
2nd Biennial 

Movable Bridge Symposium 

November 1 0 ,  1 1 ,  & 12. 1987 

St. Petersburg Beach, Florida 

INSPECTlON MANUALS FOR MOVABLE BRIDGES 

b Y 

Kenneth N. Smlth 

Prof esior 

UNIVERSITY OF WATERLDD 

Waterloo. Ontario 

Canada 



INSPEaION W A L S  POR MOVABLE BRIKES 

by Kenneth N. S d t h *  

Rout ine  p e r i o d i c  i n s p e c t i o n s  o f  movable b r i d g e s  l ead  t o  p revenra -  
t i v e  maintenance and v a r i o u s  remedia l  measures. This  p a p e r  d e s c r i b e s  
i n s p e c t i o n  manuals r h a i  were p repared  by t h e  au thor  f o r  a  swing b r i d g e  
and a  b a s c u l e  b r idge ,  Both b r i d g e s  were o r i h o t r o p i c  s t e e l  deck p l a t e  
s t r u c t u r e s  wi th  an a s p h a l t  s u r f a c e ,  Each a a n u a l  i s  a b o u t  65 pages i n  
l e n g t h ,  and d u r i n g  an i n s p e c t i o n  o b s e r v a t i o n s  may be e n t e r e d  d i r e c t l y  
i n  t h e  manual s o  t h a t  i t  a l s o  s e r v e s  as an i n s p e c t i o n  r e p o r t .  

An i n t r o d u c t o r y  p o r t i o n  of t h e s e  documents i n c l u d e s  t h e  f o l l o w i n g  
format :  ( a )  g e n e r a l  i n s t r u c t i o n s  f o r  u s e  of t h e  manual, (b) q u a l i f i c a -  
t i o n s  of i n s p e c t o r s ,  ( c )  i n s p e c t i o n  r a r i n g  sys tem,  ( d )  d e s c r i p t i o n  of 
b r idge ,  ( e )  o p e r a t i o n  of t h e  b r i d g e ,  and i f )  i n t e r l o c k i n g  o f  c o n t r o l  
f u n c t i o n s .  The i n s p e c t i o n  p rocedures  p o r t i o n  of each  manual p r o v i d e s  a  
f u n c t i o n a l  s e p a r a t i o n  of i n s p e c t i o n  d u t i e s  a s  fo l lows :  ( 1 )  s t r u c t u r a l  
i n s p e c t i o n ,  ( 2 )  mechanical  i n s p e c t i o n ,  ( 3 )  e l e c t r i c a l  and c o n t r o l  
systems i n s p e c t i o n ,  ( 4 )  r e c o r d s  i n s p e c t i o n  and s t a t i s t i c a l  a b s t r a c t ,  
( 5 )  g e n e r a l  o p e r a t i o n  of span ,  ( 6 )  s p a r e  p a r t s  i n v e n t o r y ,  and (7) 
i n s p e c t i o n  summary. The s u b s t a n c e  of each of t h e  above s e c t i o n s  is 
p r e s e n t e d ,  a s  we l l  a s  some sample e x e r p t s  f rom t h e  docilments. 

Annual i n s p e c t i o n s  us ing  t h e s e  manuals minimize maintenance 
problems and promote conf idence  i n  t h e  c o n t i n u i n g  i n t e g r i t y  of the  
s t r u c t u r e s .  

* P r o f e s s o r ,  U n i v e r s i t y  of  Water loo.  



Mechanical  p o r t i o n s  of a  movable b r idge  o f t e n  r e c e i v e  f r e q u e n t  
a t t e n t i o n  by t h e  s t a f f  a s s o c i a t e d  wi th  t h e  s t r u c t u r e ,  such a s  l u h r i c a -  
t i o n  of moving p a r t s  which might be done on a  monthly b a s i s .  A t  t h e  
o t h e r  ex t reme  a  major review might be c a r r i e d  ou t  about e v e r y  t e n  y e a r s  
and i n c l u d e  f e a t u r e s  such a s  q u a n l i t a r i v e  load c a r r y i n g  c a p a c i t y  r a t i n g ,  
i n v e s t i g a t i o n  wi th  a  view t o  replacement of  major components, e s t i m a t i n ~  
t h e  y e a r s  of s e r v i c e a b i l i t y  remaining,  and comparison w i t h  r e v i s e d  
b r idge  codes .  Between t h e s e  two l i m i t s  i t  i s  b e n e f i c i a l  t o  have a  
r o u t i n e  p e r i o d i c  i n s p e c t i o n ,  normal ly  a n n u a l l y ,  by i n s p e c t o r s  who a r e  
n o i  p e r s o n n e l  a s s o c i a t e d  wi th  t h e  r o u t i n e  o p e r a t i o n  and maintenance of 
t h e  s t r u c t u r e .  This paper d e s c r i b e s  manuals prepared f o r  t h i s  type  of 
annual  r ev iew,  and t h e  corresponding i n s p e c t i o n q  have r e s u l t e d  i n  
p r e v e n t a t i v e  maintenance and v a r i o u s  remedia l  measures. 

