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1 .  PURPOSE 

The p u r p o s e  o f  t h i s  p a p e r  i s  two f o l d .  F i r s t ,  i t  w i l l  

p r o u i d e  a n  o u e r u i e w  o f  t:he p l a n n i n g ,  d e s i g n  and 

cos~st.ruct:i .on o f  t h e  Columbus Dri.ue B a s c u l e  B r i d g e  i n  

Cii-icago. I l l i n o i s .  T h i s  b r i d g e  i s  t h e  i o n g e s t  and i u i d e s t  

n ~ o u a b l e  b r i d g e  i n  C h i c a g o  and one  o f  t h e  l a r g e s t  b a s c u l e  

b r i d g e s  i n  t h e  w o r l d .  Rnd. s e c o n d l y  t h i s  p a p e r  w i l l  p o i n t  

o u t  a r t i c l e s  i n  t h e  Amer ican  A s s o c i a t i o n  OF S t a t e  Highway 

and T r a n s p o r t a t i o n  O f f i c i a l s  (ARSHTO) " S t a n d a r d  

S p e c i f i c a t i o n s  f o r  Mouable tlighway B r i d g e s "  t h a t  a r e  

r e l a t e d  t o  t h e  s t r e s s e s  i n  t h e  c o r n e r s  o f  keyways and  w h i c h  

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

m o d i f i c a t i o n  and  amendment .  T h i s  b e l i e f  i s  b a s e d  on 

e x p e r i e n c e  g a i n e d  i n  t h e  i n u e s t i g a t i o n  o f  a  p i n i o n  g e a r  

f a i l u r e  t h a t  o c c u r r e d  on t h e  Columbus D r i u e  B r i d g e .  

2 .  E A R L Y  PLANNING AND P R E L I M I N R R Y  DESIGN 

The Columbus D r i u e  B a s c u l e  B r i d g e  i s  t h e  main  l i n k  b e t w e e n  

t h e  I l l i n o i s  C e n t e r  Air R i g h t s  Deueloprnent  and  t h e  New 

S t r e e t e r u i l l e  Deuelopment  w h i c h  i s  p r o p o s e d  n o r t h  o f  t h e  

C h i c a g o  R i u e r  i n  C h i c a g o ,  I l l i n o i s .  'The I . C .  Air R i g h t s  

Oeuelopment  i s  a n  8 3 - - a c r e  c i t y  w i t h i n  a  c i t y  l o c a t e d  on t h e  

f o r m e r  I l l i n o i s  C e n t r a l  R a i l r o a d  Yard s o u t h  o f  t h e  C h i c a g o  

R i u e r .  

The I . C .  Air R i g h t s  Deue lopmen t  was p r o v i d e d  w i t h  a  

i n n o v a t i v e  t r i - l e u e l  roadway n e t w o r k  i n  o r d e r  t o  m i n i m i z e  

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

t r a f f i c  on t h e  u p p e r  l e v e l ,  t h r o u g h  t r a f f i c  on t h e  

i n t e r m e d i a t e  l e u e l ,  and  t r u c k  and d e l i u e r y  t r a f f i c  o n  t h e  

l o w e r  l e u e l .  The Columbus D r i u e  B a s c u l e  B r i d g e  c a r r i e s  

roadway and p e d e s t r i a n  t r a f f i c  a c r o s s  t h e  C h i c a g o  R i v e r  a t  

t h e  i n t e r m e d i a t e  l e u e l .  



The bridge prouides a new major North-South through street 

which is parallel to and halfway between Michigan Auenue 

and Lake Shore Driue. The Columbus Driue Bridge, which is 

the first bascule bridge at a new Chicago River location in 

over 40 years, carries seuen lanes of traffic, three lanes 

in each direction and a left turn lane, along with two ten 

foot sidewalks. 

The new Columbus Driue extension is currently being 

utilized as a detour for traffic during construction to 

eliminate the 90-degree turns on Lake Shore Driue. 

The Columbus Driue Bridge is the longest and widest mouable 

bridge in Chicago and is one of the largest bascule bridges 

in the world. The bridge is approximately 270 feet between 

trunnions and the mouable part is 110 feet wide. Clearance 

for ships is 21 feet aboue Chicago City Datum for a width 

of 177 feet. 

