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Fig.1 Separation flow chart
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R R A 7 A IR R UL = B B v 1 R A
1k, Hd B SR 1°CL 85 W R $8 1.53 mm; B R
VB 1°C, 5 b 8% 1.53 mm. B b R i s
1°C, # v N $% 0.34 mm; #% B FE AR 1°C, #5 i b %
0.34 mm, MR KA, WG RFHHIRER
12°C, G 1 H UL 22 WTR R 6°C, s 1 4F (1 4F
2= AT DB 36°C H i B AR Ak LA B A 3 B AR Ak
a] DL E 5% pRBOR 2R, BT IR B 500 B A 2
(B i Ak o fA7 SRR 2 M 0GR, BT LI B A0 AR T
I B E 5% pRER

AR H IR 22300 f1, = —9.18sin(=xz/12), #171 H
22N 1, = — 1.02sin(xz/12), A 06 H & 22 3% 8L
LH)=fulO)+f(0), R 2 % W f(0)=
—27.54sin(nz/4 380 ), K IAHEJE £ (2 ) R4 (2 6 4N
i 1R = K TN R R R ) UTG
3362—2018) , iz F 5 £ AL eR 20800 A5 45 20, )R 7R
R DA B KB BE T RoR Ry

F)=f0)+ )+ fi (1) (14)

AEIR2Z 1A E W 9 8 760 he Ry T 7 A R H IR
2RI, B 22 HBCHT 4 kh B8R | 45 15 25 ith 48 1&1
B2 A J 9 17 520 h A 85l o 45 A R0 B 3 2 A
A3 358 & 4N Tl 3~5 T .

15
g 10
= u Il
o —sf I
E-10
_15 1 1 1 1  § 1 1
0 05 10 15 20 25 3.0 35 40
t/kh
(a) FIEZERT LR
(a) Time domain curve of daily temperature difference
12
§10-
e g_
-y
E 2
0

f/Hz

(b) BiREMEE
(b) Daily temperature difference spectrogram

13 H 2 8007 B3 i 28 B A% 1
Fig.3 Time domain curve and frequency spectrogram of

daily temperature difference effect



A, 55 B T EW T-FastICA B RHAR W I8 B2 T B2 200 43 B 983

00 2 4 6 8 1I0
t/kh
(a) fFlZER R

(a) Time domain curve of annual temperature difference

12 14

16 18

0.8
Eo6

04
§02

0 X 1 1
0 0.005 0.010 0.015

f/Hz
(b) FIRZEIL
(b) Annual temperature difference spectrogram

B4 AR I 22 A0 I 3l it 4 % At i el

Fig.4 Time domain curve and frequency spectrogram of an-

nual temperature difference effect

0
E-10
\_20_
ok
lﬂEEi
_40 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18

t/kh
(a) KHIHR IS I £k

(a) Time domain curve of long-term deflection

15

& {E / mm
S W

- . . . . . :
0 0.02 0.04 006 0.08 0.10 0.12
f/Hz
(b) KIRESHEE
(b) Long-term deflection spectrogram

5 I B 2 i dal pth 2 K A 3 1]

Fig.5 Time domain curve and frequency spectrogram of

long-term deflection

22 BEMESEB

KON A B R BE R I R M an i 6 TR . /e
TR 22BN AR N 1/8 760 Hz KA 3 48 1 4 R
AT F O, B b — B 0 o0 15 7 iR B A B AR
T 22 5500 AN K B

K EWT X & MR A 5 #4770 8, | o, ik
FH Locmax 43 #1 56 W , 745 1% 1 [ 2l 40 W7 6 10 AR
1B s FLVK 76 AR S8 B I AE v 1] 431, % B A A R AE

