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Dynamic transfer characteristics of vehicle load on double-block
ballastless track of high-speed railway
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(1.School of Civil Engineering, Beijing Jiaotong University, Beijing 100044, China; 2. China State Railway Group Co., Lid.,
Beijing 100844, China; 3. Railway Engineering Consulting Group Co., Ltd., Beijing 100020, China)

Abstract; To study the transfer characteristics of vehicle load on ballastless track, a vehicle-double-block
ballastless track coupling dynamic model was established. The transfer law of dynamic stress and vibration
acceleration of vehicle load in the ballastless track was investigated, and the influencing factors were analyzed,
such as driving speed, structural size, and interlayer contact state. Results show that the main load-bearing area of
the vehicle load was distributed in the bed slab, and the peak value of vertical dynamic stress was attenuated by
73% within the depth of 0.1 m. The main vibration area of the vehicle load was mainly distributed in the bed slab
and transmitted to the supporting layer, and the peak value of vertical acceleration was attenuated by 89% within
the depth of 0.1 m. The dynamic force and vibration response of the track structure both increased with increasing
driving speed. When the width of the track structure was appropriately reduced, the force and vibration
characteristics were less affected. By inserting the isolation layer between the structural layers, the dynamic
response of the wheel-rail and the dynamic force of the track structure were reduced, but the vertical acceleration
between the structural layers was obviously increased. Inserting the elastic layer could reduce the vertical
acceleration of the rail, but the dynamic response of the wheel-rail and the stress and vibration characteristics of the
bed slab and supporting layer were less affected. The results can provide theoretical reference for the design and
optimization of ballastless track.

Keywords: high-speed railway; double-block ballastless track ; dynamic load transfer; structural size optimization ;

interlayer contact state
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Fig.1 Dynamic calculation model of wheel-rail system
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Tab.1 Basic parameters in the track model

Rigas S8 1
PR R 210 GPa
LN .3 7 800 kg - m™>
HEL/N =4 0.3
e 7 B W 50 kN » mm™"
s B 15 S K BE 45 kN + mm™'
(] FE 650 mm
AR 32.5 GPa
. W 2500 kg + m™3
AR MEL/N A 0.167
B I xR 2 800 mmx260 mm
FLPE A 15 GPa
. W 2500 kg » m™
2RE HEL/N =4 0.167
T o xR 3 400 mmx300 mm

TERRRE AR R FH v [ s o % CRH380A SE AU 5
K] ER R 2.5 m BEE R 17.5 m FEEHC 15 « %
MR R R A B 1) BRI X Je P R B
B, AR A B AR SRR, 5 RS AR 1) 4R
TRUC MR | Sk WAL R Sk iz B, % RS X A T
U MR BERS R kiz sh' . e Bm gk VR F
2% AR 2 R e Ak B 0 R, Y 1) 0 T ) O Y
PR 2. CRH380A Sl 240 12+ AU L3k 2.

£ 2 CRH380A ZEEWHFSH
Tab.2 Mechanical parameters of CRH380A EMU

RS S8 BE
i 37.48 t
ik {ﬂﬂiﬁﬁéfm‘rﬁ% 121 400 kg - m?
FERFG IR 1 836 500 kg - m?
FES S il 1733 100 kg - m?
Py 3.3 ¢
p— MR By 2673 kg - m’
<P R 1 807 kg - m?
ks 3300 kg - m?
g 1.78 t
) MRS By 15 it 949 kg - m?
fext i L 118 kg - m?
FES S il 967 kg + m”
BEEAA O i W B2 980 kN + m™'
BRI RE [ W1 980 kN - m™'
—Rak 5 O 1176 kN - m™!
R T B2 9.8 kN - m™!
B 1) I 169 kN + m™!
B R T M 2 169 kN - m™!
TREHE e 3 A [ 183 kN - m™'
1 ] BHLJE 39.2kN+s+m™
T BHE 189 kN -s-m™!

LT AN S I B FH e 3 Ak 3% G ATE LA S S I
Ty MR Y BE HLAS AR Sk 58 B R SO,
WAL E P KN 2~200 m BIAEIRFES, aniEl 2 JF
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Fig.2 Random irregularities of left and right rails
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Tab.3  Verification of the dynamic model

it RsIDALLIVA PRI RNy e o
M 75 0.085 0.05~0.39
e E AR 0.405 0.08~0.45
Kl ) 3.1 kN 0.1~25.7 kN
k7R E W 7.1 kN 5.3~20.9 kN
M ) 114 kN 62.3~99.9 kN
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Fig.3  Variation of peak values of vehicle dynamic response

indexes with driving speed
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Fig.4  Peak value distribution of vertical dynamic stress of

ballastless track

TCHE B 7% 45 ¥4 J2 2 1) 2y 17 g 0 {23 A1 ML
WS FroR, B AL E 0 m Ab KB 254 B fi rhocs
Ak R AR IR b T 5 4 i 84RO
{EL, AREEAE N A% 328 17 280 4R TP B2 A D55 . A 0T TG A
PUBTRIL )7 1) 4% 3, F BT 52 00 Y 2 i oKk
ARG TE PR OIS N, 7 W W 0 ; 4% 32 2 38 TR AR
JEEHRIN , T8 AR AR -5 SR = RSE 28 5% B 0] 341
FAb RV 7 VAL TRl A 1238 28 SR 2 R IS e oz 77 ¢
(E- 5B G TEF SN I W (R S N oA 334
EENEIE]. RIS T LI ), 4o 48T JORE BB e
T6] P LI 17 ) 2 s AN B S, A 1) R & e [ 4%
128 2 TE RARIE RN A 0.04 MPa 247 R .

