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SINGLE LEAF BASCULE ON SR 40 

AT ASTOR, FLORIDA 

I n t r o d u c t i o n  

By 1977 t h e  low l e v e l  swing b r i d g e  on S t a t e  Road 40 over  t h e  
S t .  Johns R i v e r  a t  Astor ,  F l o r i d a ,  had become f u n c t i o n a l l y  o b s o l e t e  
and s t r u c t u r a l l y  d e f i c i e n t .  Rep lac ing t h i s  b r i d g e  posed t h e  i n t e r e s t i n g  
eng ineer ing  problems o f  what t ype  o f  movable span t o  b u i l d ,  how t o  
m a i n t a i n  v e h i c u l a r  and r i v e r  t r a f f i c  d u r i n g  c o n s t r u c t i o n ,  and des ign ing  
a  p l e a s i n g  s e r v i c e a b l e  s t r u c t u r e  u s i n g  t h e  l a t e s t  eng ineer ing  p r a c t i c e s ,  
techn iques and m a t e r i a l s .  How a  s i n g l e  l e a f  bascu le  span, 131'-6" l o n g  
f rom c e n t e r  o f  t r u n n i o n  t o  end o f  l e a f ,  was se lec ted;  t h e  s t r u c t u r a l  
and mechanical des ign o f  t h e  b r idge ;  how t h e  b r i d g e  has operated s i n c e  
i t s  opening; and what m igh t  be done d i f f e r e n t l y  t o  improve t h e  des ign  
i f  i t  were be ing  done now i s  descr ibed here  i n  t h e  i n t e r e s t  o f  b r i d g e  
des igners  who m igh t  be faced w i t h  a  s i m i l a r  p r o j e c t  today. 

E x i s t i n g  Gr idqe 

The e x i s t i n g  b r i d g e  which had been b u i l t  by  t h e  coun ty  as a  t o l l  
b r i d g e  p rov ided  a  roadway w i d t h  o f  20 f e e t  between t russes  w i t h  no 
s a f e t y  cu rb  o r  s idewalk.  The t russes  s u p p o r t i n g  t h e  swing span were 
112 f e e t  l o n g  f rom t h e  c e n t e r  o f  t h e  p i v o t  p o i n t  t o  each end. The 
b r i d g e  tender  had t o  walk  o u t  and c l i m b  down t o  t h e  p i v o t  p i e r  t o  
opera te  t h e  b r i d g e  and on h i s  way o u t  he would have t o  c l i m b  up on 
one o f  t h e  t russes  whenever a  pass ing c a r  went by. A t  t h e  west  end 
o f  the  b r i d g e  was an o p e r a t o r ' s  house t h a t  spanned across t h e  roadway 
t o  a  smal l  room used as a  t o l l  booth when t h e  b r i d g e  was f i r s t  b u i l t .  
The t o l l s  were d i scon t inued  when t h e  s t a t e  assumed t h e  ownership and 
maintenance o f  t h e  br idge.  Understandably, some o f  t h e  l o c a l  r e s i d e n t s  
were r e l u c t a n t  t o  see such a  p i c tu resque  remnant o f  t h e  p a s t  destroyed. 
A t  the  t ime t h e  b r i d g e  was replaced, t h e  b r i d g e  tenders  no l o n g e r  
l i v e d  i n  t h e  house, b u t  i t  d i d  g i v e  them a  p l a c e  o u t  of t h e  weather 
when they  were n o t  o p e r a t i n g  t h e  br idge.  

S i t e  D e s c r i p t i o n  

S t a t e  Road 40 i s  a  ma jo r  east-west  highway c r o s s i n g  N o r t h  C e n t r a l  
F l o r i d a  f rom Ormond Beach on t h e  e a s t  c o a s t  t o  Yankeetown on t h e  west  
coast. I t  connects t h e  no r th -sou th  r o u t e s  o f  1-95 and U.S. 1 near  
t h e  eas t  coas t  and U.S. 19 near t h e  west  c o a s t  w i t h  Ocala and t h e  S i l v e r  
Spr ings area i n  t h e  c e n t e r  o f  t h e  s t a t e .  Dur ing  t h e  c o n s t r u c t i o n  o f  
1-95, t r u c k s  b r i n g i n g  l imerock  and f i l l  f rom t h e  v i c i n i t y  o f  Ocata p u t  
a  heavy s t r a i n  on t h e  e x i s t i n g  br idge.  I n  1977, t h e  1995 ADT o f  SR 40  
was es t imated a t  2700. 



SR 40 crosses t h e  S t .  Johns R i v e r  about  ha l fway f rom where i t  
r i s e s  near  Melbourne t o  where i t  t u r n s  e a s t  a t  J a c k s o n v i l l e  and f l o w s  
i n t o  t h e  A t l a n t i c  Ocean. It i s  one o f  t h e  l a r g e  r i v e r s  o f  t h e  w o r l d  
t h a t  f l o w s  n o r t h  and i s  fed by a  l a r g e  f l a t  d ra inage b a s i n  and severa l  
streams, i n c l u d i n g  t h e  Oklawaha. The h e i g h t  o f  f a l l  f rom where i t  
r i s e s  t o  where i t  empties i n t o  t h e  ocean i s  small .  A t  A s t o r  t h e  
e l e v a t i o n  of t h e  wa te r  su r face  v a r i e s  about f o u r  f e e t  d u r i n g  t h e  course 
of a  year. The e l e v a t i o n  o f  t h e  wa te r  s u r f a c e  i s  a f f e c t e d  by  t h e  amount 
o f  r a i n f a l l  and by t h e  t i d e s  d u r i n g  p e r i o d s  o f  low r a i n f a l l .  A t  t h e  
b r i d g e  t h e  r i v e r  i s  about 400 f e e t  wide and ranges up t o  40 f e e t  i n  
depth. Some o f  the  b e s t  bass and bream f i s h i n g  i n  F l o r i d a  i s  found i n  
t h e  St. Johns R i v e r  up and down stream f rom Astor.  Water t r a f f i c  
c o n s i s t s  m o s t l y  o f  p leasure  c r a f t ,  f i s h i n g  boats and towed barges 
t r a n s p o r t i n g  f u e l  t o  severa l  l a r g e  power p l a n t s  south  o f  Astor .  

