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The D u l u t h  A e r i a l  B r i d g e  i n  Du lu th ,  Minnesota i s  a  v e r y  i m p o r t a n t  

t r a n s p o r t a t i o n  l i n k  w i t h i n  t h e  c i t y .  T h i s  s t r u c t u r e  c rosses  over  t h e  

D u l u t h  Sh ip  Canal wh ich i s  t h e  o n l y  p r a c t i c a l  e n t r y  f o r  l a k e  vesse ls  t o  t h e  

h a r b o r  f ro in t h e  lake .  

Th is  s t r u c t u r e  i s  a l s o  t h e  o n l y  l a n d  l i n k  connec t ing  t h e  l a n d  area 

known as P a r k  P o i n t  w i t h  t h e  rema in ing  p o r t i o n  o f  t h e  c i t y  o f  D u l u t h .  

T h i s  p a p e r  i s  b e i n g  p resen ted  t o  make you  aware o f  t h e  problems and 

t h e i r  s o l u t i o n s  when i t  became necessary t o  renova te  t h i s  b r i d g e .  The 

s t r u c t u r e  t o  be renovated i s  a  spar! d r i v e  v e r t i c a l  l i f t  t r u s s  span. ~ t ' s  

span l e n g t h  i s  385'-9" c e n t e r  t o  c e n t e r  o f  b e a r i n g s .  A Z 4 '  roadway 

i s l o c a t e d  between t h e  t r u s s e s  and two  5 '  s idewa lks  c a n t i  l e v e r  o u t s i d e  t h e  

t r u s s e s .  The two t r u s s e s  a r e  2 1 ' - b "  a p a r t .  

T h i s  paper  w i l l  n o t  a t tempt  t o  d i s c u s s  a l l  o f  t h e  i t ems  rep laced .  Nor 

w i l l  t h i s  paper  a t tempt  t o  d e s c r i b e  a l l  o f  t h e  f e a t u r e s  p r o v i d e d  as a nec- 

essary  p a r t  o f  a c o i i ~ p l e t e  i n s t a l l a t i o n .  Th is  paper w i l l  be l i m i t e d  t o  des- 

c r i b i n g  i t e m s  c r i t i c a l  t o  p r o v i d i n g  a  p r o p e r  s o l u t i o n  t o  t h e  probleins 

a s s o c i a t e d  w i t h  t h e  b r i d g e ' s  c r i t i c a l  p o s i t i o n  dnd i t ' s  h i s t o r i c a l  s i g n -  

i f i c a n c e .  

A v i d e o t a p e  on t h e  i n t e r e s t i n g  h i s t o r y  o f  t h e  s i t e  f rom t h e  l a t e  

1800's t o  t h e  p r e s e n t  has been p repared  by t h e  Minnesota Department o t  

T r a n s p o r t a t i o n .  The h i s t o r y  ex tends back t o  b e f o r e  t h e  t l i n e  o f  t h e  ex- 

i s t e n c e  o t  t h e  man-made cana l  t o  t h e  p r e s e n t  r e n o v a t i o n .  The Minnesota 

Department o f  T r a n s p o r t a t i o n  has k i n d l y  consented t o  a l l o w  t h e  showing o f  

t h i s  v ideo tape  as a  p a r t  o f  t h i s  p r e s e n t a t i o n .  

As y o u  were t o l d  i n  t h e  v ideo tape ,  t h e  l a n d  area known as Park P o i n t  



was o r i g i n a l l y  a  p a r t  of t h e  mainland.  When t h e  ha rbor  e n t r a n c e  was dug, 

t h i s  p a r c e l  o f  l a n d  became i s o l a t e d  w i t h  no means o f  l a n d  access t o  t h e  

r e s t  o f  D u l u t h .  

The v i d e o t a p e  f u r t h e r  e x p l a i n e d  t h e  e a r l y  h i s t o r y  o f  t h e  method o f  

t r a v e l  between Park P o i n t  and t h e  r e s t  o f  Du lu th .  O r i g i n a l l y ,  boa ts  were 

used as t h e  method of t r a v e l .  Tire boa ts  were rep laced  by t h e  o r i g i n a l  

Oul u t h  A e r i a l  B r i d g e .  

T h i s  a e r i a l  f e r r y  system worked w e l l  u n t i l  t r a f f i c  demand s t a r t e d  

c r e a t i n g  o b j e c t i o n a b l e  de lays .  A t  t h a t  t in!e,  t h e  f i r r n  o f  Howard Needles 

iammen and Bergendo f f ,  under t h e  former name o f  H a r r i n g t o n .  Howard and Ash, 

was r e t a i n e d  t o  improve v e h i c u l a r  access between Park P o i n t  and t h e  r e s t  o f  

D u l u t h ,  The r e s u l t  was t h e  p resen t  D i l l u t h  A e r i a l  B r i d g e .  

As t h e  v i d e o  showed, t h e  p resen t  U u l u t h  A e r i a l  B r i d y e  c o n s i s t s  o f  a  

span d r i v e  v e r t i c a l  l i f t  span which crosses t h e  Ou lu th  h a r b o r  ent rance.  

The o r i g i n a l  f e r r y  b r i d g e  towers  and overhead t r u s s  was r e t a i n e d  f o r  two 

reasons. These were t o  b o t h  s t a b i l i z e  t h e  l i f t  span towers  and t o  p r o v i d e  

f o r  an overhead u t i l i t y  c r o s s i n g .  Water, sewer, n a t u r a l  gas and e l e c t r i c a l  

s e r v i c e  l i n e s  c o n t i n u e  t o  s e r v i c e  t h e  Park P o i n t  area v i a  t h i s  a e r i a l  

c r o s s i n g .  

The v e r t i c a l  l i f t  span p r o v i d e s  f o r  two l a n e s  o f  v e h i c u l a r  t r a f f i c  and 

two  f i v e  f o o t  s i d e w a l k s  f o r  p e d e s t r i a n  t r a f f i c .  The needs o f  m a r i n e  

t r a f f i c  a re  a l s o  accommodated by t h e  v e r t i c a l  l i f t  span. V e r t i c a l  c l e a r -  

ances o f  15 f e e t  i n  t h e  span down p o s i t i o n  and 135 f e e t  i n  t h e  span up pos- 

i t i o n ,  between t h e  extreme h i g h  wa te r  s u r f a c e  and low s t e e l  on t h e  span, 

p e r m i t s  u n r e s t r i c t e d  mar ine  t r a f f i c  t h r o u g h  t h e  h a r b o r  en t rance .  

