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16. Abstract 

S<ECUTfVE. SUMMARY 
The results obtained fromaoce1erometers mounted on the lumlnaires of the J..80 le .Claire Stktge: over the Miseissippj River. 
near• East Mclin•. fl:, indicated peak acceleration forces of approximately 6 g. Due fD hazards posed byk.tminariasfallfng 
onto traffic or the bridge deck, DiltriCf 2 removed the llgMing untn a safescfutlon ts. tested and.approved. 

It was found that the ~eration fn the longibJdin,t (flrectfan of ti'fe brkige was found to be only about.2.(rg. ThfJ largest g 
forces.were sustained at 46°. averaging 4.13 g ·!t 0,17g with.an tntemal pli3stlc plpet i1.nd4.82 g:t 0.22g w'lth.only a 
Pat;neka®.vibratioo attenuation pad and wasb.-s bolted 1n between the pole:~ andparapet Transverse:accelerations,, 
Whid'r are perpendl.,.,. to the Jong •is f)f the bridgei were.oolystightlyles,at 3.98 9.:1:: 0.45g with an mtemal HOPE 
pl8$itc pipe. and 4.06 g=0.33g With·onty a Fabreeka® pad. 

These results indicate thot the deck is defleoting i.nwsrd •·tn.icks pass by.. pitching the pole fn avector d0$e to 4Jt1 away 
~ the transvet'$e ax•. Th$ peak aooeterations occur as:point putsee d$dve4 from exte .loe:(ts •trucks:.pass by. resulting 
in sharp downward deflections andBCf:eteratiQns of the ruminaire. Ju. 55 mph. the average rise time for··theseiputsee:·ki 
about 8 mllliseeonds. ~tion ofthe lumfnaire is a direGt function of axle load and truck speed. Further.testing is 
required to determine the effeGts of: ta) changfna the pO!e matedal from atumfnum to hot...dip galvani~d steel or polymer 
QOmPQsites; (b}adding 8l,.lfficient .mass for the luminalre eounterbal~ am::J precisediremion for aestvibration attenuation; 
aru:f{o) Increasing luminatre resi:stance.to:vibratfon at &,g accetemtloo or m01e. 8efore.aoy:poteligfWng is re-mstaUed, It i& 
Imperative that lumtnal.--be t&$ted anti approved by their manufactur.ers and the Dlinois DOT to ven'fy 1heit resistance to 
5-g vibration at a cyclic range of1...10 Hz.. • 

17.~W~ 1a otl(tf~ulfon•~ 
Vibration: aluminum lighting potEts; ~mfnairas; g;.torcas~ 
accelerom&tars· bridges· leClaire sr1oge···1rrtsrstai.:8&· unurni•!=I 
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Background 

Since 1995,, alurnirnmi light poles on fhe le Clairec Bridge, where lnterstat&-80 •crosses the 

Mlsatssippi River near East Moine, rL. have t;een expen•nmsa: severe deflections and 

vibrations, musing lwninaires to fail on ,numerous poles. This rnvestigatton was undertaken at 

the teqlles.t of Cislnct z, and the Ellectrical •nd Mechanical Unit .of the. Bureau of Deafgn and 

Elnvtror,mentto determine th~ CSUMt.s .of the lighting faJJures, whtch constitute a hazarc:no traffic 

on lnte~&o. 

Get1end Desorlptfan of the Bridge 

Th~ LeCl•iN:J Bridge is a long, multi-span brittge,. tqrrymg pa•nger cats, iJght trudts and 

hea,vy commercial ttutk.~c.over· the Mississippi River near East MoDne., IL The bridg• he 

ar1 average daily traffic ,ADT) Of 30;000 vehicl- •r .day. With an average <taily·tnJck traffit€ 

(ADTTlof 9:;400 trucks per day:. its ovsrau length I! 3;488 ft between the abutment bearlnga:, 

and its superstructure is supported by 26 piers. 

Pieni·•mJSuperstructure 

As sht>wn in FJgum 1. Jhe approaches are mul,ti-smnger be~ which aupPQrt atotal 6f fauf 

Jane.s .of traffle. The remainder of the brtdgEJ iS" eupponed by two cf8'lp constant-depth girders, 

vmich are connected by cantiteveied floor beams:t also shown in Rgute 1. In the mqlo spans 

between .p1ets 12 e.nd 15i the. two hatmched girders $Uppotttng the span have two web plates,, 

providing spme redundancy, as shown in Figure 2. Tha remainder af the superstructure is 

supportect by two 11in9.l~b g1rdets fut 2.320 f\ which·ts. approximately 67%.of theJengthof the 

badge. In turn. floor beams connect thesedeep plate girders, and support the stringers... deck 

and parap.ets~ 
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Figuflil :i. Froor beam aoss section atpiers 13 and t4 over the main channel 
wh~re there is CQmp0$ite a~wlttt fbe ·deck. 



The stringer beJ;ilfflt wtllcb support fbe.8-inch relnforeed concrete slab .deck consistof2.4 in deep 
. . 

ASTM A36 hot~rolled steel Wlde flang($ at 68. lb&ifl These 24 WF 68 Slringers are non--. . 

oornpostteln 11eir negative moment areas. Th$y·are made comp.osite with studs In their 

pd6itive·moment areas. Four stringer beqm,s support two lanes of traffic. A typiea:I cross... 

sec.Hon fora tanltlever floor ~m·is shown in Figum 3~ The bridge is relatively narrow, with a 

s;m&;I~ shoul<ter separated by a ··NJ~ll8ped central baffler median. The parapets are.12 in thick, 

and 2& in high, with an 18 in safety at1SS walk. Eacb laneis 12 ft wide, With 3 ftwide .shoulders. 

No guard rail.as presently installed on top of the. pars:pet 

lndallatlan attbe Ujlttklg 

Lighting poles Wf:m:l originally fnst;tlled on a spacing Which provided optimal light CQV8t89$,. 

based an tuminaire beam spread. As a result,. Ughting pale posltfons do not con-espond with 

Oi8r PQSftlons. and have remained ~hanged slnce .original construction. Ugfrting placement is 

shown in Figure 4~ However, the ariginaf pales wsr:e 27¼ it tall.. made of tapered 1:11Uminum 

l1.lloy tubes, ¥111h 0.251J..in wall ttlickness. The ILtminaires were attachec:f to the pole by iih 

extension davit arm at 45'!, The davit •$1111 was. attldle<J to the P(tle with a wrap-around 

compreG$io11 titting. The: luminaire was i:ln IES Type llf mercury vapor hgh-intensfly fight. 

ope~ting • 480V '!l"ifh 400 w of ~r. Design dehJl!i aJashowfl· in·Figum 5,, 

Jn 19.95, 32 ft high MAPCO •minurn poles., with Qurved style davit armsi were installed4 

Fixtures were crouse..Hind$ OVF s.fy(e,. whtdl continually.sustained l$ntt am ttghting failures 

due to vibration. In 1999, lighting was modified byaddinJ a vibration damper damp assembly. 

which~$ mounted cm the davit arm ltehmd .the slfp fitter. rt was antidj:uded;in 1999 t:hQt 

Vibration would be attenuated by installing counter-weights. but the weights proved to be 

ineffectiw~ 



FlfJUTfJ 3. Typical ®$$ $9CUQnfot~til~r floOf ti.earns which supportUJe· 
deck. 
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Figu1'J 4. Distributionof the lighting afong the bridge. Spadflg. is determined 
by ligtltirlg @Wtag.El t1ntUnh~nfltrmin•ire b&am $p~. lighting pJa.:;ernent 
• irid~pendent of the IQCBtion Of main pjers. ~d'floorbet:111'1'1$. 
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FN.JJJre.5. O[igjmal light fodute ins.h.dled.on..LeClslre Bridge; Successive 
lumln;3Jre heights have increa~ed fmm27%:ftto:·40 ft. 



In 2002. tapered aluminum poles of 40 ft.bs19ht manufactured by Valmont, of Vf;ilk:;y City. NE. 

W$1! instaREMt. The llghtl,ng elements were subseqUeilf.fy upgraded.by oontrad•$1>8dfibafiotns to 

a Crouse-Hind$ OVF 38 fixlllAtt capable of SU&ta]ning vibratitinl! up to 3 9- F~breeka SA-41 

\'ibratlon pads we,n,: als(J in8lalkl!d at the r:,ole bases. These pol~ were &tr8Jghttanon-.tap pole$, 

v,ilh 10ted luminaries facing ·tQwara the b.nd§e ®d<Jng. Unfortunately, Pn:>U6e.-Hinde ORL 

luminaire& were mounted Instead d the specified OVF 3G f'i~res. The:: ORL fixture is a 480 V 

high pressure sodium·vapor·1amp. With il swfng;down ballast tt~1 and wslghs 45 lb.s. .Both 

ORL and OVF 3G luminaire& are di.redly ii118Ched to the. tqp: of the pole, reducing the free--and 

tnotr'llnt .associated with 3' extended dEIVit arm.. Howwer. vlbratlOn problems continued to 

plag.uethe.Jurn1nafres mounted on the replacemenUaoon top poles. 

