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Current Status and Prospects of Research on Bridge Health
Monitoring Technology
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(1. School of Highway, Chang’an University, Xi’an 710064, Shaanxi, China; 2. College of

Transportation Engineering, Chang’an University, Xi’an 710064, Shaanxi, China)

Abstract: To advance the development of bridge health monitoring (BHM) technology and ensure
the safety of bridge operations, the current academic research status was investigated. The latest
progress made by BHM in terms of systems and applicability, damage monitoring algorithms,
data preprocessing, safety warning, and digital twin technology was reviewed. Then, current
areas of active research and future development directions of BHM technology were identified.
Comprehensive analysis shows that, in terms of the BHM system and its applicability, the
correlation mechanism between structural response parameters and health indicators must be
studied, and smart sensor devices with long-life noncontact automatic collection should be

developed. Establishing an automated, networked, and intelligent integrated system for
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multisource data collection, transmission, storage, analysis, evaluation, and early warning is a
key research direction. In terms of structural damage monitoring algorithms, methods of
selecting different artificial neural networks and correction methods based on heterogeneous
scenes are needed. Meanwhile, the construction of multilevel coupled intelligent algorithms based
on data-driven and model correction real-time interaction for multisource information flow is a
main focus of research. In terms of monitoring data preprocessing, further research on and
development of multi-source heterogeneous data fusion methods based on deep learning are
required. Dynamic signal extraction algorithms for damaged structures under the influence of
complex environments must be established, and the precise separation of structure monitoring
data must be realized. In terms of safety and early warning of damaged structures, early warning

should be established to

assessment based on reliability theory and monitoring data. The use of structural monitoring data

indicators and systems supplement conventional damage safety
to reflect overall mechanical behavior, combined with intelligent detection information of local
damage for service performance evaluation, is an important development direction. Digital twin
technology is still in its infancy in BHM. Integrating digital twin technology into multilevel
composite algorithms, establishing a structured multisource heterogeneous big-data intelligent

fusion mechanism, developing a digital interconnection, real-time interactive intelligent bridge