I n  t h e  m id -seven t ies ,  t h e  f i r m  o f  Howard Needles Tammen and Bergendof f  

was a g a i n  r e t a i n e d  t o  i n s p e c t  and  make r e c o m m e n d a t i o n s  f o r  n e c e s s a r y  

r e p a i r s  t o  t h e  m e c h a n i c a l  and  e l e c t r i c a l  s y s t e m s  on t h e  b r i d g e .  The 

recommendations were t o  i n c l u d e  methods t o  upgrade t h e  system t o  p r o v i o e  



t o r  a  c u r r e n t  s t a t e - o f - t h e - a r t  d r i v e  system. The s t r u c t u r a l  components 

were no t  i n c l u d e d  becduse t h e  Minnesotd Uepart inent o f  I i i y h w d y ~  had been 

conduc t ing  i n s p e c t i o n s  and had been e v a l u a t i n g  t h e  v e h i c u l a r  l i v e  l o a d  

r a t i n g  on t h e  b r idge .  The purpose o f  t h i s  paper i s  t o  r e p o r t  on t h e  r e -  

s u l t s  o f  t h e  recolnmendations made i n  t h e  r e p o r t .  The mechanical  d r i v e  sys- 

tem on t h e  b r i d g e  was a  commonly used span d r i v e  where t h e  uphaul  and down- 

haul  ropes were a t t a c h e d  t o  o p e r a t i n g  rope drums l o c a t e d  a t  mid-span on t h e  

b r i d g e .  The r e d u c t i o n  g e a r i n g  and s h a f t i n g  were a l s o  l o c a t e d  a t  t h i s  

mid-span l o c a t i o n .  

The i n s p e c t i o n  r e v e a l e d  t h a t  a l l  o f  t h e  g e a r i n g  was worn, The b r i d g e  

tenders  a d v i s e d  us t h a t  some o f  t h e  g e z r i n g  had p r e v i o u s l y  been rep laced.  

A l t h o u g h  t h e  g e a r i n g  was n o t  i n  a  d a n g e r o u s l y  worn  c o n d i t i o n ,  i t  was 

recomoiended t h a t  a l l  t h e  g e a r i n g  be rep laced.  

The e l e c t r i c a l  d r i v e  systein was a l s o  a  coinmonly used system a t  t h e  

t i ine ,  w i t h  one excep t ion .  The e l e c t r i c  mo to rs  were DC moto rs  c o n t r o l l e d  by 

r e l a y s  and r e s i s t e r s  t h r o u g h  a  t r o l l e y  drum c o n t r o l l e r .  The one e x c e p t i o n  

was t h e  source o f  e l e c t r i c a l  power. An under  t h e  roadway room i n  t h e  Park 

P o i n t  abutment housed one hundred and f i f t y  t h r e e  wet c e l l  b a t t e r i e s  which 

p rov ided  t h e  e l e c t r i c a l  power necessary t o  r a i s e  and lower  t h e  l i f t  span. 

Another room i n  t h i s  abutment housed an AC-I)C mo to r -genera to r  wh ich p ro -  

v ided  e l e c t r i c a l  power t o  recharge t h e  b d t t e r i e s .  The e l e c t r i c a l  power and 

c o n t r o l  i n t e r f d c e  between t h e  l i f t  span and t h e  approaches was by severa l  

t r o l l e y  w i r e s  mounted v e r t i c a l l y  on t i l e  P d r k  P o i n t  t o w e r  and  t r o l  l e y  

p i ck -up  shoes mounted on t h e  span. 

The i n s p e c t i o n  r e v e a l e d  t h a t  t h e  r e l a y s  which were a l l  mounted on open 

f r o n t  r e l a y  panels,  were o l d  and o u t d a t e d  w i t h  spares e i t h e r  d i f f i c u l t  o r  

i inposs ib le  t o  o b t a i n .  I n  a d d i t i o n  t h e  e l e c t r i c a l  w i r i n g  between t h e  t r o l -  

l e y s  and t h e  inachinery room were sl lowiny ev idence o f  advanced i n s u l a t i o n  

d e t e r i o r a t i o n .  The i n s p e c t i o n  con f i rmed  t h a t  t h e  b a t t e r i e s  were n e a r i n g  

t h e  end of t h e i r  u s e f u l  l i f e .  I n  d d d i t i o n ,  t h e  b r i d g e  t e n d e r s  r e p o r t e d  

t h a t  i t was becoining more d i f f i c u l t  and much more expens ive t o  o b t a i n  and 



purchase rep lacement  b a t t e r i e s .  As a  r e s u l t  o f  t h e  i n s p e c t i o n ,  i t  was 

reco~il~nended t h a t  t h e  e n t i  r e  e l e c t r i c a l  system be rep laced.  

The b r a k i n g  system on t h e  span c o n s i s t e d  o f  t h r u s t e r  t y p e  shoe h o l d i n g  

brakes and a  l a r g e  drum band brake used t o  c o n t r o l  t h e  span w h i l e  i t  was i n  

mot ion.  The band brake was operated by t h e  b r i d g e  t e n d e r  u s i n g  a  l o n g  

i e v e r  a t  t h e  c o n t r o l  desk. The v ideo tape  had a  scene showing an o p e r a t o r  

a p p l y i n g  b r a k i n g  t o r q u e  by p u l l i n g  on t h i s  l e v e r .  It was recommended t h a t  

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

e l e c t r i c a l  sys tem.  

The M inneso ta  Department of T r a n s p o r t a t i o n  s t r u c t u r a l  e v a l u a t i o n  o f  

t h e  l i f t  span i n d i c a t e d  t h a t  t h e  b r i d g e  was i n  g e n e r a l l y  good c o n d i t i o n  b u t  

d i d  l i s t  some d e f i c i e n c i e s .  I t  had been recommended t h a t  t h e  b r i d g e  be 

e i t h e r  p o s t e d  f o r  l o a d  l i m i t s  o r  r e s t r i c t e d  speed l i m i t s  t o  reduce impact  

fo rces  on t h e  span. Reduced speed l i m i t  s i g n s  were i n  ev idence  d u r i n g  t h e  

i n s p e c t i o n .  

As p r e v i o u s l y  ment ioned, t h i s  l i f t  span i s  t h e  o n l y  v e h i c u l a r  and ped- 

e s t r i a n  access t o  t h e  Park P o i n t  s e c t i o n  o f  t h e  C i t y  o f  D u l u t h .  The Park 

P o i n t  area c o n s i s t s  o f  r e s i d e n t i a l ,  l i g h t  commercia l ,  n u r s i n g  homes, a  

Coast Guard S t a t i o n  and a  C i t y  park .  It was t h e r e f o r e  i m p e r a t i v e  t h a t  any 

remodel ing o r  r e n o v a t i o n  of t h e  b r i d g e  be under taken i n  a  manner which 

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

b r i d g e  d u r i n g  c o n s t r u c t i o n .  

The b r i d g e  i s  a l s o  a  v i t a l  l i n k  f o r  mar ine  t r a f f i c .  Access t o  t h e  

P o r t  of D u l u t h  ha rbor  f a c i l i t i e s  by f u l i y  loaded l a k e  and ocean g o i n g  

vesse ls  i s  p o s s i b l e  o n l y  by passage t h r o u g h  t h e  D u l u t h  Harbor en t rance  and 

under  t h e  r a i s e d  D u l u t h  A e r i a l  B r i d y e  l i f t  span. Water access t o  t h e  

S u p e r i o r  Harbor en t rance  was a v a i l a b l e ,  b u t  n a v i g a t i o n  i s  d i f f i c u l t  and 

channel depths were i n s u f f i c i e n t  t o  p e r m i t  passage o f  f u l l y  loaded 

commercial vesse ls .  



