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Vibration- based anomaly detection method for structural health monitoring of in-service structures under ambient vibration

(RERFTICHARATOBENMNILRAEZZD T DO DIRBIZKLEERIFE)

Vibration- based anomaly detection method for structural health
monitoring of in-service structures under ambient vibration

Hoang Trong Khuyen
Sumitomo Mitsui Construction Co., Ltd, Tokyo, Japan

Mizutani Tsukasa

The Unmiversity of Tokyo, Tokyo, Japan

Uchibori Hiroyuki

Sumitomo Mitsui Construction Co., Ltd, Tokyo, Japan

Nagamoto Naoki
Sumitomo Mitsui Construction Co., Ltd, Tokyo, Japan

ABSTRACT: This paper presents a vibration-based monitoring system that is able to identify hazard events
like earthquakes or typhoons, and to detect anomalies in the structures after these events using ambient vibra-
tions (i.e. vibrations induced by random excitation such as traffic. wind or white noise). The statistic distribu-
tions of modal parameters such as natural frequencies. mode shapes are indicators for anomaly. Change of
distribution model of modal properties indicates that the structure may be damaged or anomaly. An original
algorithm was developed to identify modal parameters effectively and detect anomaly in sub real-time. Long
term monitoring data sets in two in-service bridges confirmed that a very small change in frequencies due to
asphalt work during construction can be detected by proposed system. The results show that the variation of
natural frequencies due to seasonal change can be filtered in order to detect very small changes in modal
characteristics. The proposed system could be applicable for nearly real-time monitoring of structures such as
bridges and buildings.
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Enabling Digital Transformation in Bridge Structure Damage Level Assessment Based on Decline in Natural Frequency Using Ambient

Vibration Records
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Enabling Digital Transformation in Bridge Structure
Damage Level Assessment Based on Decline in Natural
Frequency Using Ambient Vibration Records

Khuyen Trong Hoang!", Tsukasa Mizutani’, Manabu Kawashima® and Hiroyuki Uchi-
bori !
'Sumitomo Mitsui Construction Co., LTD., Tokyo, Japan
h-khuyen@smcon.co_jp
*The University of Tokyo, Tokyo, Japan

Abstract. Bridge structure condition assessments are critical for decision-mak-
ing for bridge operation and maintenance. A structure’s natural frequencies are
dependent on 1ts global stiffness and weight. Hence, the decline in natural fre-
quency may globally indicate structural damage conditions. However, the criteria
for establishing a natural frequency threshold to judge the structure damage con-
dition are still i question to engmeers. This article proposed a method to find
reference thresholds of frequency decline for bridge structure’s damage condi-
tions evaluation using nonlinear incremental modal pushover analysis. These nat-
ural frequency thresholds achieved from the proposed method can be used in the
system to automatically judge damage and produce reports after every detected
seismic event or at predetermined periods. The accuracy of the proposed method
was verified by Eigenvalue analysis and nonlinear dynamic response analysis. In
addition, this paper presented an integrated digital transformation system for
bridge damage assessment. The system includes a wireless accelerometer, cloud
integration, and edge computing to allow users to set up various damage assess-
ment thresholds for warning and reporting when it detects damage or anomalies
1 structures.
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A study on PFS (Pay For Success) investment in development of infrastructure for disaster prevention
Takeshi Kamatam (Mimstry of Land, Infrastructure, Transport and Tourism)

Yinchiro Kawabata (Graduate School of Engineering, Kyoto University)
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