-80 1 L 1 1 1 1

0 2 4 6 &8 10 12 14 16 18
t/kh

6 bR I e il 22

Fig. 6 Time domain curve of total deflection

A7 Meyer /N IR AR o M ICNAE N 38, 1T 0 F1
TSRS LA MR LA R I FE A 5 00 AR
P KA 25 B A 2 A Bl B . EW T S )
) RN 4331 J5 4230 O Ak 19 Ja 358 0K T 43 590 an L 7
B8 T , 26 W H Il 2 41 3 3 4345 2 B4 i U0 1), AL
ER 2 S KB R D EI R 2. B9y
fif Jo B9 TMF [, I H IR 22 - 4T T A 30 40 18 (O
BRI AR R T 4 kh)  (HA BB 5 AR IR 25 A7 A

vEL
‘{tb% o

/
=N
S

T

50 S

00 0.050.10 0.15 0.200.25 0.30 0.35 0.40 0.45 0.50
f/Hz

7 EWT S o) &

Fig.7 EWT segmentation of spectrogram

8.0
75
7.0
Ees5

0 0.005 0.010 0.015
f/Hz

KI8 EWT 2pHlJ& 0 04k i Ja il il K
Fig.8 Enlarged local image near O after EWT segmentation

w1 -50F

= 0 2 4 6 8

]

10 12 14 16 18

t/kh
£ 40
E IMF,
= b~ "
@_40 1 1 1 1 1 1 1L 1L
0 2 4 6 8 10 12 14 16 18
t/kh
g 20 TMF,
=~ 0
g_zo 1 1 1 1 1 1 1
0 05 10 15 20 25 30 35 40
t/kh

K9 EWT 4 f5 IMF [
Fig.9 IMF diagram after EWT decomposition

B A 3% F Locmaxmin 43 1 5 B , 43 %1 4R 37
TFAF L 22 K B B s AL 4 B AT B B AR IR 2=
HSRMEEHL™ERS., Wit EH5EEEHR
2257 H) BRI 5 AR TR 22 K0 B R O BRI 15 E 2 A Ay
FIRR KFEREMEBBEERSE S PE L
AN IMF, B H 8 43 #) X E) 8 7, 53 fi# o 10
s o

P10 i IMF A 2 23 2 H R 9 H R 22 2800, i

IMF ~IMF, il & H KRR E SR 2R E . R

6155 £ (o) BIBR 4 IME,, 153 3K B B 5 48 1R 22



984 oo R

o 42 4

\—28\/]1‘/43/”—
Daop
0 2 4 6 8 10 12 14 16 18
t/kh
glg/\n\/m’/
o109 L

ey

= 0 2 4 6 8 10 12 14 16 18

t/kh

§ 40 IMF

g740 i 1 1 i 1 1 1 1 ;

= 0 2 4 6 8 10 12 14 16 18
t/kh

g 20

s of IMF,

Iua_zo 1 1 1 1 1 1 1 1

=0 2 4 6 8 10 12 14 16 18
t/kh

g 5 IMF,

Mo, 0_

| o

= 0 2 4 6 8§ 10 12 14 16 18
t/kh

g 20

F10 IMF,

o or

=10 . ; ; : : ’ . ;

=0 2 4 6 8 10 12 14 16 18

t/kh

0 05 10 15 20 25 30 35 40

t/kh
F10 EWT ot
Fig.10 EWT decomposition diagram

RN IR A 155 S1 (), K i 6 BY IMF DL K& S, (¢)4H
WA IR AR, s PCA Bk R4 e e &
JCo PCA Bl R AF (A Ab PSS a0 36 1 Fron , Hoh
FE R IZ A 5 B A R AR 2 A . R 1]
LB 2 BRI R TR RRAEAE, SRR, T
SRk BUZ 2 B AR AIE AL BT X L 1) R A ] - SF A S e 4
Jei BB, P AR 4 5 1) B 32 1 FastICA Bk H
VR0 B AR5 X B R M2 R SRR (5 S i AT R

