%48 K% 4 AR5 xR TR FIRP E L Vol. 48 No. 4
2026 48 A Journal of Civil and Environmental Engineering Aug. 2026

DOI: 10. 11835/j. issn. 2096-6717. 2024. 079 =
1

2 ROEMLA B S 40t D6 s 5 ik B¢ P8 GE PF A
W9 25t ik

‘7%&/‘;‘&_4 la,lb’#ﬁﬂ‘iy‘% la,lb,igd_afj ':\E la,lb,ﬁﬂi—ﬁ]’l—la,%ﬁ /J\ m,‘l 2"/_3_:\:11&—’3’]{]‘ 2’ glg;i}%’%
(1. Bmd@kFa EAIRFR; b REAFRSBKEA LB E L LR E, RA 610031;
2. W XK TAR W E A RG], AR 610031; 3. PA RS 558 #$F %, KR 030051)

B EAHREENSRARETFEIREHRREZ LB ENE ., AT SREMNA, FAREHKRE
B 5 AR BT R R AR R A AR P AT LR JE TR, £ RIR
B L VRNBNAR RN T EEE , BTEOATEMmm N E RER YA
B UL A TR B TR R RG0Sk LA AT R R AL 6 R R k.
BERAAARFHE T @, AT IAAFREHREFHEERBRETRMNG 5k, ZE2WEAN, %
WHREEMNBERERNHFRRERGHIELCERE AR DERERE e o) RNBH RS
A THAEMMEA P LA EHARG RN, XHRXFTOHRAEERORAES ., KAAFRE
T A E AR A AR R ERE ERERAGH X T i AW KA PR L
WAL B EHR R FHIEG R X Z ;M5 S REMRGAXETFR, AR SE N EFHE; KT
RERRE LR E D LT AHZBAA AR T %

KB A AW IR R R AE B R ; £ 4048463 AL

FE S ES U446.3 XEKERE A M EHS:2096-6717(2026)04-0154-16

Multi-scale perspective on bridge damage detection and service

performance evaluation research: a review

LI Zewei™™, YANG Yongqing™, XIE Mingzhi®", HUANG Shengqgian™,
ZHENG Xiaogang®, YU Hual??, ZOU Lingchen®

(1a. School of Civil Engineering; 1b. National Key Laboratory of Bridge Intelligent and Green Construction, Southwest
Jiaotong University, Chengdu 610031, P. R. China; 2. Sichuan Jiaoda Engineering Testing Consulting Co. L.td., Chengdu
610031, P. R. China; 3. School of Economic and Management, North University of China, Taiyuan 030051, P. R. China)

Abstract: Bridge inspection and service performance evaluation are critical technologies for ensuring the safe

operation of bridges. Utilising a multi-scale perspective, the paper systematically reviews the academic progress
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and future trends in the field of bridge damage detection and assessment. The research is explored from three
different scales: macro, meso, and sub-micro. A thorough analysis of the evolution of bridge feature detection
methods is presented at the macro level, illuminating the trend of transformation toward rapid detection
technologies based on vehicle responses. At the meso- and sub-micro scales, the complexity of bridge surface
damage has resulted in research focusing on recognition methods based on computer vision. In terms of service
performance evaluation, the extant methods for short-term bridge condition assessment and long-term condition
prediction are summarized. The comprehensive analysis shows that the current bridge inspection technology has
been effective in identifying bridge damage features. However, future research should still focus on two
directions: macro damage identification based on vehicle response and meso- and sub-micro damage
identification based on computer vision. Both directions have shown great application potential. Future research
should further optimize vehicle-bridge coupled response models and improve their applicability to different
forms of macro-scale damage; Study the mapping relationships between meso- and sub-micro-scale damage
images and bridge mechanical characteristics; conduct research on multi-scale damage correlation to improve
detection accuracy; and explore more practical evaluation methods for bridge service performance based on
engineering practice.

Keywords: bridge inspection; service performance assessment; multi-scale damage; vehicle-bridge coupling;

computer vision
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Fig. 1 Multi-scale damage relationships of bridges
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Fig.2 Alignment deformation measurement method

of long-span bridge with inertial camera'"
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Table 2 Summary of surface damage object detection in

bridges
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Table 3 Summary of surface damage semantic
segmentation in bridges
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Table 4 Summary of processing methods for bridge inspection data
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