JCAE B 3 6] By 17 g e B R B A8 AR ML,
P 6 Fir 7. 2 (] e 7 g 0 D il 8 J3E 4 384 418 B30
Uk, 2E PR B PRACR VR 0.1 m Z NI 73% , TR
JEE S 1R 15 56 2 K R A RE T TR B Bk, 8 i
TS5 H R AR ARPERE s 76 0.1~ 0.2 m Z[A] 5808 17% 5
E0.2~0.3 m Z 8] 5E08 6% , ek B TR B2 (438 i
0% ﬁﬁ%ﬁEOBmUTﬁﬂfﬁWﬁgi

3t — E AR T
2_
1_
£ Of
=
@ 0.3F :ﬁfﬁr‘iﬂ
& 021
R 0.1} J\/
= ot . , . )
]ﬂ
= 03} — SORJZIRHS
0.2k
0.1}
0_ 1 1 1 1
0 0.5 1.0 15
B 17037 B /m
(a) HEm

3} — HPRAR TR
2F
s I'WM
g 0'. . L L L L s L L L L
Zo3f — SERARH
=021
50‘1'/\/\/\/\/\/\_/\/\
S 0L
] S
Z o3} — ORI
ﬁ'0.2’
0.1f
0 05 1.0 1.5 20 25 3.0 35 40 45 50
e B m
(b) #\F

B 5 RHHEEENEERNNEESHRE
Fig.5 Peak value distribution of vertical dynamic stress of each
structural layer in ballastless track
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Fig.6  Variation of peak values of vertical dynamic stress of

ballastless track with depth
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Fig. 7 Peak value distribution of vertical acceleration of

ballastless track
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Fig.8 Peak value distribution of vertical acceleration of each

structural layer in ballastless track
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Fig.9  Variation of peak values of vertical acceleration of

ballastless track with depth
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surface with driving speed
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Fig.12  Variation of peak values of vertical dynamic stress of
each structural layer in ballastless track with driving

speed
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Fig.13  Variation of peak values of vertical acceleration of each

structural layer in ballastless track with driving speed
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Fig.14  Variation of peak values of vehicle dynamic response

indexes with structural width
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Fig.15  Variation of peak values of dynamic bending stress of
rail with structural width
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Fig.16  Variation of peak values of vertical acceleration of rail

with structural width
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Fig.17  Variation of peak values of vertical dynamic stress of

each structural layer in ballastless track with structural
width
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Fig.18 Variation of peak values of vertical acceleration of each

structural layer in ballastless track with structural width
5 EREMKASHERT RS EE
AR 1Y % v
Bt 2R ) e AR B LA RO BE ST TR A T Bl
G KE) J2 F) 47 AR 3 2 BB 2 X i 2 A 188 ) A S
O A FARAT R R R I | 5 J= T2 R 2 w3l Ay
BN B R ) 32 R R B A A . S o i A
A 2 )22 () A RSO0 4 A i 2 5 254 a8 LA Y
SRR AR AR ZS 3o 3 R A0 : 00 A 454
JRTAIAN R B 5 T00 B, 2544 2 W) 4 A B 25 )=
AR LB G S5H0 Z R0 ASRPEE. 1819 4240
B 7 Ve 57 A o U (I )2 1) 2 fdobR 285 8 A MLARE, AT LA
SRR NV IRy E S O R R R S i
1] 3 FEBIUR 1] 3 058 B 16) 7 S5 A B0 o v
LI RTAT AN i WG Y =) S O o = 7 - S A
ARG RS2 5 4 IR 3 A8 AL BT I, 42 AR 1 i 3
BEOR, AT o) Jom R R0/0N. A A T 2 S A AR
AR,



559 SR, 26 . e R DU SCTCHE LIS 4 9 28 8 A5 A% 1 Rk 15

0.10} ¥ 0.50
W 0091 ££0.45
= oo T Z040
B 3
= 0.07¢ £20.30
THA THB THC THA THB THC
g 35y WRARE g ORERAE
5 300 ; =
E asl S~ E 70 t—
& 20} & 6
E_E 15 1 1 1 ﬁ 5 1L 1 1
O THA THB THC ¥ THA THB ThC
_ (o) Gttt A1 ()t 4
2 1301 /: 0.15
E 120p £0.10 /\
g llop T R 005
& 100t ;f of . .
¥ THA THB THC THA THB THC
(e)i@iﬁﬁrﬁw (F) ZE AR [ skt 38
%, 0.20
s -
% oog \./
T THA THB THC
(g) G afie g s )
B 19 ZiEEh SR IEFRIEE R B AR AR T L A1

Fig.19  Variation of peak values of vehicle dynamic response

indexes with contact state of interlayer
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Fig.20  Variation of peak values of dynamic bending stress of

rail with contact state of interlayer
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Fig.21  Variation of peak values of vertical acceleration of rail

with contact state of interlayer
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Fig.22  Variation of peak values of vertical dynamic stress of

each structural layer in ballastless track with contact

state of interlayer
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Fig.23  Variation of peak values of vertical acceleration of each

structural layer in ballastless track with contact state of

interlayer
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