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I t  would  seem a p p r o p r i a t e  t o  g i v e  a  r e a d e r  a n  a p p r e c i a t i o n  of 
t h e  s e t t i n g  i n  which t h i s  b r i d g e  i s  l o c a t e d  and t h u s  t h e  i m p o r t a n c e  
f o r  t h e  d e s i g n  f e a t u r e s  implemented.  

The Miami Avenue c r o s s i n g  of t h e  Miami R i v e r  i s  l o c a t e d  i n  t h e  
c e n t r a l  b u s i n e s s  d i s t r i c t  of t h e  C i t y  of Miami. I t  i s  one  of t h r e e  
m a j o r  n o r t h - s o u t h  c o l l e c t o r - d i s t r i b u t o r s  f e e d i n g  t h e  c e n t r a l  b u s i -  
n e s s  d i s t r i c t ;  t h e  o t h e r  two b e i n g  B r i c k e l l  Avenue-U.S. 1 a n d  S.W. 
2nd Avenue. 

Over  t h e  p a s t  s e r i e s  of  y e a r s ,  t h e  downtown a r e a  of  Miami i ias  
u n d e r g o n e  s i g n i f i c a n t  c n a n g e  w i t h  c o n s i d e r a b l e  c o n s t r u c t i o n  t a k i n g  
p l a c e .  With  t h e  cor i lp le t ion  of t h e  f i r s t  p h a s e  of t h e  Dade County  
M e t r o K a i l  S y s t e m ,  t h e  Downtown P e o p l e  Mover now n e a r i n g  c o m p l e t i o n ,  
and t i l e  c o n s t r u c t l o n  of numerous p u b l i c  and  p r i v a t e  h i g h r i s e  o f f i c e  
b u i l d i n g s ,  c o n v e n t i o n  c e n t e r s ,  p a r k i n g  f a c i l i t i e s  a n d  condominiums,  
t i l e  a r c h i t e c t u r e  and s k y l i n e  of t he  C i t y  o f  Miami h a s  u n d e r g o n e  
s i g n i f i c a n t  change .  With  t h e  l o c a l  County Government b e i n g  t h e  
owner ,  one  m a j o r  c o n c e r n  was t h e  o p e r a t i n g  s y s t e m  a n d  i t s  
r e l i a b i l i t y  and  e a s e  of  m a i n t e n a n c e  f o r  t h e  b a s c u l e  s p a n .  With  
t n i s  c o n s i d e r e d ,  one c a n  t h e n  r e a l i z e  t h e  c o n c e r n  a n d  a t t e n t i o n  
g i v e n  t o  t h e  b r i d g e  and  i t s  a p p r o a c h e s  d u r i n g  b o t h  t h e  d e s i g n  a n d  
c o n s t r u c t i o n  p h a s e s .  

The p l a y e r s  i n v o l v e d  i n  t h i s  p r o j e c t  a r e  a s  f o l l o w s :  

- M e t r o p o l i t a n  Dade County  - t h e  Owner 
- F l o r i d a  Depar tment  o f  T r a n s p o r t a t i o n  - P l a n s  Review and Con- 

s t r u c t i o n  A d m i n i s t r a t i o n  
- FHWA - Funding  
- U n i t e d  S t a t e s  C o a s t  Guard - P e r m i t t i n g  - Kunde, S p r e c h e r ,  Y a s k i n  6 A s s o c i a t e s ,  I n c .  - D e s i g n  C o n s u l t a n t s  
- C a p e l l e t t i  B r o t h e r s ,  I n c .  - t h e  Pr ime C o n t r a c t o r  - S h e f f i e l d  S t e e l  - S t e e l  F a b r i c a t o r  - s i g n a l  Construction, I n c .  - E l e c t r i c a l  Sys tems  
- C i r c u i t  E n g i n e e r i n g  a n d  R e x r o t h  - H y d r a u l i c  S u b c o n t r a c t o r  
- S t e w a r d  Machine  - T r u n n i o n s ,  T r u n n i o n  B e a r i n g s ,  l3uf f e r s ,  e  t c .  
- E b s a r y  F o u n d a t i o n  - C o f f e r  dam, S e a l ,  F e n d e r  S y s t e m  
- VSL Corporation - R e t a i n e d  E a r t h  W a l l s  



