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The code we a r e  r e f e r e n c i n g  i s  t h e  S t a n d a r d  S p e c i f i c a t i o n  f o r  
movable highway b r i d g e s  p u b l i s h e d  1978, by t h e  American A s s o c i a t i o n  
of S t a t e  Hignway and T r a n s p o r t a t i o n  O f f i c i a l s .  I t  shou ld  be n o t e d ,  
a s  i t  is  i n  t h e  i n t r o d u c t i o n  t o  t h e  s p e c i f i c a t i o n s ,  t h a t  much of 
t h e  m a t e r i a l  i nc luded  i n  t h i s  s p e c i f i c a t i o n  was adopted  from t h e  
American Rai lway Eng inee r s  A s s o c i a t i o n  S p e c i f i c a t i o n s  t h a t  a p p l y  t o  
movable b r i d g e s .  Those s p e c i f i c a t i o n s  were p r e p a r e d  and a p p l y  t o  
r a i l w a y  b r i d g e s .  The AREA e x p r e s s e s  no o p i n i o n  a s  t o  t h e i r  s u i t a -  
b i l i t y  f o r  highway b r i d g e s  and  canno t  be  r e s p o n s i b l e  f o r  any h i g h -  
way a p p l i c a t i o n s  t h e r e o f  t h a t  may be adop ted .  I t  i s  a l s o  s t a t e d  
t n a t  t h e  AASHTO Movable Br idge  S p e c i f i c a t i o n s  be used i n  t h e  con- 
j u n c t i o n  w i t h  t h e  s t a n d a r d  s p e c i f i c a t i o n s  f o r  highway b r i d g e s .  

A s  a n  i n t e r e s t i n g  n o t e ,  we have two volumes of a  t e x t  e n t i t l e d ,  
"Piovable Br idges"  i n  o u r  company l i b r a r y .  Volume I  d e a l s  w i t h  
s t r u c t u r e ,  Volume I 1  d e a l s  w i t h  machinery.  The a u t h o r  of t h e s e  
t e x t s  i s  Otis E l l i s  Hovey, BSCE, p u b l i s h e d  by John  Wiley & S o n s ,  i n  
t h e  y e a r  1927. Appendix A of Volumn I 1  is e n t i t l e d  " S p e c i f i c a t i o n s  
f o r  Movable Br idges"  by O.E. Hovey, p u b l i s h e d  i n  1925. Much of 
t h a t  s p e c i f i c a t i o n ,  a s  i t  a p p l i e s  t o  power r e q u i r e m e n t s  and mach- 
i n e r y  d e s i g n ,  odd a s  i t  may seem, i s  i d e n t i c a l  t o  t h e  1978 AASHTO 
s p e c i f i c a t i o n .  I t  h a s  a p p a r e n t l y  s t o o d  t h e  t e s t  of t i m e  and is  
proven t o  be a  more t h a n  s u i t a b l e  g u i d e  i n  t h e  d e s i g n  of b a s c u l e  
b r i d g e s .  

The b a s i c  i n t e n t  of t h i s  pape r  is  t o  d i s c u s s  t h e  s p e c i f i c a t i o n s  
a s  t h e y  a p p l y  s p e c i f i c a l l y  t o  b a s c u l e  b r i d g e s .  The AASHTO s p e c i f i -  
c a t i o n s  s t a r t  ou t  w i t h  D i v i s i o n  I e n t i t l e d ,  "Genera l  P r o v i s i o n "  and 
is s p e c i f i c a l l y  w r i t t e n  a s  a  g u i d e  f o r  c o n t r a c t o r s ,  bu t  i t  would be 
w e l l  wor th  t h e  t ime of any  d e s i g n e r  t o  be aware  of i t s  r e q u i r e -  
ments .  

