
BASCdLE BRIDGE LOCKING DEVICES 

by 

JAIIIhS M. PHILLIPS, 111 

P r e s e n t e d  a t  

The F i r s t  B i e n n i a l  Symposium and  E x h i b i t i o n  
on Movable B r i d g e  Des ign  and Techno logy  

November 4 ,  1985 

T a l l a h a s s e e ,  F l o r i d a  



B a s c u l e  b r i d g e s  a r e  u t i l i z e d  t o  p r o v i d e  l a r g e  v e r t i c a l  
c l e a r a n c e s  where f i x e d  b r i d g e s  of g r e a t e r  magni tude  and h e i g h t  
would be i m p r a c t i c a l  o r  i m p o s s i b l e  t o  c o n s t r u c t .  I n  t h e  open 
p o s i t i o n  a  p o r t i o n  of t h e  s u p e r s t r u c t u r e  i s  d i s p l a c e d  from t h e  p a t h  
of mar ine  t r a f f i c ,  t h e r e b y  removing t h e  o b s t r u c t i o n  which  limits 
t h e  p a s s a g e  of v e s s e l s  w i t h  v e r t i c a l  d i m e n s i o n s  exceed ing  t h e  
c l e a r a n c e  of t h e  c l o s e d  b r i d g e .  I n  t h i s  p o s i t i o n  t h e  b r i d g e  i s  n o t  
c o n t i n u o u s  a c r o s s  i t ' s  s u r f a c e  and must be  c l o s e d  t o  t r a f f i c  which 
w i s h e s  t o  c r o s s  i t .  I n  t h e  c l o s e d  p o s i t i o n  t h e  b r i d g e  w i l l  be  open 
t o  t r a f f i c  c r o s s i n g  i t  and must f u n c t i o n  a s  t h o u g h  i t  where a  f i x e d  
b r i d g e  w i t h  a  c o n t i n u o u s  s u r f a c e .  

T h i s  p a p e r  d e a l s  w i t h  s p a n  l o c k s  which ,  a l o n g  w i t h  t a i l  l o c k s ,  
a r e  u sed  t o  i n s u r e  t h e  c o n t i n u i t y  of b a s c u l e  b r i d g e  s u r f a c e s  i n  t h e  
c l o s e d  p o s i t i o n .  T a i l  l o c k s  s e c u r e  t h e  c o u n t e r w e i g h t  end of t h e  
l e a f  t o  t h e  b a s c u l e  p i e r  w h i l e  end l o c k s  s e c u r e  t h e  o p p o s i t e  end of 
t h e  l e a f  t o  t h e  r e s t  p i e r  o r  a d j a c e n t  l e a f .  End l o c k s  on d o u b l e  
l e a f  b a s c u l e  b r i d g e s  a r e  c a l l e d  s p a n  l o c k s .  

Improper  a l i gnmen t  of t h e  l o c k i n g  s y s t e m  i s  commonplace. T h i s  
p rob lem,  combined w i t h  improper  span  b a l a n c i n g  and l i v e  l o a d  shoe  
a d ~ u s t i i l e n t ,  i s  r e s p o n s i b l e  f o r  many of t h e  d i f f i c i e n c i e s  found  i n  
b r i d g e  s t r u c t u r e s  and d r i v e  sys t ems .  . I t  i s  t h e  i n t e n t  of t h i s  
p a p e r  t o  f a m i l i a r i z e  b a s c u l e  b r i d g e  d e s i g n e r s ,  owner s ,  and 
main tenance  p e r s o n n e l  w i t h  s p a n  l o c k  c o n c e p t s  and r e q u i r e m e n t s  and  
emphasize  t h e  i ~ n p o r t a n c e  of s p a n  l o c k s  a s  a n  i n t e g r a l  p a r t  of t h e  
b r i d g e .  

T h i s  p a p e r  i s  l i m i t e d  t o  b a s c u l e  b r i d g e  l o c k  s y s t e m s  and w i l l  
n o t  c o n s i d e r  l o c k i n g  machanisms f o r  v e r t i c a l  l i f t  o r  swing 
b r i d g e s .  V a r i o u s  t y p e s  of s p a n  l o c k s  w i l l  be  d i s c r i b e d ,  b u t  o n l y  
d r i v e n  b a r  t y p e  l o c k s  w i l l  be d i s c u s s e d  i n  d e t a i l .  The d i s c u s s i o n  
of d r i v e  sys t ems  i n  t h i s  r e p o r t  w i l l  p o i n t  o u t  some b a s i c  
r e q u i r e m e n t s  and c o n f i g u r a t i o n s  b u t  w i l l  n o t  a t t e m p t  t o  p r o v i d e  
d e t a i l e d  d e s i g n  d a t a  f o r  m o t o r s ,  r e d u c e r s ,  o r  o t h e r  s y s t e m  
components.  Such d e t a i l e d  i n f o r m a t i o n  c a n  be  o b t a i n e d  f rom t h e  
component m a n u f a c t u r e r s .  S e v e r a l  recommendat ions  w i l l  be  made 
r e g u a r d i n g  t h e  s e l e c t i o n  and  d e s i g n  of a  new l o c k  sys t em and t h e  
r e n o v a t i o n  of e x i s t i n g  b a s c u l e  b r i d g e  l o c k s .  F i n a l l y ,  some new 
i d e a s  f o r  improved l o c k s  w i l l  be i n t r o d u c e d  and  d i s c u s s e d .  
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While t h e  need f o r  l o c k i n g  d e v i c e s  i s  c l e a r ,  c r i t e r i a  f o r  
d e s i g n i n g  and m a i n t a i n i n g  them is  n o t .  T h i s  i s  e v i d e n c e d  b y  t h e  
g r e a t  d i v e r s i t y  of l o c k  t y p e s  s e e n  i n  u s e  t h r o u g h o u t  t h e  U n i t e d  
S t a t e s .  I t  i s  a p p a r e n t  t h a t  t h e  f u n c t i o n  of l o c k s  s h o u l d  be 
examined and  v a r i o u s  t y p e s  of l o c k  s y s t e m s  s c r u t i n i z e d .  





One r e a s o n  f o r  l a c k  of s t a n d a r d i z a t i o n  i n  l o c k  d e s i g n  may be 
t h e  i n a d e q u a t e  d i r e c t i o n  g i v e n  by f a m i l i a r  i n s t i t u t i o n s  p r o v i d i n g  
d e s i g n  s t a n d a r d s .  The c u r r e n t  e d i t i o n  of 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  (A.A.S.H.T.O.) 
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  Movable Highway B r i d g e s  (1978)  g i v e s  
d e s i g n e r s  t h e  f o l l o w i n g  l i m i t e d  g u i d e l i n e s  f o r  s p a n  l o c k s  i n  
s e c t i o n  2 . 1 . 4 - A l i g n i n g  and Locking:  

"blovable b r i d g e s  s h a l l  be e q u i p e d  w i t h  s u i t a b l e  
mechanisms t o  s u r f a c e  and a l i g n  t h e  b r i d g e  and 
roadway a c c u r a t e l y  and t o  f a s t e n  them s e c u r e l y  i n  
p o s i t i o n  s o  t h a t  t h e y  canno t  be d i s p l r c e d  e i t h e r  
h o r i z o n t a l l y  o r  v e r t i c a l l y  unde r  t h e  a c t i o n  of 
t r a f f i c .  E f f e c t i v e  end l i f t i n g  d e v i c e s  s h a l l  be used  
f o r  swing b r i d g e s ,  and span  l o c k s  f o r  -bascu l e  
b r i d g e s . '  . . . '  Span  l o c k s  on movable b r i d g e s  s h a l l  be 
d e s i g n e d  s o  t h a t  t h e y  canno t  be l o c k e d  u n l e s s  t h e  
movable p a r t s  a r e  w i t h i n  1 / 2  i n c h  ( 0 . 0 1 3  m) of p r o p e r  
p o s i t i o n . "  

