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A comparative study and the presentation of a precise approach for diagnosing damage
in frame structures based on deep neural network models

A. Asgharzadeh-Bonab
GH. Nasirpour
O. Allahyari Pargu

Department of Science and Technology Studies, AJA Command and Staff University, Tehran, Iran
Department of Science and Technology Studies, ATA Command and Staff University, Tehran, Iran

Department of Civil Engineering, Faculty of Engineering, Kharazmi University, Tehran, Iran

Abstract

In recent decades, data-driven methods have shown high effectiveness in structural health monitoring, focusing on damage detection. In the
past, using raw time-series sensor signals for diagnosing structures was nearly impossible due to the inherent high dimensions of the
measured data. However, recent advances in neural networks and machine learning models have eliminated the need for complex
preprocessing of time-series data. Monitoring based on access to healthy and damaged structural information in a classification framework
has been the predominant approach in recent research .This study conducts a comparative analysis of four novel deep-learning algorithms for
structural damage detection using raw data within a supervised monitoring framework. The four algorithms investigated include LSTM
networks, GRU, CNN, and a hybrid CNNLSTM network. A precise approach (the CNNLSTM model with 99.9% accuracy) is proposed
based on the Los Alamos Laboratory foundational structure data. Notably, the CNNLSTM model operates without any preprocessing, such
as signal processing algorithms or dimensionality reduction, and performs excellently in terms of accuracy, the number of parameters, and
training time compared to the other three models and previous studies.

Keywords: Structural Health Monitoring, Structural Damage Diagnosis, Pattern Recognization, Feature Extraction, Deep Neural

Networks, Signal Processing.
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Table 6. Damage detection results on experimental database of a 3-story frame.

Task MLP 1DCNN LSTM 2DCNN
of trucks (m/s) loss (%) location
Detection accuracy (%) 97 97 99 9
Localization accuracy (%) a7 93 935 a5
Severity accuracy (%) 85 9 926 94.6
Training time (s) 350 470 930 1250
Number of trainable 389806 342670 326606 540550
parameters
Storage (Mb) 1010 1010 1010 1945
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The overall aceuracy of classificarion in damage.

Overall accuracy (%) ANN SVM KNN Average
Story 1 92.2 02.0 B6.6 02.2
Story 2 G0.9 87.5 85.7 88.1
Story 3 0.9 3.9 Fa.6 B4.4
Average 91.3 ar.a 83.6 -
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