One o t h e r  c r i t e r i a  had t o  be cons ide red  i n  any r e r i o v a t i o n  o f  t h i s  

b r i d g e .  The b r i d g e  i s  on t h e  N d t i o n a l  R e g i s t r y  o t  H i s t o r i c  I ' laces. i t 1  

d i i d i t i o i i ,  t h e  c i t i z e n s  a re  proud o f  t h e i r  b r i d y e .  It was t h e r e t o r t ?  tie(:- 

cssary  t o  r e t a i n  t h e  appearance o t  t h e  b r i d g e  as near  ds p o s s i b l e  t o  i i s  

o r i g i n a l  appearance a f t e r  t h e  remodel i n g  was completed. 

Any r e n o v a t i o n  method, t h e r e f o r e ,  had t o  c o n s i d e r  t h e  r e s t r a i n t s  o f  no 

d i s r u p t i o n  t o  v e h i c u l a r  t r a f f i c ,  no d i s r u p t i o n  t o  mar ine  t r a f f i c  and m i n i -  

mai if any change i n  appearance. The prob lem o f  t o t a l l y  r e p l a c i n g  t i l e  

mechanical system and t h e  e l e c t r i c a l  system and i n c r e a s i n g  t h e  l i f t  span 's  

a b i l i t y  t o  c a r r y  l i v e  l o a d  w h i l e  c o n f o r m i n g  t o  t h e  r e s t r a i n t s  l i s t e d  

r e q u i r e d  a  c h a l l e n g i n g  s o l u t i o n .  

Several  concepts were s t u d i e d .  Replaceinerit o f  t h e  o l d  and outdated 

d r i v t .  system w i t h  a  new systern i n  t h e  same l o c a t i o n  was n o t  a  v i a b l e  a l t e r -  

n d t i v e .  It would have r e q u i r e d  t h e  reil loval o f  t h e  o l d  equipment and t h e  

i n s t a l  I d t i o n  o f  t h e  new equiptiient i n  sequence. The t i m e  necessary t o  dc- 

coinpl ish t h i s  work would have v i o l a t e d  t h e  r e s t r a i n t  o f  no d i s r u p t i o n  t o  

mar ine t r a f f i c .  Convers ion o f  t h e  l i f t  span t o  a  tower  d r i v e  system w i t h  

t h e  machjnery housed on t o p  o f  t h e  towers  d r i v i n g  t h e  coun te rwe igh t  sheaves 

was s t u d i e d .  T h i s  was a l s o  n o t  a  v i a b l e  a l t e r n a t i v e .  The a v a i l a b l e  space 

a t  t h e  t o p  o f  t h e  tower  was i n s u f f i c i e n t  t o  house t h e  necessary mechanical 

and e l e c t r i c a l  equipment. E n l a r g i n g  t h e  t o p  o f  t h e  t o w e r  i n  o r d e r  t o  

o b t a i n  t h e  a v a i l a b l e  space would have r e s u l t e d  i n  i nc reased  wind loads 

be ing  a p p l i e d  a t  a c r i t i c a l  l o c a t i o n .  

Th is  concept would a l s o  have v i o l a t e d  t h e  r e s t r a i n t  o f  n o t  changing 

t h e  appedrance o f  t h e  s t r u c t u r e .  The concept s t u d i e d  and recoinmended r e -  

s i i l t e d  i n  a  s o l u t i o n  which conformed t o  a l  1 t h e  necessary r e s t r a i n t s  and 

was e c o n o m i c a l l y  f e a s i b l e .  I t  was recommended t h a t  t h e  a r e a  o f  eac i i  

l i f t i n g  g i r d e r  be enclosed. The new machinery  c o u l d  t h e n  be housed i n  

these enc losures.  A  preliminary des ign  and l a y o u t  r e v e a l e d  t h a t  i t  would 

be p o s s i b l e  t o  i n s t a l  l t h e  e n t i r e  new e l e c t r i c a l  equipment w i t h o u t  

d i s r u p t i n g  o p e r a t i o n  o f  t h e  b r i d g e  u s i n g  t h e  e x i s t i n g  d r i v e  system. T h i s  



i n s t a l l a t i o n  c o u l d  then  be under taken w i t h o u t  d i s r u p t i n g  e i t h e r  v e h i c u l a r  

o r  mar ine  t r a f f i c .  The preliminary des ign  and l a y o u t  f u r t h e r  revea led  

t h a t ,  by l o c a t i n g  t h e  new o p e r a t i n g  rope drums a t  t h e  l o c a t i o n  o f  t i re 

e x i s t i n g  uphau l  dnd downhaul de f  l e c t o r  sheaves, t h e  r e ~ n a i n i n y  necessary 

m e c h a n i c a l  e q u i p m e n t  c o u l d  a l s o  be i n s t a l l e d  w i t h o u t  d i s r u p t i n g  span 

movements w h i l e  c o n t i n u i n g  t o  use t h e  e x i s t i n g  d r i v e  system. Ttie removal 

o f  t h e  e x i s t i n g  rope d e f l e c t o r s  and t h e  i n s t a l l a t i o n  o f  t h e  new o p e r a t i n g  

drums would r e q u i r e  d i s r u p t i o n  o f  mar ine t r a f f i c .  It was conc luded t h a t  

t h i s  work c o u l d  be scheduled d u r i n g  t h e  w i n t e r  when mar ine t r a f f i c  i s  

i i i jnima? o r  n o n e x i s t e n t .  By deve lop ing  t h e  novel  concept o f  p r o v i d i n g  a  

n i o d i f i e d  span d r i v e  machinery system w i t h  a tower  d r i v e  e l e c t r i c a l  d r i v e  

and c o n t r o l  system, i t was p o s s i b l e  t o  t o t a l l y  r e p i a c e  t h e  d r i v e  systern 

w i t h i n  t h e  r e s t r a i n t s  imposed  by  t h e  l o c a t i o n  and i m p o r t a n c e  o f  t h i s  

b r i d g e .  

One a d d i t i o n a l  recornmendation was made as a  r e s u l t  o f  t h i s  concept.  

When t h e  b r i d g e  was i n s p e c t e d  it was n o t e d  t h d t  t h e  main coun te rwe igh t  

suspending ropes were showing some s i g n s  o f  wear. A l though  it was e s t i -  

inated t h a t  t h e  ropes s t i l l  had severa l  y e a r s  o f  u s e f u l  ren ia in iny  l i f e ,  i t  

was recoinmended t h a t  t h e y  be rep laced  d u r i n g  t h e  r e n o v a t i o n  process.  The 

reason f o r  t h i s  recorninendation was t h e  f a c t  t h a t  t h e  coun te rwe ig t l t  would 

have t o  be independen t l y  suppor ted f o r  a  s h o r t  t i m e  when m o d i f y i n g  t h e  ex- 

i s t i n g  i i f t i n g  g i r d e r .  Be ing  as t h i s  i s  a  s i g n i f i c a n t  i t e m  o f  work nec- 

essdry  t o  r e p l a c e  t h e  coun te rwe igh t  ropes,  a  c o n s i d e r a b l e  sav ings would 

e x i s t  i f  t h e  r o p e s  were  r e p l a c e d  a t  t h e  same t i n i e  t h e  l i f t i n g  y i r d e r  

m o d i f i c a t i o n s  were made. 