End l o c k s  m a i n t a i n  t h e  a l i gnmen t  of a d j a c e n t  deck  s u f a c e s  on 
movable b r i d g e s  when t h e  b r i d g e s  a r e  i n  t h e  c l o s e d  p o s i t i o n .  On 
s i n g l e  l e a f  b a s c u l e  b r i d g e s  end l o c k s ,  t a i l  l o c k s ,  o r  b o t h  a r e  u s e d  
t o  i n s u r e  t h e  - c o n t i n u i t y  of t h e  d e c k  s u r f a c e  a l o n g  t h e  j o i n t  
between t h e  f l a n k i n g  s p a n  and t h e  c o u n t e r w e i g h t  end of t h e  l e a f  and 
between t h e  r e s t  p i e r  and t h e  f a r  end of t h e  l e a f .  S i m i l a r l y ,  t a i l  
l o c k s  a n d / o r  s p a n  l o c k s  m a i n t a i n  t h e  a l i g n m e n t  of t h e  d e c k  s u r f a c e  
a l o n g  t h e  j o i n t  between t h e  oppos ing  l e a v e s  of d o u b l e  l e a f  b a s c u l e  
b r i d g e s  a s  w e l l  a s  between t h e  f l a n k i n g  s p a n s  and t h e  t a i l  end of 
b o t h  l e a v e s .  

On d o u b l e  l e a f  b a s c u l e  b r i d g e s ,  s p a n  l o c k s  a l s o  t r a n s f e r  s h e a r  
f o r c e s  between o p o s i n g  l e a v e s .  T h i s  c a u s e s  t h e  s p a n s  t o  d e f l e c t  
t o g e t h e r  when l o a d e d ,  h o l d i n g  t h e  e n d s  of t h e  l e a v e s  i n  r e l a t i v e  
a l igr lment .  Ano the r  r e s u l t  of t h i s  s h e a r  t r a n s f e r  i s  t h e  r e d u c t i o n  
of n e g a t i v e  moments i n  t h e  l o a d e d  l e a f ' s  main g i r d e r s  d u e  t o  t h e  
d i s t r i b u t i o n  of t h e  l o a d  t o  t h e  oppos ing  l e a f .  

P r o p e r l y  o p e r a t i n g  l o c k  mechanisms r e d u c e  v i b r a t i o n a l  e f f e c t s  
of l i v e  l o a d s  on t h e  s t r u c t u r e  and mach ine ry .  Locks which a r e  
p o o r l y  d e s i g n e d  o r  main. ta ined w i l l  o f t e n  l e a d  t o  e x c e s s i v e  i m p a c t  
l o a d s  and v i b r a t i o n  a s  v e h i c l e s  bounce a c r o s s  t h e  j o i n t  and t h e  
l e a v e s  bang a g a i n s t  e a c h  o t h e r  o r  t h e  r e s t  p i e r .  These i n c r e a s e d  
v i b r a t i o n s  a r e  t r a n s m i t t e d  t h r o u g h o u t  t h e  l e a v e s '  s t r u c t u r e  and  
macninery c a u s i n g  a c c e l e r a t e d  d e t e r i o r a t i o n  a n d  wea r  of b o t h .  

There  a r e  s e v e r a l  g e n e r a l  f e a t u r e s  o f  s p a n  l o c k s  n e c e s s a r y  f o r  
p r o p e r  pe r fo rmance  and r e l i a b i l i t y .  Of p r i m a r y  c o n c e r n  is  t h e  
o p e r a t i o n  o f  t h e  l o c k i n g  sys tem.  Lock s y s t e m s  must  f u n c t i o n  w i t h i n  
t h e  o p e r a t i o n a l  s y s t e m  w h e t h e r  t h e  b r i d g e  i s  o p e r a t e d  by  m e c h a n i c a l  
o r  h y d r a u l i c  power o r  t h e  c o n t r o l  s y s t e m  i s  manual o r  by  
programmable c o n t r o l l e r .  The l o c k  s y s t e m  s h o u l d  b e  m o n i t o r e d  by 



p o s i t i o n  s e n s o r s  i n d i c a t i n g  engaged and d i s e n g a g e d  l o c k  
c o n d i t i o n s .  Locks which a r e  n o t  f u l l y  engaged w i l l  n o t  ho ld  
a d j a c e n t  s u r f a c e s  i n  l i n e  when heavy l o a d s  move a c r o s s  t h e  j o i n t .  
The o n l y  way f o r  o p e r a t o r s  t o  be informed of t h e  l o c k ' s  s t a t u s ,  
o t h e r  t h a n  v i s u a l  i n s p e c t i o n ,  i s  f o r  a  s e n s o r  t o  s i g n a l  t h e  s t a t u s  
t o  t h e  o p e r a t o r .  

Lock sys t ems  must a l s o  be d u r a b l e  enough t o  w i t h s t a n d  
v i b r a t i o n s  and f o r c e s  t o  which t h e y  a r e  s u b j e c t e d .  Lock 
r e p l a c e m e n t  i s  e x p e n s i v e  s o  l o c k s  shou ld  be d e s i g n e d  f o r  
d u r a b i l i t y .  

A l s o  of p r imary  i m p o r t a n c e  i n  l o c k  d e s i g n  i s  m a i n t a i n a b i l i t y .  
Locks s h o u l d  be a c c e s s a b l e  and a d j u s t a b l e .  The d e s i g n e r  s h o u l d  be 
f a m i l i a r  w i t h  main tenance  p r o c e d u r e s  s o  t h e  d e s i g n  does  n o t  h i n d e r  
normal ma in t enance  p r o c e e d u r e s .  

I n  a d d i t i o n  t o  t h e  r e q u i r e m e n t s  ment ioned  above ,  t h e r e  a r e  
o t h e r  f a c t o r s ,  which lbrhile n o t  of p r i m a r y  i m p o r t a n c e ,  s h o u l d  be  
c o n s i d e r e d  when d e s i g n ,  r e p a i r ,  o r  r e n o v a t i o n  of l o c k s  i s  
u n d e r t a k e n .  A good example of t h i s  i s  t h e  u s e  of i n d e p e n d e n t l y  
d r i v e n  l o c k s  a s  opposed t o  l o c k s  which  s h a r e  a  common d r i v e .  The 
u s e  of independ  d r i v e s  i s  i n h e r e n t l y  s u p e r i o r  b e c a u s e  f a l u r e  of one 
component d o e s  n o t  p r e v e n t  o p e r a t i o n  of t h e  o t h e r  l o c k .  T h i s  
sys tem a l s o  i s  more s u i t e d  t o  t h e  u s e  of " s h e l f  components" s u c h  a s  
s e l f  c o n t a i n e d  o p e r a t o r s .  S h e l f  i t e m s ,  a s  w e l l  a s  f a c t o r y  
a s sembled  components a r e  a d v a n t a g e o u s  b e c a u s e  t h e y  a r e  r e a d i l y  
a v a i l a b l e  d u r i n g  c o n s t r u c t i o n  o r  r e p l a c e m e n t  and a r e  m a n u f a c t u r e d  
under  c o n d i t i o n s  f a v o r a b l e  t o  t h o s e  e n c o u n t e r e d  i n  t h e  f i e l d .  
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A q u i c k  rev iew of v a r i o u s  b a s c u l e  b r i d g e s  w i l l  r e v e a l  t h e  g r e a t  
v a r i e t y  of l o c k  sys tems  i n  u s e .  A b r i e f  d e s c r i p t i o n  o f  t h e  most  
common l o c k  t y p e s  w i l l  p r o v i d e  t h e  background  r e q u i r e d  t o  a n a l y s e  
e a c h  t y p e ' s  advan tages  and drawbacks .  

