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Full-Scale Testing of ion-Hub-Gkder 
Assemblies of Bascule Bridges 

The project, T a a e ~ c  Finite Elementhdysis (Phase I) and Full-scde Testing (lFPh~e lI) 
of Tm~09a-Hub-Gkder Assemblies of Bascule Bridges", kvolves kvestigathg the reasons for 
fdure of the hub d u k g  the assembly procedure @rim to iras~Dation). 

Phase I has malyzed three bridges and pat forth plots of stresses and temperamre against 
time. It has also developed a design tool that design engineers em use to malyze existing and new 
bridges. Phase TI of the project hvo1ves an experhental stress md temperame analysis of the TWG 

-hub-girder) assembly. 
Large tensile hoop stresses are developed in the hub at the on-hub interface. These 

stresses me a combinatioa of stauctural stresses (due to hteHference Ets) and &emal stresses (due to 
thermal shock). Fufiemclre, the cast steel may have some small macks m voids. These small c~sacks 
m y  grow in size when the hub is cooled in Equid (7qtrogen because h e  iErae:twe t ouhes s  of $he steel 
decreases with decrease in tempemwe. 

The m~on-hub-girder can be assembled by tGvo different procedures. The &msie& stresses 
and tennperames are measuged during Both these assenmbjy procedures. These dzk help in assesskg 
the possibm of hub failure she each procedure. 

Introd uegola: 
A bascule bridge is a type of movable bridge &at c m  be opened or closed 80 &cifi.tate the 

moveme& of wakr-borne traffic suck as ships and yachts. The bascuk bridge opens Eke a lever on a 
finlcm, The fialcmm &at is fit kto the e d e r  of the bridge is made of md hub as show in 
Fiewe 2 .  This assembly is caBed h e  on-hub-gkder (THG) assembly. Power is sh?ppGed to the 
3336 assembly by means of a rack md pinion gear at the bogom of the girder to open and close the 
gkder (leaf) of the bascule bridge. 
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Fignre 8. Tmaanion-hub-girder (IFHG) assembly 

The THG assembly is generally made via hte&erence fits between the 
and the hub and the girder. Typical interference fits used in Florida bwcule b d  
FW3 fits. These are two assembly prwedwes: the %-st, called AP#1, 

ion hto the hub followed by shrink Bitting the m ~ o n - h u b  assembly 
second, called M # 2 ,  involves shrink 4itEhg the hub into the girder fo%kowed by s 
m ~ o n  kto the hub-gkder assembly. 

Ira Florih dwkg the process of assembkg tRe THG, cracks were developed in the hub of 
thee bridges: Chis& McAuEe Bridge, M h i  Avenue Bridge and BrickeU Avenue Bridge. FDOT 
officials wanted to c q  out a compkte nlawnerkal and expehentd study to find out the reasotm for 
these failures, how they could be avoided in the &me a d  to develop cIea specidications for the 
assembly procedure. So, a grant was given to the Cokge of Engkerimng itt the ki~vers;lty of South 
Flopida to investigiate his problem. 

Earlier stndiles: 
There have been two earlier studies conrcfucted as part of this FDOT grant. The first om, 

conducted by Demkgerl found tAaD the steady state stress& in the THG ass&bfy a,re well below 
ultinaate temh8e strength WTS) of the rn-fials used i~ the msembly. Hence, these stresses could not 
have caused the fdme. These results called for an hvestiga~on of the stresses 
process. The stresses dwbg the =assembly process came &om two sources - themai' stresses due to 
temperatupe gdient and mechmicai stresses due to interference at &e on-hub a d  hub-&der 
ktte&ces. 

The second study colnducted by Ratjnm2 studies the eEect of themal anc4 s m c ~ a 1  stresses 
in the gWG assembly. It brings forth results, wkch show that the most critical hoop stresses are 
genemted due to &emaB shock when a component or sub-mserslbly is &opped in Eqaid .c%trogen. 

Its bsothesis is that small cracks or voids present in the assembly propagate catas&op&calIy 
fomkg cracks once Phey shttah a critical cmck lena@h a,. Tke critical crack len@ is detemhed by 
the fomuk below: 

where 

a, = Critical crack $en& 
Klc(T) = Temperature depealideltat chitical stress htensiq factox, 

f ,  = Edge eBeects, and 



0~ = Hwp stress. 

The critical crack lenm is dependePat u p o ~  the critical s&ess keensitgi. factor (a , )  and the 

hoop stress ( 0, ). The mitical stress htensi$y factor ( K],) in tam is a knctiogl of temperame. Ka, 
decreases with a decrease &I tempemme. 

This study aka states that, ''in AP#1 a combbation of &@ h00g stress and %ow temperature 
result in ssmak vdues of mhhurn crack Ie;m@ha, ujthately badkg to crack fornation. la M # 2 ,  
stresses due to kerferenee never occur together with the c w h g  process, resulting &I larger values 
of acmd thereby reducing the probabg~ of crack fornation. ID short, emperap~re, hwp stress a d  
critical stress intensiq hctor (&acme toughness) are not o p h k e d  21 8 4 1  md B%P#2 wiB": resolve 
this problem ". 

Present study: 
This Paper is based on Phase .E of the IFDOT Research Grant. The objective of Phase E is to 

ca?y out a stress analysis ofa Fuil Scale model of the bascule bridge on 1 7 ~  Causeway Bridge. 
In order to record the stress md &mpem&re data over the entire dwatkn of the test, a da&i 

acquisi~orm P A Q )  system is employed which mo~tors 40 c Is, 10 chmels of temperame 
(Type-E themocoupies) and 10 r e c m ~ l a p  strain gage rosettes (which take up 30 charnels). The 
data acquisition system also provides exci&Gon ahld b~dge-coanpletion for the s&ak gages. The 
DAQ system is connected to a Laptop coquter via a PCMCa card. A slow scm rate of 1 
chmeVsecond is used. 