Requirements Dur ing  Cons t ruc t ion  

The new b r i d g e  had t o  be cons t ruc ted  w i t h o u t  i n t e r f e r r i n g  w i t h  
highway o r  mar ine t r a f f i c .  Curves i n  t h e  e x i s t i n g  road on each s i d e  
o f  t h e  r i v e r  made i t  p o s s i b l e  t o  r e a l i g n  t h e  road t o  be p a r a l l e l  t o  
the  e x i s t i n g  road and 64 f e e t  t o  t h e  south. The c e n t e r  o f  the  new 
channel was t o  be l o c a t e d  15 f e e t  eas t  o f  t h e  c e n t e r  of the  west  
channel o f  the  e x i s t i n g  swing span. To m a i n t a i n  mar ine  t r a f f i c  d u r i n g  
c o n s t r u c t i o n  t h e  e x i s t i n g  b r i d g e  would have t o  swing underneath t h e  
s u p e r s t r u c t u r e  o f  t h e  proposed b r i d g e  and c l e a r  t h e  p i e r s  on each s i d e  
when t h e  b r i d g e  was be ing opened. N i n e t y  f e e t  h o r i z o n t a l  c learance 
and u n l i m i t e d  v e r t i c a l  c learance had t o  be p rov ided  a t  a l l  t imes 
d u r i n g  cons t ruc t ion .  These requ i rements  would a f f e c t  the  des igner ' s  
grades, depth  o f  s t r u c t u r e  and p i e r  l o c a t i o n s  o f  t h e  channel. The 
c o n t r a c t o r  would be p e r m i t t e d  t o  r e v e r s e  t h e  d i r e c t i o n  o f  movement 
o f  the  swing span i f  he desired.  L o c a t i o n  o f  t h e  o l d  b r i d g e  and 
rea l i gnment  o f  the  roadway i s ,  shown on F i g u r e  1. 

S e l e c t i o n  o f  B r idge  Type 

The p r imary  ques t ion  f a c i n g  t h e  d e s i g n e r  was what type o f  movable 
span should be b u i l t .  The c l e a r  span o f  115 f e e t  between fenders  
r e q u i r e d  by  t h e  p e r m i t  was w e l l  w i t h i n  t h e  economical range of a  
bascule span and n o t  l o n g  enough f o r  t h e  economical range of a  v e r t i c a l  
l i f t  br idge.  One channel opening was s u f f i c i e n t  so t h e  two channel 
openings p rov ided  by  a  swing b r i d g e  wzre n o t  necessary. The q u e s t i o n  
then reduced t o  whether t o  b u i l d  a  doub le  l e a f  o r  a  s i n g l e  l e a f  bascu le  
span. 

The F l o r i d a  Department of T r a n s p o r t a t i o n  had t r a d i t i o n a l l y  b u i l t  
double l e a f  bascu le  spans f o r  openings o f  t h i s  l eng th ,  b u t  i n  r e c e n t  
years  t h e r e  was a  b e l i e f  t h a t  a  s i n g l e  l e a f  b r i d g e  c o u l d  be more 
economical w i t h  i t s  one niovable l e a f ,  one s e t  o f  d r i v e  machinery 
and one bascu le  p i e r  t o  r e s i s t  t he  l a r g e  o v e r t u r n i n g  f o r c e s  when t h e  
l e a f  i s  i n  the  open p o s i t i o n .  
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The s i n g l e  l e a f  span a l s o  has t h e  advantage t h a t  when t h e  b r i d g e  
i s  c losed t h e  l e a f  g i r d e r s  have a  p o s i t i v e  suppor t  a t  each end when 
r e s i s t i n g  the  l i v e  l o a d  moments. I n  t h e  case o f  t h e  doub le  l e a f  
bascu le  t h e  l e a f  g i r d e r s  a re  c a n t i l e v e r e d  f rom t h e  l i v e  l o a d  shoes 
a t  the  p i e r s  when r e s i s t i n g  t h e  t r a f f i c  loads and can t r a n s f e r  shear 
b u t  cannot t r a n s f e r  moments where they  meet i n  t h e  cen te r  o f  the  span. 
T h i s  r e q u i r e s  a  g r e a t e r  depth  o f  g i r d e r  a t  t h e  t r u n n i o n  and g r e a t e r  
r e l a t i v e  we igh t  of s t e e l  i n  the  g i r d e r s .  Wi th  two leaves t o  span t h e  
open ing t h e  g i r d e r s  w i l l  be shor te r ,  t h e  components o f  t h e  d r i v e  
machinery sma l le r  and t h e  power requ i rement  l e s s  f o r  each o f  t h e  two 
leaves.  One advantage o f  the  double l e a f  bascu le  b r i d g e  i s  t h a t ,  
when t h e  b r i d g e  i s  open, the  bascu le  leaves p r o v i d e  a  p o s i t i v e  b a r r i e r  
on each s i d e  of the  channel t o  p reven t  v e h i c l e s  t h a t  m i g h t  c rash  
th rough  t h e  b a r r i e r  arms f rom go ing  i n t o  t h e  water.  The s i n g l e  l e a f  
span does n o t  have such a  b a r r i e r  on t h e  s i d e  o f  t h e  channel o p p o s i t e  
t o  t h e  l e a f  and some o t h e r  p o s i t i v e  b a r r i e r  must be fu rn i shed .  

A  t r u l y  s a t i s f a c t o r y  b a r r i e r  i s  n o t  easy t o  des ign  and i s  another  
moving element t o  be main ta ined and repa i red .  P r e l i m i n a r y  des ign  and 
c o s t  es t imates were made f o r  t h e  movable spans and f l a n k i n g  spans f o r  - 
b o t h  a  s i n g l e  l e a f  and a  double l e a f  concept t h a t  would s a t i s f y  t h e  
r e q u i r e d  c o n d i t i o n s .  I t  was est imated t h a t  t h e  s i n g l e  l e a f  concept 
would c o s t  about $250,000 o r  11.7% l e s s  than t h e  doub le  l e a f  concept. 
One c o n d i t i o n  t h a t  made t h e  s i n g l e  l e a f  span more economical a t  t h i s  
l o c a t i o n  was t h e  wa te r  depth  on one s i d e  o f  t h e  channel was 40 f e e t .  
The c o s t  o f  a  bascu le  p i e r  on t h i s  s i d e  of t h e  channel which would have 
t o  r e s i s t  t h e  l a r g e  o v e r t u r n i n g  moments o f  t h e  wind on t h e  opec l e a f  
as would be r e q u i r e d  f o r  a  double span was c o n s i d e r a b l y  more than t h e  
c o s t  o f  a  r e s t  p i e r  f o r  t h e  s i n g l e  l e a f  span. 