The f i r s t  manual was w r i t t e n  f o r  a s p e c i f i c  swing br idge.  A second 
manual was l a t e r  prepared f o r  a  s p e c i f i c  bascu le  b r i d g e ,  Both manuals 
a r e  i d e n t i c a l  i n  format w i t h  on ly  t h e  d e t a i l s  t a i l o r e d  t o  t h e  i n d l v i d u a l  
s t r u c t u r e .  The subs tance  of t h e  documents g iven l a t e r  h e r e i n  w i l l  be 
d e s c r i b e d  f o r  t h e  case  of t h e  swing b r i d g e ,  

Both s t r u c t u r e s  a r e  o r t h o t r o p i c  s t e e l  deck p l a t e  b r i d g e s  w i t h  two 
highway t r a f f i c  l a n e s .  The s t e e l  deck p l a t e  s e r v e s  a s  t h e  t o p  f l a n g e  of  
t h e  l o n g i t u d i n a l  r i b  s t r i n g e r s ,  a s  t h e  t o p  f l a n g e  of t h e  f l o o r  beams, 
and a l s o  as t h e  t o p  f l a n g e  of t h e  main g i r d e r s .  Hence t h e  s t r u c t u r a l  
sys tem i s  e s s e n t i a l l y  a  s i n g l e  i n t e g r a l  member. An a s p h a l t  wear ing  
s u r f a c e  is placed on t h e  deck p l a t e  and c o n c r e t e s l d e w ~ l k s  a r e  
provided.  (Anecdo ta l ly ,  i t  might be mentioned t h a t  t h e  f i r s :  t ime Lhe 
ha.;ci~le b r i d g e  was r a i s e d ,  t h e  a s p h a l t  s i i d  o f f .  A b e t t e r  system t o  
s e c u r e  t h e  a s p h a l t  was then  provided.)  The swing b r idge  h a s  e q u a l  arms,  
e a c h  109 f e e t  i n  l e n g t h ,  and t h e r e  a r e  f o u r  f i x e d  approach s p a n s ,  two a t  
each  end. Figs .  1 t o  5 ( a t  t h e  end of t h e  t e x t )  show v a r i o u s  d e t a i l s .  
The bascu le  b r idge  is a  s i n g l e  l e a f  s t u c t u r e ,  having a c l e a r  span of  
about  53 f e e t ,  and one f i x e d  a d j a c e n t  span. A h y d r a u l i c  sys tem i s  
i n c o r p o r a t e d  i n  t h e  b a s c u l e  s t r u c t u r e ,  but  not  i n  t h e  swing b r idge .  

Each s e c t i o n  of t h e  manuals w i l l  be d e s c r i b e d  i n  subs tance  below 
w i t h  e x e r p t s  from t h e  manual f o r  t h e  swing b r i d g e  shown inden ted .  A 
manual is abou t  65 pages i n  l e n g t h ,  and d u r i n g  an i n s p e c t i o n  observa-  
t i o n s  may be e n t e r e d  d i r e c t l y  on t h e  document s o  t h a t  i t  a l s o  s e r v e s  a s  
an i n s p e c t i o n  r e p o r t .  

ImODOCTORI" PORTION OP m A L  

S e c t i o n s  ( a )  t o  ( f )  d e s c r i b e d  below a r e  f o r  g e n e r a l  background and 
in fo rmat ion  and r e q u i r e  no comment by t h e  i n s p e c t o r s .  