With r e s p e c t  t o  machinery ,  A r t i c l e  1 .1 .4  "Time of Opening" 
d e f i n e s  t h e  meaning of normal t ime  of o p e r a t i o n .  The a c t u a l  t i m e  
f o r  b r i d g e  open ings  is  n o t  s p e c i f i c a l l y  s p e l l e d  out i n  t h e  s p e c i f i -  
c a t i o n .  A s  a  g e n e r a l  p r a c t i c e ,  between 6 0  and 75 seconds  i s  con- 
s i d e r e d  t h e  normal  t ime  of opening  and c l o s i n g .  

A r t i c l e  1 . 1 . 6  Machinery Des ign  s p e l l s  o u t ,  among o t h e r  t h i n g s ,  
v a r i o u s  i t ems  t o  be c o n s i d e r e d  a s  c o n d i t i o n s  of l o a d i n g .  



A) The e f f e c t  of a c c e l e r a t i o n  o r  r e t a r d a t i o n  g e n e r a l l y  c o n s i d -  
e r e d  t o  be between 5 and 15 seconds.  The obvious  f o r c e  h e r e  
i s  overcoliling i n e r t i a ,  o r  t h e  e f f e c t  of b rak ing .  

B )  F r i c t i o n a l  r e s i s t a n c e  accoun t ing  f o r  t h e  f r i c t i o n a l  r e s i s t -  
ance  i n  t h e  main t r u n n i o n  b e a r i n g ,  f r i c t i o n a l  r e s i s t a n c e  i n  
machinery  b e a r i n g s ,  t h e  e f f i c i e n c y  of meshing g e a r s ,  s h a f t s  
and g e a r  r e d u c e r s  a r e  b a s i c  i t ems  of c o n s i d e r a t i o n .  

C )  Any unbalanced c o n d i t i o n  of t h e  b r i d g e .  I t  i s  g e n e r a l l y  
a c c e p t e d  t h a t  some unbalance  be r e q u i r e d  f o r  b a s c u l e  
b r i d g e s .  Th i s  unba lance  i s  normal ly  t o  make t h e  b r i d g e  nose 
heavy ,  t h u s  r e q u i r i n g  somewhat l e s s  f o r c e  f o r  c l o s i n g ,  and 
t o  p r o v i d e  a  p o s i t i v e  downward f o r c e  a t  t h e  l i v e  l o a d  shoe .  

D )  Wind l o a d s  f o r  which t h r e e  load  c o n d i t i o n s  a r e  g e n e r a l l y  
c o n s i d e r e d .  A 2 1 / 2  pound wind used  f o r  t h e  s e l e c t i o n  of 
power and d e s i g n  of machinery t o  o p e r a t e  t h e  b r i d g e  i n  t h e  
normal t i m e  f r ame ,  60-75 seconds .  A 10  pound wind used f o r  
s e l e c t i o n  of power and d e s i g n  of machinery t o  o p e r a t e  t h e  
b r i d g e  i n  tw ice  t h e  normal t i m e ,  120-150 seconds ,  and a  20 
pound wind f o r c e  used  t o  e s t a b l i s h  machinery d e s i g n  and 
brake  s i z e  f o r  h o l d i n g  t h e  b r i d g e  i n  any p o s i t i o n .  

D i v i s i o n  11 of t h i s  s p e c i f i c a t i o n  is e n t i t l e d ,  "Design" and i s  
d i v i d e d  i n t o  two g roups ,  s t r u c t u r a l  and machinery.  Of i n t e r e s t  i n  
t i le s t r u c t u r a l  s e c t i o n  is  A r t i c l e  2 . 1 . 1 1  e n t i t l e d ,  "Impact". A 1 1  
machinery i s  s u p p o r t e d  by some s o r t  of s t r u c t u r a l  e lement  and w i l l  
be a f f e c t e d  by t h e  o p e r a t i n g  machinery.  Th i s  s e c t i o n  r e q u i r e s  t h a t  
s t r e s s e s  i n  s t r u c t u r a l  p a r t s  caused  by t h e  machinery o r  by f o r c e s  
a p p l i e d  by moving o r  s t o p p i n g  t n e  s p a n ,  s h a l l  be i n c r e a s e d  100% a s  
an  a l l owance  f o r  impact .  