The AASHTO "Standard Specifications for Mouable Highway 

Bridges" was utilized in the design of the bridge along 

with supplemental requirements from the City of Chicago. 

The mouable part main supporting members are box girders 

iather than the more conuentional trusses utilized 

throughout Chicago. The conuentional design for a bascule 

bridge is to locate through trusses at the outside of the 

operating lanes. The roadway is supported by floorbeams 

spanning between the trusses and the sidewalks are carried 

b y  brackets cantileuered from the trusses. Since the 

Columbus Driue design called for seuen lanes of traffic, 

the use of through trusses located at the curb lines was 

not. feasible. Another alternatiue would be to design for 

three through trusses thus cutting the floorbeam span i n  

ha1I.f. Howeuer, location of through trusses along the 

centerline and curb lines of the bridge would create a 



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

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

l l ~ e  s t r u c t u r e .  T h e r e f o r e ,  t o  d e s i g n  a n  a e s t h e t i c a l l y  

p i r a s i n y  s t r u c t u r e  w i t h  a d e q u a t e  c l e a r a n c e  f o r  r i v e r  

t r a f ' f i c  u n d e r  t h e  b r i d g e ,  b u t  i* i i thout  t h e  h a z a r d o u s  t r u s s e s  

p r o j e c t i n g  above  t h e  d e c k ,  i t  was d e c i d e d  t h a t  f o u r  box 

g i r d e r s  l o c a t e d  c o m p l e t e d  u n d e r  t h e  deck  would be u t i l i z e d  

t o  s u p p o r t  e a c h  l e a f .  

The g o a l  was t o  d e s i g n  a n  a e t h e s t i c a l l y  p l e a s i n g  s t r u c t u r e  

{:hat would b l e n d  w i t h  t h e  modern r e d e v e l o p e d  a r e a .  T h i s  

was a c c o m p l i s h e d  by d e s i g n i n g  t h e  box g i r d e r s  w i t h  one  

f i e l d  s p l i c e  p e r  member.  Because  o f  t h e  s i z e  o f  t h e  b r i d g e  

and  u n i q u e n e s s  o f  t h e  d e s i g n ,  a n  i n u e s t i g a t i o n  was made t o  

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

The outcome o f  t h e  i n u e s t i g a t i o n  was a  p r o p o s e d  

c o n s t r u c t i o n  s e q u e n c e  f o r  t h e  box g i r d e r s ,  ( s e e  F i g u r e  1 ) .  

T h i s  c o n s t r u c t i o n  s e q u e n c e  c a l l e d  f o r  t h e  e r e c t i o n  o f  t h e  

main box g i r d e r s  i n  f i v e  s t a g e s :  

STAGE 1 - C o n s t r u c t  f o u n d a t i o n s  and  e r e c t  t r u n n i o n  

columns  . 

STAGE 2 - E r e c t  a n c h o r  a r m .  ( I n  t h e  s c h e m a t i c  d r a w i n g  

o n l y  two o f  t h e  f o u r  a n c h o r  a rms a r e  s h o w n . )  

STAGE 3 - E r e c t  t r u n n i o n  g i r d e r s  by t h r e a d i n g  t h r o u g h  t h e  

a n c h o r  a r m s .  

Sl.RGE 4 - P o s i t i o n  t r u n n i o n  b e a r i n g s  

STAGE 5 - E r e c t  c o u n t e r w e i g h t  boxes  and  r i v e r  a rm 



D u r i n g  c o n s t r u c t i o n  t h e  s e q u e n c e  was m o d i f i e d  by t h e  

i n t r o d u c t i o n  o f  two f i e l d  s p l i c e s  i n  t h e  l o w e r  c h o r d  o f  

e a c h  a n c h o r  a rm.  Thus a l l o w i n g  S t a g e  2 t o  b e  t h e  e r e c t i o n  

o f  t h e  t r u n n i o n  g i r d e r s ,  f o l l o w e d  by p o s i t i o n i n g  o f  

t r u n n i o n  b e a r i n g s ,  and  t h e n  t h e  e r e c t i o n  o f  t h e  a n c h o r  a rms  

by t w i s t i n g  them o u e r  and  a r o u n d  t h e  t r u n n i o n  g i r d e r .  

