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State-of-the-art review of the bridge health monitoring in 2020

SHAN Deshan, LUO Lingfeng, LI Qiao
(School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, P. R. China)

Abstract: The bridge health monitoring system (BHMS) continuously measures and records the structural responses by using a
variety of sensors and communication devices in the bridge operation process. The automatic analysis of signal data can be done
effectively in the BHMS to fulfill the timely danger warning and safety assessment. The BHMS leads to the better
transportation operation of bridges. the longer service life of bridges. and the more reasonable determination of the bridge
management and maintenance for engineers. For the sake of the more efficient application of health monitoring system in bridge
engineering, this paper summarizes the current states of several representative BHMS techniques: signal denoising, signal
warning, modal parameter identification, finite element model updating, damage identification, condition prediction and
assessment. Then, the related researches and applications of these key techniques during 2020 are summarized and discussed.
Consequently, it is found that the machine learning methods have been more and more widely used in the current research of key
technologies of the bridge health monitoring.

Keywords: BHMS; signal denoising; modal parameter identification; finite element model updating; damage identification

T AT 28 DA K R A 28 PR Bt L 3 5 8l A
FHTE 9 SR Ak o 000 2R 8 S T L 2 25 M SR R 245 A i 1, 30 3o 3
SEHVECE D7D JRIF AR5 43 BT TAE L 4 U5 A4 Wi S0 14 4
A B A (BELJE LE | B R A B fEL B R ) (550 A
N GRS A 22 A U S5 RS VA ARG 26 T A 9 SR S 4
et AT, o AR D IR R R A2 AT fe
JRWEIN R G, N33 R R T 4% R S BRI R

1 #5 H 8 : 2020-08-04

H R,

SR ANV AT A% et M 00 2% 00 7 A ) 98 5 1 00 00 )
ti B KA SRR FETT 1] K e 2B T B R, il R4
O SRR W R G SRV AR AN AT 1 TR

A R 00 4 T 5 5 SCAE T AR R TR e M R
B ABHIE R A L e 28 H AR 2 58 BUF 2245 41312 B 5 IR 253
filtio SRR BE AR SRt BRI A 2 A X 5 BF S R T R

EEWB : BERARBER4 (51978577.51678489) ; [ Z &AM & 3151 (2016 YFC0802202) 5 [H X 8 i, Fe Rk i 5% & i 31Kl
(2013CB0363) 5 H H 2 147 42 A 9 B RHIF I H (SCMQ-201728-ZB)
TEE BN (1968 ), 5 . 0 A A S, 3288 S AT 2 (e B s 0 BRI 5T, E-mail : dsshan@163. com,



130 I RE5xE £

% A3 B3

| feme e RGeSk |
HBBREEALE

| w®aas |

[Bh. apses]

| Eemwes | |#SENRERE|
I I

| mazging | aRusEeE |

e ]
| i | jamusivs |
1 HRBREENRENEERE

DA SR 2) (55 0% ) BUS S HOUN ) A IR TR AL &
T S BN 5 6 BRZS T 5 IPA

1 ESREREMR

H T EF AN 5 BAT B2 2 e 7, IR S REHe o 2 (B
WeI R G R AR BRI IR 5 4 TSR S04 - 3 L Xof LR A7 R
M b T Gt A1 5 1 AR M Ak L RS 43 A i O
SYFREAN TR W R . R AL B B 5T A S 58 HR AR R A
RN T BRI T A e LU RO 5 B SR 2 S R 3h 5 5
TR 2 R ARG S A EA R E Iz A
FARRAFR I, R B Ry tEsE. Bl (5=
TR ARG 5 AL TP e /N AR B0k (WD) L & SO BS o ft 12
(EMD) K Higbtatt gy ik I

REE T HD A3 GNSS-RTK 8T8 W il v 22 B 4254
JNE AL 7 14 5% 1, >R FH U0 L5 5k (Chebyshev) 8 5% 410 il
ZUEAR AL N, 38 O N SR A AR A A RS A i Sk
(CEEMDAN) 2145 21 W 75 () IMF 433, 08 FH /)N % 25 6
(WD J5 k5 B BEHLIE P, AT 2 T — Bl EE XA 2 GNSS
PR 5 MM BRI A RO v . [RIAR BB 75 52 250 B 2R 8%
TR T B R LR sh A AR I W AR 5 (0 W 7 [ 8, 18 10 T et
EEMD —/|Nit BRI A 25 1 7 12, 1) SF- 25 J) 3 P81 o A A o6
FRR0 U H) 5 N I R A IMIF 434 5 o ad — A8 R 5
ARHPATR et R W B4 S Bk TR R SR BIIRAIE T BT R RS (R 5
R 2 B A R