A r t i c l e  2 . 1 . 1 2 ,  "Fa t igue" ,  r e f e r s  t h e  d e s i g n e r  t o  t h e  b a s i c  de-  
s i g n  c r i t e r i a  and a l l o w a b l e  f a t i g u e  s t r e s s e s  a s  g iven  by t h e  c u r -  
r e n t  e d l t i o n  of AASHTO S t a n d a r d  S p e c i f i c a t i o n s  f o r  Highway 
B r i d g e s .  A s  an  example of a  s t r u c t u r a l  sys tem t o  be s u b j e c t e d  t o  
impact  and f a t i g u e  r e q u i r e m e n t s  t h e  commonly used arrangement  of 
mo to r s ,  g e a r  r e d u c e r s ,  g e a r s ,  and s t r u c t u r a l  e l emen t s  is known a  
Hopkins Frame, o r  Hopkins Gear T r a i n .  Th i s  sys tem r e q u i r e s  a  
s t r u c t u r a l  f rame p i n  s u p p o r t e d  a t  t h e  b a s e ,  t o  t h e  machinery p l a t -  
form t o  s t a n d  v e r t i c a l l y  upon which m o t o r s ,  b r a k e s ,  g e a r  r e d u c e r s ,  
s h a f t s ,  Dear ings ,  p i n n i o n  g e a r s  and g e a r s  a r e  a t t a c h e d .  T h i s  r e -  
qu i rement  of A r t i c l e  2 . 1 . 1 1  and 2.1.12 have  a  s i g n i f i c a n t  impact  
upon t h e  d e t a i l s  and member s i z e s  s e l e c t e d .  The d e s i g n e r  i s  
c a u t i o n e d  t o  e x e r c i s e  g r e a t  c a r e  i n  t h e i r  a n a l y s i s  of t h i s  and sim- 
i l a r  sys tems  a s  t h e y  have g i v e n  b r i d g e  owners s i g n f i c a n t  t r o u b l e  
and expense i n  t h e i r  r e p a i r .  

Cont inu ing  on i n t o  t h e  Machinery Ues ign  s e c t i o n  - t h e  d e s i g n e r s  
f i r s t  s e r i e s  of s t e p s  i s  t o  d e t e r m i n e  t h e  power r e q u i r e m e n t s  f o r  
t h e  machinery sys tem and t h e  f o l l o w i n g  s t e p s  would t h u s  be n e c e s -  
s a r y :  



1 )  E s t a b l i s h  normal t ime f o r  opening - 60-75 seconds .  

2 )  E s t a b l i s h  t h e  Maximum a n g l e  of opening g e n e r a l l y  74 t o  77  
d e g r e e s .  

3 )  S e l e c t  t h e  RPM's t o  be s p e c i f i e d  f o r  t h e  e l e c t r i c  motors .  
Most commonly used is  a  900 rpm motor  p roduc ing  a n  a c t u a l  
86u-87U rpm's  a t  f u l l  l o a d  r a t e d  t o r q u e .  

4) S e l e c t  t h e  r a d i u s  f o r  t h e  r a c k  g e a r .  T h i s  i s  g e n e r a l l y  be-  
tween 7  1 / 2  f e e t  t o  10 f e e t .  Ones i n i t i a l  s e l e c t i o n  would 
most  I i K e l y  r e l y  on h i s  e x p e r i e n c e  i n  d e s i g n  of b a s c u l e  
b r i d g e s .  S e l e c t  t h e  s i z e  of r a c k  and p i n n i o n  g e a r  t e e t h ,  
a g a i n  e x p e r i e n c e  would d i c t a t e  ones  i n i t i a l  s e l e c t i o n .  