Dr iven  Lock B a r s :  The most common and p r o b a b l y  t h e  most 
e f f e c t i v e  l o c k i n g  sys t ems  a r e  of t h e  d r i v e n  l o c k  b a r  t y p e .  D r i v e n  
l o c k  b a r  sy s t ems  i n c o r p o r a t e  s e v e r a l  methods  t o  d r i v e  a  r e c t a n g u l a r  
o r  c y l i n d r i c a l  s h a f t  a c r o s s  t h e  j o i n t  be tween  o p p o s i n g  b a s c u l e  
l e a v e s  f o r  doub le  l e a f  s p a n s  o r  be tween  t h e  l e a f  and t h e  r e s t  p i e r  
of s i n g l e  l e a f  spans .  One o r  two g u i d e s  on t h e  d r i v e  s i d e  o f  t h e  
j o i n t  and a  r e c e i v e r  on t h e  o t h e r  s i d e  h o l d  t h e  b a r  i n  p o s i t i o n  and  
t r a n s f e r  t h e  l oad  from t h e  b a r  t o  t h e  main g i r d e r  o r  r e s t  p i e r .  I n  
g e n e r a l ,  d r i v e n  l o c k  b a r  s y s t e m s  a r e  s u p e r i o r  t o  o t h e r  s y s t e m s  
p r e s e n t l y  i n  u s e ,  b e c a u s e  a d j u s t m e n t  and m o n i t o r i n g  i s  l e s s  
c o m p l i c a t e d  t h a n  f o r  most  o t h e r  s y s t e m s .  However, u s e  o f  
c y l i n d r i c a l  s h a f t s  i s  n o t  recommended b e c a u s e  a l i g n m e n t  a d j u s t m e n t s  
a r e  d i f f i c u l t .  There  a  t h r e e  b a s i c  methods  of power ing  d r i v e n  l o c k  
b a r s .  



a .  C r a n k s h a f t :  C r a n k s h a f t  d r i v e n  l o c k  b a r  sys tems  somet imes  
r e f e r r e d  t o  a s  c o n v e n t i o n a l  s y s t e m s ,  d r i v e  and p u l l  t h e  
l o c k  b a r  by t u r n i n g  a  s h a f t  which i n  t u r n  a c t u a t e s  a  c r a n k  
and rod  connec t ed  t o  t h e  end of t h e  l o c k  b a r  ( s e e  f i g u r e  
2 ) .  F o r  t h e s e  sys t ems ,  t h e  l o c k  b a r  is u s u a l l y  c o n t a i n e d  
w i t h i n  two g u i d e s  on one s i d e  of t h e  j o i n t  and one r e c e i v e r  
on t h e  o p p o s i t e  s i d e .  The motor  may be l o c a t e d  on t h e  
b a s c u l e  p i e r  o r  ou t  on t h e  b a s c u l e  l e a f .  There  may be  one 
motor  f o r  e a c h  l o c k  b a r  o r ,  more commonly, one m o t o r  f o r  
e a c h  p a i r  of l o c k  b a r s .  I n  e i t h e r  c a s e ,  a  r e d u c e r  and  s e t  
of g e a r s  o r  combina t ion  of s h a f t s  and l i n k s ,  o r  b o t h  r e d u c e  
t h e  r o t a t i o n a l  speed  and t r a n s f e r  t h e  f o r c e  t o  t h e  l o c k  
b a r b ) .  Because  t h e  rod  which i s  c o n n e c t e d  t o  t h e  l o c k  b a r  
is  f r e e  t o  r o t a t e  a t  t h e  c r a n k  e n d ,  t h e  l o c k  b a r  must be 
f i x e d  a g a i n s t  r o t a t i o n .  For  t h i s  r e a s o n  c r a n k  s h a f t  
s y s t e m s  s h o u l d  i n t l u d e  two g u i d e s  f o r  e a c h  l o c k  b a r .  

b. S e l f - c o n t a i n e d  l o c k  b a r  o p e r a t o r s :  S e l f  c o n t a i n e d  l o c k  b a r  
o p e r a t o r s  i n c o r p o r a t e  t h e  m o t o r ,  g e a r  r e d u c t i o n ,  l o c k  b a r ,  
and l i m i t  s w i t i h  w i t h i n  one u n i f  ( s e e  f i g u r e  3 ) .  ~ o r c e ;  
a r e  t r a n s m i t t e d  t o  t h e  l o c k  b a r  t h r o u g h  a g e a r  a n d  acme 
s c r e w  o r  s e t  of h e l i c a l  g e a r s .  T h e r e  a r e  s e v e r a l  
a d v a n t a g e s  t o  t h e s e  sys t ems  i n c l u d i n g  r e l i a b i l i t y ,  e a s e  of 
a d j u s t m e n t ,  and s i m p l i c i t y  of o p e r a t i o n .  These  s y s t e m s  
u s u a l l y  have  on ly  one g u i d e  and  one r e c e i v e r  b e c a u s e  t h e  
o p e r a t i n g  u n i t  p r o v i d e s  s t a b i l i t y  of one end of t h e  l o c k  
b a r .  These  u n i t s  have t h e  a d v a n t a g e s  p r e v i o u s l y  m e n t i o n e d  
f o r  i n d e p e n d e n t l y  d r i v e n  s h a f t s .  R e l i a b i l i t y  o f  t h e s e  
s y s t e m s  may be improved o v e r  o t h e r  s y s t e m s  b e c a u s e  t h e y  a r e  
a s sembled  u n d e r  f a c t o r y  c o n d i t i o n s  r a t h e r  t h a n  f i e l d  
c o n d i t i o n s .  

c .  H y d r a u l i c  c y l i n d e r :  H y d r a u l i c  c y l i n d e r  d r i v e n  s h a f t s  a r e  
s i i r i i l a r  i n  c o n f i g u r a t i o n  t o  s e l f  - c o n t a i n e d  u n i t s  e x c e p t  t h e  
g e a r  r e d u c t i o n  and motor  a r e  r e p l a c e d  by a  s m a l l  medium 
p r e s s u r e  h y d r a u l i c  c y l i n d e r  u s u a l l y  a b o u t  3 i n c h e s  i n  
d i a m e t e r .  A l s o ,  t h e  p o s i t i o n  s e n s o r s  a r e  s e p a r a t e  e x t e r n a l  
i te l l i s .  Iqh i le  t h i s  sy s t em does  n o t  have  t h e  a d v a n t a g e  of 
f a c t o r y  c o n s t r u c t i o n ,  i t  does  p r o v i d e  f o r  l o n g e r  t r a v e l  
changes  w i t h o u t  a d j u s t m e n t  and p r e s s u r e  s e n s i n g  
c a p a b i l i t i e s .  P r e s s u r e  s e n s i n g ,  wh ich  c a n  be u t i l i z e d  i n  
s e l f  a d j u s t i n g  l o c k  b a r s  w i l l  b e  d i s c u s s e d  l a t e r .  
H y d r a u l i c  s y s t e m s  have t h e  a d v a n t a g e s  of s h e l f  i t e m  
coiclponents a s  w e l l  a s  t h o s e  p r e v i o u s l y  men t ioned  f o r  
i n d e p e n d e n t l y  d r i v e n  l o c k s .  

