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INTRODUCTI ON
Ra i l ""·ays ha\"e playcd an importanl role i n ~l'read ingpoplil a t i on

over large areas of Australia . Tbc tradirionalbajlastcd trock
system.l"Onsistingof railtracks.pa,h. .. Jd sl«pels laid on
oolla.....and Sllbgmo.lC, is ll"",d throll~houl this l'tlllnlly. In this
system. rail pads. usually moo" from ro lymeric compound
materials. are mounted on rail seats and icnd to euenuare
the dynamie stress trom axle loads and wheel impact from
both regula.anll irn-gular lra in mo vements . These path an.:
crucial as they ilCl as a softening medium Ixlwl-.,:n rail tral·k
and sleepers. Previou s prohlcms arising from ir npruper or
inadl-quatc uuliz atio n of J'ad, includc crackin g of sleepers
at rail seats, high scnle merus of gl01>.11 and loca l tracks,
and ballasj/subgrade breakage from heavy tamping . Th<:se
plOblems resultinlower loadcapacityandddicicnt~trucl ura l

adcquacyoftrack suo,truel ures,requi ringa eosl ly mainlellUnce
and rehaoililalion budget . Thus, in addili" n In minimil ing
unpredic table maintenance and repairs , rail p<lds have t...-..;nof
i ntcrest torai l en gin~-..; ~ as th ey rctlllcc lhe d >' namie slre~

andi mpacl load,on,lecpcrs
To gain a better insight into the dynamic characteristics

of rail pads, it is importanl 10 carry out laboralof)' ICSIS on
lhcirdy namic propert iei.The,;e9Ie also used int he numerical
simulation oftr~ck dynam ics. Th...numcrical ....lution confirm s
Ihe reliability and intcgrily of thc railwaY Slibstructun.",. lt
comesaner thcdelelTl1inatioll of d)'lIamicpfOJ>c'rt i.'S of ea<;h
l rack comJX'nc nl, i .e. collC r':Ie s lc~1'Crs. ra i l patli, and the hall ast

sUPJX'rt. At plcw nl. lht:re3fC manyt YJI<.'So fra ill'a<k . soch alo
h i gh den sity'po lyclhylene(H()PI:: )pads, lcsihcnt rubb(,r~ds,

andre silieolel astomerpa ds, all of which hn edi tTerent surfacc
I'lOfoks . Exampkso f plainan d studded proli lcs are illusl..al...d
in Figure I. Until fC'C.:ntly, tht' in\'.:stigation ofthc dynamie
characteristioofr('.,jli",nt padshOO ~n limi ted , e'.:n thoullh

rcs i l icnt rai l pads are used e~ tc nsi ,e1y onalt majo r A llslrol i an

railway networl<s. 1lK: dynamics of the resilient In"" !la. 'c
"'-"Co studied mostly based Of] a two-degree-of-Irecdcm
(200 F) mod el [1--4). In this paper. a SlX)f-ba~cd method
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was developed to help railway track engineersto evaluate the
rea l istic \·al ues o f l he dynam i e propcrtie, o f ra i l rad s req n i n.~

for the design and maiolenanee of railway tra,·ks. FiIlUrr,;
2 displays typical ballasted track consu uctfon and a typical
railway track model used for numerica l simulations. Figure
J d<;monslrates II test setup of a SDOF system. An analytical
sol u tion was uscd to best fit the "ibra t i on respon~s.Vi bration

response recordings were obtained by impacting Ihe rail
with an instrumented hammer, Bo\ ey (SI wa, 00'" of Ihe fir.>!
rc-ea rcbers W U>C lin impact method 10 determine the dynamic
charaell:TiSlio..'!.of ... il...... y i nslallat ion s. l n lh i ~ paJlCr. thccll.w

lit1i ng mdh"d was app)ied to th<: freq ll"llCy r.::~pons.: fu ncliOl1s

(FRFs) obtained from modal test ing measwemenrs to extract
I heetT~livem.ss,dynamic S1i ffnessarJddampi ng of ,('S; lienl 

typera; l pads

THF:ORET ICAL REVJEW
Rail pads can he arrang~'d as the clast ic and dashpot
components of a simple mass-spring-da mper SlX)F system
by placing tIte pads between a stee l rail and a rigid hlock ,as
, hOWl! in Figure ). The dynamic charact..risrics of railpad<
i n the'eT1 ica l dir~tion can be de§cribed by the well_ kn"wn

equation ofmotion:

wherem.e.a nd k gen~rallyrcpre>Cntth""ITecti,'crail ma "",

damping and stiffhess of a rail l'-"'d. rc"f'l"Ctively. Tak ing the

Fou li Cl trans fvrmuti"n o r ( I ). the r' ''''lucn.:y r~'p<lO ,efunct ion

can be determined. The magnitude o(F Rr is given by

"H(wl - .,/(w;_w,),t:(2(w.-".l' (3)
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SUNlilu liRI: equatio ns (2) imo equation (J ) alld using w-2Jif.
the ma i/.n i lud ~ of thefre-q ucnCY re'!>ponsc funclionH(I} can be

represented as follows

1 4Jr
2(T)/2

This expression contain s the syssern parameters m." and c thai
will later be used a, the eUr\'e· !ill ing parameters