(a) General InsEructions for the Use of t h e  Manual 

This s e c t i o n  g i v e s  t h e  name of t h e  b r i d g e  and t h e  y e a r  c o n s t r u c t i o n  
was completed. A s p e c i f i c  t ime of y e a r  f o r  t h i s  a n n u a l  i n s p e c t i o n  is  



recommended and i t  is noted t h a t  t h e  work is i n  a d d i t i o n  t o  i n s p e c t i o n  
by main tenance  pe r sonne l  a s  desc r ibed  i n  t h e  Opera t ing  Manuals. 

(b) Q u a l i f i c a t i o n s  of  I n s p e c t o r s  

It is requ i red  t h a t  t h e  work s h a l l  be c a r r i e d  o u t  by o r  under t h e  
d i r e c t  s u p e r v i s i o n  of a p r o f e s s i o n a l  eng inee r  and t h a t  i n s p e c t o r s  n o t  be 
p e r s o n n e l  a s s o c i a t e d  w i t h  the  r o u t i n e  o p e r a t i o n  and maintenance of t h e  
s t r u c t u r e .  F a m i l i a r i t y  and a c c e s s  t o  the  c a n t  r a c t  drawings ,  s p e c i f i c a -  
t i o n s ,  shop  drawings ,  and mechanical  and e l e c t r i c a l  manuals should  be a  
p r e r e q u i s i t e  f o r  i n s p e c t o r s .  

( c )  I n s p e c t i o n  Rar ing  System 

The i n s p e c t o r ( s )  s h a l l  r a t e  each i n d i v i d u a l  i n s p e c t i o n  
i t e m  a c c o r d i n g  t o  t h e  fo l lowing  c l a s s i f i c a t i o n s :  

C l a s s i f i c a t i o n  R a t i n g  

The i t e m  o r  component is s a r i s f a c t o r y  w i t h  o r  w i t h o u t  
minor d e f i c i e n c i e s .  D e f i c i e n c i e s ,  i f  any,  a r e  t o  be 
no ted  by t h e  i n s p e c t o r ,  A 

The i t e m  o r  component is adequa te  a t  t h e  t ime o f  
i n s p e c t i o n  w i t h  s i g n i f i c a n t  d e f i c i e n c i e s  which cou ld  
cause  concern b e f o r e  t h e  n e x t  i n s p e c t i o n .  B 

The i t em o r  component has s i g n i f i c a n t  d e f i c i e n c i e s  
which r e q u i r e  a t t e n t i o n  o r  replacement b e f o r e  t h e  
n e x t  i n s p e c t i o n .  C 

The i n s p e c t o r ' s  r e p o r t  s h a l l  d e s c r i b e  f u l l y  and comment on 
any d e f i c i e n c i e s  which have been observed.  

(d)  & s c r i p t i o n  o f  Br idge  

A g e n e r a l  d e s c r i p t i o n  of t h e  s t r u c t u r e  and p r imary  mechanical  and 
e l e c t r i c a l  equipment is p r e s e n t e d  (abou t  two pages ) .  Reference  is made 
t o  any d u p l i c a t i o n  of  components t o  p rov ide  f o r  ma l func t ion .  

(e) Operat ion of t h e  Br idge  

A step-by-step procedure  f o r  opening and c l o s i n g  t h e  b r i d g e  is  
d e t a i l e d  s t a t i n g  t h e  o r d e r  t o  use  v a r i o u s  b u t t o n s  and s w i t c h e s .  
In fo rmat ion  is  a l s o  g i v e n  on o p e r a t i n g  i n  a n  o v e r t r a v e l  zone o r  u s i n g  
t h e  emergency motors.  

( f )  I n t e r l o c k i n g  o f  C o n t r o l  F u n c t i o n s  

The v a r i o u s  i n t e r l o c k s  which p reven t  such t h i n g s  as s e l e c t i o n  of 
t h e  g reen  n a v i g a t i o n  s i g n a l  b e f o r e  t h e  span is  f u l l y  open  a r e  i t emized .  
Any swi tches  which a l l o w  bypass ing  some of t h e  i n t e r l o c k  f u n c t i o n s  under  
abnormal c o n d i t i o n s  a r e  a l s o  g iven .  



