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Influence on Vehicle-track-subgrade System
Dynamic Response Induced by Track Stiffness
Variation

SHU Yao, SHAN Yoo, ZHOU Shunhua, YANG Xinwen

(Key Laboratory of Road and Traffic Engineering of the Ministry of
Education, Tongji University, Shanghai 201804, China)

Abstract: Focusing on the effect of stiffness variation of
transition zone on vehicle-track-subgrade system dynamic
response, and based on the theory of the railway system
dynamics, a plane strain finite-infinite element model was
employed to investigate the system dynamics of a subgrade-

bridge transition zone. In this model, the vertical force
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coupling for the rail and the substructure was achieved by
modifying the fastening spring stiffness matrix and the infinite
element method was employed to prevent the wave reflection
With this model and the stochastic finite
element method based on the Latin hypercube sampling

on boundaries.

method, the influence of the parameter variability of subgrade
stiffness on dynamic response of vehicle-track coupling system
in the transition zone was investigated. The results show
that. the influence of the variability of subgrade stiffness on
the rail vertical dynamic displacement is greater than that of
the wheel-rail contact force and the acceleration of the vehicle
body. The dynamic response of transition zone is more
sensitive to the parameter variability of the filler in the
transition zone than that of the subgrade surface layer.
Dynamic response data deviate from normality, and at the
95% confidence level, the maximum value of the acceleration
of the vehicle body and the wheel-rail force approximately
obey the Weibull distribution. While the data distribution of
the maximum value of the rail vertical dynamic displacement
presents obvious “high peak and thick tail”, and it is easy to
appear the abnormal large value. In order to reduce the
vertical dynamic displacement of the rail and facilitate the
construction quality control, the subgrade stiffness of the
transition section should be improved. The maximum value of
the rail vertical dynamic displacement is selected as the safety
evaluation index of the dynamic design of the transition zone
and the result reveals that the fuzzy failure probability of the
current design is 0. 000 45 and the design is safe.

Key words: high speed railway; transition zone; coupling

dynamics; stochastic finite element method; failure

probability
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Fig.1 Vehicle-track-foundation system and its boundary
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Fig.3 Solution of the coupled equations of the vehicle-track—foundation system



HEo5H

£F 3%, 5 BRI AR R X R G Bl 1 e R R 725

mE 4.3 E R SR E R 120 m, H o
2327 m. S 1. 8 m, I 24. 3 m, BEILER 61. 2
m. R 60 kg « m™ WL B EH 6. 4m, BIRIRE
0.24 m, CA ¥ JE 0. 05 m, 1B EE + KR E 0. 3
m, EREXERE 0.4 m, RRIKZE 2. 3 m, FEIKTHB
BREAERIEE Fy 3. 7 m. PUIE N EA A EAR T
P TR B R R AR AN T A, B KR 0. 5~
50m, If: [F A2 Rt W B AN 857 LR W 52 Tl » A 5 O
B 1/4 B KB BEIR a0 =6 mm R ZEIAHES)

VIR AR iR =" [1—cos(Ta) ] (Hish

ao AP, L A EEREKE, - BN EWEE L
).
% CTTT T b 024m
%: I L CARPE 0.05m
! = | JREERE 030 m
KRG W | HEREE 040 m
K| SEESERRE |
53 lwa—g | o |
o mmt 4 ‘. . %fl‘zﬁi/:'
i « 6m , A
Bl 4 g fﬂlﬁ £ NRRRS R A
b 1:3 37m
f —t f i
HE327m HE1.8m YERE 243 m BHFE 61.2m
| TR | B

B4 HEXFER
Fig.4 Calculation model

PR BE R WA S HOL SR 15 ], 1 9 B
M BR R AR S80S SCER 8 ] i 8 SE I R B,
W 1, B RSBk CRH3M. BRI % & 1
T H R T LA 300 km « h™! R i
B 120 m (WA -0 I B I B 4 B R R R
B R A Bk 5 690, R MATLAB # 44

£1 TEBRERBREZEMBSH
Tab.1 Material parameters of transition

zone and subgrade

MEBRBEEE e whw (PR
HEREREE 1500 0.25 2 200
oL P BB R TE BB S5 ot 750 0.25 2 200
BEEKER 500 0. 30 2 000
HERIER 200 0. 30 2 000
IR E TR Ak 150 0.30 1 800
HiREE+ 3. 45X 104 0.20 2 500

SCHRLL9 J7E 500 1o Bk Jo = B 20 AU JH IE T 45 K
BRI & S B 6 TR o I B R AT 1k I8 B R s A A
LB R 7. 5 m LB CRTS I Bk
A TCHEGE i 8 B e Bk 8 43 J2 s 5

HHR, SR ERBENEERE KB EH
CRH380AL 3 J1 /3 # e 1 sh 40, S A E A K
F 15 L, TR B FEEFTE 300~400 km » h™", it
BAEARH CRH380AL HIS 5. 4F 3CHR(19 133 3
BORF T YA A A FR A5 BESAR . b U8 AR R it 3
LAY T ST A BT — B W AR, MR Y 56 IE
BRI 40 m KIEFENM ERET 0.4 m BEK
FKERE R 0. 4 m )& C30 IBEE L, I LA B F &
#. aiEUcm[w]aiFE"E’buﬁ'ﬂ kR 5 A SRR

