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Abstract : [Objective] Since the beginning of the new century, the domestic rail transit industry has developed rapidly, and the
increasingly serious problem of traffic vibration has gradually become prominent. The vibration amplitude and frequency bandwidth of
rail transit become large,and the impact range is widened. With the expansion of urbanization, rail transit gradually penetrates into
residential and office areas,resulting in a wider propagation range and greater impact of rail transit vibration. In addition, the people’s
demand for quality of life is increasing,and vibration pollution,as a unique urbanization product,is gradually entering the public eye.
[Methods] The train wheel rail excitation simulation mentioned in this article mainly adopts the train simulation calculation method of
considering multiple working conditions, starting and stopping, and taking into account inter story nonlinearity of the train-track-
track bed. The simulation of train wind pressure mainly adopts CFD simulation methods that consider smooth start technology, tunnel

truncation technology, and UDF dynamic grid technology. The calculation of vehicle induced vibration mainly adopts a two-step
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numerical vibration analysis method of excitation solution for the vehicle-track system and vibration analysis for the track-building
system. In the noise analysis, the aerodynamic noise evaluation method for high-speed railway crossing in complex scenarios is
primarily adopted. [ Results] Based on years of research on train induced vibration, this article establishes a train simulation
calculation method that considers multiple operating conditions, start stop,and inter story nonlinearity for the train-track-track bed,
greatly improving the accuracy and efficiency of train vibration load simulation. The CFD simulation method is used to simulate the
multi scenario wind pressure time history of high-speed trains entering enclosed spaces. The innovative use of smooth start
technology, tunnel truncation technology, and UDF dynamic mesh technology solves the problems of model boundaries and
computational efficiency. On this basis, this article innovatively proposes a two-step numerical vibration analysis method for the
excitation solution of the vehicle-track system and the vibration analysis of the track-building system, which efficiently decouples
complex multi system dynamic problems and greatly improves computational efficiency. In addition, this article simplifies the train
noise source model for far-field noise propagation calculation and innovatively proposes an aerodynamic noise evaluation method for
high-speed rail crossing in complex scenarios. The system provides a complete set of methods for on-site measurement, data
processing , comparison,and evaluation of train vibration,and systematically summarizes the vibration reduction and noise reduction
technologies for buildings adjacent to the track.as well as their advantages and disadvantages,to better guide engineering practices.
[ Conclusions] The overall solution for vibration analysis and control of building structures proposed in this article has been applied in
vibration analysis and vibration reduction and noise reduction design of multiple high-speed railway stations.subway overpasses,and
airport hubs. It achieves good economic and social benefits,as well as provides a basis for vibration reduction and noise reduction of
adjacent buildings in rail transit.

Keywords: building structure; train vibration; train vibration excitation; vibration response; vibration evaluation; vibration comfort

B2l LIk . ] A A2 A ol i R R H A
F T P S I 0 ] A 0 T W ke P T S
SPRIE S HRBTE L RS T ELREE Sl A i
5K S BLIE S BT RAJEAE X P28 X 3 AL IE 5
PRENAIERRIL ) M TR, J3 4k s N RAE AR A
i o 14 B RBOR B AR Bl 75 GV — bR A 4
AT it A\ AL ST

I S AR 3 ) FE B A 5 A5 XN AR AL
AL W B SRR T RE B 7 Bk 3l JA 4 1 1
525 T AORARAU S 4 iy 28, 2 25 H 450 A B 2
B p B — L5 2, LS A IR IR -5 IR 548 4L
PREORBLL A 1 4k 5. BRY R G Sr iy 1) 4
B LB R SR UG R R A LR el )
BRI, LS 5 35 14 2 Biise 8 56 O 91 424k s el (19
SRAfe. EF A KA Ty 1T, 47T 5t 5500 — e A T R
AR WU BRI K )T SO SRR A T T 4
RIS B T — 5 B SCR. % R 42 450 T i
YRS AU 7 1 0 R AT 981 4 5 Jat 1A 3 T
T U FI W S FEEAT T B ST. SR AR A5 B TR A
J1E S DU A i Bk D 81 4 AU ) A A T R A
PARITFE A5 3 1 e 781 42 32 A7 %0 41 3 2 350 14 iy 28 A
. TR S5 7 vk O T g AN S T
B-IRBE R A5 M 1) 4 A PR T ASE AL L 7 1t S Al
EATSE T AR ECR S 08 M T A ST A IR SR L 5K AR
SO TR -1 2 1) = A PR TR B X 2 8
PRBN PR ] 3R AT T RIE.

