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Analysis of technical conditions for subgrade of 350 km/h
high-speed railway of ballast track

Tian Di, Luo Qiang, Xie Hongwei
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Southwest Jiaotong University, Chengdu 610031, P. R. China)

Abstract: A vehicle-track-subgrade coupling dynamics vertical model was applied to study the probability
distribution characteristics of dynamic influence coefficients ¢, of ballast track subgrade with vertical profile
irregularity. According to the relationship between cumulative deformation state characteristics and loading
levels revealed by model test of typical coarse-grained soil filler of subgrade under cyclic loading, it is found
that the embankment below subgrade is in a time-independent deformation state, and subgrade filler is in
weak-time effect state. Using the dynamic strength of subgrade structure, long-term dynamic stability and
cyclic deformation as design control indicators, the technical conditions of the high-speed railway ballast
track subgrade structure were analyzed. The study shows that: lg ¢ which characterize the degree of

subgrade bearing the dynamic effect of the train along the line longitudinal direction, obeys the normal
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distribution; the cumulative deformation state of each structural layer of the subgrade under train load is

closely related to the nature of the filler; the subgrade structure‘s long-term dynamic stability is the main

design control factor. Accordingly the technical standards for 350km/h high-speed rail double-layer

subgrade structure of ballast track was proposed.

Keywords: high-speed railway; ballast track subgrade; load probability characteristics; accumulative

deformation states of fillers; subgrade design
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Vertical model of vehicle-track-subgrade coupling dynamics

Fig. 1
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Table 1 CRH380A vehicle parameters

SRR M. /e A 34 934
. 8 000
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Table 2 Tracks-subgrade parameters

Py F Bl
MR E/GPa 205.9
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Table 3 German low-interference vertical profile PSD

function parameters
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Fig. 2 Vertical profile irregularity simulation
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Table 4 Subgrade surface dynamic stress statistical parameters

BWEE/(km« h™1)  #{E/kPa  Fr#E2/kPa A5 5t BB
0 56.56 0. 00 0. 000
300 73.44 9.12 0.124
350 78. 30 13.32 0.169
400 81.97 17.01 0. 208
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Fig. 8 Subgrade structure design flowchart
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Table 6 The dynamic load of subgrade in different depths

PRBEIE MR L /m RSN po/kPa W2 pac/kPa

0.0 103 74
0.4 66 47
0.7 51 37
1.0 42 30
2.0 26 19
3.0 18 13
4.3 HEHZERSH
BT EREITF S Ko fE it FE S5
DL s B2 K 3 A2 e Tk KA 36 A2 I S B s

AT 350 km/h A HEFL IR BUZ G5/ 1, 45 Rk 7
B,
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Table 7 Design combination of subgrade bed

FER VLT B Kao/ JRJZE Kao/ 3 5 FEIR DL B 3 K ) e 1k IR A AR
REEE/m RREE/m EKEE/m JEHAIE/mm i )
(MPa*m ') (MPa*m 1) Fe/NEAR AE QR /m)  Fe/NMEAR A E BRI /m)
130 150 0. 30 1.85 2.15 0.35 2.050 1(2.15) 1. 448 0€0. 30)
130 130 0.45 1.70 2. 15 0. 37 2.050 1(2.15) 1. 449 4(0. 45)
110 150 0. 30 2.30 2. 60 0.38 2.050 1(2.6) 1. 448 0€0.30)
110 130 0.45 2.15 2.60 0.42 2.050 1(2.6) 1. 449 4€0. 45)
110 110 0. 60 2.00 2.60 0.45 2.050 1(2.6) 1.422 4€0. 60)
90 150 0. 30 2. 80 3. 10 0.42 2.050 4(3.1) 1. 448 0€0.30)
90 130 0. 45 2.65 3.10 0. 46 2.050 4(3. 1) 1. 449 4(0. 45)
90 110 0. 60 2.50 3.10 0.50 2.050 4(3.1) 1.422 4€0. 60)
90 90 0. 85 2.25 3.10 0.54 2.050 4(3. 1D 1.418 0(0. 85)
70 150 0. 30 3.50 3. 80 0. 46 2.049 9(3.8) 1. 448 0(€0. 30)
70 130 0.45 3.35 3.80 0.50 2.049 9(3.8) 1. 449 4€0. 45)
70 110 0. 60 3.20 3. 80 0.55 2.049 9(3.8) 1.422 4(0.60)
70 90 0.85 2.95 3.8 0. 61 2.049 9(3.8) 1.418 0(0. 85)

TR R AR E PR R et L LA
LR IE 2 PR LLR BORE AR T TG N E] A2 AR 2

(A=2) , HE IR BB AL T 3 55 B 18] A8 B 2% R 7S
(1.33<A<C1.67), FIREE S5FR LT B &R
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B 3, % :350 km/h & ik 4k A A S R OR 25 M 8 AR KA 5 AT 25

BYUIAH G, FE R DU i 3L 0B Koot 70 MPa/m 42
= #1130 MPa/m Bf, B R JEREEREZ B 3. 8 m [ %
2.15 m,Y4 K, =110 MPa/m i}, 155 Jt J& 5 5 Ry
2.6 m, HEIKIKJEBURME g SR 2R, Y 2k
PR 2R Koo 7E 90~ 150 MPa/m 8 Bl 48 1k i, 3
PR 262 5 BE bR AH B AE 0. 85~0. 30 m 284k, K, =
130 MPa/m B}, B2 KRR )JZJEBEH 0. 45 m, TERE A
SERJZ OB Ko, b v AH [R] IF J8 BR 25 0 2 3% 3 R
BTG ZR T B2 5 I — ML 2.

5 4

BT A E - R A Bl ) A RO o B
BRAT W TE I R T 7K 32 ) A ey AR YRR AE L DA 2
RS By B KRR e B I i T B AR T Ol
THIEN Ky R EERIF S8 PR T 350 km/h A AE
e AR [ BE R S5 A BOR SR SE A5 LR 4

1) 2% JEA HE LI & I AS S I Bl B 52 ), 2 AiE
I 7K A7 5 2 g 2R A 3D ) 5% i R A o U A )
MR MAEZS 3 A LA . iH3ER B 9 42 1) 350 km/h i3
fFHF InC) ~N(0. 347,0. 174%) , Hovp i BR 3 )1 5%
M) 224 o1 =1. 96 FIH B3 S0 REL . =1.41 7]
FH T B e 6 35 A 45 30 oA 7R 52 104 L D 2 09 3000

) TEGN B faf 2 AE F R, DA AR IE [ 35 7= A 1) B
P A DX R gk A R R 2 3 L O B R J 0 £ i
FERDAE B L ORI HR 551 i B AR B B
HE BRVARIE RO X5 RV 5 2% U0 A OC FE IR DA R
BB Ky =>110 MPa/m B, 3L RIEFE A 2.6 m,

3)EF T = AT HE BUIE AT M A s 0 B R AR
R AN TE T B T SRR BUR B BUAR B AL T 59
R TA) 0 R AS Sy 4l B s, 82 8 7 3& FH T 350 km/h
AR fe K I B2 i DR 45 ) 1) B R b o L. R IR
JEEEHC 2.6 m, BEIRRIZ R 0. 45 m JEGLBCHE A
FromAk . Kyo=>190 MPa/m, B IKIKZE R 2. 15 m &
A.B 4R K, =130 MPa/m,
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