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A b s t r a c t :  Alrnost t e n  y e a r s  ago a  new v e r t i c a l  l i t t  b r i d g e  

was ciesiyned t o  connec t  Troy and Green I s l a n d ,  New York 

f o l l o w i n g  t h e  c o l l a p s e  of an o l d  s t r u c t u r e  over  t h e  Hudson 

R i v e r .  Tile d e s i g n  i n c o r y p r a t e d  t h e  use of f o u r  s e p a r a t e  

c o u r ~ t e r w e i g h t s ,  which produce t h e  l o w e s t  p o s s i b l e  p r o f i l e  f o r  

t i le  t o w e r s ,  a s  w e l l  a s  t h e  d e s i g n  of r i g i d  t o w e r s  w i t h o u t  

v i b r a t i o n  problems. The l i f t  span  i s  a  m u l t i p l e  s t r i n g e r  

ueck s t r u c t u r e  200 t e e t  l o n g  and 66 f e e t  wide.  The deck 

c o r ~ s i s t s  of  a  5 i n c h  c o n c r e t e  f i l l e d  w e a t h e r i n g  s t e e l  g r i d ,  

w i th  a  2 i n c h  t h i c k  h i g h - d e n s i t y  c o n c r e t e  o v e r l a y .  

The paper  p r e s e n t s  t h e  e f f e c t  which would have  o c c u r r e d  on 

t h e  d e s i g n ,  it t h e  c h o i c e  had been a n  exodermic  deck i n s t e a d  

of t h e  c o n c r e t e  f i l l e d  a n u  o v e r l a y e d  g r i d  deck ,  t h e  

S t a t e - o f - t h e - a r t  f o r  g r i d  decks  a t  t h e  t ime.  

Exodermic deck ,  deve loped  a f t e r  t h e  d e s i g n  and  c o n s t r u c t i o n  

of t h e  b r i d g e  had been comple ted ,  would have  e f f e c t e u  

s i g n i f i c a n t  c o s t  savir igs  f o r  f o u n d a t i o n ,  s t r u c t u r a l  s t e e l  i n  

t o w e r s  and  l i f t  span ,  a s  w e l l  a s  c o u n t e r w r i g h t ,  rope and 

o p e r a t i n y  machinery f a b r i c a t i o n  and c o n s t r u c t i o n .  

General . :  

The d e s i g n  of a  niovable b r i d g e ,  o r  f o r  t h a t  m a t t e r  any c t h e r  

b r i u g e ,  r e q u i r e s  t h a t  t h e  s t r u c t u r a l  e n g i n e e r  have  a n  e a r l y  

d e s c r i p t i o n  c o n c e r n i n g  a l l  o f  t h e  e l e m e n t s  i n  o r d e r  t o  

compute dead l o a d ,  l i v e  l o a d ,  and impac t  which t h e  s t r u c t u r e  

s h a l l  s u s t a i n .  
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The purpose  of any b r i d g e  i s  t o  c a r r y  l i v e  l o a d .  The 

d e f i n i t i o n  of  l i v e  l o a d  might  be expanded t o  i n c l u d e  u t i l i t y  

i n s t a l l a t i o n s  of  a l l  k i n d s ,  a s  w e l l  a s  v e h i c u l a r  and 

p e d e s t r i a r r  t r a f f i c .  Tlte uead l o a d  which a  s t r u c t u r e  c a r r i e s  

is,  i n  most c a s e s ,  silnply a  necessa ry  burden. Even i n  c a s e s  

i n  which t h e  co r i t r i bu t io r i  which dead l o a d  niakes t o  v i b r a t i o n  

dampening i s  a  c o n s i d e r a t i o n ,  t h e r e  may be m e t h o d s  o f  

a c c o m p l i s h i n g  t h i s  r e s u l t  by o t h e r  t h a n  maximizing d e a d  l o a d .  

