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ABSTR ACT Modula r bridge expansion j"inl~ a", widely used throu ghout the ....>rldfor the pt"lJ\I;'ion or coolrol led pa~ I ron1 i nuil ~

during sei<mic, thc",,,l expan , inn, co nt.."" liun ar.d long·"'rm crecp and shrinkag.: """'em<:m, ,,f bn dg" sureolrUctu,,,, . h " lI$ kn<>wn lhal
an environmema l "oi, e nu;s. """ C>tturrN ILlrnut....-vc hld e wheel. 1',,,<0<1 <Wn" lhc joinl hul the me<:I\;on;!lRlfor tho:g<.'1I(14l.ion of the oois!:
nui, anc" Wa>; not p",v ;o,,<ly k",,,,,' o. N" i"" aM I""""" OfIIions"'n'eill" r<ligatnl hefore ...nl in ~ on a Hd mholl7 Absorbe r installation. T1M:
"" ""fit is mo.! obvi"" , in ,he r","<l"" 'lCy TlIngco r~ to 200 liz . The noise red"" !",,, pr... ·itkd by the 1 1. lmh<>ll~ Absorbe r insla llation is of
the ardcr o f 10 dl:lA

t. INTROI lU CT ION
Whilsl the uSC of expansio n jni lll~ is com mo n practice in
bridge construction, modular brillg.: e~punSi(Ml jo ints are
designed 10 accommodate large ltlllgihJdin al e~pansioll and
contract ion movemcrns of bridge supcr,;lruclurcs, In addilion
io sepporting .. hedloads, a pll.lflCrlydesill"cd n1tKlular joinl
will p.~'Vcnt rain water and " lad debris fmm elllering into Ihe
ur>derlying superslrUclu", andsubslruelu",. Mndularb.i dge
expansinn joinls are s ubj~'CI~'<i 10mote 1,,<1 <1 cyc les Ihan other
superstruclure elemenls, but the lond types. magniludes and
fat igue-slress ranges thaI are appli ed to these joinb arc oot
wclldeflued jl]

The basic modula r joint design appea rs 10 have been
patented around 1'K>O hut the original patent Ins now expired
and approximately a dozen manu facturers no" ellisl
throagbourthe worjd

Modular brid ge exp.msion joi ms arc generally describe d
i\-S single or rnultipk support bar d<.'Si l{lls. In the s ingle
SUl'flOrt bar desi¥'l, the support bar (beam parallel to lhe
direclioo (If tr,ltrlO;) support s attme cent re beams (bea ms
lransve~ lo the dire<:rion of trame ). 111 lhc mull iple support
bar desi gn, multiple support bars imJividoal1y SUPP(lrt each
centre beam. Figure s I & 2 show typical single support bar
and wclrlc<.l m ultiplc supporl bar design Mll EJ's respcclively
I n Figu rc l , l he tc rm "blockoot" rcre rs (o the ~eSS l'l1l\l ided

in Ihe hridj(c supcrstruclurc to accommodale tbe castlng -in of
nn expansion jcmt

I beMBEJinstaliedinto tbcWcstemabullllcnr of An73e
Bnd ge Is, in fact, a hybrid design having pairs of suppor1
barsin senes ncrossthc full .....idlh ofl hc joinI. Eaell pair o f
su pport barsis auacbed to all("ll1ale groups of four cen ec
beams (i.e . Cent re bcam.~ I, 3, 5 & 7 are auached to the odd
numhen:dsu Pl"'rt ba"andccn tn: bc.ams2, 4, 6 &lIartachcd
to the even nurnben.:d suppo rt bars) . lbc suppurt bar pairs
an: spaced al 2.25m centres across e c full width ofrhc
bridgen."Suhing ill a tOlal of 24 support bars

~_.,L..-
Figu", I T)'JIicalSingle SUf'I'<>r1 thrDl.'Sign MIH:J

h~urc 2 Typical Mulliplc ~upp<>r1 fl ... De<.ignMlJD

The MIIEJ inslalled inlo lhe SOUlhhlKmd carriag~ay of
the bridge over Ibc Georges River al Tom Ugly's Poinl is a
typical welded multiple support b nr design as sho.....n in
Fig ure 2.