5 )  C a l c u l a t e  r a c k  t r a v e l ,  velocity, and number of p i n n i o n  g e a r  
r e v o l u t i o n s  f o r  t h e  f u l l  a n g l e  of opening .  Number of 
p inr l ion  g e a r  r e v o l u t i o n s  is  u s u a l l y  found  t o  be between 2 
and  3. 

b )  Determine t h e  a p p r o p r i a t e  g e a r  r a t i o  o r  g e a r  r e d u c t i o n  r e -  
q u i r e d  t o  open and c l o s e  t h e  b r i d g e  f o r  t h e  normal t i m e  of 
o p e r a t  ion  a l l o w i n g  5-10 seconds  f o r  a c c e l e r a t i o n  and 
d e c e l e r a t i o n .  Gear r e d u c t i o n  needed would be a p p r o x i m a t e l y  
300-450. 

7 )  C a l c u l a t e  o r  e s t i m a t e  t h e  v a r i o u s  i n d i v i d u a l  l o a d  c o n s i d e r a -  
t i o n s  a s  ment ioned e a r l i e r ,  s u c h  a s  overcoming i n e r t i a ,  r e -  
s i s t a n c e  i n  t h e  t r u n n i o n  b e a r i n g ,  r e s i s t a n c e  i n  t h e  g e a r  
t r a i n ,  unba lanced  moment due t o  unba lanced  l o a d  c o n d i t i o n s  , 
and t h e  l o a d s  c r e a t e d  by t h e  2 1 / 2  pound wind, t h e  10  pound 
wind and t h e  20 pound wind. 

A r t i c l e  2 .5 .3 ,  "Power Requi rements  and Machinery Design" 
e s t a b l i s h e d  s p e c i f i c  l o a d  c o n d i t i o n s  and combina t ions  f o r  which 
machinery s h a l l  be p r o p o r t i o n e d  and power p r o v i d e d .  

C o n d i t i o n  A i s  t h e  combina t ion  of l o a d s  f o r  normal t i m e  of 
open ing ,  t h e  6U-75 second t ime  f r ame .  Fo r  b a s c u l e  b r i d g e s  t h e  l o a d  
conib ina t ions  i n c l u d e  t h e  e f f e c t s  of f r i c t i o n a l  r e s i s t a n c e ,  i n e r t i a ,  
unoa lanced  load  c o n d i t i o n s  and a  wind l o a d  of 2 1 / 2  pounds p e r  
s q u a r e  f o o t  a c t i n g  normal t o  t h e  f l o o r  w i t h  t h e  b r i d g e  i n  any p o s i -  
t i o n ,  f o r  open decked g r i d  f l o o r  b r i d g e s  t h a t  p o r t i o n  of t h e  f l o o r  
a r e a  may be reduced  by 1 5 % .  

C o n d i t i o n  b i s  t h e  combina t ion  of l o a d s  f o r  which an  ex t ended  
t i m e  of o p e r a t i o n  i s  a l l o w e d ,  s p e c i f i c a l l y  1 1 / 2  t i m e s  t h e  normal 
t ime .  T h i s  combina t ion  r e q u i r e s  a n  a d d i t i o n a l  2 1 / 2  pounds p e r  
s q u a r e  f o o t  f o r  i c e  l o a d i n g  be a p p l i e d .  I n  a d d i t i o n  t o  t h o s e  l o a d s  
s p e c i f i e d  unde r  c o n d i t i o n  A above.  Obvious ly ,  t h i s  l oad  c o n d i t i o n  
need on ly  be e x p l o r e d  where i c e  i s  l i k e l y  t o  be encoun te red .  