I n  a  v e r t i c a l  l i f t  b r i d g e  e v e r y  pound of dead l o a d  i n  t h e  

~irovirig s p a n  r e q u i r e s  t h e  a d d i t i o n  of a n o t h e r  p u n d  i n  t h e  

c o u n t e r w e i g h t s .  I n  a d d i t i o n  t o  t h e  c o u n t e r w e i g h t s ,  of 

c o u r s e ,  a d d i t i o n a l  dead  l o a d  adds more f r i c t i o n  f o r c e  t o  be 

overconre by t h e  machinery.  The machinery d e s i g n  i t s e l f  

s u s t a i r i s  t h e  l o a d s  i n i p s e d  by t h e  l i f t  s p a n  and  

couri terweicjhts ,  arid i s  t h e r e f o r e  q u i t e  c o s t - s e n s i t i v e  t o  t h e  

dead l o a d  o f  t h e  l i f t  span .  

ExoderiiiLc B r i d g e  Deck: 

Exodern~ic  bxioge  deck i s  a  d e s i g n  concept  t h a t  combines  s t e e l  

g r i d  ariu r e i n f o r c e d  c o n c r e t e  i n  a  un ique  way. I t  maximizes  

t h e  use of t h e  compress ive  s t r e n g t h  of c o n c r e t e  a n d  t h e  

t e n s i l e  s t r e n g t h  of s t e e l .  Based on work ing  s t r e s s  

p r i n c i p l e s ,  t h e  u e s i g ~ i  p o s i t i o n s  s t r e s s  r a i s e r s  i n  t h e  s t e e l  

g r i d  a t  or c l o s e  t o  t h e  n e u t r a l  a x i s  of  t h e  co rnpos i t e  deck.  

The deck co inpr l ses  a  r e i n f o r c e d  c o n c r e t e  c o m p n e n t  o n  t o p  o f ,  

and bonded t o ,  a  welded s t e e l  g r i d  cornwnent .  The dirner is ior~s 

anu p r o p e r t z e s  of  each con~ponent  o t  t h e  deck a r e  s e l e c t e d  f o r  

t h e  s p e c i f i c  b r i d g e  by t h e  d e s l g n  e n g i n e e r .  

The d e s i g n  i s  cornposi te  w i t h i n  i t s e l f  and c a n  be made 

c o r t i p s i t e  w i t 1 1  most t y p e s  of  e x i s t i n g  o r  new b r i d g e  f r aming  

systeiiis. The c o n c r e t e  component embeds a two-way web o f  

ev)xy-coa ted  r e i n f o r c i n g  b a r s  and between 1 / 2  and 3 / 4  i n c h e s  

of t h e  t e r t i a r y  b a r s  o f  t h e  c o a t e d  s t e e l  g r i d ,  V e r t i c a l  s t u d s  
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welued t o  t h e  t e r t i a r y  b a r s  of  t h e  s t e e l  y r i a  a r e  a l s o  

e~~ibedi icd 111 tktc c o n c r e t e  co inp~ ie r i t  o i  t h e  deck. 

t l o r i z o ~ i t a l  s i rcar  t r a n s f e r  is developed  throuyi t  t h e  p a r t i a l  

eriiLedrnent o f  t h e  t e r t i a r y  b a r s ,  i n  c o n j u n c t i o n  w i t h  t h e  

v e r t i c a l  s t u d s ,  

~ l l  s t e e l  u s e d  i n  t h e  a e s i y n  rnay be p r o t e c t e d  from c o r r o s i o n  

t o  e x t e ~ i d  t h e  u s e f u l  l i f e  of t h e  i n d i v i d u a l  components  t o  

match t h e  e x t e n d e d  f a t i g u e  l i f e  a f f o r d e d  by t h e  d e s i g n .  

Embedded b a r  r e in fo rcen len t  must be f u s i o n  bonded e p o x y  c o a t e d  

t o  p r o v i d e  s u c h  p r o t e c t i o n .  

