MAINTAINABILITY OF A MOVABLE BRIDGE
by
Lynn W. Biwer, PE
Administrator, Mechanical/Electrical Section
Bureau of Structures
Florida Department of Transportation

Design for maintainebility ie a discipline which frequently
resides on the bottom end of the priority totem pole. Most
engineers concerned with bridge design are sasily enticed to
apply their talents and engineering effort to more exciting
degign features. Often, the results of this choice will not
affect the original designer; instead, the next generation of
engineers will determine the corrective actione reguired for
garlier degign decisions.

In discussing maintsinability, a definition of the term, as it
applies to movable bridges, is necessary. This author has not
aeen such 8 definition and offers, for the purposes of this
paper, the following:

Maintainability of movable bridges isg defined as the
adequacy of the design for applying cost-effective
maintenance proceduree which will minimize bridge
melfunctions ceusging interruptions to marine and
vehicular traffic flow.

Thus, a bridge may be considered “highly maintenable" if the
owner can keep it in & fungtionsl condition, with minimum
interruptions of traffic, by developing procedures wvhich are
reagonable in cost. If coste for carrying out maintenance
procedures are high, maintsinability may not be considered
gatisfactory, even with minimal traffic interruptions resulting
because of malfunctions or routine maintenance activities.

Further, maintainability is determined by the design of the
bascule bridge, and is an element of construction cost. iack of
mainteinability is seen in increased cosgt of maintenance after
construction is complete; these extra cogtie mey be incurred in
routine maintenance or through major rehabilitation projects
neceassitated because of inability to properly maintain the
bridge. Improved maintainability, then, should be expected to
result in reduced maintenance costs and fewver traffic
interruptions.

The breadth encompasgsed by the above definition of
maintainability will be apprecieted from Figure 1, & photograph
of Choctavhatches Bay Bridge following impact by five barges
pushed by & tug.

Ag the barges approached the spen, the bridge tender raised the

bascule; it is believed that unpredictaebility of cross-currents
and wind were responsible for off-course vectoring of the barges
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taowvard the bridge fender svatem and the hascules piler, Eight
approach spang vere desiroyved.

FIGURE 1

There wvere no cogst-effective maintensnce procedures which might
have svolided this catastrophe. Marinpne and vehicular traffic vere
certainly interrupted! Considerstions in design of this bridge,
as it relsates to the acoident, involve impact capabhility,
vigibility factors, channel widih evaluastions, wind effecte,
hydrography, marine and vehicular traffic and operator safety.

This bridge, thus, is rated as "poor® from & maintainebility
gtandpoint. 27 iwmpacis, wvith damege of variocus amounts, have
cocurred during a2 period of 12 yvears.

A detailed reviev of ell factors relating to meintainability of
the bridge is beyond the scope of this papsr. It iz apparent,
neverthelezss, that the hisgtory of repested damesge to the
structure through impact substantiastes the contention of need for
complets evalustion of 2 wide variety of technical factors in
egtabhlishing the oversll bridge configurstion.

The sntire contreol house was swvept from the structure snd the
bridge tender was killed in this scoldent. It i= notable that
the bascule configuration wssg such that the hand railing and
hagscule lesf, in the open position, prevented the bhridge tender
from escaping the conitrol house before the bherges impacted the
pier.



FIGURE 2

Fagure 2 shows New Pass bridge Iollovwing structural failure of
thas bazcule girder. Failure rvresulted from sever oorrosion in the
region just forward of the counterwveight. Following emergency
repairg, the bridge was welded shut and novw handles only
vehicular itraifsa. A nevy hascule 1s nearing cowmpletion of
construction.

This bridge provides an examples of poor maintainability, The
region bhetwesn the bacule givder asond the countsrveight was
inaceegsible for routine maintenance and inspection. Moigture
was retained in Lhe region whers COrrogion ¥8sS pDrogrsessing.

This paper #ill reviey several case higtories of meintainaebility
problems encountered in Florida bascules bhridges. From a
pragmatic standpoint, problems have led fTo conocepits for improving
maintsinability on existing bascule bridges; and these concepts
will be discussed. Finslly, a et of stsndards for
mainteinability of bascule bridges will be pressentesd.



