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Effect Analysis of Damping Track Structure
on Environmental Vibration Induced by Vehi-
cle

ZANG Jingchao, YANG Xinwen, QI Zhenghai, MA
Xiaoyun

Abstract Damping track is a kind of track structure com-
monly used on higher vibration reduction in urban rail transit.
To study the effect of it on environmental vibration induced by
vehicle, the damping track modal is analyzed firstly. Then, a
model of subway train-damping track-tunnel-soil-building sys-
tem is established, which is further divided into two sub-mod-
els. The vertical wheel/rail force in sub-model 1 is taken as the
external excitation of sub-model 2, the vibration acceleration
characteristics and vibration level characteristics of track slab,
tunnel wall, ground and floor induced by vehicle are calculated

and analyzed. Research results show that in the transmission
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route of vibration induced by train operation, the vibration dec-
rement of track slab to tunnel wall is much greater than that of
tunnel wall to ground, while the vertical vibration acceleration
level of floor and ground is basically the same; the 31.5 Hz
and 80 Hz center frequencies of two peaks corresponding to the
1/3 octave acceleration level of the track plate, tunnel wall,
ground and floor are related to the natural frequencies of the
fifth and the tenth main modes of the track slabs; when the
center frequency is between 3. 15 Hz and 8 Hz, the vibration
damping effect is better; when the burial depth of tunnels is
deeper than 11 meters and the damping track is used to reduce
the vibration, the maximum value of the vibration level Z on
the ground floor above tunnel and the building is less than 70
dB, which can meet the environmental assessment criteria.
Key words urban rail transit; damping track; model analy-
sis; environment vibration

First-author’'s address State Key Laboratory of Road and
Traffic Engineering, Tongji University, 201804, Shanghai,
China

R4 30 1] 8 H 17 C 28 5 5 0 36 T b 4k
LB TN R o Bk TR U R B 5 UK X B
SRIPUA IR IR T T2 BEALFEFFIR IR | 5 A5 D A1
SEURAE 3 28 RRERIBAR —BoR AR R I AR
A 8 A AR — BRI BB B0 T e IR R B
18, AR — R SRR 05 R B . A
S BN IR LI BB PR RE BEAT B ST, E A
AR TR E B IE 05 7 vk A BS B B
(ERLDL A S g6 K, SCHR L1 ] 2N 1 k81 4t
BRI PUE - T IR AT BROTA T , XA [R] J i £
WIEE T A XL T 9 R 3 25 R0 3 i B 2R AT 1 4
BT, IFBRSE T BRARROCR . SCHR[2 ] %k b g SR i
BARPUELEA R T 00 59 A 3R | 3l 7 7 LA
IIRPERERERT T 08T . SCHRE3 IS i B AR 2 /Y
K TCHEPUE S0 BRA AT T 15200 e 3
R[4 ] gES7 T BGE M7 3 S AR R O X R R L



PR ICAR S HUE AR PEBEREAT T 0B, SCHRS 1R
PRS0 M I 8L 53 BT 325 AN ) 3 PR AR I AR
LI ERE AT PR A5 ) ) [T A7 AR i T B A 336 o KK
SERFVEUEAT TOTTE . SCHRL 6 | R BB O ik 0
ANTRVERAE 7 204 ol 44 X A e 17 R 20 D i
REAIRZ MRS T TIPS o

A0 i 41 48 B0 A9 BF 5 R 22 4 v T 4R
P10 2 R Bl 8 114 5 57 38D T T % il i 2
BB SE A D BOAR S AR B0 5 0 75 T 64 BE 5 G0 A
Ao I, AR SCE SRR BB HEAT TR I
A, LU ST 1 R A7) - Dol A 0 Pt T - i 3 - -2
SRS RO ROTE L, T+ 580 4 181 4-as 47
T PR B T RE | i THTRRE S 9 o i R K F IR 2
FEPE . BIFFEAE 18 AT O ik DB 4R o e B T 4R —
MELES%

1 HESHER

1.1 ERIEST

N T MRS -l PR B LT - R 1 - R AR
YR G RGEER AL 2R R R (L AR B ST gh
SRR BE T B RCR R T JE 1Yo ol DX 2 oF
J& B BUE TR 43R 2 SRR

(1) FHIAL 1 b ks 2--Ja iR S BB B A, A
FZASE AN 3345 ) 91 AR AE W IR ST s AT i Y
WA I RAZ IR B A U -

(2) TR 2 MUk PR IE - BRI -+ 2 -ER Y
AR 5E R AR B PUIE M | R T RE | M T A
R JZ PR BN i
111 34k ) & - 3k S A2 A

SCHKL 7 138 F A 40- BB R A sh 1A e, @ ar
T MR - IR BN B 3 ) A B R A 1
Ji7s o AR SME Ty 2A BRI B, RIS R S TR
R BELJE AR R TR B R R ey 2 1) i S AR S 42 A
W v BT, MR AR sh AP A T R