INSPECTION PROCEDURES PORTION OF MANUAL 

This  is  the  main body of  t h e  manual and i s  d i v i d e d  i n t o  numbered 
s u b s e c t i o n s  t o  permit  t h e  assignment of i n s p e c t i o n  d u t i e s  t o  d i f f e r e n t  
agenc ies .  The i n s p e c t o r  a s s i g n s  a  r a t i n g  t o  each i tem o r  procedure  
l i s t e d  and r e c o r d s  comments as  a p p r o p r i a t e .  Subsec t ions  1 t o  5 s e r v e  a s  
a  permanent record of t h e  c o n d i t i o n  of the  br idge.  S e c t i o n  6 i s  a  
c h e c k l i s t  of s p a r e  p a r t s  which a r e  r e q u i r e d  t o  h kept on site. 
F i n a l l y ,  S e c t i o n  7 p rov ides  f o r  s h o r t  n a r r a t i v e  summaries r e g a r d i n g  t h e  
v a r i o u s  components and f o r  recommended r e p a i r s  o r  o t h e r  a c t i o n .  

(1) S t r u c t u r a l  I n s p e c t i o n  

Many s p e c i f i c  i tems on t h e  s u p e r s t r u c t u r e  a r e  l i s t e d  t o  be r a t e d  
i n d i v i d u a l l y ,  i n c l u d i n g  such  s t andard  t h i n g s  a s  c o n d i t i o n  of p a i n t ,  
c o n c r e t e  s i d e w a l k s , r a i l i n g s ,  j o i n t s ,  c o n n e c t i o n s ,  a s p h a l t ,  d r a i n s ,  e t c .  
C e r t a i n  measurements a r e  r e q u i r e d  a s  g i v e n  i n  t h e  two i t ems  quoted 
be low: 

Record t h e  h o r i z o n t a l  clearance between t h e  swing span and 
t h e  approach spans  a t  t h e  c e n t r e l i n e ,  wi th  t h e  swing span  
c l o s e d .  (See  F ig .  6 ) .  

Clearance  a t  t h e  west end 
Clea rance  a t  t h e  e a s t  end 

Compare wi th  a n t i c i p a t e d  c l e a r a n c e  shown on t a b l e  i n  Fig .  6. 

Record t h e  d rop  of  t h e  swing span  a t  t h e  c e n t r e l i n e  r e l a t i v e  
t o  t h e  approach spans  a f t e r  wedges a r e  withdrawn 4 F i g . 7 ) .  
The measurements a r e  t o  be t aken  on a  cloudy day  o r  a t  n i g h t  
t o  e l i m i n a t e  t he e f f e c t s  of t empera tu re  d i f f e r e n t i a l s .  The 
average  d rop  f o r  t h e  two ends  should  be 1 518 i n c h .  Due t o  
ba lance  wheel c l e a r a n c e ,  t h e  drop a t  one end w i l l  be 
s l i g h t l y  l a r g e r  than 1 518 i n c h  and s l i g h t l y  less than  1 5/8 
inch  a t  t h e  o t h e r  end. Check f o r  a  smal l  c l e a r a n c e  under  
each  balance  wheel w i t h  wedges d r i v e n .  

Measured d i p  a t  west  end 
Measured d i p  a t  e a s t  end 

Abutments and p i e r s  r e q u i r e  v a r i o u s  o b s e r v a t i o n s  such as accumula- 
t i o n  of d e b r i s  on t h e  t o p s  of p i e r s ,  c o n d i t i o n  o f  d r y  pack g r o u t ,  
ev idence  of c r a c k i n g ,  s p a l l i n g ,  exposure  of r e i n f o r c i n g  s teel ,  r u s t  
s t a i n s ,  e t c .  

F ig .  8 shows t h e  d o l p h i n s  and i t  is r e q u i r e d  t h a t  t h e  l o c a t i o n  of  
t h e  dolphin  p r o t e c t i o n  be checked w i t h  t h e  span open. 

S t r u c t u r a l  a s p e c t s  of t h e  c o n t r o l  tower  a r e  examined and i t  is a l s o  
r a t e d  f o r  c l e a n l i n e s s .  

For t h i s  p a r t i c u l a r  s t r u c t u r e  t h e r e  is a  s e t t l e m e n t  problem w i t h  
t h e  approach f i l l s ,  s o  p r o v i s i o n  f o r  e l e v a t i o n  r e a d i n g s  is i n c l u d e d .  



F i n a l l y ,  i n s p e c t i o n  of t h e  submarine c a b l e s  shown i n  Fig .  9 ,  a l o n g  
wi th  a  g e n e r a l  i n s p e c t i o n  f o r  s c o u r ,  is s p e c i f i e d  t o  he c a r r i e d  o u t  by a  
d i v e r .  

