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This paper presents an efficient dispersion analysis method for a railway track supported
by discontinuous slabs. Reduction of the computational effort is realized by replacing
the discontinuous slabs with a continuous one. The discontinuity is represented by nodal
forces acting on the nodes at slab ends. This problem is solved by the aid of Floquet
transformation with respect to the periodicity of sleeper spacing. The dispersion analysis
is then reduced to a nonlinear eigenvalue problem of a matrix which gives the relationship
between the external and the internal nodal forces at slab ends. Through numerical

examples, efficiency of the developed method and influence of the slab length on the

dispersion curves are discussed.

Key Words: rail-slab interaction, under-slab sheet, sleeper spacing periodicity, Floquet

transformation

1. Il

R EESE T, L Ve LT aMErLTay
)= bMATTNREHEINT WS, BB, 277 FOREE
2, EIZEAYRTAT 7N (CA) ELRADRHNLH
TW5., Z0HE, A7 7OXFMIMERREL, FldHE
TIZPES IRBIORBR RITREN £ 05, 2L, 25
TENRETEHTE 70— 17257 W %, (KMl
YLRYey NTERETABiEY Y b Tk @) X oREIE
BES, FHEENNTEAINEIRIZE>TETVS

BB DR EIZB T 5 205 O Lk X R RO a
MY, BIER O SR RO IRE - WETE — NOftER Y
WEETHD. TOEHITIE, BBENIZHKELE S HEE—
R OB 81 2 Mtk E R T 5 RS E
MEmad, —IZL =3 < & FHI2 & 0 SRR L F
NTWd7d, Bl ZOXREEE (£< 5 EHE) O F M
MERD. ZORRGRAMGENEGERT 2EEE— N, A
BEOR/NEMNTH D 122y eIV OREIZRE L THEL
ZehcEs @) Gupta & Degrande™ &, 70 —5 1> 2
AT 7 E WIS Z ST, TORRMEIZDOWTHR
FLTW3. s, EEEERAS 7oo8itE, £<5
EME (0.6m) 2 1 2=y b L@t ckp b encE
L0, AREAS JHEOEHAIIAT 7E (6m) 2 1 A E

2022.10.15 %=}, 2022.11.15 23

UCENTS 26%EMNH 5. £7z, Sheng 5 M 1, CA EL
ZNTEFINZERE (6.5m) A7 T#HEZ S RIC, 20
MR ATV S, Xl (@) TRERCRBEINAZS T
CIERE L —V & oMM E R R EREL TV, %
DRTHESNBITH % MG, BB BT H 2% T 1741
ROME%Z KD, ZOXE JHDMHORRT 2 5 HHil iR % 5T W
. UMD U, HBER e JE BRI B 1 5 5 B R A R kB
T, ZORGEMNHH LS5 BT WS,

B s (20, BifE < v b T A O 72 R gkl (B R
<y MLE) 2N R, EEIRISESRE RO . B M
HEDORATZ TRIZMBEREWVWZD, IEDOEERTE T
FNEJEREZT TTEM L. LaLa#kiiz ke 25
&, EBHERAVNL LR, TORD, AT TOREEICED
5FHEY Y MDA BRI, RS T S O K

DEBZLY, MEREAT TOZTNE REMIZREDEDIT
nHLEZLND.

AR T, BREZT 7OBES Y NS E R4
iRz Ko, YFBEOHEARBFEIZOVWTHRS. 727
L, MUEROEMENN 30m L B AR dzd, pidokks
REREEAVSIESG, 12y bELOERIZ X 23EA
MOMANBEEINE. 22T, 2N 25 IcRE
X NFRR DB E O OBER~OHEH 2 AAS. B
RENCIE, AREAS 72 EREAS TICBEMR, 257