M, z,(1) +Cyzy(t) +

Kz, (1) =Qy(1) (1)
K
M,, Cy ,K,—73 il 378 40 22 G0 ) o B 4
4 | BELJE R o T JRE R % 5

2y (1), 2y () M 2y (1) — 3 HFR B ARG
S % I 382 R A R T R R

Qy (1) —1 BLIE A F T 7™ A= 1 30 25 fr
G

IR A8 B TE 19 B 25 i 7 P AR BE S PR A
TETH AR II I A RR ) 8 1 g 4L 44 1K) 2
JItR Ry s A 0 RS

TE M My M, S35V G M S AR Xt e T A T 2 AR
FRFIR AR SR, K, K, IR — R R
HEREREMNIE;C, M Co, AR —REHN RS HEMEE AR
BGZ (0 Ze (0 Zy, (0 230 TR 2R 5 0 f 1 1) (6 S 5
@ (O H @ (1) 73R AR FRGZERIFE LA 3 Py 1 (1) Py 2 (1),
Py s (DM Py, () BRI RIT1Z, (1) ,2,,(1) ,Z, 5 (1)
H Z, 4 () BPAFAPUE RE[) ANG 5 L, L 53 S 240 5 3 A
BhEE S E, R E, 43 DR BUEURIUE AR Y SRR R T R T 43 )
AR BRI IUE AR AR s, D m 53530 A QSR AN B0 B
LT K, R Ky 23RN R CA b3 AN ; €, Rl Cy
P AACERANIERN CA RPIRIKILIE s Z, (x,1) B Zo (x, 1) 73 AR AN
BURBLIE AR Y 8 16 (5235

BT HuBRE 42l S B A 3 )~ R (AR

RFBHII/AN

0O 1 2 3 4 \5 6 7 8 9 10
i8] /s

B2 e g g A h 2k

1.1.2 k¥ HE -1 -+ BE-E B A

K H] ANSYS A BR o0 8 4 2 37 4l T 00 - Bk
E-HR-E YR E RS RoTHR, ik 3 B,

2 JE BB b S 2 2 T 2L N T LT e
1SR TORE, RRE R R R AR 4 2 A B
FITFRK AR A 8 R 90 DR
A RS 40 m, SRR 40 m Y] KB
F25 m BRI B G SR EE A Ol 6 )2, B R R E

.91 -



B3 pdIRE P BRI - - SRS 5 1R

3 m, FHERAE RS AR R B R 10 m AR R SR
BRI IR A 2 e . R rp B A B E L A
LA RS AR R T 8 5 f XK 5T solid 45 5
P, Vel A 20 R H L5 BH JE B0 combin 14 B, SN %
DA Rk B B AR L 5% A 54 YR FH 2 B G beam 4
B,
1.2 #HESH

TR 1 R A T RS B R Y A
RIZHEAT I, 40 o 160 kN, 4240 2 ik
15.7 m, [EERIEE R 2.5 mo 4R B HLIE 5548 T dn
PERIEE R 4.0 x 10" N/m,fHJE /7.5 x10* N - s/m;
TEHEENIEE R 6.6 x 10 N/m, fHJE % 10 x 10* N -
s/m; BB AR E | S BE AR E 43 ] DRy 25 m (3. 25
m F10.35 m, FHRA 2 rh R AR )RR R 0.5 m,
TR S ENER 1 R,

®1 TENMBENZSEE
A e/ R/

+J2 MPa A (e/em’) JEJE/m
it 30 0.39 1.42 2
#AR+ 40 0.29 1.57
[ibay 60 0.23 2.33
LRIz 300 0.22 2.03 22

2 BIRBHBERRS S

BHTE AR 3 BT 2 Y00 I T B iR Bh R S 4
M7 o A YRR IZ N T 48 i A A
G XN T UE A 1 S 25 m KAy
IR BB AR A TS B, R R T
HAIT beam 4 YL, BB MR R SEAK BTG solid 45 45
0, FAAF IR A H R 535 BHJE #R.T combin 14 45
P, 5 R BT N R &N R A .

PRI PR H L IE M AT 10 B4R B, an &l 4

- 02 .

