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A comprehensive approach to critical infrastructure assets

Digitisation of construction and inspection processes

Open digital bridge structure description formats according to BIM methodology

Optimizing design processes already in BIM environments

Modeling and simulating construction processes in the context of their automation and robotization
Definition of digital bridge twins taking into account the public needs of managers

SHM bridge monitoring systems with new diagnostic methods and digitization of technical inspection process

Virtualization of construction and inspection processes %

construction simulations
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Laboratory — tools from the area of digital technologies
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Digital infrastructure asset management

New methods of bridge inspections
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. . A SMART BRIDGE
Bridge damage detection INSPECTOR

Pillar of the border bridge between Poland and Czechia

Detection of cracks
UAV platform

Real time

Machine Learning
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Digital twins of bridges

Diversification of data sources, with acquisition and processing methods

Data sources and ways of aquisition Digital Twin Model (DTM) % Reality Twin Model (RTM)
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Data processing tools and digital technologies
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Digital twins of bridges

System of systems
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Digital twins of bridges
Life Cycle Approach

designing

Virtual _
Twin construction

design & maintenance
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Digital twins of bridges

Two scenarios for creating a digital twin

BIM 3D solid modeling in the design process

Newly designed facilities

Digitization of the design process itself

Introducing requirements in the infrastructure

Reconstruction may require 3D reconstruction

parameterization of 3D solid models

solid modeling in the design process
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model of the designed bridge
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Modeling with the 3D reconstruction techniques
Facilities already constructed and in use
Mainly scanning technigues and photogrammetry
Object inventory in the form of a 3D point cloud
It is necessary to process the cloud into a solid model

3D reconstruction and drones

scanning of an eX|st|ng brldge %f

model of an existing bridge




: : A . . 4. SMART BRIDGE
Mobile devices with Mixed or Augmented Reality INSPECTOR

BIM READY

Research on virtualization of bridge inspection process
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rimble XR10 helmet

inspection with
UAV platform

3D reconsttuction with:
multispectral imaging




Trimble XR10 helmet ’ sttt " mobile application supporting
with HoloLens 2 L : the bridge inspection

with GNSS receiver
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Railway arch bridge with SHM system

Hangers vibrations assesment with Machine Learning based signal processing
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Railway arch bridge with SHM system

Wavelet analysis and deep learning
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Integration of BIM and loT for smart SHM

.9 Kurow Bridge SHM System ontine
BIMification Of SHM system Dashboard  Timeline  Device Info  Metadata  Actions Log

Latest Last Hour 6 Hours 1Day 1Week 1Month 3 Months Custom

@ Layout of sensors
on the BIM model

Humidity Sensor

Humidity [%]

Sensor location on the
bridge

14
T ] Temperature Sensor
Y 10 !\j\'
= B
2 6
2 a f_/-n/\mrv
o2 _m N
g2 0 \\
-2
52 i
d
-6
-8 I L 1 L |
2022-11-01 2022-11-08 2022-11-15 2022-11-22 2022-11-29 2022-12-06 2022-12-13 2022-12-20 2022-12-27 Time
012
0.10 3-Axis Gyro Sensors ——Peak vertical acceleration [m/s/s]
0.08
0.06

0.04

0.02

Acceleration [m/s?

0.00 B e e T A e N A e e e e e e e N BN e e e e O ML e
2022-11-01 2022-11-08 2022-11-15 2022-11-22 2022-11-29 2022-12-06 2022-12-13 2022-12-20 2022-12-27 Time

Silesian University

of Technology




Development of Immersive Bridge Digital Twin Platform (IBDTP)
Reality capture and BIM model update

3D reconstruction
BIM model
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Development of Immersive Bridge Digital Twin Platform (IBDTP)
Digital Twin of the SHM system

| FlatMesh 3G Gateway (GW)

GW for the communication of sensors

TMS for the measurement of rotation angle
LDS for the measurement of vertical displacement
CMD for longitudinal movements of spans
Built-in temperature sensors

Data Reports.
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Development of Immersive Bridge Digital Twin Platform (IBDTP)
MR-enhanced Digital Twinning of bridge of bridge SHM
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Multi-threaded case stud
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