3 .  SUBSTRUCTURE 

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

t h e  b r i d g e  i s  i n  t h e  up p o s i t i o n .  The b o t t o m  o f  t h e  p i t  

f l o o r  i s  l o c a t e d  a p p r o x i m a t e l y  2 8  f e e t  be low t h e  g r o u n d  

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

h y d r o s t a t i c  head o f  w a t e r .  C o n s e q u e n t l y ,  t h e  p i t s  a r e  

r n a s s i u e  c o n c r e t e  s t r u c t u r e s .  The r i u e r  w a l l  i s  s e u e n  f e e t  

a t  t h e  b a s e  and  t h e  c o u n t e r f o r t  a p p r o x i m a t e l y  t h i r t e e n  

f e e t ,  The p i t  s l a b  i s  4 . 5  f e e t  t h i c k .  Each p i t  i s  

s u p p o r t e d  by 2 3  c a i s s o n s ,  r a n g i n g  i n  s i z e  f r o m  f o u r  t o  

s e u e n  f e e t  i n  d i a m e t e r .  

4 .  MOVABLE PART SUPERSTRUCTURE 

One o f  t h e  mos t  n o t a b l e  f e a t u r e s  o f  t h e  b r i d g e  i s  t h e  u s e  

o f  box g i r d e r s  i n s t e a d  o f  t h e  more t r a d i t i o n a l  t r u s s e s  f o r  

t h e  main moueab le  p a r t  members.  Each box g i r d e r  i s  

composed o f  two p a r t s :  t h e  r i u e r  a rm and  t h e  a n c h o r  a rm.  

Euen t h o u g h  t h e  a n c h o r  a rm r e s e m b l e s  a  t r u s s  i t  i s  a c t u a l l y  

a  we lded  f r a m e .  The o p e n i n g s  i n  t h e  a n c h o r  a rm w e r e  

i n t r o d u c e d  t o  r e d u c e  t h e  w e i g h t  o f  t h e  box g i r d e r s  and  t o  

p r o u i d e  s p a c e  f o r  t h e  r a c k  and p i n i o n  d r i u e  s y s t e m .  The 

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

Becauge t h e  a n c h o r  arm a s s e m b l y  i s  a c t u a l l y  a  r i g i d  f r a m e ,  

t h e r e  was c o n c e r n  t h a t  r e s i d u a l  s t r e s s e s  would  be  i n d u c e d  

by w e l d i n g ,  e s p e c i a l l y  i f  f u l l  p e n e t r a t i o n  w e l d s  w e r e  



required. A study of the residual stresses was made and it 

was determined that partial penetration welds would be 
aduantageous for certain portions of the box girder. The 

use of partial penetration weids not only reduced the 

f:abrication costs but also resulted in a reduction of total 

stress, particularly in some of the critical areas of the 

anchor arm. 

Connecting to each anchor arm to complete the main girder 

is a riuer arm. Each riuer arm is 2.5 feet wide and 1 2 1  

feet long. The depth varies from four feet at the center 

break to twenty two feet at the field splice with the 

anchor arm. The flange plates are from 1 - 1 / 2  to three 

inches in thickness and the web plates uary from one to two 

inches, Each riuer arm weights 9 2  tons. 

The connection between each anchor and riuer arm required 

4 8 4  - 1 - 1 / 4  inch diameter A490  high strength bolts and 7 4  - 

7 / 8  inch diameter A325 high strength bolts. 

Each leaf weights 6.3 million pounds. To balance the 

weight of the riuer arm about the trunnion a counterweight 

is provided at the back of the anchor arm. The 

counterweight on the Columbus Uriue Bridge consists of a 

steel counterweight box which is filled with steel slabs 

and heauy weight concrete. A total of 3,000 tons of 

concrete counterweight was required. The concrete 

counterweight has pockets formed in i t  for placement of 

cast iron counterweight blocks which are used to fine tune 

the balancing and provide for future modifications to the 

bridge. 

5 .  MLCHINERY 

The machinery for operating the bridge consists of two rack 

and pinion gear driue systems per leaf, (See Figure 2 ) .  