Many a i s t i n c t  advar i tages  stern from t h e  d e s i g n  c o n c e p t  of  

e ~ o d e r i i l i c  b r i u y e  deck. niuoncj them: 

1. 1,iyil tweight - Priliiary f a c t o r  i n  new d e s i g n ,  a s  w e l l  

a s  r e h a b i l i t a t i o n .  Ln r e h a b i l i t a t i o n  p r o j e c t s ,  t h i s  

t r a n s l a t e s  i n t o  h i g h e r  l i v e  l o a d  c a p a c i t y  where 

e x i s t i n g  s u p e r s t r u c t u r e  r e q u i r e s  o n l y  normal  

niairiteriance, o r  p e r m i t s  main tenance  of o r i g i n a l  

d e s i g n  l i v e  l o a d  on  degraded  s u p e r s t r u c t u r e s  w i t h o u t  

need f o r  e x t e n s i v e  r e in fo rcen len t  o r  r e p l a c e m e n t .  

2 .  P r e f a b r i c a t i o n  - Exodermic modules c a n  be made 

i n a o o r s  o r  o u t ,  a l l  year - round,  on- o r  o f f - s i t e .  

P r e f a b r i c a t i o n  p e r m i t s  b u i l d i n g  t h e  e n t i r e  d e c k  i n  

s u i t a b l e  s e c t i o i i s  i n  advance of o r  i n  c o n j u n c t i o r i  

w i t h  p r e p a r a t o r y  .WOK k on o l d  b r i d g e  r e h a b i l i t a t i o n .  

For iiew b r i d g e  p r o j e c t s ,  moaules can  be f a b r i c a t e d  

w h i l e  s u b s t r u c t u r e  and f r aminy  c o n s t r u c t i o n  a r e  

coriipl e t e d .  

P r e f a b r i c a t i o n  i t s e l f  g e n e r a t e s  e q u a l l y  s i g n i f i c a n t  

a o v a n t a y e s :  

3 .  Q u a l i t y  C o n t r o l  - The q u a l i t y  of p r e f a b r i c a t e d  

s e c t i o r i s  i s  a s s u r e d  b e f o r e  i n s t a l l a t i o n ,  n o  l o s t  

t i m e  or added expense  due t o  f a u l t y  mater ia l  o r  



incornpl e t e  c o n s t r u c t i o n .  Goncr e t e  s h r i n k a g e  o c c u r s  

p r i o r  t o  placement  or1 t h e  b r idge .  

4 .  Eeduced Cons t ruc t io r i  Time - C o n s t r u c t i o n  time c o s t s  

and i t s  consequent  l i a b i l i t y  e x p o s u r e  a r e  

s i g n i f  i c a r ~ t l y  reduced ,  

5 .  Case of I n s t a l l a t i o n  - The deck c a n  be i n s t a l l e d  

c o ~ l t i n u o u s l y  with no w a i t i n g  o r  d e l a y  tinre. 

I n d i v i d u a l  s e c t i o l i s  a r e  e a s i l y  r e p l a c e d .  No 

uriaer s i d e  a c c e s s  t o  deck r e q u i r e d  d u r i n g  

i n s t a l l  a t i o l i .  

6 ,  Improved T r a f f i c  Hai i l tenance - An i n c r e a s i n g  c o n c e r n  

a t  a l l  p u b l i c  l e v e l s ,  t r a f f i c  d e l a y  and c o n g e s t i o n  

i s  iniriimized. Exodermic" speed  of i n s t a l l a t i o n  

canriot be riiatclied by any i n - p l a c e  co i l s t r  u c t i o n ,  o r  

o t h e r  p r e c a s t  systeni. 

I r i t e g r a l  Wearing S u r f a c e  - The wea r iny  s u r f a c e  i s  

i n t e g r a l  w i th  t h e  d e s i g n  and  w i l l  a c c e p t  a  

suppler i ie i i tar~-  wearing s u r f a c e  o r  o v e r l a y  i f  d e s i r e d .  

7 .  Cost  E f f e c t i v e  - On new b r i d g e  c o n s t r u c t i o n ,  a l l  

c o s t  f a c t o r s  c o n s i d e r e d ,  exodermic p r o v i d e s  a  l ower  

c o s t  tha l i  any o t h e r  a c c e p t e d  b r i d g e  deck d e s i g n  f o r  

any  yiveri  l i v e  l o a d  c a p a c i t y .  

8 .  F a t i g u e  L i f e  - Exodernric i s  t h e  on ly  b r i d g e  deck 

wilicii i s  n o t  c o n s i d e r e d  s u b j e c t  t o  f a t i g u e  damage. 

