc tura l   weight  
d i s t r ibu t ion   a long   t he   span  from a knowledge  of  only  the  geo- 
metrical  dimensions  of  the  wing. A t  t h e  end of   the   repor t  are 
presented   da ta   tha t  show how t h e   s t r u c t u r a l   w e i g h t  is  d i s t r i b u t e d  
between  the  s t ra ight   center   port ion and the   t apered   por t ion  as a 
funct ion  of   their   areas .  

TM 1087 STRENGTH INVESTIGATIONS I N  AIRCRAFT CONSTRUCTION UNDER REPEATED 
APPLICATION OF THE LOAD, E. Gassner,  August  1946 

This  has  been  covered  adequately by subsequent TN's. 

!M 1094 INVESTIGATION OF THE BEHAVIOR OF THIN-WALLED PANELS WITH CUTOUTS, 
A,' A. Podorozhny,  September  1946 

This material i s  appl icable   bu t   represents   no th ing   no t   covered   in  
TN's  of the  era o r  later. 
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TM 1116 STABILITY OF PLATES AND SHELLS BEYOND THE  PROPORTIONAL LIMIT, 
A. A. Ilyushin,  October  1947 

This material i s  t r e a t e d  by la ter  TN's. For l a t e r   Russ i an  work 
see NASA TTF-341. 

T I €  1134 THE  DISTRIBUTION OF LOADS ON RIVETS CONNECTING A PLATE TO A BJUM 
UNDER TRANSVEEGE LOADS, F. Vogt, Apr i l  1947 

For rivets under   t ransverse   loads   wi th   d i f fe rences   in   p i tch ,   c ross -  
s e c t i o n a l  area, and s t i f fness ,   the   fo l lowing   equat ions   g ive   the  
loads and t h e   s l i p .  

The s l i p  is: 6i = ci Pi 6 
0 

6o = BJEA 

The moment is: M. = [Pi - Pi+l + Ni ai (l/Al + 1/A2> /E1 
1 

The load is: 

where io and A a r e   t h e  rivet p i t c h  and   c ros s - sec t iona l   a r ea   a t  

some s tandard   sec t ion ;  C. i s  t h e  r ivet  s t i f f n e s s ;  Ni is t h e   t o t a l  

t e n s i l e   l o a d   i n   t h e   p l a t e  and is equal   to   the   to ta l   compress ive  
l o a d   i n   t h e  beam; I i s  t h e  moment o f   i n e r t i a   o f   t h e  beam about 

an  axis through  the  center  of mass; I is t h e  moment o f   i n e r t i a  

o f   t he   p l a t e   abou t   an  axis through i t s  center  of mass; A1 a r ea  

of beam; A area o f   p l a t e  and a is the   d i s t ance  between the  

center   o f  mass of  t h e   p l a s t  and the   cen te r   o f  mass of   the beam. 

0 

1 

1 

2 

2 

TM 1135 THE  LOAD DISTRIBUTION I N  BOLTED OR RIVETED JOINTS I N  LIGHT-ALLOY 
STRUCTURES, F. Vogt, Apr i l  1947 

Current   pract ice ,   represented by E. F. Bruhn's  Analysis  and  Design 
o f   F l igh t   Veh ic l e   S t ruc tu res ,   T r i   S t a t e   Of f se t  Co., 1965, super- 
sedes   th i s   t rea tment .  

" 

" 

TM 1138 ON THE APPLICATION  OF THE ENERGY METHOD TO STABILITY  PROBLEMS, 
Karl Marguerre,  October  1947 

Energy  methods  have now been i n   u s e   f o r  some time and t h e i r  
application  has  been  expanded  and  their   exposit ion  t ightened. 
This material is thus   p r imar i ly   o f   h i s to r i ca l   i n t e re s t .  
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Tbl 1182 THE PROBLEM OF TORSION I N  PRISMATIC  MENBERS OF CIRCULAR SEG4ENTAL 
CROSS SECTION, A. Weigand 

This   repor t   so lves  the fo l lov ing   equa t ions   fo r   f (y , z )  the stress 
func t ion   o f   t he   t o r s ion  problem. I n  the re sen ta t ion   t he   so lu -  
t i o n  is  in   po lar   coc-d tna tes   ( r ,@)  

t h e   t o r s i o n   c o n s t a n t  is: 

Jd = 4 $$ f ( r , @ ) r   d r  d@ 

the   shea r ing  stress components: 

The genera l   so lu t ion   of  the d i f f e r e n t i a l   e q u a t i o n  (1) is: 

r 2 n  
f = - + C [akfk + bkgk] . 