Compmssion and·Acceleratlon T:e&t$ 

In the first phase Qf th1 ,nwstlgatioo, a series elf tlOmf;lf9SSion tests were oomple4ld to 

fletermlne the elaSUe Cht,racleristtcs of the vibration •isola:tiOn pads and W$$hers. used on the 

poti• •ues• In the sepqnd Phase of 1ful· :study, the ~$'8tions ef the luminaire& ~re 

reoorded. Bsoauae acceleration·measttrements were taktln on a calm ~Y with oo appreeiable 

wind, tile acx:elerations ~ $01ely taused by the deflection ~d vibtatioo of the bridge and 

deokim:luced by the fn,quent heavy tfUd< 1nifflc that pa$$8$ over the. Le ctairs Bridge. 

Charactarlsflcs ofVJl.lrJRIOD laohl.kn 

The base·vibration. isolation pad and its Isolation wsshem wlllch rnterface between ff$. an¢hor 

bf.lit nuts and steel wash~rs are manufac;t\tred by Fabm:elqa. Inc. of Stoughfor:t. MA. The base 

mail,rial pad tOd wasttsm in1tia1Jy Installed durfng .tQnSU\lc;l.ion were oomposu:t of SA:-47. a 

111ndom, ostensibly isotropic dispe,sk'.Jn of ~ynthetic fibers in a synthetic rubber tnatrbt. The 

rated Durom.ter 6f SA-47 composite i$ so :1:10 Shore A OtJgJnally. SM7 washers were. 

https://dispe,sk'.Jn
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in$e:rted betweerrthe an¢hor bolt nut and tne.p(jli,-. ~ top, Howe•.. affer·torqoing. the SA-47 

mdl.lblted mnsjderable deformation because of its lower lTiddulos of elastimy, aa comp•J'lld to 

t,he harder Fabreeka®: matestal~ Nfi ft;.&b va~ for bott torque was1 appat):)ntty suppl~ to tke 

contractor. 

To prevent this deformation, the et&t:iti,::al cont,,a~or inserted a Fab~ka®. w~sher instead•. 

wtiii;h ~ Et ~ of tigbtJy woven layer$ of fibers impregnated With synthetic fl.lbber. It has. 

greater tensile an« s:11.ear .strength than an SA-47 washer, and has a .stib$tanlall)1 higher 

modulus.ofelasticity. F'abraeka:® pads ate rated al90·±.5 $hore·A Durome1er hardi18$S-

AfrlOO.· pf Franklin, MA, EiOCJltmr rnanufai:;ltlrer .llf vib~bh 1s0Jatfbn .d~Yi¢es, also eubrrimed 

:samples for testing, The Airtoc: 30 wa$hers··are composed of a synthetic polymer with layers of 

•g~nulaf~d .OfJtk and t$ndbm fibel$ in :a PQl)1'Tler rnafdx: The elasticity of each washer was 

tested elEperimehtatly by applieatfcm of known loads, .and: rrieasudng actlJUI deformation upqn 

OOfl'.1Ptas$1on. 

Three different vib.retior,1 isolators* Fa.breeka®, SA-47.t and Alr1oc 30~ were tested in an lnstron 

Mcxtel 4206 tensile i'flad,ine. Th• 1nstn,ment has a I.dad range of Oto 44;480 N (D to 1o~ooo 

lbs). Load cells are.eble to resolve toads to the nearest0.1 N [O.o.22 lbsl, Column~ 

resolution is o..001 mm [O.l)00039 In]. Qlm~ssive displace,menl WllS furth~r confinned by um,. 

ofao Ono Sokki digital linear gage.. withah:'1~racy of 0.00000 in. 

The.l~d~.deforrn~.a!Qstietty values for SM7t Fabr:eek~ and Aitfoc,30 washe~ are plQtted 

in Figure ·B~ Close-ups of the Internal cross-sedions of SA-47, Fab~artd.,Air1oc<30 styl:el 

orwashers are shown ii1 Figu:r!J· 7. The Fabteeka® washer is appn:;oomatety 10 ijrnes c1s stiff as 

the Ab1oewasher, and 3 times stiffE:Jr than the SA.,-41wash~. BeG&Use ofthe appret:iabl~ 

9 
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uoo--------------------

....,_ SA-47 betweenl.sted wullers . ,,,o--
:e _.,_ Ahtoc·Jo betw.ett~ steel 'l\JQUts 
1 .
_3 3000 

lu.-----------------· 

ll)00+---------------,"'"-~~----------1 

B a.et 8.Dl b~ B.04 OJI~ 0.06· 0..07 OJJI o.og &.1 

Compression, lnchei 

Figu,e 6. CQmpres:sion testing of the f'ai:ueekaf», SA-41, and Airloc 30 washers. 
Washers had th& same dlm$1slon$, and were a:,mpressad under ldentleat oondftlc)ns.

"• . " " " . "· . " " . " " """ ""• " " 

Allwashers haVit dimension$: .of 3-in OD. 1¼-in tD~ and are ~n thick. In Qrder to 
adli~ O.tOO-in comptession, the stiff Fabre$ka wasihtn' :t9qllir8$···~. SflOQ. ll)s of 
Joa~ compared with the soft.SA.wi-7 at 1800 lbs~ afld 500 lbs for the even softerAir1oo 3G 
washers~ • 

lQ 





volume of cork distributed throughout the polymer matrix of the Alrtoe wasners1 it has 

markedly less $tffn~ th$n .the tighJly w.o:ven F.abf.Eieka® composite, 

lllfJasudlif!I Lumfnai,eA~ 

ln•the second ·~of~ lnvestiflatton•.the a~ of lhe lumiriair:eswere hlea$t.1red as 

.truck.traffic passed over the brid9e~ The te$1S were :eonductad without berrleade$ ,nd no trdfle 

stO\¥"~, permitting m.tc::1$ to pass over the bn~g~•at typical s11,eeds for at least 1$ minutes. 

Because of the high percentage. of truaks passing over during samptfng, it was considered Chat 

1hls was·a representatlv.e samplln9. of typical .peak eondllon$ for this bridge~ •Even when le 

bar:r1etswere:erected.to. rnsten gages. ttuCP. travttUng·at 2a-30 mPh ~used deffectlons of sbiltte 

barriertrudcs ofat 1S8$12 to 3-in~ 

Four accelerometers were .mounted on the luminaires, and wete oriented 45e1 apart fmm each 

Other, • :Shovlm in Figure a one d the aceelel"t)meter& W$S qrier;tted :transve,se to. the brtdge. 

an.d.·.,,,ther was· oriented. k>ngitudlnaf to the btfage. The aCCBl-on data was lll!COrded m·e 

sensitive oscillQtJraphiG Asfro..Med D~ JV dtilrt recorder. .Detailed testing ant:$ safety 

procedur:es.~re a9ffllk>ws; 

1. station energy.,•nuating crash barrier truck & transition cones on shoulder about 100 lt 
before work·. .. 8lte to :rotaot. ... JnstnJrfiBftt1n$18Dallan. . .... . .... crew... . ... . .P .. .. 

2~ •U$ing buek$1 lnrck,.in&tatr aGte.lerometer(s) at lummire-pote interfaee; attadl wiresto poie. 
with nylon cinch straps. 

3. ln$1all adhasMJ sft.aln.gages at.hart(j bole.& abaut ¾4n ·abt:Ne base weld. 

4. At!ls!Jre thal:dafa ~isitiQn equipment is fµl1Ctic,rdng. 

5. Jristallatfon crew leaves site, folloWed by removal of cones~ crash-battler truck. 

6. Vibra:tion ofexidng pole monitored for 15.minutes. 

1. Crash bt=trrter truck retums: to site, 

8. lr$11'Ument crew backs off pole base· nuts; nominal thicktiess, ½:-in; any elastic recoveiy er 

prior compression on existing.SA-47 Fabreeka pad should be noted. 

12 



9. Bolts re-torqued to fioger~tightj then ½ tum; double-nutting uses~ with second nut a jatn nut. 

10. As&ura lhatdata acqufsftlon equipmentisfunetiontng. 
11. Installation crew leaves der fallb'M!d by crastr-batrier tn.,ck. 

12. VlbtatlQn :m existing pole rnonltorad for 16· mlnt,ilel. 
13. Crash barrier truck retumatosite, accompanied by crane and new·MIL--C~ 

Fabreeka pad. 
•14. Choker attelcl'le(I tQ· pole to lift it, base out$ removed; MIL..c-8~.. Fab~ pad· 

installed, and nuts torqued to manufacturer's N;JCOmmandaflons. 

15. ln$1alfalion erew & crane leaves site. foUowedby crash-4,anier truck, 
te.. Vibration ofexi,ting pole monttored for 1 hour. 