Il is kn"wnthal anenviro"l1lelllal n" isenu isan~-.: occu rs as

meter vehicle .....hec1spa sso\ler thc jo intbullhcrncchanism
for the generation of the noise nuisance is not widely
undersluod although Barna rd & Cuninghame [2] do cont'irm
me rorc or aco usuc resonan ces
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A,tudy ....::l~ tJnJrrukC'f1 an.t themudularhridgeexpansion

joints built In k ' lhc Go:oq:~... River (Tum t:g ly's) Bridge and
Aw.ac Ilridgo: ....'ere wlected ti... the slUdy due to their
proximity all.J C"'l~\)r;lCO."'~ Fnglnee ring measurements
,",cn: made under<>peraliollalcon dilions to delermine hllw lhe
noise nuisance originated and was su bsequently propal:;aled
intethc surmendrng etwim nmcnt (3)

2. J'\OISr. (JEN[R"TlO~ IIYPOTHI-:SIS
There '"'lIS an....:dolal evidence from environmenta l nuise
nuisance cumplaint~ r«cive d by the Roods & Traffi c
AUlhority of NSW (RTA) that thc sound I'md~ by the
impact of a motor veh icle tyre wit h mod ular bridge
expansion jo ints was audible at least 5{l(I metres from the
bridge in a se mi- rura l envir onme nt. Site inspection
sugges ted that the noise generation mechanism involved
possibly both p arts ofthe bnd gc srructurc and the jo int itself
as there was distinct differe nce between the subjective
character oftbe noise abm e and below the brid ge deck.

The hypolhc,i . wa.s dcwl .lpffi by Ancich. p) that motor
vehicle tyle imp.""I, ,·ibrdtionaHy excite modular bridge
expans i,mj"ints thCfl:by producing noise that is amphfi l'd
,",'ithin the bridge superstruClure (due 10 acoustic reson ances)
andlhen prol"lg;1te<iinto thc sUrTOundingenvironment

As Figures I & 2 shuw. each transverse ccmrc beam is
conn ected (at the tyre contact levelj to me adjoimn g centre
beamor edge hcnm by a thick rubber suip seal. It is this
combination of the rubber strip seals with the stee l beams that
ect s as a conti nuous membrane and afford s MBl S their
unique water proofin g properties. However, whcn the MBEJ
~ ibrate... Ihis membrane behaves in much the sa,m:...."3)' "" the
sk in of a drum or Ihe diaphragm " f a l o ud~pealer.

Experimenta l moda l :ma~is ~tudi~ (41 (5) indicato:oJ that
typical MB EJ·s have both flexural and translationa l modI'S
The most significant tr~n~lat i<.mal mod e wa s a verl ical
bounce/bending mode where all parts of Ih.e MDEJ were

vibr:l\ il1!,\ essenually in phase al the same frequency and in
combi nation with some vertic al hcmlin!'\of cenrre beams and
suppon bao

Ancic h et 01 (6) confirmed with fini le c1em<:nlmodelling
the measured natural modes and indicated that MBEJ 's \\"C!'e
very sensitive to damping and "peTalio" al conditions where
motor vehicle tyre impacts to success i ~c ce ntre beams were
in-phase or notio nally in"phase. In the worst combinanon of
low damping «5% of critical) and in-phase excitation , the
modelled dyna mic amplificat ion faeto r ...."3S us high as I I .