The c o s t  o f  t h e  s i n g l e  l e a f  concept was increased by t h e  r e q u i r e -  
ment f o r  t h e  p o s i t i v e  r e s i s t a n c e  b a r r i e r  on t h e  s i d e  o f  t h e  channel 
away f rom t h e  l e a f .  P r o v i d i n g  f o r  t h e  e x i s t i n g  movable span t o  swing 
under t h e  proposed b r i d g e  d u r i n g  c o n s t r u c t i o n  p e r m i t t e d  a  l ower  grade 
and s h o r t e r  opening w i d t h  w i t h  t h e  s i n g l e  l e a f  concept because t h e  
g i r d e r  dep th  would be l e s s  a t  c r i t i c a l  l o c a t i o n s  and space r e q u i r e d  
by t h e  r e s t  b e n t  would be l e s s  than space r e q u i r e d  by a  bascu le  p i e r  
f o r  a  double l e a f  span. Based on t h e  es t ima ted  c o s t  and s i t e  c o n d i t i o n s ,  
t h e  s i n g l e  l e a f  concept was se lec ted  t o  be b u i l t .  

General D e s c r i p t i o n  

As shown on F i g u r e  2, t h e  s i n g l e  l e a f  bascu le  span would have a  
l e n g t h  o f  137 f e e t  f rom c e n t e r l i n e  o f  t r u n n i o n  t o  c e n t e r l i n e  o f  r e s t  
p i e r .  I n  o r d e r  t o  shor ten  t h e  movable l e a f  and reduce t h e  o v e r t u r n i n g  
forces,  t h e  loads on t h e  machinery and t h e  power requ i rement ,  t h e  
f l a n k i n g  span was c a n t i l e v e r e d  s i x  f e e t  beyond t h e  r e s t  p i e r  and 
designed t o  suppor t  t h e  end o f  t h e  bascu le  l e a f  when i n  t h e  c l o s e d  
p o s i t i o n .  The c a n t i l e v e r e d  end was stopped o u t s i d e  t h e  f a c e  o f  t h e  
fender  so i t  would n o t  encroach on t h e  h o r i z o n t a l  c learance.  
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T o t a l  w i d t h  o f  t h e  b r i d g e  i s  52'-7%" which p rov ides  f o r  a  44 f o o t  
roadway ( two 12 f o o t  lanes and two 10 f o o t  shou lde rs )  and a  f i v e  f o o t  
s idewa lk  on t h e  south  s ide.  When t h e  span i s  f u l l y  open a t  740, i t  
p r o v i d e s  a  c l e a r  h o r i z o n t a l  opening of 95 f e e t  w i t h  u n l i m i t e d  v e r t i c a l  
c lea rance  and 115 f e e t  w i t h  a  v e r t i c a l  c learance of 72.25 f e e t .  When 
t h e  span i s  i n  t h e  c losed  p o s i t i o n  i t  prov ides  a  v e r t i c a l  c learance 
above h i g h  water  o f  21.9 f e e t  a t  t h e  c e n t e r  o f  t h e  channel, 17.4 f e e t  
a t  t h e  west  fender  and 22.5 f e e t  a t  t h e  e a s t  fender. The s i z e  and 
l o c a t i o n  o f  t h e  bascu le  p i e r  and r e s t  p i e r  a r e  such t h a t  t h e  e x i s t i n g  
movable span c o u l d  swing open i n  a  c o u n t e r c l o c k w i s ~  d i r e c t i o n  w i t h o u t  
h i t t i n g  them. 

- 

It would be r e q u i r e d  t h a t  c o n s t r u c t i o n  o f  t h e  r e s t  p i e r  be 
de layed as l o n g  as p o s s i b l e  because a  p o r t i o n  of t h e  c e n t e r  fender  
o f  t h e  e x i s t i n g  b r i d g e  would have t o  be removed t o  make room t o  b u i l d  
t h e  foundations. The eas t  s i d e  o f  t h e  r i v e r  i s  on t h e  o u t s i d e  o f  a  
f a i r l y  sharp bend which has caused t h e  bot tom t o  scour  i n  t h i s  area. 
The bascu le  p i e r  on t h e  west  s i d e  o f  t h e  channel i s  founded i n  about 
20 f e e t  o f  water  and t h e  r e s t  p i e r  on t h e  e a s t  s i d e  o f  t h e  channel i s  
founded i n  about 40 f e e t  o f  water.  

Foundat ion Design 

The b r i d g e  b o r i n g  program i n d i c a t e d  a  r e l a t i v e l y  u n i f o r m  s o i l  
p r o f i l e :  a  l a y e r  o f  l oose  sand on t o p  o f  a  l a y e r  o f  muck t o  E l e v a t i o n  
-10; l oose  t o  compact sand t o  E l e v a t i o n  -38; s o f t  t o  s t i f f  c l a y  and 
sandy c l a y  t o  E l e v a t i o n  -55, and v e r y  dense t o  ha rd  w h i t e  l i m e r o c k  
below approximate E l e v a t i o n  -55. The s o i l  r e p o r t  recommended pre- 
s t ressed  conc re te  p i l e s  as be ing s a f e  f o r  t h e  proposed br idge.  
I t  p rov ided  an a n a l y s i s  t h a t  showed t h e  s a f e  b e a r i n g  va lue  t h a t  c o u l d  
be achieved w i t h  24" square and 18" square p i l e s  a t  va r ious  depths. 
18" square conc re te  p i l e s  d r i v e n  t o  70 t ons  would have a  t i p  e l e v a t i o n  
of about -60 i n  t h e  l imerock.  