Wi X B A 2 AR S 4 R 51k (EEMD) 5 #h 5
LS BRI R 57E (CEEMD) A 2 (MR IR SIS
IR MATTRZE , ok F 2 R HESI @ 55 (MPE) BHLKE
% IMF a7 A4, 8% 1 3 By 58 75 26 A 2 10 A 38 A L Tk
(CEEMDAN) 5 # B Hl/INE AR 58005 (SWD) | SR ] 1L
(SVNMDAZE G TTHE 147 G20 8 B A5 5 B M i 2%

TSR e T GE o SR AT AR R B WA
PR T IR AT S TR B 2 7k DA [ B 450
WO LA 5 B T 9% 1% B RO, s e e SR i I, 57 T 3
FE A E R 0Bk 28 50 /N A o i (IEWTD) , R H 5
58 28 56/ N AE B 7 i A TR BU LA S6IE T 42 Bk i BE L
MHESE T 3T W RS S BRI A B 2 50 /N AR e 1 &
LU IR s 35 J o 5 T B B30 I P 58 R s B R
W5 R A B, A& 2 IR

IMF,
IMF,
IMF
IMF
IMF,
IMF,
IMF,
IMF,

0 20 40 60
HiE)/s

2 KA IEWT iSRS RN ARIERT R (IMFs)

AT S AR — P 25 G BOR TR AS 2R B DR 2 56 /N D
A (EWT) J ik, 3F MATLAB i 30 50 0 F2 %, LIs BT
VLR B S0 o 38 % B S MK AT X K AT RS S 5

U8
2 ESWEHAR

LRI S ATF SR A B A 0155 ) U 7 0 203 [T B
LSS Bk IR . [ R B (R 2 K48 1R Je A FROT AR Y
{19 W 45 SRA'E DA RS T 5 IR T 80 285 R 92 D)2 4 4 1
WS S B GE R B R, TR 05 5 I b e
W= 2h S AE AR BRI £&

RO B X T v AR 11 e A A5 5 8l 1B IE )
A FRTTHR R A 13 {85 R H Ak BR S G i A5 B (R EAT T X
Feor AT R B LA R B P 1 0 {5 B, AT 2 4 1
1o AT el R W 155 5 110 5 25 R (1 T8 7 vk

BRARAE Y AE XTI LL 04 i A7 f) W B0 23 A7 e 2%
JEZET PRI B AL R R L H Sy 1R BE AR S AR I
() A A8 22 ST el Y AE Y, FETIS tE 1 A SR B W 55 0
I S A TUEHLH

BRI AE AR FESEAE SO S B W) R 5, A A0 0 185 1)
PERE— B AR AR S P ST [ U 8 3 T 0 ol B8 o 1
[ (R AR AR A L A5 1 AT SR I o e R el R
075 AR 14 68 1) (2 A% A8 Al o X 188 1) 37 % 1) A8 AR5k 22 R4 73
U AR R R R S s S B LR AL TS S

Ni S RIETT JURMF 32 G v S0 1) (57 6 1 17 45 908 B A
IO AU AR 2 W -GN A2 327 1 DL $r [o] YA
I DU S0 ] A ) S PR AR 4 L S T R e
TEBR . ATHA W D KA AR S PR I e i o o S i
NI S 15 5 S I 41 L I X 23% s o 4 2 ) 4 RO 00 47
.

