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Wave propagation in an infinite rail discretely supported by sleepers
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Wave propagation in an infinite periodic railway track is investigated. In the analysis the
constituents of a rail and sleepers are considered for the track model. Propagation modes of
the periodic structure are described by virtue of the Floquet transform. This method makes it
possible to reduce the infinite periodic problem to an eigenvalue problem for a unit structure
with finite length. The rail is modeled by a Timoshenko beam and discretized by finite elements.
Through numerical analysis the wave number-frequency curves for the propagation modes are
obtained. It is found that the installation of sleepers causes a mode in which the propagation
waves are accompanied by sleeper vibration. Besides, the influence of the stiffness of rubber

pads on the propagation modes is discussed.
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A« NURIZBITBE— RTIE, k=0 {1 CHEERE
BAROOND. T k=n/LIZBTBERA Ny T - N
K ES C HETYH, DTN TIEDI2NEHRET 24
CTWa. EE TOE—KE O TOE— FIZ, WTh
LELSLETRITEALRSHET, BB/ Sy FREIC
T AEMNBEEZBE LTV, 207D, Zhbd
E— FHEIZBWTEUE Yy FORIEELORENRE
niboBbhsd., —F, E<HIMEREE R
TIRETHE— KB T, FHEMETL—LDT
barNEu lidizd, Ry NOREITRERICEE
BV,

WIZ, ks=5MN/m & L7z Case2 DFEREAZE-10 1~
T ZOHAE, HEAREEASY FIZZRRRD LN,
BRI/ SRR LB ENYD. ZDoZ LD, EEK-
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—— 110MN/m
—————— 70MN/m

f(Hz)

T 2r

B-9 BBy FOEFILL S k— f HROZEAL (Casel)

103/

—— 30MN/m
MN/m

]

174
155

f(Hz)

31

1 L " L "
10 T 2n

B-10 B5iR/ <y FOBEIC LS k- f #BOZL (Case2)

RGO DR R —DFMEIZIE, bl
b AT RFIZEET BRY, B5E Xy FOARXERKD
FENBEELRKREZFE S ENbns,. —F, 2&BL
EDRZ e R RICIE ik/uc‘:‘g{kil),%&hfﬁb‘. z
NITRIRORRIZ, THHEDE— FTITEL L E N T L
A EBNL LW DBAIR/ Sy RIdEfEE$, £ ok
BRERICEEBERIFSRNIEICED. BB, 202
Lix, BAIE Xy KORMED 300Hz B4 LL_E B ok
IR SPLEIRBIFEICRE L2 RIS RV & 2R
LTW5.

4.5 2HAETINIC & ZELEEMEOKE

4.3 IR LD, EFEFHEEE =028 53
K D!, B OF— FTi, V—MIET B EDbARER
DELBEI/NE W, B2 D OF— FTiE, L— 33|
R RBENEEFZREL TS, LER-T, D, EE®
ET— FTRV—AVEZEL L ERBIE S TET LT
5T ¢ T, o DOREFEHOELFE M TREZ Ebi

B-11 2 BHSEFMT L BIFERL

£-2 2ERET NV L BIEEIER (BA:Hz)

D’ E’
Floquet | 28R | Floquet | 2 &&=
EEARAERR 76 76 342 350
Casel 75 76 276 280
Case2 31 31 340 348

5. 2T, 1108 1la=y MTBITAL—1L%
ikl B2 L, 2ERET ML LB 2R 7-.
2ERETNTRDE 2 OOEHFEFH %, Floquet
T T2 D, E IZBIT DR L B LR ER
2R T. D, B WVWFhRoE— RIZB W T, F-0
FTHDr —RIZBWTH, Floquet ETFDFERLE 28
—‘E-?‘zlea)q‘ﬁk BELIFELTWS., 20z &b,
éﬁ WWEALTH2EROBHETMZEIDZD
lﬁﬂ&ﬁ%+ TR FRETH B Z bbb, 2B,
D' OE— NIZBIT2AFEHIZBNT, &bl RIFAR

—ERROOLND. ZhiE, YEE—FTOL—LE
MR HTERZ2E T, 1RIEEL2RAEEMIZEY 5

ZAHNTWNERD, L—2EAL R LTHERME
ERIFLALELR o EIZLD2 b0 L BbNS.

5. BbHYIC

AKX T, V= EL L ENLEREINDER
BB RIZBIT 2 EBMRIEET— FIZ OV TR, %R/
PRICERE SHu/iz k< BRI XY R S - B EHE
Z RO HEREIE D E— NEHTF¥E%, Floquet ZH#iz
EOSEXHR L. ZOBIZ, L—E Timoshenko 1T
DT, ELHFFEATETNMEL. 7235, Floquet
EHg OB EMEOFERRICRIT 5 ERILDES
{b#X 2 BRI T, Timoshenko i¥ Y D= bLZEEiTiE
D EEE (TIM7 E3R) THESGTLEL L.

RNTDFER, L— « £ b EEERL kﬁé%ﬁ
TR, RELJITC2REDET— FEDITHET
ELZERGhoTtz. 1200%, L— L LEERy KLY
HBRINDZRTOLEEE— FICHYL, ¥<6XnE
TIRENZIZ LA EHEDRNLDTH S, Yi%E— NI
STOBRBITBCIET 55, EEHK k2 7 /L(L:
AR OBE&EE L DRI, BEE— FORA LY
WEREA (R Ry 7« NV R) R38R, FOmmER
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BIZBITA2E— FREWIEENE LINHEORLR S
EAEBIZIVEXbNDZ EAMRTEZ. 2B, =
NHEDE—RTIHELBERITLEAEBM LNV D,
B - BAEHERITE L S ETICEEG SN BBHE Sy
RORPEDEES Z T2 L™ S otz —F, b
51ODFE—FFETIE, L—AIMzE HEHK
XLBMTHLDERD. ZOGEHE—FIX, FEK
¥k=n/L% ERETIHEMBREEANICHFETS. £
X HEDOLETRBIZED -0, BHIESHEIIHRER
ROREIZIKGE T 2R 5.

%72, L—/v% Euler iV I2E W ET ML LIBEE
LB L. FORR, 11V ETAVOZERIT 500Hz LA
LFOBRBEE CHEEICREND I L EHR L. bR
2, EROFEL b EREZHED E— NITKT 532 - N
v RO ERIZ 170Hz I BT 5728, YUEE—F
B LTI Euler iV XA TH+HSEMATRETH 5.

EHiz, FEEEE=0I12BIT3 2 >0F— FEK
B0, MHET MK BELFHEE R, HEE—
RTIRILV—VOEENER LEIRBREI/NSL, BE
WIEWEBMRARBO O, £ZT, L—AbELIHE
FHRICESE R L, 2ERETNLVCERILEZ. L—b
% Timoshenko I£ VY TEHEX-IBEA L LB LR, M
EMCBITIEAERDELELIAMIELTRY, 28R
RICLDEHRETNTHIHMARETH D Z & 2 HER
L.

7B, ERIMRIZ X 5 iy - BuEER R OIS C
X, ZZIRLER Ry 7 Ry RIBOEEKRE— KD
oDIHIE LTV D & B 2 BB RO FEN
TFHEENTWSY), 45%13, BEIMELZEYD, ANE
T COERBIEEDEREEIZ OV TS, Floquet
T ZERA LB L TIT< bV TH 5.
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