As an a l t e r n a t i v e ,  14" s t e e l  p i l e s  c o u l d  ach ieve 70 t o n s  b e a r i n g  
a t  a  t i p  e l e v a t i o n  o f  about -65. The b r i d g e  has end bents  on t h e  
l a n d  w i t h  t h e  p i l e s  f u l l y  embedded, a  bascu le  p i e r  and r e s t  p i e r  
founded on t h e  r i v e r  bot tom w i t h  t h e  p i l e s  f u l l y  embedded, p i l e  ben ts  
i n  t h e  wa te r  w i t h  f a i r l y  l o n g  unsupported p i l e  l e n g t h s  and one p i e r  
i n  the  water  w i t h  p i l e s  ex tend ing t o  t h e  wa te r  z i i r face.  I t  was 
decided t o  use 18" square conc re te  p i l e s  i n  t h e  end bents  and t h e  p i e r  
w i t h  t h e  p i l e s  ex tend ing t o  t h e  wa te r  s u r f a c e  d r i v e n  t o  45 tons; 
14 BP73 s t e e l  p i l e s  i n  t h e  bascu le  p i e r  d r i v e n  t o  70 tons and i n  t h e  
r e s t  p i e r  d r i v e n  t o  60 tons;  and 20" square c o n c r e t e  p i l e s  i n  t h e  p i l e  
bents d r i v e n  t o  70 tons. 45 tons was a l l  t h a t  was r e q u i r e d  f o r  t h e  
end ben t  and p i e r  p i l e s  because o f  t h e  number o f  p i l e s  r e q u i r e d  t o  
r e s i s t  l a t e r a l  loads and m a i n t a i n  t h e  minimum spacing. 20" square 
concre te  p i l e s  were used i n  t h e  p i l e  ben ts  because of t h e  unsupported 
l e n g t h  and because t h e r e  was a  s i n g l e  row t o  r e s i s t  t h e  l a t e r a l  fo rces.  



It i s  common p r a c t i c e  o f  t h e  F l o r i d a  DOT t o  use s t e e l  p i l e s  
where a co f ferdam i s  r e q u i r e d  as was t h e  case w i t h  t h e  bascu le  p i e r  
and r e s t  p i e r  because d r i v i n g  a  l a r g e  number of d isp lacement  p i l e s ,  
such as conc re te  p i l e s ,  can e x e r t  l a r g e  l a t e r a l  f o r c e s  on t h e  s ides  
o f  t h e  cofferdam. The bascu le  p i e r  r e q u i r e d  a  l a r g e  number o f  p i l e s  
t o  r e s i s t  t h e  v e r t i c a l  loads and t h e  wind f o r c e  on t h e  p i e r  and open 
l e a f .  When f u l l y  open t h e  end o f  t h e  l e a f  reaches t o  about E l e v a t i o n  
155. 

S t r u c t u r a l  Design o f  t h e  Bascule Lea f  

The shape o f  t h e  bascu le  l e a f  as seen i n  F i g u r e  6 i l l u s t r a t e s  
t h e  d i f f e r e n c e  i n  t h e  f o r c e s  a c t i n g  on a  f i x e d  span and a  s i n g l e  
l e a f  movable span. The geometry o f  t h e  span i s  shown by t h e  f raming 
p l a n  on F i g u r e  3. 

The l e a f  c o n s i s t s  o f  two main g i r d e r s  38 f e e t  a p a r t  connected 
by  f l o o r  beams a t  19'-11" on c e n t e r  w i t h  b racke ts  a t  each f l o o r  beam 
c a n t i l e v e r i n g  s i x  f e e t  on one s i d e  t o  suppor t  a  c o n t i n u a t i o n  o f  t h e  
roadway and t h e  r a i l  and c a n t i l e v e r i n g  7 ' - 7 "  on t h e  o t h e r  s i d e  t o  
s u p p o r t  t h e  s idewalk  and r a i l .  The l e a f  i s  131'-6%" f rom c e n t e r  o f  
t r u n n i o n  t o  c e n t e r l i n e  o f  t h e  j o i n t  a t  t h e  end and 23'-10" f rom t h e  
c e n t e r  o f  t h e  t r u n n i o n  t o  t h e  end o f  t h e  counterweight .  

The counterweight  arm c o u l d  n o t  be made l o n g e r  w i t h o u t  i t s  end 
d i p p i n g  i n t o  t h e  wa te r  when the  b r i d g e  i s  opened. It was found t o  be 
l e s s  expensive t o  des ign  a  s h o r t  counterweight  arm even though i t  
would r e q u i r e  s p e c i a l  heavy conc re te  than r a i s e  t h e  grade o r  b u i l d  a  
c losed  p i t  bascu le  p i e r  which would p r o v i d e  a  d r y  space below t h e  wa te r  
l e v e l  f o r  t h e  counterweight  t o  swing i n t o  when t h e  l e a f  i s  opened. 

The l e a f  i s  supported by and p i v o t s  around t h e  t r u n n i o n  bear ings  
and i s  p ropor t i oned  t o  be balanced i n  any p o s i t i o n .  To accompl ish  
t h i s ,  t h e  we igh t  o f  t h e  r i v e r  arm t imes t h e  d i s t a n c e  f rom i t s  c e n t e r  
o f  g r a v i t y  t o  t h e  c e n t e r  o f  t h e  t r u n n i o n  must equal t h e  we igh t  o f  
t h e  counterweight  arm t imes t h e  d i s t a n c e  from i t s  c e n t e r  of g r a v i t y  
t o  t h e  c e n t e r  o f  t h e  t r u n n i o n  and a  s t r a i g h t  l i n e  connec t ing  t h e  two 
cen te rs  o f  g r a v i t y  must pass through t h e  c e n t e r  o f  t h e  t runn ion .  I n  
a  balanced c o n d i t i o n  a l l  o f  t h e  dead l o a d  r e a c t i o n  i s  suppor ted by 
t h e  t runn ion ;  however, bascu le  leaves a r e  always designed t o  have a  
smal l  p o s i t i v e  r e a c t i o n  a t  the  end o f  t h e  r i v e r  arm so t h a t  g r a v i t y  
w i l l  tend t o  keep t h e  span c losed  and t h e r e  w i l l  be no s t r a i n  on t h e  
end locks.  

