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Fig. 2. The cross section of the I-40 Bridge. (Adapted from
Farrar et al (7, 16)).

7,0 3ot a8 S ) T-A0 b v 3550 i 31 ol sles ¥ IS

16
f+—39.93m 49.96m: 39.93m-
—. | R
1 i
T\butmem
=] 2 a2
Pier 3 Pier2 Pier1

Fig. 3. Elevation view of the examined segment of the [-40
Bridge. (Adapted from Farrar et al. (7,16)).
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Fig. 5. The first three bending modes of the FE model of 1-40

Fig. 4. The finite element model of the [-40 bridge.
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Mode Natural frequency of intact Natural frequency of FE Average diffrence%

bridge model
Ist 2.48 2.73 5.54
2nd 2.96 2.96
3rd 3.5 3.56
4th 4.08 3.63
Sth 4.17 4.083
6th 4.63 4.24

Table. 1. Comparison between resonance frequencies
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Fig. 6. The modified damage index based on MSE and MF for the first single damage scenario.
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intensity
FL*: Fully Connected Layer
Table 3. Layers of MSEDI neural network system
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. Location
Regression
networks Second b « f
econdery sub-network for .
riyntensi ty featureInputLayer(23)+FL(20)+FL(10)+reluLayer+FL(1)+regressionLayer
Table. 4. Layers of MFDI neural network system
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Fusion network of damage location featurelnputLayer (2) + FL(5)+ reluLayer+FL (1) + regressionLayer
Fusion network of damage intensity featurelnputLayer (2) + FL(7)+ reluLayer+FL (1) + regressionLayer
Table. 5. Layers of fusion neural network system
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Fig. 10. The training and test confusion matrix of MSE damage index.
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Expected result Neural network outcome
Damage - - - The percentage
. tensity Location o/ . . ;
case Location (m) o (%) intensity  error of intensity
(%) (m)
1 8 6.5 8 6 -%0.5
2 114 12 114 12.02 +%0.02
3 56.5 15 56.5 14.96 -%0.04
Table 6. Results of deep convolutional neural network for random damage scenarios
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Abstract:

Civil structures inevitably undergo damage over time due to various reasons such as environmental changes, material
aging, load variations, and insufficient maintenance. Monitoring these structures, especially aging ones, is crucial to
detect damage early on and implement suitable retrofitting measures, ensuring their continued safe and reliable
operation without unexpected failures. Consequently, there has been significant research in this field, focusing on
damage detection in both simple and complex structures. Health monitoring of highway bridges is essential for
achieving a reliable transportation system. The vibration-based damage detection method uses changes in the
vibrational properties of structures to detect damages and ensure a healthy state. In this study, the absolute value of the
modal flexibility damage index and the modal strain energy damage index simultaneously are utilized to prevent unsafe
decisions.

These absolute values of modal strain energy and flexibility damage indexes are utilized as the bases for training deep
neural networks (DNNs). These indexes are applied to provide safe decisions and reliable damage evaluation in steel
girder of the highway bridges. The convolution neural network (CNN) is utilized for damage quantification estimation.
The CNN is one of the deep learning models that can currently be applied in 2D dominant approaches, such as pattern
recognition and speech recognition. In addition, these networks can utilize the 1D time domain and vibrational signal
data via the convolutional layer. The initial stage of CNN model comprises combined convolutional and pooling layers
that apply different filters to extract features. Following this, fully connected layers, similar to a hidden layer of a
multilayer perceptron are incorporated. Ultimately, these layers are classified together with a softmax layer. The
convolution layer acts as a filter that convolutes the input layer with a set of weights, adding bias and applying an
activation function to the outcome. Gradient descent momentum methods (SGDM) can be employed to optimize the
parameters in CNN network architecture. SGDM estimates the gradient with high velocity in any dimension. This
method mitigates issues such as jittering and saddle points by utilizing high-velocity inconsistent gradient dimensions
and the SGD gradients, respectively. Additionally, when the Current gradient approaches zero, the SGDM provides
some momentum.

The convolution neural network is trained to utilize damage indexes obtained from numerical simulation of the
validated finite element model of the bridge. The damage indexes as the inputs for the neural network, which are
achieved from different damage scenarios. Once network training and validation are completed, a well-trained neural
network is used to detect, localize, and quantify the intensity of unknown damages. The proposed method overcomes
previous damage detection problems such as false positive indications, the unreliability of a single damage index, and
insufficient precision in determining the intensity. The results revealed that the presented method, based on the dual
updated damage indexes and CNN, practically and accurately identified unspecified single damages' location and
severity in multi-span beams. The new training method of deep neural network systems overcomes some shortcomings
in ANN. Moreever, this deep neural network training scheme can reduce the need for huge amounts of input data and
enhance the accuracy of network training. The method is capable in predicting single damage scenarios in steel beam.

Keywords: Structural health monitoring, modal strain energy damage index, modal flexibility damage index, steel beam,
deep learning.
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