0 

The easiest way to   de t e rmine   t he   coe f f i c i en t s  % and  bk is  by the 
method  of l e a s t  square's,  since: 

2 6 f ds  = Min. ds = Boundary element 

The report   uses   the method i n   s o l v i n g ,  the tors ion   problem  for  a 
semicircle. The a n a l y t i c a l  and  experimental   resul ts  are very 
close  together .  
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TM 1204 S(ME NEW PROBLEMS ON SHELLS AND THIN STRUCTURES, V. S. Vlasov, 
March  1949 

TM 1207 THE THEORY  OF PLASTICITY I N  THE CASE OF SIMPLE LOADING ACCOMPANIED 
BY STRAIN-HARDENING, A. A. I lyushin,   February 1949 

l?f 1234 COMPUTATION  OF  THIN-WALLED  PRISMATIC  SHELLS, V. Z. Vlasov,  June 
1949 

TM 1241 BASIC  DIFFERENTIAL EQUATIONS I N  GENERAL THEORY OF ELASTIC SHELLS, 
V. S. Vlasov,  February  1951 

The information  presented  in   these 5 T"s i s  expanded  and  updated 
i n  NASA TTE"99. See   a l so  NASA TTF-341. 

Ti4 1249 SUSCEPTIBILITY TO WELDING CRACKING, WELDING SENSITIVITY,  SUSCEPTI- 
BILITY TO WELDING SEAM CRACKING, AND TEST METHODS  FOR THESE FAIL- 
URES, K. L. Zeyen, June 1949 

Suscep t ib i l i t y   t o   we ld ing   c r ack ing  is  the  cracking  of  the  welded 
material   during  gas  welding. The  main cause  of   the  cracking is  
the   base  material. Those steels most l i k e l y   t o   c r a c k  are thin,  
high-strength,  unalloyed steels. Steels c o n t a i n i n g   s i l i c o n  and 
magnesium are much less l i k e l y   t o   f a i l  even i f  they are high- 
s t rength  than  high-strength  carbon steels. Steels, even  high- 
s t rength  unal loyed,  are less l i k e l y   t o   c r a c k   i f   t h e y  are manu- 
f a c t u r e d   i n  electric furnaces.  

Welding s e n s i t i v i t y  is the  cracking  of  the base material during 
the  welding  of medium t o   t h i c k  steels using arc welding. The 
main  cause  of  the  cracking i s  the   base   mater ia l .  However, i n  
t h i s  case t h e  material cracks  because it hardens  during  the 
welding  process.   In arc welding  thin  mater ia ls ,  a minimum of 
heat  should  be  used  to  reduce  hardening, while f o r   t h i c k  
materials the  heat   supply  should  be  large  to   avoid  cracks  due  to  
weld  embrittlement. 

The th i rd   k ind   of   c racking  i s  s u s c e p t i b i l i t y   t o   w e l d i n g  seam 
c r a c k i n g .   I n   t h i s   c a s e   t h e   c r a c k s   a p p e a r   i n   t h e  seam. This 
kind  of   cracking  occurs   most   of ten  for  arc welding  of  high- 
s t r eng th  steels us ing   th ick ly   coa ted   e lec t rodes .  The condi t ion  
o c c u r s   a l m o s t   e n t i r e l y   i n   f i l l e t  seams, t h e  most c r i t i c a l   a r e a  

. of   the seam is t h a t   p a r t   t h a t   c o o l s   l a s t .   S u l p h u r  and  phosphorous 
i n   t h e   w e l d i n g  material increase  the  chance  of  seam cracking. 
S m a l l  t h i c k n e s s   o f   t h e   f i r s t   l a y e r  and  high  amperages  should  be 
avoided i n   f i l l e t  seams. 
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Dl 1266 PRELIMINARY  RESULTS  FROM  FATIGUE  TESTS WITH RFFERENCE TO OPERA- 
TIONAL STATISTICS, E. Gassner, May 1950 

" S i n c e   t h e   i n i t i a l  statistics themselves as well a s   t h e i r   p r e -  
v a i l i n g   i n t e r p r e t a t i o n  and a p p l i c a t i o n   t o  the p r a c t i c a l  test 
may be  regarded as uncondi t ional ly   lying  on the sa fe   s ide ,  it 
may b e   s t a t e d  that no  immediate  cause  for  apprehension  exists." 

TI4 1297 STATE AND DEVELOPMENT OF FLUTTER CALCULATION, A. Teichmann, 
March 1951 

A t  t h e  time of t h i s   r e p o r t  the only v7ay t o  do a c c u r a t e   i n v e s t i -  
ga t ions  of t h e   f l u t t e r   c h a r a c t e r i s t i c s  o f  a i rp l anes  was t o  make 
ca l cu la t ions   fo r   each   i nd iv idua l  model. 
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Not A p p l i c a b l e  NACA Technical   Memoranda 

MATERIALS  FOR  SLACK  DIAPHRAGMS, T r a u t e  Puschmann, December 1940 

RECTANGULAR  SHELL PLATING UNDER  UNIE'ORMLY DISTRIBUTED HYDROSTATIC 
PRESSURE, M. N e u b e r t   a n d  A. Somaer, December 1940 

THE  MECHANICAL PROPERTIES OF WOOD OF DIE'FERENT  MOISTURE  CONTENT 
TJITHIN-200° TO 2000 C TmPERATURE RANGE, F.  Kollman, Sep tember  
1941 

THE  CREEP  OF  LAMINATED  SYNTHETIC RESIN PLASTICS, H. P e r  Kuhn, 
November  1941 

