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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  Highway 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 n 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 Railway 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 A g E A  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 
hignway 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 h a t  t h e  AASHTU Movable Br idge  S p e c i f i c a t i o n s  be used  i n  t h e  
c o n 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  an  i n t e r e s t i n g  n o t e ,  we nave two volumes of a  t e x t  e n t i t l e d ,  
"Movable 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 6 S o n s ,  i n  
t n 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 n 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 
macninery d e s i g n ,  o d ~ l  a s  i t  may seem, i s  i d e n t i c a l  t o  t h e  1978 
xASHTO 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 .  

Tile b a s i c  i n t e n t  of t h i s  p a p e 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 c u r r e n t  e d i t i o n  
of AA5HTU c o n t a i n s  very  l i t t l e  r e f e r e n c e  t o  h y d r a u l i c s  bu t  c e r t a i n  
s e c t i o n s  can be u t i l i z e d  even  i f  t h e  r e f e r e n c e  is  t o  machinery.  
Tile 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 ,  
"General  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  woiild 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 m e n t s .  

Witn r e s p e c t  t o  h y d r a u l i c s ,  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 i m e  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  i s  n o t  s p e c i f i c a l l y  s p e l l e d  o u t  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 60 and  7 5  seconds  is  
consic lered 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  bfach inery /Hydrau l ics  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 e m s  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 obv ious  f o r c e  h e r e  
i s  overcoming i n e r t i a .  

B )  The e f f e c t  of f r i c t i o n a l  r e s i s t a n c e  which g e n e r a l l y  c o n s i s t s  
o f  t h e  f r i c t i o n a l  r e s i s t a n c e  i n  t h e  main t r u n n i o n  b e a r i n g ,  
t h e  e f t i c i e n c y  of t h e  h y d r a u l i c  sys tem which shou ld  accoun t  
f o r  p r e s s u r e  l o s s e s  i n  l i n e s ,  f i t t i n g s ,  and components.  

C )  Any unoa lanced  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 unba l ance  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 oad  shoe .  
F o r  h y d r a u l i c  c y l i n d e r  t h i s  may a l s o  h e l p  even-out  o p e r a t i n g  
p e s s u r e  when co~riing down s i n c e  t h e  rod  end of t h e  p i s t o n  
y i e l d s  a  s m a l l e r  a r e a  upon which t o  d e v e l o p  t h e  t o t a l  o p e r a -  
t i u n a l  f o r c e .  

D) Wind loads  f o r  which t h r e e  l oad  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 h y d r a u l i c  sys tem t o  o p e r a t e  t h e  b r i d g e  
I n  t n e  normal t i m e  f r a m e ,  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 h y d r a u l i c  sy s t em 
t o  o p e r a t e  t h e  b r i d g e  i n  t w i c e  t h e  normal t i m e ,  120-150 
s e c o n d s ,  and a  20 pound wind f o r c e  used t o  e s t a b l i s h  maximum 
h y d r a u l i c  p r e s s u r 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  I 1  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 r o u p s ,  s t r u c t u r a l  and machinery.  Of i n t e r e s t  i n  
t h e  s t r u c t u r a l  s e c t i o n  i s  A r t i c l e  2 . 1 . 1 1  e n t i t l e d ,  "Impact". Hy- 
d r a u l i c  c y l i n d e r s  a r e  s u p p o r t e d  by some p a r t  of t h e  s t r u c t u r e  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  f o r c e s .  Th i s  s e c t i o n  r e q u i r e s  
t n 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  m a c h i n e r y / h y d r a u l i c  
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 h e  s p a n ,  s h a l l  be i n -  
c r e a s e d  100% a s  a n  a l l o w a n c e  f o r  impac t .  

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 i v e n  by t h e  c u r -  
r e n t  e d i 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 r t i c l e  2.1.14 "Hydrau l i c  C y l i n d e r  Connect ion".  The s t r e s s e s  
on t h e  s t r u c t u r a l  c o n n e c r i o n  t o  t h e  c y l i n e r s  s h a l l  be based  on a  
c y l i n d e r  p r e s s u r e  of 150 p e r c e n t  of t h e  s e t t i n g  of t h e  p r e s -  
s u r e - r e l i e f  v a l v e  c o n t r o l l i n g  t h e  maximum p r e s s u r e  a v a i l a b l e  a t  t h e  
c y l i n d e r .  