I n t e r l o c k i n g  Leaves :  Some o l d e r  b r i d g e s  i n t e r l o c k  t h e  e n d s  of 
t h e  main g i r d e r s  a s  t h e y  c l o s e  p r o v i d i n g  c o n t i n u i t y  and l o c k i n g .  
One main g i r d e r  is e q u i p p e d  w i t h  a  key  o r  t o n g u e  w h i l e  t h e  o p p o s i n g  
l e a f ' s  main g i r d e r  h a s  a  keyway formed by  two jaws p l a c e d  o n e  above  
t h e  o t h e r .  T h i s  s y s t e m  r e q u i r e s  t h e  l e a v e s  t o  be c l o s e d  i n  a  
p a r t i c u l a r  o r d e r ,  e i t h e r  s i m u l t a n i o u s l y  ( t y p i c a l  f o r  r o l l i n g  t y p e  
b a s c u l e s )  o r  one s i d e  p r i o r  t o  t h e  o t h e r  ( t y p i c a l  f o r  t r u n n i o n  t y p e  
b a s c u l e s ) .  Normal ly ,  t h e  p r o c e d u r e  f o r  c l o s i n g  d o u b l e  l e a f  b a s c u l e  
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b r i d g e s  equ ipped  w i t h  i n t e r l o c k i n g  l e a v e s  i n v o l v e s  l o w e r i n g  one 
l e a f  t o  w i t h i n  a  few f e e t  of t h e  c l o s e d  p o s i t i o n  and t h e n  l o w e r i n g  
t h e  o t h e r  l e a f  u n t i l  i t s  t o n g u e  r e s t s  on t h e  l ower  jaw of t h e  f i r s t  
l e a f .  The two l e a v e s  a r e  t h e n  c l o s e d  s i m u l t a n i o u s l y ,  i n c e r t i n g  t h e  
tounge  be tween  t h e  upper  and lower  jaws.  The l o c k  i s  b roken  by 
opening  of t h e  l e a v e s .  Such p r o c e d u r e s  r e q u i r e  more t i m e  and 
e f f o r t  on t h e  o p e r a t o r s  b e h a l f  t h a n  most o t h e r  l o c k  s y s t e m s .  Not 
on ly  d o e s  t h i s  ex t end  t h e  t o t a l  t i m e  r e q u i r e d  t o  o p e r a t e  t h e  b r i d g e  
b u t  t h e  o p e r a t o r s  e x t e n s i v e  b r a k i n g  t o  a l i g n  t h e  key and keyway may 
r e d u c e  mach ine ry  l i f e  by i m p a r t i n g  a d d i t i o n a l  f o r c e s  on t h e  
o p e r a t i n g  machinery .  

I n t e r l o c k i n g  l e a v e s  r e q u i r e  g r e a t e r  t o l e r a n c e s  between s l i d i n g  
p a r t s  and t h e r e f o r e  t i g h t  f i t s  a r e  d i f f i c u l t  t o  o b t a i n  and 
m a i n t a i n .  I n  a d d i t i o n  t o  o t h e r  shor tcommings ,  t h e  ma jo r  d r a v b a c k  
f o r  t h i s  s y s t e m  i s  t h e  i n a b i l i t y  t o  o p e r a t e  one l e a f  w i t h o u t  t h e  
o t h e r .  T h i s  may become n e c e s s a r y  when one l e a f ' s  d r i v e  s y s t e m  i s  
o u t  of o r d e r  and t h e  b r i d g e  must be  opened t o  m a i n t a i n  mar ine  
t r a f f i c .  

S p r i n g  Loaded: S p r i n g  l o a d e d  l o c k  sys t ems  a r e  s i m i l a r  t o  
d r i v e n  l o c k  systeliis i n  t h a t  t h e y  d r i v e  a  b a r  a c r o s s  t h e  j o i n t .  The 
major  d i f f e r e n c e  be ing  t h a t  t h e s e  s y s t e m s  d e r i v e  t h e  d r i v i n g  f o r c e  
f rom a  s p r i n g  and do n o t  p u l l  t h e  l o c k  b a c k  b e f o r e  t h e  b r i d g e  
opens .  The l o c k  i s  broken by t h e  open ing  of t h e  l e a v e s .  Khen t h e  
l e a v e s  a p p r o a c h  t h e  c l o s e d  p o s i t i o n  a  s t r i k e r  p l a t e  f o r c e s  t h e  b a r  
toward t h e  s p r i n g  u n t i l  i t  c l e a r s  t h e  p l a t e .  A s  t h e  b a r  p a s s e s  t h e  
s t r i k e r  p l a t e  t h e  s p r i n g  f o r c e s  i t  o u t  i n t o  t h e  g u i d e .  These  
sys tems  may be  shimmed and a r e  e a s y  t o  m a i n t a i n .  However, b r e a k i n g  
of t h e  l o c k  t e n d s  t o  wear down t h e  b a r  and r e c e i v e r  s h o e s  r a p i d l y ,  
c a u s i n g  a l i g n m e n t  problems.  S p r i n g  l o a d e d  s y s t e m s  a r e  a l s o  
d i f f i c u l t  t o  m o n i t o r  which may r e s u l t  i n  mach ine ry  damage i f  t h e  
l e a v e s  a r e  opened when t h e  l o c k  i s  jammed. 

M i s c e l l a n e o u s  ( m e c h a n i c a l  c l amps ,  l e a v e r s ) :  T h e r e  a r e  s e v e r a l  
o t h e r  syste ins  which l o c k  t h e  l e a v e s  t o g e t h e r  by m e c h a n i c a l  means. 
Some of t h e s e  r e semble  s c i s s o r s  o r  c l a m p s ,  and o t h e r s  wedges.  
Almost a l l  of  t h e s e  d e v i c e s  a r e  d i f f i c u l t  t o  shim o r  a d j u s t  and  a r e  
p rone  t o  f a i l u r e  due t o  t h e  c o m p l e x i t y  o f  t h e  d r i v e  mechanisms.  

I V .  DESIGN OF DRIVEN LOCK BAR SPAN LOCKS 

Design Loads:  Lock b a r s  must b e  d e s i g n e d  t o  t r a n s f e r  s h e a r  
f o r c e s  a c r o s s  t h e  j o i n t  w i t h o u t  e x c e s s i v e  s t r e s s  o r  wear .  The 
s h e a r  f o r c e  s h o u l d  be  c a l c u l a t e d  based  on A.A.S.H.T.O. l o a d i n g s  and 
t h e  b a s c u l e  s p a n  geometry.  F o r  t h e  p u r p o s e s  o f  a n a l y s i s  t h e  c l o s e d  
l o c k  shou ld  be  c o n s i d e r e d  t o  a c t  a s  a  h i n g e ,  t r a n s f e r r i n g  s h e a r  b u t  
no movement. No a t t e m p t  s h o u l d  b e  made t o  d e s i g n  l o c k  b a r s  t o  
t r a n s f e r  moment a c r o s s  t h e  j o i n t .  The r e l a t i v e l y  s m a l l  d e p t h  of 
p e n e t r a t i o n  of t h e  b a r  i n t o  t h e  r e c e i v e r  combined w i t h  t h e  s l i d i n g  
f i t  of t h e  b a r  and  r e c e i v e r  d o e s  n o t  f i x  t h e  b a r  t o  fo rm a  moment 
connec t ion .  The t o t a l  s h e a r  f o r c e  on t h e  s p a n  s h o u l d  b e  e v e n l y  
d i v i d e d  be tween  t h e  l o c k  b a r s  on t h e  s p a n .  



