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I .  INTRODUCTION 

The  pu rpose  o f  t h i s  s e r i e s  o f  g raphs  i s  t o  p rov ide  a  r ap id  
means  fo r  the  rough  s i z ing  o f  beams ,  jo i s t s ,  and  o the r  spann ing  
members .  These  g raphs  a re  no t  mean t  t o  be  used  fo r  f ina l  s t ruc ­
tu ra l  ca l cu la t ions  fo r  c r i t i ca l  members ;  however ,  t hey  may  p rove  
to  be  o f  some  va lue  to  s tuden t s  and  p ro fes s iona l s  du r ing  p re l imi ­
na ry  des ign .  Wood ,  s t ee l ,  and  conc re t e ,  ma te r i a l s  commonly  used  
in  beams ,  a r e  cove red  in  these  g raphs .  

The  g raphs  fo r  wood  beams  a re  a l l  based  on  a  r ec t angu la r  
c ros s  sec t ion .  These  th ree  types  o f  l oad ing  a r e  cove red :  an  even ly  
d i s t r ibu ted  load ,  a  po in t  l oad  a t  mid - span ,  and  a  po in t  l oad  a t  one  
qua r t e r  po in t .  One  g raph  i s  inc luded  to  show the  r e l a t ionsh ip  be ­
tween  shea r ,  moment ,  and  de f l ec t ion  fo r  a  pa r t i cu la r  beam.  

The  g raphs  fo r  the  s t ee l  beams  a re  a l l  based  on  an  even ly  
d i s t r ibu ted  load ing  cond i t ion .  The  s t ruc tu ra l  shapes  o f  t he  s t ee l  
beams  to  wh ich  the  g raphs  app ly  a r e  those  shapes  tha t  may  be  ap ­
p rox ima ted  by  a  box  sec t ion .  These  incLude  the  wide  f l ange ,  open  
web  s t ee l  jo i s t s ,  channe l s  back  to  back ,  a  p l a t e  and  ang le s ,  and  
the  " I "  beam.  In  approx ima t ing  a  box  beam,  the  web  a reas  were  
neg lec t ed  fo r  moment  and  de f l ec t ion .  S ince  the  web  a rea  o f  a  box  
beam i s  a s sumed  to  ca r ry  a l l  shea r ,  and  th i s  web  a rea  i s  an  inde -
pendan t  va r i ab le ,  va lues  fo r  shea r  were  no t  computed .  One  g raph  
i s  inc luded  fo r  a  r ec t angu la r  s ec t ion  in  s t ee l .  Th i s  g raph  was  in ­
c luded  p r imar i ly  to  show the  r e l a t ionsh ip  be tween  s t ee l  and  wood  
wi th  the  s ame  c ross  sec t ion .  

The  conc re t e  beam g raphs  a r e  based  on  a  r ec t angu la r  ba l ­
anced  sec t ion  s ing ly  r e in fo rced .  One  g raph  i s  based  on  a  beam 
wi th  a  s imple  span  (M = l / 8wL^) ,  t he  o the r  i s  based  on  a  con t inu ­
ous  beam (M = l / 12wL^) .  

Fo rmulas  f rom bas i c  mechan ics  fo r  de f l ec t ion ,  moment ,  
and  shea r  were  used  a s  a  s t a r t i ng  po in t  fo r  t he  me thod  o f  c a l cu ­
l a t ion .  In  each  case ,  t he  fo rmula  fo r  the  ex te rna l  ac t ion  was  se t  
equa l  t o  the  r e s i s t i ng  in t e rna l  r eac t ion .  In  t he  r e su l t i ng  se t s  o f  
equa t ions ,  kL  was  se t  equa l  t o  d ,  where  k  i s  a  pe rcen tage  o f  L .  
In  t h i s  manner ,  t he  dependan t  va r i ab le  d  and  the  independan t  
va r i ab le  L  were  e l imina ted  f rom the  equa t ions .  In  the  case  o f  a  
po in t  l oad ,  P /L  (which  has  the  s ame  d imens ions  a s  w)  was  no t  
e l imina ted  by  subs t i t u t ing  kL  = d .  

F rom the  r e su l t i ng  equa t ions ,  k  was  then  so lved  fo r  i n  t e rms  
of  t he  fo l lowing  independan t  va r i ab le s :  
1 .  The  ex t r eme  f ibe r  i n  bend ing  ( f )  i n  p s i .  
2 .  The  wid th  o f  t he  beam (b )  i n  inches .  
3 .  The  load  (w)  i n  pounds  pe r  l i nea r  f ee t  o f  span .  
4 .  The  modu lus  o f  e l a s t i c i ty  (E)  i n  p s i .  
5 .  The  un i t  s t r e s s  (v )  i n  p s i .  