N BB ATXF e BE, SCERL19 I FH G
TR 'ﬂff Jii%&ﬂiﬁﬁﬂ@{ﬁ'ﬂﬁﬁ F IR 5 AR AR T T
A’ BB LS AT X H 5 2 I B B4R 2 R i

ﬁ%%%ﬁﬁ(@pi%&%ﬁﬁﬂ%&{ﬁ'ﬂ R LAY T

A5 38 m AL BT LRI T LA, W E A, B
E‘JMENEHE@ A, IR T8 RAR B BEAR B S0 %5
TEHBE SCBE 5 A SCRCEIM T A B B o P 43
Pt g5 5% Lo 4350 UL P 5. W, B R AR R
JREAR A R 3 157 8% I 3l 1 S 00 W LAY P34 1 5
Siha g EL IRy e

B SR SR AT

AR E

0.14r
0.12}

g 0.10F

=

% 0.08

& .06

®

U 0.041
0.02

0

a i AR
025 m SEPUNEE T 20r
AT SRS 1.8+
1.61
14r
12r
1.0F
0.8
0.6
0.4r
0.2+

b T A S s L
o S T
o AL SR

PRENPIEE/mm
RSN/ (- 572)

HRE BRI
d it B YR
B5 x#Etl19]1cMBiESItEER T

Fig.5 Comparison of the measured data in

)
HER AR
¢ Wi BYRSINHE

paper [19] and the calculation

X bE AT AR Y Fy e e T Ak Ak B B B R
ST SSRGS B R oA B i — 2ok, mT LA
FATF I P B - E -2 T R 1 AR S PR3 s
Wi J57 P REATL 77 22 7 A



726

Gl ¥ 1=y el )

RN

1.3 SRR AHERENS T

R FBEHLAT BR o0 o0 M ad 8 B sh o R kit B 5t
AR 8 3 30 B b e OB PR S8 4 A L T L
Jr R AR ST R A S 6] Q(E L Ep) X —1
R R (Ey S ED BT — KB E T, S Ja X 45
RT3 BORAE n Y1) 123 8] AR o A
REAR BT B T7 e AP By . QK 3 — SR 45
MR 43 B AR E LA mo PSR XA ORIER
7 ML SR BT PR, TR — 4R LK 4% IX )RR BE AL
I — 50 QFF M — 4k BEEYLAh H 2 RO ik
B R B HAE RS e i, AT AS 24055 mo >
A S BREA 2 [H] Q.

T B B RE PR R 2 S (BB B 20 SEOR) B 3 1
B (B R AP 5 o 3h SR i 50 A SR AT IEZS
GrARtERl HBROLR 2,80 W I E TR v TE
W B PE-R T AR R AEA KL R, B
otz A 6.

#£2 WERBREEHDEEEENT
Tab.2 Distribution of dynamic modulus
of subgrade filling

s Wl R i/

e A . %‘% MPa
WERERER W EZA 1500 0.3 (100,3 000)
BRSO ER s EA 750 0.3 (100,3 000)

UL T RS iR RO
HoRE A O

B ii=1,mp) AL

Y i=iﬂ
VE B -G 4R TR [
RERERIE

@ 7‘5

=]
=

it R RIEATT 2,
ST E D ATRE

6 BEN SRR

Fig.6 Flow of stochastic analysis

RGP [ B R Zo s BT IR R AE
FF g AR e KA ome 55 300 3 R W HE A U
SO TR SRR » i BB R IR R R R A6
FEER 23 SEORL B 5 A At 2 45 f) A S M I8 B
Z x> F o ] G 35 80 F7 W BLHE BT IR 5 38 S0 L
AN FHEERELCT 2 3h 0 W L 48 AR B SR TH I A e
Z RO R B G I E AR 2= Ko A
B R T AR T AN B A R U 0 2 AR I, ) LA
DO E £ 1265

B I W SR AR T T {E-5 s v 2 B AR A R Y

2 HiEEEN 10k R R REAL S AT
2.1 HERMEHRE

AR (L BIRE AR 2 18] B R/ -5 BE R 23 #
FROR BE B T I B ELE AR G , BORR SR T S il i o
AR E A R AR RS BRI B - H5E

ﬁ/ﬂ:ﬂ@ 7 ’ ﬁﬁ'ﬁ% Zrmax b4 pmaxiﬁ:I A cmax B(J%i_l‘igﬁ&
1427 6 £0.0210
vz 100205
1.427 4} — AR
i H0.0200
s oaiso?
& 14270 100190 ke
10,0185
1426 8}
| 10.0180
1.426 6 R 0.0175
0 100 200 300 400 500 600
RIS
a Zonax B SHRUEZBEI R B AL
145.716 1036
—— B
a —a— fﬂ?;fﬁ?ﬁn 40.35
145712 Joaq
z
Z 10.33 4
= 145708} ~_, e T
Jo3x2 B
& &
145.704 - A/ Y 1031
1030
145.700 T S 0.29
0 100 200 300 400 500 600
FER S
b Fromax 0 ¥{E 5 552 BEAE R B A 1L
0.504 88 - -0.001 40
0.504 8 et
504 87 By
= hEE 1) 00135
— 0.504 86
g
7 050485 30001 30 4y
£ - &
< 0.504 84 40.001 25 &
il —_ .
B 050483}
10.001 20
0.504 82
0.504 81 R S 0.001 15
0 100 200 300 400 500 600
HhRE R HL
¢ acmax M IA(E ST EZZE FERIAE IR B AL
B 7 shAmEiEHRAEITESREERBBEIENTL

