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Investigation of vibration and noise characteristics in CRTS III plate and
double-block ballastless track
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Abstract: [Objective] In order to explore the structural vibration and noise characteristics of high-speed railway CRTS
II1 type plates and double block tracks. [Method] Based on the method of finite element, multi-body dynamics and
boundary element, the dynamic model and boundary element model of high-speed train-ballastless track-box girder
coupling system are established to study the structural dynamic response and noise radiation characteristics of the train-
track-box girder coupling system. [Result] The results show that the maximum wheel load reduction rate of the train is
0.0536 and 0.1657, and the deflection of the lower box girder is 1/9 673 and 1/8 457, respectively, when the train passes
the CRTS III plate and the double-block track structure section on the bridge. Compared with the double-block ballastless
track, the displacement response of the track plate and the base of the CRTS III plate is smaller, and the vertical vibration
attenuation of the track-box girder system is faster, and the vibration damping performance is better. In addition, the total
sound pressure level of the box girder noise of CRTS III segment is lower than that of the two types of track structure.
However, the difference between the peak noise of the far field point under the bridge is small, and the peak frequency is
close, both of which are about 31.5 Hz. The peak frequency under the bridge is very different, the peak frequency of type
111 board is 63 Hz, and the double block type is 20 Hz. [ Conclusion] CRTS III plate type ballastless track is more suitable
for use in high-speed railway bridge sections.

Key words: High-speed railway; Ballastless track; Box girder; Vehicle-rail-bridge coupling; Vibration; Structural noise
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Tab.1 Structural parameters

Track Density Elastic Poisson
type Fart /(kg'm®) modulus/GPa  ratio
Rail 7 800 210 0.3
Track slab 2500 36.5 0.2
CRTS III SCC 2500 34 0.2
Bed plate 2500 34 0.2
Biblock Track slab 2500 34 0.2
Bed plate 2500 34 0.2
Box beam 2500 36.5 0.2

R 2 EEABHEH

Tab.2 Connection component parameters

Parts Stiffness/(MN/m)  Damping/(kN-s/m)
Fasteners 35 10
Bridge bearing 3380 100

B2 FE-H-HEeRE

Fig.2 Vehicle-rail-bridge coupling model
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Tab.3 Maximum values of wheel load reduction rate

Vibration response CRTS III  Bi-block

Wheel load reduction rate
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Fig.5 Vibration response of track structure
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Tab.4 Vertical Deflection of Bridges

Vibrate CRTSIII  Bi-block

Vertical deflection 1/9 673 1/8 457
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Tab.5 Maximum vertical acceleration

transmission rate of track structure

Vertical vibration acceleration

Track . o
transmission rate/%

A2 A3 A4 A5

model

CRTSII  2.74 242 2.27 1.39
Bi-block  2.36 2.11 2.49 1.73




LY S EPNE 2

Journal of East China Jiaotong University

RyEFR 5 A5, PRshNIBE IS E HIER (A2).
JRJHE(A3) FERTIR(A4) SRR (AS) L FE A, TIT %Y
WAL B 24 N 2.74% 2.42% 2.27%5 1.39%;

TR AL BRI 2.36%- 2.11%- 2.49% 5 1.73%.

THEZE R, Bl T BN, MR TR 5 ik i) 7%
AL, R I RUAR R AR BOR B

T P AP CHEPUE B 45849 S A RIAN ], 3350 1 2
WRAEFN AT A T B RS R 5 N, AR T3 0
T8 . I AR B % SRR L, 7 e — i W EE
BRI, AR —e s, BeE— e R BIMR
AL, HRAEMIIRIRRE T -
3 WrREBEESH

DI AN NI 3 o 87 S PR R e O B
GERNR RS T TR TR TA TR TR I — P U E
HA AR R ILT Green PREL, RA Gauss & HE—A
B PR _E ARG A R X 38 T R 22,

3.1 =R
BRI SN AERPERI L ROIRS T, AR
P R BN TR
2y 10°P
Vo= ¢ ot? S
Hrpve = 622 622 +a—22?9 Laplace &.F
o &

WY, X, IR p RO R =
BRI

VZpW,t)——pW t)=0 3)

b p(Y,t) s XIS ) ¢ 1 B S

BRI AN (Y ), TEZAI Q. A%
T A3 A2 A T R S 7 98 8 s 7 R
prw—— M=) @

y(Y,t)=06(t-1)-5(Y - X) Q)
Eﬁ%%%wﬁr,%mm=%,wﬁ%#ﬁ:
q=—pl, ©)

A, p ATRER, U NEEMTIER I

FIF delta B%(, I Laplace 284 DA S idi A8,
THE RPN B AR 53 77 R

coqwn0+LqumnxJ)wamwr

[P
A, AFIARK U 24
C(Y)= 1——I|m.|‘ .[w( sinpdpdd  (8)
IR Y WA EFEA AR
P Y.t;X,7)= —§(t———z') ©)

XRLY R AR, f HFER n RS, B
B3 1P R A

Y t; X, z' (X,r)d‘rdr @)

N OP* (Y, t: X,
pO(Y,t;X,T)Z%'
[5G—£—ﬂ+£5@—£—ﬂ}gl (10)
c c c on
WA RITEE, SRS, THE S
e, MR AE
N, |a(m n rn+1 as
cr Y _12 L] (n-m) )
_Z _lz g (n-m+1) (ag) (1)
A, p- B R EEERE, p) - a T A
FE: Q) -Fr T 5 P ) Ak )
PR S P N
:_Z Zn [a ]H (n-m+1) ao)
m=1
]G (n-m+1) (ao
NN (12)
A, n=max(Ln-n,, +1);n _ fmac | 9

T CAt

3.2 HREEFM

FIHAMRICIHE R, RGBT, HES
WS R, WEAL PR PUE S5 M AR R S R R TR AN )
SUHR G W TR AL R

WK 6(a)fT7r, KA 1 BYBR RS SR AERT T IR 75
R KAEIHBLTE 63 Hz b, 73518 84.1.80.6.78.5+
77.7. 76.9 dB, It HI7 5558 AR K PR Bk .
PR RR /N . H 2937 s BE RS E 6 m LA_LR, HR{E



IR K AR

Journal of East China Jiaotong University

B P 22 S M /I o M 1 28 i 14D 75 R 0% e KA ) HE B A
31.5Hz 4. T 6(b)n] %, KR AE B AL
N R 2 KA BILAE 20 Hz Ak, 535K 82.7.81.4,
80.1v 79+ 77.7 dB, Ff H.tH Hi B R AR B 5 386 K ik

NFIEYS, (HIRE R RIZE BN BRIz A R4
RONAE W B 31.5 Hz Ab PURPAR I B 75 40
YILE 50 Hz AbA7 W12 (4, B/ ME S s BN BR AR 22

100

80

60 [

Sound pressure level/dB

20 25 315 40 50 63 80 100 125 160 200
frequency/Hz

(a) CRTSIII

100

80

60 -

Sound pressure level/dB

20 25 315 40 50 63 80 100 125 160 200
frequency/Hz

(b) Bi-block
6 MBS S B ERITEE

Fig.6 Comparison of sound pressure levels at two types of ballastless track sites
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