2021 #F

operation, and maintenance monitoring system, are other important development directions.
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Table 1 Statistics of Health Monitoring Equipment for Long-span Bridges in China
%' W 4 B | EE/m LA ANy & kAR 25 7!
1 MK AT R 160 AN 1968 1#.,22,3%.4%.,5%.7#,14%
2 V5N 3 KR RHRL IR 300 7R 1974 1#.22.3#.48.6%.10#
3 il 5 AT KA BHL R 432 L 1995 1#.,22.4%,11£,13#
4 H R BRE | 1377 H i 1997 14,28 ,3% 44,55 ,6%,7#,12#,18%
5 WK TR RHRL B 430 7 1997 14,28 3,48 ,54,6%,7#,124,18#
6 ARPNi BRF 888 I 7R 1997 3.6=.11%,12#
7 (RPN RHRLAR 590 o2 1997 24,38 ,42,74,12¢#
8 IR FHRLIR 475 s 1998 1#.,2#,3%,4#,5%,6%,7#,12#,18%
9 YLLK B BERN | 1385 L5 1999 1#.,2%.,3%#,4%.,52.,6%,9%,10%,13#
10 PRSI i REHPLIR 312 LR 2000 248,34 ,44,54,104,12#
11 [FIR A Y BHIL R 628 YL 2001 12,22 ,3%,4%,7%,9%,13%,16%
12 INERIPN R 450 EY/N 2001 24,34 ,4%,54,108,12#
13 FE KA HEAF 550 it 2003 24,34 ,4%,12%
14 ANk Hetr 190 WL 2004 14,2#,3%,44,94,13%
15| 4 LA B R m AR BEEM | 1490 LI 2005 1#.22.38.4%,64
16| WH KT AR | R 406 A 2005 1#,2% 3% 4%
17 M AR IL A RHL AR 648 L 2005 1£.,24,3%,4%,114,16% ,20% ,22#
18 RPN FHLAR 480 IR 2006 1,24 ,3%,54,6%,9%,11%,14%,16%
19 RS VY T JE RHILAR 210 7 s 2007 1#,2%,3%,4%,58,7%,84#,15#,16% ,17%,18#
20 RN B | 1088 I 2008 1?;??8;:3#’4#’5#’6#’71’8#’9:’10?11#’
21 A A Mk | 1018 | wl 2008 iz;;ijmj OF TSR 0E s
22 U N 125 15 1 R B RHL 448 Wi 2008 1#.22,3% .44 .54 ,6£.74,10£,162,18%,19%
23 SN RHLAR 620 L 2009 148,24 ,32,44,74,102,114,16%,194 ,20%
25 KT KA B i 816 il 2010 1£.,24.,3%,44%,5%,6%,10%,164,204
26 T R RHLFR 330 i 2011 1#.22.38.4%,54,6%,8%,11%,16%
27 R IE N BEREM | 1418 L5 2012 1#.,22,3%.4%.,5%,124#
28 B HE K AR BRE | 1779 WS 2012 1#,2£,3#% .44 .54
29 E AN FHL R 428 WiiT 2013 1#.,24,3%,44%,58,6%,74,84,11#,164#
30 RIAKTTRIL KB BHIL R 445 BN 2014 1#.,22,3%,42,52,6%,10%,16%,20#
31 A ARE Y 3PN RHLAR 312 GIPN 2015 1#.,22,3%.,4%,6%.10%.16%#,20#
32 LA LN i3 BRE 628 =M 2015 1#.,2%,3%.4%#.,5%.124#
33 | RN BRI 720 B 2016 1#.,22.,3%,4%,52.6%,74,16%.,18#,20%
34 T TR AR BHAR 458 éﬁ_iﬂin 2018 1£,22,32.,4%,52,62,142,154,162,224
35 LA AR RHRL R 500 % 2020 14,2%,3% 44,54 ,6%,7#,8%,9%,10%,20%
TE 18 RR KHAL; 2 8RR B AN 53 # R PR T34 £ FoR N LT 58 RRM B IT:6 8 £R GPS; T2 RARAMERS ;8 # K
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Table 2 Common Health Monitoring Equipment and Scope of Application '*]
I P 2% [ W Iy i KR/ % T H B R 9 D TAEWEE/C
AR TG Hz fih +0.1 0.07~40 cm —65~176
5 it 5 i % R AR e i +0.05 B 8.9 cm —40~60
TG 1% gk 2 i +0.02 B 50 em —40~79
RS TCHe fih +0.1 0.07~40 cm —100.6~176
P g i +0.25~+1 1.3~30 cm —20~80
POz TC e fish +2 0.02~0.07 cm —40~2 000
6 EF 1 I e i +0.02 R & 30 cm —40~79
GPS TCHE fih +1.3~+3.6 KT 0.5 cm —55~65
ek it i +0.25~+1 1.3~30 cm —20~80
A1 Rk ] TG A% fith +3 FBRH 1 m 0~40
LA 1T R A Fe firh +0.1~40.3 +101 cm —55~70
LAEH AL Fe firh +1 +121 cm —65~105
[EEPE S TCHE fimh +0.2 KTF 3 em —20~70
9% 55 9% 55 1% A% 2 fih
71 I T 2 ik +0.05~+1 44,5~889 600 N —28~93
PURET He i +0.1~40.5 0.5~70 m —20~80
bR
LR e fih +0.1 1.5~64 m —20~80
JGET A5 1% e i +0.02 +10 000X 105 —40~79
98 AL T z filh +0.1~+1 +40 000X 105 —270~370
Jo AE
R 2 filh +0.25~=+1.5 +3000%x10°6 —50~150
P 7% A T He i +0.1~40.5 +3 000X 106 —28~104
TG 1% ik 2 i +0.2~240.5 —40~79 C —40~79
. o 1% e i +l~+2 —200~2 600 °C —200~2 600
i PO 1R TCHe fish +2 —40~2 000 C —40~2 000
P B i +0.15~=+0.3 —200~650 C —200~650
[GiEs: AL 2 AR e i +0.5~+2 +0.5°~+50° —40~85
FEL 2 SO 2 fink +1 +20 000g —40~185
=3l R =l B T % finh +0.02~+1 +80 000g —40~135
e 2238 3y R 1Y TG4 fi +0.05~=+1 +10 000g 0~40
KA 3t 2 i +0. 1~40.25 0~149 MPa —20~80
R AL 2 ik +2~+3 0~270 km + h! —550~700
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