The recommended m e c h a n i c a l - e l e c t r i c a l  replacement concept had an 

a d d i t i o n a l  advantage. One o f  t h e  reasons t h e  > r i d g e  tiad a l i m i t e d  l i v e  

l o a d  r a t i n g  was t h e  s t r e s s e s  i n  some o f  t h e  l i f t  span t r u s s  members. T h i s  

concept p e r m i t t e d  t h e  removal o f  a l l  t h e  e x i s t j n g  e l e c t r i c a l  and mechanical  

equipment from t h e  c e n t e r  o f  t h e  l i f t  span. The r e s u l t i n g  decrease i n  dead 

l o a d  a t  mid-span reduced t i l e  dead l o a d  s t r e s s e s  i n  t h e  c r i t i c a l  t r u s s  mem- 

be rs  s u f f i c i e n t l y  t o  p e r m i t  u n r e s t r i c t e d  l i v e  l o a d s  on t h e  span w i t h o u t  any 



i n o d i f i c a t i o n s  b e i n g  r e q u i r e d  t o  t h e  c r i t i c a l  t r u s s  iiiembers. 

The t i r r n  o t  Howard Needles Tammen and ee rgendo t f  wds t h e n  r e t a l n e d  t o  

p r e p a r e  f i n a l  p l a n s  and s p e c i f i c a t i o n s  t o  r e p l a c e  t h e  ~ n e c h a n i c a l  and 

e l e c t r i c a l  d r i v e  systems on t h e  D u l u t h  A e r i a l  S r idye .  I n  a d d i t i o n ,  t h e  

p lans were t o  i n c l u d e  t h e  r e p a i r  o r  replacement o f  any s t r u c t u r a l l y  d e f i -  

c i e n t  coinvonents o f  t h e  b r i d g e .  

A s t r u c t u r a l  j n s p e c t i o n  was  conducted t o  determine members needing 

r e p a i r  o r  rep lacement ,  As i s  t h e  usual  case f o r  any s t e e l  s t r u c t u r e  f i f t y  

years  o l d ,  numerous r i v e t s  were i n  need o f  replacement due t o  r i v e t  head 

d e t e r i o r a t i o n .  The s idewa lks  were a l s o  i n  need o f  rep lacement .  The s i d e -  

w a l k  was composed c f  open s t e e l  g r a t i n y  which had been o v e r l a i d  w i t h  as- 

p h a l t .  The s i d e w a l k  wds rep laced  w i t h  a  c o n c r e t e  f i l l e d  s t e e l  g r a t i n y .  I n  

o rde r  t o  p r o l o n g  t h e  l i f e  of t h i s  walkway t h e  s t e e l  g r a t i n g  was z i n c  coated 

dnd t h e  c o n c r e t e  wds t r e a t e d  w i t h  a  p e n e t r a t i n g  s e z l e r .  A few o t t i e r  mem- 

bers  were repiacecl ,  b u t  t hese  repidcement procedures were o f  a  r o u t i n e  

n d t u r e  and w i l l  n o t  be addressed f u r t h e r .  

A s t r u c t u r a l  replacement o r  r e p a i r  d i f f i c c i i t y  was encountered as a  

r e s u i t  o f  t h e  s t f i i c t u r a i  i n s p e c t i o n .  The rodawdy s u r t d c e  i s  composed o f  

open s t e e l  g r a t i n y  suppor ted on s t e e l  s t r i n g e r s  and s t e e l  f1oorbea:ns. 

S i g n i f i c a n t  c o r r o s i o n  o f  t h e  t o p  f l a n g e s  o f  t h e  s u p p o r t i n g  members liad 

occur red due t o  t h e  l a r g e  m o u n t s  o f  s a l t w a t e r  wh ich had passed th rough  t h e  

open g r a t i n g .  The open g r a t i n g  was s t i l l  i n  good c o n d i t i o n  dnd d i d  no t  

need t o  be rep laced .  Three s t r i n g e r s  suppor ted t h e  roadway g r a t i n g .  One 

s t r i n g e r  was a t  t h e  c e n t e r l i n e  of t h e  roadway and t h e  o t h e r  t w o  were near 

t h e  curb  l i n e  under t h e  roadway. An a n a l y s i s  o f  t h e  s t r i n g e r s  a t  t h e  curbs 

revea led  t h a t  no r e p a i r s  were needed. The a n a l y s i s  o f  t h e  s t r i n g e r  a t  t h e  

c e n t e r i i n e  revea led  t h a t ,  because o f  t h e  meta l  i o s t  by c o r r o s i o n ,  rep lace -  

irient was warranted.  Because o f  t h e  c o n f i g u r a t i o n  o f  t h e  s t r i n y e r s ,  i t  was 

imposs ib le  t o  reiiiove a  s t r i n g e r  and r e p l a c e  i t .  T h i s  would have r e q u i r e d  

c l a s i r i g  t h e  b r i d g e  t o  v e i i i c u l a r  t r a f f i c  wh ich was a  r e s t r a i n t  imposed by 

p r e v i o u s l y  desc r ibed  c o n d i t i o n s .  The s o l u t i o n  t o  t h i s  prob lem was t o  p l a c e  



two new s t r i n g e r s  under t h e  roadway, one on each s i d e  o f  t h e  c e n t e r l i n e .  

A f t e r  these  new s t r i n y r r s  were i n  p i a c e  and were c a r r y i n g  l i v e  iodd,  t h e  

e x i s t i n g  s t r i n g e r  a t  t h e  c e n t e r l i n e  was removed. Us ing t h i s  procedure,  t h e  

s t r i n g e r s  were  rep laced  w i t h o u t  h a l t i n g  v e l i i c u l a r  t r a f f i c .  The C o i l t r a c t o r  

was p e r m i t t e d  t o  reduce t r a f f i c  t o  one l a n e  d u r i n g  t h e  w i n t e r  months when 

t r a f f i c  was n u t  as heavy. The s t r i n g e r  replaceaient  was d c c o m p l i s l ~ e d  d u r i n g  

t h i s  t i m e  i n  o r d e r  t h a t  t h e  new s t r i n g e r s  c o u l d  be h o i s t e d  up i n t o  p o s i t i o n  

v i i t h  w i r e  s l i n y s  passed t h r o u g h  t h e  open y r a t i n y .  

The s t r i n g e r  rep1 aceinent proced i i res  used had an a d d i t i o n a l  b e n e f i t .  

By r e l o c a t i n g  t h e  s t r i n g e r s  away froin t h e  c e i r t e r l i n e  o f  tiit. roadway, t i l e  

r e s u i t i n g  l o a d  d i s t r i b u t i o n  t o  t h e  f ioorbeams caused t h e  s t r e s s e s  i n  t h e  

f loorbedi i ls  t o  be reduced. An a n d l y s i s  o f  t h e  f l o o r b e d ~ n s  determined t h a t  

the  f ioorbea i i i s  cou ld  be r e t a i n e d  w i t h  t h e  s t r i n g e r s  i n  t h e i r  new l o c a t i o n .  

