


T3E KOST IE1PORTAXT SIiDLZ GIRDEM*. 

'By J, Cassens 

This pa-per p r e s e ~ ~ t s  a s e r i e s  of t a b l e s  f o r  the  
sirxple and more Coii~ion types of g i r d e r s ;  s i n i l a r  t o  
tLe t a b l e s  given i n  haxdbooks under the Leadi-qg "St rezgth  
of i i a t e r i a l s ,  f o r  determiniag t h e  no:-ie:>ts, d e f l e c t i o n s ,  
e t c .  , of sizi-ple b e a m .  Instead of the u:iiforl..i c ross  sec- 
t i o a  t h e r e  assumed, the  for:.lula,.c; give-: here  apply o-nl1.r t o  
p,irders of "ui~iform s t r e n g t h , "  i. e . ,  i t  i s  a s ~ u - ~ ~ e d  t h a t  
a g i r d e r  i s  so d i~iens ioned t h a t  a giver? load a:ibjects i t  
-Go a uciform s t r e s s  throughout i t s  iihole 1-eagth. This 
p i i - - c i p l e  i s  p a r t i c u l a r l j ~  a a p p l i c ~ 3 1 e  t o  very s t rong s t ruc-  
t-nes. Girders of un i fo r~q  strength a r e  the  l i i : j t e s t  
gix-3-ers conceivable,  Sec3,use any g i r d e r ,  a l l  of ivhose 
rne~-~bei-s a r e  s t r e s s e d  t o  the  lii,li.t, c z ~ i  not be surpassed 
by a l i g h t e r  g i r d e r ,  i f  ' the  t1:vo g i r d e r s  have the  sane 
for-1. T?e ue ight  G of a neiiiber of lei:gth 1 ,. c ross  
sectioiz F a i ~ d  s p e c i f i c  g r a v i t y  y '  i s :  

Ins tead  of t h i s  i t  i s  a l so  posfii :~le t o  m i t e  

Y G '= $31- (2 > 
. Be  

i f  the  meniber c a r r i e s  the -.lo-&il - .S  ar?.d i s  dii:ie~~sj.oned' 
accordicg t o  the  s t r e s s  oe .  V i t h  a given s t a , t i c  arra-?ge- 
rile7.?% and a, g i v e i ~  load,  S, I aiad Y. can be very accu- 
rztel-;? de tern i%d fo.r any i~ienber. The a t J ~ a . i c a b l e  s t r e s s  ..- oe i:?. tensioi? rneiizisers i s  e a s i l y  deterni;7ed, xolgever, 
a;i.e:-1 s t ~ ~ , b i l i t y  prob1er.1~ a r i s e ,  e .  g .  , bv.cklii-g, a:,?d tilt- 
i l : ~  phe-o~iema (axd they  cen be avoided i n  hardly s-t;~t-- 
i c  ~>~'i ' rangenents),  i$ i s  o f t e n  d i f f i c u l t  t o  obtai:? a su.f- 
f  i c ien t l -y  acoura.te value of oe f o r  e s t i r ~ a t i n g ,  tjie aeic$~-ll. 
I n  a sislple fraaemork, f o r  lj~bich the  ess~i '~.rption of pil l  
joi::!ts i s  p e r n i s s i b l e ,  there  a r e  only ' ~ e n s i o ~ i  slid coi:i- 
prens ion  iiiezbers. For the l a t t e r  i t  i s  the:?. :?eces-,ary 

m to .  t'!.eternii?_e o;-~ly "cze value of oe , i a i s  i s  b e s t  accoi;l- 
p l i  she& 'a-gr ascer  t a i n i q ;  the va lues  of the  f o r c e s  occurr  i;.~; 

.. 
* I b e v i ~ h t s e r : i l i t t l u ~ '  d'ek' $iichtii<sJ~e:: ei:?fnchex Ti-Age? . 11 

z e i  -tl,,-,:--. b . 8 v i ~ ~ i f t  fUr Flugtech:.?_i!r u:cd Iioto-rli.iftschiffa'i?..rt (-?u:3- 
!.is.?.ed by R. Oldenbourg, i,lunicn axd Berl-in) , A u p . s t  14, .. .. . - .  1951," ~ p . . .  456-463. 