3. ME:ASUREMEl'iT PROCEI)URE
To t<:sl Ihe hypothesis, simultanwus ooise and vibr.ui"n
meas uremen lS, al the:GC{l'1!:CSR i~er (Tom Ugly's) and Anzac
Bridges. were recorded and analysed. Vibrat lun dala wrn:
obtained from an accc lL"rumete r enec hed 10 a trans verse beam
(centre beam) of the MBEJ. N" i....:dala were obtained trom a
precisio n Sound Level Meter loca ted insidc the void space
within the bridge abutment di rectly benea th the MBEJ and at
externallucations

The sim ultanen us noise and ~ ibrat ion data were rccurded
onto a Sony Model PC 20~A DAT recorder using a Hrucl &
Kj aer Type 2260 ( Inve·stigator) Sound Level Mete r. Type 4310
Accele rome te r and Type 2635 Charge Am pli fier and
~ubSClluenlly analysed using a ORO S Type 0 11;25 FFT
anal~_

4. RESUI.TS & D1SC USSIO.'l
Measur ements were initially made at the George s RiVCT (Tom
Ugly's) Hridge and the narrow hand frequency analysis of the
vibrat ion dara i ndicnt~'<..I the prcs.::nce of' a small numbe r of
di>eretefrc'lu eneies gencmlly in lhcrange 50-150 1lJ:,

It was believe d that Ihe,;e frequencies were likcly to be lhe
vert ica l andl or horilnntal bend ing frequencies for the
truns'crsc bcam s (lyrecoutao:ting)ufthem",dular expansion
joint. fig ure 3 shows the vibratec n epectrum of u Jypica l

Measured F req u e n c y . Calculated Frequenc y , C al culated Vib ra t io n
Hz Hz' Mode'

7. 67.11 Vcrtical t I)

" 80, 1, 80.8, 81.7.82.9. 83.4, Horizonral t -h. Horizontal
es.s, 87.8, 89 (2), Huri ZOnla l (3 ).

I lor izontal (5), Vcrtic al {2&
6), Vert ical ( I & 4 ),

lI uri zOl\lal(4), Vert ical (2 &

')

9. K9,91.2, 97A Verti cal (2& 5), llori7.0ntal

-- (3), Vert ical (J , 5& 7)

NoI. o: ( tl M ,ll< pe<'''' boonolary condo''''''' ror ,he C"""l! Riw' (Torn UlllY'j llndlloj~jnt .... nQ'k""wn. s~ ... ." n p1;" h. ""... mad<, The Mode
-*'tn _ "illl Ih< r iN ...IJo<,. ,"' " . "r f11I..... . Numbe.. in bracket, ", for 'o.1>o••k ul.<edn...to number_
(2l( 'od (.....,...... _ ....-..l~. I.."., ' n ..; uml" u'"'or1. i"'i..
(ll Brod.rml -.....n rollooooo _ l)pt ... ""' ... ,"" ..lnIl-.t ....>ok.umbco'.
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T. hle 2 C.lf u l~t".d R.....m Alvustic Mlld. 1 Fnq uf n..-in cum pared .. ilt. 'I".u un d
Vibration Frr qul ·n..-il"S- G wrJ::f s Riw r (Tom Ul,:ly's) Brld~f

Measu red Fr eque nc y,

", Cal c ul al e dFre q ue n c y, C .. lc ul a le dAc ou s t ic

Noi s e Vibration ",' Mo de

N.A N.A 1i .1 Tr~n.v~'f'I~ ( I>

tc 70 74.1 VCl1 i~a l( 1)

" 82 111.9 Vertica l (1)

N.A 90 148.3;1 63.8 V\rti~a l(2J

i'IOl~" ( t)C.lcut.'ioo ofm ul';r le frequencies f"r ,ome ",," u>lie mooe. m"" from ,'ory'lII( d,.........k"' . ",ithin tl><,old "1"""
(2) flrockered numb<:.. f" tl.... ingmodctypcrcfe''''lhe<okul .... d",...,lcnun'l>er
(3 lN ";Mdiwc._ther. trut. oedfrequenry ...a.,"'" i<len,i,1Cdin the me••ur<m<Qt'