Cao S5-I FH AR T SRR it M 00 2% 496 R 42 i 4 11 6
DR T I EE T S K AL T iR IR 3 (VIV) B F £
SRR, I B H K26 8 AR T R IR sl i o UL

e A BT B T2 B AR I 40 4 % 4 301
DA 0l o AR AR 2R P A 1) IR, R BB T MR
— R ) 1 i S S0 0 A A R R I 1 ) AR o R MR (LA
FEAE B E A B HH T DR A Y OB AL

BIRAFE I T e SR SR TR R R BRI i %) 0
WA HEAT 1 4 A RS TUE I8 A IR0 TS A5 B 45 4 i



¥ ) HiE

R R KM 2020 FEAF RS E 131

78 R AT 1) 2 22 WL S 00 2 8 5 I W 000 el 5 22 4
{ELREAT XS BE L U T RAFRIRCR

3 *EIL.\ Z ?ﬂ ?JIJE}I:&E

TE AT G2 (ke B 0 v, 55 4 ) 2 2 50 A R B L
B BRRAER RS S B BR TS 45 1 1 AR PR 8 RE 2
L, BT BT S5 R G e . XS S TP i IR BRI
Jily 58 AT B M T 2 A A R I 52 RS 4 BT O I
(OMA) , FIHIBENL T 25 18] 3 (SSD 4 i il v (ERA) L JiI
A3k (FDD) G {EFA 0 (PP) B ML & (RDT) L B 3 %
BRI (ITD) 25, Bk OMA J7 3 0] LAYy 47 358 )5 1=
(FDD, PP) FIi 48§ 77 32 (SSI.ERA ,RDT ., ITD) , #5877 v 18
B YUN DR FE (PSD) (1906 {1 5% B340 ) PSD R B 19 43
SHE (5 B TS U 5 vk Bk s AR T B AR
i, ELX W 7 R 5 0RK TR BRI 2 0 vk e AR % B W T v A7
TERRR PR, WHE T Bl % 5 TR E W A shihr,
DIARICA AR AR WK B A 22 (e e W T v i P e 2
BRI 7 Y S BEHL T 25 ] 32 (SSD o SR T » 3R By B TG 6 it 35
Ty T SR AR T 1% B R A g R An ey v At v R RS A X —
MERTL, DT SEERATF GRS S 500 H Sh LIRS, S SE A R T
RS TE RO IR B 5512 Wi 4R AR 7T R

Soyéz ZEHTfH FDD 75343 SR 17 5 e i R A5 B9
FRE RIS S I 5A RoT T I 45 Rt A7 7% s
IE, R MEZREN B REBL KIS BRGNS IR EE —2
SR, Jian SECSTHRE T —FiOR /DN 43 BT TR R S B A Y
BT AR ST MR A RS BR TR AL AT T
ZIEHERIIT , I — S50 0E TR RN B2 E G B0 T rd s
PR R PR

2020 4, —SL2E 38 5) REBRAS , SR FH IR AR BE 11 i) H A
{RIRFRIE YR T2 B RS S, — R E LkE T
A BRI R S AR B 1. Kaloop 881 R F W
08I0k 0 22 T T D i Ak B AR WA S L AL T I AR
PRSI Rr M, TS T A8 MBS S BORIRCR . Xk
T I 4 0 DN E S i = vt || T el R b N3 A
AL I R AT R 43 » L ST 8 BB ) 38t g 28 35 43 1 Sk B U5, SR
SSI ﬁzzebkrm Ul T BRI A BB R MBS S5 (A 3
JER) . RESCEEVRR I T —FP LT WA S BT 4 B 92 3h
%‘r&ﬂtﬁﬁm 5k, 3 i TR AR ) B S e A 5 R B L A
WU 222 PR S5 F R T LA SRR IR LT IR A 5 A 3R BT
TR B PR S B R B ,w%'IJT MRS SR

150
100
X
s
50

ﬁii/Hz
B3 MENSERERNNEREHRENRER

0.8 1

W7 e A S T R R R T A I AR 28 A i SR 2
et B0 TR AL, 4 R 7R 2% A S A B2 2 OO B9 RS 6 52 L 42 1
TR T S RS B RS 2 A SR B
SR R Je R P B R0 IO P B R AR S S BN B IR
ARG A RICHR S Bk T Frfe Sk f nl etk . it
TGN T LIRSS HU A SR R o
B (PCA) (159 B 5 288 15 12 U 2R 26 1 A 485 45 ok B AR O {1
A ZJE Lh SSTR AR BIBE SR St T — Bl ] SE B L
SEEA DN Tk