(2)  t%echanical Inspection 

A t y p i c a l  example from t h e  manual i s  a s  fo l lows :  

T h r u s t o r  Brakes 

a .  Observe brake o p e r a t i o n  f o r  p roper  gap between wheel 
and brake shoes  ( t h r u s t o r  t o  o p e r a t e  a t  approx imate ly  
one h a l f  of f u l l  s t r o k e ) .  

b. Check s p r i n g  s e t t i n g  ( 3  1 / 4  i n c h e s  between c o l l a r s ) .  

c .  Check o p e r a t i n g  c o n d i t i o n  of l i n k a g e  and p i n s .  

d.  Check t h a t  bottom p i v o t  of the  t h r u s t o r  is f r e e  t o  
t ilt .  

S i m i l a r l y ,  f o r  each of t h e  fo l lowing  i tems a  l is t  of r e q u i r e d  observa-  
t i o n s  i s  g iven :  

c e n t r e  p i v o t  
loop ing  power c a b l e s  
main d r i v e  motors 
f l e x i b l e  c o u p l i n g s  and g e a r  r e d u c e r  i n p u t  s h a f t  
b r i d g e  d r i v e  g e a r  r educer  
b r idge  d r i v e  s h a f t  and g e a r s  
wedge d r i v e  motors 
f l e x i b l e  coupling,  between wedge d r i v e  motors and g e a r  r e d u c e r  
d i s c  b rake  
wedge d r i v e  g e a r  r e d u c e r  
wedge d r i v e  s h a f t  
c e n t e r i n g  d e v i c e  and l i m i t  s w i t c h  
r o l l e r  path  
l i v e  load h e a r i n g s  
a u x i l i a r y  d r i v e s :  l i m i t  s w i t c h e s  
i n s p e c t i o n  p l a t f o r m  d r i v e  mechanism 
t r a f f i c  g a t e s  
d i e s e l  g e n e r a t o r  
c o n t r o l  tower 

The i n t e n t  of  t h e  above l i s t  is on ly  t o  i n d i c a t e  t h e  scope  of t h e  work. 
For each of t h e  i t ems  t h e r e  would be anywhere from one t o  t e n  s p e c i f i c  
o b s e r v a t i o n s  t o  be made. For many of  t h e  components i t  is  r e q u i r e d  t h a t  
t h e  l u b r i c a t i o n  should be checked,  bu t  t h e  manual s t a t e s  t h a t  t h i s  may 
be done v i s u a l l y  o r  by r e f e r e n c e  t o  t h e  maintenance l o g s  o r  t h e  o p e r a t -  
i n g  pe r sonne l .  S immi la r ly ,  a  v i s u a l  check is normal ly  c o n s i d e r e d  
adequa te  f o r  t i g h t n e s s  of  b o l t s .  



(3)  Electrical and Control System Inspection 

The f o l l o w i n g  i t ems  a r e  r a t e d  i n  t h e  e l e c t r i c a l  i n s p e c t i o n :  

A.C. genera to r - -con t ro l  tower 
swing b r i d g e  c o n t r o l l e r - - c o n t r o l  tower 
o p e r a t o r ' s  c o n t r o l  desk--cont r o l  tower 
t r a f f i c  c o n t r o l  gaLes 
l i g h t i n g  systems 
e l e c t r i c a l  equipment on swing span 
t e r m i n a l  and j u n c t i o n  boxes 
check t h a t  i n d i c a t i n g  lamps a r e  ON f o r  t h e  i n t e r l o c k  bypass 

s w i t c h e s  a t  t h e  o p e r a t o r ' s  c o n t r o l  desk 
m i s c e l l a n e o u s  e l e c t r i c a l  s e r v i c e s  i n  c o n t r o l  tower 
o p e r a t i o n  of s i r e n  
bulb  replacement  

The manual is  less s p e c i f i c  i n  g e n e r a l  f o r  t h e  e l e c t r i c a l  work than f o r  
t h e  s t r u c t u r a l  and mechanical .  An e x c e p t i o n  is t h e  l i g h t i n g  sys tems 
where a l l  l i g h t s  a r e  s p e c i f i c a l l y  ment ioned,  i n c l u d i n g  n i n e  roadway 
l i g h t s ,  s i x  passage l i g h t s ,  f o u r  do lph in  l i g h t s ,  f o u r  n a v i g a t i o n  l i g h t s ,  
and f o u r  t r a f f i c  l i g h t s .  