It cost the State of Florids at least a guarter of a million
dollars because of improper design for maintainability of two
bronze bushings on Sunny Isles Bridge. The emergency repair work
resulting from the bearing fazilures delayed other important
rehabilitation work on the bridoge for approximstely & months and
digrupted local marine interests. '

The quarter of a million dellar cost associated with improper
degign for maintainability in the previcus paragraph is
congervatively low, and represents the costs of bearing and
trunnion repair and instelling suxilisry structure to =zupport the
span during repair operstions on the trunnlons and besrings. A
strong argument can be made thai aporoximately 3% million in
cests were incurred because of inadequate maintenability feastures
which caused, in addition to the trunnion bearing fazilure,
deterioration and failure of the bridgs machinery.

Sunny Isles bridge is loceted in North Hiawi, was bullt in 1948
and has an sverage deily treffic of 35538. This bridge spanning
the inland watervay =services numerocus marine intsreste and
handles hesvy beach-bound traffic.

About 2 years asgo, one span bhecame difficult to operate, and
finally froze in peosition. ¥hen the failure cccurred, the span
was approximately 15 degrees open; the smergency measure taken to
enable getting traffic moving again was Lo drive a Department of
Transgportstion vehicle up onto the span to force the span to a
cloged poegition. Of course, potentislly dangercus navigational
problems immediately mroge with only single span capebility for
handling marine traffic., Spern opsnings during this period of
single leaf operation averaged sbout 38 per day.

When the failure occurred, & machinery rehabilitetion contract
was already in progrese; the sdditional potential of a failure of
machinery still under rehabiliitation on the opersble leaf
increaged the urgency for resctiveting the frozen bascule leaf.

Leaf failure was caused by 2 combination of factors which
regulted in inaedegquate lubricetion of trunnion bearings. First,
the trunnion lubrication points vere insccessible; second,
lubrication points vere not visible; third, lubrication points
wvere not marked; fourth, trunnion bearing caps wvers integral, asnd
could not be remgved for inspecticn; fifth, lubricant had
congealed within lubrication passages; end, finally, service
personnel were not instructed on corrective actiens which should
have been taken to sssure propesr lubricastion.

I+ mhould be emphagized that the rezl cpusative factors in this
failure were a result of poor design festures; inadequate
training of service persgsonnel did not cesuse the failure. In
fact, if adeguate maintainabillity provisions had been made in the
degign, the likelihood of fallure would have bheen considerably
reduced.
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wWwhat should have been 8 relstively guick and inexpensive
corrvective action becawme a major rehghilitetion problem because
the trunnion bearings had been degigned with an integral housing,

ag shown in Figure 3. The only way to get into the trunnion
bearings was to desctivate one leef, jsck the spen and remove the
trunnion bearings. 8f course, there veyre no provisions in the

design to enable gpan jacking, and this becamne &8 major element of
the refurbishment cost.

FIGURE 3

Poor maeinteinsbility of trunnion beering lubricstion results in
deleterious effects such ss complete stoppage of lubrication to
bearing surfaces, z= has been encountered in three Flerids

bridges. Charistically, 1f lubricant passages are infreguently
purged by new lubricent, a hard, imperviocus materisl deposits
inside the passage. Florids’s experience haz shown thet complete

clogure of lubricanit psessges cen Odcur within 2 period of as
little as three monthe; in tvo of the three cases reported, the
lubricant pasgsgages were inaccessible for proper maintenance.

Jewfish Creek Bridge, showvn in Figure 4, is locsted in the
Florida Keys, was built in 1844, hsae an sverzsge deilv traffic of
ahout 11399, and opsnz for merine traffic epproximately 2860 times
per wmonth.
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FIGURE 4

During routine inspection of the bridge, fractured bronze
trunnion bushings were found: subsequent micrograph gtudies
verified that the feilure mechanism was fatigue.

Further inspection showed that the ifrunnions were consgiderabily
misaligned, and inspection records indiceted that the realignment
had probably existed since the bhridge was constructed.