4 HBRTHEBEIERR

W SR A5 A R TR T 38 4 2 il 1o R 2 B S 4 (O
FERNRIEE) A 52 BRI, ) 8 2 5000 T ks S5 Sy 5 B30 A P vk
(SAD P I o7 TAT i CRSMD o JH i i T 32 EL A B g ) 34
RO, BB T AT S8R BT S 5, 4
R naran e 2 GRAT I Sw S AL TN P38 vl e 37 AN kot
FA BR T AR5 h, b, B AR B BRI RE 5 SA Al
RSM BHLE G . ILAER, Ry T 48 5 B 4 W B4 b A PR TR Y
B IE FTHEROR  BEOR B 2 1 2% 3 2R ] Kriging TN 4% A
O TR AR R S A R )y 12 8 8 0T 45 g W 9, 548 TE 2 42 ()
B FR , LU A BROCERAME E T R

2020 4F AR SF RT3l ) i A BT Y 15
IETFEMRREE T T B & & R#T T A RITE BB IE, 2
I AE R BRI IR BT AE SURHIE
(generalized cross validation, GCV) , % [&1E NI{bL S50 3£ HL

55 RO B FIASCRHAG R N 2ok A T AR AT AR AL Y A
1ﬁEﬁ1‘ﬁfﬂﬂETFJﬂ‘m1‘ﬁm/ﬁ FR ST AU AR 1E T v 1Y T S,
H1 TA% G A IR TR AU AG TE H AR M LG 2 K15 R R 254 &
R IERIEER , H RS 25 18 TR S I 4 5 RS 4 1
H] PR O 2 107 AR 2 W 2 55 N AR LS ) Y 00 RSl b i UE T
REM e AR AH R AR S W 0 1) 45 B, LT S B L 1
WA R R AR Ny 1 — R HE M 4 2 RUBE A RO AL 48 IE
D s B Je i A — JE RS R (4 22 RUBE A FR TR A A6 1E 30
UE T T 51k . G B BT iy vk, AR S 80 A
AR IR 3 B 1S 1] A 2SR A< A0 3 b ok 5, DT A7 26
ML BT X YT MNE AR PC 41 -G H A7 A FR TR R 1%
E#AT T HIE,

[FJAF V8 222 3 XA SR A KR ST AR AL T 1 W) . T 7
LA HAR R AL 7 vk R IF T ik — B IR AR CiE, B4R
SRS T /N SR AR R A S AR A T S
SCIELZ 18 AR Gt 22 » 31 1R 1 SR FHWABIE T 325 1 Frineon 5034
S5 B A BROTREUE IE 5 75 s A RE D A5 4R A — v &2
025 728 o) s bR BRCRFL 4565 1) A W 7 T 5 o 4 HG 7 FH 81—
FATHER 9 FROTA S 1, S 52005 10 B 4 12 8 3 L 3t
JU FE T R K AT A S A N A N TR B IE S A I
14T RAFAIEIE 5 A R TTAEAY 5 o S 450 L — e I 25 R 6 1
B NI AR R W RIE TR T A FRITREAL, JRARYE 45
FRE R SE T 4 D SEAE B IE S 2R e I 1 v
MR 520 0 2 B X L 45 4 S Bk AT T8 IE; A



132 + K5 xR A FROP E DO

% A3 BT

ZEDU L — A R AT T AR 5t T i sh
SR SR PR I T 7 25T TR FR TR AME IE B IE SR Y
A FRICE R R AT s TARRI S SRR T T T 454 %)
43 FEFIHA TG MG R AL dr s HAr R 2 H
PRORAL R T 0T T 25484 BR TS B 1F , 1) FH AN A TR BE +
HEWT i 2l 1 100 S 5 SR A5 USHIE

BEAN , AT AR D23 XA oA B oA 48 1E i A kR )
BPTIFR Tt — B A RIS TAE, 2 450 25l 3] 5
T AT 2 1, Ry T [ 3R AR 2 45 4 A R e AL 1
14 Jr B SR L AN 4 R e e B T — b el i R S AL 3
B (ISSGA) , 3 2k — B NS B2 S5 R ) 5 B br iR £y AT AT
it » E TSI E AR eRER TR IR A AN 4 S e e 1) T4k AR
Va0 fd T — b o3 B oRE (8 A L AR B3 12 g FH T — AT 2R
PRI IE R, SRS R TR Rk T L F 4k 8@ X
PN Y AR A S TR AR B 0 &L IR B N T
—AHTBRAAE TS IE AR . Xia 25050 T2 B 5 BR o i /Y
B 1E SIS R A PEREFIAG I 42 S5 MR (S A E 3R 4R Hh T —
Fhek R HE 0L (MPSO) 55 e i TR A 456 A AU 1TE T
P, St EE A R W AR A BR TR RE E
SRR T I $E 7 A B, Tran-Ngoc 2550044 1IF 28
XT AR Ak (OD) R kR T BE LA (TIPSO AHZS &, fift T T 45 1)
i BRITAS A 1F SO B SR ) R B Ao R K
RV AR R A5 F 1A FRTCAAUE IE ST T 3631E.