By assuming a  uni t  wid th  beam (b  = 1 )  the  independant  b  va l ­
ues  were  e l imina ted .  Next  the  k  va lues  for  def lec t ion ,  shear ,  and  
moment  were  se t  equal  and  the  poin t  of  change  be tween the  va lues  
were  ca lcu la ted  in  t e rms  of  w.  Subs t i tu t ions  were  made  in to  these  
equat ions  for  normal  working  ranges ,  and  to  show the  poin ts  of  
change  be tween def lec t ion ,  moment  and  shear .  These  equat ions  
were  then  p lo t ted  wi th  k  versus  w (or  P /L  in  the  case  of  a  poin t  
load)  wi th  an  independant  var iab le  of  the  ex t reme f iber  in  bending .  

The  numbers  used  to  p lo t  the  graphs  a re  to  s l ide  ru le  accu­
racy .  Three  assumpt ions  were  made  in  compi l ing  the  numbers  for  
the  graphs .  Al l 'mater ia l s  were  assumed to  be  not  s t ressed  over  
the i r  e las t ic  l imi t ,  a l l  beams were  assumed to  be  la te ra l ly  sup­
por ted ,  and  the  l imi t  for  def lec t ion  was  taken  a t  1 /360  of  the  span  
( the  poin t  where  p las te r  c racks) .  
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NOTES ON THE WOOD BEAM GRAPHS 

As  an  example  for  the  use  of  the  wood graphs  assume a  w/b  = 
176 .  This  would  be  the  equiva len t  of  a  1"  beam wi th  a  load  of  176#/  
l in .  f t .  of  span ,  o r  a  2"  beam wi th  a  load  of  3  52#/ l in .  f t .  of  span .  
Fol lowing  th i s  l ine  across  the  shee t ,  the  f i r s t  in te rsec t ion  i s  wi th  
the  shear  l ine .  This  shows tha t  shear  governs  for  a l l  f ' s  in te r ­
sec t ing  the  shear  l ine  be low th is  poin t .  The  cor responding  k  va lue  
for  th i s  in te rsec t ion  i s  1 .10 .  The  depth  of  the  wood beam requi red  
to  car ry  th is  loading  could  be  found by  mul t ip ly ing  th i s  k  va lue  (1 .10)  
by  the  length  of  the  requi red  span .  The  next  in te rsec t ion  of  the  
w/b  = 176  l ine  i s  wi th  the  f  = 12  00  curve .  With  an  f  = 1200,  k  = 1 .15  
approximate ly .  This  k  va lue  could  be  mul t ip l ied  by  the  span  to  
f ind  the  beam depth .  The  same procedure  for  each  remain ing  in­
te rsec t ions  of  w/b  and  f  curves  would  g ive  cor responding  beam 
depths .  

Note  tha t  in  graph  I  (wood wi th  an  evenly  d is t r ibu ted  load)  
the  l ine  for  shear  to  cont ro l  and  the  l ine  for  def lec t ion  to  cont ro l  
meet  a t  a  poin t  where  w/b  = 137 .5 ,  k  = .858  when f  = 1750.  S ince  
def lec t ion  and  shear  a re  not  dependent  on  f ,  th i s  shows tha t  wi th  
the  g iven  se t  of  condi t ions  a  bea .m wi th  a  h igher  f  va lue  than  17  50  
would  have  no  grea te r  load  car ry ing  capac i ty  than  the  beam wi th  
an  f  va lue  of  1750.  This  same condi t ion  i s  seen  to  be  t rue  in  the  
graph  of  a  poin t  load  a t  the  1 /4  poin t  (graph  3)  where  the  upper  f  
va lue  i s  1900.  

The  in te rsec t ions  of  the  moment  curves  and  e i ther  the  shear  
l ine  or  the  def lec t ion  curve  i s  the  poin t  tha t  the  beam i s  e f f ic ien t  
for  both  def lec t ion  and  shear .  