FIBURE &
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The cause of journal corrosion was deterwmined to have resulted
from inadequate protecticn of the trunnion journals from salt
water products regularly washing through the upper half to the
trunnion bearing, removing whstever lubricsnit might have
protected the surfaces.

A clear determinetion of the csuge of itrunnion bearing failure is
clouded by twe defects, either of which may have caused or
jointly contributed to the fatigue failure; {8} itrunnion
migalignment, and (b) scaiing of corrosion products into the load
beering regicn beitween trunnion Journal snd bronze bushing.

Completion of the rehabilitstion on this bascule bridge thus
involved Jjacking the spen =z thaet trunnion beesrings and trunnions
could be removed, while still maintaining traffic on the bridge.
Significantly, festures which would perwit jecking a span to
repair or replece trunnicng or bushings will improve the
maintenabllity o0f Florida’'s bascule bridges.

Another meintainability reguirement leasrned through experience
with Jewfish Creek bascule bridge is that protection from water
drainage in trunnion bearing locations must be provided. (See
Figures 8 and 9).

FIGURE &




FIGURE 29

The examples discussed asbove represent some of the types of
maintainability problems encountered on Florida’s bascule bridges
and have placed emphasis on establishing design policies for
maintainability requirewsnts. The importance of establishing a
design policy becomes spparent with the vigualization of the
sgscope of Florida's rehabilitation program, which encompasses 39
bridges over the period of the next 2 and one-half years.



The following summarizes the Florida Department of
Transportation’s degign policy for meintainsability of bascule
bridges.

The technicael policy of the Depsrtment is to
incorporate provisions in the design of bascule
bridges consisgtent with application of sound
engineering principles and reasonable application
of engineering Jjudgment in trade-offis between
initial construction costs gand maintenance
expenditures during the life of the bascule bridge.

Here in Florida, this policy is being implemented through the
folloving Design Guide for HMaintensbility of Bascule Bridges.
The policy is applicable to both nev bridges and rehabilitation
plans for existing bridges on which construction has not been
initiated.

A copy of the Design Guide is appended to this paper. Detailled
discussions of each eslement of the Guide will be omitted where
the information is self-explaenatory, or where previcus peragraphs
in this paper have provided information supporting the Design
Guide.

Item 1 relates to design of trunnion bearings so that greater
eage in replacement may be achieved. Specific requirements are:
{a) capability for replacement with span Jjacked 1/2 inch, (b}
incorporation of jacking holes or puller grooves to permit
extraction, anc (¢} split bearing housings with upper half
removable without span jacking or removael of other components.

Item 2 establishes requirements for designing suitable jacking
points into the structure for temporary support of the bascule
span during special maintenance and inspection operations. Figure
12 describes the elements of the jacking systen. Thege
requirements result in cepability for raising the span without
installation of additional structure. The only additional
hardware need to permit span Jacking is hydraulic jacks.

Trunnion elignment (Item 3) requires &8 through hole for
ingpection. Work platforms will be installed to permit trunnion
adjustment, and specisl tooling for trunniecn alignment will be
permanently stored at the bridge site for maintenance personnel.

5till another maintenability problem found on a number of Florida
bridge=s relates to gpan locking provision. Three bridges
currently under rehabilitetion contracts are Whitehair bridge,
located near Deland, Wilson Pigott, located near Fort Myers, and
Jupiter Beach bridge. These bridges have employed cylindrical
lecking bares, as shown in Figures 10 and 11,
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With long term wear, lock integrity deteriorates because of lack
of provisions for adjustment to compensate for vwear. 0f course,
the current gtate of the art will permit application of lockbar

systems having rectangular sections, for which satisfactory wear
adjustment can be sccowmplished by the owner’'s maintenance forces.

Item 4 of the Maintainability Design Guide describes features to
be included in lock system designs. The reguirsments include:
accessibility;: work pletforms for mgintenance;: Capshility of
pperating a single lock {in multiple lock systems) with the
remaining lock disasbled; opersting clearances to be adjiustable
for vear compensation.

LLubrication Systeme {(Itewm &) nhas been paritially discussed in
prior paragraphe. Additionally, consideration has been given to
requirements for asutomated lubrication syvstens and self
lubricating bushings.