Lock l o c a t i o n :  Locks t r a n s f e r  f o r c e s  a c r o s s  t h e  j o i n t  f rom one 
main g i r d e r  t o  t h e  o t h e r  and shou ld  t h e r e f o r e  be l o c a t e d  on t h e  
main g i r d e r s .  Each main g i r d e r  s h o u l d  have a  span l o c k  and t h e  
l o c k s  s h o u l d  be s y m m e t r i c a l l y  l o c a t e d  s o  a s  n o t  t o  i nduce  t o r s i o n  
on t h e  s p a n .  By l o c a t i n g  t h e  l o c k s  on t h e  o u t s i d e  of t h e  main 
g i r d e r s  i t  may be p o s s i b l e  t o  p r o v i d e  a c c e s s  t o  t h e  l o c k s  t h r o u g h  
t h e  s i d e w a l k  r a t h e r  t h a n  t h e  roadway. T h i s  w i l l  l i m i t  t r a f f i c  
d i s r u p t i o n s  d u r i n g  ma in t enance  and r e d u c e  t h e  amount o f  roadway 
g r i t  and d e b r i s  which f a l l s  on t h e  l o c k  b a r  and d r i v e  sys t em.  
Khere  p o s s i b l e  l o c k s  s h o u l d  be  e n c l o s e d  i n  a  c a g e  and ma in t enance  
p l a t f o r m .  ii'hen l o c k s  must be l o c a t e d  be tween  t h e  main g i r d e r s  t h e y  
shou ld  be  w e l l  p r o t e c t e d  from roadway d e b r i s  and a c c e s s a b l e  t h r o u g h  
a  h a t c h  i n  t h e  roadway s u r f a c e .  One s i d e  of t h e  cage  s h o u l d  be 
d e s i g n e d  f o r  e a s y  removal t o  p r o v i d e  a c c e s s  t o  l o c k s  f o r  
i n s t a l l a t i o n  o r  s e r v i c e  from below. 

T a i l  l o c k s  a r e  n o t  recommended b e c a u s e  t h e y  do  n o t  p r o v i d e  
p o s i t i v e  a l i g n m e n t  of t h e  f a r  ends  of t h e  s p a n .  The l e n g t h  of a  
b a s c u l e  l e a f  i s  much g r e a t e r  on t h e  s p a n  s i d e  t h a n  t h e  
c o u n t e r w e i g h t  s i d e ,  s o  l o c a t i n g  l o c k s  on t h e  c o u n t e r w e i g h t  end does  
l i t t l e  t o  l i m i t  d e f l e c t i o n s  a t  t h e  o t h e r  end .  C o n v e r s e l y ,  t h e  
j o i n t  be tween  t h e  f l a n k i n g  s p a n  and b a s c u l e  l e a f  is ve ry  c l o s e  t o  
t h e  main g i r d e r  s u p p o r t s  and t h e  d e p t h  of t h e  main g i r d e r  i s  
g r e a t e r  b e h i n d  t h e  s u p p o r t s  t h a n  o v e r  t h e  c h a n n e l  s o  t h e  
d e f l e c t i o n s  a t  t h i s  j o i n t  a r e  min imal .  Redundant  t a i l  l o c k s ,  t h o s e  
used  i n  c o n j u n c t i o n  w i t h  end l o c k s ,  a r e  n o t  recommended b e c a u s e  
t h e y  c o m p l i c a t e  s t r u c t u r a l  a n a l y s i s  of t h e  l e a v e s  and i n c r e a s e  t h e  
number of mecnanisms t o  be mon i to red  and a c t u a t e d  d u r i n g  b r i d g e  
o p e r a t  i on .  

Lock s e r v i c a b i l i t y  and a d j u s t m e n t :  The impor t ance  o f  s p a n  
l o c k s  i s  s u c h  t h a t  s e r v l c e  and ma in t enance  of t h e i r  components  
canno t  be ove remphas i zed .  The f i t  of  t h e  l o c k  b a r  and r k c e i v e r  
must be m a i n t a i n e d  a t  a c c e p t a b l e  t o l e r a n c e s  f o r  l o c k s  t o  f u n c t i o n  
p r o p e r l y .  T h i s  d i c t a t e s  a  l o c k i n g  sys t em wh ich  i s  a c c e s s a b l e  and 
a d j u s t a b l e .  The l u b r i c a t i o n  f i t t i n g s  f o r  t h e  l o c k  d r i v e ,  g u i d e s ,  
and r e c e i v e r s  s h o u l d  be mounted on t h e  d e c k  o r  i n  a  l o c a t i o n  
a c c e s s a b l e  f  rorn t h e  deck  w i t h o u t  d i f f i c u l t y .  b fa in tenance  p e r s o n n e l  
shou ld  be a b l e  t o  s e r v i c e  o r  a d j u s t  t h e  l o c k  b a r ,  d r i v e  s y s t e m ,  and 
p o s i t i o n  s e n s o r s  by way of a  s e c u r e d  h a t c h  on t h e  d e c k  o r  f rom t h e  
opos ing  s p a n  w i t h  t h e  l e a f  p a r t i a l l y  open. 

Al ignment  of t h e  l e a v e s  s h o u l d  be  p o s s i b l e  w i t h  t h e  a p p l i c a t i o n  
o r  removal of shims be tween  t h e  l o c k  b a r  g u i d e  o r  r e c e i v e r  and  t h e  
wear p l a t e s  o r  s h o e s .  These shims and s h o e s  s h o u l d  be i n s t a l l e d  
w i t h  cap s c r e w s  o r  some o t h e r  method wh ich  a l l o w s  f o r  s h o e  
a d j u s t m e n t  o r  r e p l a c e m e n t .  

Lock s y s t e m  m a t e r i a l s :  S e l e c t i o n  of m a t e r i a l s  f o r  u s e  i n  s p a n  
l o c k  sys t em components  i s  beyond t h e  s c o p e  o f  t h i s  p a p e r ,  howeve r ,  
t h e  f o i l o w i n g  h e s i g n  c o n s i d k r a t i o n s  a r e - g i v e n .   he h e s i g n e r  must 
a c c e p t  t h e  i n e v i t a b i l i t y  o f  wear  and r e s p o n d  by c o n t r o l l i n g  t h e  
l o c a t i o n  of i t .  R e p l a c e a b l e  s h o e s  a r e  a n  e f f e c t i v e  means of 
m a i n t a i n i n g  a l i g n m e n t  o n l y  i f  t h e  wear  i s  c o n c e n t r a t e d  on them.  
The f o l l o w i n g  c o m b i n a t i o n  of l o c k  b a r  and  s h o e  m a t e r i a l s  h a s  b e e n  
u s e d  s u c c e s s f u l l y  i n  t h e  p a s t :  l o c k  b a r s  o f  f o r g e d  s t e e l  ASTM A 6 6 8  
c l a s s  D and s h o e s  of ASTM B22 A l l o y  C.  