(. I PI. ne , ,,,1an> (bjS'ndd<d ,u,' ","

f igu'" I F.>"'pl .. ,,f roil padprom.,

VIHRATlO~ RESl'ONSE ~IEASURF.I\IENTS

To measure tbe vibration response nf tile rail pads, an
'l<..'et<lerometcr was allaChed 10 Ihe top surfa<.-c of the railhead ,
as illuvtn..red in Figure 3. The mass "f the rail segment was
21.25kg. and the mass of the e-Clip fastening system ....as
O.75kg. ltshould be nott'dlhaI3Iestrig " '! s rigidlymounto:d
on3 "slronl.l"llnm (I. 5md eep " fh eavily re-inforced concrete j.
the fundamental frequency of which ....as significantly higher
than the frequelKy range of i ntc r.:~t for the rai l pads, The
rai lhe-...d was impa<."ted vertica lly with an instrumented hammer
and the measurements were taken ,, 'ithin a Irc quency rangc of
0- 500 HI . The FRf was then mea sured by the Iirucl&Kj aer
PULSE mndal lesling S}~tem. wh ich "a~ cORIII.-cxed to a
compu ter. Measurement record s also included the impact
forcing function and the coherence function. II is known that
the F1U"sdcscribe the modal paramcters of lhe vibrating rail
>ystem The coherence function rc pr""", nl~ the quality otT RF
meas urements and should be close to unity. A~ an example .
lhe propert ies of the PANIlR O L resilient ruhber pad (sludlkd
typr . 6.5 mm thick) .. ered.! tenn ined llsingthe tesl rigalldlhe
results are prcsemed in fi gure 4, The y included : the transient
impact forc ing funct ion (Figure 4a); lhc vihrdlion respnnses to
lhc impa<.'l(Figure 4h); the magnitude FRF (Figure 4c) d..rived
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from llle vibration respon ses and lhcforc ing furctio nslogged;
and the coherence fund ion (Figure 4d) th;il coe firmed a high
dq~n_..., of lin..ari ty bel"ccn inr ul and OI.llpul ~ignal ~

BI:::ST nnlSG FRF'
Pans of FRFs, in piU1icuhlf in tbt \ 'M: ,MItyof the Jb<)ll&nl
fre:q~~ wl'pli..'d <,ktailcd infonnatio'l on ~ propernes
of the tested com~l , ~ exrracnon of I~ dyroami<:

properties ...-as achien'd lI'.linl: ' cu"'c·tin in ~ Brf'l",,"I,:h. In
Ihis approoch,lhc FRf of llle model t4j ,,,.. luncd ro be es
close as pcesible to the I~:ord.:d fK F in a f~~y band
around the resonant frequency, Curve-filling rout, 1IC!\ can be
found in many j1.c~ral I'f\,;Ilhem.t i,·. 1compulcr rood"' i " (c.,.
MATLAlJ. Matbematica . ~I apl c ). or using sl'"iaJi.lc: d 1;;\11"\1;

fin ing compul cr codes te ll. Dal.lFiI). Fi¥un: 5 demon slrales
Ihcc:u"c fining perforrnoroby Oab Fitandg;\n thcayslcm
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paramcl~'fS lhal are compaJ3bl.: 10 the p;1ramders fou nd in the
open rucrarure (6. 7] u~ ing impa~1-IOlld le ' ling. The re'SulLsin
FigureSshu"'an excellc mu grec nlelllbclweenlhe analytical
s"l utioll and lhe cX!"t'rimcnl ;.1 dala. since the correlation
col,.·t1k ientr1 is ell ua l lo O,9'll!l! .orle~s lha n O, 12%err"r, llte

dynamie propc nil.-sof HDrEandrullber pad 'i arealwtllhu lak-d
in Tahle L no." results in Table 1 an: in close agreem enl willi.
tl\epre\iousrt:St'llrch re~u hs (6J gi\'en inTablt:2 . Tbese dn a
"ere developed bythe Track TN ing Ct:mer (TTC ) nf Spoomet,
South Africa . and by TU Dd fl (OUT) of the Netherlands.

CO;r.,;C l.US lO xS
An altern ative stra tegy based " lith e SDOF vib ration respo nse
measure men l fordclermin inll thedynamic propcr1i1.'Sof rai l
pad s was proposed . The slrategy was demonslral~'d 10 he
simple and reliable. and was shown to be a fa.-t and non
dcstrucnvc kost met hod \(I assess the dyna mie slilftl<.ossand
damp ing e••lnSUml of all k ind~ of ... il pad types available in
Aus tralia . Tl\e app roach enahks tl,.'Sling " I' new types of rai l
pads as well as evaluation of the influence of age of pads on
Iheir dyna mic characterlsuc s. The propose d impacl method
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can be gencraliA'd 10 incl ude the moda l analys is of more

com plicated track components. Recently , field inVC'Sl;g:alion~

wen:undertakellusing lhc prOflllscd lech nique on a hcavy

hau l coal line in Central Quecnsland with Ihc coo~ra li(ln of

QueCllsland Rail. It "a, found Ih:n Ih... propose d technique

yielded rcliallie and repeatable f'el;uhs in field le~ts as we ll a.,
in labl ll"'al,,'), ~'tllld it ions. These new results will bepreseetcd in

fUlUrepublical ionsbylheaulho rs.
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