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Effect of Subgrade Differential Settlement on
Dynamic Response of Vehicle and Slab Track
Vertical Coupled System

ZHANG Xiaohwi, ZHOU Shunhuo, GONG Quanmei, YANG
Xinwen

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

Abstract: Based on the theory of vehicle-track coupling
dynamics, the vibration differential equations of rail, track
plate and concrete footing in the slab-track system were
deduced considering the gravity of track structure. Combined
with the vehicle dynamics model of multi-rigid-bodies, a
vehicle and slab track vertical coupled dynamics model was
established considering the gravity of track structure. The
method of controlling subgrade reaction force was proposed to
analyze the dynamic response of vehicle- slab track system
induced by a wide range of subgrade differential settlement,
and the coupled model and control method were verified to be
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accurate and reliable. The factors of subgrade differential
settlement affecting the dynamic response of the system,
including driving speed, magnitude of the settlement and
wavelength of the settlement, were analyzed. The result
shows that the dynamics response increases with the driving
speed and the magnitude of the settlement. The comfort index
should be treated as the primary index which is more
important than the safety index when facing differential
settlement. Along with the wavelength of settlement
increasing, the relative response first increases and then
decreases. There exists a sensitive wavelength of the
differential settlement which is related with the length of

concrete base.

Key words: slab track; subgrade settlement; self-weight;
dynamic response

7E R E O 2 BRI SR B LR B o, EREPLIE R
B o5 A A O H L, T AR R TEAE B B T HEA
R VL AR R R AR B2 4 A, B LN
HPuEL M EEN R BT, RERATE
BEXREETREN MEMAE S hEEMZ I,
TREEAER. RTFETFRBE L EER TR
8 BT i 4k T A AP B B, HLR AR S R TR
Ho X, Fp R X, AR A TCHEBULE B T2 B A A
767 BER IR S B RZ TR 5 A T A T B B R 34 5
UIRERITE 0L, R WS BT B2 MEF . W
LT SE 5 BE B B AN 9 S) T I FR(EL R L R R DR
(AR —. SR BRAT (0 ToHE Pl LT h B A 1S
UUREFRAE Al & 22 T OHF BB 45 M 3 B i B
B, IFRFB BB ST ULERN T R G830 1w 5L
SR, T HL Bl ) e SR LR RS 4 a7 B e
e B 7 PR DL RAH S SE IR 45 .

RE 3 X BB Y STULRE R M 2R 52 30 7 R L

ELETH . BR B AREES (51478353) ; h R EREABNIL 5 7% ; AT H R TR =B R S TR A4S (20110072110026)
B—1EE . S 1988—), B, ML, FEHRF FNERBES) S, E-mail: 1988xiachui@tongji. edu. cn
WiRfEE . R4 1964—), B, #F, A S, T+, TEHEF R RTHESE SR T R T TRE.

E-mail ; zhoushh@ tongji. edu. cn



1188 H B K% %A RBER

ERRE

IR EAT T B 9E. Hunt™ St B4 98 Brab R 49
ULk AT TR, 15 8] T 53 B AL B AR 15
TURERT SN 7 A0 4044 7 (R0 ). B s 50 i 22
SEFNEE- B PRGBS ) AR, W B AR 3
ULREBR D 20 m AN R ULREIRAE T 5L T #9380 i
REHEAT T W98, 15 T 73U AR &0 T UL 1E fE 8 20
mm PP S AR R A B A5 8. RS E
B =R FRITEES , S RS TE 20 m
A SULRED AR T 32 5 B 7, B T 3CHR
[2]HI558, I IR BE T DTtk FREZBEAY A BERR Y T
REEL R R RN AT L. B A E AT 2
SR BB T ] 3 R, 5 R B AN ST
W 52 % A0 A LT AN 3 ST TR, X B AR 3 ST L
Pt 20 m BTEELT IBI D WARLHEAT T 3R, 351
ABN BT, 38 T 75 08 42 i B AN 1 5
UURERRAAL £ ROTES VR AR Z R 2 i B
RN, WP T HEMYRARE=
A BRTTE, E S RBIIRE RPN FREH
EitE, XFIEHE N 350 km » h ' BEEEARIYSYT
B o 20 m i &-Fh 28 BT RE BLIE 19 3 g me L
7755 TIRBER I B2, 32 ) T AR 5 %
HA ST UURE I BREARE.