The d r i v e  inachinery was designed under c u r r e n t  AASHTO Codes w i t h  o l e  

excep t ion .  C o n s i d e r i n g  t h e  c r i t i c a l  n a t u r e  o f  t h e  Uu l i r t h  A e r i a l  B r i d g e ' s  

l o c a t i o n ,  arid i t ' s  i i i ipor tance t o  b o t h  v e h i c u i d r  and mar ine  t r a t f i c ,  t i l e  ap- 

p i i c a b i l i t y  o f  t h e  p r o v i s i o n s  f o r  i c e  l o a d s  i n  t h e  AASHTO Code was cons id -  

ered t o  be inadequate .  The aiilount o f  i c e  toad  t o  be a p p l i e d  t o  t h e  s t r u c -  

t u r e  was rzcornmended t o  t h e  C i t y  and was subsequent ly  used i n  de te r i i r i r~ i i rg  

the  inaxirnuni des ign  loads  r e q u i r e d  i n  t h e  des iy r i  o f  t i l e  ir lachinery conlpon- 

ents .  

Ti ie machinery components were des igned and l a y o u t s  were made i n  cori- 

j u n c t i o n  w i t h  tilt: main d r i v e  i i lo tors i n  o r d e r  t o  determine t h e  b e s t  c o n f i y -  

i i r a t i o n .  :te!iis t o  be cons ide red  i n c l u d e d  whetber t i l ey  would f i t  i n  t h e  

a v a i i i b l e  i v id t i i  o f  t h e  ieachinery tiouse, would  t h s  l a y o a t  keep t h e  s i z e  o f  

t h e  new machinery house f rom be ing  o b j e c t i o n a b l y  l a r g e ,  and \was t h e  nhachi- 

f ie ry  capabie  o f  b e i n g  i n s t a l l e d  w i t h i n  t h e  r e s t r a i n t s  inposed on t h i s  p r o -  

j e c t .  As i s  t h e  u s u a l  c a s e ,  t h e  mos t  s i i n p l e  l a y o u t  c o n f o r m e d  t o  t h e  

r e s t r a i n t  c r i t e r i d  bes t ,  

S i m i l a r  machinery coinponeats were l o c a t e d  w i t h i n  a  machinery  room a t  



each end o f  t h e  i i f t  span. The new o p e r a t i n g  druins, one a t  each s i d e  o f  

t i l e  span  a t  e a c h  end, were t o  be p laced  as f a r  froiri t h e  roadway c e r r t e r l i i l e  

as s t r u c t u r a l  r e y ~ i i r e i i i e n t s  would per r i i i t .  T h i s  l o c a t i o n  t e l l  w i t h i n  t h e  r e -  

quire i i ient  t h d t  t h e  drutiis be i o c d t e d  d t  t h o  l o c a t i o n  o t  t h e  e x i s t i i > y  Opcrd- 

t i n g  rope d e f l e c t o r  sheaves. The o p e r a t i n g  druiii arid drum year  was then  

rnounted on a Coiilinon s t r u c t u r a l  frame w i t h  i t ' s  d r i v e  p i n i o n ,  i h i s  oper-  

a t i n g  drum and  p i n i o n  assembly was then  r e q u i r e d  t o  be shop assembled and 

t e s t e d .  The r e d u c t i o n  c jear iny r e q u i r e d  was t h e n  i c c d t e d  a t  t h e  c e n t e r l i n e  

o f  t h e  roadway. The r e d u c t i o n  gear ing  s e l e c t e d  was a  comnierc ia l ly  a v a i l -  

a b l e  p a r a l l e l  s h a f t  enc losed speed reducer  w i t h  dud! i n p u t  and dua l  o u t p u t  

s t i a f t s .  Each o p e r a t i f l g  drum d r i v e  p i n i o n  was then  coup led  t o  t h e  speed r e -  

ducer by use o f  d f l o a t i n g  s h a f t .  A l t l i ough  f l o d t i n y  s h a f t s  a r e  commonly 

used f o r  i n s t a l l a t i o n s  o f  t h i s  t y p e ,  i t was f e l t  t h a t  i t  was a  necessary 

cofnponent wh icn  made t h e  i n s t d i l a t i o n  a t  t h i s  s i t e  p o s s i b l e .  The c o n s t r u -  

c t i o n  r e s t r a i n t s  r e q u i r e d  t h a t  t h e  speed reducer  he i n ~ t d l l e d  and t i l e  

i i i e c t r i c  d r i v e  i i !otors coup led t o  i t  p r i o r  t o  i n s t a i  l i r r y  t h e  o p e r a t i n g  dr!ii:i 

trdinc asseiiib ly .  The use of a f I o d t i n g  s t i a f t  betweell these coiiiponrrits 

would then per! i r i t  l i m i t e d  s h a f t  in isa l iyn i i ien t  w i t i io r r t  rt:ducirig t h e  l i f e  o r  

c a p a c i t y  o f  t h e  d r i v e  components. The c a p a c i t y  o f  a  f l o a t i n g  s h a f t  t o  

dccui~ri i~odale s i i d t t  i n i sa i  i gn!nent made f i i i d i  i n s t a l  l d t i o n  o f  t h e  machinery d t  

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

Tile e l e c t r i c a l  d r i v e  system s e l e c t e d  f o r  use on t n i s  b r i d g e  was a  UC 

shunt wound d r i v e  :notor w i t h  SCK d r i v e  c o n t r o l  l e r .  Two i i io tors and two con- 

t r o l l e r s  were t o  be coicpied t o  t h e  speed redt icer  a t  each end o f  t h e  span. 

Again t h e  c r i t i c a l  r ia tare  o f  t h i s  l i f t  spar? was cons ide red  irr d e t e r m i n i n g  

t h e  p roper  o p e r a t i n g  c h z r a c t e r i s t i c s  o f  t i l e  e l e c t r i c a l  d r i v e  system. The 

lnotors were s p e c i f i e d  t o  be 500 KPM base speed iso tors .  Each motor was 

s i z e d  t o  he capab!e o f  h o i s t i n g  t h e  i i t t  span under  a l l  code s p e c i f i e u  

loads w h i l e  runn ing  a t  i t ' s  base speed. I t was a!so a  requ i rement  t h a t  t h e  

tido inotors a t  each end be e i e c t r i c a l l y  coup led  t u  r u n  t o y e t t i e r .  Under t h i s  

c o n d i t i o n ,  the  njotors were Lo run a t  a  speed g r e a t e r  t h a n  t h e i r  base speed. 