P r o j e c t  d e s i g n  r e q u i r e m e n t  was t o  c o n n e c t  one-way p a i r s  b o t h  
n o r t l l  a n d  s o u t h  of t h e  r i v e r  a t  a  common p o i n t ,  p r o v i d i n g  a  
s i x - l a n e  f a c i l i t y  o v e r  t h e  Miami R i v e r .  The C o a s t  Guard r e q u i r e d  a  
9 0 '  h o r i z o n t a l  c l e a r a n c e  w i t h  t h e  r i v e r  skewed a t  4 0 ° ,  a n d  2 1 '  of 
v e r t i c a l  c l e a r a n c e  a t  t h e  f e n d e r s .  Wi th  t h i s  s i g n i f i c a n t  amount of 
c n a n n e l  skew i t  was d e c i d e d  t o  d e s i g n  t w i n  b r i d g e s  s i d e  b y  s i d e  
p r o v i d i n g  f o r  nor thbound  t r a f f i c  on t h e  e a s t  h a l f  and s o u t h b o u n d  
t r a f f i c  o n  t h e  w e s t  h a l f .  T h i s  a l l o w e d  t h e  d e s i g n e r  t o  s e p a r a t e  
t h e  b a s c u l e  p i e r s  arid l e a f s  s t a g g e r i n g  them t o  min imize  t h e  s p a n  
l e n g t h  f o r  e a c h  b a s c u l e  s p a n .  Even s o ,  t h e  d i s t a n c e  between f a c e  
t o  f a c e  of  b a s c u l e  p i e r s  is 174  f e e t  and a  c e n t e ~ l i n e  t r u n n i o n  t o  a  
c e n t e r l i n e  t r u n n i o n  d i s t a n c e  of 1 9 5 ' - 0 " .  The e f f e c t  of t h i s  i s  t o  
c r e a t e  two ,  d o u b l e  l e a f  b a s c u l e  b r i d g e s ,  o r  f o u r  n e a r l y  i d e n t i c a l  
b a s c u l e  l e a v e s .  I t  s h o u l d  a l s o  be  n o t e d  t h a t  t h e  r e s u l t i n g  c e n t e r  
l i n e  v e r t i c a l  c l e a r a n c e  t o  Mean High Water  was 27 ' -10" .  I n  a d d i -  
t i o n  t o  p r o v i d i n g  c l e a r a n c e  f o r  m a r i n e  t r a f f i c ,  t h e  b r i d g e  is ex -  
t e n d e d  b o t h  n o r t h  and s o u t h  t o  p r o v i d e  o n  t h e  n o r t h  s i d e ,  f o r  t h e  
r i v e r f r o n t  walkway t o  p a s s  b e n e a t h  t h e  b r i d g e  a n d  on t h e  s o u t h  s i d e  
t o  p r o v i d e  f o r  s o u t h e a s t - s o u t h w e s t  5 t h  S t r e e t  t o  p a s s  u n d e r  t h e  
b r i d g e .  

The c o s t  of t h e  p r o j e c t  w i l l  e x c e e d  $14 m i l l i o n  when comple -  
t e d .  The p r i c e  t a g  f o r  t h e  b a s c u l e  s p a n  i n c l u d i n g  t h e  f o u r  b a s c u l e  
l e a v e s ,  bu lk i l ead ,  f e n d e r  s y s t e t i ,  c o n t r o l  t o w e r ,  b a s c u l e  p i e r s  i s  i n  
e x c e s s  of $5.5  m i l l i o n  o r  a p p r o x i m a t e l y  $220 p e r  s q u a r e  f o o t .  The 
p r o j e c t ,  was d e s i g n e d  and c o n s t r u c t e d  i n  f o u r  p h a s e s .  P h a s e  One 
t h e  remova l  of t h e  e x i s t i n g  b r i d g e .  Phase  Two t h e  c o n s t r u c t i o n  of  
t h e  b a s c u l e  span .  Phase  T h r e e  t h e  c o n s t r u c t i o n  of t h e  a p p r o a c h i n g  
b r i d g e  a n d  r e t a i n i n g  w a l l  s e c t i o n .  P h a s e  F o u r  t h e  a p p r o a c h i n g  
roadway. 

