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Abstract
period stations of a temporary array deployed by Peking University under the high-speed railway viaduct, we

Employing a total of 10461 seismic records induced by 951 high-speed trains recorded by 11 short-

observe how the spectral characteristics vary with the speed and model of the train as well as the rail and groundsill
by using a clustering algorithm K-Means. For a high-speed train in uniform motion, the spectrum of the produced
seismic wave is mainly composed of nearly equally spaced peaks and its fundamental frequency is equal to the
ratio of the train speed to the carriage length. By aligning the fundamental frequency, the influence of the train
speed is reduced to make the spectrum pattern time-independent and easy for comparison. Clustering results show
that the spectra of the high-speed rail seismic events have stable patterns when the train model, rail and groundsill
conditions keep the same; the stable spectrum patterns change significantly with the change of the train model, rail
and groundsill conditions. The monitoring of the stable spectral characteristics might possibly be used in safety
control of high-speed rail.

Key words high-speed rail; seismic source; spectrum; clustering algorithm

FER B TR R, BRAE3 T
I v R A IS A T AR DL AN

N—

BT ARG HH TR,
ST b 254

F XK B AR =4 (41874071) % B
Y fd HIW: 2019-07-17; & [ H H#H: 2019-08-14

B Z BRI B IR . BRI AEL 3 S5Ok A RE A
— R 2 LA R B B AL FR th 25, AR Z =
PRl . BT AR rh O R H AR R R
ERRMRERNY, AESh A SRR ES RE R 2h
Loy Iy~ Rl o A0 SR REHR I g Ak M 7= () P 2
MBh 420 . BRI IR AR R, K5 R 3 2 M I e ik
[Fi Pt A7 By T e A o =

]

e

829



bR RFEM(ARPBLIR) £558 HS5W 201949 7

2001 AFFETFIR T AT X R BRI R OB SY, AR K
HH T 7 ke e 22140 o v Ak i A L B A 5
ANATIATR R, 5 4k b 7= 7 W O vy i 7 IR A AR
T bR 5 #4505 T EL A BRI 1. Bl Kacimi 28010
Cai %I Fu S5 F = 4 BRoc 5 ik, U814
IEATFEHLTE RS PR BN, JFIF SN RS SR SR T Y
Hb AR 5728 Ak . Sussmann 25 PR HY — Fh 3E 1o R
AT I DU o B B S B O vk . X R AR ER I, E ki
TR I VA 2 W G R B B A AR A A, 3 e Y
e R b RR I 3 AT DA AR R A B AR O B B W]
W, WA F AR 3h 2 B AR i 3h )2 s 1,
L ) R R MR g, DR O R kb R U g P
AL G A AR A R o DR L 5l %) b 7 2 0L
w3 R AS S e R A AL L R URN B AR AR AE
B, BT 2E T .

20184F LI, AT AL TN AT AL P € 14 1=
R 2 % B 30 A 1 22 ORI 5 3k, R AR5 v Ak b AR A
I v KA A7 R A AT TR A R OB T O B
N R T (| R S e N o
OISR ke 10 45 0T A e R dl R SR, RS B TR Y
PSR . RRURT UL AT R R SRR KSR ISR
T AR T AT T RERIES .

X 50 32 B i e BR8N 2, S B OUR I ) s K
RNy A TSR AvA S W (B L T
R AT (0 B f, 55 90 5 o B v R Bk S A B
LAFEINTR RR:

Jo=V/L, 1)

) 7 S D B AT AR, o 5[] 4k ] Y
FEH, TH BR ) A% X A (4 R, R HORS 5 A
T B R AT 4 IR R A DA 30 ) AR AIE, F ik
BERAE BEI 25 A AL LA o ATIE R AR BE 42 K 15 o
23 (AR B GE T LA R W AN [R5 A2 A ] — & o b
TC SR BB — 2, MR — 81 e AR 5k B
RS RRIE AT RE R A RO 22 5 . TRl T3
TERHIE AR R ER R, P TR A LA
JRZRAF MR, A TRASAE AL A 65 30 10 55 A 5 Bk
MR AL, A0 2% AR 22 BRI 65 o B0 22
SR NI, AR L R AR KA BUIR B
XFPIE R, LERTFE 45 BB B,
WA T 71 5 v 1E %

ARSCAE AW S AU BE 0 5 B b i ks 280 T

B R R TORE, TRITEIS A R

830

KA, P — P O A AR I kA S R Tk,
A S0 0 el 1 v K 2 ) AR g R ) A A 7
JE o AR IEIAR AR, X 5RO [Rlis 4T B Y 51 4
PR ARG, 0 OGS TS FP A fE R R A SR A
RHIE, IR AR X SERFAE, F) ] K-Means 5525 %) 4
AT RE I . SEREIE AT SRR, L
BRI POUAR DAL S S 4 . 48 BRI g Ak
S EMEER RPN, wEki
e fr o RBUHRE MBS R, XA ARE BB
ABEG I BRI S Y E fe i 2 8k, 3R
WCRA 5 o B RS RS AR IR e AR 4k, A7 BY
T R A R A

1 S8R HHEREFNIEE

20184F 4 H IS H, ARUFFTHEMILE HE T
o R AT B A PR B0 5 B L 5 PR LA A
WIALES R, FIAE RO A A A A%
454 5 o K 12— R Y =0 1 B R Y
B P, RS 7 e I G A o L AR, SRR AE 3.2
Hz 7247 o XU UL TR I v ik b 7 = 1 R o 3
BHHEATHISY, 25 R SR MR A5 5 I REIE R 22
W R A BRI . = kR (S S
B I (B VR LG (0 RS s R ok 2, AL RE ML o &
o BT H T B B A RO T BR A BT R 4
7, PRI PSR BBV Sy
T (015 B R R ME . DRI, FRATT e BRUA S e 3 T g
BRI AT G, LAl A B 3% s k(s
SR o R R 3l o A AN 2 TR

s 0 5 0 20 40 60
is fHz

80 100

E1 BHME Z N E=HEEF@RERIEED)
Fig. 1 Three components (Z, N, E) waveforms (a) and their
amplitude spectra (b) of a high-speed rail seismic event
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Fig. 4 Train velocity at station 1 and amplitude spectra of the observed Z-component seismic waves
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Fig. 5 Amplitude spectrum of high-speed rail seismic signal
(a) and amplitude distribution obtained by Fourier
transform on the amplitude spectrum (b)
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