When t h e  span i s  c l o s e d  and c a r r y i n g  t r a f f i c  t h e  l i v e  l o a d  
r e a c t i o n s  w i l l  be supported by  t h e  t r u n n i o n  on t h e  bascu le  p i e r  and 
t h e  end of t h e  f l a n k i n g  span which c a n t i l e v e r s  beyond t h e  r e s t  p i e r .  
A l i v e  l o a d  shoe a t  t h e  edge o f  t h e  bascu le  p i e r  was n o t  used because 
o f  t h e  d i f f i c u l t y  o f  p r o v i d i n g  and m a i n t a i n i n g  t h e  c o r r e c t  b e a r i n g  on 
t h r e e  po in ts .  The p o s i t i v e  l i v e  l o a d  moments a r e  reduced by  t h e  n e g a t i v e  
dead l o a d  moments and a r e  n o t  l a r g e  enough t o  w a r r a n t  s h o r t e n i n g  t h e  
span by i n t r o d u c i n g  a  t h i r d  support .  



FIGURE 3 



The Movable Bridge Code requires  t h a t  the leaf  be proportioned 
t o  r e s i s t  the following load combinations: 

( a )  Dead load from the  span in any open posi t ion plus 20% 
impact caused by the moving span. 

(b )  Dead load with the  bridge closed plus l i v e  load plus 
impact. 

( c )  Dead load w i t h  the  bridge closed and with the  cotinterweight 
independently supported plus l i v e  load plus impact. 

The moment diagram in Figure No. 4 indica tes  t h a t  dead load 
plus 20% impact governs from the center  of the  trunnion t o  beyond 
Floor Beam 4 and dead load plus l i v e  load plus impact governs from 
the re  t o  the  end of the g i rder .  

There i s  a reversal of s t r e s s  i n  the  g i rde r  from Floor Beam 5 
t o  i t s  end so f a t igue  l imi ta t ions  a r e  important i n  this area. The 
shear  diagram in Figure No. 5 shows t h a t  dead load plus l i v e  load 
plus impact governs fo r  the  e n t i r e  length of the  g i rde r ,  except fo r  
a s h o r t  sec t ion  between Floor Beams 4 and 3. 

Because of the la rge  forces  on the  g i rde r s  compared t o  the  o ther  
s t r u c t u r a l  elements in  the l e a f ,  i t  was decided t o  specify 588 s t ee l  
f o r  them and A-36 s t ee l  f o r  the  f loo r  beams, s t r i n g e r s  and bracing. 
The g i rders  were proportioned as  shown in Figure No. 6 t o  have a depth 
of 10'-6" a t  the trunnion, 5'-0" a t  the  end and 7'-2" a t  the  counter- 
weight. 

The length, width and depth of the  counterweight was l imited by 
the  geometry of the  bridge. The volume of concrete  i n  the  counter- 
weight deducting 5% fo r  pockets f o r  balancing blocks and including 
buildups on top between the s t r i n g e r s  of the f lanking span was only 
s u f f i c i e n t  to  balance the  leaf  by using special  concrete  weighing 
275 pounds per cubic foot.  The maximum weight of heavy concrete  
allowed by the  bridge code i s  315 but preferably not more than 
275 pounds per cubic foot.  The cont rac tor  e lec ted  t o  provide the  
necessary weight i n  the counterweight by the  use of s t e e l  b i l l e t s  
c a s t  i n  the  concrete and supported by t h e  counterweight g i rders .  









Power Requirements and Flachinery Design 

Power requirements f o r  the Astor Bridge are ex t ra  la rge  t o  overcome 
the  wind torque r e s u l t i n g  from the long moment arm o f  the long l e a f  and 
t runn ion  f r i c t i o n  loss  and mass i n e r t i a  r e s u l t i n g  from the heaviness o f  
the  lea f .  The shor t  counterweight arm requi red a  heavy counterweight 
t o  balance the span r e s u l t i n g  i n  an ex t ra  heavy weight o f  the span. 

The time f o r  r o t a t i n g  the l e a f  74' t o  the f u l l y  open p o s i t i o n  o r  t o  
a 

- c lose  the l e a f  was selected as approximately one minute, which i s  the 
normal t ime o f  opening used f o r  br idges o f  t h i s  type. 

The Movable Bridge Code requi res t h a t  s u f f i c i e n t  power be suppl ied 
t o  open o r  c lose the span under the fo l l ow ing  condit ions: 

A. I n  normal t ime o f  opening against  f r i c t i o n a l  res is tance i n  
the t runnion bearing, mass i n e r t i a  o f  the l e a f ,  the unbalanced 
cond i t ion  w i t h  the r i v e r  arm s l i g h t l y  heavier and a  wind fo rce  
o f  2% pounds per square f o o t  ac t i ng  normal t o  the f l oo r .  The 
area o f  open g ra t i ng  f l o o r i n g  i s  permi t ted t o  be ca lcu la ted  as 
85% o f  the actual  area. 

B. I n  one and one-half times the normal t ime o f  opening f o r  the 
same loads as i n  cond i t ion  A, p lus  an i c e  load o f  25 PSF. This 
condit ion, o f  course, does no t  apply i n  nor th  cent ra l  Floyida. 

C, I n  twice the normal t ime o f  opening against  the same fo rces  
i n  Condit ion A p lus an i c e  load o f  2% PSF, when appl icable,  
except t h a t  the wind load i s  10 PSF. 

For each o f  the condi t ions the power requirements must be ca lcu la ted  
f o r  s t a r t i n g  the l ea f ,  accelerat ing t o  running speed and running speed 
because the resistances t o  overcome dur ing  each s t a t e  o f  motion d i f f e r  
as fo l lows:  

1. Star t ing :  The dead load o f  the  span i s  no t  increased 20% 
f o r  impact because the span i s  not  moving. The f r i c t i o n  
res is tance a t  the t runnion i s  greater  when s t a r t i n g  than 
when moving and i s  spec i f i ed  by the Code t o  have a  coe f f i c i en t  
o f  0.18. The mass i n e r t i a  o f  the l e a f  i s  not  considered s ince  
i t  i s  no t  y e t  moving. The Code s ta tes  t h a t  the s t a r t i n g  
torque must no t  be greater  than 125% o f  the ra ted  f u l l  load 
torque of the motor. 