AN P BR ST BB AE AT R T ) A SR A, ]
ARUTR AR 1 A 2 W 4% (RBID AR R B AR, {8 1 200 71 B0
RN F O T B, AR K B B R A Al W R 4
SRAE BN A SL IR 64T T X TR B 22 PR AT BR o A& I .
Bl 4 Bi7R Rzt 56 5.6 B A 00 32 S E (X 1) 58 IE 5 A
PR TR T 25 5 X ) 9 % LA L

0.47 [ wapzcamsts
« ARIGHHE
0.465
~ 04 e
< L
0.455 bood 407 d
°te &
045
0.445 g @
0.41 0.42 0.43
f5)

B4 XEAHEGHARTEREELRSIMERR

5 W{HmRANTAR

TR RAR A IR AT AR S B 1 S A PR 7 B » et 15 12
W BRI TE AR AT B A M I R SR AR B Iz . BB
B W R O3 UM 2 DS 5 Clnfon i 8 ) A 5 ) v
PEIEEHRAE AN S8 B i R 45, SR 5 i A R
SV RIRILG 27 >0 T i AR A2 A 0 40 15 8 o 0 Pl o Aok 52
BRAR 3 5 7 RS R B 1L T

Tan S5V ACHRAT A T A0 0 i BE AR5 00 LA K
BB A (VBD AL il I B SRS A A B 22 )
PR DIPTSR L T ER IR I SR 5 R 4 2 T LR Al

PR pRAS IR R 0. Liu 555 [RIREAR I8 420 # 15
(VBDEEHY, T — P02 K 8l T ik ORI T B 42 R 4R
ARSI E 5ok S BB RS2 B . BTS2 R R T A R 4t
REBET LT B 42400032 BE 5 FAT AR L 3o A0 A e 93
M AL T AR R I A L R B AR RS Bl
BT B EARE 5 IR S BEIE 3 2 ) 2 T o3 23 A A
/INIBE R (LA R PO 0 A7 RGN 77 3k o MR s R A 7 M, 4R T 17
PPN RAORTE . R RIS R B S RS IR Y
B NNF-HIRE 22 Z AR IEAROCOC &R HE 32 ) 1 AR A -2
BT 22 MR/ IR RS A Rl L A B AR

A A LR G (Gl RJE M ) 2R 0 SR B ¥ NS B A 5 A
A 38 S CNIN B R IRCH: 22 i) 1) 67 11 9 A% S8 #h A O
PERFIE ; PR R IEJE PR N LSTM BLHL, R T i i) 4 32
R AT S B T 45 4 408 3 465 5 20 2 5 el i 4 32 42 1 4
MR ek 4R RS A 5 U HEAT T J0iE . Kilie 550% R 5
HERTEHSI AR (NDT) 3R U 1H1 32 | 4% AN AT 6 1ok 25
W REEHAR G B A T RAFIIROR . Obrien 554 £F 3512
IR E AT A (0 P B IE L SR e A Rk W
A SR F A A bR » R B T 054 -l B Rl = 1R B A
W AR LR G G FR L 322 45l SR AR 2 3
JEEAR 5B B 4 T 38 P 48 IR o J32 7 ) 2 [k —
[ R P A SVR SRIBGAR)Z A5 IE , JE S 1 — Fhdk
T G A R A SVML Y Bk A TR 2 4 45 45 U O i
Khandel 555 &t} 77— 56 TG 27 A% 285 i Tz g 1R
RSN A RS W R I DN U R S vl g
AT 0 3 2 i 57 73 A 22 ) Y 56 2R AN 5 TR AR 80T 15 SR
R OL T A I 37 A S o7 B0 15 4, i J e o — JAE R Y
TN Ty RS AR AR IE T T T I