17. Crash barrtertruck returns to sue. 
18~ Beta acquisition eqIJipment removed; instrument crew departs. 

'19. Ctash banter truck and .cones. removad.. 
20. Data of(.·ll)· existin ...........,. 'b"' """"14 with........ ...~ +Nn • •• •· .. Ii •._... · hd 1, "- ........i...•• . . . . . . .. . g ~. " , .,..,,_ . . . .....s.... ''""" ....p ..l.J& on ._ ng P!P'II. • . ...e, ...,.,.e 

will Fabreeka pad compared to note any siglitffeant dfferenoes In vibration at 

various po,inl$ on pole~ 

Pole Removat· 

For saf8'J raas.ons, the subject Hgtrt PQ'- were taken dbWn t,y DiW1et:·2·befote: le.em eot,tld be. 

:conducted to hale if there were any dffferenoes in attenuation of lumfnaJre g,-fon::4!$ with the. 

Alt1oo 30 base pads and washeC$:.. 

ll 



Figure .8. Ac:x:elerorneret orientation was· created by mounting lhe accererometers on·· apiate, 
•hwas attathed to the tcp of the lumfnaire with :saews. Traffic barriers were· removtld .prior 
to ~rdng ·11'$ reeoff(lngs of ttaffle-:-tndyQ1ct~tlon cf th• fixtllr&s. 

The accelerometers used wera Schsevllz Madel t.SBe2-WJ1.G bias! wifh a sensitivity of 

.Q.OC@V/~ Each accelerometer is cetibratsd t:,y ptac:ing it in direct downward position to. obtain 

1 g. The a®alerometers were oriented ln four·different axes. 45° apart from eadl othel'. With the 

longftudinal and ltan$llel$e being two of the four axes [see Figure Bj. The a@l$.tomater:s were 

attached to a bracket ht was bolted to the back: of the tumtnalre. The acQelerornelet'$ ~ 
- " ! " 

setup to read the horizontal acceleration of the luminalre at the top of the pote. Toe acceten.11ion 

was retotded In ..tJolh {+) anct· (;..} .dlh:lt;ttonIn ea.ob axeE-~ providing a better undel"6tanding ·of··.tie 

pole behaviorduring tmffi&1nduced aeffeetions.. 

J.4 
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Figum 9. The l\slm-Med Model Dash IV chart recorder was placed fn • large ipstnJrrHJ~t ca.se 
duritlg retording ofevents. aAd waJ plaCE!d Qt'I the right lane shoulder of ffie: bndga.. PCJWSr \vils 
SUPPll!!d by an external _generator. 

The acceferatibn dala was re.corded Q1 an Astro,-Med Dash IV~nnet ctlart .-.:ome,, shoWn 

in Figure 9. This insti'urn1:mt has. a real-time $ample rate- of 250 kHz per channel, with dahl 

CE!plure memoryof 64 klocycfes per channel~ D• sampling is limited .by setting specific trigger 

~es. • Tfle recordtu" plotted peak;-to-pea1c.· value$ whfc;h ~presented j)Qsitive and negeti:ite:. 

a~erations. 

Th& te&t was Intended to djb;t~rie u. behavior of hJ tuminaire, and whether various pads 

have the ability to absorb vibrations, lessening their transmission ti> the lum1nalr8$. TIie.pad •i&: 

s_andwiched ._.____ the •ote and the: . ara •m. Tha ·base or·the 1'U'da_ ••• is. hetd ·m ta • . wittr 4 .. · •. ~tv.•~H . p. . . .. P P . . .... . ... ....,..•..,9 . . . P ~ 

anchor bolts and lsolatton wash&!'$, Nu& are then torqued tc.:t within Fabreeka's speclfieationst 



limiting the amount fJf compression of 1he pad and washeni. Along YJith the test· on the 

Fa~pady aoother tist'Was· condueted tp.cfetemuna If a 20. ft Jong, 1.5 in diameter high 

density polyethylene (HDPE),plastic tubei Vihen pfaced inside the tight pole, would attenuate the 

vlbratfQn& as well. A third material, made··byAiiidc, of Franklin, MA. ·was also testad for ilS 

properties in mpariscn to the r=at>reska. pads. 

The'8Stpofe·was lclc:ated on1he patapetdtnewestbound lane Qf the· LeQaire Bridge. The 40 

ft pote·was a sfraigli~ tapered aluminum tubet With a tenon top and a •cobraheadw lum1nairs.. No 

davit ann .is used With thi&: styh:i of Jurninaire. The tests werei $ijt-up $t;Jcft. that 1he recorder 

~Id.start receivtngdata onceh.frafftcsafety crew was cteated off th&bridga .. and.fulttrafflc 

load was regained;. After personnel were ctearecf,. ths t'SCQrder then plQtted data for 15 

minute:;. &le Figu,.,. 10; 11, 12am:J 13 for addftk'>rlal;1letail~. 

The data mlleeted 'M:1$ a serie& of ~cceleration e~nts gen,111at«1 by trutKtrafftf; for eaeh test. 

From the data collected, the 20 highest spikea ofdab!) wetEt selected far analysis. The average 

peak ec:caferation of the light pole In eaeh of tf:lfJ. four axes was then derived frOm th8S& 20 

ae(:81.Etration spikes. TEtSt #1 w.aJ oonfigured with .the Fabreeka pad lnsiaJled. plus a 1.5-ih 

diameter HOPE pipe placed inside the,light pol.e. Test #2 had the Fabreeka pad, without the 

HDPE pfpe In thePQI&. 
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Table 1 Aec.:elerations,of light Pole Lurninaifes on l-$0· Brf@.ovet Mississippi River 

Test 1 values lrt Test2wl1.1eat11 
..~meter 

NOJE: Test 1 ·has Fabreeka pad, wllft inlBmal 1.fl' HOPE pipe; Test2 has fabreekapad whboutpipa. 

The aooelewmeters •• re lab.sled 1 thro•_.,, 4 Aecele . tn • ti r 11 at th . • • ts ·that,. ·.t • •• •••... ............. WO; ... · ~.... l'0.89 s. 8$t .... ~.~ 

to ~ brfoge~ The 11\Ulber 2 aceelerometer :ra at the axis that is 45u dookwise from the; 

t~nsvete. The fon9itudinal as Of lhe bridge i& represented by a~mmeter 9 and 

a~eter4 i$ 45° doGkwise{Rllll longltudinat [see Rgi.im 141. 

Tall/& 1 straws that the ,,._m1na1,. 1s pttchhlg both lalerally ·~nd <t~ 'IVith s~• 

accele,ration di$; le> deflectlon as atruck pas• ·bf~ The at:celeratidn& are almd Sg, whioti: is. 

1.67 JJ•mQra than'lhe rated ErCteJeration of the Craoae-ffmds OVF 3G-f.ixtu,eA When the HOPE 

pipe IS, ii'lt~ in the POie.. the average peak acceletafion Is atte6l;tate<t by oolY a.as g. 

Installation •. of the Fabreeka. •pad and washers proved to be ineffective. in atteneati11g the 

SccelaratlOR .df theJ •. 11\:.,...,;• •.. . 4.-.. a..:-•~•"'.3·. ;T. . .......· . . J,l .utt1lfih,u ~ .g.8~ 

mailto:Brf@.ovet


t 

Postfton.•t, 
·Axis. 
Tranaverse 
.to BrldO-..• 
Longlb.Idin•• 
Axf&aUtdeg 
{+4.0:9) • 

iill.Odeg Pos.iaonn 
at.Jldeg 
[.f.4.IIJ) 

Po:•ttio.n M 
at13&tt•a 
(+3~3., 

Po•Dton .a, 
Lon.glbadJnal 

~-·ofllrlda• 
("'a~o a) 

By :taking the. accelerations recorded, and plotting 1hem.along each of the men. the forces on 

the 56· lb {incluctea, 10 lb baUastJ laminaire can 6e esftmated. The$e a~tfons t,cc:QUnt for 

:the dislodgement ofthe lens, bulbshock and frequent lumJnalrefailuras~ 

21 



MechanlSm Of LumlnalreAcceieratl011 

When a heaViJy loaded truck passes by :a light pole, the :ttuck creates a localized deformation 

l'Qllghly equlval~t to Its: length. With its axles causing l}ij)fd deflections of ~ 11'-lrt.;oomposlte 

reinforced tooQ'ets bridge deek 

Tnlf:k-lndUced :fJeclt Defomlations 

In Fflure 16a. the time r:equill!d for a 55-ft Jong truck to irawl its enttm length atStl-70 mph 

vanes from 536 to 750 milliseconds {ms). TypicaMime for the entire sefie& of axis& to pass by 

the Ii ht....,.. • • ...........ut ~no ms. Because. trucks are traveli .at s· eeds of 55 m nor mere the.. g .. ..,.._..,1&~"'· ~ ... · ........ · ..• . . . ng ... P .. P. 1.. 

deflection for thalaxle only lasts for a very Short plJflOd of time:. The proportiQn Of time that a 

heavil~loaded<true~ tire is in centact With S5 ft of deek·. lengltl is quite small. Typical tire .oontaGt 

length vari~s fttm1 12to 184n, depending on me loading. The percentage of ure.®ntact e>ut QI 

55 ft for 12 to HI-In of contact for a truck at 65 mph vanes from 1.8% to 2,7%. Depending on 

truckspeedt this~>df pt;.tN ·~ ra11ga torn about10 m5. to 2P nm. as .shown in Figtil'e. 1Sb. 