Continuing on i n t o  t h e  Machinery Des 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 n e  l o c a t i o n  and s i z e  of hy- 
d r a u l i c  c y l i n d e r s  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 )  P o s i t i o n i n g  of h y r a u l i c  c y l i n d e r s .  Obvious ly  t h e  f i r s t  
c h o i c e  would be t o  l o c a t e  h y d r a u l i c  c y l i n d e r s  under  main 
g i r d e r s .  Th i s  would n o t  be t h e  o n l y  l o c a t i o n  a v a i l a b l e  and 
i n  t h e  c a s e  of b r i d g e  r e n o v a t i o n  where a  h y d r a u l i c  system 
were  t o  r e p l a c e  a  machinery sys t em,  o t h e r  l o c a t i o n s  may 
p rove  t o  be more s u i t a b l e .  The c o n n e c t i o n  of t h e  rod e y e  a t  
t n e  end of t h e  p i s t o n  rod v i a  p i l l o w  b l o c k s  ( b e a r i n g s )  t o  
t h e  main g i r d e r  o r  s t r u c t u r e  shou ld  be l o c a t e d  w e l l  below 
t n e  t r u n n i o n  and a s  f a r  fo rward  of t h e  t r u n n i o n  a s  i s  p o s s i -  
b l e .  The bottom s u r f a c e  of t h e  bottom f l a n g e  of t h e  main 
g i r d e r  p r o v i d e s  t h e  d e s i g n e r  w i t h  b o t h  t h e s e  f e a t u r e s .  The 
b a s i c  o b j e c t  i s  t o  c r e a t e  a  s i t u a t i o n  where t h e  moment arm, 
b e i n g  t h e  d i s t a n c e  between t h e  p i s t o n  rod and t h e  c e n t e r  of 
r o t a t i o n  ( t r u n n i o n ) ,  i s  m a i n t a i n e d  a t  a  maximum t h r o u g h o u t  
t h e  opening  and c l o s i n g  p r o c e s s .  T h i s ,  i n  e f f e c t ,  w i l l  p ro -  
duce t h e  minimal amount of o p e r a t i n g  f o r c e  needed d u r i n g  t h e  
e n t i r e  opening  p r o c e s s .  C y l i n d e r s  c a n  be s u p p o r t e d  on t h e  
machinery  p l a t f o r m  a t  t h e  end w i t h  a  c l e v i s  t y p e  d e v i c e  o r  
a t  intermediate p o i n t s  between t h e  bo t tom and t h e  t o p  of t h e  
c y l i n d e r .  I n  e f f e c t ,  one c o n s i d e r a t i o n  i n  d e t e r m i n i n g  t h e  
u l t i i t i a t e  l e n g t h  of t h e  c y l i n d e r  would be  t h e  s t a b i l i t y  of 
t h e  c y l i ~ l d e r  and p i s t o n  rod when f u l l y  ex tended .  The 
s h o r t e r  t h e  d i s t a n c e  between t h e  rod  eye  and t h e  p o i n t  of 
s u p p o r t  of t h e  c y l i n d e r  which would r e s u l t  i n  an  o v e r a l l  
s h o r t e r  c y l i n d e r .  I n  e s s e n c e ,  t h e  c y l i n d e r  i s  made l o n g e r  
i n  o r d e r  t o  l e a v e  t h e  p i s t o n  d e e p e r  w i t h i n  t h e  c y l i n d e r  when 
t h e  p i s t o n  rod is  f u l l y  ex t ended .  The te rm f o r  t h i s  i s  
" s t o p - t u b e  d i s t a n c e " ,  a  d i s t a n c e  added t o  t h e  l e n g t h  of 
s t r o k e  r e q u i r e d  t o  f u l l y  a c t u a t e  t h e  b r i d g e .  I t  h a s  been 
o u r  f i n d i n g  t h a t  a  c e n t e r  mounted t r u n n i o n  c y l i n d e r  p r o v i d e s  
t h e  b e s t  f e a t u r e s  f o r  d e s i g n .  S u p p o r t i n g  t h e  c y l i n d e r  t o o  
c l o s e  t o  t h e  t o p  a l s o  r e s u l t s  i n  t h e  need f o r  a very  a c c u r -  
a t e  a l i gnmen t  between t h e  v e r t i c a l  a x i s  of t h e  main g i r d e r  
and t h e  h o r i z o n t a l  p o s i t i o n i n g  of t h e  c y l i n d e r s .  