ANo HIEL 4 R, IR S HUE AR | B AIES 2 ik
RSP BUE AR 1 B A 1 B, 5 3 B A
5 4 BriR B D BB AR 2 [ A 2 B A
555 ~10 Bran i, BAT RIFE LA

f) %56 B

g) HETH h) 258 [ i) 559 B

3) B 10 By
K4 paidR P AR A

22 R AR BB AR T 10 BRI Y A AR
HIZE 2 WI1,25 m A IR S BLIE AR AT AT 10 B ik
T [ A 3955/ F 80 Hz,

R2 ORIRBEERAT 10 M EEMER

B [E A1 41 %/ Hz
1 9.64
2 15.72
3 23.70
4 26.95
5 32.99
6 39.25
7 43.93
8 52.04
9 70.78
10 79.12

3 EHIEIRSW
AR A SCHE ST B BEL 3 A A2, S HUBILE A AR



T B T RE | i TG R R 22 25 4% R T A0 A 8 i i
JE(ULIES) , Jfii i Matlab B0 il 7 175K i %3
SERLRY 1/3 AR AR g RE G (DL 6) , AR i
Z RPN T) o

i s B/ (m/s?)
<

!
e
o
&

-0.10F

015, 2 4 6 8 10 12 14 16

B A /s
ES IR N i b7 = N R i D B0 el S

FPEL S HR B AN s Sel e 1 [ e e s L T
WA 8 7 g 2H 51 43 d i Ik sh A AL L AE , RIS
B3 a5 AU AT R B TE AR B G BE | T R =
PIMIRBN RS TT R , 2 B 32 MRS, R AR
B 0 TTAE [R] — W i Ak U2 ria o 2 52 (4 K/
BUE AR ¥ 15 BE ) T IR R T P R G BE B T
AR E DR, S T 1 DR A B T Y DR IR P 2 A
WAEBIES ) ﬁ‘ﬁﬁiﬁi&ﬁ%ﬂ%%ﬂ@”&ﬁﬁﬂ
R/ NEEA A AR, 3 5 SCHR[ 8 ] i A% i i 4518 2
—E,

HIP 6 IR, BB A | R BE | i AR = 1 173
FERRR N B G A AR A R S A — 2, S B v oL
RSV PN NN S PN MRSyt S
PBE M 1/3 AR J0 e o i 18 2% HE g T8 BE R 8 ~ 25
dB, %3 41 Hh O AR/ T S0 Hz I 3 T FRE =
1/3 A% B A oI5k J3E 0 AT 25 FE A Ak F710 dB AN 24

120

| —o—

. oo =
T g THE \
K f -
j=4 )
B gAY 'XMZ A \ \
= —0—d v X A
i ‘;)0—-7 W 0—g
S O20F O\ .
= Vv .

0 X2X3

_2% 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J

SO ERIND LRSI SR

A D A R R R R
L gi# /Hz

6 ARG 1/3 555k 5 9 ih 2%

HUL N 4 Hz 31.5 Hz i1 80 Hz i, 4115 s 1)
1/3 FE SRR B A Ak il £ B 3 1 1 A8 A 0
o AP A 31.5 Hz F180 Hz i H 3 A4 1 9 4~
WA A3 S5 R IR S8 I M B 565 5 B AR 10 i R 7Y
14 [ 03K AG 6 5 O 4 Hz I HE B 34 06
(B RIS 2R Gom A (14 4% 80 2 404 5 5 PO B R o
31.5 Hz A, 4% J2 T TE (4 1/3 A5 50088 i o B 2 3%
AE/INT 40 dB,

F P& 7 AT, BT AR | B RE | AR 2 A
W Z PRSI B R B, ELE AR 5 % T RE
TN FE Z 4 2% 1) 25 8 K T Bk i BE 5 1 Tl ) 25 18
AT Z PR KAAN 69. 51 dB B2 Z PR i
KA K 69. 36 dB, #J/NTF 70 dB, 54 SCHR[9] 1
R,

90~

82.35

80t
75.87

701 69.51 69.36

60t

Z JRFBKME/ dB

50

LD NY NN N
Bl RNE  Mm BE
NE 20 |

K7 BORESH rPARTR R R Z RS R (A

T 22 N T BILE 5208 152k i RT3, & e
T8 5 B 37 1K ok 6 ME A S I At ST A R (A L T
AEURAORTRAEE , BUR A SCRYTHI S5 R R 2 A Sk
r T3 A R T TR | S SR kLB N M RS
MG AT SA SRR AL TR 15 S AR
I Z PRI R RSSO AT HE, S
Eﬂi iﬁiﬁ[l(ﬂ PSR RE R Z IR RAE 2 65

X G A4 R (69. 36 dB) 22 {H/N T 5
dB EEJH:T%D AT H R R RO R R W] LA
ZH o

4 it

W FARIRS AT, A5 LU 45
(1)25 m < Byl PR H B8 M 1 PR 2 3= ZEA0 45 1
Brash 1 B, 2 B 2 B A DL 2 S
i Z B , BT 10 By [ 454535/ 80 Hz,
(2) B AR (% T8 BE b T FRE 2 A9 1/ 345 4 7
(THE 165 )
.03 .