C o n d i t i o n  C ,  a g a i n  a l l o w i n g  f o r  a n  ex t ended  t ime  of o p e r a t i o n ,  
s p e c i t l ~ a l l y  tw ice  t h e  normal t i m e ,  r e q u i r e s  t n e  f o l l o w i n g  combina- 
t i o n  of l o a d s :  F r i c t i o n a l  r e s i s t a n c e ,  i n e r t i a ,  unba lanced  l o a d  
c o n d i t i o n s ,  and a  wind l o a d  of 10  pounds p e r  s q u a r e  f o o t  on any 
v e r t i c a l  p r o j e c t i o n  of t h e  open b r i d g e  and a n  i c e  l oad  of 2 1 / 2  
pounds p e r  s q u a r e  f o o t .  Again ,  t h e  i c e  l o a d i n g  need on ly  be ap-  
p l i e d  i n  a r e a s  where i c e  is  a n t i c i p a t e d .  When c a l c u l a t i n g  t h e  
a c t u a l  t i m e  of o p e r a t i o n ,  a t  no t i m e  shou ld  t h e  wind l o a d s  be l e s s  
t h a n  2 1 / 2  pounds a c t i n g  normal  t o  t h e  b r i d g e  a s  compared t o  t h e  10  
pourids p e r  s q u a r e  f o o t  a c t i n g  on t h e  v e r t i c a l  p r o j e c t i o n  of t h e  
open b r i d g e .  

A t  t h i s  p o i n t  i t  is  impor t an t  t o  d i s c u s s  and c o n s i d e r  t h e  
c h a r a c t e r i s t i c s  of e l e c t r i c  motors .  S e l e c t i o n  of t h e  t y p e  of 
e l e c t r i c  motor  and t h e  t y p e  of speed  c o n t r o l s  used i s  a n  i m p o r t a n t  
f a c t o r  i n  e s t a b l i s h i n g  whether  o r  n o t  t h e  powers a p p l i e d  w i l l  be  
a b l e  t o  o p e r a t e  t h e  b r i d g e  i n  t h e  normal  t i m e ,  1 1 / 2  t h e  normal  
t i m e ,  o r  t w i c e  t h e  normal t ime .  

E l e c t r i c  motors  g e n e r a l l y  have t h e  a b i l i t y  t o  deve lop  h i g h e r  
t o r q u e s  f o r  s h o r t  p e r i o d s  of t i m e  when s u b j e c t e d  t o  h i g h e r  t h a n  
normal  l o a d r n g  and w i l l  o p e r a t e  a t  s l o w e r  s p e e d s .  Many t o r q u e  
speed  c u r v e s  would c l e a r l y  i n d i c a t e  t h e  a b i l i t y  of a  motor  t o  
deve lop  15U%, Z O U % ,  Z5U%, and even 300% f u l l  l o a d  r a t e d  t o r q u e  a t  a  
s l o w e r  s p e e d .  I t  n a s  g e n e r a l l y  been o u r  i n t e r p r e t a t i o n  of t h e  code 
t h a t  t h e  p r o v i s i o n  f o r  ex t ended  t ime ,  i n  e f f e c t ,  i m p l i e d  a n  unde r -  
s t a n d i n g  of t h e s e  c h a r a c t e r i s t i c s  and t h a t  t h e y  J e  c o n s i d e r e d  when 
s e l e c t i n g  motor  s i z e .  Speed c o n t r o l s  a l s o  have a  b e a r i n g  on t h i s  
s e l e c t i o n  and p r o v i d e  f o r  some a d d i t i o n a l  t o r q u e  when needed. I t  
i s  ou r  u n d e r s t a n d j n g  of t o d a y ' s  speed  c o n t r o l  equipment ,  t h a t  t h e y  
a r e  d e s i g n e d  t o  d l s r u p t  s e r v i c e  when l o a d s  exceed  150% of normal 
f u l l  l o a d  r a t e  t o r q u e .  I t  i s  t n e r e f o r e  been ou r  p r a c t i c e  i n  
s e l e c t  i n8  motor  s i z e  t o  a l l o w  o r  t o  l i m i t  o v e r t o r q u e  c o n d i t i o n s  t o  
150%. I t  i s  t h e r e f o r e  o u r  i n t e r p r e t a t i o n  of t h e  code  t h a t  t h e  
power r e q u i r e m e n t  would be a s  f o l l o w s :  

For  C o n d i t i o n  A normal  t ime  of o p e r a t i o n  100% o f  f u l l  l o a d  
r a t e d  t o r q u e  of t h e  e l e c t r i c  motor  s e l e c t e d .  