Structural Rfllatlonshlps 

The ptJI$ i& structur$Uy @nneete:d to the l'Qadway deck by way ofmchQr boll$ embsdded Jnta 

an if1te9ra1 parapet rnacte of mfmonm amcrete. Wh~ 1he deck deflect& a ~in dist$r\l$1,, 

measured as downward Ueffection, the light pole aJ&o deflects:.. By approximating a linear dedt 

deflec:tion l!lngle from the right .lamJ.. the tignt pQla :S>Ci$ ~pondlngly defleGts vertical[)' and 

rotates.laterally by approximately the same angle. 

A5 the pnle axis 4eflecls~ the lumimite 1s set in mbficm. The "81Ddiy CJf the iumtriaire ts a 

funclon of1he truck speed, and the amountof deflection. The heavier the axle toad~ the greater 

th~ deflection. Si~ tt,e tieJght:Qf the pot, was 111~ from 27¼ ft to ·4() ft. the luminaire 

travels laterally a greater lateral distant::e thao in ffie origii1al lurmneire. Howe~r; the pulse time 

remains th& same. resulting in a greatervelocity. 
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Figum 15a. The time: required for the lengthota typical trac;tor-traHer of 55Jtto pass by a 
lighting pol$: at "'1iOus ~mM lrµck Jpeec:ls is pt•~ a~. Thelie times iif!t ffl)tcal 
cum1-1fative durcmo,_ofm~-load pulse$, exerttKI on fle deck and pofe by slngta :trud<sfQurad 
in theossillOg,aphio traces of aa:elemmeter data. 
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55 ,o 65 10 

TR.UCKSPEED, mph 

IJlflUm 150, .The tfme thtt a ~Unit lsJn ct,lralaehvith tt deCk. tJngth ~f55 ft ~1'1 witffa tire 
@ntacttength ~ 1.2 t9•.1&-in. A length of G5 ft is.an approxlmatton of typical datonnatioozone 
easued by the truck. Pulses based 011 axle apaang, speed and time indicate thattruck.axles are 
cauainq locali~d dee~ ddormatioos,. trigger)ng sharp pole.vibrations~ 



Pulse Recordlllfl l1y 01,,;illogrilph 

A ~r ostiHosaopie trace of mllltipre pulses from two· trucks·is stwWn tn Fig~ ftJ. Each 

division of th& recording paper ts 16.7 ms. The typical cycle tirne (initiation-to-peak. to peaki 

tl'len tn~versat. and back to lnlUel .p.osHklo) ~ tB..:7 ms~ The·~ time! which ~J4of1hecyde 

time. is 8.35 ms. ln other words.. the Jumfnaire .18 pulsed.foovwd in the direction of ·the: roadway 

·(feet, and·snaps baekdue to pdte el8$tioity and pavementreboond. 

The oscilkl$,Jrapmc recordings of the t1l1.1minum pol&$ indica.te lt18t &igtr11ie$nt vlbratians persist 

after the irii.tiat pulsEtS trigger osdlkltion. AJuminurit,..in ®r:tipari6on to steel, gray irpn and 

ductile iron, has poor damping capacity. Damping properues or ·vaoous metals alld allays. 

including.aluminum. ate'Shdwn in Flgun, 17, 

l..umlnal,e Delltidlon 

The extent of Juminaire travel ls a function of deck deflectioni which dlractty affects the po1e 

d.afle,pt{ori ~rtgle. Deet( deflection fs non•H~rwhen it is pohsidereq ;tts sitherttbettm 'fixed on 

both eocJs:. or a cantHever beam propped ortone end. by a floor ~rt,.but restrained by a curb. 

&. parapet undergoing·~~ Sk1ee a !Bafft fixed on both end.s tuas no lh~I angle of 

defiectiQn,.a propped cantilewt with end r.estnlint wuused m:dl,lermine the deffe.cr,km fmgle,. 

.In.Figure 1a :a 1Bl == the defl~lan at 15ft. which repruents deflediQn in .{he. rightlane('1$ffiois. 

heading west bound), Truck a:xtes in the right line are: between 9 to 15 ft of the 27 ft roadway, 

for a rahge Qf 0.333 to .O.~ L1 whjph tan be.~veraged as 0A45,L, vdlere L =27 ft. Fora 

centered point Joad at 0.5 L, a maldmum defledtion Is sustained at OA47 L using the propped 

cantit~r furmuta for deflection. An estirfi8.te of .the moment ot ·1nfi1ia..of center-loaded deck. 

tan be derived fl"(lffl thrafomiula {Ref 1}: 

M~y m WL" 
1.07El 
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y = defleetlon, tn 
L = width of~d~,27 ftF 
ec1 - dynamic moou1us.me~forcottcret&, J)Si 
I = moment of Inertia.-: ln4 

D...-' .......U • . +i.-..... -t--. n1.:, oba...rved deflectl n 4"'tt'i~ 2 in. 1::. · .......... d..h"II • •i •...........:1 lus of..· 1.,11•11Q ~. ng:., U.ftr n,,v,;::J .__H,110 ,,. .. .,, . . . . 0 . .-.~ . .. i-q, u.• ~1•1$0'.'I Q nl!i.NU . . 

elasudty for ooncrete1 was 'taken from its .~latitlrl to eon,pressive s:trengtn [Ref t, p319I+ The 

Illinois DOT concrete standa(d for bridge decks is ·4,000 psi mtnimum 1n compression~ The 

dynamic mpdulus was determined l6 be $.2 x 1 rJ, P$L In :subsQJ11:1ant equations;. E fs Jn dynamlp 

mode. 

The.moment of inertia for a propped eantileverbee.m with center loading: Js; 

•~ = -0~0093 WL' 
yE ·. 

Wherer 1.pt = morr,e,1tQf lnerlta .of pri)pped cantQeyer\ ln4 

w = truck :axle· leg~l -lpa~• w32too(llbs 
L = dad< width, 27 ft= 324 tn 
y =i daflectten. In 
E = dyt,amiG·modulus.of~icity, 6i2 :JC: to' pst 

tnsertJng .Y = 2• for deflec:tlon and the ··ofhet·quantities. this form1:1fa yields moment .of inertia for 

this r.f&(:k• as a propped. canutever at 818 in~.· The angle of d$Heciioo Q(l the end ota propped. 

cantffevet beam IRef 21 is given by : 

Whenb·= L.12•~<:enterloadmg, thisred1:1res to:· 

e :;: WL:2 
32:EI' 

U$ing J=818: rn"'. and W = 32,000 lbs, and E $S 6,2 x t<f .pst, a nominal angle of deflection of 

0;0207 radiansJs dbtained.. 

H~V$t. ttia Jt,'>1"$i0i1al resist8n¢e ot tttia ·p(lrapet whid'J i& @nne.Gted by stUt:ti, to the support 

beam, restrains the:angle generated by a centrally-loaded prclpped tantilever,. limiting thedeck 

end an9le By revar:se. twist.. The dynamic s~r lt'lbdul1Js of ~ncr.ete is a: function Df Poisson~s 

2!i 
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ratio for ~ an<I its dynamic. modulus..of.e(astfdly. This relationship (Ref l, p 320] is as. 

follows: 

= E 
2(1 +JI) 

Where E = dynamip modulus of etasticityr 6.2 X 1O' psi 
/.I = dynamic Pda.$0n's ratio; 0.24 in dynamit mode 

lnsertingthese.quamitles provid~ a dynamic shear rmxlulus.of2.5 x 1 (;f psi for this (:Ofl~ 

The torsional angle of twist [Ref 4~ p!2] fur a red:angleis: 

0 

Where. 8 =· ~ngle in ad,ns 
T = torque applied, 32i800 lbs x f5 ft x 12 i.n 
L ·- midpoint length of parapet·t,etween supports c 139· iri 
a = width of parapet, °18 .in 
b = height of parapet 36 in . 
G = dynamic.shear modulw. 2.s x 10• psi 

Inserting these quantities results in a restraining angle of twist of 0..00.835 radians. The 

daflecti011 without the parcipat would be 0~0207 radians. Mer" subtracting (J.00835 radl~nst the, 

parapeJrestrairted end has a net d.Uf;itfiQi1 aUJ.0143· radians. 