To g i v e  t h e  r e a d e r  a n  i d e a  of t h e  m a g n i t u d e  of t h i s  p r o j e c t ,  
t h e  f o l l o w i n g  q u a n t i t i e s  of m a t e r i a l s  f o r  t h e  b a s c u l e  s p a n  were r e -  
q u i r e d .  

1 )  1 , 1 5 u , 0 0 0  pounds of s t r u c t u r a l  s t e e l ,  A36 o r  A588 

2 )  6 , 8 1 2  c u b i c  y a r d s  of c o n c r e t e  

3 )  5 0 0 , 0 0 0  pounds of epoxy  c o a t e d  r e i n f o r c i n g  s t e e l  

4 )  1 5 , 0 0 0  f e e t  of s t e e l  H - p i l e .  

The t o t a l  w e i g h t  of e a c h  of  t h e  f o u r  l e a v e s  is  a p p r o x i m a t e l y  
1 , 5 0 0 , 0 0 0  pounds  when f u l l y  a s s e m b l e d .  

S i g n i f i c a n t  D e s i g n  F e a t u r e s  

A e s t h e t i c s  was of m a j o r  c o n c e r n  i n  t h e  s e l e c t i o n  of t h e  b r i d g e  
s t r u c t u r a l  s y s t e m  and d e t a i l s .  Dade County  was  commi t ted  t o  h a v i n g  
a  l o c a l  a r c h i t e c t u r a l  r e v i e w  b o a r d  r e v i e w  p l a n s  and  a e s t h e t i c  f e a -  
t u r e s .  They had a n  o b l i g a t i o n  of o b t a i n i n g  a p p r o v a l  f rom t h e  Miami 
C i t y  Commission,  t h e  Dade County  Commission and t h e  Miami R i v e r  
Mar ine  C o u n c i l  f o r  t h e  b r i d g e  a p p e a r a n c e .  



