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Structural damage identification based on digital twin and
deep learning

TANG Hesheng, WANG Zeyu, CHEN Jiayuan
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Abstract: The time span of the civil engineering structural damage state usually accounts for a small part of the
total life cycle. In order to solve the problem that traditional data-driven structural damage identification methods
lack enough damage state data for training, a structural damage identification method based on digital twins and
deep learning is proposed in this paper for practical application. Firstly, the digital twin is constructed by using
the numerical simulation model and online monitoring data to obtain the “big data” of the structural dynamic
response under different damage conditions. Secondly, to get rid of the dependence on the external excitation,
the empirical mode decomposition method and transmissibility function are used to preprocess the obtained data.
Then, the damage identification is realized by using deep learning. To verify the effectiveness of this method,
untrained monitoring data of structures are analyzed. The results show that the method has good generalization

ability and can identify the structural damage condition effectively. The problem of data hunger is solved by

%5 B #A : 2022-04-27

EE&UWA : R AL E KL I(2021SHZDZX0100) 5 4 A TR 126 i W 2% B ik 48 9% (2022-3-Y B-07)

YEEZ B FEAAE(1973- ), 5 Wi R0 51 18 A U, =2 ATRM 215 38 UAF Y, E-mail: thstj@tongji.edu.cn.

Received: 2022-04-27

Foundation items: Shanghai Municipal Science and Technology Major Project (No. 2021SHZDZX0100); Top Discipline Plan of
Shanghai Universities-Class I (No. 2022-3-YB-07)

Author brief: TANG Hesheng (1973- ), PhD, researcher, doctorial supervisor, main research interest: Al scientific computing

intersection, E-mail: thstj@tongji.edu.cn.



%14

BAe kR THF F A RREF I W& MBI R 111

digital twin technology, and the deep neural network trained by the intrinsic mode vibration transmissibility

function data sets can still maintain a high accuracy of damage identification without any seismic information.

The combination of the two methods can make structural health monitoring more active, reliable and efficient.

Keywords: digital twin; deep learning; intrinsic mode vibration transmissibility function; damage identification;

structural health monitoring
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Fig. 1 Framework of structural damage identification based on digital twin and deep learning
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Table 2 Damper parameters of the computational model
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Table 3 Model parameters of monitored, finite element
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Fig. 10 Figures of intrinsic mode function vibration transmissibility
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