Item 8, providing "on-off® cespability for maintensnce operations,
has been found toc improve esase of wmaintenznce and assures greater
safety for maintenance personnel. Hote thaet = Florida
maintenance worker’'s life was lozt seversl vears ago through lack
of local switching capability; end, in another case, a worker
lost an arm in an accident which could have been avoilided with
local switching capsbility.

Florida ig intrcoducing digitsl controcls on nev bridges and

some existing bridges which sre under the reshabilitastion program,
making possible the spplicetion of disgnostic instrumentation,
system fault displays and asutomated deta recording. {Item 13).

Introduction of digital systems has placed emphasis on training
of personnel in operating and servicing these systens.
{Uperaional itraining models have besn designed and will be
constructed in support of the iraining program.

Finally, maintainability can be #nhanced by improvement of the
cenditions under which maintenance must be sccomplished.
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DESIGN GUIDE ~-~ BABSCULE BRIDGE MAINTAIMABILITY
1. Trunnion Bearings

Trunnion bearings shell be designed so that replacement of
bushings can be accomplished with the span jacked 1/2 inch and in
a horizontal position. Suiteble Jjecking holes or puller grooves
are to be provided in bushings toc permit exitraction; Jjacking
holes shall utilize standard bolis driving agasinst the housing
which supports the bushing.

Trunnion bushings and housings shall be of & split configuration;
the bearing cap and upper half bushing {if an upper half bushing
ig required! shall be removable without sgpan jescking or removal
of other components=.

2. Span Jacking

NOTE: the folloving definitions describe eslesments of the span
jacking system shown on the attached sketch, Figure A:

a) Span jacking surfasce -- Bn areas on the bottom surface
af the bsscule girder.

b Span stabilizing connector point {forward) -- &n aream
adiacent to the live lozd shos point of impact on the
bottom smurface of the bascule girder.

o) Span stabilizing connector polnt {(aft) -- &an aresea at
the rear end of the counterveight on the lover surface
of the counterweight girder. {(Note: for bascule bridges
having taeil locks, the span sitabilizing connector point
may be located on the bottom surface of the lockbar
receiver located in the counterwveight.)

dl Staticonary Jacking surfaces -- these surfaces are
located on the bascules pisr under the spsn Jacking
surfaces. The stationary jacking surfasces provide an
area agaeinst which to jack for lifting the span.

e} Stationasry stsbillizing connector points ere located on
the bhascule pier. These poinits provide & stationary
support for stabilizing the =pan, by connection to the
spen stabllizing connector peints.

One set of spen jacking surfaces shall be located under the
trunniong (normally, this will be on the bottom surface of the
bascule girder); a second set ghall be located on the lowver
surface at the rear end of the counterveight, as shown on the
attached sketch, Figure A.
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Span astabilizing connector points shall be located on the bascule
girder forward and aft of the span jacking surfaces, as shown on
the attached sketch, Figure A. Stationary stabilizing connector
points shall be loceted on the bascule pler below the span
stabilizing connector points. Connector points shall be designed
to attach stebilizing structural stesl components. {Hote:
Stationary jacking surfaces, loceted under the span jecking
surfaces, shall be positicned at =n elevation as high as
practical so that standard hydrasulic jacks can be installed. The
maximum elevation of the astationasry ijscking surfaces shasll be
determined based upon reguired opereting clesrsnce between the
fully cpened span and steticonzsry jacking surfsce.

3. Trunnion alignment features

Center haoles shall be installed in trunnion ghsfting to measure
and inspect trunnion =2lignment: spen structural components shall
not interfere with completes visibility through the truanion
center hole. Trunnions shall be individually sdjusitable for
alignment.

A permanent walkway or ladder with work platfcrm shall be
installed to permit trunnion adjiuvetment. Specisl tooling, such
as trunnion adjust wrenchesg, shall bhe permansently stared for
accessibility to meintenance pesrsonnel.

4, Lock systems

Center locks are to be asccessible Irom the bridge sidewalk
through & suiltable hestch or scgcess door. Under the deck, and in
the region arocound the centerlocks, & vork platform suiltable for
servicing of the lockbars shall be provided.