Ti le ~ l i o t o r  speed uncer  t ~ o  inotor  o p e r a t i o n  was r e q u i r e d  t o  be 870 RPM. T h i s  

speed i.;ai est .abi is l ied accord ing  t o  t h e  AASWTO c r i t e r i a  whic l l  p e r m i t s  t h e  



t i i n e  o f  l i f t  t o  be 5'3% l o n g e r  when o p e r a t i n g  w i t h  one inotor  t h a n  would he 

r e i l u i  r e d  under two inotor  o p e r a t i o n .  The siiotors diid c o n t r o l  l e r s  were a l s o  

r e q u i r e d  t o  have  r e g e n e r a t i v e  b r a k i n g  c a p a b i l i t y  t o  a s s i s t  i n  c o n t r o l l i n g  

t h e  span under  o v e r h a u l i n g  l o a d  c o n d i t i o n s .  Another requ i rement  wds t h d t  

when o p e r a t i n g  under one motor  a t  each end, t h e  o t h e r  d r i v e  c o n t r o l l e r  a t  

each end be e l e c t r i c a l l y  i s o l a t e d  i n  o r d e r  t o  l i m i t  i t ' s  s u s c e p t i b i l i t y  t o  

l i g h t n i n g  damage. As a f i n a l  requ i re i i ien t ,  b o t h  i i iotors a t  edch end were t o  

be capable  o f  o p e r a t i n g  t o g e t h e r  a t  base speed. Tlr is would p e r i n i t  opera- 

t i o n  o f  t h e  span under extreme adverse c o n d i t i o n s .  The UC moto rs  s p e c i f i e d  

were v a r i a b l e  horsepower, cons tan t  t o r q u e  motors  a t  o r  below base speed 

w h i l e  they  were cons tan t  horsepower. v a r i a b l e  t o r q u e  motors  a t  speeds above 

base speed. There fo re ,  when t h e  two motors  a r e  r u n n i n g  a t  t h e  s p e c i f j e d  870 

RPM, they would  no t  have as much t o r q u e  c a p a c i t y  as when r u n n i n g  a t  base 

speed. However, a r e d u c t i o n  o f  t h e  RPM t o  a  va lue  below base speed would 

tnot i nc rease  t h e  h o i s t i n g  c a p a c i t y  o f  t h e  motors .  

F o u r  o r d k e s  were p r o v i d e d  i n  edch machinery  room. The b rakes  were 

s p e c i f i e d  t o  be t h r u s t e r  t y p e  shoe brakes,  s p r i n g  s e t ,  e l e c t r i c a l l y  r e -  
- 

leased. iwa i!iachinery brakes were i o c d t e d  a t  t h e  c o u p i i n y  between t h e  

speed reducer  and each n!otor by t h e  use o t  brakewheel c o u p l i n g s .  The two 

niotor  brakes were niounted on extended : i iotor s h a f t s .  The r e q u i r e d  t o r q u e  

s e t t i n g s  o f  these  brakes was establ is!!ed w i t h  due r e g a r d  t o  t h e  AASHTO 

Codes dnd t h o  deslyned a b i i i t y  t o  h o i s t  l odds  i n  excess o f  t h e  Code r e -  

quire inents.  i t  was f u r t h e r  cons idered,  when s i z i n g  these brakes,  t h a t  t h e y  

must have t h e  a b i i i t y  t o  s t o p  t h e  span a t  any t i m e  i n  t h e  event o f  a  power 

t a i l u r e .  It should  be no ted  t h a t  tinder normal span o p e r a t i o n ,  none o f  

t i rese brakes w i l l  he a p p l i e d  w h i l e  t h e  span i s  sriuving. The s p e c i f i e d  r e -  

g e n e r a t i v e  b r a k i n g  capabi l i t y  o f  t h e  e l e c t r i c  inotors w i  11 c o n t r o l  t h e  span 

under o v e r h a u l i n g  loads.  

It was mentioned p r e v i o u s l y ,  t h a t  t h e  e l e c t r i c a l  o p e r a t i o n  o f  t h e  l i f t  

Spdn wot!ld be a tower  d r i v e  c o n t r o l  system. T r a c i t i o n a l  tower  d r i v e s  have 

power se isyns  o r  si i ! ! i ' iar speed c o i i t r o l  dev ices  used t o  m a i n t a i n  t h e  l i f t  

span i n  a  l e v e l  p o s i t i o n .  These were n o t  ment ioned when d e s c r i b i n g  c r i t i -  



c a l  equipinent b e i n g  coup led t o  t h e  d r i v e  system. The reason i s ,  t h a t  these 

d i$v ices a r e  not r e q u i r e d  w i t h  t h e  c o n t r o l  system p rov ided .  The c o n t r i i l  

systeii i s p e c i f i e d  was a  programinable c o n t r o l  l e r j p c )  w i t h  ii iath h a n d l i n y  capd- 

b i  l i t y .  Span movements and s a f e t y  dev ices  such ds t r d t f i c  l i g h t s ,  ya tes  

and b a r r i e r s  a r e  c o n t r o l l e d  and sequence i n t e r l o c k e d  by t h e  pc. The pc i s  

i d e a l l y  s a i t e d  f o r  t h i s  purpose and e l i m i n a t e s  t h e  n e c e s s i t y  f o r  nlany 

machine t o o l  r e l a y s  on t h e  span. The b r i d g e  t e n d e r  i i i a i n t a i n s  c o n t r o l  of 

t t i e  p roper  o v e r a t i o n  o f  t h e  b r i d g e  by t h e  use o f  push b u t t o n s  mounted on d 

c o n t r o l  c o n s o l e .  The pc a l s o  i s  capable o f  m o n i t o r i n g  and c o n t r o l l i n g  t h e  

span p o s i t i o n  o f  each end o f  t h e  l i f t  span. H i g h  dccuracy c o n t r o l  se i sy i i s  

and d i g i t a l  encoders  t r a n s i n i t s  data  t o  t h e  c o n t r o l  conso le  d i s p l a y s  and t o  

t h e  pc. Tdci lU~IieterS ii ioiinted on t i re i i io tors a l s o  t r d n s i i i i t s  speed d a t a  t o  the 
- 

pc. l he  pc c o n s t a n t l y  n ion i to rs  each end o f  t h e  span's p o s i t i o n .  The pc 

then cornpares t i l e  p o s i t i o n s  t o  see i t  t l i e y  a r e  t h e  same. I f  t h e  p o s i t i o n s  

d r e  n o t  e q u a l ,  t h e  pc w i  ll t h e n  t r a n s i n i t  a  s i g n a l  t o  t h e   noto or con -  

t r o l l e r ! ~ )  a t  one end o f  t h e  span. T h i s  s i y n d l  w i l l  i n s t r u c t  t h e  cun- 

t r o l l e r  t o  e i t h e r  i nc rease  o r  decrease j t s  speed s l i g t i t l y  as a p p r o p r i a t e  t o  

r e g a i n  a l e v e l  spar] p o s i t i o n .  Con t inua l  m o n i t o r i n g  o f  t i l e  r e l a t i v e  p o s i -  

t i o n s  p e r i n i t s  t h e  pc t o  app ly  v a r y i n g  c o r r e c t i o n  f a c t o r s  t o  t h e  speed 

c o n t r o l  of one end depending on t h e  magni tude o t  t h e  e r r o r  i n  span i l o s i -  

t i o n .  Again a  pc i s  i d e a l l y  s u i t e d  f o r  t h i s  a p p l i c a t i o n  and e l i m i n a t e s  t h e  

n e c e s s i t y  of o t h e r  expens ive c o n t r o l  equipment.  The pc, i t ' s  a s s o c i a t e d  

input !output  racks  dnd 2 dual  spare c e n t r a l  p r o c e s s i n g  u n i t  was h0usi.d 

w i t h i r l  t h e  span co i i t ro ;  conso le .  The spare c e n t r a l  p r o c e s s i n g  u n i t  i s  

e l e c t r i c a l l y  i s o l a t e d  arid i n s u l a t e d  froin t h e  s t r u c t u r e  t o  i n h i b i t  darnage 

froel a l i g h t n i n g  s t r i k e .  