6 AT S THETHE

R A B A 2 SEAIE S ) e 28 H A S B IR ZS Y
PRF TIN5 S VAL . SRTAT X TR B A 2R AT BR A A T
SR AR R LS MRS 1 I BN 22 T3 T AR BLRY BE i
AR 5E A S B BE A R 25 DR A (4 PR T -5 S IR EAl

Deng %17 Rl SVM #3717 B &M & H % 57 81 5
SEIB AT SR VA [ AL, R H B A5 PR R 58 (WIMD
B A E] RS AR R P 3 4 B 22 64 R A% A i PR

LLi A50SS5 A 9 5 fi 47 4 11 R AR
RERS B R FAT 8 1) 0 8 S e RO RS GE (B B o o
DUDRRLAE P i (L LA S BT X6 8 20 SR B AR B A 1A

Liu SR T — 5 TR L 27~ AR BRI 2 VAl H
ATy 1 AR D SR A D S #h U E NBL B ) ok
R 2219 2 (CNIND Y1 ZRAb A4 , 38 3ok Hictim 3K 2l 10 0 X pti) 1 2
ST SRR 1) R A 5 4

Lo S50 FI IR B2 A5 AT W 4% CDBND X B HIL 3238 fiof 2845
RSN BRI T TSRS TEAR , B IR S AR L A
e BB A A A AR S Y B B HE TR ST TR
B AT 57 38 T A 475 0 235 ¥y 2R G v Sk A T 2R M), A



¥ 7| HiE L F R R

M 2020 F EH R 133

T TR SCRBHIFE
7 ZitERE

T X AT Rt B s 0 v 22 30T G B R T U B F S IR
BEATPREARAT A I X X LEHOR T A AE 2020 4F Hp AR GBI 5
PEREHEAT T S AEFIPEIE , LU (2 2 X6 A7 22 (kB s 00 A 58 4 i
TRAB B . A 2% (el R M 00 A S A7 4% T R 40— A7 % R
SBT3 e E B SR T A LA U HOR SIS =
B ) B MR Ak P S SR AT RN L 28 R IR AT
SRS T 55 22 A SR A A BROTASE R A6 T R 475 TR 301 5 4 R D7
A e A Rt — T

5 E—AEHIEE . 2020 4R EENF A S Hm) A Sh IR
BIBFFEAFEH U T OUREE 25 I RIST L 1 Y Bl 245 5+
ARLRE A5 5 P A igp R R BRI AL e b, Ok 22
AT BROTRE R TE AT FE T 1 A S 0 5 dh ) AN Al 44, 2R
o B AR Ty ok DA R O A 4 | S S A TR S B3 0%
TP T HWRARIBIFE TAE . 5 R B 2245 00 P 5 BF 5 o
AN FERYE TR RIS iR B AR Al A S RS S U S
P3R5 T A7 SR B A 00 2% 8 I A5 5 14 S A8 AR
YRR FHRES BRI M O . 25 B PR T4 2B HLE 5 T 55
TEBISCRE T AR (B 00 A9 25 T G BB R B A8 2020 4F
Bug 7R3 RARIBEIORCR .

SR L B 2% Al BRI 1) BIF S B 08 TS Ak T R AP B
B A5 SRR 55 BUE FIRS S HOR M ST AT 5 B —
e A BROCEEUE IE 0TI 1 L 285 R RS T 5 DAl 26
FOME AL BOR BT T AR A VR 22 IR A 22 5 AR Xt 75 28T
AR T A& AR SS 7 S B 2 B2 2] 5 G AEBLER . A
Wi R S 0.

SE Lk

[1]JSUN L M, SHANG Z Q, XIA Y, et al. Review of
bridge structural health monitoring aided by big data
and artificial intelligence: From condition assessment to

L]
Engineering, 2020, 146(5): 04020073.

(2] gy, B, 227, Wil 2019 45 EEAF5T
LT T ARSHE LREM PRI, 2020, 42
(5): 115-125.

[ 3] 2/, #BE, R b, . BUIHE 2838 Fr 2 0 I 1
2019 AR SR [ ). £ AR 5B TR 24 (p i
30, 2020, 42(5): 223-234.

[ 4] F0RAe, i, ZE. SAPUEMRA RS S RS
T gy vk K B R R LT, BRE 2= . 2020, 42
(12): 150-161.

(5] s, EAh, THiMs. 75 GNSSRTK A1 il 44
P i) ZUB PSR A T, 2@, 2020(7) : 93~
96, 142.