>R Vampire B4FXF 4 REAT T 3l F oA R RE Ay
Bt aa, HLoy B P G TRl rp RUE 9 11 R oLk A T
TR R N AR S R RS s T
Ll M AUBURT | #9285 B D B 2l 25 8 A
e e G TR RE L K/ IN Hh 2ol i PEBESE:

T R A R A R BT SR AT
TIN5 5 %) B 22 P A B FR Y BB AT 1 IEZR A
LT 2 B UE DI, AR AR a2 SRR A S Y L
IR B SR BB T A B AR T R 53 Ah,
XA E A BRI AT T B i sE K, - 22
il R AR B 1T SN o 45 L N 1K R R 4 R I
SN, 2 1A 5% 8 TR e, B e
FERIL, FERERE B, B AR RS/ TE AL 4 BRI LG
&, IFE— X S e R HEAT I R 0 b, S52R
W1, a0 sl S e Se A L P B TR K

3 & iE

e P B SO R 2R e e R R E R A

B R 7 i, [ N0 2 4 8 M A S el A L L
Al U 5 I M Bk PR A 1) B o IR
R 1) S 45 M B B SO IR Bk, TE W #E
I ZREBE S8 A AL T A [ BT FH 28K

S 3Lk

(1] ™5 FRTRIM]. 3 A b5t b E2GHE it ,2007.

(2] FhKRBY, BRI, A, 5. PO A 0% ) B i 268 i M g
BFSE[T]. BRIE 445,2008 ,46 (12) :1.

(3] ZEREBR, HREE. P M0 E 5 1) 7 308 22 45 b % 12 F 58
[T]. ®E %4, 2006, 44(4) :4.

(41 VR/bo, BOHHE, TEAR. A AE R A 1) 2R B ST [T ]
PIEZER, 2000, 38 (HEF 1) .113.

[5] UNZICKER T. Truck frame and bolster structural performance
FEA report[ R]. Atchison: Bradken, 2016.

[6] TITUS S. Truck frame and bolser test report[ R ]. Buchanan:
Clark, 2017.

[7] LIUY. Vehicle dynamics simulation report[ R]. Springfield:
ENSCO, 2017.

( Wk H $51:2018 =09 - 05)

(kg3 ®)
T JE 0 i 4 e b B 0 T A W X 7 1 v AR
31.5 Hz 180 Hz S#LIAMREE 5 Hr .45 10 By TR
(14) [ A0 G, DR IILIE 1Y O AR A T 3. 15
Hz F1 8 Hz 2 [H] B I IR SR 54T
(3) BETEHIIR KT 11 m, LA K SR B Vs 4% Bl
SSRGS R, BB OE oy shRTAIAR 2 ) Z YR G
KAEF/NF 70 dB, BERS T 2 A PFARHERY K
(4) X LRI 7 1 36 45 SR w0, % SC e gt Sy
R B (EASE TR0 T] L - e 00 37 2 3 8 o 00 5 ik
Bl 76 B 2B 4 0 S HCE I O R IR A] AR
— )

£ Lk

(1] TG, 2R, 4/, 45, AN TR 3 B2 T Al X2 ek 3ik
FerEOE 0], Pl brikieit,2017(4) 1.
(2] <78, MR, R, IR ORI B A 4R 1 B 43 A

% w4 A MMNBETREE)

¥ 55 M iF : tougao. umt1998. com

0 D D 0

[J]. BKif TRE2%4R ,2013(2) :34.

(3] FRuEfg. BB RS R ARG B K #1244y
Prisfse[ V], PaB AR ,2014(12) :51.

[4] ®A K, BV L JCHE T AR USRS I B 1 BB X 90 AT 5%
[J]. EELIERS=,2013(4) :8.

[5] APBLER. T8 RARAS BE X 0l 4R B B8 45 4 IR 2l 1 BE 52 i 40 W7
[T]. PaEtrnkizit,2016(6) 5.

[6] &, XU4eT, FRUNAE. BT IR AR 1 EAR P v JR v
RERRZm [ ], BRIER: 5 TR ,2016(2) :245.

[7] b, EW-PuEA s % [M]. 4 B 6 B2 R
#k,2015.

[8] Fn¥R%. MXICHERLE S SR ABEIRSITFIE[ D], Wi
PG T 3¢ K 2%, 2008,

[9] R R ILHN PO, IR TIT DX Il A 5% M 75 i 1 - GB3096—
1993[S]. dbut . EARAE H AREL 1994,

[10]  skMkJe. Hbiks] 251 i JR] el e S 40 U sl S — vk e 75 )
98 D]. Jbat b st K%, 2016.

(Yec# B #A.2018 -02 -01)

2Ll vl e

- 165 -