S l n c e  t h e  b r i d g e  a p p r o a c h e s  were t o t a l l y  b e h i n d  b u l k h e a d s ,  a  
20" d e e p  p o u r e d - i n - p l a c e  c o n c r e t e  f l a t  s l a b  s u p e r s t r u c t u r e  was s e -  
l e c t e d  a s  t h e  s p a n ~ l i n g  sys tern  f o r  t h e  a p p r o a c h  s p a n s .  S p a n  l e n g t h s  
were s e t  a t  42 f e e t .  Each h a l f  of t h e  b r i d g e  was s u p p o r t e d  by two,  
2 - f o o t  w i d e  8 - f o o t  l o n g  co lumns  w i t h  p i e r  c a p s  p a r t i a l l y  r e c e s s e d  
a n d  p o u r e d  i n t e g r a l l y  w i t h  t h e  s u p e r s t r u c t u r e .  The s u p e r s t r u c t u r e  
was d e s i g n e d  and c o n s t r u c t e d  a s  a  3 ,  4 ,  5 ,  a n d  6 s p a n  . o n t i n u o u s  
e l e m e n t  d e p e n d i n g  on l o c a t i o n .  The n e t  r e s u l t  was  t o  p r o v i d e  a  
b e a m l e s s ,  f l a t  s u r f a c e  when viewed f rom below w i t h  a n  u n c l u t t e r e d  
a p p e a r a n c e  due  t o  t h e  r e l a t i v e l y  few columns.  The bot tom e d g e s  of 
t h e  s l a b  was rounded and a  c o n c r e t e  p a r a p e t ,  2 ' 8 "  i n  h e i g h t ,  was 
poured  a t o p  t h e  s l a b  w i t h  a  10" h i g h  a l u m i n i u m  h a n d r a i l  above.  
P i e r  c a p s  c a n t i l e v e r e d  12-14  f e e t .  A t  t h e  f a c e  of t h e  co lumns  t h e  
p i e r  c a y  e x t e n d e d  below t h e  s u p e r s t r u c t u r e  s l a b  a p p r o x i m a t e l y  2 ' - 4 '  
f e e t .  The b o t t o m  s u r f a c e  of t h e  p i e r  c a p s  was t h e n  t a p e r e d  s o  t h a t  
a t  t h e  e d g e  of t h e  s u p e r s t r u c t u r e  t h e  p i e r  e x t e n d e d  below t h e  s l a b  
6 " .  I n  some i n s t a n c e s ,  p i e r  c a p s  were  e x t e n d e d  beyond t h e  f a c e  of  
t h e  p a r a p e t  t o  s u p p o r t  l i g h t  p o l e s ,  s a f e t y  g a t e s ,  a n d  w a r n i n g  
s i g n s .  T h u s ,  i n  p r o f i l e ,  t h e  b r i d g e  p r o v i d e d  a n  e x p o s e d  s u r f a c e  of 
a p p r o x i m a t e l y  4 ' -4"  w i t h  a n  a lumin ium h a n d r a i l  above.  The a p -  
p r o a c h i n g  roadway was c o n f i n e d  be tween r e t a i n i n g  w a l l s .  R e t a i n i n g  
w a l l s  were  c o n s t r u c t e d  u t i l i z i n g  t h e  r e t a i n e d  e a r t h  p r o p r i a t a r y  
w a l l  systelli .  The s l a b  and p a r a p e t  c o n f i g u r a t i o n  was c o n t i n u e d  o f f  
t h e  b r i d g e  a n d  down t h e  a p p r o a c h s  a t o p  t h e  r e t a i n i n g  w a l l s .  The 
e x t e r i o r  f a c e  of t h e  r e t a i n i n g  w a l l s  were  r e c e s s e d  a p p r o x i m a t e l y  6" 
i n s i d e  t h e  e x t e r i o r  f a c e  of t h e  p a r a p e t .  I n  a d d i t i o n ,  t h e  p a r a p e t  
c o n f i g u r a t i o n  of t h e  a p p r o a c h i n g  s u p e r s t u c  t u r e s  was c a r r i e d  a c r o s s  
t h e  b a s c u l e  l e a f .  T h i s  was a c c o m p l i s h e d  by a t t a c h i n g  c u r v e d  s t e e l  
p l a t e s  t o  t h e  e x t e r i o r  of t h e  b a s c u l e  l e a f .  To f u r t h e r  e n h a n c e  t h e  
a p p e a r a n c e  of  t h e  b r i d g e  and t o  p r o v i d e  f o r  t h e  c o n t i n u i t y  of t h e  
b r i d g e  p a r a p e t  when viewed i n  p r o f i l e ,  s t a r t i n g  w i t h  t h e  r e t a i n i n g  
w a l l s  c o n t i n u i n g  a c r o s s  t h e  b r i d g e  a p p r o a c h  s p a n s  and  f i n a l l y  
a c r o s s  t h e  b a s c u l e  l e a v e s ,  a n  a p p l i e d  f i n i s h  c o a t i n g  w i l l  b e  
u t i l i z e d .  The f i n i s h  c o a t i n g  would be  a p p l i e d  i n  two t e x t u r e s ,  
e a c h  t e x t u r e  i n  a  d i f f e r e n t  c o l o r .  A b e i g e  c o l o r  was  s e l e c t e d  f o r  
t h e  f i n e  t e x t u r e d  s u r f  a c e s  which i n c l u d e d  t h e  p a r a p e t  s u r f  a c e  a n d  
u n d e r  b r i d g e  s u r f a c e s ,  i n c l u d i n g  t h e  s t e e l  p l a t e s  a c r o s s  t h e  b a s -  
c u l e  l e a f .  The second  t e x t u r e  w i l l  be  a  medium ( c o a r s e )  t e x t u r e  i n  
a  d a r k  brown c o l o r .  T h i s  i s  a p p l i e d  t o  t h e  r e c e s s e d  r e t a i n i n g  w a l l  
s u r f a c e s ,  p i e r  cap  and  p i e r  column s u r f  a c e s ,  which would t h u s  
h i g h l i g h t  t h e  b e i g e  f i n e  t e x t u r e d  s u r f a c e s .  The s t r u c t u r a l  s t e e l  
b e h i n d  t h e  p a r a p e t  s u r f a c e s  o f  t h e  b a s c u l e  l e a v e s  a r e  t o  b e  p a i n t e d  
b l a c k  - a g a i n  t o  h i g h l i g h t  t h e  p a r a p e t  s u r f a c e s .  