STRENGTH TESTS ON HULLS AND FLOATS, K. Mattheas, J u n e   1 9 4 2  

THEORY  OF  HEAT  TRANSFER AND HYDRAULIC RESISTANCE OF OIL RADIATORS, 
N. B. Mariamov,   June  1942 

CONTRIBUTION  TO THE DESIGN OF  PLYWOOD SHELLS, S. Blumrich, October 
1942 

CONTROL  OF  TORSIONAL VIBRATIONS BY PhWDULUM  MASSES, A. S t i e g l i t z ,  
November 1942 

DETERMINATION OF  THE STRESSES PRODUCED BY THE LANDING IMF'ACT I N  
THE  BULKHEADS  OF A SEAPLANE  BOTTOM, V. M. Darevsky, J a n u a r y   1 9 4 4  

METHODS  OF STRESS CALCULATION I N  ROTATING DISKS, S. Tumarkin, 
Sep tember  1944 

THE  SURFACE  STRUCTURE  OF  GROUND  METAL  CRYSTALS, W. Boas  and E. 
Schmid,   August   1944 

A NEN APPARATUS  FOR  MEASURING THE TEMPERATURF,  AT  MACHINE  PARTS 
ROTATING  AT HIGH SPEEDS,  E. Gnam, A p r i l   1 9 4 5  

MICROivIECHANICAL  STUDY  OF  METALS, P. A. Ve l ikov ,  N. P. S t chapov ,  
and  W. F.   Lorenz ,   Ju ly   1945  

A PHOTOGRAPHIC PROFILE RECORDER  FOR  AIRSCREWS AND WINGS  MODELS, 
R. Kuhl   and  K. Raab,  June  1946 

ON THE  PROBLEM  OF STRESS CORROSION,  L. Graf, J u l y   1 9 4 6  

THE  FURTHER  DEVELOPMENT  OF  HEAT-RESISTANT  MATERIALS  FOR  AIRCRAFT 
ENGINES, F. B o l l e n r a t h ,   S e p t e m b e r   1 9 4 6  
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SCALE EFFECT AND OPTIMUM  RELATIONS  FOR SEA SURFACE  PLANING, 
L. Sedov, F e b r u a r y   1 9 4 7  

COEFFICIENT OF FRICTION, OIL FLOW AND JBAT BALANCE  OF A FULL- 
JOURNAL BEARING, P. I. Orloff, October 1947  

DETERMINATION OF THE STfESS CONCENTRATION  FACTOR  OF A STEPPED 
SHAFT I N  TORSION BY MEANS OF PRFCISION STRAIN GAUGES,  A. Weigand, 
Sep tember   1947  

TEMPERATURES AND STRESSES ON HOLLOW  BLADES  FOR GAS TURBINES, 
E. Pol lmann,   September   1947 

ROTATING DISKS I N  THE REGION OF  PERMANENT  DEFORMATION, F. Lasz lo ,  
A u g u s t   1 9 4 8  

INVESTIGATION OF CONDITIONS OF TITANIUM  CARBONIZATION - I V ,  
G. A. Meerson and Y. M. L i p k e s ,   J u l y   1 9 4 9  

CONTRIBUTION TO  THE  PROBLEM OF BUCKLING  OF  ORTHOTROPIC  PLATES, 
WITH SPECIAL REFERENCE TO  PLYWOOD, W. Thie lemann,   Augus t  1950 

DEPENDENCE  OF  THE ELASTIC STRAIN COEFFICIENT OF  COPPER ON THE 
PRETREATMENT, W. Kuntze ,   Augus t  1950 

THE  STRUCTURE  OF AIRY'S STRESS FUNCTION I N  MULTIPHY  CONNECTED 
REGIONS, G. Griol i ,  J u l y  1951 
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Applicable NASA Technical  Translations 

TT F-27 ON REISSNER'S THEORY OF THE BENDING OF PLATES, A. L. Goldenveizer, 
May 1960 

S ince   t he   c l a s s i ca l   t heo ry  of the  bending  of   thin  plates  i s  a f f ec t ed  
by a contradict ion  which is  based  on  the  noncorrespondence of the  
order  of  t he   d i f f e ren t i a l   equa t ions   w i th   t he  number of  boundary  con- 
d i t ions ,  a  method is g i v e n   i n   t h i s   r e p o r t   f o r   r e l a y i n g   o f   s t a t i c  
boundary  conditions  (given  boundary  conditions  are  replaced by 
o the r s   wh ich   a r e   s t a t i ca l ly   equ iva len t )   t o  remove the   cont rad ic t ion .  
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Not Applicable NASA Technical  Translations 

TT F-34 TEMPERATURE  FLEXURE  OF ELASTIC ELEMENTS, G. A. Slomyanskii, May 
19 60 

TT F-59 MECHANISM OF THE  OXIDATION OF NICKEL AND CHRONIUM ALLOYS, D. V. 
Ignatov  and R. D. Shamgunova, March 1961 
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There were no applicable o r  non-applicable  structures  reports 
in   the NASA X series of Technical Memorandum. 