There i$ an elastic limit for concrete by which theu::tmctete cannot. provide wrsmal restraint 

When the tonifonal ·~applted to the concrete section eKeeeds lb shear streflQth.. Ve the 

plastic strain •is tran•ired ta the refnforcementE which continues to provide dimensltmaJJty of 

the parapet~ The shear strength per AASHTO Sffindatd Spec/fit;atkJ(f.s for Highway l!Jti{JfJB~ as 

listed In 8.15~5.2. fs: 

Ve :z 0.95 [fJ ¼ 

Where ~ allowable;shearsttengtt, 
= oompressivestrengthofthe conerete=4.000psi min 
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For this bridge ·deck., Ila shear stfengtb or the parapet ooncrete -. rated as 60 pst The 

mamn,1m shear on the parapet is determined by this relationship [Ref 4]: 

Va = T (3a + 11}" b~ 
a2+b 

Where Vet =.shear st~h fn totsion~. 60 J>$l 
T l= torque applied, lbs-in 
a = width of parapet= 18 in 
b = height Qf parapet= a.a in 

The allowable. t0f(1ue before .shear yield of the con£$ 1$· 25.194,240 tbs-Jn~ With an applied 

moment arm of 180 in, It would require a 109(1 of 21S,510 lb& before shear yielding of the 

.eoocrelfi would Qa:ur. St¢h. a toad WQuld only Ile swtained r special permits for overloads 

were gtanted to cross ·the bridtJe. Taking .into account the parapet restraint. a general tnoment 

o( Inertia for the deck can be determined atmid point loading, where e =0.0143' radians, by thts· 

expression: 

Where ll;'idf = torsional momem.·Qf.Jnet1,1a. adjusted for end testrautt 
....w load appfied. 32.000 Jbs 

L = width.ofdeck, 2J ft;:; 324 in 
E = dynamic rnodulUS: of elasticity, 6.2 x 108 f$i 
8 = deflection ih radians. tl0143 

Using the..above quantities. the adjusted moment of inertia is 1'184 in4.For defledlcns other than 

2 in~ a quasi ·axle load wa$ determined whfeh would result fn those d~flacttans.. Quasi axla loads 

can be treated as variations of klad ~lributloo, impact aod ltu¢k ~rloadli be1flnd .the. legal 

load of· 32/000 lbs per axle. For these axle weight$.. the origrnal formula for deftedion of the 

pl1lPAfJd. cantileV'Jr W$6 \$d. e~1hat the mdrnt:P: of inertia was. increased ftom I =818 ih4 

to la4 =1184 in4• The. defledion 1bnnola was rearranged asfoDaws: 

https://width.of


Linear Apgrmdmation ofPote 
deuie.e& • 

Deck o•Cition~ in Non-lineat.Po►Artgle:, 
Anale. deatees 

0~327 o.3ta 
0~477 

0.659 
0.82◄ 

3.0 0.954 

Figure 19 is oonstructed t1$ing both the non-linear behawor a.nd the linear approximations of 

deck·deflection, 

Nore TI1f $Ql.lm~onof a.nnear tlmlooflon~n 6e ~~pilfy ttle.~. tt.'.$ff~oftb,.d~~not 
me~d bylesar, due.to·the• ~em Qi JV!ight fr9m .the! 1W£!rpoofand ~ki:16e ~.·st:r1"9ets, r,or were Hghly 
.,e(lSIM lottlnometffl used. lh8 low, OOJt Jnclmmeters l.$8d in 1bfamves1aaffcin>cou1d not ·$8ri$8 the,. rapid alde 
pulW due tt:ttheirsnod 1&. milhec:ond duration~ Jt is rec:ognia'.sd. that~;lhe pole i& tap«ed, ihe pole ama IJ· 
.ftp{ parfaclly·.Unetrr whflfl deflected. end oouldectuelly~ l;M3tl{J$atertJeffedki1m ihm.loosepred~bye 19d 
llne!il'po!Q.• 

Most trucks in Illinois generally travel in the ns,.ht lane on a divided highway, since ·the speed 

lfmfl for truQl$5 Jn Olinois ls 5.5 mph mr· h~vy tOJ(lf<s. wbeteci$ t,he Umil ·.~· 65•mph for oa~ and 

ulher 1ight vet\ide&. As a: resu~ lurninidres ri'ldunted on parapet poles. are ·:t'TKJf8•susceptible to 

https://rec:ognia'.sd


Lum,,_,. 'WIIOtJilM 

The distance wveted bY ths lurn1naire by the: •~minaire-after: l~rpote deflection ls!. 

4 = Rtan8p 

Where; d ;;: diStaACe :traveled·by the IUminaire, ·n. 
ep = pate. d~angf~ ~ad = ded<d(9Jfledion .angle 

a ie~M ft. •R P9. ln;l!"tfUL:, 

tn the .aboVe tang:ant funetton. a simplifH!d .assumption i&. made that ihe pole axis is rigid. 

Be.cause the pole is taper".$d. ~dlttonal deflectipn is sv$lained at the tenon top, i~ng. lhe 

deflection and velocity of the lum.lnatre even more, The d1stance ttave.led •by the luminaJitt Is a 

direct ftmction of the dedt dtlfleotion.. Thf! ·ava,age velocity of the luminaire. is: 

d 
\I .I -

t 

11 =average velocity.of the luminaire, ftfs.ec. 
iJ = d-tAnee traveled, ft , =nse;time6fpu~..S$t:s 

Smee the rise fnne of:the·pulse is only of the orderof 0~008 secs [8. mti1t it is not difficult to see 

why lnttlw velocities induced by axte P1"iaa ,deflectlQns are so high. For truCke wtddl 

substantially weigh over ihe leg-al limit of 80,000 lb$ and are trav.efing in exeess ·of 55 mph" 

ti~ooutd ln¢rt3ase to l~fs abo.ve3~of deck deformation. 

~ 
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F/gUrt!J'. f6. Oscillogr:aphlc rjcofdihg of the Aslro-Med Dash IV Qfa~ plil$8S of truck$ p;IS&irig 
by the instrumented fight pale at •abQut 55 mph. Pulses.;indicate the passage oftwo trucks:; 
based on lyJ)ieal .ute spacings. CaUbration of the aCQllerometers Indicated that 1V= o:42 i· 
Eaeh Increment represents 3S.3mi111seconds (ms),. with pulse rise 6mEu1f approxlrmrtety Srns. 
After the initial pute, ttiEte are ad~tional de~ putse:sJroni<efastic rtibound and vibrattoo Df 
tt,e:pole,, 
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Fl(Jutf'11a. Relative ~ing (:ilpacity ¢ .(1) gray 'CMtito,r; (2) eas•hardjn•d steel (~ 
1Q20);(3)silicoo~I (SAE 9,?60); (4).t1~1-rn$nQan~st.Eill(SAli4S20.); (S)'nlekel- . 
g,rcmiurn suael (SAE 4320; 4330; 4340); (6} chromium steel (SAE 4130; 4140); (1) red brass 
(CDA 836; 838). Adapted from [Ref 5J. 



.V =:'. ¥1tlQ1City 

e =:lA{lfa of 
d!lflect10f! 

R•44tt 

Dtflltctt~n 
l:Jy'Tnu:kil'.I• 
,Rlghtu,na 

r1SfQ 

611R ' 

Pigur,F1lJ. Typi99f ~sMdiortdf t1'l9 roadway cat betw®n floor b!!Sl'l'IS, at spa,_ 9 through 
24. The deck :etrtngenJ(24 WF 88)ate composite with the deck bet.W'een floor beams. 
permitting rigidity of Hie deck as a truck pa$$9S by. In the. a~ls Clf this report. truck axle· 
loadir:tgs ciauaaan appn»dmate center loadlng, inducing deckdafl8ctlon &. Thededrends are 
restrained by the parapet. resulting ,n a fm[al riet deckend ar:tgle ad • After e.tt rs generated at 
the parapet. lhat aflgl$ F'Sklfts li'l an apprmdmateJy equal JX!le a$ Qngte of .defte~on Sp, 
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1.2 -,..-------------------~ 

- ...... R.iglltl,a,D(:, No0rLinear 

• Right Lane, Linear Approximation 

O-+-------,-------r------.....--------1 

1 3 

DECK DEPLECllON, inches 

Ff{l11re 19. In tttra..gn,'ph; tne, detl( deff•ctK:>n fromtruck~loads results in adeck:~ 
angle Eidt m,n~]he parap&)t ~Int. 'Ind ls approximately equarto the poh:t ~$ cfeffecti(Sn
angle ep. Opnversion of deffeotions, udng both nat1::-rinaarmethods and linear ~pproximations. 
are:pl~~ linear approximationsfrcm tile i:.ngent fomwla can·be used for afimitttd range of 
axle IOadlngs Wfthout generating substantial ~aviations from actual non-Jlnearlty. 
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~tlonolths L11mlniil,:e 

Th& tuminaire is sut,jeet to sudden ~raUon and deceferation fofce& a& the deck and pole 

d&fl$dionsGtcur. BeCilusethese I~ pulsf!s; ~ao quitkly)•the~is.a rapid a~of a 

very fooaliZed area of the: deck. which runs through the: pole: and to the lum111aJre. The 

aooeleratan of lumtnalm [Raf•7]. ls·as fallows: 

. Jll 
a= -.• R 

= a~eratiofi,.ft/std 
::: aver&ge velocityot luminaire. ff/sec 
= lumlnalte height,. ft 

With a· putse nee time of J ms or fess. ac:ce~ can easily tead't I,vets of +-5 g. Far 

e.mpla,. a 3-in deflection in the right lane results inan angle of pole defledion ofabout·<l.95°. 