For  C o n d i t i o n  B up t o  150% o r  t h e  maximum t o r q u e  deve loped  a t  a  
reduced  speed  s u c h  t h a t  t h e  t i m e  of o p e r a t i o n  i s  1 1 / 2  t i m e s  
normal t ime  of o p e r a t i o n .  

Fo r  C o n d i t i o n  C a l l o w  150% of f u l l  l o a d  r a t e d  t o r q u e  f o r  t h e  
motor s e l e c t e d .  I t  i s  n o t  l i k e l y  t h a t  any  r e d u c t i o n  would be  
n e c e s s a r y  s i n c e  t h e  10 pound l o a d  p e r  s q u a r e  f o o t  wind would 
no t  c r e a t e  h i g h e r  l o a d s  t h a n  t h e  2 1 / 2  pound wind f o r c e  u n t i l  
t h e  b r i d g e  were  opened between and 40" and 50" and t h e n  o n l y  
i n c r e a s e  g r a d u a l l y  a s  t h e  b r i d g e  r e a c h e s  t h e  f u l l y  opened p o s i -  
t i o n .  



With t h e  above u n d e r s t a n d i n g  of e l e c t r i c a l  motors  and t h e  l oad  
c o m b i n a t i o n s ,  one now h a s  t h e  a b i l i t y  t o  s e l e c t  o r  d e t e r m i n e  h i s  
i n i t i a l  power r e q u i r e m e n t s .  I t  h a s  been ou t  e x p e r i e n c e  i n  t h e  p a s t  
t n a t  l o a d  c o n d i t i o n  C g e n e r a l l y  d i c t a t e s  t h e  power r e q u i r e m e n t s .  
I t  i s  s t i l l  i i r po r t an t  t o  know t h e  power r e q u i r e m e n t s  f o r  l o a d  con- 
d i t i o n  A s i n c e  many b r i d g e s  a r e  s u p p l i e d  w i t h  two motors .  I n  most 
two motor  o p e r a t i o n s  one would f i n d  t h a t  t h e  horsepower  s u p p l i e d  
from a  s i n g l e  motor cou ld  o p e r a t e  t h e  b r i d g e  under  normal cond i -  
t i o n s  and t h e r e f o r e  d u r i n g  a  motor m a l f u n c t i o n  t h e  b r i d g e  cou ld  r e -  
main o p e r a t i o n a l  w i t h  some c a r e  and d i l i g e n c e  on t h e  p a r t  of t h e  
b r i d g e  t e n d e r  n o t  t o  s u b j e c t  t h e  b r i d g e  t o  unusua l  l o a d i n g  cond i -  
t i o n s .  

A r t i c l e  2 . 5 . 4  "Machinery Uesign" s p e c i f i c a l l y  s t a t e s  t h a t  t h e  
inachlnery components,  g e a r s ,  b e a r i n g s ,  s h a f t s  s h a l l  be d e s i g n e d  f o r  
1 5 U %  of t h e  f u l l  load  r a t e d  t o r q u e  deve loped  by t h e  pr ime mover and 
t n a t  t h e  normal a l l o w a b l e  u n i t  s t r e s s  s h a l l  be used  i n  t h e i r  d e -  
s i g n .  