[ 61 88F%, T, &MF. HET EEMD-/MEBE LB
P RS S HOR [T ]., KR = E4 CH AR

damage detection Journal of  Structural

S5 TR . 2020, 53(4): 378-385.

L7 ] Hitsie. T 2 ROE R i g o oA 2 3l ) 5 5 e
FRLSPUNITRID]. K& WO, 2020,

[ 8] Eefh. K5/ BHAe B SHARUN b i il
HETEABFELD]. MR PR ACH R, 2020.

[ 9] #die, XA, Z2EZ, % dof EWT 1l T RER
MR ZHOR B )] WA S5 IR3hEH, 2020, 40
(6): 204-209, 233.

[10] XU¥E. BT 5l AR ST M R 0
Bir R (D], A8 ZERUEFIRF, 2020

[11] #2%. 2245, B, T GIS bR e Ik
MECHESE B S B S [T, A TR, 2020, 45(6):
79-85.

[12] SA%IT, 4k, Fe8%. T BIRIFGHT B 1] (0088 Wa il 22 4% T
LREBOE 1], TR =M CHRBHE D . 2020,
32(5): 410-415.

[13] NI Y Q, WANG Y W. ZHANG C. A Bayesian
approach for condition assessment and damage alarm of
bridge expansion joints using long-term structural
health monitoring data [J]. Engineering Structures.,
2020, 212. 110520.

[14] CAO S G, ZHANG Y. TIAN H, et al. Drive comfort
and safety evaluation for vortex-induced vibration of a
suspension bridge based on monitoring data [ ] .
Journal of Wind
Aerodynamics, 2020, 204. 104266.

(15 fh—H, slGeme. BE T (et BE s 22 496 1) W SRR A a1 S 4
Fraftge SR LT ], RIB LA AL, 2020, 43(10):
104-105, 108.

[16] E#k, M, 871, T/NERFR L RIS PEAR B
F[00. AR TR, 2020, 45(5); 214-219,

(171 SOYOZ S; AYTULUN E, APAYDIN N, et al. Modal
identification of the first Bosporus bridge during hanger

L)1
Engineering, 2020, 16(12): 1605-1615.

[18] JIAN X D, XIA Y, SUN L M. An indirect method for
bridge mode shapes identification based on wavelet

L1 and  Health
Monitoring, 2020, 27(12): e2630.

[19] KALOOP M R, ELBELTAGI E, HU J W. Estimating
the dynamic behavior of highway steel plate girder

L1l

Engineering and  Industrial

replacement Structure and Infrastructure

analysis Structural  Control

bridges using real-time strain measurements
Applied Sciences, 2020, 10(12); 4215.

[20] XURRME. 25 VSR BE RN 1Y S B B R A I B S S8
PULD]. BHS: PUmIsCE RS, 2020.

[21] ge3C, Fs. BT mmirsi o i e Pk 3 SRS IR 3
UM LT ] AR R 4l CA AR B RO, 2020,
50(3): 433-439.

[22] Wik, BhIRTE. FREMURD T IR RASREE S EORBIT



134 I RE5x8 1

é}é

E G @) % 43 K ¥R

ek REHL T2 [T, 43l 5 ibidi, 2020, 39(16) .
196-204.

(23] 3%, B, FaR, & BETRIMTIN RSN
MESSEASRMN TR ] R KFEEMR AR
W), 2020, 50(5); 837-843.

[24] Z=0h, kg, SLT RBUS M T 09 AT A R 5
B[], @SS HIERE, 2021, 23(1): 94-100.

[25] fRMERR, XIAEE, W%, 5. FETH3I MRS
+ TIERARTHEAGE]] F 5B T R%E¥%H,
2020, 41(5): 45-51.

[26] B#E, B2, PR—, &5 TSR R A KB BT
AT EEIE[J] T8RS HE %, 2020, 34(1):
48-52.

[27] FEARBL, skal, AR, 45, JF o 1 ) i JE S AR PC
A P FRTRANE IE ik iR g i o ) . #kiE R}
25T, 2020, 17(5): 1186-1192.

(28] o, BRRE. BIRMEAUNAE—IREE L4 A A R T
BAMEIELT]. PRGASE K774, 2021, 56(1): 1-11.