®1 PCAREEHEEHE
Tab.1 Eigenvalue data after PCA processing

XFHe, B FEABAE i RO o B R AR AT
HH 28 AR 2 M BR R A% B A R AN AT 11
F)“I“/?\‘O

{8 / mm

=3
'H

0
-20 _\_\‘\—\\/’/v
_40 1 1 1 1 1 1 1

0 2 4 6 8 10 12 14 16 18
t/kh

() KL

(a) Long-term deflection

30
20T
10
0 3
101

0o 2 4 6 8 10 12 14 16 18
t/kh
(b) FRZERUN
(b) Annual temperature difference effect

fF

B8 / mm
b
CID

éEOWMMWOM WA

t/kh
(c) HIRZEMR
(c) Daily temperature difference effect

K11 20

Fig.11 Final decomposition diagram

i 1 A 5 Z B Cr) R IE 3 i 28OR P oG &

cov(x, y:) (15)

7’(1'1" yf):
var (x,) var ( y;)

Horba R AR 5y A B MRS .

WA O R B M T T 1, 0 3 I 0 i Ak R
FRAT o A B TR AR SRR (15) TH3, 25 3
#2007 .

R2 BEHESBUENHEXRY
Tab.2 Correlation coefficient before and after effect
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Fig.12 A cable-stayed bridge in Wuhan
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EEMD 8 928 137.566 7

4 & g

1) R EWT 85338 o 7E40 3 L [ 3 N 43 %1 9F
A 3 /0N U 106 U8 A PR S TR A 1R 5 40 i B 22 G
55 P T FastICA B3k 75 Z W {5 5 40k T4
FIRAE 5 B S e 4 k.

2) EWT 5 ¥ M % T EMD #il EEMD % 3% fig 1)
TOE BB HIRZESON N T ME LAY B Y K e
VAR I 22, 0038 2k PCA & 2 $12 B 3= o0 [n) 2 )5, 736
F FastICA F5 75 5 b Hb fift o0 1 000 S 4 30 5 5 I A TR
B 1 [ B, ) 43 B A 0T B 5 AT I 25 A0

3) MBS LI 5 1 S A TR e BE A 5 1A G R
BUKEWT2fT#ERE , EWT Bk EEMD &
P R B T A8 U T M S S A AR 4R W il
TR A BT EW T SR B B K AR

z % X

(1] R, FBEE, F T . W 25 4 T B AN AT S e [T ).

R TR 2222 42,2010,32(24) : 79-83.
CHEN Bo, ZHENG Jin, WANG Jianping. Research
progress on temperature effect of bridge structures [J].
Journal of Wuhan University of Technology, 2010,
32(24):79-83.(in Chinese)

(2] X024, HRRCEL, B W, 45 . R 200 M 0 b 495 40 3R 32 4
g3 B — MR J7 ik [T DR 152, 2010, 27 (3) -
55-61,100.

LIU Gang, SHAO Yimin, HUANG Zongming, et al.



#®

5 1

A, S T EWT-FastICA (14 R AT W I B2 5 W B2 R0 43 1%

987

[3]

[4]

[5]

[6]

[8]

A new method for separation of structural temperature
effects in long-term monitoring[ J]. Engineering Me-
chanics, 2010,27(3):55-61,100.(in Chinese)
PIVHE IR, X AT S . AT % 25 4 ) i A M 0 A R B2 2 5
i 5 B 5 g A U (7). TR J) %%, 2019, 36(2) -
186-194.

SUN Yagiong, ZHAO Zuozhou. Real-time temperature
effect separation and dynamic load identification for dy-
namic strain monitoring of bridge structures [J]. Engi-
neering Mechanics,2019,36(2):186-194.(in Chinese)
PIVHE SR, XA S . TR BE 0 2 0 A M T 74 A 3R BE K
ISy BT LT ). Ah A L 2018, 38(3) : 204-207.

