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On'September(7,72005, during(a(special inspection(ofthe frunnion Bearings [dftheArthur Kill LLiftBridge,
welfoundthat(alllofithe boltsof foursheavefrunnionbearings holdingthelock platelinplacehad Failed.
This@llowedthelock platefomovefreely Withinthe Bearings[damaging thelock Plates@ndladlsolallowing
theBearinglinner races foiovelaxially@longthefrunnion(shafts. TTheTooseTock plates @lsolcaused[damage
toltheBearingCaps. TheBearingsthatWwerelaffected werelthelinboardlandloutboard Bearings0fTthe

northernmostland(southernmost(sheavesshown(inblue.

Eachlofthebolts Tetaining thelbck platelcontainedthree
holes[drilled throughléachlofthem(crisscrossingthrough
theCheadto[facilitate CinstallationofthelockCwires.
However, [drilling[thesethree holes [femoved so[much
section[ofTthelbolthead mear the meck oftheboltthat
this [ossofsectiontreatedaweaknessCallowingthe
boltsfolshear.

Sincelthelock[plate[wastotallydisengagedineach
bearing, [thelinnertaces[Typicallyheld[inplacelbylthe
lock plates ovedoutward from(theirmormal [positions
allowing[theltollersfolbelpartiallyin¢ontact’andthus
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Figure 2:Trunnion(Bearing
(MITITICross Section

overstressing(the Figure1:Sheave Location Plan

loadedlareas(ofTthe

rollers.[ThelamountsofTmovementlin[theTaces Hanged from15/16” Fo1 ]
9/16”.[Themovement[ofTtheinner Taces/alsopushedldgainst the Tock plate
grindingtheockplatesdgainstthelinsidelofthe Bearingléndcoverlduring
bridge[movements.Muchlofthebearing[grease Wwas[contaminated [ With
metal [$havings from[theground[imetal "of thellock[platesand "bearing
covers.

Thefollowinglobservations[were[fadelin[¢achlof thebearings foundfo
haveldamage.

SouthSheave/=Qutboard/Bearing

1. Allleightlock [platebolts(were broken [offflush With [theltrunnion(shaft(énd.

2. Thellocklplateloles and hounting[surfacelwereseverely/damaged. [The
outsidelddgelofithellock[plate was(severelyldamaged from[contactldgainst
thelihside ofithelend[dover.

3. Thelihnerracelhad thoved(axially(1[9/16” offlthelend(oflthe/trunnion(shaft.
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4. Thelthrustbearingsraces/and rollershad(wear [stainingbutnoapparent/scratches, pits, spallsdr(other

destructive/damage.

SouthSheavel+InboardBearing

1.

Allleightlock platebolts werelbroken (offlatthellieadsandlalportion [df theBolts still [protruded from[the
trunnion(shaftlend.

Thellock[plateholes(and mhounting[surfacehad inor [damage. [Theloutside(édgelofithe lock plate Had hinor
damage [from[contactlagainst/thelihside0flthelénd[cover.

Thelinner raceladtovedaxially[1[1/4”[offithelend (0flthetrunnion(shaft.

Thelthrustlbearings races(and(rollersiadno wearl(staining or [apparent Scratches, [pits, [sSpallsor [other
destructive/damage.

North(Sheavel=IhboardBearing

1.

Allleightlock plate bolts werebroken (offlatthelieads andlalportion [df theBolts still [protruded from[the
trunnion(shaftlend.

Thellbck[platehioles(and mhounting[surfacehad significant/damage.[[Theloutside édge(df thelock [platehad
significant/damage/from contactlagainst thelinside/dflthelend(cover.

Thelihner racehad thoved (axially(15/16” [0ffithe end [ofithe trunnionshaft.

Thelthrustbearingsraces/€ach hadlaboutlal2[squarelinch @realofpitting. [Thelthrustbearingracesandrollers
hadmowear (staining(dr@pparent(scratches, [pits, [spalls(orother [destructive[damage.

North[Sheave = Qutboard/Bearing

1.

Seven lock [plate (bolts were[broken [offlattheHeads/and(alportion oflthe(bolts still[protruded from the [trunnion
shaftlend. [nellock [plate[Boltwas Broken [off flush with [the frunnion(end.

Thellbck[platehioles(and hounting[surfacehad significant/damage.[[Theloutsideédge(df theTock [platehad
significant/damage/from contact/dgainstthelinside/dflthelend(cover.

Thelihner racehad thoved (axially(117/16” 0fflthe/end (0flthetrunnion(shaft.

Thelthrustbearing [races [and rollershad Mo wear[staining (or [apparent/scratches, [pits, spallsdr6ther destructive
damage. [[Light[rustiwas beginningto form(on ‘the[races.

Photo(1:[Southern Most Qutboard LockPlate.
Notelsevere damage(tohole(and outside édge.