A s  a n  a d d i t i o n a l  a e s t h e t i c  f e a t u r e ,  a n  i s o l a t e d  i d e p e n d e n t l y  
s u p p o r t e d  c o n t r o l  t o w e r  was d e s i g n e d .  P a s t  c o n v e n t i o n  h a s  b e e n  t o  
c a n t i l e v e r  t h e  c o n t r o l  t o w e r  s t r u c t u r e  o f f  of  o n e  of  t h e  b a s c u l e  
p i e r s .  I n  t n i s  i n s t a n c e ,  c o s t  s t u d i e s  showed t h e  i n d e p e n d e n t l y  
s u p p o r t e d  s t r u c t u r e  t o  be more e c o n o m i c a l .  The o v e r a l l  a p p e a r a n c e  
of tile c o n t r o l  t o w e r  is  s i m i l a r  t o  t h a t  of  a n  a i r p o r t  c o n t r o l  
t o w e r .  B r o n z e  g l a s s  and  m u l l i o n s  a n d  a  b r o n z e  m e t a l  r o o f  is  
u t i l i z e d  and f i t  q u l t e  n i c e l y  i n t o  t n e  c o l o r  scheme of t h e  o v e r a l l  
b r i d g e .  



The n e x t  s i g n i f i c a n t  d e s i g n  f e a t u r e  was t h e  s e l e c t i o n  of  hy- 
d r a u l i c s  a s  t h e  pr ime s y s t e m  f o r  o p e r a t i n g  e a c h  of t h e  f o u r  
l e a v e s .  Four  8" c y l i n d e r s  a r e  u s e d  t o  o p e r a t e  e a c h  of t h e  f o u r  
l e a v e s .  

Each  b a s c u l e  l e a f  i s  p r o v i d e d  w i t h  i t s  own h y d r a u l i c  s y s t e m .  
I n  t h e  o r i g i n a l  d e s i g n  and t h e  c o n t r a c t  documents ,  a  c l o s e d  l o o p  
h y d r a u l i c  sys te i f l  was i n d i c a t e d .  The c o n t r a c t o r  and  h i s  s u b c o n t r a c -  
t o r ,  C i r c u i t  E n g i n e e r i n g ,  p r o p o s e d  t h e  u s e  of a n  open l o o p  s y s t e m ,  
which  was s u b m i t t e d  a s  a  v a l u e  e n g i n e e r  a l t e r n a t i v e .  Whi le  no s u b -  
s t a n t i a l  c o s t  r e d u c t i o n  was o b t a i n e d ,  i t  was c l e a r  t h a t  a p p r o x i -  
m a t e l y  a  50% r e d u c t i o n  i n  h y d r a u l i c  components  would be  r e a l i z e d .  
T h i s  i n d i c a t e d  a  s u b s t a n t i a l  c o s t  s a v i n g s  o v e r  t h e  l i f e  o f  t h e  
s t r u c t u r e  w i t h  f e w e r  components  t o  m a i n t a i n .  