SUN Yagiong, ZHAO Zuozhou. Time-varying temper-
ature effect separation method for strain monitoring of
concrete bridges[J]. Journal of China &. Foreign High-
way, 2018,38(3) :204-207.(in Chinese)

PRI R AR, 5 7, % . & T W] 10 0 A 9 A7 22
KB 43 g 5 0 [T]. W3 K2 2= 4 (| SRR 2%
f),2016,44(6):962-968.

CHEN Guoliang, LIN Xungen, YUE Qing, et al.
Long-term deflection separation and prediction of bridg-
es based on time series analysis[J]. Journal of Tongji
University (Natural Science Edition) , 2016, 44 (6) :
962-968.(in Chinese)

XNV e, b 5 JE T LS-SVM Y B2 58 2 Il
el BE SR S B LT ). Bl 241, 2012, 34(10) : 91-96.
LIU Xiaping, YANG Hong, SUN Zhuo, et al. Separa-
tion of temperature effect in bridge deflection monitoring
based on .S-SVM|[J]. Journal of the China Railway So-
ciety,2012,34(10):91-96.(in Chinese)

Qo Bl B 49 Akt , 45 . R BBE 0 AT R 45 A A M
T 0 B AR 43 8 O i g (T R BE £, 2005(12)
3-5,24.

LIANG Zongbao, CHEN Weimin, FU Yumei, et al.
Study on temperature effect separation method for strain
monitoring of concrete bridge structures [J]. Concrete,
2005(12) :3-5,24.(in Chinese)
A, ST, BRI, A5 KBS RO L Sk B
N Ay B AT [T]. e HURL 2 5 TR 2440, 2019,
36(5):71-79.

TAN Dongmei, NIE Shun, QU Weilian, et al. Study
on separation of temperature effect of beidou monitoring
deflection of long-span cable-stayed bridge[J]. Journal
of Architecture Science and Engineering, 2019, 36(5) :

[11]

[13]

[14]

71-79.(in Chinese)

GILLES J. Empirical wavelet transform[J]. IEEE
Transactions on Signal Processing, 2013, 61 (16) :
3999-4010.

FLANDRIN P, RILLING G, GONCALVES P.
Empirical mode decomposition as a filter bank[J].
IEEE Signal Processing Letters,2004,11(2):112-114.
e, RO, MR AR AT AN I AR e i ML
w2 W O 2 S [T] AR A R 2= i, 2014 (11) -
2423-2432.

LI Zhinong, ZHU Ming, CHU Fulei, et al. Research
on mechanical fault diagnosis method based on empirical
wavelet transform[J]. Chinese Journal of Scientific In-
strument,2014(11):2423-2432. (in Chinese)

W% 75 MUK AR K . 2R T PPCA-EWT KR 3l fillk
B EE 2 (7], 4k g K 5 2 7, 2018, 38(2)
365-370.

HU Aijun, NAN Bing , REN Yonghui. Diagnosis of
minor faults of rolling bearings based on PPCA-EWT
[J]. Journal of Vibration, Measurement &. Diagnosis,
2018,38(2):365-370. (in Chinese)

HESSE C W, JAMES C J. The FastICA algorithm
with spatial constraints [J].
Letters,2005,12( 11) :792-795.

WaL X B EE 55 R B AR A R S i) sl 25 B 2
RSy e (1], fiesh K 527, 2015, 35(1) : 42-49.
YANG Hong, LIU Xiaping, CUI Haixia, et al. Separa-

tion of real-time dynamic deflection signals of long-span

IEEE Signal Processing

bridges[ J]. Journal of Vibration, Measurement &. Diag-
nosis,2015,35(1) :42-49.(in Chinese)

WANG G, YE . Localization and quantification of partial
cable damage in the long-span cable-stayed bridge using
the abnormal variation of temperature-induced girder
deflection[J]. Structural Control and Health Monitoring,
2019,26:e2281.

E—EEE T ARNLM, L, 19764 1 A
CEN L N R € a2 N LIPS
F4 Ak M 0 5 4 302 T

E-mail:smiledongmei@163.com