ill t h e  members. Tn the  .table,' %lies'eforc, gezergl  d a t a  . - 
a re  giver! regardi2g the  ;,iag-r,itudes of .the f o r c e s  before  
every jveight. ' I t  wo~la.i~"b.& iiaprscticafjle t'o determine 

.d 

t:ne f o r c e  and diae:~,lsio;~s of every compzesrsio:~ ne;2ber a3.d 
therefrom t o  c a l c u l a t e  the:ve,lue sf 0, . I t  f u l l j ~  suf- 
f i c e s  t o  t e c t  a f e w  s;~:i-plea of ca,ch t n e  of co~rpressio.r  
meiilhers ail& f r o n  them f i n &  t h e  aez.a --ralue of oe f o r  ea,ch 
type.  IVhere such deterni:~a-t.ioils a u s t  be nade of-ken., i t  
i s  very p r a c t i c a l ,  f o r  c e r t a i n  sectioils  ( e .  g . ,  tubes 
with a f i x e d  wall-thickness r a t i o ) ,  t o  p l o t  the  a,ttai:?- 

. . 
a'dle s t r e s s  ere a g a i i ~ s t  q* . Such grs:p3.s w i l l .  save 
i;luch ,work., 

There i s  t h e  naine r e l a t f  ol?- betwee.? the  ge- leral  
f o r a u l a  f o r  the fo rce  i r ?  a nedoer azld t?:e corres-po:?di->g 
ve igh t  f orrimla as between a d-if f e r e i ~ . t i a l  ayd 2'2 ii-.-kec;ra,l. 
T:le expression f o r  the  force in.  t h e  n e & e ~  i s  ,iulti-pl, i c d  
by ?!- a ~ d  1 accordirlg t o  eqdat ion (%) ,  viilic:? ';yives 
the  i.%$ight of any rneriloer ia  t h e  fra.:iework. Instead o l  
the i n f i a i t e l y  s n a l l  quan t i ty  dx, we work, i1-1 cases  
1 t o  8 wi th  a f i n i t e  quantity-, nariely -the le:ig;tIi= 09 
the menber, P . e . ,  x i t h -  _a f o r  the  chordo, n i%h - d f o r  
the d iagonals ,  and wit11 h f o r  the  ve r t i ca .1  'i:~eiiibers. 
Hej~ce we use no i n t e g r a l  Tor,aulas, but  dexive tile SUIIS 
of s e r i e s ,  In  case  1, the s e r i e s  of t h e  upper-chord 
weights reads:  

T3.e s u ~  of the  s e r i e s  i s  b - a .  The s e r i e s  of $lie 
l ~ - ~ r e r - c h o r d  weights reads  : 2 

T;le ~ U L I  of t h i s  s e r i e s  i s  -+ This sie1d.s 
2 

1i1 c~!,ses 2 and 3 tilie suliilatio:? i s  'rely slnilg,,rl-y ;:;+..q-e 
wi-$11 r e s p e c t  t o  t h e  de%ail.s. I n  case 4 . (c!~ozd ;:~ei~;ii-t) 
s u i x ~ a t i o n s  of t h e  following s e r i e s  have t o  be nade: 

* 5. Wagner: Renarks O i l  A i rp la ie  ~ t r u t s  a ~ d  Girders u- fie;: . - Co;-lp?essive and Bending S t r e s s e s .  1i:cJ.e~ Valves.' Z.F. I-. , 
Juae 14,  1928. T.1;. Bo. 580, F.A.C.A., 1929. 



The sunlsof the  s e r i e s  a re :  

( n  - 1) n(2n - 11 and n ( n  + 1) (22 + 1) 
7 

6 6 

The given weight formula i s  obtained by s l i g h t  changes, 
I t  i s  not  necessary to give t h e  s e r i e s  f o r  the  web meiii- 
be r s .  I t  ceeds only t o  be noted t h a t  t h e i r  order i s  
al~~~srays 1 l e s s  than t h a t  of the  cilords. Cz,se 5 
y i e l d s  the  fo l lov~ ing  s e r i e s :  

Tilei7 suns a re  : 

In case  8 the  s e r i e s  for "che upper-chord 7::eigilts i s  

Whe;; iS, i s  remezibered t h a t  
11 

B - 1  
1 = Z a k = % ~ ~  



Hence 

. . :I- 
1 1  .: "Peg- ... 

