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Diagram of arrangement of testing instruments at observing sites of environmental noises
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Fig. 2 Typical time —series curves of ground pulsation at the Museum Station
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Fig. 3 Typical time — series curves of train vibration at the Museum Station




514 TR,

ey Z T ML R RIS I 2 e 7 X5 e g Ak 7 169

H A T 3 4= 3l 2R R 19 31 4 4R B B diE T 1S 2
G GRS E SV B E MR 4 70 5K
SERIRBIAE, #4512 0 B B Bh K
TEACT-Ta 3% 3l v, B0IE I 1 4% 3 K TR m Bk 8,
HKFEmAWEHR 2.1 ~18.0 gal,

F4 BUKEFIERINEEMEE FHE

Tab. 4  Average peak acceleration of train

vibration at all testing stations PR gal
P AR BE WE A KT AR
T o - LEA 419 1.8  1.07 2.10
TEPIEE Y - 1SA 28.14  9.21 4,87 10. 40
HILEE T - LEA 9.78  2.78  2.40 3.70
FLEYE - LSA 1474 5.83  3.14 6. 60
JT R2Fuf -LEA  27.78  17.37 4.72 18. 00
BT RN - TSA 15,68 8.64  8.11 11.90
el -LEA  13.19  4.59  4.83 6.70
MR - LSA 4.70  2.34  3.41 4.10

WYL EArHT, 455 #5% P IS EEE R
B R BRI L CRERSE, 2018), i
Buthsz P i f5 3 s WA IR {FR T 0. 05 m/s
(RS TR E 2.5 m/s 7)) AR (R L 3T
WAR TR BEAT O e . B S 7, BT R AR
ZHRAE S W5 1 LU R B, 58 I 07 32 BB
R—EE R BRI RS, BRIk 3h
A5 AR 3 JBE 24 7 RSP BRI 22 /N F s 7 S A R
GEXHIRR A5 515 M L RO BEoR, {HR R 51 % 9 3l
RS R R E (BEER AR 5 BE) 5
W= P PG 3 s B BE R A LT b A R —
ORGSR AT I WG A 3 00 T 32k A5 2L
HURHL o

3 ML

SR TSI TIT b R e R R R 5 T R e AR I
REEF I IR R NG R, LR HIEEEARE
RUCUR BRI TIT b R PR B e Sl MR 7 o Mk 5 R
FAW -4, (HIEH T3 s gk P sk 7 1 1
AR BRI B AT %) 18 B LA RO Y TE I B A T 1
WARGE—. ASCHET WPk, #nsfEmyg
% (Parzen Window) i 1717 56 b {8 1) &5 5 ¥,
Ja, FIRE P B0 & 15 IR B, IR
F A4k 3h Ko TiT s T A0 UB RS

3.1 BEEHE

MR (55 W gk | DR 2 th B
IRARRINGE, AR XA o A0 1% M A ME B L B, O
TP R, 7 N IS O AR H, T
KIGNTE (2008) HIBESE, 7 SCHE H—FE my
B, BRI IREAS A ol o5, R4
eSSk b B NSO SRR, R AR
A EE (F4),

Vay

VRSNt
|6§9|é§9|
|«—b——>]

B4 BHFHEFE

Fig.4 Diagram of the moving average method

ZWE VBRI G , FI R 15 SR
FEIFIR BN B, ELZO IR R M
3k S B 1 Y ) 9% S B AT L M AR T
A5

TER P 35 B2 50 0 B 1% 305 47 - ¥ 1 b B
A% S HX S SR AT T AL, DURE R k28 B
RERIIR,

B G ML, HE G W) #HTE
BUERE, WIATHRHCT 1S I 6() -

6 = [ 6le) - W= o)l (1)

3.2 MREMEEFTE L ENERAE

NPRIE S R BT G AR AL, B HEA
L S IBUELISS , BE A 68T PP i R0 850 0 Ak 28 R
et W) w2 LT 20

[ wnar=1
W) = W(-p)

(2)




170

HoE W 5

43 %

W (2) mIkE W) AZR, AR
PR (FS) FRAige, R

(3)

AP w BRI B SR, — Ok u 9 1E
FRAI)HRUE I, A s CRIGITE, 2008)
FTRE T A1 58 b A

b

“151u (4)

2 MEE B BT B8 b (B2 30 ¥ B0 - B3 0%
AR SR, # b [/, E- e
ALIR SR R BLGAT oy TS, XELL B 32
Wiy 27 b HII R, 2L ER IR o T 22,
SECEIRNL B EAHE R =2 E 50, DIEYE
VKBS S A E B SR R, o3-5B1 5 BOR [E] 1)

bAE, KR sk F i)k (Ke6). 4
RFEW: AW b ER/NEERIIAGIE; 24 vE b
{ELIBO. 4 Haz IF, A0S OB BBt S b ik
fE S RIPE E. 200K, el % s i bk s
o S IR 7R R RE AP AR