Lock systems shall be designed sco thet an individual lock
may be disabled for maintensnce or replacement without
interfering with operation of other lcockbars on the bascule leaf.

Tail locks shall be designed so that the lockbar mechanism is
accessible for repair without rsising the lesaf. The lockbar
drive mechanism shall bhe acoessible from 2 permansntly installed
platform within the bridge structure. The lockbar mechanism
shall drive in a direction parsilel to the trunnion anxis.

Lockbar clearances shall be adjustable for wear compensstion.
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5. Hachinery drive syatens

All machinery drive aessemblies shall be individually rewovable
from the drive gystem without removel of other major components
of the drive system. For sxample, & speed rsducer asssembly shall
be removable by breasking flewxible couplings st the pover input
and output ends of the speed reducsr.

= Lubrication provisions

Bridge system components reguiring lubrication shall be
accessible without use nf tewmporary liasdders or platfiorms.
Permenent walkwvayvse and stairvells will be insgtalled to pesrmit
free access to regions reguiring lubricstion.

Lubrication fittings zhell bz visible, clesrly marked and easily
resched by maintenances personnesl.

If specified by the Department, sutomatic lubrication systems
shall be provided for bearings end gears. Dezigns for automatic
lubrication systems shall provide for storasge of not less than 3
months supply of lubricant without refilling. Refill will be
accomplished within & period of 13 minutes through s vandal-proof
connection box located on the bridge sidewslk clear of the
roadway; blockage of one traffic lane during this periocd is
permitted.

I1f gpecified by the Deperiment, self-lubricaeting bushings will be
incorporated in bridge designs.

7. Drive =system bushings

All besaring housinges and bushings in open machinery drive and
lock systems shall utilize eplit besring housings and bushings
and shall be individuslly removable and replacesble without
affecting adjacent assewmblis=ssa,

8. Local Switching

"Hand-O0ff-Automatic® swvitching capability shall be provided for
maintenance operetlons on treffiic gate controllers and brakes and
motors for center and tail lock systems.

TOn-0ff* svitching capsbility sghall hes provided for maintenance
operations on span motor and wmechinery brakes, motor controller

panels and span motors.

Remote svitches shall be locksble for security agsinst vandaslism.



= Service Accessibility

A service area not less than 38 inches wide shall be provided
around system drive components.

i@, Serwvice Lighting

Machinery and electrical rooms will be lighted as necessary to to
assure adeguate lighting for maintenance of eguipment. Switching
shall be provided sc that personnel may obisin sdeguates lighting
without leaving the work asree for svitching:; master switching
shall be provided frowm the control tower.

Eaech work area shall be provided with receptscles for
supplenentary lighting snd power iocls such as drills, soldering
znd welding eguipment.

11. Cammunications

Permanent communications esguipment shall be provided between the
control tower and aress reqguiring routine meintenance (machinery
drive areas, pover and control panels locations).

12. Wiring Diagremns

Wiring diagrams shall be provided for esach electrical panel
inside the panel door. Diagrams shall be encloged in gless or
plastic of optical gusality.

13. Diagnostic Reference Gulde for Maintensnce

Pisgnostic instrumentation and system fault displays will be
installed for mechanical and elecirical aystems. Mzlfunction
information will be presented on control system monitors located
in the bridge control house. Data will be sutomstically
recorded. System degoriptive information, such as ladder
diagramsg and wiring data, will be avallable on the system memory
+o enable corrective actions on svetem melfunctions and to
identify sress requiring preventative maintenance.

i4. Trailning mwmodels

The Buresu of Structures hsas prepared plans for operational madels
of movable bridges; an important sppliicetion of the bridge models
will be that of training both district maintenance personnel
(electyricians, bridge crews and bridge tenders) on span

operationsg with nev types of control systems.

Training models will be mede svellable to consultants, upon
reguest.
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i5. Autcometic Lamp Changers (Navigation Lights)

{Note: automatic lamp changers are already being installed for
navigation lighting. This is a relatively recent development,
and represents & good maintainebility feature. For a rough
approximation, a 4-lamp changer cuts maintenance toc about 235%,
while a &6-lamp changer drops to about 17%.)