F a c t o r s  Invo&& h D&& 

The s u b s t i t u t i o r i  of excdermic  deck f o r  t h e  deck which was 

used on t h e  Troy Green I s l a n d  B r i d g e ,  would r e s u l t  i n  a  

r e d u c t i o n  of 550 ,000  p u r ~ d s  i n  t h e  we igh t  of t h e  l i f t  span ,  

o r  19% of  t h e  t o t a l  we igh t  of t h i s  span.  T h i s ,  of c o u r s e ,  

nieans t h a t  t h e  t o t a l  aioving l o a d  t o  be s u p p o r t e d  by t h e  lilain 

t r u n t ~ i o r i  b e a r i n g s  would be reduced  by 1 ,100 ,000  pounds.  

To es t i r i ra te  t h e  d o l l a r  savir ig  of  s u c h  a  major  r e d u c t i o n  i n  

t h e  moving weight  of a  v e r t i c a l  L i f t  b r i d g e  would n o t  be 



p s s i b l e  w i t h o u t  a  cornplete d e s i g n .  However, some examples  

of t h e  e t f  e c t  s e r v e  t o  i l l u s t r a t e  t h a t  a  v e r y  s i g n i f i c a r r t  

s a v i n g s  of  t h e  t o t a l  c o s t  would r e s u l t  f rom t h e  r e d u c t i o r r  of  

19% i n  t h e  t o t a l  weight  of t h e  l i f t  span.  For i n s t a n c e ,  on 

t h e  Troy-Green Is la r id  Br idge  t h e r e  a r e  4 8  w i r e  r o p e s ,  1 2  i n  

each  corr ier  of t h e  span ,  which p a s s  ove r  s h e a v e s  t o  l i f t  t h e  

b r i d g e .  A r e d u c t i o r l  from 1 2  ropes  t o  1 0  ropes  i n  e a c h  c o r n e r  

woula n o t  o n l y  reduce t h e  din!ensions o f  t h e  s h e a v e s ,  bu t  

woula a l s o  r e s u l t  i n  a  r e d u c t i o n  i n  t h e  number of rope 

c o n n e c t o r s ,  t h e  s i z e  of t h e  d e f l e c t o r  c a s t i n g s ,  t h e  s i z e  of 

t h e  main t r u n r i i o n  s h a f t s  and b e a r i n g s ,  The d e s i g n  of t h e  a i r  

b u f f e r s  would he reduced  and ,  of c o u r s e ,  t h e  e n t i r e  o p e r a t i n g  

machinery t r a i n  would be reduced  p r o p o r t i o n a t e l y  a s  w e l l .  

I t  i s  e s t i m a t e d  t h a t  t h e  a d d i t i o n a l  c o s t  of e x o d e r m i c  b r i d g e  

deck a s  compared t o  a f i l l e d  g r i d  would be a p p r o x i m a t e l y  4 t o  

5 d o l l a r s  p e r  s q u a r e  f o o t .  I n  t h e  c a s e  of t h e  Troy-Green 

I s l a n d  B r i a g e  t h i s  would be r e d i c e d  by t h e  c o s t  of t h e  2 i n c h  

Iowa h igh  d e n s i t y  c o n c r e t e  o v e r l a y  and t h e  e p o x y  bonding 

compound which was p l a c e d  i n  t h e  f i e l d  p r i o r  t o  i n s t a l l a t i o n  

of t h e  o v e r l a y .  Bids f o r  t h e  o v e r l a y  v a r i e d  f r o m  1 .50  t o  

7 -00  per  s q u a r e  f o o t ,  t h e  low b i d d e r ' s  p r i c e  w a s  6.50 pe r  

s q u a r e  f o o t ,  

Deck S u b s t i t u L i o n  QJJ Q.&: 

I n  a t t e r o p t i n g  t o  a n a l y z e  t h e  e f f e c t  on c o n s t r u c t i o n  c o s t  of 

u s ing  exodermic  deck i n  p l a c e  of t h e  deck wh ich  was used,  

t h e r e  a r e  d i f f i c u l t i e s  based  on t h e  v a r i a t i o n  i n  b i d  u n i t  

p r i c e s .  One i l l u s t r a t i o n  w i l l  s e r v e  t o  i l l u s t r a t e  t h e  p o i n t :  