I? h., . . . . . . .  - ...... . .  B = - and n = 
ho l o g  B 

These sifiipl-ifications y i e l d  , 

Tbe weight of - t h e  .&owes. chord i s  s i x i l a r l y  obtained. 

The weight of the  diagonal  nelifoers i s  constzit ,  
ac  i;: case 1. I t  tail be e a s i l y  de:;?oizs-trated t h a t  t h e  
l e n g t h  o f  the  diagonal  ne~ ibe r s  ixc reasss  i n  the  same 
r a t i o  (from d ,  t o  d,) as t h e i r  load degrenses.  The 
saac i s  t r u e  of t h e  v e r t i c a l  mer~bers. 

The g r e a t  adva:?tage of iategra.tior,?, over suml~ation 
of the  s e r i e s  i s  i l l u s t r a t e d  by cases  9, 1-0 and 11. 

For the  upper-chord w e i g h t i i l  case 9 '  we nave 
the  expressioa:  

Divis ion  of  the integralid y i e l d s :  



Then . A,. I 

The weight of t h e  lo1,ver chord i s  s i n i l a r l y  obtained. 

I f  i t  mere now d e s i r e d  t o  de tern ine  whether t h i s  
for'iliula wi th  the  assumption t h a t  h = h , i . e . ,  with 
ul~iforrn depth of g i r d e r ,  would y ie l% th8 same value as 
the  f o r n u l a  i n  case  I, we mould a r r i v e  a t  t h e  inde- 
teri:lii?ate vazue o/o. Like~vise the  last  forniula i n  case  
9,  f o r  only a s l i g h t  d i f f e r e n c e  i n  depth,  i . e . ,  when 
Ah i s  sillall wi th  r e spec t  t o  h,, would y i e l d  a numerica.1- 
va lue  which could n o t  be a,ccurately c a l c u l a t e d  mri"c t h e  
s l i d e  r u l e .  This d i f f i c u l t y  i s  overco:ae by another 
i n v e s ' c i g a % ~ o n ~ o f  the  i-n,tegral?d, wnich i s  developed i n  
ail i :~f  i n i t e  s e r i e s  : 

The i n t e g r a t i o n  of the  separa te  te r i ,~s ,  i i ~  which x 
occu-rs only i n  the  numera,tor, o f f e r s  no f u r t h e r  d i f f i -  
c u l t y  sad, with s l i g h t  m o d i f i ~ a t i o i l s ,  le3..ds t o  the  sec- 
0i1d fo r i -~u la  of case 9. A t e s t  shows t h a t  th i s ' f~ r r i rg~ lz .  
f o r  a uniform depth hn = ho agrees  n i t n  the foriiula. ii; 
case I. 

I t  i s  unaecessary t o  cai-ry the  d e r i v a t i o n s  of 
cases  10  sad 11 f u r t h e r ,  s i n c e  they fol low the  sane 
course as those alread-3; give2 . Xoreover, a11 -bl?e b e s t  
rfiathenatical tex-:books used by engineers  give d e t a i l e d  
e x a ~ ~ i p l e s  of such problems. 



To enable a b e t t e r  understanding of cases  1 2  
and 13, I am a.dding Figure-s 1 t o  3 r e f e r  par t icu-  
l a z l y  t o  case 13. I t  oi2;1y!~eroai:is t o  expla in  the over- 
h a n ~ i n g  end of the  beam; (Case 4 . )  , Figure 2 rc-prese-ilts 
a s p e c i a l  case  where t h e  f o r c e  arith upper-cnord 0  does 
not chai~ge i t s  s i g n  i n  the inner  panel .  I f  Ox i n t e r -  
s e c t s  the  zero a x i s ,  i t  does so a t  two p o i n t s ,  : ~ h i c h  
ce:? be calculated.  with the a i d  of x, and x,. (see  
seco:?d colui;1i~ of ta13les. It The i-:i;egra.-3-0x2 l i i x i  t s  f o r  
Go a ~ d  Gulf .  ) I f ,  however, x, a,:?& x, y i e l d  i,m.p;inazy, 
negat ive  or  otherwise u s e l e s s  values,  0, r e t z i n s  i t s  
s ign  between A and B. There a r e  '~;le;? ~ i l ~ : ~  tvo inte-  
g r a t i o n  l i u i t s :  t he  l o s e r ,  x,= 1  (1 - c ) ; the  upper, 
x = 1 .  