A s  a  m e a s u r e  of s a f e t y ,  t h e  s y s t e m  was d e s i g n e d  t o  o p e r a t e  a t  
low p r e s s u r e s  and t h e  s y s t e m  f a b r i c a t e d  u s i n g  h i g h  p r e s s u r e  compon- 
e n t s .  Each  s y s t e m  i s  e q u i p p e d  w i t h  two c - f a c e  s t y l e ,  25 h o r s e p o v e r  
e l e c t r i c  m o t o r s  and two v a r i a b l e  d i s p l a c e m e n t  open  l o o p  a x i a l  
p i s t o n  b e n t  a x i s  d e s i g n  R e x r o t h  pumps. Motor  and  pumps a r e  mounted 
on v i b r a t i o n  a b s o r p t i o n  s u p p o r t s  and pumps a r e  c o n n e c t e d  t o  r i g i d  
p i p i n g  w i t h  f l e x i b l e  n o s e  i n  a n  e f f o r t  t o  m i n i m i z e  n o i s e  a n d  t h e  
p o t e n t i a l  f o r  f i t t i n g  l e a k s .  Pumps were  r e q u i r e d  t o  p r o v i d e  con-  
s t a n t  h o r s e p o w e r  c o n t r o l .  Each s y s t e m  was a l s o  e q u i p p e d  w i t h  a  5 
h o r s e p o w e r  g a s o l i n e  e n g i n e  and pump a s  a n  a l t e r n a t e  manual  emer-  
gency method of b r i d g e  o p e r a t i o n .  

Tne h y d r a u l i c  s y s t e m  was b i d  a s  a  s e p a r a t e  i t e m  w i t h  t h e  t o t a l  
p r i c e  t a g  f o r  a l l  f o u r  s y s t e m s  b e i n g  $326,000.  The d e s i g n  c o n s u l -  
t a n t ,  i n  e v a l u a t i n g  t h i s  c o s t  a s  opposed  t o  t h e  m e c h a n i c a l  t y p e  
s y s t e m ,  o e l i e v e s  t h e  u s e s  of h y d r a u l i c s  r e p r e s e n t  a  c o s t  s a v i n g s  i n  
e x c e s s  of $1 m i l l i o n .  The h o r s e p o w e r  c o n t r o l  f e a t u r e ,  a  d e s i g n  r e -  
q u i r e m e n t ,  y i e l d s  a  c o n s t a n t  h o r s e p o w e r  o u t p u t  f rom t h e  e l e c t r i c  
motor  a n d  pump. T h i s  means t h a t  u n d e r  a l l  c o n d i t i o n s  of l o a d i n g ,  
be i t  s t a r t i n g  f r i c t i o n ,  i n e r t i a ,  o r  wind ,  t h e  s y s t e m  w i l l  c o n t i n u e  
t o  d e v e l o p  a  c o n s t a n t  5 0  h o r s e p o w e r  and  when l o a d s  a r e  h i g h  t h e  
pumps w i l l  a u t o m a t i c a l l y  ramp t h e m s e l v e s  t o  a  s l o w e r  s p e e d  of  op-  
e r a t i o n .  When l o a d s  a r e  low t h e  pumps w i l l  a u t o m a t i c a l l y  ramp t o  
t h e i r  h i g h e s t  s p e e d  of o p e r a t i o n .  T h i s  i s  a  p e r f e c t  a p p l i c a t i o n  
and c o ~ n p l i a n c e  w i t h  AASHTO d e s i g n  r e q u i r e m e n t s ,  where  u n d e r  n o r m a l  
l i g h t  l o a d  c o n d i t i o n s  t h e  b r i d g e  is  r e q u i r e d  t o  open  i n  what  i s  
c a l l e d  "normal  t i m e  of  o p e r a t i o n " ,  u s u a l l y  60 t o  7 5  s e c o n d s .  When 
l o a d s  a r e  h i g h e r ,  s u c h  a s  a  h i g h  wind l o a d ,  t h e  b r i d g e  i s  a l l o w e d  
t o  o p e r a t e  a t  a  l o w e r  s p e e d ,  n o t  t o  e x c e e d  t w i c e  t h e  t i m e  of  o p e r a -  
t i o n .  A u t o m a t i c  ramping c o n t r o l s  a r e  a l s o  p r o v i d e d  which a l l o w s  
h a n d s o f f  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  of b r i d g e  when o p e n i n g  a n d  
c l o s i n g .  