fi gure 3.Centre lkam Vibralion Sp",..trum - Tom Ugly" !lridtte

Frequ ency Hz

Figu... 4 Awu .t;c hciwio n Spertrum - Tom Ugly's IIr idge

Geor ges River (Tnm Ugly's) Bridge ce ntre beam

Examination of Figu re 3 reveals the presence of three

do minant pea k, in the freq uency spectr um (7U 11.£,112 li z &
YO li z). Con~eqlle nt ly, II. grillage 'lII ~lysis of rhe jn int was

untJertaken usi ng Microstran:)\l(7]. Th i s .naly~i s was used tn

ca lculate natural modal freq uencie s and h hle 1 shows the

mcasu rcd and calculatcd vibrauun Ii-equencies

Table I indicates a high degreeofeurrclation betl'.'Centhe

calculated na tural freque nc ies antJ the tllree dom inan t

Acoo slics Aust ralia

frequen cies (70 HT. 82 Hz & 90 Hz ) measured at the Geo rges
River (Tom Ugly's ) Bridge.

A ~~iblc cl:.planatiunfor th..e hillh erl\'iroromCl1talno;se

nuisance is aeo uslic coupling bet ween vibration of the
modu lar jo inl and roo m acousnc modes inside the void space
witllin tbe bridge aht!lmen t beneath lhe modular jo int. This
po'\sihl e ellplanationwaslestl-dhycalculating the frequenc ies
o f the various roo m aco ustic modes encom passed by 1I1e
vibrat ion frequencies of interest (8). Th is comparison is

sll"",nas 'rauez.
AJd itiollal calc ulatiollswcre underta kentn dl'lcnninc lhe

acoustic modal frequencies within the bridg e box girders as
tbcsc structu res are acoustic ally connect ed tothe void space
wilhin the I>ridge abu tment beneath the modular joi nt. The

ca lculated frequen cies appear as Tahlc 3
Figure 4 shows the acoustic excit ation spect rum frum

mea.,urcmcnts underta ken inside the void spac e within the
bridgeabulmenl bi'neaththe modular hridge ellpansiun joim
Examina tion of Figure 4 reveals the prescn ee oftW(,Jumi nant

pea ks in the noise frequ ency spectrum (76 HT & 82 Hzj and
similar or matclling fK'qucncics also appear in Figure 3 and
Table 2.

Similar measurements 10 those undertak en at Georges
River (Tom Ugly 's) Bridge were repeated at the Anzac Brid ge.
Figu re 5 , hol'.'s the corresponding vibra tion spectrum of a
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Tabl ~ J Calnla tl'd Bo\ Girder Acoust tc Mod a l Frequencies enmpare d .. ll h
~I~nur~d Vibrat iun F......u ~ndn _Gf'Orgn Ri>n (Tom U$tIy',) Brid~

Mea s ured Freq uen c y , Calculated Freq uen c y. Cal c ula ted Aco u s tic
H, H, ' Mode

" 59,73 Tr. nn-che (1), Vcni~.I (I)

az 73,116 Vcrli~"' (1 ), Tr. ... \ 'cT"C (\ )

9Q 86 r......w....,.;( l )

(I)C.lcul. 'ionorm"I'iplcfrcq... """,~.._~~ari«\lI'-.I'r)Wtgdillltftoions

"" lhmll>ebox girde'
( 2)llr""k<'<dnumbc:",foll"",jn~mode'YI"'rcforro lb« .k"l.. od,",>do""mh<r

Ca le u la t~d lind ~I~nllrt'd Natur al Fl'('(luend t'S(Anue "ri dge)

Me a s ured Freq ue n c y. Ca lc u la ted Freque nc y, Ca lcul a ted Vibratio n

"' H" Mod~

st 34,5 ll orim nlal ( l) '

es N.A· N.A

70.5 NA N.t \

" 9 1..1, 94,9.99.4 \'~ rti cal ( 2 & j), lI" riflm1.31,.,
na 103.4, IOU, 111.2, 1111,11, Horizontal (5), V~rl ic al(6),