D=NL

rail pad

L
"* continuous welded rail
%%%%%%%%%%%%%’%%%%%ﬁ

2 3
% ‘ concrete slab ‘

S

under-slab sheet

Fig.1 Track with discontinuous slabs supported by under-
slab sheet

element "a" element "b"

left slab A v B right slab

64 s 5
A B
Fig.2 Replacement with continuous slab

B S O P A Sl RN CRET 5. ERER T TH
BThhIE, <S5 EMEEZORAMEL LTRETES.
W R & < 5 FRIFEICE D\ 7= Floquet 24 (6:7) % 5
AT 2Z22T, ¥<6F1IRMTEASNZ L=y bEILD
MHRRTE RS U/ 2 e WA REL 22 0, fRITHEI % K6
CHRNTE D, B, KERMLIZB QW IE, AT
SO MRS & NS & OBMEE 5 BTN BT B
MIEAMEEE LCHASNn5. 2 2 CREZ 2 B %
182 72801z, FERRIE A {5 5 o Bl iR ¥ C & 5 Block S-S
O 2EMT 5. WA EL, AFEOESHER, 2T
TEMBHWEIEIC RIETHER S IZOVWTRNT 5.

2. DEERMTIE
2.1. WHET 288

AR THRE TEHHR~Y Y NEZ Figl i2R7. L —
VIR EE L, EL S5 EMBE L THE Sy R2A LT
VIV — MRS T EICEHEHR I N T WV S EREEE
Ez25H., AVI)—FATTIIAEREL L, BEAZ THO
22Uy b (R 2EDTCIREOET D 2 £< & EHIED
BEMGTHZ, TOMEEZ N &BL. £72, YHAS5 7366
i~y M CHIER EICEE SR E N TwbsEDLT S 20O
K, TUEIRENE D =NLOERAMBEETS2x 515,

AR TlX, L —IL& A5 7 % Timoshenko I£ H TE T IV
{32, £/, By NIGEEERN R T, Bk~ y bk
TR TEHZS.
2.2, WEFEMRD BT EOBE

AR EZDBMEFZ2EHNE L TWEDT, MK w I
BIIBEHEHG 2R T 5. Fig2 FHORIZ, BEET
LEADAZT T72ETIMMELZIZY BRHEOH N Z, TNE
NA B, ThWEHRCHOMBEREE TN [FEHal B
FOTEED LRI 2T 5. 2BEEOHBULTIX,
Fig 1l ORIz L — L e @fE Lz @R R E AR LTWS, R
KIFH A A, BEIERESFELTWEDT, 05 DI

mMAREo s, YEMEE, Fig2 THORIZ, s
BlCE I3 EEEZI A RAS TICEEMZ S, TOF
T, BEEDRAT TITHGT 2 BN OEES B AROERE
AT TDENE BT EHHRIZ, A BRIZ-HEOH NN
MV {Fs} 282 L7z, 748, Floquet I ) kv, A
WIKBEZ BT MRS {Fs} XIROSEM 2727

{Fs(z+D)} = e "{Fs(x)} (1)

ZIT, z RPERTFHAERE, kI Floquet K TH 5.
Fig2 THOIMEMEIZBSWT, HiS A BIZEFHLTWY
BEiEANRI MV {Fsl itk 3, BFEaDAMBLIUEED
DBETONEH AN ZALRZRT ML E {Fo} 5L, 2
NS OEBRPIRATEZLONTWVWEEDLT 5,

[B[{Fs} = {Fo} (2)

mE, MIRIIE, R (1) IR RRIZE AT TIICERIET
W3, 175 [B] DEHIZOWTIIBERRS.

Fig.2 TRIONRMED EMOAFRER T 7 OINE % HE
LTW3HDTHE%5IE, A, BRONHHIAN {Fo} k¥
Oeisd. LizhioT, ARERT THEIZE T 2 KH) € —
FOFESRMEFIRRTEZ SN S.

[B{Fs} = {0} (3)

X (3) 1%, MIREIE w & Floquet 3 k 12 B9 % &4 iR
BEH5 25, YEEEHEMEZMRS Z L TERER T 7THE
DR ERDEZ LMV TE S.