4 )  A t  t h i s  p o i n t  one shou ld  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 ,  e f -  
f i c i e n c y  l o s s  i n  t h e  h y d r a u l i c  sy s t em,  unbalanced moments 
due t o  unba lanced  load  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 ( H y d r a u l i c )  
u e s i g n "  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  
whicu t n e  h y d r a u l i c  sys tem 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 n e  combina t ion  of l o a d s  f o r  normal t ime  of 
open ing ,  t h e  60-75 second t i m e  frame.  For b a s c u l e  b r i d g e s  t h e  l o a d  
c o m b i n a t i o n s  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 ,  
unba l anced  l o a d  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 e  f l o o r  a r e a  may be  r e -  
duced 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  whicn 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  n o r n a l  
t ime .  T h i s  combina t ion  r e q u i r e s  an  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 o n l y  be exp lo red  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 ,  
specifically t w i c e  t h e  normal t i m e ,  r e q u i r e s  t h 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 o a d  of 2 1 / 2  
pounds p e r  s q u a r e  f o o t .  Aga in ,  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  
pounds 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 b r i e f  d i s c u s s i o n  and c o n s i d e r a t i o n  of e l e c t r i c  motors  and 
pumps i s  i m p o r t a n t  a t  t h i s  p o i n t .  I n  most h y d r a u l i c  a p p l i c a t i o n s  a  
somewhat h i g h e r  speed motor  i s  g e n e r a l l y  p r o v i d e d  t h a n  t h a t  used  
f o r  t h e  machinery d e s i g n  sys t ems .  I t  h a s  been o u r  p r a c t i c e  t o  
s e l e c t  an  1800 rpm motor .  The h y d r a u l i c  pump t h a t  we i n t e n d  t o  u se  
w i l l  r e q u i r e  horsepower  c o n t r o l .  With t h i s  pump t h e  m o n i t o r i n g  of 
horsepower  i n  t e rms  of f l o w  ( g a l l o n s  p e r  minu te )  and p r e s s u r e  w i l l  
be p rov ided .  With t h i s  t y p e  of pump we w i l l  o b t a i n  a u t o m a t i c  
s t r o k i n g  o r  ramping of t h e  pump t o  i n s u r e  t h a t  t h e  combina t ion  of 
f l o w  and p r e s s u r e  g e n e r a t e d  by t h e  sys tem w i l l  p r o v i d e  a  un i fo rm 
horsepower  o u t p u t .  Thus t h e  motor  i s  g e n e r a l l y  b r o u g h t  up t o  speed  
p r i o r  t o  e n e r g i z i n g  o r  s t r o k i n g  t h e  pumps. With t h i s  motor  pump 
combina t ion  t h e  sys tem h a s  t h e  a b i l i t y  t o  o p e r a t e  unde r  a  v a r i e t y  
of l o a d  combina t ions  and t h e  e f f e c t  would be  t o  r e g u l a t e  f l o w  t h u s  
e x t e n d i n g  t h e  t ime of o p e r a t i o n .  Th i s  f e a t u r e  i s  a  p e r f e c t  match 
f o r  t h e  AASHTO l o a d i n g  combina t ions  i n  which,  a s  t h e  l o a d s  a r e  i n -  
c r e a s e d ,  t h e  t i m e s  f o r  o p e r a t i o n  a r e  e x t e n d e d .  . The f o l l o w i n g  
s e r i e s  of s t e p s  a r e  s u g g e s t e d  i n  s i z i n g  c y l i n d e r s  and s e l e c t i n g  
power: 