2. Accelerat ing t o  Running Speed: The dead load reac t i on  o f  
the  l e a f  includes 20% impact f o r  motion. The f r i c t i o n a l  
res is tance a t  the t runnion has a  spec i f i ed  c o e f f i c i e n t  of 
0.12 since the l e a f  i s  i n  motion. The mass i n e r t i a  of the  



l e a f  has t o  be overcome t o  accelerate the span t o  running 
speed. The Code requi res t h a t  the torque t o  accelerate 
the span be not  greater  than 180% o f  the ra ted  f u l l  load 
torque o f  the motor. 

3. Running Speed: The dead load o f  the l e a f  includes 2Wk f o r  
impact from motion. The f r i c t i o n a l  res is tance a t  the t runnion 
has a c o e f f i c i e n t  o f  0.12 f o r  motion. The running torque 
must no t  be greater than 100% o f  the ra ted  f u l l .  load motor 
torque. 

The requirements f o r  accelerat ing the l e a f  d i d  no t  govern because 
the  torque was permit ted t o  be as high as 180% o f  ra ted  f u l l  load motor 
torque. 

An e l e c t r i c  motor w i t h  a speed o f  580 RPM was selected t o  supply 
the  power through a ser ies o f  reduct ion gears t o  r o t a t e  the leaf on the  
t runn ion  740 a t  approximately 0.2 RPM t o  open the  span i n  one minute. 
As shown i n  Figure 7, the reduct ion i s  accomplished through a f u l l y  
enclosed speed reducer w i t h  a r a t i o  o f  50:l f o r  motor speed t o  low speed 
shafts; two sets o f  pinnions and span gears each w i t h  a r a t i o  o f  2.5333:l 
and the  main pinnion and the rack mounted on the bottom o f  the main g i r d e r  
and concentr ic w i t h  the t runnion having a r a t i o  o f  8.8619:l. The ove ra l l  
r e d u c t i o n i s  2844:l. The v e l o c i t y  o f  the  rack i s  14.72 f e e t  per minute. 

The t o t a l  weight o f  the  moving leaf  o f  the Astor Bridge appl ies a 
load o f  1165 Kips through each main g i r d e r  t o  each trunnion. The r i v e r  
arm weighs 272 Kips and the counterweight arm weighs 893 Kips. Total  
dead load on each trunnion, plus 202 impact f o r  the l e a f  i n  motion, i s  
1398 Kips. The fo rce  on each main p innion from the rack on the g i r d e r  i s  
43,700 pounds from a 2% PSF wind on the open l e a f ,  175,000 pounds from 
a 10 PSF wind fo rce  and 350,000 pounds from a 20 PSF wind force. 

The torque a t  the motor i s  ca lcu la ted  as the torque a t  the main 
p innion from the rack r e s u l t i n g  from the  forces i n  the condi t ions 
described above and increased by the f r i c t i o n  losses i n  the  shaft  
bearings and the e f f i c i e n c y  losses i n  the gear t r a i n  between the rack 
and the motor. The motor i s  sized t o  operate against  the  appl ied torque 
t o  open o r  close the br idge i n  the spec i f i ed  time. 

The Movable Bridge Code s ta tes  tha t ,  if the t o t a l  power necessary 
a t  the motor shaft  t o  move the br idge under cond i t ion  A a t  the requ i red  
speed exceeds 50 horsepower, considerat ion sha l l  be g iven t o  the use of 
two i d e n t i c a l  span d r i v i n g  motors w i t h  prov is ions f o r  operat ion of the 
br idge by one motor a t  not  more than 1.5 times the t ime o f  openings spec i f ied  
for  condi t ions A and C. 



FIGURE 7 



A summary o f  t h e  power requ i rements  f o r  As to r  B r i d g e  fo l lows:  

Motor % 
Opening Motor Torque Req'd Normal Normal 

Case - Phase - Time - RPM i n  - K HP HP HP - 
Two Motors: 

A S t a r t i n g  l m i n .  500 9.37 86 125 69 

Running l m i n .  580 8.74 8 1  100 8 1  

C S t a r t i n g  2 min. 290 27.33 126 125 101 

Running 2 min. 290 26.65 123 100 123 

One Motor: 
A Running 1% min. 387 8.74 54 100 54 

C Running 3 min. 188 26.65 80 100 8 0  

Based on t h e  above power requirements,  two i d e n t i c a l  motors  o f  75 HP 
were selected.  

The Code a l s o  says t h a t ,  when s p e c i f i e d  by t h e  engineer,  t h e  
d e t e r m i n a t i o n  o f  t h e  s i z e  o f  t h e  motor may be f o r  c o n d i t i o n s  l e s s  severe 
than  t h e  maximum c o n d i t i o n s  s p e c i f i e d .  T h i s  p e r m i t s  t h e  des ign  eng ineer  
t o  c o n s i d e r t h e  c o n d i t i o n s  a t  t h e  s i t e  such as t h e  f requency o f  opening 
and t h e  chance o f  vesse ls  o p e r a t i n g  i n  s t r o n g  winds and t o  s i z e  t h e  motor  
i n  accordance w i t h  h i s  judgment. 

The Code r e q u i r e s  t h a t  t h e  machinery be p r o p o r t i o n e d  t o  r e s i s t  
f o r c e s  f rom 1502 o f  the  r a t e d  f u l l  l o a d  motor t o r q u e  and t o  h o l d  t h e  
span i n  a f u l l y  open p o s i t i o n  a g a i n s t  a w ind l o a d  o f  20 PSF. The machinery  
p a r t s  f o r  t h e  A s t o r  Br idge,  such as t h e  w i d t h  o f  t h e  gear  t e e t h  and 
d iameter  o f  t h e  s h a f t s ,  were s i z e d  t o  r e s i s t  t h e  govern ing forces 
which were f rom t h e  wind l o a d  o f  20 PSF on t h e  leaf .  

The i d e a l  machinery system has t h e  l e a s t  number of elements 
exposed t o  t h e  weather and t h e  l e a s t  number r e q u i r i n g  f i e l d  l u b r i c a t i o n .  
The E a r l e  Gear Company was g i v e n  t h e  t o r q u e  requ i rements  a t  t h e  r a c k  and 
motor  and t h e  horsepower requ i rements  and asked i f  i t  were f e a s i b l e  t o  
p r o v i d e  a f u l l y  enclosed machinery system t o  d r i v e  t h e  br idge.  They s a i d  
t h e  requ i rements  were w e l l  w i t h i n  an enclosed system and recornmended t h e  
f o l l o w i n g  u n i t s :  

A. One p r imary  balanced h e r r i n g  bone gear  reducer  w i t h  a d i f f e r -  
e n t i a l  mechanism r a t e d  155 horsepower and hav ing  a r a t i o  of 
1 O : l .  