VITE AR 3 70 B id 7 vh 2 RORE Z K2
W A SCHE 247 A BUR ST A Sl b, S 1%
JBZ TO0 3 45 4 B J= TRl LV 1 -3 PR 1Y 51 2
BT RORIR i 1 51 43Ik 5l fif 0L B0 38
LB s R CFD BB 12508 87 2 g o A A1 2 ]
(1 22 5 e 408 7 XS IR R AT AL, B 4 b >R
JEHT IR BB | BE 1B W B R K2 UDF 3l R 5K fi
e 1 BT 0 S R T SRR R [ A A R b AR S
PR T AR B0E R SRR SR A PLIE-E SR SR Bl
SIHTBI L S E BB AR S A 5 i R R R 2 R
GE 5l 77 R AL SR A RORAR i TR 3 Ah A
SCRATRI A G Mg P Y R A M P e I A R AR 4
TS 25 N R AR B A I T i RGE
205 0 T BN AR S B8 S I R AR B SR AR
S B — B T7 Ik I XTI A 1 A SR A D ik A T
PR B ARG AT 2R GV 9 DU S 4 48 & TR
Sef. AR SO EEWIFE A 1R,

1 EFIRFMEIEIU

LI B4 81 A 0 s R PR 0 R BORBEA
TR 7 R B ORI 220 1E 5% bR B0S I i Y
Sl LU WRBLIE AN T B sl 230 B T I8 5k
Bz, HOE AR JHerf Py o 58 3. Pys Pa s Py 3301
X AN [l 422 1) 26 14 ) 4R BT 28, on + om + o 53 53110 17 4
BRSh AR,



. 570 - TR 24 CHARFRE RO

2025 4F

N

L cmomamzsiisp
|
|
|
|
|
|

! \

| |

| |

Il | ! |

e e L )|

_____I(::::::::::::g__::::::::{::::: ______
T — T | I

___________________________

— i a——
L N — ?Ei%f
Y S

{ j IRs
N S ]
(& UIESIE IR BN

1 BRSSO R AT 57
Fig. 1 Research ideas on vehicle induced vibration and

vibration reduction and noise reduction

F(t) = Py, + P,sin w,t + P;sin wst + Pssin wst.

FURTAY S 450 BUURD 3= 25 T 91 -1 18 S5 40 4
B3N IR R A B T S T RS
B T 58 SR T E AR A 2% 7 R GERY 25 Al R
B K ZIFFATEAER AT 215 A5 DR,

BT R GOMBGE S50 1 R G iz 3 i 7 #e
W=D Pz, K B a] 45 20 51 406 BUaE 2579 ik
SEh. b MR T R G R B L C o
WY RGN REARBEE B K, o 42301 22 G0 0 B AR NI 32
Weo Xy Xy FI Xy SM3030R 540 7 RGBS L I
HUIMEEE. AR B XN PUE S5 F RS

Mv)}v +Cy va +KVXV = Fy,
M jés +Cy XB + Ky Xy = Fp.

Wi Zgmaiie X 2 B, H A ER
T B R BRI, — R B EEL
Bl L RIA 2 0], R BB E A IR S
[ S8 2 ] A — Ay TR A g T A A AL o

(D

To R T ATRY AT AR TR BRI L RSk
B 5 A~ A, i 35 A~ A .

G A A ZE AR BT ) S A B My, DA T 81 s
B A5 F 22 G0 09 JE R 5 i B ML BELJE I R I R
FAR

My, 0
M, = M. N . (2
0 My,

PRt 570 44 00 R 1) A e 1 1 ZE S LR B
T 2% T L R sl R R MR g S A L AR
AT BOHR BB 3 B T SR ARG A, ok 70 % IR -
L R ) 20 5 ) B2 (B E G PR A SO H 784
FIEZAHE G O R E RS T T, TR
A Ak AT 2 B2 1) L 2 i AR R R LR 1
(K 41 4k o BT 5 TR0 R A R A A A AT LR
MATLAB # 17 88 {f B, 0] DLk ] ANSYS 5§
ABAQUS 43 H A FR oo 4, — it >k H BEAM.,
SOLID #1 SHELL & BT, AR AR 48 S Fr 1 100 2
B, — AN % B s, AR B R A A AL ] 3
FioR.