5 )  Would f i r s t  r e q u i r e  t h e  c a l c u l a t i o n  of t h e  f o r c e s  g e n e r a t e d  
by e a c h  of t h e  t h r e e  l o a d  c o n d i t i o n s ,  A ,  B ,  and C .  Gener- 
a l l y  e a c h  l i f t  c o n s i s t s  of two main g i r d e r s  and i t  is  t h e r e -  
f o r e  imp l i ed  t i i a t  a  miniurn of 1 c y l i n d e r  be r e q u i r e d  under  
eacl l  main g i r d e r .  I t  h a s  been o u r  p r a c t i c e  on t h e  somewhat 
l a r g e r  b r i d g e s ,  t h a t  two c y l i n d e r s  be l o c a t e d  unde r  e a c h  
main g i r d e r ,  o r  a  t o t a l  of 4 c y l i n d e r s  p e r  l e a f .  Th i s  p r o -  
v i d e s  t h e  d e s i g n e r  and t h e  owner w i t h  t h e  a b i l i t y ,  d u r i n g  
r e p a i r  and s e r v i c i n g  of c y l i n d e r s ,  t o  remove one o r  even two 
c y l i n d e r s  and s t i l l  have t h e  c a p a b i l i t y  of b r i d g e  o p e r a t i o n  
u n d e r  normal l o a d i n g  c o n d i t i o n s .  We have g e n e r a l l y  found  
t h a t  l o a d  c o n d i t i o n  C w i l l  d i c t a t e  t h e  number of c y l i n d e r s  
o r  s i z e  of c y l i n d e r s  t h a t  must be p rov ided  and by r ev i ewing  
t n e  o p e r a t i n g  p r e s s u r e s  deve loped  f o r  l o a d  c o n d i t i o n  A when 
two c y l i n d e r s  have been removed from t h e  sys tem w i l l  f i n d  
t h a t  o p e r a t i n g  p r e s s u r e s  a r e  w i t h i n  s a f e  l imits.  

b )  Determine t h e  t o t a l  o p e r a t i n g  f o r c e  g e n e r a t e d  by c o n d i t i o n  
A based  on normal t i m e  of o p e r a t i o n .  T h i s  shou ld  be done 
f o r  b o t h  t h e  opening  p r o c e d u r e  and f o r  t h e  c l o s i n g  p r o c e d u r e  
by c a l c u l a t i n g  t h e  s u r f a c e  a r e a  of t h e  p i s t o n  f o r  a l l  
c y l i n d e r s  and d l v i d i n g  t h a t  i n t o  t h e  opening  f o r c e  g e n e r a t e d  
one c a n  d e t e r m i n e  t h e  o p e r a t i n g  p r e s s u r e  r e q u i r e d ,  and 
s i u ~ i l d r l y  c a l c u l a t i n g  t h e  s u r f a c e  a r e a  on t h e  rod s i d e  of 
t n e  c y l l n d e r  and d i v i d i n g  t h a t  i n t o  t h e  f o r c e  r e q u i r e d  t o  
c l o s e  t h e  l e a f  w i l l  g e n e r a t e  t h e  o p e r a t i n g  p r e s s u r e  t h a t  r e -  
s u l t s .  G e n e r a l l y  o p e r a t i n g  p r e s s u r e s  f o r  normal t i m e  of op- 
e r a t i o n  should  be  a round  500-600 p s i .  

7 )  De te rmine  o p e r a t i n g  f o r c e ,  and t i l e  p r e s s u r e s  f o r  c o n d i t i o n  B 
w i t h  an  ex tended  t ime of 1 1 / 2  t n e  normal  t ime  i n  a  s i m i l a r  
f a s h i o n  t o  6  above,  a  p r e s s u r e  of a p p r o x i m a t e l y  1000 p s i  
would be  a p p r o p r i a t e .  

8 )  Determine o p e r a t i n g  f o r c e ,  and t h e  p r e s s u r e s  f o r  c o n d i t i o n  C 
w i t n  a n  ex tended  t i m e  of t w i c e  t h e  normal t i m e  i n  a  s i m l a r  
f a s h i o n  t o  b above ,  a  p r e s s u r e  i n  t h e  range  of 1500 t o  2000 
p s i .  

9 )  The n e x t  c o n d i t i o n  of c o n s i d e r a t i o n  i s  t h e  a b i l i t y  of t h e  
c y l i n d e r s  t o  h o l d  t h e  b r i d g e  i n  t h e  f u l l y  open p o s i t i o n  f o r  
t h e  20 pound wind f o r c e .  Under t h i s  c o n d i t i o n  t h e  maximum 
p r e s s u r e  of between 2500 and 3000 p s i  would be a p p r o p r i a t e .  