B. Two secondary h e l i c a l  gear reducers ,  one l o c a t e d  a t  each r a c k  
r a t e d  a t  2800 i n c h  k i p s  o u t p u t  t o r q u e  and hav ing  a r a t i o  of 
28.8:l. 



The o v e r a l l  r e d u c t i o n  f rom motor  t o  span us ing  t h i s  system would 
be (10)(28.8)(9.71) o r  2796.43. 

T h i s  system would make a l l  t h e  machinery elements f u l l y  enclosed 
and s e l f - l u b r i c a t e d ,  except  f o r  t h e  main p i n n i o n  and rack .  

The s p e c i f i c a t i o n  f o r  t h e  A s t o r  B r i d g e  p e r m i t t e d  an a l t e r n a t i v e  
system such as t h e  one desc r ibed  above, b u t  t h e  low b i d d e r  chose t o  
p r o v i d e  t h e  machinery as shown i n  F i g u r e  7.- 

Res is tance  B a r r i e r  

Several  types o f  movable roadway b a r r i e r s  t o  s t o p  v e h i c u l a r  t r a f f i c  
on t h e  s i d e  o f  t h e  channel o p p o s i t e  t o  t h e  l e a f  were considered.  The 
b a r r i e r  had t o  be s t rong  enough, opera te  f r e e l y  and n o t  be t o o  d i f f i c u l t  
t o  r e p a i r  when h i t .  The F l o r i d a  Department o f  T r a n s p o r t a t i o n  had problems 
w i t h  t h e  t ype  o f  b a r r i e r  t h a t  i s  depressed below t h e  roadway and r a i s e d  
t o  b l o c k  t r a f f i c  when t h e  b r i d g e  i s  opened. They found t h a t ,  when 
t h i s  t ype  o f  b a r r i e r  was h i t ,  i t  would u s u a l l y  be d i s t o r t e d  and c o u l d  
n o t  be lowered back i n  t h e  s l o t  i n  t h e  roadway. T r a f f i c  would be b locked  
u n t i l  t h e  b a r r i e r  c o u l d  be removed and t h e  s l o t  i n  t h e  roadway t e m p o r a r i l y  
covered. 

I t  was decided t o  des ign a  b a r r i e r  t h a t  i s  suppor ted overhead when 
t r a f f i c  i s  c r o s s i n g  t h e  b r i d g e  and lowered t o  t h e  roadway l e v e l  between 
conc re te  bu t t resses  t o  b l o c k  t r a f f i c  when t h e  b r i d g e  i s  opened. D e t a i l s  
o f  t h e  b a r r i e r  a r e  shown i n  F i g u r e  8. 

The b a r r i e r  c o n s i s t s  o f  two W 14x78 s t e e l  beams p o s i t i o n e d  w i t h  
t h e  webs h o r i z o n t a l  and stacked one on t o p  o f  t h e  o t h e r  w i t h  t h e  f l a n g e s  
welded toge the r  t o  fo rm a  f l a t  sur face,  24 inches h i g h  and l o n g  enough 
t o  span t h e  roadway. The b a r r i e r  i s  l o c a t e d  t o  be lowered i n t o  a  gap 
i n  t h e  end b e n t  wing wa l l s .  The wing w a l l s  a r e  r e i n f o r c e d  concrete,  
supported on p i l e s  and designed t o  r e s i s t  t h e  h o r i z o n t a l  f o r c e  from a  
v e h i c l e  s t r i k i n g  t h e  b a r r i e r .  When lowered, t h e  b a r r i e r  bears a g a i n s t  
rubber  bumper b locks b u i l t  i n t o  t h e  gap i n  t h e  wing w a l l s .  Energy 
f rom a  v e h i c l e  s t r i k i n g  t h e  b a r r i e r  i s  p a r t i a l l y  d i s s i p a t e d  by  t h e  f l e x -  
i n g  o f  t h e  b a r r i e r  beams and by t h e  compression o f  t h e  rubber  bumper 
b locks.  The gap i n  t h e  end b e n t  w ing w a l l s  i s  c losed  by a  s t e e l  p l a t e  
when t h e  b a r r i e r  i s  i n  t h e  overhead p o s i t i o n .  The p l a t e  swings down o u t  
o f  t h e  way when t h e  b a r r i e r  i s  lowered. 

An aluminum space frame founded on t h e  end ben t  w ing w a l l s  and 
spanning t h e  roadway suppor ts  t h e  b a r r i e r  above t h e  roadway when 
t r a f f i c  i s  c r o s s i n g  t h e  br idge.  The b a r r i e r  beam weighs about 8000 
pounds and i s  r a i s e d  and lowered by  two e l e c t r i c  h o i s t s  w i t h  9/6 i n c h  
w i r e  ropes complete w i t h  gear motors,  brakes 1  i m i t  swi tches,  grooved 
drums and hand cranks. A separa te  b a r r i e r  arm swings i n t o  a  p o s i t i o n  
t o  b lock  t h e  s idewalk  when t h e  b a r r i e r  i s  lowered. 

I n  t h e  sequence o f  events  when t h e  bascu le  l e a f  i s  opened t h e  b a r r i e r  
arm i s  lowered f o l l o w i n g  t h e  c l o s i n g  o f  t h e  c a n t i l e v e r e d  arms. 
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Opera t ion  and Maintenance 

Since i t s  opening i n  1979, t h e  b r i d g e  has operated w e l l  w i t h  
o n l y  m ino r  problems. One o f  t h e  e l e c t r i c  motors f a i l e d  w h i l e  under 
w a r r a n t y  and had t o  be replaced. Dur ing  t h e  severa l  months r e q u i r e d  
t o  r e p l a c e  t h e  f a i l e d  motor, t h e  bascu le  span was opened and c losed 
by  one motor  w i t h  no de lays  o r  problems f rom an over load  on t h e  motor. 
A l though t h e  amount o f  power f u r n i s h e d  was i n  accordance w i t h  t h e  Movable 
B r i d g e  Code, i t  was more than adequate t o  opera te  t h e  br idge.  