Each gear train includes an 1 5 0  horsepower main driue 



m o t o r ,  w h i c h  i s  c o u p l e d  t o  a  h o r i z o n t a l  r i g h t  a n g l e  s p e e d  

r e d u c e r  w i t h  c r o s s  s h a f t  o u t p u t  t o  a  p i n i o n  g e a r .  T h i s  

p i n i o n .  w h i c h  h a s  a  p i t c h  d i a m e t e r  o f  2 2 . 2 8 2  i n c h e s ,  meshes  

w i t h  a  1 0 3 . 4 5 1  i n c h  p i t c h  d i a m e t e r  s p u r  g e a r  w h i c h  i s  on a  

common s h a f t  w i t h  t h e  main  r a c k  p i n i o n .  The r a c k  p i n i o n  

h a s  a  37.8 '79 i n c h  p i t c h  d i a m e t e r  and  i t  i s  made f r o m  AST'M 

6 6 6 8 ,  C l a s s  D f o r g e d  c a r b o n  s t e e l .  The r a c k  h a s  a n  18 f o o t  

p i t c h  r a d i u s  and i t  i s  mach ined  f r o m  ASTM A27, G r a d e  

70.36 c a s t  s t e e l .  The o u e r a l l  s p e e d  r a t i o  f r o m  m o t o r  s h a f t  

t o  r a c k  p i n i o n  s h a f t  i s  283 t o  1 .  

The s p u r  g e a r  i s  machined  f r o m  t h e  same g r a d e  c a s t  s t e e l  a s  

t h e  r a c k ,  w h i l e  t h e  p i n i o n  o f f  t h e  main d r i u e  s p e e d  r e d u c e r  

i s  made f r o m  t h e  same f o r g e d  c a r b o n  s t e e l  a s  t h e  r a c k  

p i n i o n .  The r a c k  p i n i o n  s h a f t  i s  composed o f  OSTM 0668 ,  

C l a s s  D f o r g e d  c a r b o n  s t e e l .  

O f f  a  c r o s s  s h a f t  f r o m  t h e  main d r i u e  s p e e d  r e d u c e r  i s  a  40 

h o r s e p o w e r  a u x i l i a r y  d r i u e  s y s t e m .  The 40  h o r s e p o w e r  m o t o r  

d r i u e s  a  r i g h t  a n g l e  s p e e d  r e d u c e r .  The two r e d u c e r s  a r e  

c o n n e c t e d  by a  c l u t c h  o r  c u t  o u t  c o u p l i n g  w h i c h  i s  u t i l i z e d  

t o  d i s e n g a g e  t h e  a u x i l i a r y  s y s t e m  when t h e  main  d r i u e  

s y s t e m  i s  u s e d .  The s p e e d  r a t i o  f r o m  40  h o r s e p o w e r  m o t o r  

s h a f t  t o  r a c k  p i n i o n  s h a f t  i s  2830 t o  1 .  

The 150 h o r s e p o w e r  m o t o r s  a r e  c a p a b l e  o f  o p e n i n g  t h e  b r i d g e  

i n  80 s e c o n d s ,  w h i l e  t h e  t i m e  o f  o p e r a t i o n  f o r  t h e  40 

h o r s e p o w e r  back-up s y s t e m  i s  a p p r o x i m a t e l y  f i v e  m i n u t e s .  

The b r i d g e  i s  d e s i g n e d  t o  be  opened  by j u s t  one  o f  t h e  150  

h o r s e p o w e r  m o t o r s  i n  a n  e m e r g e n c y .  

Each o f  t h e  f o u r  g e a r  t r a i n s  h a s  t h r e e  b r a k e s .  Two m o t o r  

o r  s e r u i c e  b r a k e s ,  o n e  f o r  e a c h  m o t o r ,  and  o n e  m a c h i n e r y  

b r a k e .  The m a c h i n e r y  b r a k e  i s  l o c a t e d  o f f  t h e  c r o s s  s h a f t  

of  t h e  main  s p e e d  r e d u c e r .  



Spllt type plllow block bearlngs wlth bronze bushlngs were 

used throughout 

The trunnions are made from 24 inch diameter ASTM R668, 

Class D forged carbon steel. They are fitted into a hole 

in the central part of each anchor arm. The trunnion 

bearing stand ouer fiue feet tall and are made from cast 

steel with bronze bushings. 

The anchor bolts for the machinery are as 'large as 3-3/4 

inches in diameter and 12 feet 9 inches long. 