AR OH R E BRI T, BEA ST
WeE B (L B2 TR 2R G 3 ) MR L 64T T 23-# » XA ) B
FLANI ST UL A T 2R G Bl 77 Wi L B 32 ) 5k = A5F
JE. WA A% G i 22 AR X R BE 3 1 M T vk
G BB S E IR R WA B EA Z AT
BB TESRELE 1), ERHHRB B
PUBSSHITT IR T UUIF 5 ULRE G H i 2 T B2 k. 53X
SELRBRAEN B EF LA 1b), IR AHR
3l 3 R 37 B R AR 22 BRI TG A e A6 B 7 b B 2 ]
FERI 7 7E— R )R FR 1.

b EERELL
Bl JEEIHAHATEFTATHEENTER

Fig.1 Track structure before train arrival
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Fig.2 Model of track structural mechanics
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Fig.3 Mechanical analysis of rail micro segment

considering self-weight of structure
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Fig.5 Maximum axle load decrement ratio and

maximum vertical acceleration of vehicle

140 10 mm
120+
100
80
60
40
120k 20 mm
100
E 80F
_E 60+
2 40
100+
80t
60
40
120 40 mm
100+
80
60
40
130 140 150 160 170 180 190
BATHE S /m
al00 kme+h?!

AR B W T L A B T O 3 L e N
2.2 BEARHETERE

TEATEHE N 100,200,300 km « h! HBEEA
WSIUIREE 20 m i, EREYBEHA 2 51 TU R R (H
Xt FAH 5% B 3 ) SO ER) R W 5 BT 8 U B AN 2 ST DT
W& {E 450 10,20,30 A1 40 mm.

Bl 6 AT BB 4720 100 F1 300 km « h* i
AN ST ULRE R (B X 51 4 5 77 B » B2 020
BREAWSITUEIEEL. & 6 W, BEE B EE A5
TR R AL B9 28 3 1 o, #8007 AN 3 50 TR IX Ja )
AV W BE-RAH B S i, BBE G 300 km o« ht FFE L
IR K TR 100 km » h* FRF L.

1401 10 mm
120
100+
80 ¢
60+
40
1200 20 mm
100}
Z 80
~. -
B 60
= 40
& 120F 30 mm
100
80f
60
40
120 40 mm
100+
80 f
60
40
130 140 150 160 170 180 190
BATHER/m
b 300 km+ h™!

B 6 ARBEARHITNHEETHRIA

Fig.6 Wheel-rail contact forces
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Fig.8 Vertical acceleration of vehicle

B 9 NTEAR AT A BT, 2k 2 i ook BE A
KAEBE B EEA Y S UL R AR ALK R L. by 18] 9 AT
HLXPFATHHEBE R 100 km « h ' EIF LU & , 4K
3 [i) fi 2 JE 5 R AL B EE AN ST YLD 0~40 mm
i 3494b T 0. 13 FRAELAP; X FATHE B E R 200 km

o h B, ANA IB(A7E 40 mm B 2 R AE 5 %o T3
B 300 km » h', ARSI FLREE(E v 30 Al 40
mm B 42 AR 2 fi] ol B A A FRAEL. BT S B A B
RN 3 5] UL Kok 8 LR 388 0, 24 2 1) i 528 B A R L
ERZLHEMEEH Wz THTEERZESE
fk.

020
—=-100 km - h‘: /
5 | —e-200km. h~

&
[
—
[
T

T AT ) 0k

o

o

he
T
.

1‘0 2IO 3‘0 4I0
BHEAIY S YU IRAE/ mm
B9 AABREAHANKEETHERMNEERKE

Fig.9 Maximum vertical acceleration of vehicle
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Fig.11 Maximum axle load decrement ratio
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