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Dynamic stress characteristics of ballastless track-subgrade coupled system
of high-speed train railway

LIU Hou-xiang, ZHU Xing-bin
(School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: In order to study the vibration response of the ballastless track and subgrade to high-speed
train, the finite element method was used to established a full-scale 3D subgrade model in the time
domain. The dynamic stress level of each layer of the subgrade, and the amplitude of variation at the
direction of vertical and horizontal were analyzed. The modeling results were compared with the
measured data of the Wu-guang and Sui-yu railway lines. The results show that, in the vertical
direction, the dynamic stress of the subgrade of modeling is slightly higher than that of the measured
data, and the attenuation value of the top surface of the foundation is almost identical, the value at the
position of z=0.4 m, 2.7 m and 4.7 m is 95%, 47% and 30%, respectively. And the final attenuation
value of the model test is relatively high. The dynamic stress surface of the subgrade is distributed in a
saddle-shape along the line transversely. The difference between the center and the edge of the support
layer is obvious. The distribution characteristic gradually change to the high in the middle and low on
both sides with the increase of depth. And the value attenuated to both sides of the line. The dynamic
stress of the subgrade is characterized by the obvious of the Gauss along the longitudinal direction, and
the amplitude of the vertical dynamic stress of each layer of the subgrade is basically attenuating along
the y direction of the line. The load at the edge of the track slab is reduced to the 13%~16% of that at
the center of the track.

Key words: high-speed railway; subgrade dynamic response; numerical simulation; dynamic stress
characteristic
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Table 1 Track structure parameters
Ey S B /m ZH/(kKNem™)  #PEAE/MPa AL FHJE L a B
60 kg it 0.176 78.0 2 060 000 0.32 0.01 0.032 0.031
Bt 0.200 24.0 35000 0.20 0.03 0.098 0.097
CA T 0.030 18.0 92 0.42 0.03 0.098 0.097
SCHEZ 0.300 25.0 24000 0.20 0.04 0.098 0.098
w2 BAsMIt AR
Table 2 Subgrade structure parameters
IR JRE/m B /(kgem?) M E/MPa THARLE FETIkPa AWEEEER/()  BLEL o Vi
A 0.4 1950 200.0 0.30 32.0 75.0 0.08 0.260 0.020
B 2.3 1900 120.0 0.30 26.0 25.0 0.06 0.230 0.020
C 2.0 1 850 60.0 0.28 25.0 223 0.10 0.275 0.030
D 15.0 1900 60.0 0.35 22.0 23.0 0.08 0.260 0.030
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Table 3 Measured dynamic stress on subgrade surface

Rk . ﬂiﬁ%/iiiii
VSl CRH2  280~350 14.6~16.9
BRBIBE AR IR AR BB CRH2 45~160  8.4~14.5
kU2 CRH2 80~200 10.0~16.0

WL R 2R ) CRH3 5~360 18.2~19.6

FERERUY CHRESIE) ez AR 200~330  50.0~100.0
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Fig. 5 Dynamic stress amplitude-depth curve

e S 2 N 7 S ek AR B A 2R 0 6 s, 3

I RBOT RN
Pz,i
a= P 7

e PREN i m ARSI N AIEAE ;s P, TR
FE 0 m b3l B 7 IEE .

TINVIE- TS
8.2 03 04 05 06 07 08 09 1.0

1 PR 22 R
E2
B
5, PR S R T
e
ki B ik
4 T
WV K2 U R 3
5 B HEA AR T

6 TR F R A BTGt 2R
Fig. 6 Change curve of dynamic stress attenuation coefficient
M6 T LLE H, AR5 R 5 LR sk
MAFAEZR, A WRooTh 5 B T 2 se i,
HR A 0.2~0.3, XER VA RTIHE 52

http://www.cnki.net



%43

WEAR, BRI RAEPE I F) T A A AT 5

S 2R A ZE ), BT DA 3 BB B ) S R A
[Flo BT R EE M B AR AE IR IS, I Il — L
MR AR IO e 28 Nk 22 0.5 /6 47, FL R IR A B2 4
R IG  F A e, M3 25 0 RSF R, R 3)
TEHBFE P Gl AL R, PRIk, e 2 3 gl 1 22 o T 48
S S PUE AN PR T T B4R

FAk 0 B A IR e T S S R R H B 7 B
e MEITHRTLLEH, R il S & m T
HIREFZE (0~04m) B, BN/ NEKREE
R 70%: fEEKKZRE (z=2.7m) K,
D2 30%~45%; BB EARRTN, 38 11
R % L THUIHD 1) 22% . A R J0 B B A 5 i VL K 5 4
R0 AE FE PR 3R R B0k A/, B N ) B ek Bk
AERIRIRZE, M. B LB sTAe =, %
BEAREN RS HEF: OHTERELEES
NRHEA, SR EFERUECR, MAEERRELEE
WL . @I BB IS, % IR 2 B B )
(S ek R IR %, HL A — /K 1 1 ) AR 1335 4
WA, kR . )T Bk G B B e
B, T AR 2 8 5 A R T S B A e
Bow, HIRIEZE ML, KU ERERKE N
K -

1.0 R
PN
08 1R
B 0.6
W&
®o4
0.2
0
z=0 z=0.4 z=2.7 z=4.7
% VR /m
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Table 4 Dynamic stress amplitude decays in the y direction

Wi RIZTH 2 AR T T ENENEI)
e A B A B A B A B

0 17.50 100 16.50 100 824 100 532 100
0.600 13.54 77 1220 74 6.59 80 426 80
1.200 9.12 52 8.23 50 395 48 263 49
1.800 6.16 35 532 32 224 27 .72 32
2465 2.78 16 242 15 1.09 13 0.73 14
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