Several  t imes a f t e r  t h e  b r i d g e  was opened t o  t r a f f i c  t h e  FDOT 
maintenance peop le  were c a l l e d  i n  t h e  m i d d l e  o f  t h e  n i g h t  because t h e  
b a r r i e r  beam would n o t  s e a t  p r o p e r l y  when lowered and p e r m i t  t h e  opening 
sequence t o  cont inue.  C o l l e c t i n g  t r a s h  was somehow p r e v e n t i n g  t h e  
s idewa lk  p o r t i o n  o f  t h e  b a r r i e r  f rom c l o s i n g .  The Department removed 
t h e  s idewalk  b a r r i e r  which was n o t  r e a l l y  needed s i n c e  t h e  c a n t i l e v e r e d  
b a r r i e r s  b l o c k  t h e  s idewalk  and t h e  b a r r i e r  has operated f r e e l y  s i n c e  
t h a t  time. 

The b r i d g e  tenders noted t h a t  t h e  t i m e  o f  l o w e r i n g  and r a i s i n g  
t h e  r e s i s t a n c e  b a r r i e r  increased n o t i c e a b l y  t h e  t o t a l  t i m e  t h a t  t r a f f i c  
i s  stopped d u r i n g  a  span opening. A l though t h e  bascu le  l e a f  was opening 
o r  c l o s i n g  i n  l i t t l e  more than a  minute ,  i t  was t a k i n g  l o n g e r  f o r  t h e  
r e s i s t a n c e  b a r r i e r  t o  be lowered o r  ra i sed .  S ince a l l  o f  t h e  b r i d g e  
opening events, i.e.: warning b e l l ,  l i g h t s ,  c a n t i l e v e r e d  b a r r i e r  arm, 
p o s i t i v e  r e s i s t a n c e  b a r r i e r ,  span l o c k s  and l e a f  opening o r  c l o s i n g ,  must 
occur  i n  sequence t h e  severa l  minutes  added by t h e  r e s i s t a n c e  b a r r i e r  
was s i g n i f i c a n t  t o  w a i t i n g  m o t o r i s t s .  

Rout ine maintenance has k e p t  t h e  machinery, s t r u c t u r a l  s t e e l  and 
conc re te  elements o f  t h e  b r i d g e  i n  e x c e l l e n t  c o n d i t i o n .  The env i ron -  
ment a t  As to r  i s  o n l y  m i l d l y  co r ros i ve ,  The open gear ing  i s  p r o t e c t e d  
by  meta l  covers and t h e  p a i n t  on t h e  s t r u c t u r a l  s t e e l  shows v e r y  l i t t l e  
wear o r  fading. 

S u m a r y  and Conclusions 

The b r i d g e  on S.R. 40 over  t h e  S t .  Johns R i v e r  a t  Astor .  F l o r i d a ,  
i s  a  p l e a s i n g  l o o k i n g  s t r u c t u r e  t h a t  has operated smoothly w i t h  v e r y  
few problems s i n c e  i t s  opening i n  1979. The d e c i s i o n  t o  b u i l d  a  s i n g l e -  
l e a f  r a t h e r  than a  doub le - lea f  span a t  t h i s  l o c a t i o n  has proved t o  be 
sound. The i n i t i a l  c o s t  was l e s s  and t h e  sav ings t o  be r e a l i z e d  by 
s e r v i c i n g  one s e t  o f  machinery i n s t e a d  o f  two w i l l  c o n t i n u e  th roughou t  
t h e  l i f e  o f  t h e  br idge.  

A  drawback t o  t h e  s i n g l e - l e a f  span i s  t h a t  t h e  t i m e  r e q u i r e d  t o  
complete a  b r i d g e  opening i s  i nc reased  by t h e  t i m e  r e q u i r e d  t o  r a i s e  
and lower  t h e  r e s i s t a n c e  b a r r i e r  which, f o r  t h i s  b r idge ,  i s  s i g n i f i c a n t .  



The new br idge provides v e r t i c a l  clearance i n  the closed p o s i t i o n  
o f  more than three times tha t  o f  the o l d  br idge and has reduced the  
number of openings t o  less than one t h i r d  of what i t  had been. 

The design power requirements might have been reduced by the 
engineer's determination t h a t  the condit ions a t  the s i t e  were l ess  
severe than those spec i f ied  i n  the AASHTO Code. A 2% PSF wind fo rce  
equates t o  a wind speed o f  over 25 MPH and a 10 PSF wind equates t o  a 
wind speed o f  55 MPH. I t i s  very u n l i k e l y  t h a t  the br idge would ever 
be c a l l e d  upon t o  be opened dur ing  a 55 MPH wind. 

Using recent  s tate-of - the-ar t  equipment and techniques a d r i v e  
system might be designed today which would provide a constant speed 
e l e c t r i c  motor t h a t  supplies power through a v i s ious  d r i v e  c l u t c h  t o  
a s i n g l e  primary d i f f e r e n t i a 1  gear reducer w i t h  a 290:l r a t i o  whose 
two low speed shaf ts  t u r n  the main pinnions t h a t  move the  span t o  the 
open o r  closed posi t ion.  I n  t h i s  type o f  system a l l  o f  the elements 
o f  t h e  d r i v e  machinery are f u l l y  enclosed and se l f - lubr ica ted ,  except 
the main pinnions and racks. A schematic drawing o f  such a system i s  
shown i n  Figure 9. 

The speed o f  lowering and r a i s i n g  the res is tance b a r r i e r  could 
a l so  be sa fe ly  increased t o  lessen the t o t a l  t ime the br idge i s  closed 
t o  t r a f f i c  during an opening. 

The br idge was designed by Reynolds, Smith and H i l l s  f o r  the  
F l o r i d a  Department o f  Transportation. I t  was constructed by the 
Houdialle-Duval-Wright Contract ing Company o f  Jacksonvi l le.  The 
s t r u c t u r a l  s teel  and machinery was fabr ica ted  by the B r i s t o l  Steel 
Company o f  B r i s t o l ,  V i rg in ia .  
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