6. CONTROL SYSTEM 

The bridges primary control system is a thyristor control 

system or speed control type system operating the 150 

horsepower wound rotor motors. As a back-up each 150 

horsepower inotor has a stepped resistor or torque control 

type system. A stepped resistor control system is also 

utilized to operate the 40 horsepower auxiliary motors. 

7. CONSTRUCTION 

The construction of the Columbus Drive Bascule Bridge began 

in the summer of 1980, The total cost of construction was 

approximately $33 million. One of the most notable points 

during the construction was the utilization of a barge 

mounted, 150 ton crane for the erection of the larger 

structural steel and machinery components. 

Because each bascule girder had just the one point of 

adjustment between the river arm and anchor arm, closer 

than normal tolerances were specified for the fabrication 

of the girders. Through the combined efforts of the steel 

fabricators and the steel erector near perfect alignment 

between the girders of each leaf was achieued. 



On October 18, 1982, the Columbus Drive Bridge was 

dedicated to the memory of Police Officer William P .  Fahey, 

who died in the line of duty as a result of a gunshot wound 

earlier that year. And on October 31. 1985 the bridge was 

officially opened to traffic. 

8. RACK PINION FAILURE 

For the most part the construction phase of the project was 

uneventful. Howeuer, on March 10, 1983 while the 

Contractor was conducting a training session for City of 

Chicago bridge operators and maintenance personnel, 

difficulty in operating the north leaf was experienced. 

Upon inuestigation into the machinery room it was 

discovered that the northeast rack pinion had factured into 

two pieces through the hub. Each of the fractures was 

located at the corner of the two keyways that was prouided 

in the gear hub. (See Figure 3). 

An inuestigation into the cause of the failure was 

immediately undertaken by the City of Chicago and also the 

Contractor. A final determination as to the cause of the 

failure has not been made. The purpose of this paper is 

not to determine the cause of the failure but instead to 

point out prouisions of the AASHTO "Standard Specifications 

for Movable Highway Bridges" which are related to this gear 

failure and which in the authors opinion should be 

clarified, modified or expanded. The inuestigation and 

recommendation for modification of each of the prouisions 

listed below should be the topic of a committee effort 

which could be presented as a paper for consideration to 

AASHTO. 



2 . 5 . 1 1  . .. -- U n i t  S t r g s s g s  i n  Mach ine ry  P a r t s  

The m a t e r i a l s  l i s t e d  f o r  u s e  i n  m a c h i n e r y  p a r t s  a r e  f o r  

t h e  most. p a r t  n o t  t h e  h i g h e s t  s t r e n g t h  n o r  t h e  f i n e s t  

qua1it:y i n a t e r i a i s  a u a i l a b l e  t o d a y .  I t  i s  rec~~ii~rnc+l.rded 

t h a t  h i g h e r  s t r e n g t h  and  b e t t e r  q u a l i t y  m a t e r i a l s  be  

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

d e s i g n e r .  S u p p l e m e n t a l  p r o u i s i o n s  on t h e  q u a l i t y  o f  

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

Charpy &.Notch r e q u i r e m e n t s  t o  c o n t r o l  b r i t t l e  f r a c t u r e  

and  p r o u i s i o n s  f o r  t h e  c o n t r o l  o f  i n c l u s i o n s .  

T h i s  a r t i c l e  a l s o  i n c l u d e s  p r o u i s i o n s  f o r  s t r e s s  

c o n c e n t r a t i o n s  c a u s e d  by keyways b u t  d o e s  n o t  rriake i t  

c l e a r  w h e t h e r  o r  n o t  t h e  c o r n e r s  o f  t h e  keyways mus t  be 

f i . l . l e t e d .  The ANSI S t a n d a r d  on "Keys and  K e y s e a t s "  

USAS 8 1 7 . 1  i n d i c a t e s  t h a t  " I n  g e n e r a l  p r a c t i c e ,  

c h a m f e r e d  keys  and  f i l l e t e d  k e y s e a t s  a r e  n o t  u s e d .  

t lowt?uer ,-  i t  i s  r e c o g n i z e d  t h a t  f i l l e t s  i n  k e y s e a t s  

d e c r e a s e  s t r e s s  c o n c e n t r a t i o n s  a t  c o r n e r s " ,  The RNSI 

S t a n d a r d  g o e s  f u r t h e r  t o  s u g g e s t e d  s i z e s  o f  f i l l e t s  and  

c h a m f e r s  on t h e  keys  b a s e d  on keyway d e p t h .  I t  i s  

rt~comrnended t h a t  t h e  u s e  o f  f i l l e t e d  keyways and  

cha rn fe r red  keys  be  i n u e s t i g a t e d  and  be  con!;idc+red f o r  

i n c l u s i o n  i n t o  t h e  s p e c i f i c a t i o n s .  