I ten)  01555.0210, c o n c r e t e  f i l l e d  g r i d ,  of which 1 3 , 0 0 0  s q u a r e  

t e e t  were r e q u i r e d .  The low b i d d e r "  p r i c e  w a s  $15 pe r  

s q u a r e  f o o t ,  however, t h e  o t h e r  s even  b i d d e r "  p r i c e s  were ,  

i n  ascer luing o r d e r  of t o t a l  b i d ,  $32 ,  $30 ,  $30 ,  $15 ,  $36 ,  

$30 ,  and $45.  T h i s  i l l u s t r a t e s  why u s i n g  b i d  p r i c e s  i n  o r d e r  

t o  cornpare m a t e r i a l s  o r  s t r u c t u r a l  s y s t e m s  r e q u i r e s  c a r e f  u l  



c o t r s i d e r a t i o n  and n o t  s i m p l e  a r i t h m e t i c  cornparison.  It  would 

apLJear t o  n!e t h a t  t-he two b i d d e r s  which q u o t e d  $15 p r  s q u a r e  

f o o t  f o r  t h e  c o n c r e t e  f i l l e d  g r i d ,  used t h e  p r i c e  which was 

p robab ly  tire purchase  c o s t  of t h e  g r i d  a l o n e  FOB ti le j o b  

s i t e ,  aritl n o t  t h e  c o s t  of t h e  g r i d  i n s t a l l e d  on t h e  g i r d e r s  

and t i l l e d  wi th  c o ~ ~ c r e t e .  The epoxy bonding compound and  t h e  

tiiyh d e l i s i t y  wearing s u r f a c e  were of c o u r s e  n o t  p a r t  uf  t h i s  

u n i t  b r i c e ,  and t h e  two $15 b i d d e r s  q u o t e d  6.50 a n d  1.50 p e r  

s q u a r e  i o o t  f o r  t h e  o v e r l a y .  

I n  my o p i n i o n ,  the s u b s t i t u t i o n  of  l i g h k  w e i g h t  exode rmic  

deck ,  which would have  produced a  s u r f a c e  which was 

i n d i s t i n g u i s h a b l e  f  roln t h a t  which p r e s e n t l y  e x i s t s  on t h e  

b r i d y e ,  would have been a t  a  s a v i n g  of  a p p r o x i m a t e l y  

$1 ,000 ,000 .  A breakdown of t h i s  s a v i n g s  i s  e s t i r r i a t e d  a s  

f o l lows :  

Foundat ion  C o n s t r u c t i o n  $ 200,000 

S t r u c t u r a l  S t e e l  i n  Towers and G i r d e r s  400,000 

Wire Rok~e and S o c k e t s  40,000 

Ilope Co i~ r i ec to r s ,  D e f l e c t o r s  and 

El iscel la i te  ous C a s t i n g s  

C w t .  Stieaves, S h a f t s  and B e a r i n g s  140,000 



Operat i r ig  b lachinery ,  A i r  B u f f e r s ,  e t c ,  150,000 

C o u n t e r w e i y h t s  20,000 

Divided  by t h e  s q u a r e  f o o t  a r e a  of t h e  b r i d g e  d e c k ,  t h i s  

s a v i n y s  i s  $75  per  s q u a r e  f o o t ,  which, i n  t h e  l i n g o  of  c o s t  

b e n e f i t  a n a l y s i s ,  is astronomical s i n c e ,  a s  we h a v e  a l r e a d y  

seen ,  t h e r e  would have been a t  most a n  added c o s t  o f  $2.00 

per s q u a r e  f o o t ,  or a  t o t a l  added c o s t  of $25,000 f o r  t h e  u s e  

of exoderni ic  b r i d g e  deck. In a d d i t i o n ,  t h e  b e n e f i t o f  more 

t h a n  u o u b l i n y  t h e  s t r e n g t h  of t h e  aeck  i s  n o t  q u a n t i f i e d ,  