Sincelthelbridgevas dueltolgolbacklintol[$ervicelin[alshort[fimelafter this[condition[vasfound, [Gtvas
necessary [foldevelopld[repair(solutionthatwouldshortenthefimelandcostof performingfafypical frunnion
bearingrepair/@pproach6fjackingtheisheavesiip offlofltheBearingsfoTelievetheload, thoroughlyldleaning
theBearings@ndTesettingthelinner races, [@ mew Method for Tepair Was Tiecessary. [DMIMHarrislalongWith
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BRH Consulting[land[] Timken[J designed[]a
methodWwherethelinnertaces ¢couldbelgently
pushedback [underJloadJtoJtheir[Joriginal
position.

InTérder [foperform(depairs [fothesebearings,a
repairJprocedurewas[developed Cthat[would
eliminatetheTneed Tto [removeCtheltrunnion
bearingcapsandjackpthesheaves, Swhich
wouldbecomelalcostlylandpotentially lengthy
repair(Operation.

Prior(fo/dny [fepair [Operation, theBearings
neededfobefhoroughlylcleaned. [Eachloflthe
bearingsWwas[continuously flushedWithmineral :
spirits foremovelgreaselandmetal shavings. Photo2:Southern Most(@Qutboard (Lock Plate
ThelmineralSpirits Werel@pplied ising(aSpecial [T Note severe .damage [to thounting face.
pressurelguniand riozzlethat WasIongland

flexiblelénoughfforeachiall. areasflinsidetheBearing. [This(cleaningloperationWasTepeated.

Afterléveryfwolcleaning[iterations, thelinterior(0fléach BearingWwas thoroughlyinspectedtising/abBorescope
tolcheck [or Mmetallshavings Temaininginsidethebearing. Tfshavingslorlgreasewerefound, ore[flushing
operationsWereperformed.

However, [sinceltheBridge Was [in[theMidstofTa Targertehabilitationcontract/andfheBridge [dperation Wwas
not(fested, [itWwas[decidedthat[customtnhadeockTings Would befabricatedandlinstalledthatWould@dccount
forthelcurrentpositionof theinnertaces. TheseTock [Tings werelinstalled fo[preventthelinner taces from
movingfurther. Also, dincethe bearing[coverholdsthelthrustbearingsinplaceland Wwouldmot(fit‘dverthe
temporary [lock plate, [éxtension[rings’and [thrustbearing(shimplatesWwerethanufactured(and installed [fofit
thebearing/doverlandthrustbearings. Thebearings Werethenfullylgreased.

Thesel] custom[] lock[] rings[] were[] also
fabricated(inlaWay(thatloncelthepermanent
repairWas @ccomplishedlandtheracesWere

resetlin[theirloriginal [(position, theytould
beltemachined fo $ervelasthe permanent
lock[rings.

NEW EXPANSION

2 Afterfallbridgeloperations Werelfested, the
_____________________________ bearingcover[and[ temporary[rings “were
removed. Luckily, (thefrunnions [¢ontained
al[15',”Odiameterhole “running Jdown[the
center. CAn[8’ [0 [long, [twolinch[diameter

""" ‘ steelTodfhreadedlatleéachlénd Waslinserted
througheachJtrunnion. JSections JofTJthe
- machineryhousewalls Werel¢ut[openland

several[] interior[] brace[] members[] were
removed [ inJorder[to[ fit[the[steelrods
through. [8pecially fitted (pushplatesCandla

NEW SHIM PLATE

NEW LOCK RING

Figure 3:Temporary/Lock Plate and Extension Rings
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20fonMhydraulicicenter holejack Was[installed
onto(tod. (Inlorder[fotesetlall[4 bearingtaces
simultaneously,this[setupwas CinstalledJon
bothiduter sheaves(atthe[Ssameime.

Thelsteel@odslandGacksdid motlallow forthe
thrust[bearings [tobeJin[place Cduring [the
resetting[operation. [$pecialguideTollers[were
designedland[installed[folpreventthelsheaves
andtrunnionsfromCimoving[laterally “asthe
bridgellwasJoperatedJduringtheJresetting
procedureasiinderway.

InCorderltolstartthelTesetting[bperation, [ the
bridgewas movedtplanddowniwhile

Photo3: TwoInch Diameter Rod (Installed Through TTITIpressurewas [dppliedin Wery[small ihcrements
(MM achinery House Wall fromthefjacksdntolthelinnerracesthroughthe

pushiplates.[As[thebridge Was moved, thetaces
werelveryslowly[Wwalkedbacklintoposition. The
entireCoperation[tequired 15 ThalfTmovementsof
thefift/spanfofullyTesetlall 6fTthelinner races.

OncelthelTesetting[bperationascomplete, hew
measurementswere [faken o makelsure all[oflthe
races[] werel[] in[J their[] original (] location. ] The
previouslyfabricated[femporary Tock (plates were
re[machinedfobecomemew finalTockplatesand
thebearingsWereTelassembled/and Hegreased.

SincelthisCentire[Tepair tostwas approximately

$75,000, itlis[stimated [that [this frunnion[bearing repair Figure 4:Schematic/of Repair SetUp
asperformedcdost(afraction(oflthecostlof jackingthe

sheaves[andperformingalfypical Bearing repair.

8

Figure(5:[Special[Sheave Guide
RollerAssembly
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Photo4:Push Plate and(Jack/Assembly

Photo(6:[Sheave Guide Roller
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