S h o u l d  t h e  p r o u i s i o n  t h a t  t h e  hub l e n g t h  be  n o t  l e s s  

t h a n  1 . 2 5  t i m e s  t h e  w i d t h  o f  t h e  t e e t h  F o r  g e a r  c ~ r h e e l s  

a p p l y  t o  p i n i o n  g e a r s ?  The p r o b l e m  w i t h  n o m e n c l a t u r e  

( g e a r  w h e e l s )  c o u l d  be  e l i m i n a t e d  by t h e  i n c l u s i o r ~  o f  a  

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

t e r m s  t h r o u g h o u t  t h e  s p e c i f i i c a t i o n .  



r11:is p r o u i s i o n  f u r t h e r  s t : ~ t : e s  t h a t ,  " i h e  l h i c k ~ . i e s s  o f  

t h e  hub ,  p r e f e r a b l y ,  s h a l l  be  n o t  l e s s  t h a n  0 . 4  o f  t h e  

d i d m e t e r  o f  t h e  b o r e " .  I t  i s  n o t  c l e a r ,  howeuer ,  

~whc t l l e r  t h i s  t h i c k n e s s  i s  t o  be  measured  t h r o u g h  t h e  

f1.11.l hub t k ~ i c k n e s s  o r  a t  t h e  r e d u c e d  sc .c t . ion  a t  a  

keyway.  

The abouc  a r t i c l e s  haue  been  s i n g l e d  o u t  b e c a u s e  t h e i r  

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

f a i i u r e ,  b a s e d  on a  p a r t i c u l a r  i n t e r p r e t a t i o n .  The a u t h o r  

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

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

QnStirO s p e c i f i c a t i o n  p r o u i s i o n s  c l o u d e d  t h e  r e a l  c a u s e  o r  

c a u s e s  o f  t h e  g e a r  f a i l u r e .  

I t  s h o u l d  be  n o t e d  t h a t  t h e  g e a r  t h a t  f a i l e d  was r.c?p'laced 

u t ' i l i z i n g  t h e  same d e s i g n ,  e x c e p t  t h e  C o n t r a c t o r  e l e c t e d  

t o  p r o u i d e  f i l l e t s  i n  t h e  c o r n e r s  o f  t h e  keyways ,  and  t h e  

g e a r  has  been  p e r i o d i c a l l y  i n s p e c t e d  and  h a s  f u n c t i o n e d  

p r o p e r l y  s i n c e  t h e  b r i d g e  was r e o p e n e d  i n  Nouember 1 9 8 3 .  

10. CONCLUSIONS 

numbabr o f  n l o d i f i c a t i o n s  t o  a r t i c l e s  c o n t a i n e d  i n  t h e  

QFISHTO Mouable B r i d g e  S p e c i f i c a t i o n s  haue  beer1 pr*c::;r!nted. 

Howeuer,  a s  a n y o n e ,  who h a s  e u e r  d e s i g n e d  a  s t r u c t u r e  

b a s e d  on t h i s  s p e c i f i c a t i o n ,  knows t h e s e  a r e  i?ot L h c !  o n l y  

p i u u i s i o n s  t h a t  c o u l d  be  c o n s i d e r e d  f o r  r e u i s i o n .  I t  i s  

s t r o n g l y  recommended t h a t  a  c o m m i t t e e  be  e.it.ak)li.r;hed t o  

meet  t h e  symposiums GOFIL o f  d r a f t i n g  r e c o m m e n d a t i o n  t o  t h e  

e x i s t i n g  d e s i g n  c r i t e r i a  f o r  mouab le  b r i d g e s  m a i n t a i n e d  by 

AASHIO. T h i s  c o m m i t t e e  s h o u l d  haue  p r i o r  a p p r o v a l  o f  

AFISHFO t o  p e r f o r m  t h i s  t a s k ,  and  s h o u l d  mee t  on a  r e g u l a r  

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

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