1.0ur
le—b—5]|

0.5ur

|

|
. I
0 1

7]

ClR e —
cinoL

BHS mEEr&

Fig. 5 Diagram of the Parzen Window

B ; B
o — 5 20 Hz FH#E: 0.67Hz -~ HFFE: 0.1 Hz o — B 20 Hz HAHE:0.67Hz  — G 0.1 He
003 ‘ —— B LOHz  —— BBl —= B 0067 1Lz 004 i —— R0l —— B0l —— B 0067 11z
Lo - MR 08Hz - BIEE02Hz - BAEHE 005 Hz kg FHH 08 Hs - BIAH:02H - B 005 He
z i 2008 o
20,02 | ﬁ ! = i é
o 1. I u M
= L i . E ! ﬁ it (
i i ; ! A i i .
LRy W T i Lt i
0.01 i i ? ki i
i ¥ -h‘ LR it A i o i 001 T e WL
1} LR [ ; !"‘ H A i
) A
0.00 0.00
(L) . P81
— G 2.0 Hy GG 067 He - B 01 Hy . 1 —— T 2.0 Hy BT 0.67 Ha - R 0.1 Ha
Tt P
0.03 AT —— G 10H: = G 04H:  —— [4FF: 0067 Hz 7KT”mm§§ ‘ —— FHE: L0Hz = GR:04H: - 7455 0.067 He
i B 08 e —— IR 02 Hz -o- B 0.05 Hz 002 e ! - 08 Hz -~ I 02Hz - HFEE: 005 Hz
Z 4
go.oz it & .
H Al H i
oz 0.01 A VI
FAN 14 Ij . i U
0.01 i el | O | R i
U R T i Al s
| AR R t 7
i . il
0.0 LN e 0.0 :
')?),0 25 5.0 75 10.0 125 15.0 17.5 : ?\,(] 25 5.0 7.5 10,0 12,5 150 17.5
Hi% /He A /He

(a) EAFZITHE

(b) BTSN

B 6 REWE b ALIEMGE TGP AE 35 H Bk SN 1G 2 vt i

Fig. 6 Smoothed Fourier spectrum of ground pulsation using different bandwidth b at the Museum Station
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Fig. 7 Unfiltered Fourier spectrum of ground pulsation at all testing stations
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Time — series curves of filtered and unfiltered train vibration at the Museum Station
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Environmental Vibration Noise Measurement and
Reduction of the Harbin Metro

YU Haiying'>, ZHU Da'?, ZHOU Baofeng'”, XU Xuan'®, MA Wenxi'”
(1. Institute of Engineering Mechanics, China Earthquake Administration, Harbin 150080, Heilongjiang, China)
(2. Key Laboratory of Earthquake Engineering and Engineering Vibration, China Earthquake
Administration, Harbin 150080, Heilongjiang, China)

Abstract

Considering the impact of environmental vibration noise induced by current urban subways on the identifica-
tion of seismic signals of earthquake alert system of future urban subway, we select the upline heads and tails of
4 subway stations of the Harbin Metro Line 1 whose types of site soil include both type II and type Il as the ob-
serving points to carry out the measurement and reduction analysis of environmental vibration noise caused by the
urban underground. Firstly, we use statistical methods to analyze the data collected from the testing stations, and
the analytical result shows that the amplitudes of vertical vibration of the subway train are greater than that of the
horizontal vibration and the amplitudes of tangential vibration are greater than that of the radial vibration among
the tri — axial train vibration signals of subway train. Secondly, based on the moving average method, we pro-
pose an empirical method for determining the bandwidth of the Parzen Window, that is, b value. It shows that
when the bandwidth is set as 0. 4 Hz, the dominant frequency component of the Fourier spectrum of the ground
pulsation signal is salient after the ground pulsation signal are smoothed and filtered. Besides, there are clear cor-
responding relationships between the predominant frequency of the filtered ground pulsation signal and the type of
site soil. In other words, the correlation between the predominant frequency of horizontal ground pulsation signal
and the type of site soil is better, while the predominant frequency of vertical ground pulsation signal has a larger
error. Finally, based on the empirical method mentioned above, we determine the filtering frequency band of P
— wave earthquake early warning system pertaining to the Harbin Metro and then compare it with the filtering fre-
quency band designed for both the Japan Meteorological Agency’s instrumental intensity and the Shinkansen
earthquake early warning system. And we find that when the filtering frequency band is set between 0. 3 Hz and
10 Hz, the P - wave earthquake early warning system of the Harbin Metro can better filter out the frequency
components belonging to the environmental vibration noise of the urban subway among the mixture of seismic
signal and vibration noise and meet the requirements of the earthquake alert system for the signal - to — noise ratio
of the seismic record.

Keywords: urban subway; environmental vibration noise; noise treatment; filtering frequency band