Graph  4  shows the  re la t ionship  be tween shear ,  moment  and  
def lec t ion  for  any  par t icu lar  wood beam wi th  an  evenly  d is t r ibu ted  
load ,  E  = 1 .76x10^  ps i  and  v  = 80  ps i .  The  in te rsec t ion  of  the  shear ,  
moment ,  and  def lec t ion  a t  f  = 1650  shows th i s  to  be  most  e f f ic ien t  f  
va lue  for  wood under  the  above  condi t ions .  I f  a  h igher  f  va lue  i s  
used ,  i t  i s  seen  tha t  the  cont ro l  a reas  for  shear ,  moment  and  de­
f lec t ion  do  not  change .  
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NOTES ON THE STEEL BEAM GRAPHS 

Example  number  2  as  shown on  graph  5  s ta r t s  wi th  the  as ­
sumpt ion  of  a  va lue  of  w/b  = 52#/ l in ,  f t . / in .  This  i s  comparable  
to  a  load  of  52#/ l in .  f t .  wi th  a  beam width  of  1" .  This  w/b  va lue ' s  
in te rsec t ion  wi th  the  curve  shows the  poin t  tha t  def lec t ion  con­
t ro ls  the  beam des ign .  At  th i s  poin t  of  in te rsec t ion  1 /k '  = approxi ­
mate ly  35 ,  o r  L  in  f t .  over  h  in  inches  = 35 .  For  a  span  of  35  fee t  
h=  1" .  This  in te rsec t ion  g ives  a  k  va lue  of  .132 ,  o r  for  a  35  f t .  
span  the  depth  of  the  beam would  be  .  132  x  35  f t .  = 3 .62" .  

I f  the  w/b  = 52  va lue  i s  car r ied  up  to  i t s  in te rsec t ion  wi th  the  
1 /k  -  50  l ine ,  the  cor responding  depth  of  the  beam would  be  .194x 
3  5  f t .  = 5 .89" .  For  a  span  of  3  5  f t .  the  1 /k '  = 50  va lue  would  y ie ld  an  
h  va lue  of  .  7"  .  

The  w/b  -  52  va lue  c rosses  1 /k '  = 25  and  1 /k '  = 10  before  reach­
ing  the  k^  curve ;  the  two cor responding  k  va lues  would  not  be  ap-
l icable ,  for  under  the  k^  curve  def lec t ion  governs .  The  in te rsec­
t ion  of  any  par t icu lar  w/b  va lue  wi th  the  k^  curve  g ives  the  mini ­
mum k  va lue  tha t  i s  appl icable  to  the  par t icu lar  w/b  va lue .  

The  in te rsec t ion  of  any  par t icu lar  w/b  va lue  wi th  the  1 /k '  
l ines  shows the  re la t ionship  of  h  to  the  load  appl ied  to  a  beam.  As  
1 /k '  increases  (h  decreas ing  whi le  L  i s  cons tan t ) ,  the  beam,  in  
e f fec t ,  i s  growing  l igh ter  in  sec t ion .  

Graph  5a  i s  an  extens ion  of  g raph  f  showing a  grea te r  range  
in  w/b  and  k  wi th  lower  1 /k '  v laues .  These  lower  1 /k '  va lues  would  
cor respond to  heavier  beams in  tha t  i f  the  length  of  span  remains  
cons tan t ,  h  must  increase  for  1 /k '  to  decrease .  
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NOTES ON THE CONCRETE BEAM GRAPHS.  

Example  3  on  graph  8  s ta r t s  wi th  a  va lue  of  287#/ l in .  f t . / in .  
for  w/b .  This  would  be  equiva len t  to  2870 # / l in .  f t .  for  a  10  inch  
beam or  287 # / l in .  f t .  for  a  1  inch  beam.  This  va lue  in te rsec ts  
the  moment  curves  for  the  var ious  f ' c  va lues .  From these  in te r ­
sec t ions ,  the  var ious  k  va lues  may be  read .  For  example ,  the  in ­
te rsec t ion  of  w/b  = 287  wi th  the  f ' c  = 3000 ps i  curve  g ives  a  k  of  
1 .37 .  For  a  span  of  20  fee t ,  d  then  would  equal  20x  1 .37  or  27 .4" .  
I f  the  va lue  of  w/b  = 287  i s  pro jec ted  fur ther  to  the  r igh t ,  i t  in te r ­
sec ts  the  l ine  of  .03  f ' c  = v .  This  l ine  represents  the  maximum 
value  for  shear  a l lowed by  the  A.  C.  I .  sec t ion  305 for  beams wi th  
no  web re inforcement .  At  the  in te rsec t ion  of  w/b  = 287  and  v  = .03  
f ' c ,  a  k  va lue  of  2 .78 . i s  read .  For  the  span 'of  20  f t . ,  the  cor res ­
ponding  d  va lue  would  equal  20  x2 .78  which  equals  55 .6  inches .  

The  va lue  of  v  = .12  f ' c  i s  the  maximum al lowable  by  the  
A.  C.  I .  I t  i s  for  beams wi th  longi tudina l  bars  and  a  combina t ion  
of  s t i r rups  and  bent  bars .  

Def lec t ion  va lues  a re  so  negl ig ib le  tha t  they  wi l l  govern  only  
in  the  range  of  w/b  = .05  # / l in .  f t .  / inch .  
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