1 0 )  Having c a l c u l a t e d  t h e  v a r i o u s  c o m b i n a t i o n s  of l o a d s  and 
c y l i n d e r  p r e s s u r e s  and t h u s  d e t e r m i n e d  t h e  a p p r o p r i a t e  num- 
b e r  and s i z e  of c y l i n d e r s ,  and h a v i n g  p o s i t i o n e d  them, o u r  
n e x t  s t e p  would be t o  d e t e r m i n e  s t r o k e  l e n g t h  and v e r i f y  
t h e  t ime of o p e r a t i o n  f o r  t h e  v a r i o u s  l oad  c o n d i t i o n s .  
S i n c e  l o a d s  and moment arms v a r y  a s  t h e  b r i d g e  



i s  opened and c l o s e d ,  t h e  d e s i g n e r  must c a l c u l a t e  t h e s e  f a c -  
t o r s  based  on s m a l l  i nc remen t s  of opening .  We have found 
t h e  u s e  of a  computer  t o  be very  b e n e f i c i a l  i n  making t h e  
c a l c u l a t i o n  s i n c e  t h e  computer can per form s u c h  c a l c u l a t i o n s  
f o r  eacli  d e g r e e  of opening  i n  a  ve ry  s h o r t  t ime .  Th i s  would 
a l l o w  t n e  d e s i g n e r  t o  make t h e  most optimum s e l e c t i o n  of 
c y l i n d e r  s i z e  arid horsepower  r e q u i r e d .  With t h e  p r o p e r  p r o -  
gram t h e  d e s i g n e r  cou ld  i n p u t  l e a f  d i m e n s i o n s ,  geome t r i c  
l o c a t  i o n s  of t r un r i i on ,  c o n n e c t i o n  p o i n t s  of t h e  c y l i n d e r s ,  
number of c y l i n d e r s ,  s i z e  of c y l i n d e r s ,  s i z e  of t h e  p i s t o n  
r o d ,  a n g l e  of opening  under  v a r i o u s  l o a d i n g  c o n d i t i o n s ,  h i s  
e s t i m a t e  of horsepower  r e q u i r e d ,  t h e  e f f i c i e n c y  of t h e  s y s -  
tell1 and t ime  f o r  a c c e l e r a t i o n .  Because of t h e  r o t a t i o n  of 
t h e  l e a f  t h e  moment arm between t h e  c e n t e r  of r o t a t i o n  and 
t n e  p i s t o n  rod va ry  w i t h  e a c h  d e g r e e  of opening  and s i n c e  
t h e  10  pound wind l o a d  i s  a p p l i e d  t o  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  l e a f ,  t h e  f o r c e s  a p p l i e d  t o  t h e  c y l i n d e r  va ry  w i t h  
e a c h  moment of opening .  With t h e  computer program t h e  d e -  
s i g n e r  would a n a l y z e  i n  one d e g r e e  i n c r e m e n t s ,  a l l  c o n d i -  
t i o n s  of l o a d i n g ,  c a l c u l a t e  t h e  l e n g t h  of s t r o k e ,  moment 
arm,  f o r c e s  r e q u i r e d  t o  push t n e  l e a f  up and p u l l  t h e  l e a f  
down, p r e s s u r e s  e n c o u n t e r e d ,  and t i m e  r e q u i r e d  t o  move t h e  
l e a f  t h r o u g h  e a c h  d e g r e e  of opening.  