( 4 )  Records Inspection and Statist ical  Abstract 

A l i s t  of a l l  r e f e r e n c e  documents which should  be a v a i l a b l e  a t  t h e  
s i t e  such as  manuals and drawings is g i v e n  and t h e  i n s p e c t o r  must check 
t h a t  t h e y  a r e  t h e r e .  I n  a d d i t i o n ,  t h e  i n s p e c t o r  l i s t s  m i s c e l l a n e o u s  
o t h e r  documents o r  r e c o r d s  a v a i l a b l e  on t h e  s i t e .  The remaining p o r t i o n  
of t h i s  r a t h e r  b r i e f  s e c t i o n  is  quoted below: 

Data from S i t e  Records 

The fo l lowing  i n f o r m a t i o n  is t o  be a b s t r a c t e d  f rom s i t e  
r e c o r d s  f o r  t h e  t ime per iod s i n c e  t h e  l a s t  i n s p e c t i o n .  
Records of b. t o  e.  should  he kep t  on s i t e .  I t ems  - f .  and 
g. may be obrained-from i n t e r v i e w s .  - 

a .  Date of l a s t  i n s p e c t i o n  - 
b. T o t a l  number of  swing span  openings  

c. Number of v e s s e l s  of s u f f i c i e n t  h e i g h t  
t o  r e q u i r e  open ing  t h e  b r i d g e  

d. Number of  commercial v e h i c l e s  

e .  D e s c r i p t i o n  of r e p a i r s ,  r e c o n s t r u c t i o n  o r  n o n s t a n d a r d  
maintenance work per-formed s i n c e  t h e  p r e v i o u s  
i n s p e c t i o n .  

f .  Summary of unusua l  s e r v i c e  cond i t ions - - i . e . ,  due t o  
wea the r ,  m a l f u n c t i o n ,  shutdown f o r  maintenance o r  
r e p a i r ,  major damage, unusua l  l o a d s ,  e t c .  



R.  L i s t  of pe r sonne l  employed f o r  t h e  
br idge o p e r a t i o n  and maintenance.  

h. Eva lua te  t h e i r  a v a i l a b i l i t y  and 
adequacy of  d a t a  - a .  t o  g .  - 

RATING 

REMARKS: 

(5) G e n e r a l  Opera t ion  of Swing S t r u c t u r e  

This  s e c t i o n  is a l s o  q u i t e  b r i e f  and i s  quoted i n  f u l l :  

RATING 
5.1 Observe swing span i n  o p e r a t i o n .  Note 

any unusualy o p e r a t i n g  d i f f i c u l t i e s - -  
Record approximate  t imes  f o r  wedge 
o p e r a t i o n s  and swing o p e r a t i o n s .  

a. Opening t o  t h e  normal p o s i t i o n .  
Time t o  withdraw wedges 
sec .  

Time f o r  opening t o  t h e  normal 
open p o s i t i o n  s e c .  
(Design t ime 137 seconds . )  

REMARKS: 

b. Opening i n  t h e  o v e r t r a v e l  zone. 
Time f o r  opening s e c .  
A l l  span movement. i n  t h i s  zone 
should be done s l o w l y  and w i t h  
c a u t i o n .  

RE MARKS : 

c. C los ing  i n  t h e  o v e r t r a v e l  zone. 
Time f o r  c l o s i n g  s e c .  

REMARKS : 

d. C los ing  from t h e  normal open 
p o s i t  ion .  Time f o r  c l o s i n g  - 

set. ( ~ e s i g n  t ime 137 
seconds .  ) 

Time t o  d r i v e  wedges s e c .  
(Design t ime  21 seconds . )  

REMARKS : 



5.2 In te rv iew o p e r a t i n g  and maintenance 
personnel  t o  determine any problems 
a s s o c i a t e d  wi th  the  p r o j e c t .  