The s p e c i f i c a t i o n s  r e q u i r e  t h a t  b r a k e s  be s u p p l i e d  and be s i z e d  
t o  s t o p  t h e  b r i d g e  mot ion  when n e c e s s a r y  o r  t o  p r o v i d e  t h e  ho ld ing  
f o r c e  n e c e s s a r y  t o  accommodate t h e  2 0  pound p e r  s q u a r e  f o o t  p r o v i -  
s i o n  f o r  wind l o a d i n g .  S i n c e  b r a ~ e s  a r e  no rma l ly  mounted on t h e  
e x t e n s i o n  of motor s h a f t s  when two motors  a r e  p r o v i d e d  and motor  
s n a f t  and t n e  i n p u t  s n a f t  of t h e  g e a r  r e d u c e r s  when a  s i n g l e  motor 
i s  p r o v i d e d ,  I t  i s  obv ious  t h i s  r e s u l t s  i n  t h e  b r e a k i n g  o r  h o l d i n g  
f o r c e  being t r a n s m i t t e d  t h r o u g h  t h e  e n t i r e  g e a r  c h a i n  and i s  t h u s  
a n  a l t e r n a t e  d e s i g n  c o n s i d e r a t i o n  when s i z i n g  machinery compon- 
e n t s .  ifhen sEopping t h e  b r i d g e  w i t h  b r a k e s ,  b r akes  shou ld  be ap -  
p l i e d  g r a d u a l l y ,  a l l o w i n g  f o r  a  p r o p e r  d e c e l e r a t i o n  of t h e  l e a f  s o  
a s  n o t  t o  i n c u r  f o r c e s  due t o  i n e r t i a  t h a t  have n o t  been p rov ided  
f o r .  I t  i s  o u r  s u g g e s t i o n  t h a t  b r a k e s  be used  o n l y  t o  ho ld  t h e  
b r idge  i n  p o s i t i o n  and t h a t  s p e e d  c o n t r o l s  p r o v i d e  t h e  n e c e s s a r y  
f o r c e  t o  s low t h e  b r i d g e  down and s t o p  i t  w i t h  t h e  e l e c t r i c  
motors .  When s i z i n g  t h e  machinery f o r  t h e  h o l d i n g  f o r c e  a l l o w a b l e  
s t r e s s e s  may be i n c r e a s e d  by 150%. 

A t  t h i s  p o i n t  t h e  d e s i g n e r s  n e x t  s t e p  i s  t o  make h i s  i n i t i a l  
d e t e r m i n a t i o n  a s  t o  machinery components and t h e i r  s i z e .  Obvious ly  
we have a  r a c k  g e a r  and p i n n i o n  g e a r  t o  d e s i g n  and g e n e r a l l y  t h e  
p i n n i o n  g e a r  i s  s u p p o r t e d  by two b e a r i n g s  p l a c e d  upon a  s u p p o r t  
s t a n d .  Most g e a r  t r a i n s  t o d a y  i n c l u d e  a t  l e a s t  one f u l l y  e n c l o s e d  
g e a r  r e d u c t i o n  box. These g e a r  boxes  a r e  produced by a  number of 
m a n u f a c t u r e r s  who have  p r e p a r e d  t a b l e s  and c h a r t s  i n d i c a t i n g  g e a r  
box d i m e n s i o n s ,  r a t e d  horsepower  and t o r q u e  c a p a b i l i t i e s .  I t  i s  
ou r  s u g g e s t i o n  t n a t  i f  a t  a l l  o s s i b l e  a  s i n g l e  l a r g e  e a r  box w i t h  
a  g e a r  r e d u c t i o n  i n  t h e  n e i g h  g orhood of 300-450  t o  1 % e  u sed .  I f  
t h e  l o a d l n g  f o r  a s p e c i f i c  b r i d g e  i s  s u c n  t h a t  a  g e a r  box w i t h  t h e  
n e c e s s a r y  c a p a b i l i t y  i s  n o t  r e a d i l y  a v a i l a b l e  o r  i f  t h e  g e a r  box is  