Fig.7 Statistical mean and standard deviation of the
dynamic response index with the change of

sampling times



HEo5H

£F 3%, 5 BRI AR R X R G Bl 1 e R R

727

FRAEETERIRE R BT 500 RGBT RE, &30
TR S HE AR B 43 AR AT B B S TR A AR R B B
ARG KA AR, A 8, FE Rl R B 400, 500

SRS Bt B RO LU, BB AR S T ARECER LB
B0, AN BEAR AR YR A 3G T 2 28 25 AR, MO T
WREESR Bt R B IEG % 8, BYLES TR T

K 600 IR, T WEBE Ziax » Fomax 1 Qe AL THAIER ML A HIFRIR B 500 IR.
SRR — 2 (AR I B 3R N /N Y
0351 0351 0351
030 030F o 030
025k §§ 0.25F § 0.25F
" LR » N v L
% 0.20 §$ *’i 0.20 § *“i 0.20
Ro.1st $§ Ko.15f N Ro.15f
0.0 RN 0.0 RN 0.10F
N 3
o.og N | 0,0(5) gis | 0,0(5) |
1.40 144 148 1.52 1.56 1.40 1.44 148 152 1.56 1.40 1.44 148 152 1.56
A /mm fr# /mm fr#/mm
a 400 IRHFERY Zimmax b 500 IRMAERY Zommax ¢ 600 IRAMFERY Zommax
0251 0251 0251
020

] 0 <k <t I O o~
. 146.8 1444 1452 1460 1468 1444 1452 1460 146.8
BEH / kN FELSI/KN BES/KN
d 400 KABEHY Foma e 500 WHIFER Fomax £ 600 YABE K Fomnax
0.40 040 0.40
N NN NN
030} S 0.30F S 030} S
¥ 0.20f 5 020 ¥ 0201
E 0.0 Eo2o Eo.
N
0.10 SO 0.10F N 0.10F SN
SN - — e e — S

0
0.496  0.500 0.504 0.508
TARIIE B/ (m - 572)

g 400 YAHFE N demax

0
0.496 0500 0.504 0.508
FARINEEE /(m - 57%)

h 500 KA ccmax

0
0.496 0.500 0.504 0.508
FARINELE /(m - 572)

1 600 YHHFEH demax

8 FRMERE THAES XL

Fig.8 Comparison of frequency distribution under different sampling times

2.2 HEMEBRRFESHT

TP B Zomax s Fomax F Gmae 55 301 77 W0 B 35 475 199
500 YR T RS F AR R A B WA 9, HiE 5
IRFR 2 R EIRRZ T RIS AR 43 SR ol s e Y
HEOR o 0 Bt U B B B NI B 8K, AN T 1) B RS B
KA » 597 B ZE A 2 B R S R A K.

FE T K IR @ A S RSB o 1 B R R N
XF Zmax s Fpmax 1 e 5311 7 W8] 187 8 7 52 W80 4R S A
B REE. GO R E MR ST 28 1,

Ty st s T s SIWTRER I e DB TIRBLAERE y1 032000

yi AT ng WREAURBLIZ B 518 815 i (=1,2, -,
BN B FE AR ng DEE TG yia s vio s oo

Vi, s AERFHE j (G=1,2, 0 ,m) DRI B RURYE
HME AR AT BB BRI n, DEARER x5 250
’Ijns*/é”ﬁ

s Ljn ’Jn\IJEE YirsYiz s ***s Vi, ﬂ] Tj1eZjz e "

WIF km DEUAEXT
|:yi1i|,[yi2i|,“.’ { ms:|
(i:1929"'9k;j:1929"'9m) (10)
BB T B R SRR R R BRIE AT 23K
x; XFB SRR y; BRI R AR o AR B

HIRRIZ J BIRETE HR 4 50K sh SRR B X o B
Zmas > Fome M Qs S B FI WA BLAE A B R BURE L3R 45



728 [ 5F K 2% % A KRB %

RN

x
. 100
L 2000 .
Mgy, 1500 3000 it
</Mpa %9@%1

a Zma MHTESR

0
e

146.500

T

146.000

1

145.500

3

145.000

PR/ KN

144.500 Lo ,
i = 3000

Tooo 2% Mpe

T

b FiraxIFEIT R 45 R

RO IR B B KA (m - 572)
2 o : ¢

¢ amaMFFITEELE R
9 FAmEiEREINS TSR

Fig.9 Stochastic analysis results of dynamic response
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