F i t s  and f i n i s h e s :  As p r e v i o u s l y  n o t e d ,  A.A.S.H.T.O. r e q u i r e s  
t h e  b a r - r e c e i v e r  f i t  t o  be such  t h a t  t h e  l o c k s  c a n n o t  be engaged i f  
t h e  l e a v e s  a r e  n o t  w i t h i n  1 / 2  i n c h  of p r o p e r  p o s i t i o n .  T h i s  i s  a  
minir~ium r e q u i r e m e n t  which c a n  e a s i l y  be met,  however ,  i t  does  n o t  
i n s u r e  p r o p e r  a l i gnmen t  of t h e  l e a v e s .  With 1 / 2  i n c h  of p l a y  t h e  
l e a v e s  w i l l  be f r e e  t o  bounce a g a i n s t  e a c h  o t h e r  a s  t r a f f i c  p a s s e s  
a c r o s s  t h e  j o i n t .  E a r l e  I n d u s t r i e s  recommends a v e r t i c a l  c l e a r a n c e  
between t h e  b a r  and s h o e s  of 0 .01  i n c h e s ,  p r e f e r a b l y  0.005 i n c h e s  
t o p  and  bot tom.  T h i s  f i t - a l 1 0 1 1 1 s  t h e  b a r  t o  move f r e e l y  when 
a c t u a t e d  w h i l e  l i m i t i n g  r e l a t i v e  motion be tween  t h e  l e a v e s .  
H o r i z o n t a l  c l e a r a n c e s  a r e  n o t  n e a r l y  a s  c r i t i c a l ,  i n  f a c t  t h e  l o c k s  
should  n o t  p u l l  t h e  g i r d e r s  i n t o  a l i gnmen t  h o r i z o n t a l l y .  I f  t h e  
l o c k  b a r  h a s  1 / 4  t o  1 / 2  i n c h  of c l e a r a n c e  on e i t h e r  s i d e ,  i t  shou ld  
o p e r a t e  p r o p e r l y .  I f  t h e  h o r i z o n t a l  a l i gnmen t  i s  o u t  more t h a n  1 / 2  
i n c h ,  t h e  l o c k  b a r  shou ld  n o t  f i t  and t h e  p o s i t i o n  s e n s o r s  s h o u l d  
inforor t h e  o p e r a t o r  of t h e  problem.  Fo r  b a s c u l e  b r i d g e s ,  s u c h  
m i s - a l i g n m e n t  i n d i c a t e s  e x c e s s i v e  wear of t h e  t r u n n i o n  b e a r i n g s  o r  
t h e  f l a t  t r a c k s  which shou ld  be  r e p a i r e d  i m m e d i a t e l y .  

P r o t e c t i o n  from t h e  env i ronmen t :  S i n c e  mos t  b a s c u l e  b r i d g e s  
a r e  l o c a t e d  ove r  w a t e r ,  l o c k s  a r e  u s u a l l y  i n  a  c o r r o s i v e  
env i ronmen t .  I n  a d d i t i o n ,  roadway g r i t  and d e b r i s  c a n  damage d r i v e  
equipment and a c c e l e r a t e  wear o f  t h e  b a r s ,  g u i d e s ,  and  r e c e i v e r s .  
P rope r  l u b r i c a t i o n ,  m a t e r i a l s ,  l o c a t i o n ,  and p r o t e c t i v e  c o v e r s  w i l l  
ex tend  l o c k  l i f e  and r e d u c e  r e p a i r s .  P r o t e c t i G e  c o v e r s  may i n c l u d e  
hous ings  t o  e n c l o s e  t h e  mechanism o r  f l e x i b l e  b o o t s  t o  c o v e r  t h e  
l o c k  b a r  which a r e  a v a i l a b l e  from some m a n u f a c t u r e r s  of 
s e l f - c o n t a i n e d  o p e r a t o r s .  P r o t e c t i v e  c o v e r s  a r e  e s p e c i a l l y  u s e f u l  
where l o c k s  must be l o c a t e d  below open roadway g r a t i n g .  

Emergency o p e r a t i o n :  A l l  l o c k  sys t ems  s h o u l d  have  p r o v i s i o n s  
f o r  emergency o p e r a t i T n  d u r i n g  l o s s  of power o r  o t h e r  b reakdowns .  
S e l f - c o n t a i n e d  u n i t s  a r e  n o r m a l l y  equ ipped  w i t h  hand c r a n k s  f o r  
emergency o p e r a t i o n .  H y d r a u l i c  s y s t e m s  s h o u l d  i n c l u d e  a  r e l i e f  
va lve  and a n  a u x i l l i a r y  power p a c k .  

E l e c t r i c a l  Requ i r emen t s :  T h e r e  a r e  two b a s i c  e l e m e n t s  o f  a  
span  l o c k  sys t em which r e q u i r e  e l e c t i c a l  s e r v i c e ,  t h e  d r i v e  s y s t e m  
and t h e  m o n i t o r i n g  sys t em.  The d r i v e  sys t em u s u a l l y  r e q u i r e s  power 
and c o n t r o l  t o  o p e r a t e  a  motor  o r  h y d r a u l i c  pump. The c o n t r o l  of 
t h e  d r i v e  must  be i n t e r f a c e d  w i t h  t h e  m o n i t o r i n g  sys t em a n d  t h e  
o p e r a t o r s  s w i t c h e s  o r  programmable  c o n t r o l e r .  

E l e c t r i c a l  s e n s o r s  s e r v e  t h r e e  p u p o s e s  i n  s p a n  l o c k  s y s t e m s .  
F i r s t ,  t h e y  c o n t r o l  t h e  movement o f  t h e  l o c k s ,  s t o p p i n g  t r a v e l  a t  
t h e  f u l l y  d r i v e n  and f u l l y  p u l l e d  p o s i t i o n s .  S e c o n d l y ,  s e n s o r s  
p rov ide  i n t e r l o c k i n g  t o  p r e v e n t  b r i d g e  o p e r a t i o n  when t h e  l o c k s  a r e  
no t  i n  t h e  p r o p e r  p o s i t i o n  f o r  a  g i v e n  o p e r a t i o n .  F i n a l l y ,  t h e y  
p rov ide  t h e  b r i d g e  o p e r a t o r  w i t h  a n  i n d i c a t i o n  o f  t h e  c o m p l e t i o n  of 
t h e  o p e r a t i o n .  



S e n s o r s  u s e d  i n  b r i d g e  s p a n  l o c k  m o n i t o r i n g  c o n s i s t  o f  two main 
t y p e s ,  l i m i t  s w i t c h e s  a n d  p r o x i m i t y  s w i t c h e s .  L i m i t  s w i t c h e s  a r e  
t r i p  a c t u a t e d  b y  a  cam o r  dog on  a  moving p o r t i o n  of t h e  l o c k  
m e c h a ~ i i s m .  C o n v e r s l y ,  p r o x i m i t y  s w i t c h e s  h a v e  no moving p a r t s  b u t  
d e t e c t  t n e  p r e c e n c e  of t a r g e t s  w i t h i n  a  s p e c i f i e d  d i s t a n c e .  B o t h  
t y p e s  o f  s e n s o r s  m u s t  be mounted  i n  a  maner  which  p r o v i d e s  a  means  
o f  v e r t i c a l  a n d  h o r i z o n t a l  a d j u s t m e n t  t o  col i lpensa te  f o r  l o c k  w e a r  
a n d  a l i g n m e n t  d u r i n g  i n s t a l l a t i o n .  

E l e c t r i c a l  power  s h o u l d  b e  s u p p l i e d  t o  t h e  s p a n  l o c k  d r i v e  
mectlanism a n d  e l e c t r i c a l  s e n s o r s  i n  a c c o r d a n c e  w i t h  m a n u f a c t u r e r ' s  
s p e c i f i c  recommendat  i o n s .  