The distance traveled by the tuminaire is 8~38 In =0.898 ft. ln a.3 M$, 1be velocity ls 84 ft/sec~ 

Fot a 40 ff pole, the acceleration is approximateJy 177ft/sec2. The gravitational aooeleration for 

East Moline. IL, at 4~ lalitUd$ [Ref 8], as determrnect by a swloging. pendulum" ts 32.16 ft/s~~~ 

Todetermine g-.tm;e$, thtt ~nship iJi 

a 
g = 32.16 

g = ~nitudeqfaoceleratk>n, tcJ~ated tp earth gravity at 42° latitude 
a = measured acceleration, fl/sec-

For an acceleratton of 174·ftlsec2! the g.;.fotces.axerted on the luminait& ate about:·5.4 .g. For 

trucks passing byatspeeds.greaterthan65mph, g-furc8$:will ba9xp011entially tnaghifted. The 

ace\il~ $UStained by k:lminaites subJe«ed to POie deflections l,y trucks fmieling at. 5& 

mph are ,now,, rn figure 20.1or 40 rt and 27.5 fl poles. In this figure; pulse rise times are set at 

8.55 ms, and are for poles mounted on.the.right lane parapets. 
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Suggesteci $olullons; 

Several pot"'1Jial solution.a ca,nbeappfieid to. attenuate the problem Qf (uminaire atcffleration 

and. vibration, and ils resulting reduction of Juminair:e life. 

a. U,,ht pole height By decreasing ligJlt pole height. the distance. traveled by the lumlnalte 

1s ~reasoo after the ~ $CBIW$ a d.rle~lon iooueed t,y· the passage of trotk.axles 

at 55 rnpn or mare. Since the ·21.5 ft poles ate still available, they should be considered 

for nHJse, stlortening them to atenon-top ar~ement Davit arms should be retrt0.Ve4. 

since they intlt>duce high verbl acceleratlon$ ·onto fllfl lQrinaire. secord8'Q :to tests: 

recently perlormsd by the University of Illinois at Champaign-Urbana IRef 9). By 

decre•Jng pole;·fltllgllt to 21 ft or tass,.g.for-. sh®ki••blJ·t111t.h.1ced to more mim8Qeable. 

rangas of3 io:4 ·g·wh$tl1\1~.pass by··• 55 mpn 

b., Redur;in9 truck spe,.Jd. High speed$ of tie;,vy tru~ contribute: to sharp, rapid 

deflections of the pole$. Stgns ~ at ¼ mile and½. mite before Ill& approaches of 

the bridge ehoukl have the foUowing warning: "Speed limit for whiclaumre than 4 tons, 

55. mph. stri~ e~. ~tatillning devices: at lle·foot Qf the bridge whicll displayttn,; 

speeds of oncoming vehicles arestrongly re.commended. 

e, lnareas/lJg vlbtatkm res/$iantJe of. lumlit61Ms. High intensity •~mi,.Jres With .greater 

reslslan • to v11,,;-tion andg-f,..- • • ..s..,.,;,..• ui•··""·1 ifl" hl:i • .....:a.;..,.;..,, ••. 1o· ....... d • 111 ir. . . ce . .. . . . --s -""' t8Q. .•~ . Jg .. ng .,__ or$ LR:J use '" . eLIi~ 

.present tocetions~ Movil'lg lights to areae over eJdsting. piers would decrease deflection, 

but till$ W01Jld f'S(luire: lllWI' foundetion anchors and rewiring~ This retoGati!Jn ~. 

may b$ sub$l$nlial. but this GptiOn'should be compatEKf with other viable options. 

d, Use of v,Ol"llfjon pads with low modulus qf;eladGity~ ElastomerlQ vibra.tton pads and 

washers with tow moduli of elastlelty, ~uch as .encapsulated .eork or $Ynlhetic. heOprane 

rubber, are preferred for lsolatk>n of·the pole baee connection to the parapets or median. 

for~e. Ai~\ykt pads. ~pose.d of granulated cork in a pOlymer tnatnx. 

should help to aftenuat.e deffet:Hon and Vibration tG some degree for Wind~induced 
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osciUatlon. but are probably msentttlve to higher on:ler freQuen~lnduoed putstfS from 

tnJck$ (25 Hz or l'[IQte). 

e. Lower:ovemsadand pa111l/el light altemativ&s. There an, severar new or existing lighting 

systems which al'8 inherently 'libration--tesistant There are overhead•aystetn$ with high 

vibration resistance· at lower pale heights, but have lesser wattage than high.Jntenslly 

discharge lamps p~ly $pecM'ted for this bridge:. Parallel l~ht &ys1$h$ generally 

illumfnate the bridge With light direeted roughly parallel to the deck. railer than with 

overhead fighting. which relia mol'8 on .pavement ltJminosity. Both overhead anc:I 

parallel light sys~s Include lfght:..emltting dlOdes. inductive lfghlng. and elCl>IQSion­

teslstant. floorescent·.fbdures. Examples of.these systems can be found ln Appendix 1. 

NOTE: lbe.specificcitation of'p~ ofvatiousmenufacturets.included in Appendix.:1 &,es· 
not canstitute .an endoi:semenl,; nor is lt a spedfication. PrQC,1,tct c:ttations • RtcMded .for 
Dlustrative,purposes only. 

,~ UfJht emitting ~ (LE,Ds) .do not ha• the intensity of eodium er ~tcury vappr 

lamps, bot are not as susceptible to acoeteration-:induced failure. Linear atrays of tqgh 

eutput LEDs are avaQable. However... they would require MW·•wlring. and numeroqs 

~ritir'l9$Qn ·ltte p.,.t,ebhirid rh$diap [R$f 10). 

g. Jnductfve fighting,. which does not employ an internal filament in the gas tube for 
~ . . . . . 

111uminaton. ii,available,, ~pt that wattage i• limited to upper rang• of 150 wto 

186 w. Depending on their design, inductive ligttts are. more Yibration.-resistant than 

conventional ffuorescenttu~. There are ,everal prominent manufactw:ers.ofthls type 

of lighting lR,f 11; Ref 12}. bf.¢ they wnutd also require new Wiring and moun~ on the 

parapets and medians . 

. fl. Q~Bfll .fltJfJlJJSc:IJJl1t ,ixl\tres are used. In hazardous locations, sud\ aa·-Oovr 

milsteoal mines and paint shops. They have very high9-ratings. and could be mounted 

in a guard rail tube. ·fotusing light downward toward the pavement at.a low angle of 

indden~. Qe~use their p:ower ~Jing lslitnllifd to a range :of 40 to·60 W, .theft Intensity 



1& stgnlfk:antty less than hfgh intensity vapor lamps. This ,.,rwaffilge YJOuld'r$quire. 
. : • . •.. • L

substantial srings af·these fixtures along ·parapets ·and median. Fixtures.are available 

from 12Q V to 387 V;however, Jransfomlers to step. down to lesser voltages from the 

current480V.supplied would be required [Raf 1.31. 
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Conch1s1ons 

A. PaJes and lumlnaires on the LeCJaire Bridge are·$U&tair1ing aceeleratfon forces on the 

onien:.wmagnl4,rde of 4-.5 g. 

B. The g-forces. are initiated by hea\l)' trucks traveling atspeeds or 55 mph or mare, and 

are further accelerated by·increased axle loadtlQ. 

C. Typic.ai pol& pulse defledfon rise time was about8milliseconds at 55 mph~ 

O. A1urnin\lm .poles expariane&.substanttal continuing oscillation due to their :lower damping 

CQefflcients. They also. ·ha.ve greater defleeflon ct,sracterfstfcs than an equiYatent :steel 

pole, due to Ile lower modulus of elastimty of aluminum compared to steel. 

E:, The h;trder and stiffer Fabreeka® "VibratiOn pad woutd pt()Vide greater transmlssfan of 

dacll deflection to the pde than would the aofter SA-41 and Airloc® ·pad$. H~VW::; 

consk1ering the TIIPid PU!lses s1.1Sblltled by the lumlnalres, vibration pads may not provide 

any .,1gnifitaht relieffrom htgh frequency Vibration and acce1eta11on. r.egardless of the: 

type of pad used. 

Recommendations 

1. tf pole base pads are installed for seating and ie:velif:l!J: purposes, use.of the harder 

Fabre:akal. pad Is not re.commende<f tor ltiis apptcatton~ Torquespsdfieattons forSA-47 

and Ai@vibradon washers and pads should be.developed If the pad$ are•r,eptaGed, it 

so~ anchor rods am too short, mooificatiQnS may .be required., 

2. SiO(:S there are higher (ffotces rn .l)()les of 40 ft in tengthf it is reeommenoed fhat 

shorter poles be installed, which will $USla1ri less daftection and vibration. Since: 27.5 ft 

poles.are avai1abl~. itiS:recommend~(I that their davit.arm$ be rerno'Md.• '"1nd.made Into 

tenoo tops. The final pole height WOUid be determined by the roadway lighting de$19n 

ttnd :the photometry of ·the ·s.g wmfnalre.. 

https://Typic.ai


3. Heavy truck .speeds on 1he btk:tge should tte $'.tfictly enfQrced* flfliiijng trucks weighing 

more 1han 6./000 Jbs to 56 mp~ In accordance \Yifh Illinois. .statute 625• ILCS 6/11'"'601.(d). 