A d d i t i o n a l  f e a t u r e s  p r o v i d e d  by C i r c u i t  E n g i n e e r i n g  a n d  R e x r o t h  
a r e  a s  f o l l o w s :  



1 )  H y d r a u l i c  tanKs were  f a c t o r  c l e a n e d  and s e a l e d .  Tanks  a r e  t h e n  
s h i p p e d  t o  t h e  f i e l d  a n d  can  o n l y  be f i l l e d  t h r o u g h  t h e  s y s t e m  
f i l t e r s .  S i n c e  f l u i d  c o n t a m i n a t i o n  is  of u tn ios t  c o n c e r n  i n  any 
h y d r a u l i c  s y s t e m ,  t h i s  i n s u r e s  t h a t  t a n k s  do  n o t  become 
c o n t a m i n a n t e d  and t h a t  t h e  systeIi1 s t a r t s  o f f  w i t h  f i l t e r e d  
f l u i d .  

2 )  M a n i f o l d s  were  f a b r i c a t e d  f rom s t e e l  b l o c k s .  H y d r a u l i c  compon- 
e n t s ,  s u c h  a s  meal  v a l v e s ,  r e l i e f  v a l v e s  , c o u n t e r b a l a n c e  
v a l v e s ,  g u a g e s ,  a r e  s u b p l a t e  mounted t o  t h e  m a n i f o l d s .  
M a n i f o l d s  a r e  machined t o  a c c e p t  t h e s e  coK2onents  and e l i m i n a t e  
t n e  e x t e n s i v e  amount of  r i g i d  p i p i n g  t h a t  would b e  n e c e s s a r y  t o  
i n t e r c o n n e c t  e a c h o f  them. T h i s u l t i m a t e l y w i l l  r e d u c e  main-  
t enar lce  and e l i m i n a t e  t h e  m u l t i t u d e  of p i p e s  and f i t t i n g s  which  
a r e  a r e a s  of p o t e n t i a l  l e a k s .  

3 )  H y r a u l i c  c y l i n d e r s  a r e  m i d - t r u n n i o n  s u p p o r t e d  c y l i n d e r s .  One 
would n o r m a l l y  t h i n k  and e x p e c t  c y l i n d e r s  t o  be  end mounted 
w i t h  a  c l e v i s  t y p e  d e v i c e .  The i d e a  of f r o n t  t r u n n i o n  o r  
m i d - t r u n n i o n  s u p p o r t s  r e d u c e s  t h e  l o n g  column e f f e c t  of t h e  h y -  
d r a u l i c  c y l i n d e r  when f u l l y  e x t e n d e d .  F r o n t  t r u n n i o n  c y l i n d e r s  
nave been  t r i e d  on o t h e r  b r i d g e s  a n d  r e q u i r e  e x t r e m e l y  a c c u r a t e  
a l i g n m e n t  p r o c e d u r e s .  We h a v e  f o u n d  t h a t  t h e  m i d - t r u n n i o n  
a l l o w s  a  more t o l e r a b l e  a l i g n m e n t  s i t u a t i o n  w h i l e  s t i l l  r e d u c -  
i n g  t n e  l o n g  column e f f e c t .  