The impor tance of t h i s  b r i d g e  was d ' i S 0  cons ide red  when d e s i g n i n g  t h e  

e l e c t r i c a l  c o n t r o l  system, I have j u s t  t o l d  you about how i d e a l  t h e  pc was 

i n  p r o v i d i n g  r e l i a b l e  methods t o  c o n t r o l ,  i n t e r l o c k ,  and t o  p r o v i d e  p r o p e r  

speed c o n t r o l .  None o f  t h o s e  s ta tements  a r e  i n c o r r e c t .  However, any sys- 

tem, no ind t te r  how r e l i a b l e ,  can f a i l .  Fo r  t h a t  reason, a  method o f  oper-  

d t i n g  the span th rough  a  f u ! l  sequence o f  o p e r a t i o n  w i t h o u t  t h e  use o f  t h e  

yc was p rov ided  as a  back-up. The t r a f f i c  l i g h t s ,  gates ,  and b a r r i e r s  can 



be operated w i t h o u t  t h e  use o f  t i l e  pc. I n  a d d i t i o n  t h e  span can be b o t h  

r a i s e d  dnd l o w e r e d  by t h e  use o f  separate  speed c o n t r o l  dev ices ,  connected 

d i r e c t l y  t o  t h e  d r i v e  c o n t r o l l e r s ,  f o r  edctl end o f  thc? span inounted on the 

c o n t r o l  c o n s o l e .  i t  shou ld  be noted t h a t  t h e  irlaximuii~ a v a i l a b l e  speed o f  

t h e  motors  i s  g r e a t l y  reduced t o  p e r m i t  s a f e  o p e r a t i o n  under t h i s  

c o n d i t i o n .  

The e x i s t i n g  c o n t r o l  room was l o c a t e d  a t  t h e  c e n t e r  o f  t h e  l i f t  span. 

It was de te r in i t l ed  t h a t  t h e  new c o n t r o l  room would be l o c a t e d  i n  t h e  sanle 

l o c a t i o n -  An a l t e r n a t e  l o c a t i o n  would have been s i m p l e r ,  however, t h e  

e x i s t i n g  l o c a t i o n  p r o v i d e d  t h e  b r i d g e  t e n d e r s  w i t h  maximufn v i s i b i l  i t y  o f  

t h e  approach roadways and t h e  s idewalks .  Any a l t e r n a t e  l o c a t i o n  would  have 

reduced t h e  S r i d g e  t e n d e r s  v i s i b i l i t y  and was r e j e c t e d  f o r  t h a t  reason. 

R e t a i n i n g  t h e  e x i s t i n g  l o c a t i o n  under t h e  r e s t r a i n t s  imposed by t h e  c r i t i -  

c a l  n a t u r e  o f  t h e  b r i d g e  caused an unusual sequence o f  c o n s t r u c t i o n  t o r  t h e  

c o n t r o l  house. The new e l e c t r i c a l  d r i v e  and c o n t r o l  system had t o  be i n -  

s t a l l e d  d n d  made o p e r a t i o n a l  p r i o r  t o  rernoving t h e  e x i s t i n g  d r i v e  system 

from s e r v i c e .  The new c o n t r o l  conso le  t h e r e f o r e  had t o  be i n s t a l l e d  i n s i d e  

t i i e  e x i s t i n g  c o n t r o l  room w i t h i n  t h e  a v a i l a b l e  f l o o r  space. The conso le  

a l s o  had to be des igned t o  p e r m i t  i t ' s  i n s t a l l a t i o n  e i t h e r  t h r o u g h  t h e  

e x i s t i n g  door  o r  window openings.  The o t h e r  prob lem was t h a t  t h e  e x i s t i n g  

machinery was housed b o t h  i n  a  room d i r e c t l y  above t h e  c o n t r o l  room and 

p a r t i a l l y  i n  t h e  c o n t r o l  rooin i t s e l f ,  The C o n t r a c t o r  was then  r e q u i r e d  t o  

renove a i l  o f  t h e  e x i s t i n g  machinery, e l e c t r i c a l  equipment,  and t h e  w a l l s  

and r o o f  o f  t h e  c o n t r o l  house w h i l e  p r o t e c t i n g  t h e  new c o n t r o l  c o n s o l e  f rom 

damage due t o  c o n s t r u c t i o n  and t h e  weather.  A f t e r  t h i s  o p e r a t i o n  was com- 

p i e t e d ,  t h e  w a l l s  and r o o f  o f  t h e  new c o n t r o l  house had t o  be e r e c t e d  

w i t h o u t  damaging t h e  conso le .  

The new machinery house a l s o  had t o  f u n c t i o ~  as a  new l i f t i n g  g i r d e r  

a t  each end o f  t h e  l i f t  span, The reasons f o r  t h i s  i n c l u d e d  t h e  r e q u i r e -  

ment t h a t  t h e  span r e t a i n  i t ' s  o r i g i n a l  appearance. The e x i s t i n g  g i r d e r  

was a combinat ion beam and t r u s s  arrangement t h a t  t r a n s f e r r e d  t h e  we igh t  o f  

t h e  l i f t  span froin t h e  t r u s s e s  t o  t h e  suspending ropes.  I t was p o s s i b l e  t o  



see t h r o u g h  t h e  l i f t i n g  g i r d e r  w h i l e  froin t i l e  roadway, however, v i s i b i l i t y  

t l r rough t h i s  a rea  was a l s o  r e s t r i c t e d  by s t r u c t u r a l  me~nbers i n  t h e  towers .  

It was conc luded  t h a t  because o f  t h i s  r e s t r i c t e d  v i s i b i l i t y ,  so l  i d  w a l l s  i n  

t h i s  l o c a t i o n  would be a  ininirnal change wh ich  would r iot  be o b j e c t i o n a b l e .  

The v i e w  o f  t h e  s i d e  o f  t h e  s i d e  o f  t h e  l i f t  span was inore c r i t i c a l .  

People were tnore used t o  t h e  appearance o f  t h i s  l o c a t i o r i  by day and by 

n i g h t .  Accent l i g h t i n g  was used on t l i e  b r i d g e  as a  n i g h t  landmark f e a t u r e .  

There was a  l a r g e  v e r t i c a l  gusset  p l a t e  on t h e  o u t s i d e  o f  t h e  t r u s s  a t  t h e  

e x i s t i n g  g i r d e r .  I t was dec ided t h a t  t h e  shape o f  t h e  new l i f t i n g  y i r d e r  

w a l l  ,at  t h i s  l o c a t i o n ,  be t h e  same shape as t h i s  gusset  p l a t e  and s i iou ld  

not  be any l a r g e r  than  necessary.  By n e c e s s i t y ,  t h e  new end w a l l  c o u l d  n o t  

conform t o  d l  l these  r e s t r a i n t s  and s t i  11 p r o v i d e  i t ' s  r e q u i r e d  f u n c t i o n .  