4. A luminfl.ire ~bla 6f1Nilh$tan.djn9 !flt te&$t 5 g .or more $hould b& used io th& future if 

pol$$ wm, heignts of27.5 ft er mere are1o be re1nstaH&ct or ueed. 

5. Accelerated development and testing of 5.g lumirtairea by 1e~ing lighting 

manufacturers sll9Uld be supported by either Jfate er federal tt,nds. su.ctt as SPR 

pooled fund studies, IL light~pole revolving funds, or with direct R&D funds. Several 

experienced manufacturer$ of high intensity lighting slloutd be oonsidered .to bid on 

supplying 5,-g lttmlnaitet" such as General Electric. Holophane. WideUtesr SylYania-. 

Osram, PhOEmlx Lighting~ .or other manufacturer&of military or marine lighting. 

6. To augment or replace high-intensity overhead. fighting,. partl~lar1y in .cas.e of figh6n9.. 

falfure. flush-mounted inductive lighting M the medians and parapets should be 

fXlf'ISidered~ The reflective shad.e should direct 1he beam frQm LED, indu91ion or 

ftuarestent lights downward and away, so as to ·illuminate the roadway. and not blind 

the driver. A c:ombinatfon guard rail \\titl"I internal lighting foc:u$ed on 1he deck could 

·serve this purPQse. 

7~ Retro-reflective Jane delfMators and right & left rane ShOuroer stripes should be 

prominently marktKf and maintained~ particularly after eadr winter~~ 

6. Vibration sh.Jdie• should be conducted to detetmine Whether changjng pole material to 

steel or fiber composite, either exacerbates, decet~tes. or has neg1igible effects on 

lurrrinaire scceleration. 

41 



[1]. A. Blake, Ptaoflaalst1r1ssAn$1ysisit:,:~9il1$&1'/oQ Dflsf(Jn, Marcel C>ekker,.NewYod(. 

1990~p242. 

[21. A. Neville, Propetlles ofConcrete~ Wiley., New Yorkt 1975~ pp 3l9-320; 

[3]. W~ Pikey, Ftamt.lla$ tot SfmS:s,. str;iln ;ma $ffUCl(Jral Matrices, WIiey lntetsdence, New 

York. 1994. p 525. 

[4]. J. Faupel and F. Ffsher, El'lgineerlng Design, ~ Editk;>n, Wifey lnteredenal, 1981, p 82. 

[5]. F. Steco. '.The Alloys oflmn and Cclrbons V<?i. I~ McGraw,.HJII. NewYotk, 

1937,p408. 

rR1 n P • l • 111D . rnicP~es of Materials" EflN"'ab"',...,, Metallu • PitmllnLVJ• V• nng ei '"..... ' . •~u• . . .. . . .. • ..~~!"•If . . .'l1Jf, . 

Publishing. 'NeW YOd(j 1957. p94. 

[7]. R. steictel, •Mechanics of Solids'\ Standan;f;Hand/Jook(QrMech1nk;al Eng/.RBfJr$i 

·8th Edition,. McGra.-HII. New York. 1918,. ~p S-16 to ~17.. 

[81: ·Aeceknt1or1 Due to Gravity for Sea Level at Various Latitudes.11~ Ham::11:wok ofChemistry 

and Ph~, 58111 Edifion, CRC Pl'IWi$, Wast PaJm a«;iaeh. FL. 191a p f ...1~~ 

r:", L·""· ~,- .. __. N· J • ·•A:···•k-· o1··;•;...htPol•faifures.Jn Hllnois" D~l?lr,........~,,.,.1,cir,. va, ...~ta anw . ones, n-,-vJS -tt Q • ...~......... , ..~r 

CivU Engineering. University of lllinois;at Urbana-Chan,paigrr, J'-"'8, 20Q4•.pp40-42. 

[101 "Lumon Une11• Lumlled$ Lighting, LLC. SJn Jose, CA, 2004. 

[11]. •rcatron lnducUve•eoupled Efectrodetess Lighting")' Sl(lvania-.Osram, FalL 1998:. 

[1·2J~ -QL 165 VWilll lnduc:l.ion Ugt1ting $.yst•rn•, Ph'W:ps LJghtJng Co., So~NJ, April, 2001 ~ 

(13]. •ecptoslon Proof Ughtlngt'SSO SerlesSpecfffcatlons", LDPI. tnc., Eau Claire, WI, 2084. 

https://Latitudes.11


APPENDIX 1 Elcamples:ofVlbndiQn-llesl•tant Lighting of Lasser Intensity> 

N011=:. The ,pecJflc citation of products of Ylll'lous manufacturers Included in Appendix 1 
doea not constitute an anclornment, nor Is Ita tspe~tlon. Product cltatl~n• are 
provided for Illustrative purpoaas only. 
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- • Be automati.callyllOtified ifthis
Wblte Lu:xeon Line -=- - iteJn goes on sale, tilt price~

·U,nte.Mtrt . de1:... • ..i,::_ ;11n.mn · or . uvery w.i.u.e --":t"~....ves; 

• 12 row mo.unted Lu,c~ 
Emitteti• •• •duce 250 Ltm1ens. .. . pro . . . . 
ofpure White light 

• lights with 21 VDC 

• Baeh. LED is equipped with 
PMMA.... SQCO""'"M"w." .......+t ...t' ....q•. for. .._.,. 

tightly fooosed light 

• St:andard:AMP emmectorson 
..:!.-1.-.-.t: r..a..,t.. • allows.la~ :Gll;U O .Ill .ar:ray . 
4-gn flexibility and daisy-

,:..-!..•avwumg 

It f ullYditran~ 

• tJp to 100~00() ~ lifespan 

• SuperiorBSD~ 

• •~b•safe to'tbe touch 

• Instant 1ight(le$s ~ 100 ns 
~OD tim,e) 

• NoIN 

Additional Jnformatioo 

Usmg Luxeon LEDs, For Lighting 
Lux«1tt LED Thermal Design Guide 
LmeQiiLEDPlug &.Play 
Jnformation 
L~gLED Design Gui:dp 
~ningMaxirhwn Qumut Of 
WhiteLEDs 
LXHL-NW99•Teclinica1Data Sheet 
@tblislwd By Lwnileds} 

PartNo 1+ 

LXHL-NW99 $l'4,10 ea:(UsP) 

10+ 2S+ so+ 100+ :250+ Ships In 

$l39.2S $13S~9:7 $132:$5 $128·;4.i $12.LM lODay(s)ea ~a ea .ea ~ . 

-~ 

:Qty 

D 
Pdcitm; and t\;vailability ~ subject.to ¢bauge wi1houtnof;ice. 



Luxeonllne 
1..t:.tam Llne -..~and 1:1ea1.1y. 
~ ~ ltll~fOn!l MYQI.I ilke. ~ 
l.t.lxmrt~.-alfg!Jf;ld tm a ~Dd bOald 

-------:a-------and~•effl~collfmitlrv·~ 
to ~maJigtit~. ~ ilmHs. 
fantastic fflr cl:Na,·.i;hi;!i .me! tll'C~ffil 
l~Q---4~• and <iutdOQnt, Una ·em up1 

Lwtaon ring. 6-­
L~n. ring 12 
TIJB.6snd 12. tm1t UooKm rff1Q$ i!llcit: 
·slunr;ilnl).dects.11'.ldlvlduat,U'ld1oim 
as.moot, pattern when combinlld.. 
Vil!~ th&OJimiv, 'IVUha wat, ~ INlh 
a b\:'.i1faltl. Solli:1; ~.®lfimated ~ 
Joooolgllt·~.ahlngfor,mir-. 
~and~l(;f!lt)g. 

r------fJ,1.111 
... &t,---

l+--mA--f 
i---1•---.1 

LuxeoJ'I flood 
Need.8Clll18.~ LJim:iri lloo£t 
1s an~of elher 12 or 18emltirs 
~~ tog!tttler to~out 
ffiB ftttt~ Toa.baftMn{l~rritoo
~•e:~e,,mnJll)htdfatnbution. 
The I~~rm!CJJI mBlmllesllght
·.. • .Ro6da wtttt· • • • • nt 
~--=&twllh~~. 