[29] M. BteAl, BRZR. wloath i iy sk 2 A R 45 4 A PR
JUBRME IE R Ry R A LT, 2 i scal B, 2020, 37
(10): 83-91, 133.

(307 s, b, T S2im A i e R 5 TR e 1 TR ke
BEA BROTA TR LT ). 1. 2020, 65(5) . 75-82.
[31] EAR, ZEE, THEH. —E R R THHFA R
JCRIREIET . AN, 2020, 40(6): 201-207.
[32] FIRNI, 228, AR, —FhIL T oumBR fOAF 228 5h /)
AIRICEANE IE 7% [T ). oA B, 2020, 40(4),

79-84.

[33] Ztitam, sk, Bk, HToul iR a Rk
PARTTHEAUEELT]. Bl RS (A REHE O
2020, 59(4): 79-88.

[34] BERWE, TR . SR, B LRI SO0H 254
ARRICEAR S IELT ] MRS CARE# AR ,
2020, 56(5): 681-689.

[35] XIAZY, LIAQ. LIJ H, et al. Model updating of an

existing bridge with high-dimensional variables using

W

modified particle swarm optimization and ambient
excitation data [ J]. Measurement, 2020, 159 107754.
[36] TRAN-NGOC H, HE L. Q, REYNDERS E, et al. An
efficient approach to model updating for a multispan
orthogonal  diagonalization

railway bridge using

combined with improved particle swarm optimization
[T of Sound 2020,
476 115315.

[37] faf#%. KEEERRRABRITTHB A E B IELD]. W
#: VIR SCIE R, 2020.

[38] TAN C J, ZHAO H, OBRIEN E J, et al. Extracting

mode shapes from drive-by measurements to detect

Journal and Vibration,

global and local damage in bridges [J]. Structure and

Infrastructure Engineering, 2020: 1-15.
[39] LIU J X, CHEN S H, BERGES M, et al. Diagnosis
algorithms for indirect structural health monitoring of a
reduction [ ] .
2020,

bridge model via dimensionality
Mechanical Systems and Signal Processing,
136 106454.

[40] ZEIRIR. FE T F W43 43 BT RIS IR 43 BT (1 A 5 4
BARAID]. M BER RS, 2020.

[41] ER. FET M 5 B R 3 BLIS B 45 305 11500
fF5ED]. B . RWHT R, 2020.

L42] s, AP, 29, & RGBS RECIZME
2% B R AR BRI ST (T ). BRIERLA 5 TR
2, 2020, 17(8): 1893-1902.

[43] KILIC G, CANER A. Augmented reality for bridge
condition assessment using advanced non-
destructivetechniques [ J]. Structure and Infrastructure
Engineering, 2021, 17(7): 977-989.

[44] OBRIEN E J, HEITNER B, ZNIDARIC A, et al
Validation of bridge health monitoring system using
temperature as a proxy for damage [ J]. Structural
Control and Health Monitoring, 2020, 27(9). e2588.

[45] k222, X550, A, HT DAE Fl SVR B4 372
Wifi AL SR B AR [T ] 2 B, 2020, 65 (5):
106-111.

[46] KHANDEL O, SOLIMAN M, FLOYD R W, et al.
Performance assessment of prestressed concrete bridge
girders using fiber optic sensors and artificial neural

LT 1
Engineering, 2021, 17(5): 605-619.

[47] DENG Y, ZHANG M, FENG D M, et al. Predicting

fatigue damage of highway suspension bridge hangers

networks Structure and  Infrastructure

using weigh-in-motion data and machine learning [J].
Structure and Infrastructure Engineering, 2021, 17(2)
233-248.
[48] LIG L, HAN W S, CHEN X, et al. Wear evaluation
on slide bearings in expansion joints based on cumulative
displacement for long-span suspension bridge under
monitored traffic flow [J]. Journal of Performance of
Constructed Facilities, 2020, 34(1): 04019106.
LIU H, ZHANG Y F. Bridge condition rating data
modeling using deep learning algorithm [ J]. Structure
2020, 16 (10):

[49]

and Infrastructure Engineering,
1447-1460.
LUNW, LIUY, NOORI M, et al. System reliability

assessment of cable-supported bridges under stochastic

[50]

traffic loads based on deep belief networks [J]. Applied
Sciences, 2020, 10(22): 8049.

(B3 BT