The l o ~ e r - c h o r d  fo rce  Ux oun change i t s  s ign  only 
oilce, ~ a l a e l y . a t  .x,; If t h i s  value i s  negat ive  or  great-  
e r  than  1,  'U, r e t a i n s  the  s i g n  bet~;$eea A and 3. The 
i n t c g r n t f o n  1 i . i n i t s  a r e  then the  szae a s  f o r  0,. 

For t h e - s p e c i a l  ca,se,where both  the  lower aild the  
upper chord weights r e t a i n  t h e i r  si62s i n  the  iny~er  
pane l ,  the whole chord weight, including the overha:?g 
i s  g ive2  i n  the c o l u ~ i n  flReaarksn f o r  cnse 13. Ere 
bracketed  expression i s  p1ot:ed ag?>inst  5-11 Fj.gwxe 4. 

Yne sol id- l ine  por t ions  of the  curvcc a r e  s t r i c t l y  
c o r r e c t .  The ~ o r t i o ! ? ~  t o  the  l e f t  of tile l i n e  C-C ap-Deg,r 
q x i t e  d i f feren- t  because the 1-o-ver-ciiord fo rce  i n t e r s e c t s  
the  zero a x i s ,  The por t ions  t o  -the r i g h t  of the  l i n e  
D-D a r e  givej.1 q u i t e  a d i f f e r e x t  zourse by the  in te r -  
s e c t i o n  of the lover-chord f o r c e .  

Case 12  may be considered as a  s p e c i a l  v a r i a t i o a  
of case  13, i n  which the  depth of the  s t r u t  foo t  under 
A ,  ~2a~:el-y a, Secones i : i f in i ty  ( a = a  ) .  I n  p r a c t i c e  -this 
siec2-2s t h a t ,  f o r  h /a  = 0.1 o r  l e s s ,  the coi2siderabLy illore 
trov.bleoone cor~puta t io i i  qnrork of case 13 can 'ue szveii xnc! 
the va lues  of case 12 can be used i i ~ s t e a d .  The bra.cB- 
e t e d  chord values of case 12 a r e  p l o t t e d  i n  Figure 5 
a;;ai;:st c = t , / l .  

For shearing-force -oveii-;;ltr;, i t  does :jot ...ia.tter 
whether c s s e  12 or  13  i s  used. The c L ~ e f f i z i e i 2 t s  a r e  
plot tecl  agz ins t  E = $/ 1 i n  F i t u r e  6 .  

Las t ly  'i;ile nondir~ei1sio;liL or  alosolute coeff ic ia : : '~~  
of  t h e  s t r u t  weight G(s)~~%&L :,e p l o t t e d  s i n i l a r l y  t o  
Figures  4 t o  6. It i s  omitted here,  bece?.nze the  s t r u t  
i s  p;e::erally suk? j ec ted  t o  co;;rpres::.ive f o r c e s  and t3e  
r eader ,  i x  s e l e c t i n g  the  b e s t  su-ppo~ti-rg pain: 5, xnust 



cons ider  the  v a z i a b i l i t y  of a, , which i s  o f t e n  hard ly  
p o s s i b l e .  I t  can only be reinarked t h a t  t h e  s iaal lest  
c o e f f i c i e n t  i s  2 at  a s t r u t  i n c l i n a t i o n  of 450, when 
E = q. 

I n  determining the  most favora'sle a, the  f a c t  
was disregarded,  t h a t ,  with increasi i lg  a, the  a t t a ina -  
b l e  s t r e s s  i n  the  compression chord might be g r e a t l y  

. diinixished. If necessary,  t h i s  poi:>t should be especial.- 
l y  inves t iga ted .  

Trans la t ion  by Dwight M, i.Iiner, 
Nztioilal AdvSsory Committee 
f o r  Aeronautics.  
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Figs. 1,2,3,4 

Fig. 1 System and load diagrasii 

- G 
7ig. 2 7orce distributio-? in upper flange 

Fig. 3 Porce distribution in lower Flange 

3'i.g. 4 To be noted under Case 13 



Figs. 5,G 

Fig. 5 
Cl10 r d- 
weight 
coefficient 
ill Case 12 

Pig. 6 
Coefficients 
of shear 
bracing 
weights 
in Gase 12 