~ ln111RJl 
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technical story 
Lfgnt dstrlbutlon 
.ll.Jxeooi!.:! avwlabl~ with lh•~rem lenses and a:eoJtnattlr; 

• ~.eYE-ldlshld!On. In~II .dfli!Cttona 
• Balwt~11atter.~;t11stitfuutlix, ~nec1mevanly1111. the:~~. 
• Side-emiHing--,,a radial dstribulioo~ ideal for reflector desij;,1mwaveguldm 

• COJ1imator,----,1 J$ri1 fiat~ttit b.-n ang!e tl:!;12 ~· 

Ip.el~ 

11D 

••• 
ft 

!II: 

·tn:bV~ 
flNM;ttpillltm,mi,fdt;;ll ~IJ!IHan~....i 

.11:n ..llil ·:.}j)· l!O m 1m ..u, -ar .o. w .oil~~..._.. ~~~ 

·11» 

·100 .(0 ~ .11. t;) 1.1» 
~~~ 

Spectral distribution curvea 

·~tw,O· ~lint 
Q B WU• ·~ SD to, 1w {1111 

Lumen maintenance, CRI. efflcacy 
~th8 moo!: IJpto.date nl'orma1bn in otr.flJlGk.$:f 
l..l..lxeon·P,lug·and.Pla.y Guide..er on the web at 
www.rUX&Orl;cOf!l .<Jr ·www.umlads~Clom.. 

www.rUX&Orl;cOf!l


• fOOTOOO Hour Lamp Life 
• Extrern,ly Low Maintenance Cost$ 
• Instant On I No Re-~rike 
• High Efficacy 
• 82 CR, 
• Designed for Qµict Installation 

Applkatlon• 

The Ultra Bay Cold Box fixture is designed for 
use in tndustrtal • refrigerated spaces, We have 
provtd•d these fl:id:uresi for retail and industrial 
food ~pe.-atton and storage fadlitiE!s. The 
neavv ;euge ~h,1rratnt1m construdto.n assu,- a 
long fixture life to match ttre tO(UJOO hour lamp 
life. The fixture. is UL listed fj~1;1re and q1n be: 
mauntea In a vartetv Qf ways. 

The UICB is eonsttucted;of welded ..0901{ 
alutninum that has been pow:der;coat!!d tor 
heavy duty s.etvice throughout the life·otthe 
ffxt-,.ire. 

We u,e rotary adiOn draw latdl<fo ~rely t9:ek 
the>door lind lens tntQ position. These dr.aw 
latches provide a strorigt PoSltive grip to 
withstand atiu$ive enviror:tment$.. 

The UiCB ls. a. flsxtbte ~m wit.h many options 
to help you meet your Job spe,ctftcaaans. With 
motion sensor$, alternate switching, and <=ord 
and plugs avatlable to you:r every fl'Xb.Jre c:an be 
custom fitted w you rteetts. 

·Ordering lnfor,aatlon on bar:lc 
i=or further im'ormatiort., p'-8 can~ We $pedalite hl' 
replacing afl HID'.s Wlth ti~o~nt. Wh~~er ~Ur 
hghtJng needs, we have a fixture to. suit those needs:. 

ColfStrtldion 

Batty .09t'P~ Aluminum, p:qwder-cc,ated Wbtte 

WelglJt Appr<ix 2.Sbs~ 

tam;, Gsram·Sylvania·100 wattlcetron 

Baltast: e>sram Sylvai;,~ 1,0 watt I~rorr 

Ret'le.cl6r eustomer dmlce.: 
• • MJRRO 4 95% naftt¢ance anfKlized 

.020 ah.1miiium 
Wtf&l 91% reftedance White. ,020 
aluminum 

I.ens Clear Prismatic Polycarbonate 

1147t 
1 1/2 

f 
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165 Watt ·QL Induction Lighting 
Lamp System 

• Ordering lntbfflUlt(on 
Of'G!tlng Prodw: 
Ctiiiki Number DeJcripdiln 

GettU"lllair 

QtliSWISOI 377'W4 Genll!ntQt\21Xfl2:t1V o 
QU6!iW}fC 369165 Power C®pler • 
QUf5Wl830 369171 01sc;ltarp~ @GOOK) & 
QltBWlMO 36?181 OisdiatpV&ad {"10£l0l) 6 

■ Mechanical Characteristics 

A) azr (l.H>Mm) A) 222" (S6.Smm) 
B) s.r&" (131mm) BJ I.SB" {"10.tmm} 
C)125"{S7mM) q 1:i.r (185mm} 
D) I iM• {49mm} D) i.063.; {27mm) 

1'14 :a 1mm screw danKSter· 

A) tt7" ($Omni) 
B) 4AI" {I 1!11'!ffl) 
q o.ss·t•4nvn) 
0) 2:.75"(70,nm) 
E) 7.4'' ( 188mm) 
f).1.r:r (J7&rim) 
G) 6.33" (Jltfrim) 

■ Physical Characterlitlcs 
Die!:FV.Jet (Bulb) Bntsft Pbose!Jo~ 

■ Operating Characteristics 
~d lnittal Lu.11'1eris I.UDO 

OE ChramaUcJty.Appmx..3000K .. 

81),t-



Phllp, JJahtlns. 
za1 • ti1~1toac1 
~~uc• 
;.·~.cl·.,....~Umaw 

QL 165 Watt Induction Uabting Lan1p System 
Addltibnal ·Data ~ert tct manje wn11Cltit ~l 

■ Operating Position 
Univertal 

■ Electrical ChtJrac:terlstfc:s 
.~~Wma.p.Nown. 

175 

UM 
294 
230 

DC SuppyVok;g&. Min. 
OC&,ppit\toltqe. ~ 
Supply fu.guency.t-u. Nmn. 50/&0DC 

47DC 

mrush GinentAmps, Mme. 
Dqraioo lnntm Cummt·. 
(5Bputse width} lsEi;Ha.Jt:.: 500 

l.abpCUtrent mArms, Max. 

2.65 

*W!cbV1t11lnst:i1TN.,.e11)pllf4CQm:nc.31'.flower~ 

Spa¢~ ,_.rD..,.__ 

■ 5-ndards and ApptV¥als 
Phlltps Qi.~•co~fy ,iritludl twfffiinC 
1ntem•nal rufes and ,._.1.ttaDStcln~ludlt1z: 
.$,af@.y • • EN:609:28 

Kmnonics EN 610t)0-3.;l 
•Rado mg. Interference ~301'11-k .B\l 550t5* 

·1mmoon:, '« 
Supply ~e,trs.wita# dips 
and elecitOStatk.dlScharp EN61547 

.IEC 68-2-l9 fC 
ra:c -.2..'.lt ea 

Aw~~. . . . . . UL #93S,#Hl 
C:SA021.#7:'1,;92. C1U#9S0:.Mft {Bi-natioQI OL 9:$0) 
Qualfty Standard I~ 9QQF 
~M~Synn\ ISO llOOI 

~.w~red '1 FCC tt:kt!!;.J\ roe Part. 11. WiJ:lClrl: es 
~~ .,~i'a)AMSI ~lff:Z... • • 

PHILIPS 

https://lsEi;Ha.Jt


Prodqets ;Applications T®boiefil CotltAQt 

~-Explosion Proof Locations 
~-

~ 
Accessories 

.2.Lamp:1 Ft. Fixtum 

·'IJL·i9S, 8#;. 159:8 
PatmtPending 

General: E)(~.pr.odUgbtlng tor.hazardous 1~0$. ffll'atiabte as 
21$mp 2 Fl .. or~ Ft. ~~. 4-1~mp2 R, (I( ill\ FiWums., &lamp 4 Ft f!X'Wres 

Cast Naturtd Alummum . 
Seismic. tested by Struefural Dynam~ R~CprJ)Oration (full sca:Je) 
fragility qupltfwaim) t~ in frequencies of 1 to ai .EJ Hertz in S.:ptane uts 
WHnmaxilnum Ci tor<:e ofU'l.61 aci-dev&<.t 

·&,e Specihcations/Opttms beJow 

UL844-li--d and Jabeleg -Ha$rdOusLol;all()M 
UL 59Stfsted aru;!Jabeted - ~nEi iypl!J Hgtitlng fi;ctt.ira. 01..1t&Jde TYPfl (~Itwatttr) 
UL 69,J,tested,"UIVme¼'lt to NEMA 4X requlrementsfot h®e--dowrfQbll 
~Jon ~istanre. Crass l.• Division 1. Grolf.? C and D~ Class ft Division 2, 
Groups A B, C aRd O; ClllSS n. DM$lOtl 1 and 2, Group E, F and G; era. Ht 
UUisted 1598 
UL li~ted md tattijed for use inside paint apray booths-sndf'OQfflS. 
Afso meets requirements for National Fire Protection Association Standard 33 
and .National S®tncat Odd& ArttcfG 51&. 
ULc,~anct1,~ Class J, Division t and2..Group c and D. 
NEMA3', ◄X, 7CD, 9EFG 

O tional Pd•,_.....,.. •""·Sh'...rd •.;1·e.ta·. 1· • ·s·i,.... • 10··"'~-~---Q........=. .,.. • ._,,.,.pt··Jl . • .. ~---nau:::: . IQ!_ an~ .;a;t 1n e$S we ..-,;a~.~ ~~11Ca.llOJl;:1t:1w' IO(I~ 
Emer{JeffW battery J)aok...up ?Uek avalfat,¾c. {ComJuiffactory) 
Nationa1 Etedtrleal Code Article: 51(t 

http:://apldsionproo£1dpi--ilw:eom/380.html 

http:://apldsionproo�1dpi--ilw:eom/380.html
https://E)(~.pr.od
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