119,1 24.3 Horizontal (7), Verlical (H),
lIori1.CmI.1J (9), Vcrlical( lO)

rev NA N.A

Not. , : ( I ) A; ,,," p<OCi~~.....JiI"" b_AN.., IlnIF joojIII ~ .... k_ a, ooJIlIf.. .......1"..... -.. """'".
n.. M'.r n............."'"'.... .. , '~ ~ ......l1«,ot.r._ot.,..,p<i<Jn>

(2) CatC\lt"'od f~,.. 1IC;"., ""''''''"'''dorod <Oml<t I HI'lIodu<:1O..' llqItiOOYnCCftam1in

(l ) B' :ock"' od n"m...... f>JlI>Jw",lIrno<J< !Y1><~f"" IO""' calc.....'<d mo.tc:n""' bcr.
(4) · ·I·UI*,,,,loc" ""~" ,,,, c.k""'l>ed r"""'lIC)' ,,,,,,,f<KmdlO c,,.n,,pon.d wi"' thc mc:a<llmd froqumcy,

typical Anzac Bridge centre beam . Examin'lli"n uf Fi;:ure S
revcalsthe pre~ncc"f six d(>m inant pcah inth~ frequency

speclIurn(57 Hz, 65 Hz. 70.5 Hl . H411z, 122 111& 189 li z).
Consequently, a gr illage analysis uf the joint '""s

underta ken using Mierostran :i!J, This analysis was used to

calculate natura l modal frequencies and Table 4 ~""-'WlI the
measured and calcu lal~d vibration frequencie~ , The
possibilit y of accustic coupling to rooen mode s in the Ann.:
Bridge a bu tment void space Wall al"", le"'ed by cak ulalin;: the
l'requeoc ies oft l1e variOU-'lroum a.:ou st icn"x1f;:Se rlC<l mp'u ......t
bythe vibralionf~uencicl"f in lere"f. Tbis compaeiscnis
soo.m as Table 5.

5.0 l'"OIS ": ARATK\ IE;\ T OPTlOJ"'IlS
The analysis ot measurcnems supported the hypothesis that
an enviro nmental noise nuisance rcsulled from the
inleraclion of vihral1oooft he modular bridge expansion jc int
with acoust ic resonances produced inside the abutmenrvoid
spacchclow lhe j"inf.
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Tabl., 5 Ca lClll. led Room Aeou. lie :\Iodal . ·I'(iju.,nd es eompned .. j lh :\I"" .u ""d
\ ·ihra l ion Fn-q u.,nein (An/ • e RrldlC")

Me n ured Frequenc y. Ca lcu ta ted Freq ue nc y, Ca lculated Aco ust ic
H, "" Mode

N," 19.0 Tra... (3 )

" ~ S .3 . -I7.8, SJ.8 A~;" I (I ), vcrtical(l),A'l.ial

(I)

" 63.7 Vertical (I)

70 S 71.7 Vertical ( I)

" M6.0 \lertical (l )

122 12H. 13S.M,14.l3 Venical (2), Axial (3),
Vertical 0)

I., In .O, 191.1 Vertical (2),A'lilIl (2) &
V""-;,,,,1(3)

N,"eo:(I) C.k"I,,,,", "r ",,,I"pler''''III<'''' '. ' f"r ""'''' ow",,," moo.. an..,. from••rymgd,m......''' ''' .", h'lIIh•.... ....
(2) l"-o:l;naI Mm b<" foll......ing mot1c Iyl'" ", fer 10 the ,·. k ul. k d mode nomb<:r.
(J) S .A .-. lIm II><<okololM frequenoy ...., nul id<:n,ifJ«l in the m...o",,,,.,,t ..