An a r c h i t e c t u r a l  t r e d t m e n t  was p r o v i d e d  which emphasized t h e  o r i g i n a l  

shave. 

I n  o r d e r  t o  conform t o  t h e  agreed upon c r i t e r i a  and t o  p reven t  any 

encroach~nent on c lea rances  over  t h e  roadway su r face ,  t h e  new machinery and 

e l e c t r i c a l  equipment had t o  be i n  t h e  same l o c a t i o n  as t h e  e x i s t i n g  l i f t i n g  

g i r d e r  which spanned betweiln t h e  l i f t  span t r u s s e s .  The new l i f t  spdn 

w a l l s  had t o  r e p l a c e  t h e  f u n c t i o n  o f  t h e  e x i s t i n g  l i f t i n g  g i r d e r  so t h a t  it 

c o u l d  be removed t o  p e r m i t  t h e  placement o f  t h e  new rnecl ianical and e l e c t -  

r i c a l  equipment.  To f u r t h e r  comp l i ca te  t h i s  o p e r a t i o n  t h e  work had t o  be 

dccompl i shed  w i t l l o i i t  t i i  s r u p t i i i y  v e h i c u l a r  o r  r i idr ine t r d f t i c .  A secjuence ~f 

c o n s t r u c t i o n  was developed which would conforrir t o  t i i ese  c o i l s t r d i n t s .  Tile 

f i r s t  i tern was t o  p l a c e  t h e  new i i idci l i r iery rovrn erid p l d t e s  a t  t i r e  l o c a t i o n  

o f  t h e  e x i s t i n g  t r u s s  gusset  p l a t e s  a t  t h e  end o f  t h e  t r u s s .  A mini i i ia l  

c l o s u r e  t o  n a v i g a t i o n  was g ran ted  by t i l e  U.S. Coast Guard f o r  t h i s  oper-  

a t i o n .  It was f e l t  t h a t  t h e  C o n t r a c t o r  would  want t o  p r o v i d e  an indep-  

e n d e n t  s u p p o r t  f o r  t h e  c o u n t e r w e i g h t  when t h e  g u s s e t  p l a t e  was d i s -  

connected. It should  be p o i n t e d  o u t  t h a t  t h i s  gusset p l a t e  was used t o  

t r a n s f e r  o n e - h a l f  o f  t h e  t r u s s  we igh t  t o  t h e  l i f t i n g  g i r d e r  and f rom t h e r e  

t o  t h e  suspending ropes a t t a c h e d  t o  t l i e  coun te rwe igh t .  A f t e r  t h e  new end 

p l a t e s  were i n s t a l l e d ,  t h e  new r e a r  w a l l  was i o s t a l l e d .  t h i s  w a l l  had t o  be 

i n s t a l l e d  between t h e  face of t h e  tower  and t h e  e x i s t i n g  end o f  t h e  l i f t  



span. Fran l ing  t h i s  t o  c l e a r  t h e  e x i s t i n g  o p e r a t i n g  ropes and t h e i r  d e f l e c -  

t o r  stieaves was a  t u r t h e r  conrp l icd t io r i .  A f t e r  t h i s  o p e r d t i o n ,  i r r s t d l  l i r ig  

t h e  remainder  o f  t h e  new niachinery house was easy. Ky l o c a t i n y  t h e  f u t u r e  

access doors  i n t o  t h e  machinery house where t h e  e x i s t i n g  o p e r a t i n g  ropes 

were, t h e  f r o n t  w a l l  c o u l d  be i n s t a l l e d .  It was then  r e q u i r e d  t o  i n s t a l l  

t h e  new rnachinery room f l o o r .  T h i s  would t h e n  p r o v i d e  maximum p r o t e c t i o n  

t o  t h e  t r a v e l i n g  p u b l i c  w h i l e  t h e  rema in ing  work was done. The e x i s t i n g  

l i f t i n g  g i r d e r  had two l a r g e  v e r t i c a l  yusse t  p l a t e s  on each s i d e  wh ich  were 

a t t a c h e d  t o  t h e  l i f t  span t r u s s  and extended toward t h e  c e n t e r  o f  t h e  

b r i d g e .  The anchorages f o r  t h e  suspending ropes were a t t a c h e d  between 

these two g u s s e t s .  The t r i i s s e d  p o r t i o n  o f  t h e  l i f t i n g  g i r d e r  was a l s o  

a t t a c h e d  t o  t h e s e  gussets .  A new welded beam was designed t o  be p laced  

between t h e  t o p  chord and t h e  end d iagona l  o f  t h e  l i f t i n g  g i r d e r  t r u s s .  

T h i s  beam spanned between t h e  f r o n t  and r e a r  w a l l s  o f  t h e  new machinery 

house and was a l s o  a t t a c h e d  t o  t h e  ends o f  t h e  e x i s t i n g  l i f t i n g  g i r d e r  

g u s s e t  p l a t e s .  T h i s  new beam c o u l d  t h e n  t r a n s f e r  t h e  l o a d s  f r o m  t h e  

e x i s t i n g  l i f t i n g  g i r d e r  t o  t h e  w a l l s  o f  t h e  new machinery  house. The 

t r u s s e d  p o r t i o n  arid a l s o  t h e  p o r t i o n  o f  t h e  gusset  p l a t e s  below t h e  new 

suppor t  beam O f  t h e  e x i s t i n g  l i f t i n g  g i r d e r  c o u l d  t h e n  be removed. Wi th  

t h e  removal o f  t h e  e x i s t i n g  l i f t i n g  g i r d e r ,  t h e  new machinery  house would 

now accommodate t h e  i r i s t a i l a t i o n  o f  t h e  new d r i v e  system. The r o o f  o f  t h e  

m a c h i n e r y  h o u s e  c o u l d  be i n s t a l l e d  a t  any t i m e  a f t e r  t h e  w a l l s  were 

e rec ted .  The des ign  a n t i c i p a t e d  and p e r m i t t e d  p o r t i o n s  o f  t h e  r o o f  arid 

i t ' s  f raming t o  be l e f t  u n i n s t a l l e d  u n t i l  a f t e r  t h e  machinery and 

e l e c t r i c a l  equipment was i n  p l a c e  t o  p e r m i t  e a s i e r  i n s t a l l a t i o n  access. 

As  you can see, t h e  r e s t r a i n t s  imposed by t h e  l o c a t i o n  o f  and t h e  

c r i t i c a l  n a t u r e  of t h i s  b r i d g e  made t h e  r e n o v a t i o n  o f  t h e  D u l u t n  A e r i a l  

B r i d g e  a d i f f i c u l t  and c h a l l e n g i n g  p r o j e c t  which r e q u i r e d  i n n o v a t i v e ,  i f  

not  unique,  e n g i n e e r i n g  s o l u t i o n s .  I f e e l  t h a t  t h e  f i r m  o f  Howard Needles 

Tammen and Bergendof f  can be proud o f  t h e  r o l e  t h e y  p l a y e d  i n  b r i n g i n g  t h e  

renova t ion  t h e  D u l u t h  A e r i a l  B r i d g e  t o  a  success fu l  c o n c l u s i o n .  