I A S AR A T B 2 A0 A8 R 3h W
B, X BT H0HE 9K 20 () 6 SR OG22 8OV
BEAIUEAT H I N B I 3R T — B R U BRI
RN 4R VR AT A B VA 0 ik, ARl 4 BTR. X E
HICHE DR 0 (14 56 000 2 B00& 1 PG AR AR 1 2
P28 R 28 B AR, i TR SR T AR B SR Bl g
H SR F EAK AR 22 00 A A0 76 B3 R 07 52 50 A
SEmt 1, K TCREBUIE 1 25 K A1k L )23 TR] A 2k M 45 O Ak
1SR B R M T — 41

4 ™\
Phe T
Zc
k2z /\I
k2y
c2y
ELCZ{’ k2y,c2y —<—f|»— Kz
[ B = o ] ﬁﬁ %
rdw o g | | o
3 : § é
T = g ] |
K 2 ZZREFEDUR X AR A

Fig. 2 Two series suspension four wheel vehicle model
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Fig. 4 Correction method for wheel excitation model
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Fig. 9 Pressure changes of trains entering enclosed spaces
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Fig. 16 Aerodynamic noise calculation model and Grid division
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Fig. 17 Distribulation of surface sound pressure levels on trains
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Fig. 18 Simplified model of train noise source
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Tab. 4 Parameters of train noise source model

g 75 58 MR PREA MRS PREE/m o A/ dB
LIl 9 0.5 96
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Fig. 19 Spatial model of noise propagation
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Fig. 20 Compasion of vertical acceleration time history of a project structure
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Fig. 22 Schematic diagram of nubber vibration isolation support

P IR 248 g 5 SR Pt AR TR 28 4 i
Dol A 5t -5 i SR R AL il 5 A R R T A0 B
V28 R A 90 2R 8 9 5 1) 1 HIRAB R, 9/ i A I M
EFA IR SARAE 10 )2 DL b R 5T rh py i il dedse b
FESZBRT LA R ) BT RRA 3E B0 f 6 5 S KLl
ZALRFEOR,

T35k WSS E  nl i o R R A5 R 2L
T AT | R A 5 B 5 L R R R AR R JE L U R L R
PRAREEE , L AR SN AP < A5 e e SR 0 /)N ik 5l
W J57 o L2 25 A 5 G A /0 B4 T IF il iR 200R e P
—JBE. 7 Ja S A A it 2 A AR A TR 1Y A S — T B
2L AR R SRR M L B o DL Jit 1R T 2 2 B o
BEA S, AR — E TR B Ll /N P S T DR 1
Jil 2 D A1 20 A 58 - 14 A DA A i A5 R ARG
PR ol AN S AR B AT Bl B 45, B AR IR T 47
B A5CR i R R T8 S B Bl 5 d s 3 L
A K B R BAS A

9 & it

D DIEREERSh it 72 h S HOE 2R G &
B UL, AN SCTE B S K0 A BR T RS B A A6 fr) Sk L
2 — R B AR BE AR R R K B P A
75 RORFE R T 9 iR Bl AU G B S,

2) IR Ay 250 QT L 6 S 3h
TR Bl R B | B 2 B A 25 X6 51 2 X
VRN R BEA T BB AR O 4 SR s 20 A U o2 7
PSR AL T D5 LA,

3) ARSCEE I TR -1 R GR35 42
VR AR P - 50 R e 5 e SRR 20 L 1 25
AEBUEARB AT T3 1%  FFAE IR b 2EAT T KR = gk
uli B B9 AR Bl 0 A7 - BUAS: 1 — 2000 . DAL IR A% 14 )
3 AR Dl B A 0L 3 4 3 e I KON B Ak B SRy I
(R B AT S I IR T S0 1.



< 578 JE TR 224 A RO

2025 4F

4) A0 CFD B {E AN i by W 7 A4 3 A
L5461 XS A AT R AN [R) 0L B A B I I I
HDELS1Y0 WS /T VN =R/ 775 ol WS VR 6 U g T
BN PEN I 125

5) ARSCAEAR B WA oA i 2L L 4R T —
REEH) G 4R Bl B4 S5 I B 7 1% A A T A AR A T
TR A TR I T 00 B 2 45 O A IR B
G I3 HT -5 SRR X e St T R SR JRE 2
Akt By AL X AL A5 2 L S A SR E A BT N
AR T TARREIER T 1

6) ASCAELITE Z A i B 7 Mgk b i L 2k il
WL AR AR B 23 Hr A AR R M ) el L R T
I S e A PR ) — A8 42 T B 4% S i 5 i
AR S FH 7 5 LR L DA S B TR 00 2 3 A R
FEMRE A SR T A,

SE Ak

C1] ARG SR AR L oA, 25 R A0 38 MK 4] #5007 1 i 47 8
T N I BR 3h 2 i DG s B R W S5 g FH L) ). i Rl
$,2022(7) ;78-82.