Design Centre Frequency of Helmh oltz Absor ber, Hz
Segment

I I 2 I 3 I ' I s I 6

Frequency (Hz) " I .. I so 1 10, 1 110 I 120

The r"..-erber-Inl nalure of the void space was considered 10
he the reason for the apparent amplification of the lov.'
frequency sound pressw e within the void space. A. true
. LtJ1ding waves do llOl Jlrop;lgale, Ihis highly reacti ve (long
1"I."VCrber"dlion time chardel"n >lic}of the void is 1101apparent in
the far field. Due 10 Ihe small amoun l of acoustic absorption
in thcvoid,someof lhissoulld energy isab>orbcd wilhin the
void and some is radiated to the l'D";mn ment thtou gh
openings. Th" build-up of acoustic energy is then radiated
into the "nvironmenl

Mariner (9) reports the results of noise measurements of 3

numher of differen t types of bridge expansion joints,
including modula r bridge expansion j oints. Whits l he
indieales lhal lhe inslallatiun of an acoustie enclosure bcneath
the expansion jn im was very effec tive. it is nOIclear whether
the enclosure was u,cd with lhe modular design. Rhombic
plates welded onto the top surface of the edge and centre
beams arc reported to offer nnise reduct ions of up to <;IdBA
helow the hridge deck [10]. However, lhese engineering
methods of' noise cnnlrol were considered 10 be either 100

expcn, ive or, in the case of the rhombic plales, la'l(e1y
developed for a particular proprietary design MBEJ. In
add ition, wh i l~t lhese no ise eo n lrol measuresarc u ndoubtcd ly

Acoustics Aualralill

~ : i~.~ 55 :
i 00 ~ .' . .. --~--

• • 5 ,. .. . , - ~__ -
~ "" ; , , j - - - :
j J5 : L w",,~

JO ' . -~.• - •

,,- .. ., ,-I' -# ,,- # of',# #' ,,"#' ' ,,#
Thlrdoa.... BandC .n l" Fr. q... ney H:r

FillUn: 7 I(MS Aw"'tl~ 'Th,rd Oeln C Band Nn;", Spec!.....1
L<>,:ali"114

effective, their usc may have an adverse impact on the ability
or lhe a"et tlWllCrhlmul incly il'sp<,<;land maintainthe jo lnt,

It was considered that cost-effective noise abatement could
be undertaken by:
I M.'l(jifyinll lhc dynarnichehav iourof lhcjoinll oshill thc

natural frequencies so that they no longer eo-incide wilh
acoustic resonan~'es .
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Figure R He lmho l11 Ab "orbc:r

2. Reducing the overall dynamic rcsfIOnsc by add itional
modal dampin g. This optio n included the trial usc of
tuned mass dampcrs .

3. Providing acoustic absorption and limited screc nin lo(,
adjacen t to the joint. to r educe no ise propa gation.

4 MoUi fyin g:thc aL"t'u st ic ab~o'l'l ;On pruperties o fihc void
spaee tucliminaleurrcduce the inc idcnec of acUUs1ic

The above strategies represe nt both "new con struction"
and "re tro.tn" optio ns. H\l\\'eVer, tlltir effic acy and cos t,
effectiveness was still 10 be es tablished by engine ering
measuremen t

There ....ere init ia l plan s to design and te~l Option 2.
However. this option was ultimalely not pursuL-d. Although
tuned mass dampcr s(T M1>lwou ld likely provid e an effective
noise reduction, I~ devices were nul strongly ad vocat ed
duelo the highnumllcr of natur.llmodCli pre~llt iU1dh<.:ocea

high numbcr of T MDs nccdi nl! lo be fi ned and tuncd ( ll ).
An alternative to the TMD concept wou ld be the use of
broa dban d dampi ng co upled rna" abso rbers

The perceived di,;advantagc of lh i~ arrroach bclllil the
requiremen t for a sig r ufka nt ma:<._aUachmcnt toeach cen tre
beam. An array nf da ml' ing coup led mass ah'trrbe.-, was
sub'>CqUL'I1tly lrialled at AnT.ac Rridge to reduce the risk o f
fatigue failure but elabora tion of lhal work is beyond the
prese nt disc ussion .