V. L O C K  OPERATION 

The  s e q u e n c e  b f  l o c k  o p e r a t i o n  i s  m o s t l y  c l e a r  c u t .  L o c k s  mus t  
b e  p u l l e d  b e f o r e  t h e  b r i d g e  i s  opened  and  d r i v e n  a f t e r  t h e  b r i d g e  
is  c l o s e d .  Open ing  p r e s e n t s  no  o p e r a t i o n a l  d i l e m m a s ,  t h e  l e a f  
d r i v e  s y s t e m  s h o u l d  n o t  be  a c t i v a t e d  u n t i l  t h e  s e n s o r s  i n d i c a t e  a l l  
l o c k s  a r e  c o m p l e t e l y  p u l l e d .  C l o s i n g ,  h o w e v e r ,  d o e s  p r e s e n t  a  
p r o b l e m  w o r t h y  o f  d i s c u s s i o n  w h i c h  h a s  d e s i g n e r s  d i v i d e d  o v e r  two 
c o n c e p t s .  Some e n g i n e e r s  b e l i e v e  t h e  l e a v e s  s h o u l d  b e  d r i v e n  down 
t o  t h e  l i v e  l o a d  s h o e s  and  t h e  l o c k s  d r i v e n  b e f o r e  t h e  l e a f  m o t o r s  
a r e  t u r n e d  o f f .  O t h e r s  p r e f e r  t o  s h u t  o f f  t h e  m o t o r s  b e f o r e  t h e  
l e a v e s  c o n t a c t  t h e  l i v e  l o a d  s h o e s  a n d  a l l o w  t h e  l e a f  t o  d r i f t  i n t o  
f i n a l  p o s i t i o n  b e f o r e  t h e  l o c k s  a r e  d r i v e n .  

T h e o r e t i c a l l y ,  t h e  s e c o n d  c o n c e p t  i s  recommended b y  t h e  
a u t h o r .  L e a f  a l i g n m e n t  s h o u l d  b e  s u c h  t h a t  u n d e r  d e a d  l o a d  o n l y  
c o n d i t i o n s  n o  f o r c e s  a r e  a p p l i e d  t o  t h e  l o c k s .  S u c h  f o r c e s  may 
jamb t h e  l o c k  i n  t h e  c l o s e d  p o s i t i o n  and  damage t h e  l o c k  d r i v e  
s y s t e m .  D r i v i n g  t h e  l o c k s  i n t o  p o s i t i o n  may p r o d u c e  d e f l e c t i o n s  
w h i c h  r e s u l t  i n  l o c k  b a r  f o r c e s  when t h e  m o t o r s  a r e  s h u t  o f f  a n d  
t h e  s p a n s  t r y  t o  r e t u r n  t o  t h e i r  u n l o a d e d  p o s i t i o n .  The  d r a w b a c k  
t o  t h i s  c o n c e p t ,  w h i c h  p r o m o t e s  t h e  o p p o s i n g  c o n c e p t ,  i s  t h a t  i t  
r e q u i r e s  t h e  l e a v e s  t o  b e  p r o p e r l y  b a l a n c e d .  P r o p e r  b a l a n c i n g  
r e s u l t s  i n  a n  u n b a l a n c e d  l o a d  f a v o r i n g  t h e  s p a n  s i d e  o f  t h e  l e a f .  
Under t h i s  i d e a l  c o n d i t i o n  t h e  l e a f  w i l l  s e t t l e  on t h e  l i v e  l o a d  
s h o e  u n d e r  i t s  own w e i g h t .  I f  t h e  l e a v e s  a r e  n o t  e n d  h e a v y  e n o u g h  
t o  overcome f r i c t i o n a l  f o r c e s  a n d  b u f f e r  r e s i s t a n c e  t h e y  w i l l  s t o p  
b e f o r e  r e a c h i n g  t h e  l o a d  s h o e  u n l e s s  power  i s  s u p p l i e d  t o  d r i v e  i t  
down. 

The a u t h o r  b e l i e v e s  t h e  l o c k s  s h o u l d  b e  s e t  u p  t o  o p e r a t e  u n d e r  
t h e  i d e a l  d e s i g n  c o n d i t i o n s .  I f  f i e l d  c o n d i t i o n s  d i c t a t e  
a d d i t i o n a l  power  i s  r e q u i r e d  t o  s e a t  t h e  l e a f ,  t h e  b r i d g e  s h o u l d  b e  
d r i v e n  i n t o  p o s i t i o n  o n l y  u n t i l  t h e  s p a n  c a n  b e  p r o p e r l y  b a l a n c e d .  



VI. KEi' SELF-ADJUSTING DESIGN 

I n  a n  e f f o r t  t o  e l i m i n a t e  many of t h e  b a s c u l e  b r i d g e  
d e f f i c i e n c i e s  which have  been found d u r i n g  i n s p e c t i o n  of e x i s t i n g  
b r i d g e s  which  c a n  be l i n k e d  t o  l a c k  of s p a n l o c k  m a i n t e n a n c e ,  P a t  
Y a s k i n ,  P . E . ,  v i c e  p r e s i d e n t  of Kunde, S p r e c h e r ,  Y a s k i n  and  
A s s o c i a t e s ,  I n c  and t h e  a u t h o r  have d e v e l o p e d  a  h y d r a u l i c  s p a n  l o c k  
sys tem.  which i s  s e l f  -ad j u s t  i ng .  S e l f  -ad j u s t  i ng  i n  t h i s  c a s e  means 
t h a t  t h e  l o c k  c o n t i n u e s  t o  f i t  t i g h t l y  ( w i t h i n  t o l e r a n c e )  i n  t h e  
r e c e i v e r  a s  t h e  shoes  wear .  

The sys te in  w i l l  f i r s t  be t e s t e d  e a r l y  i n  1985 i n  a  r e p l a c e m e n t  
f o r  t h e  e x i s t i n g  s p r i n g  l o a d e d  l o c k  sys t em on t h e  T r e a s u r e  I s l a n d  
Causeway l i n k i n g  t h e  C i t y  of T r e a s u r e  I s l a n d ,  F l o r i d a  w i t h  S t .  
P e t e r s b u r g ,  F l o r i d a .  I t  shou ld  be  n o t e d  t h a t  t h e - s p a n  d r i v e  
mach ine ry  on t h i s  b r i d g e  h a s  a l r e a d y  been r e p l a c e d  w i t h  a  h y d r a u l i c  
sys tem and programmable c o n t r o l l e r ,  b o t h  of which a r e  d e s i r a b l e  
c o n d i t i o n s  f o r  t h e  a p p l i c a t i o n  of t n e  new d e s i g n .  

The o u t s t a n d i n g  d i f f e r e n c e  between t h i s  s y s t e m  and o t h e r  modern 
sys t ems  i s  t h e  u s e  of a  b e v e l e d  o r  wedge shaped  l o c k  b a r  and  
r e c e i v e r  shoe .  A s  t h e  s o f t e r  shoe  w e a r s ,  t h e  h y d r a u l i c  c y l i n d e r  
w i l l  d r i v e  t h e  b a r  f a r t h e r  i n t o  t h e  r e c e i v e r  u n t i l  p r o p e r  f i t  i s  
o b t a i n e d .  The beve l  is l o c a t e d  on t h e  bo t tom of t h e  b a r  s o  t h a t  
f i n a l  p o s i t i o n i n g  of t h e  l e a v e s  i s  c o n t r o l e d  by t h e  f l a t  s u r f a c e  on 
t h e  t o p  of t h e  b a r  which i s  n o t  s u b j e c t e d  t o  e x c e s s i v e  wea r  ( s e e  
F i g u r e  4 ) .  