Vefifica~ola Esrperimem$s: 
Tkne Full scale testing is a non-repeatable expePitBIeret, owing to the hi@ costs kvolved k &e 

machinkg of bkne 0% hub and girder. Heme, it was ignnpomt to ve* that e x h  md every 
component of the expehenbl sei-kfg worked k perfect coditions &ou&otet the temperah= range 
of room teqeramre ((80 OF) to the temperamre of Liquid Nitrogen (-321 OF). Also, the resuits 
produced by the DAQ system needed to be vaSidated. Hence, a few verg~t ion exp 
carried out. 

The fkst one kvoBved vegficatism of %%remoco.kaples md thek cement. Six type E 
themocomples were inserted into a steel cylkder (Figure 2). 

Radidl, Radial2 and Radial3 were probe type bknemocouples &at had been inseded rdidly 
md were cemented into 17/64" holes with a 120-degree spxkg, at dep&s of V, I", a d  1 P 
respecbively, h i a l l ,  Axi.al2, md Axial3 were bare end &emocoupbs c e m a M  hto B/8" diameter 
holes with a spacing of 120 degrees, Mled on a 1 118" dketek  circle located axidly OD the test 
sample. These &errnocouples reached dep&s of P, 1 ", md 1 V reqectively. 

This cyhdes was dropped into liquid n;li&ogen md &en dowed to w m  back up to about 55 
9. The results oft'aais are shorn k H;iawe3. 

The second verification experhent was a simple cmtgever bem expehent, where two 
str& gages were mounkd on a steel beam. This beam was hen loaded with b o r n  wei&ts at its 
&ee end. Bending sdTesses were calcu1aded &-om the strain gage readings and compared with those 
&om &my. 



Figure 2. Steel eyjinder *th six thermoconplw, purltled oat of liqjoid nitrogen 

Figare 3, Cool d o w ~  in Liqaid 1Baitroge~ and warm mp ippi am bienf air 

The third expe~irnent was done h order to vaifjr wheher the strak gages p e ~ o m e d  well 
when immersed t"P liquid nittogen. The theory mderlying this experjlxlent was differenrial expmion 
bemeena a steel sleeve and a b r ~ s  boh. The sleeve was com&ahed at its two ends by brass nuts 
(mou~ted on the brass bojt). This sieve-bolt assembb was ' ed in fiqInZd ~trogen, a d  the 
stresses developed in the sted sleeve were compared t;o their the values. 

The fourth expehernt was a siirnpgfied version of problem being stdied, h &at it kvolved 
fiahg one eyhder into mother. Liquid &trogen was eanployed as the coolkg mediaam for 

obtawg the 
A qu model will also be m before ehe firll-scale model. The s 

cooling in fiquid nitrogen md t"ne actrnal iTBte&ereence rsequk& are both very cbse to each o%er (both 
are of the order of thousmds of m inch). This results i~ very close h e  linni~ for irnseaiTBg the 
shrunk male part into &e female part before it expads out due to w m h g  up. The: objective of 
canying out a quarter scale model is to get a better ufpdersta~~d'mg of these h e  issues cand all other 
sIan2z mhute details hvolved ira fie assembly procedures. 1 



The f~f8-scfale model: 
Ten crucial points will be monitored on the M_kl?%-scale n d e L  three points on the mmion, six 

points on the hub md one point on the girder. Each "square" on the hub ion (Figs. 4 & 5 )  
represents one rosette and om ~emocouple. The fclcus of &is experiment is the hub, skce &is is the 
c q o n e n t  &at has &2ed its ahe assenably pracedwes. These ten points have been decided so as to 
get the raaaxhr9nn infomation out of the EuB-scale model. (An effort has been made to try md 
capture stresses at both the kter&ces and in each component.) 

Fenre 4. Tmnnnion of the ifull-seaie modd of the 1 7 ~  Causeway bascnle b ~ d g e  

Figare 5. Hab of the faB-scak model of rlne 17" Causeway bascuk b ~ d g e  

The hub has been sent for an x-ray innspmtion. This has been done so as to deta2ed 
infomation about the cracks or voids that exist in the east hub. This infoma~on wiH Be of great 
value d ~ g  the analysis of the data obtained from tfie full-scale test, since "csiticaS crack l e a p  is 
an kpoaant parmeter for de&mining the chances of hub &2ure. 



The q&er scale model will be m in la& augklst and the scak testkg will be mn in 
early September. 

I 
Finite EIemeat Analysis for the 17'"ausewav Bridge: 

Fig 6 shows a m p h  of hwp stress, temp a d  CCL (critical crack len&) of M#3. 
(&-st assembly prwedure) of the f 7'%auseway bridge. For p10Ekg &em together on m gap4  the 
hoop stress has been expressed in Ksi, CCL (in hches) Rsns been multiplied by ten, md &e 
temperahre (in OF) has been divided by ten. The hoop s$Tess peaks to values close to 30 Ksi at two 
pohts; once, when the ' hub cowtact" begins, a d  then due to '%emal shock" when the 

on-hub is kopped into Equid ni~rogen. 

Time (Minutes) 

Figare 6. Vaaiagcba of Hoop stress, Ternpeaatare and CaikicaH crack length over M #I 

These results obtaked from the M t e  elemernt mlysis study for 17& causeway 
bridge a?iU be verified by the results of tlae full scde testing. 
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