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Introduction

The existing infrastructure heritage is currently experiencing a decrease in safety levels, especially due to aging and degradation When GPR is used to monitor the health of a tunnel, the GPR linings require experienced personnel to detect and classify any
effects. Bridges and tunnels are the most important large civil engineering infrastructure items. They perform strategic functions, defects. To reduce the influence of different experts' subjectivity and to limit the considerable economic investment it 1s unthinkable
allowing communication routes to be connected to overcome natural obstacles. As a result, there has been a noteworthy increase in not to exploit deep learning (DL) methods, as they provide modern and powerful tools for automatic image processing and
interest in structural health monitoring (SHM) research over the last decade. The current diagnosis paradigm for road tunnel health classification. Nowadays, machine learning tools are in the spotlight because of their outstanding capabilities to deal with data
assessment requires a knowledge phase based on original drawings, documentation, structural testing reports, material and periodic coming from even heterogeneous sources and their ability to extract information from the structural systems, providing highly
visual inspections. This procedure would be prohibitively expensive. As a result, non-destructive and indirect techniques have been effective, reliable, and efficient damage classification tools.

successfully integrated into cost-effective diagnosis and maintenance plans as Ground-penetrating radar profiles (GPR), laser The application of these tools, combined with systems engineering principles, could enrich the world of civil infrastructure that has
scanners, and thermography acquisitions. not been designed from the perspective of optimal inspection maintenance and durability.

Research Activities on the Al topic

The starting point was the development of the results from the thesis. Where a Multi-defect Damage Classification of the concrete The algorithm classification performance was valued by: C11 C12
lining of tunnels was defined through the use of a Convolutional Neural Network ResNet-50. - Confusion matrix and accuracy (arithmetic mean through the K-fold validation Rleal (predicted (predicted
The classification was based on the creation of a database containing various defects of the concrete lining. The 1mages used for the technique) c1ass label) label)

damage classification were there of a GPR campaign and their intepretations were used to define the database labels (Fig.1). RMSE (Root Mean Square Error); C11 98.8% 1.29%
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the higher levels, it is possible to achieve more ; _ —- -f _t—““ o ;-_ 277 Resinice oF voms To analyze the effects of the model architecture on the GPR tunnel defects’ classification, the results of ResNet-50 was compared

detailed knowledge about the presence and the type . : S=——a= e ANOMALIS (PHENOMEA OF DIFFRACTION) I T with a different state-of-art convolutional architecture, 1.€. the EfficientNet.

of structural damage. .t e e ) - The results evidenced that the recent EfficientNet architecture represents a sort of trade-off choice between efficiency and

S— | classification accuracy since it was able to reach in virtually all cases almost the same order of magnitude of accuracy levels.
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Figure 1. Interpretations of GPR longitudinal profiles
With the same aim that led to the development of the previous algorithms, the same database was exploited for training two new

Road tunnel Level 1 Level 2 types of configuration of the most recent state-of-the-art advanced neural architectures: Neural Transformers.
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Figure 2. Hierarchical tree multi-level classification representation multi-level classification tree

Analytical Models of Tunnel Lining Thickness Anomalies

GPR surveys of tunnel linings on the Italian highway network show local thickness reductions at the vault key.

Assumptions:

h 1s the height of thickness reduction;

h, is the height of design thickness;

the analyses are limited to the calotte portion, i.e. the area where the thickness anomaly can be found;

the lining's curvature 1s assumed to be infinite. This assumption is supported by the fact that the extent of the defect is relatively
limited;

the lining portions considered are not stressed by compressive forces along the middle plane;

the only forces at work are vertical forces (permanent load P = y_;sh) and thermal ones;

the soil has a consistent and uniform temperature of T

linear variation of the temperature along the lining thickness (uniform gradient), given that the internal temperature, T;, 1s higher
than the soil temperature;

Tunnel longitudinal extension.
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The two zones currently investigated in the two models are at the center of the plate(r = 0) and at r close to R1, where R1 is the
radius of the zone where the thickness anomaly is recorded. For the two diemension model:
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Tunnel lining thickness (m)

1 — dimensional model: Equivalent beam of rectangular cross-
2.0 section, with anomalous thickness and confined at the ends

Figure 4. Thickness reduction detection from
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Where:

y(r) = f(Ry, Ry, hy, hy, E, V)
K(T’) — f(er RZJ hlr hz, Er Yecis U)
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Figure 5. Schematic of tunnel lining with key

5 . 2 - dimensional model: Equivalent circular plate, with
lining thickness anomaly

anomalous thickness and confined at the ends
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