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Abstract

Bridge structures, being critical to human life, we need a powerful method for continuous
monitoring and maintenance to ensure their prolonged lifespan. Non-destructive testing
(NDT) methods have become indispensable in civil engineering for assessing the
integrity, quality, and durability of materials without causing damage to the structure.
Ground penetrating radar (GPR) is one of the NDT methods that use operates on the
principle of sending electromagnetic pulses into the ground to explore and image
subsurface. In this research we are trying to solve the crucial task that is detecting and
monitoring aging civil infrastructures in New England. Our approach involves utilizing
visual information and subsurface images obtained through ground-penetrating radar
(GPR) within a virtual reality (VR) environment for enhanced data visualization.
Additionally, we employ machine learning (ML) techniques for the interpretation of the
gathered data to obtain a pattern of material degradation. For our case study, we have
focused on a reinforced concrete (RC) highway bridge (I-495, Chelmsford, MA), selecting
it as a representative infrastructure component for high-frequency nondestructive testing
(NDT) inspection. we used GPR to scan bridge columns to collect data for our
investigation. The application of GPR in this context is aimed at providing valuable
insights into the condition of subsurface materials and understanding of the aging
mechanisms and structural integrity of the chosen bridge.

Our findings suggest that GPR B-scan images of reinforced concrete bridge piers can be
influenced by environmental conditions, such as temperature and moisture. Despite these
influences, the study concludes that GPR proves to be a viable NDT method for effectively
monitoring the condition of subsurface steel rebars, particularly in the context of corrosion
monitoring.
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Introduction

The problem we are trying to solve is the detection and
monitoring of aging civil infrastructure components and
systems in Mew England by using visual information and
subsurface mages in a virtual reality (WVR) emvironment for
data visualization and machine leaming (ML} for
nondestructive testing (NDT) data intempretation. Material
aging and structwral deterioration of selected candidate
structures (... highway bridges ) will be frequently (from twice
a day to once a week) inspected to develop large amount of
sensor data for condition assessment using machine leaming.

Objectlves

Condition assessment of high-frequency WNDT data
using ML and artificial intelligence (Al)

- Correlation betwean high-frequency NDT data (e.g.. - 5 : s}
Ground Penetrating Radar (GPR) B-scan images) and E - 3 “aes | " A F : Fig. 2: COmpars GRR A-5Can of WEAIN 3 different dates
material aging and structural detericration e i ]

- Development procedure of 3D bridge VR models and

Fig. 3 displays our A-scan plot collected from a reinforced

VR platform — P—.-'ls. ) concrete (RC) bridge pier (WBA) om diferent dates,
o illustrating the changes in rebar amplitude over this period.
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= GPR B-scan images of RC bridge piers can be afected
by environmental conditions (temperature, moisture).

= GFR can be used as a NDT method to evaluate the
rebar condition (for cormrosion).
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