Due 10 rcilOt1llnecs within the void space. the use o f
acoUlitie absorpti on and limited !Il:m; ning, adjace nt to the
joi nt ....lI..not consi dc rcd practical. Ccnsequemty, only Option
4 .....as invest iga ted. Thi s in\l: stigat ion was undertaken using
two differen t approao:hC1I. Fil'i11y, the simple add ition o f
xO lI:'<tieabs" r plion into the v"idspacewas tcstcd

Noi,;,emeasur ement s ......re colMiuet~-.J on 4 May 2001 at
.. hieh t ime trial acou stical abso rptio n material had been
installed oyc r thc floor of the void below lhe Cllp.m.~;on joinl.

Theahsurpti oll"'3sarranged in a IOOmm thick layer o\"er the
floor area ofthc void and raised 7Smm(no minally) abovc the

106 - Vol. 32 Decomber (2004) No_3

f1oor surface(IOoplimiselnwfrcqlrenL")' s"undabsmp tion)

Noise measurcmcmIocauens are shown as f igure f>

Whilst the above deck (Location s I and 2) and thc ~ide

( Loca tion 3) measuremen ts sbow 110 sillnifi eant change in the

noise spectra . the below deck Locatio ns 4 and 5 sh....v a

signific an t increase in the low freque ncy bands .. 'hen the trial
abso rption was removed.

As the measurements at Location 5 (from within the void

spacej ere thc rcsuh of sound pressure due to both propagat ing

sound energy as well as non-p ropagatin g standing waves, thc
results at Loca tion 4 provide a betterindication offhc ctfcc t

on the em ine d (propagaung j ncisc.

Thc secon d approach invulve d the cnns tructnm of a

lIe1mholl1 Abso rber within the void space. TIre inlernal

dimcn<ionsof lhe l lc lmho ltz eh:lmhcl'llwcrc cale ulated ltlco..

incklc w ith th e do minant acoustic frequencies. The

Ilcl mholtz Ab" lfbcrpa llels ......:rc \lcs iglled tv 1;ugcl the ct itical

frequencies shown in Table f>

Figure 7 shnws a comparison of RM$ averag e one-third

"cta\-chand noise spectraut Locution 4 hcfore and a llcr the
Helmholtz absorbcrinsmllauo n. Also shnwn arc the one-third

octavc ha m.l nui~ spectr a with floor ubsorprion on ly, for
comp anson.

These results c1carly demonstrate lhe enecuveness ofthe

Helmholtz absorbermodules in the target range n f fiO Hz to

160 III

Figure Hshows the insta lled abso rber modu les.

6.11 CO!'iCL USION

Noi,;c and vibrat ion measurements have been un&-nak en at

Anlac and O.....rges River(IO!n Ugly ·s) Br idg ..s. The anatysis

of these measure ments suppo rted the hypothesis that an

cnvinlOrtlenlal noise nuisan ce results fromrhc inlc raction of

vibralion of thc mod ular bli dgeexpansion joinl with acouslie

"'sunancespm,.luccd i ns itle thevoid~pace helow l he joi nl.

Thctrial adtli tionofacoustie llb'lOl"pfionbatts into lhe void

space of Tom Ugly's Bridj!c was con sidered to he only

margi n;llIy effective for noise con tro l and .....as IlOl: pursuc d

Il(l\llc .-er. the msta lled Ilelm ho llZ Absorber at Tom Ugly 's

Bridge hil-_ redu ced the mod ular eXJliUlsion join t ind uced low

frequel'lCy "booming" nn ise em issions by up 10 10 dB. The

character of th..l noise emi!>..ion from the unders ide of the

hridl:e deck would nOInnger he classif ied as tona l and hence

rhe likelihood of modula r expansion joi nt related noise

co mplaints hn bo,....,n sign ifieamly reduccd .

The: use o f Helmhn ltz Abso rbe rs at other bridl,l~ with
motlulareApansion join lS is cot1Side rctl to be viab le as an

engineeri nl!:mi(lhod o fn oise contro l.
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