of such  d i i i~ens ions  t h a t  i t  would n o t  f i t  i n  t h e  space  a l l owed ,  t h e  
d e s i g n e r  c o u l d  go t o  a  second s e t  of gea r  boxes o r  one o r  two s e t s  
of e x t e r n a l  g e a r s .  E x t e r n a l  g e a r s  a r e  n o t  recommended i f  p o s s i b l e ,  
due t o  the f a c t  t h a t  t h e y  r e q u i r e  a  g r e a t  d e a l  of maintenance t o  
i n s u r e  t l l e i r  l o n g e v i t y .  Obviously t h e  d e s i g n e r s  e f f o r t s  would be 
g r e a t l y  s i m p l i f i e d  i f  a  s i n g l e  gear  box can be s e l e c t e d .  I f  
e x t e r n a l  g e a r s  a r e  n e c e s s a r y ,  i t  is  recommended t h a t  t hey  be moun- 
t e d  on a  common s u p p o r t  s t a n d  w i t h  t h e  p i n n i o n  gea r .  Th i s  would 
a l l o w  f o r  f a c t o r  f a b r i c a t i o n  and a l ignment  of g e a r s .  Obvious ly  
p r o p e r  a l i g n m e n t  w i l l  e n s u r e  w e a r a b i l i t y  of t h e  g e a r  t r a i n  and any 
f i e l d  a l i g n m e n t  t h a t  c a n  be e l i m i n a t e d  w i l l  g r e a t l y  s i m p l i f y  and 
r educe  t h e  c o s t  of t h e  g e a r  t r a i n .  I t  i s  t h e  r e s p o n s i b i l i t y  of t h e  
d e s i g n e r  t o  a r r a n g e  t h e  g e a r s  g e o i n e t r i c a l l y  and p r o v i d e  s u f f i c i e n t  
s p a c e  f o r  t h e i r  p lacement  on t h e  machinery p l a t f o r m .  The d e s i g n e r  
should  p r o v i d e  a t  l e a s t  one o p e r a t i o n a l  sys tem,  g e a r  r e d u c e r ,  
s h a f t s ,  b e a r i n g s ,  p i n n i o n  g e a r s ,  g e a r s  and r a c k  and s u p p o r t  s t a n d s ,  
i n  t h e  c o n s t r u c t i o n  p l a n .  Gene ra l ly  s p e c i f i c a t i o n s  a l l o w  f o r  a l -  
t e r n a t e  d e s i g n  by t h e  c o n t r a c t o r .  I t  may be n e c e s s a r y  once t h e  
f i n a l  s e l e c t i o n  of g e a r  r e d u c e r  and g e a r s  h a s  been e s t a b l i s h e d  t h a t  
t h e  d e s i g n e r  r e p e a t  t h e  p r o c e s s  of power s e l e c t i o n  and g e a r  t r a i n  
d e s i g n  t o  i n s u r e  t h a t  t h e  f i n a l  g e a r  r a t i o  and speed  of o p e r a t i o n  
i s  i n  compl iance  w i t h  t h e  code and c a p a b l e  of w i t h s t a n d i n g  t h e  
l o a d s  a p p l i e d .  

T h i s  pape r  was n o t  i n t ended  t o  p r o v i d e  t h e  r e a d e r  w i t h  a  d e -  
t a i l e d  a n a l y s i s  and example c a l c u l a t i o n s  t h a t  would be n e c e s s a r y  t o  
produce a  complete  d e s i g n .  I t  i s  r a t h e r  a  overv iew and t h e  
a u t h o r ' s  i n t e r p r e t a t i o n  of some of t h e  i t e m s  i n  t h e  c u r r e n t  code.  
I t  i s  hoped t h a t  t h e  r e a d e r  h a s  a  b e t t e r  i n s i g h t  i n t o  t h e  d e s i g n  
c r i t e r i a  and c o n s i d e r a t i o n s  n e c e s s a r y  i n  which t o  produce a  
r e l i a b l e  o p e r a t i n g  systeln f o r  b a s c u l e  b r i d g e s .  I t  i s  a l s o  hoped by 
t h e  t i m e  of t h e  nex t  b r i d g e  symposium t h a t  t h i s  pape r  can  be 
expanded and indeed  p r o v i d e  t h e  u s e r  w i t h  a  more d e t a i l e d  a n a l y s i s  
of a  sample y e a r  t r a i n .  