I n  o r d e r  t o  m a i n t a i n  f u l l  m o n i t o r i n g ,  t h i s  s y s t e m  i n c o r p o r a t e s  
t h r e e  s e n s o r s  f o r  e a c h  l o c k  b a r .  I n  a d d i t i o n  t o  t h e  l i m i t  s w i t c h e s  
used  t o  i n d i c a t e  f u l l y  drawn and f u l l y  d r i v e n  p o s i t i o n s ,  a  p r e s s u r e  
s e n s i n g  guage i n  t h e  p r e s s u r e  l i n e  t o  t h e  h y d r a u l i c  c y l i n d e r  w i l l  
be i n c l u d e d .  T h i s  guage w i l l  g e n e r a t e  a  s i g n a l  t o  s t o p  d r i v i n g  t h e  
l o c k  when t h e  l o c k  i s  f u l l y  s e a t e d  i n  t h e  r e c e i v e r  a s  i n d i c a t e d  by 
t n e  b u i l d  up of p r e s s u r e  i n  t h e  c y l i n d e r .  The l i m i t  s w i t c h  on t h e  
r e c e i v e r  s i d e  of t h e  l o c k  must a l s o  s e n s e  t h a t  t h e  l o c k  i s  f u l l y  
d r i v e n  f o r  t h e  d r i v i n g  t o  s t o p  n o r m a l l y .  T h i s  d o u b l e  s i g n a l  i s  
n e c e s s a r y  t o  p r e v e n t  t h e  p r e s s u r e  s e n s o r  f rom b e i n g  t r i p p e d  i f  t h e  
l o c k  were t o  jam a g a i n s t  t h e  e x t e r i o r  of t h e  r e c e i v e r  w i t h o u t  b e i n g  
locked .  S i m i l a r l y ,  t h e  programmable c o n t r o l l e r  u s e d  t o  o p e r a t e  
t h i s  systein w i l l  be a b l e  t o  warn t h e  o p e r a t o r  of a l i g m e n t  p r o b l e m s  
if  t h e  c l y i n d e r  p r e s s u r e  c o n t i n u e s  t o  i n c r e a s e  b u t  t h e  l i m i t  s w i t c h  
on t h e  r e c e i v e r  s i d e  i s  n o t  a c t u a t e d .  

Power t o  d r i v e  t h e  l o c k s  w i l l  b e  s u p p l i e d  f rom h y d r a u l i c  pumps 
which d r i v e  t h e  l e a v e s .  A s  a  backup ,  a n  emergency  power p a c k  w i l l  
be i n s t a l l e d  s o  t h a t  t h e  l o c k s  can b e  o p e r a t e d  i f  t h e  ma in  power 
s u p p l y  f a i l s .  

VI I .  LOCK MAINTENANCE AND INSPECTION 

I n s p e c t i o n :  Span l o c k  sys t ems  s h o u l d  b e  p e r i o d i c a l l y  i n s p e c t e d  
f o r  t h e  f o l l o w i n g :  





1 . )  P r o p e r  l u b r i c a t i o n  of m o t o r s ,  g u i d e s ,  and r e c e i v e r s  
2 . 1  F u n c t i o n i n g  l i m i t  s w i t c h e s  
3 . )  Span a l i g n m e n t ,  s h o e  and b a r  wear ,  e s p e c i a l l y  uneven 

wear .  
4 . )  L u b r i c a t i o n  sys t em s h o u l d  be s u p p l y i n g  t h e  s h o e s  w i t h  

c l e a n  g r e a s e ,  a l l  l i n e s  shou ld  be i n t a c t .  

L u b r i c a t i o n :  Bar g u i d e s  and r e c e i v e r s  shou ld  be  checked  and 
l u b r i c a t e d  weekly.  Exxon Lidok E P - 0  o r  e q u a l  is s u g g e s t e d  by E a r l e  
I n d u s t r i e s .  For  s e l f - c o n t a i n e d  o p e r a t i n g  u n i t s  and o t h e r  f a c t o r y  
e q u i p m e n t ,  r e f e r  t o  m a n u f a c t u r e r ' s  l u b r i c a t i o n  recornmendation.  

V I I I .  RkhABILITATION AND REPLACEMEPIT 

R e h a b i l i t a t i o n  of E x i s t i n g  Locks:  E x i s t i n g  l o c k s  which u t i l i z e  
a c c e D t a b l e  l o c k  mechanisms shou ld  be m a i n t a i n e d  o r  r e p a i r e d  u n l e s s  
t hey '  a r e  beyond economic r e p a i r .  C y l i n d r i c a l  s h a f t  l o c k  b a r s  
s h o u l d  be  u p d a t e d  t o  r e c t a n g u l a r  s h a f t s  and a s s o c i a t e d  g u i d e s  and 
r e c e i v e r s  t o  e n a b l e  shimming f o r  p r o p e r  a l i g n m e n t .  A l l  l o c k s  
s h o u l d  be shimmed t o  p r o p e r  a l i g n m e n t .  Locks which do n o t  have  
p r o p e r  l u b r i c a t i o n  f i t t i n g s  o r  p r o t e c t i o n  from roadway g r i t  s h o u l d  
be p r o v i d e d  w i t h  such .  L i m i t  o r  p r o x i m i t y  s w i t c h e s  s h o u l d  be  
i n s t a l l e d  on a l l  l o c k  sys t ems  which a r e  n o t  s o  equ ipped .  I t  may be 
a d v a n t a g e o u s  t o  add s e r v i c e  p l a t f o r m s  t o  sys tems  wh ich  a r e  
d i f f i c u l t  t o  a c c e s s .  I n  a l l  r e n o v a t i o n  p r o j e c t s  t h e  a d d t i o n  of 
e x t r a  w e i g h t  must be c o n s i d e r e d  by t h e  d e s i g n e r  a s  i t  may r e s u l t  i n  
s p a n  b a l a n c i n g  problems .  Replacement  of o p e r a t i n g  s y s t e m s  may 
evoke a need f o r  r e n o v a t i o n  o r  r e p l a c e m e n t  of t h e  l o c k  s y s t e m  t o  
p r o v i d e  c o i n p a t a b i l i t y .  Fo r  example,  t h e  i n s t a l l a t i o n  of a  f u l l y  + 

a u t o m a t i c  programmable c o n t r o l l e r  t o  o p e r a t e  t h e  l e a v e s  must  be 
accompanied by t h e  r e p l a c e m e n t  of s p r i n g  l o a d e d  l o c k  s y s t e m s  which  
c a n n o t  be c o n t r o l l e d  by t h e  o p e r a t i n g  sys t em.  

T a i l  l o c k  sys t ems  found  on b a s c u l e  b r i d g e s  may be  removed i f  
t h e  d e s i g n e r  d e t e r m i n e s  them t o  be r e d u n d a n t .  T h i s  i s  a d v a n t a g e o u s  
because  i t  r e d u c e s  t h e  number of mechanisms t o  be o p e r a t e d  and  
moni tored  and s i r n p l i f i e s  t h e  a n a l y s i s  of f o r c e s  on t h e  end l o c k s .  

R e ~ l a c e m e n t  of E x i s t i n g  Locks:  Lock s y s t e m s  which a r e  damaged 
beyond r e p a i r  o r  a r e  deemed i n s u f f i c i e n t  b e c a u s e  t h e y  a r e  p r o n e  t o  
breakdowns,  non-ad j u s t a b l e ,  o r  non-f  u c t i  o n a l ,  s h o u l d  be  r e p l a c e d  
w i t h  new l o c k s  u t i l i z i n g  i n d e p e n d e n t l y  d r i v e n ,  f u l l y  m o n i t o r e d ,  
r e c t a n g u l a r  s h a f t s .  Llhere b r i d g e s  a r e  t o  be e q u i p p e d  w i t h  
programmable c o n t r o l l e r s  t h e  l o c k  sys t em i n s t a l l e d  must  be 
compatab le  w i t h  t h e i r  o p e r a t i o n .  
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