5.3 Comment on t h e  a b i l i t y  of the  person- 
n e l  employed f o r  t h e  b i i d g e  o p e r a t i o n  
and maintenance t o  perform t h e i r  
f u n c t i o n s .  ( T h i s  q u e s t i o n  should be 
d i s c u s s e d  w i t h  i n s p e c t o r s  r e s p o n s i b l e  
f o r  o t h e r  s e c t i o n s  of t h i s  r e p o r t . )  

REMARKS : 

( 6 )  S p a r e  P a r t s  Inven to ry  

A s t e e l  s t o r a g e  c a b i n e t  f o r  e l e c t r i c a l  s p a r e s ,  hand t o o l s ,  e t c .  i s  
i n  t h e  c o n t r o l  tower.  Required t o o l s ,  l u b r i c a t i o n  equipment,  m i s c e l -  
l aneous  components, and e l e c t r i c a l  s p a r e s  a r e  l i s t e d .  For each  i t e m  t h e  
q u a n t i t y  t h a t  should be a v a i l a b l e  on s i t e  is g iven  and t h e  i n s p e c t o r  
must l i s t  t h e  a c t u a l  q u a n t i t y  on hand. I n  a d d i t i o n ,  any t o o l  o r  o t h e r  
i t e m  i n  poor  c o n d i t i o n  o r  i n  need of replacement  i s  t o  be noted.  

(7)  I n s p e c t i o n  Summary 

For the  s t r u c t u r a l ,  mechanical  and e l e c t r i c a l  i n s p e c t i o n s  t h e  
g e n e r a l  c o n d i t i o n  and behaviour of t h e  systems and components is 
summarized and t h e  t o t a l  number of i t ems  f o r  each r a t i n g  c l a s s i f i c a t i o n  
i s  recorded.  F u r t h e r ,  t h e  i n s p e c t o r  summarizes r e m e d i a l  work a c c o r d i n g  
t o  p r i o r i t y  and e s t i m a t e s  c o s t s .  

With r e s p e c t  t o  t h e  r e c o r d s  i n s p e c t i o n  and s t a t  i s t i c a l  a b s t r a c t  
s e c t i o n ,  t h e  g e n e r a l  adequacy of r e c o r d s  kep t  by o p e r a t i n g  pe r sonne l  is 
t o  be noted and a  summary of  remedia l  measures and c o s t s ,  i f  a p p l i c a b l e ,  
must be g iven .  F u r t h e r ,  i f  a p p r o p r i a t e ,  t h e  i n s p e c t o r  is t o  comment o n  
t h e  in fo rmat ion  con ta ined  i n  t h e  d a t a  o b t a i n e d  from f i e l d  records .  

Relevant  summaries, r emedia l  measures,  and c o s t s  f o r  S e c t i o n s  (5 )  
and ( 6 ) ,  General  Opera t ion  o f  Swing S t r u c t u r e  and Spare  P a r t s  I n v e n t o r y ,  
a r e  t o  be prepared.  

F i n a l l y ,  i t  is r e q u i r e d  t h a t  t h e  agency,  i n s p e c t i n g  p e r s o n n e l ,  and 
d a t e s  of i n s p e c t i o n  be recorded  f o r  t h e  v a r i o u s  p o r t i o n s  of  work. 

DISCUSSION AND CONaUSIONS 

Between t h e  ongoing i n s p e c t i o n  and maintenance by t h e  o p e r a t i n g  
s t a f f  and a  major r ev iew perhaps  e v e r y  t e n  y e a r s ,  i t  i s  b e l i e v e d  t h a t  an  
annual  g e n e r a l  i n s p e c t i o n  of movable b r i d g e s  is  d e s i r a b l e .  Th i s  paper  
p r e s e n t s  a  s u i t a b l e  format  f o r  a  manual f o r  such annua l  i n s p e c t i o n s .  
The d e s c r i p t i o n  of  i n d i v i d u a l  components must ,  o f  c o u r s e ,  be t a i l o r e d  t o  
t h e  p a r t i c u l a r  s t r u c t u r e .  Annual i n s p e c t i o n s  u s i n g  t h e s e  manuals 



minimize problems by contributing to the practice of keeping all parts of 
the structure in good shape and promote confidence in the continuing 
integrity of the bridges. 
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APPROACH SPAN SWING SPAN < 
A T  CENTRELINE (X 7 W AD W I T H  WEDGES DRIVEN 

C L E A R A N C E  
TEMPERATURE C L E A R A N C E  

WEDGES. W I T H D R A W N  
M E A S U R E  D R O P  OF SWING SPAN AT E 

WITH WEDGES WITHORAWN 
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