(2] ke m R LR R LA R UNUR S SR ST
()], 2 50RH,2020,36(9) : 175-181.

[3] #&ES,PANDE G N. # + %38 8] 4 ) faf 50 i A5 FR G
WIABBGE S HTEGE ) ] 2R TR 24,1984, 17 (4) 1 19-
28,18.

(4] 2=, 2= a4, oy o K B I 6 8 7 )2 07 1) A B o8 40 A
[J]. P24, 1995 (1):66-75.

[5] EOR. SEMEEIRsN TARLM. dbat. Bl it 2010.

(6] ATTHt, RO, 0 07 775, 5 3 42K f ik 3 6 0 e B0 43 M
[J]. PERg 2 A 2f24d? . 1995, 30(6) - 667-672.

(7] SR, Wi, TAF A B 42 08 A R GH I ) = 4R e
BT EBERRIL) . A E R E R, 2005,26(1) 1 15-10.

(8] ki, sk WL kR . 25, b aUH LI Ik d 5191 42 4k 3h
KON ZERAFFELT]. @5Rk=,2020,36(11) : 138-144.

(9] T, BOR, k. ks 423 2h x40 30 gt s 90 10 52
M (). b 3C K2R, 1999(5) 1 45-48.

[10]  SKESAE, AR, 90 (R, 5. ks 1Tk & A SR 30

UM S RERIFN )], 2R R K22 4 CAARBHE D
2012,42(5):988-993.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

5 e Y BRI S S, S T M 3 B A R AE B
e AL o N Y Sl 3 RIS () ], TR S I B
i#,2010,32(6):121-127.

K. ARl B SRR NAT RS ZE R AR T R
BhETE B A B 5T (DL db st o g SR = 5 B
2008.

TR BRYE. AP LA& PF T o 38k % i 5 1 3 ) 43 i
(1], A4, 1999,21(2) 1 93-97.

B, P B AR R A G 3 ) R sl 4
ARHFFELD]. Jbat : J T 3Tim K%, 2015,

BLOR oA R AR 50 7% b 1 R g SR Bk Bl
BT L) . B 240 . 2004, 26 (4) :93-98.
AR AF I, BRI, 5. DK Gl e B 9 4257 26 XL
BUERABTFEL) ], d RS54, 2009,39(1) :23-24,53.
JEPE A TKBEE | % T8 A 2 8l ) R0, A5 e vy
(D1 Kb g RkeE, 2007,

PV ARER AT A, 5. JE Rt RS E BRELIZ 1Y 91 42 4R 3
EMBTIELT ], @R, 2017.33(5) : 8-13.

U BRI A58 g e 8 A 0 R A A
PRah R 520 K o3 A L) ] # SR, 2017, 33 (1)
92-98.

B X R B SURR. =4 — ORGP N D3 5 R 5%
Kl FLe T )], TR J1%,2007,24(12) : 31-37.
International Standard. Mechanical vibration and shock—
evaluation of human exposure to whole-body vibration
Part 1: general requriements: 1SO2631-1 (1997) [ S].
Chicago International Standard Organization, 1997,
American National Standard. Floor vibrations due to
human activity: Steel design guide series 11[S]. [S. 1. ]:
America Institute of Steel Construction,1997.
ISR AP R, ST X R BE 4R Sl - GB 10070—
1988[S 1. LAt - R bR i Attt . 1988.

TALOTTE C,GAUTIER P E,THOMPSON D J,et al.
Identification, modelling and reduction potential of
railway noise sources: a critical survey[ J]. Journal of
Sound and Vibration,2003,267(3) :447-468.
PANES = S ot e A= QP i N
FERIFARENIEFE LT ], A . 2014.44(1) : 53-57.

PR RIS G T S SRR TR i A X AR
LEFROAR BB 5T (], BS54, 2009, 39 (1) 25-
27,58.

(WAEHBEE F)