Once t h e  h y d r a u l i c  c y l i n d e r s ,  mo to r ,  pumps have been 
e s t a b l i s h e d ,  v a r i o u s  o t h e r  components must be s e l e c t e d .  I n  
o r d e r  t o  u t i l i z e  t h e  h y d r a u l i c  c y l i n d e r s  a s  an  e f f e c t i v e  
b r a k e  i n  which t h e  l e a f  c a n  be h e l d  i n  any p o s i t i o n ,  check  
v a l v e s  a r e  n e c e s s a r y  and shou ld  be l o c a t e d  a s  c l o s e  t o  
c y l i n d e r  p o r t s  a s  is  p r a c t i c a l .  I n  o u r  c a s e ,  p i l o t  a c t u -  
a t e d  check v a l v e s  a r e  n e c e s s a r y  s o  t h a t  when p r e s s u r e  i s  
a p p l i e d  t o  t h e  c y l i n d e r  a t  one p o r t ,  t h e  check  v a l v e  a t  t h e  
o t h e r  end i s  a u t o m a t i c a l l y  opened. Thus whenever t h e  power 
o r  pumps a r e  s h u t - o f f  t h e  crleck v a l v e s  a u t o m a t i c a l l y  c l o s e  
l o c k i n g  f l u i d  i n  c y l i n d e r s  and t h e r e f o r e  r e s u l t s  i n  h o l d i n g  
tile b r i d g e  i n  i t s  c u r r e n t  p o s i t i o n .  R e l i e f  v a l v e s  a r e  s o  
n e c e s s a r y  t h a t  o p e r a t i n g  p r e s s u r e s  do n o t  exceed d e s i g n  
l i i o i t a t i o n s .  A s  we discussed, t h e  maximum o p e r a t i n g  p r e s -  
s u r e  f o r  l o a d  c o n d i t i o n  C would be i n  t h e  r ange  of 1500 t o  
L U U U  p s i  and we should  t h e r e f o r e  have  a t  a n  a p p r o p r i a t e  
l o c a t i o n ,  a  r e l i e f  v a l v e  which i s  s e t  t o  t h e  maximum ope r -  
a t i n g  p r e s s u r e  e x p e c t e d ,  and s i n c e  t h e  c y l i n d e r s  a r e  t o  be  
u t i l i z e d  a s  b r akes  w i t h  t h e  c a p a b i l i t y  of w i t h s t a n d i n g  t h e  
Z u  pound h o l d i n g  f o r c e ,  a  second s e t  of r e l i e f  v a l v e s  would 
be n e c e s s a r y  which would have a p r e s s u r e  s e t t i n g  of 
somewhere between 25UO and 3000 p s i .  The s e l e c t i o n  of 
o t h e r  components s u c h  a s  c o u n t e r  b a l a n c e  v a l v e s  and 
four-way d i r e c t i o n a l  v a l v e s ,  would be s e l e c t e d  based  on t h e  



volume of f low.  H y d r a u l i c  t a n k s  shou ld  be  s u f f i c i e n t l y  
l a r g e  enough t o  ho ld  between 4 and 5 t i m e s  t h e  r e q u i r e d  
volume of f l u i d  t o  o p e r a t e  t h e  b r i d g e  d u r i n g  one c y c l e .  
T h i s  l a r g e  volume of f l u i d  i s  p r i m a r i l y  used  t o  d i s s i p a t e  
h e a t ,  but  c e r t a i n l y  i n s u r e s  ample s u p p l y  of f l u i d .  Where 
h y d r a u l i c  sys tems  a r e  a n t i c i p a t e d  t o  be used a numerous num- 
b e r  of t imes  i n  qu i ck  s u c c e s s i o n  and i t  i s  l i k e l y  t h a t  an  
e x c e s s i v e  h e a t  b u i l d - u p  c a n  be a n t i c i p a t e d  t h e  need f o r  a 
h e a t  exchange shou ld  be  p r o v i d e d .  On t h e  o t h e r  hand,  i t  may 
be n e c e s s a r y  t o  p r o v i d e  a  h e a t i n g  e lement  t o  b r i n g  o i l  tem- 
p e r a t u r e s  up t o  o p e r a t i n g  l e v e l s .  Th i s  is  g e n e r a l l y  n e c e s -  
s a r y  when h y r a u l i c  sy s t ems  a r e  f i r s t  used  on c o l d  morn ings  
o r  even  c o n t i n u e  t o  be used on c o l d  days .  P rope r  f i l t r a t i o n  
of h y d r a u l i c  f l u i d  is  p r o b a b l y  t h e  most impor t an t  i t em t o  be 
c o n s i d e r e d .  The s i z e  of f i l t r a t i o n  and t h e  l o c a t i o n  of 
f i l t e r s  i s  i m p o r t a n t .  F l u i d  shou ld  be f i l t e r e d  j u s t  p r i o r  
t o  r e t u r n i n g  t o  t h e  t ank .  F l u i d  shou ld  be  f i l t e r e d  p r i o r  t o  
e n t e r i n g  pumps t o  e l i m i n a t e  c o n t a m i n a t e s  t h a t  might  damage 
t n e  pumps u n l e s s  pump d e s i g n s  a r e  c a p a b l e  of h a n d l i n g  
c o n t a m i n a n t s  w i t h o u t  damaging t h e  pumps, o t h e r w i s e  f i l t e r s  
shou ld  be used  j u s t  a f t e r  pumps s o  a s  t o  p r e v e n t  
c o n t a m i n a t i o n  of h y d r a u l i c  components and c y l i n d e r s .  