Some r e d u n d a n c y  h a s  been  b u i l t  i n t o  t h e  h y d r a u l i c  s y s t e m .  We 
u s e  two c y l i n d e r s  u n d e r  e a c h  g i r d e r ,  f o u r  p e r  l e a f ,  t w o p  2 5  
h o r s e p o w e r  m o t o r s ,  2 h y d r a u l i c  pumps and n a t u r a l l y  two se t s  o f  c o n -  
t r o l s .  D u r i n g  t h e  d e s i g n  p r o c e s s  i t  became e v i d e n t  t h a t  l o a d  con-  
d i t i o n  C ,  wh ich  i n c l u d e s  t h e  1 0  pound wind f o r c e ,  was t o  c o n t r o l  
t h e  maximum horsepower  r e q u i r e m e n t s  f o r  t h e  b r i d g e ,  w i t h  t h e  wind 
l o a d  b e i n g  5 titiles g r e a t e r  t h a n  l o a d  c o n d i t i o n  A. I t  became o b v i -  
o u s  t i i a t  a  s i n g l e ,  25 horsepower  motor  was more t h a n  a d e q u a t e  t o  
o p e r a t e  t h e  b r i d g e  u n d e r  normal  l o a d  and t i m e  r e q u i r e m e n t s .  

A l l  b a s c u l e  b r i d g e s  a r e  s u s c e p t i b l e  t o  m a i n t e n a n c e  a n d  r e p a i r  
p rob lems  and  i t  c a n  be a n t i c i p a t e d  t n a t  d u r i n g  p e r i o d s  of r e p a i r  
and m a i n t e n a n c e  b r i d g e s  w i l l  be p l a c e d  o u t  of s e r v i c e ,  mos t  l i k e l y  
i n  t n e  open p o s i t i o n ,  c l o s e d  t o  v e h i c u l a r  t r a f f i c .  The s y s t e m  h a s  
t h e r e f o r e  been  d e s i g n e d  t o  p r o v i d e  t h e  c a p a b i l i t y  of r emoving  one 
motor  a n d  pump and even  removing two c y l i n d e r s  a n d  s t i l l  p r o v i d e  
t h e  owner w i t h  a n  o p e r a b l e  s i t u a t i o n .  The b r i d g e  s h o u l d  o p e r a t e  i n  
t h e  normal  time of o p e r a t i o n  when t h e  l o a d s  f a l l  i n t o  t h e  n o r m a l  
c a t e g o r y ,  a n d  s h o u l d  c o n t i n u e  t o  o p e r a t e  e v e n  when h i g h e r  t h a n  n o r -  
mal l o a d s  a r e  e n c o u n t e r e d  w i t h o u t  o v e r l o a d i n g  pump o r  motor  s i n c e  
horsepower  c o n t r o l  i s  p r o v i d e d .  



Miami Avenue B r i d g e  s h o u l d  b e  c o m p l e t e d  w i t h i n  t h e  y e a r  and 
w i l l  p r o v i d e  i t s  owners ,  t h e  m o t o r i n g  p u b l i c  and t h e  b o a t i n g  p u b l i c  
w i t h  a  h i g h l y  r e l i a b l e  f a c i l i t y .  I t s  a p p e a r a n c e  s h o u l d  enhance  t h e  
Miami a r e a  and  may e v e n  e n t i c e  deve lopment  i n  t h e  immedia te  
v i c i n i t y .  The b r i d g e  i s  t h e  s e c o n d  new m a j o r  b r i d g e  i n  t h e  s t a t e  
of F l o r i d a  t o  u t i l i z e  h y d r a u l i c s  a s  t h e  o p e r a t i n g  s y s t e m .  T h e r e  i s  
a  t h i r d  b r i d g e  u n d e r  c o n s t r u c t i o n  i n  t h e  Palm Beach  a r e a ,  a  f o u r t h  
on t h e  d rawing  b o a r d s ,  and two e x i s t i n g  s t a t e  b r i d g e s  f o r  which 
p l a n s  f o r  r e n o v a t i o n  i n c l u d e  a l t e r n a t e  h y d r a u l i c  s y s t e m s .  I t  i s  
hoped t h a t  by t h e  n e x t  b r i d g e  symposium t h i s  p a p e r  c a n  be u p d a t e d  
w i t h  soltie o p e r a t i n g  h i s t o r y  t h a t  w i l l  j u s t i f y  t h e  e f f o r t  p u t  f o r t h  
by a l l  p a r t i e s  c o n c e r n e d .  