2.3. 1751 [B] D& H

Hifi A, BIZHIET 2827 JHiflimoMikhe LT, %
DD 1 K3 DABRAMFRNMRD 2 5 %, o ks i
YrEULAELDERETS. &b, fiROEEHIATT%
Timoshenko X0 TEFIMMELTWEM, ZIZTlE=bA%E 3
X Hermite T, Wi [aldizfg % 2 ¥R Lagrange THiilt]l 3 % TIM7
g% 00 2 L LS 3. Z0Ba, HiISENIE, 2bh
TbAABIUCWHEEEAD IRDITEZIONE. £oT,
HENHEZNSITHIGT 2 3PS D, AT THia (A,
B i) MR EEH 6 i THE S NG, BEXDDOKAT T
KR LT, o @l AMICIEICES n,(n € Z) L, 0F
RKEIZB T 2L NIRRT P21 L RETH L, Th
IS % n HXBE ORI KD P, &, X (1) KO IRKXT
Fzoh3.

P, — ¢~ iknD (4)
7E, HEKTF e BB LT W5,

ZoMRMEZ RS, fid A BIZBITE2WNIEIA 6 5K
BPOKBRT MLERDD. 6 DDMIRI S %KX (4) 12
PEVIEIREAE LT, RBRICNEHEI RN bV ERD, Zh
5EMENT FIVERDIZHRD 6 x 6 D75 [F] Z2/EKT 5. M
WRIINT RIVEREN D PV IZRED 6 x 6 DTS % [P] &
B<E, RQ)OBEFKEED, XKD LD,

[B][P] = [F] (5)



ZZT, [PIIE6EADOHND—DZNER LIZHE L MR T k
ISR EINTWBEDT, HETF 2525, LizdoT,
WAV OILSE, 75 Bl X [F] THx26NBZ 2R3,

(6)

k&b, 1741 B & H I ER O MRMEICIRES 5.
2.4. NMIRMFEEDKE

ANREIZ, AV Y FOBWEEREA S 7THEN R e
RHEDT, YEBEOAPWRIEFLHSEHBL TS AN
3. 22T, ROEX LIZMT % Floquet 284 (6 7) % 5 fi

LU CHiE<.

oo

>

n=—oo

ZIZT, uldBOEZEARL, @ 1E%F D Floquet £, k13 0< k<
21/L TE#H S N7z Floquet W TH 5.
K (7) D G lF RO A G %2 w723

u(z 4+ nL)e™" " (7)

u(x, k) =

a(z + L,k) = e """ (8)

u(z, K)

28, ¥ Floquet Z#IFIRATE R 6N 5.
2w /L )
217/1_/ a(z, k)e” ™ dx

ARMEDO MR IER (1) 2H2ZLTWBOT, I6EMRub
N

u(z +nL) = 9)

u(z +nD) = e ™Py(z) (10)

X (10) DEFRE X (7) D u(z+nL) I
RATHAONDZ L L5,

HWHT 3L, a(z, k) 1

u(z, k) = Z u(z + nL)e™ "

+ u(x) + u(z + L)e" "+
_ 1)L)eiﬁ(N—1)L

(+D+L)ZHD’LI{L+..

ik2D ikL
e

ctu(z+ (N

’LND

+ u(x + D)e

ik2D

+u(z +2D)e +u(z+2D+ L)e +--

+...
:{
x{tlte

iwL k2L }

u(z) + u(x + L)e"™™ +u(x + 2L)e

i(h—k)D | _i(k—k)2D

e +o0)

Z e’L(Ii k)mD

m=—00

N-1
E u(z +nlL) Y
n=0

(11)
TIT, WRASHD LD,

]

> oe

m=—0oQ

@B,%gi2ﬂpéﬂ@abtﬂ@7»a%&f%5

i(k—k)mD _

27

X (11), X2 LA %xEF5.
_ 2m .
u(z, k) = 56% (k — k)i(z, k) (13)

&3 —

1 e

A B

uy

A

Uug B'
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