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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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TIREId 5E— FB' Tk, L6 EMETL—LDZ

bHREa LRy, Ny FORHERERIZIEE.
LRV,
&H s=BMN/m & L7z Case2 DFER%E-10 |21

T, ZOHEE, RIEBEEE Y NCEENTED LR,
%Kméﬁﬁﬁ*gm#aio.hm L Ly, EE-
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—— 110MN/m
------ 70MN/m

T 2

E-9 BLENy FOERIZLD k— f HROE(L (Casel)

—— 30MN/m
P 5MN/m

174
155

31

'7r ‘ ' '27r
E-10 PR Sy FOEEIL LS k— f B0 (Case2)

HWRRIZEDDEH = R AF—0HfNziL, Pl
b AT REICBEIT AR Y, BFIE/ Sy RO/SRERD
RENEELRRBZEOZ L Nbns. —F, 2&B L
EORZ R RIZIIEE AL EEERR NN, T
HWITRIR OB, Zhb0FE— FTIREL LXRITE
A EBEGL LR WO BE Sy FidfdfEe-3, ol
PRERIZEEE RISV LIZLE. BB, 20z
LiE, Bty RORIPES 300Hz B4 LA B
BT AHIEREN RIS RIT SRV Z & R
LT3,

4.5 2BAETIIZL BELEEHEO®RE

43 TR/ X5z, FEEKE =0I12B8IF5 .80
Nig D/, B OF— KT, L—ZETBbLER
DB/ E V. FRiIC D o — R TiE, L—A33Hl
HZR NI E B EZ 2L TWS, L2 ->T, D, B D
T FTHV—AEEL L ERBIZE R TET AT
BT ET, FNLORKREO L EMEAS R B bR

HE-11 2 BAREFNIC L B5FE

R2 2HRETNC I DELER (HA:Hz)

D’ E
Floquet | 2 E R | Floquet | 2 B &
FEARERL 76 76 342 350
Casel 75 76 276 280
Case2 31 31 340 348

5. ZZT, B-11 0Kl 2=y MIBIT B L—%
RiEE Rz, 2BAEEFMT L BB AT,
2ERETNAVTRDEZ 2 00EEBREE %, Floquet
AT CB1=D, B ICRiIT DA RE s LR R
2177, D, B WFhoE— Rz Ty, 0
THDOr—2 BT, Floquet ffAT DR L 28
RETATOEEZESHBE LTS, 202 Ehd,
YZE— NICEL T 2 EEDEEEFMICL Y 20
BEREBEEE Hof TR TH D 2 L BNbhrs. 2B,
D' OF— FIZBIT 2 BEHKICBNT, LvbiFREGR
—EATEDLND. Zhi, Y%E— FTOL—AE
MBEBITER2E £, RIEER2RABEMICLY &5
ZHNTWAED, L—ABEEE R LTHFLSE
ERIFEAEE Lo Tr L2 B b0 EEbhA.

5. BbHYic

KX TIE, L= EL LENOERIN S ER
BRI D EBGHEET— NI DWW T, &/
BICELB SN EL BT XL BT T bR =B
Z R OEREE DT — NET FiE%, Floquet ZBH#aiZ
ESEBR LKL, FOEEIZ, v— % Timoshenko 13
DT, E<HEFERATET ML LK. 728, Floquet
EH%OBEEEBEOFERRICRIT 5 ERILDES
L% X% BT, Timoshenko IV D7 b H288hT it
DB (TIMT7 E3R) CHEEROIEl L7z,

AT ORER, L—ib - L L EHERICHIT D548
T A, RESHTT2EEDE— FROKHET
EDLTENRGhoTn 120, L—ALEESY FEY
BRINDRTOBEHET—FIZHAYL, <680k
FRBZIEE A LD LD THS. UHE— NI
ETOBEICRBNTHEET 50, EERE k2 n/L(L:
BHER) OBEELr L DI, GET— FORE LA
WEBEER (R by 7 - N2 R) R8N, FOMEREK
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BB E— FREWIEENE LI AHORR D
ERERIZIVEZONDZ ERHERTE . B, 2
NODE—RTRHELLERIZEAEBM LRV D,
W — R MRITEL DETIRBE SN ABHRSy
RORPEDEBEZZ T RN ERghotz. —F, b
51 H0F— RBRETHE, L—iMxE< 6EHK
%<Em#éb®kﬁé.:®ﬁ%%—Pm,£¥&
Bk=n/L%ERETIHERREGENICHFETS. £
X OEDLETREZHD 2O, BEIEESEIIBE Y
RO T T D ERER .

¥7-, L—/% Buler BV ICX VT MMELEEE
LB L. FORBRE, X0 ETFADERIT 500Hz B
FOREREIR THEEICENDI L EHE L., bl
2, ERoEL b EREEME ) E— NI 532 -
v RO ERRIT 170Hz fHECAIET 728, HEE—F
B LTt Euler IV E=FATHHREMARETH B,

X5, FEHEEE=012BIT5 2 20%— NEK
B0, BT ML DR ERAT. HiEE—
RTCIRVv— AV OEENMER LEIBREINEL, BlE
hﬁwZﬂﬂwbanL 2T, L—AHELHE

WWEAERRL, 2BERETAVTERLE. L—2V
’5: Tlmoshenko IT0 CEHEAT-BE LB LUAFER, W
FZRCBITAEREHENBLAGLTEY, 28A
R L AEERETVCTHIMEFRETH D Z L 2R
L.

R, TAMRIC L 2 EHE - HUEERGR OB C
i, Z2IRLER by T Ry NIBOEERET— RO
oM HHR LTV 5 & Bbi s Sl BB EOFEN
TR INTWAY, 5%, BEWEZED, AE
F T COMERREEEIE ORBHEIZ OV TS, Floquet
T ERA LB L TI<2b 0 ThB.
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