Automatic lamp changers will be installed on fenders and center
of channel positions to reduce effort reguired for maintenance of
navigation lights.

ie. Working Conditions for Improved Meintainability

{Note: Bascule bridge are often dirty snd hot places for
Depertment crews to perform their mailntenance work. HMachinery
areas ere coversd with grease and bird droppings; roaches,
mosgquitoes and other ingects abound; --alsgo rats. An environment
of thies kind is not conducive to maintaining equipment. There
are two alternatives: {a) clean up what’s there, and keep it
ciean, or (b} install equipment enclosures and provide mir
conditioning. Air conditioning not only improves the comfort
level; it will promote improved performance in regquired
maintenance work.)

When specified by the Department, nevw and rehabilitated bascule

bridge designs will call for enclosed mechinery and electrical
equipment areas. Encloged sreas will be sir conditioned.

17




R A = R
DNIADY L NY S

U el TN

TSRS 40 D \v /]
i
MUAMOWS
1OMN LS
=OLDANNDD TDVATINS DNIADIVL T T EOVAENS OMNIADYCTT
W ZIRYLS ABVONOLLVLS e ARV TNO LAV LS
ARVINOILVLIS
EEEE RNt : , : W
. |
b
S N
= n _ ‘, N
LMIOL BOLDIANNOD N
DMZATEYLE ARVNOILVLIE _ S N
/_} ST
b \
EE— FovaROs \ ¥
‘ S LMIQe BOLDTNNDD @L SO Y
M™NOCLAVYAITE DNIZITSV LS NvsS ..\.\\ = /;D
l!‘tll..ll..l\]
_“ e

18




DOT PRESENTATION
"WORK ORDER SYSTEM"
IMC History of Computer Program
. Production Cost Distribution (%)

. Indexed Relative Cost Graph

Elements of Effective Maintenance Program
. Maintenance Organization

. Equipment Records

. Work Order System

. Lubrication Program

. Preventive Maintenance Program
. Job Planning

. Effective Scheduling

. Adeqguate Spare Parts

. VWork Measurement

. Equipment History

. Management Reporting

Maintenance Elements Unorganized

Maintenance Work Order Systen



Equipment Records

. Numbering System

. Equipment Descriptions

. Sub-Assemblies

. Specifications

Spare Parts Cross-Reference

Sources of Work Orders

.  Operator Complaints

. PM Mechanic Check Sheets

. Vibration Technician Reports

. Outside Consultant's Vibration Reports

. 0il Analysis Reports

. Periodic PM Inspection Reports

. Component Predictive Maintenance Program

. Egquipment Breakdown

Modification

Work Order Elements

Unique Number



7.

Work Order Elements (con't)

Egquipment Number

.+ Location

.» Equipment Class or Type
.. Equipment Number

.. Sub-Assembly

Name of Regquester

Date of Request

Time of Request

Date Needed

Crew to do Work

Class of Work

.. Normal Repair

.. Preventive Maintenance
.. Moving and Alteration
.+ Breakdown

.. BSafety

.» Lubrication

Priority

.. Normal Repair
.» Emergency

.- Turn-around

.. Urgent



7.

10.

Work Order Elements {con't)
Work Requested
. Estimate

.. Labor
Material
.o QOutside Services

.. Total
. Approvél Based on Estimated Cost
. Work Done - Completion Date
Planning

Use of Parts Cross-Referencing:
. Pre-planned Jobs
. Detailed Estimating
. Manpower Requirements

. QOutside Services Requirements

Approval Procedure
. Approval Level Depends on Estimate

. All On-line

Scheduling



il.

12.

13.

Work Performance

Equipment History

. Description of Work Done
. labor Detail

. Materijal Detail

. Qutside Services

. Total Cost

Management Reports

. Labor Distribution
.. By Work Order
.+ By Crew
.. By Operating Locatrion

.. By Class of Work
. Cost by Area
. Cost by Equipment
. Major Repair Cost

. Productivity - Manhours per Unit



