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Dynamic analyses of an axially loaded curved rail

A KHY, R fiA D, HLEE —E

Daichi ISHIKAWA, Kazuhisa ABE and Kazuhiro KORO

)%ﬁk%k%ﬁaﬁﬂ%ﬁ%ﬂ (T 950-2181 ik i vE X F+ & — O T 8050)
2) FB KT L FEMWAR F R
3) FiBKFRKF0E AR R ZE R (T 950-2181  Hris i/ X A+ & — I 8050,

(T 950-2181 8k i Ve X £+ f&. — o> T 8050,

Dynamic characteristics of curved rail subjected to an axial load are analyzed and the
feasibility of a measuring method of rail axial stress via vibration modes is discussed. For
this purpose two numerical analyses are achieved, i.e., the dispersion analysis and the
dynamic response analysis. In the former problem the railway track is modeled by an
infinite circular rail supported by sleepers equidistantly. Wave modes propagating in the
periodic track are obtained by solving an eigenvalue problem with respect to the axial load,
frequency and wavenumber. In the latter a finite track composed of circular, transient and
tangential rails is considered. Horizontal deflection due to harmonic excitation is obtained
by dynamic response analysis. Through these analyses it is found that the influence of
the rail curvature on the vibration modes is negligible. Therefore, it is concluded that the
rail stress measurement based on vibration modes is applicable to any rails irrespective
of track alignment.
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Fig.1 Deformation circular beam

WCHRIERE— R TH D & DR E S,

LZAT, L L OERIRE (T /) 23RO &
HICKEETF T2 enmonT0s O, Lins, ih
FRIX ol ) E BT ERAXEL FICEETHDS. LiL,
HIARIZ D Tikiob i &l mZEAL & BT 27280, Elko
U— VIREEDS AR L — L CH A FTRE T NI 522 T
720,

z o oARmE, ik (MO L EgEoR & iRy —1
W LCEM L, L —/VIREE O Bh# K~ FH Al etk
DNTHRD . BRI, 9 dhiuE 2 — & dhE o 8RR
F#E e LTHEELL, TOT THOBMITE2IT, BN
BN ZEET 2WEET — FOSBEREIC KT TREBIZ DN T
WD

RBBEOEE TIX, AREO—E# R X B O IZER
B X BN FEL, SIHICZTNNERPIEICHER L TN D.
T, FOk X0 BENREGEE T V& S RITKEIE
RN ATV, L — VIRENG I KRS < il A7 E i o0 FEBL AT RE
PEIZ W THFETT 5.

2. BMAOZRITHERRHEL —ILORBTERNT
2.1. #4151 % 21+ %Ml Timoshenko [ Y D IREIIZE
AIRNTCIX, #5225 EEREEHEE L — % Ml Tim-
oshenko I£ 9 CEFAALT 5. 7285, ik D ot kv,
EAREIE O LR B W5k & dih o & oBIfRIC WL, KEFR
DL —NTebHIHT HIRNER OB B L TH KER
WEWIHIRERES-. T2 T L — L ERSR LT HARITE
T, KEFMIZbIHBDEFHTIZE W TR O EEEE L
W kb9 5s.
Fig.1 D72 —E MR R O INT v 23, Efgih N o
TCTHIES R w TIEH L TWAREELZEZD. ZDL &iE
BHHFRATIRTE LN S.

v dy d?v 1
GAK(@*E)”(@*E)
EA (du v EI (v dip 2
_?(EJ’E)_ﬁ(ﬁJ“E)“L”A‘”’f“’
1 dv  d%y

dv 2,
(MK(E—w)+M(EZE+E§>+Mww_O(U

. 1
rail
------ D O O I N B ,
L L l deflection

| eyl Y

rail : ;

sleeper m, ; :
lateral resistance | ‘
=

A unit’

Fig.2 Track model for horizontal vibration
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Table 1 Parameters of 50kgN rail

mass density(kg/m?3) p = 7880

cross-sectional area(m?) A =64.05 x 1074
Young’s modulus(GPa) E = 206

Poisson’s ratio v =10.33

geometrical moment of inertia(m?) I=322x10"8

shear factor K =1.382
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Fig.3 Influence of axial load on dispersion curves
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Fig.6 Curved track model for horizontal vibration
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Fig.7 Alignment of curved rail
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Table 2 Analytical conditions of curved rails
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rail a 120 0 0 600
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Fig.9 Relation between frequency and axial load
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