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Overview W

About SAHM Team

- Evolution of Digital Twin in Infrastructure

- Components of a Bridge Digital Twin

* Role of Al in Digital Twin

- Real-time Data Integration and Analysis

- Real time Sensor Technology for Digital Twin

- The Real-time Al-enabled bridge Digital Twin

- Case Study: Real-time Monitoring System
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ABOUT SAHM TEAM W

SAHM team at Western Sydney University offers specialised engineering consulting

and research capabilities aimed at identifying practical solutions to clients’ needs.

> Inspection and Condition assessment
> Asset digitalisation
> Structural analysis and health monitoring

> Heritage preservation Liaison for
Technical

Services

> Maintenance planning and priority ranking
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The Challenges of Ageing in Bridge Infrastructure | W,

d In the past two decades, the deficiencies related to ageing
bridges have become a common problem throughout the

world.

0 Alarge number of bridges are constructed over 50 years ago
and are subjected to deficiencies due to overloading, harsh

weather and limited maintenance.
42% of all bridges are at least 50 years old
USA . .
7% are structurally deficient
UK A large number of bridges were built in early 1950s
35% of them are sub-standard
/

gus More than 50% of bridges are more than 50 years old




The Challenges of Ageing in Bridge Infrastructure

O The repair and maintenance of the existing
bridges has become the priority to bridge

managers.

O Traditional inspection »on-site inspectors

laborious

O Bridge Management based on regular

inspections have been proven to be ineffective.

O The results of ineffective management would

be severe:
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Digital Twins: Transforming the Bridge Maintenance | W

( Digital Twins have been developed to overcome the limitations of conventional
bridge management methods, representing a significant advancement in this field.

O Bridge Digital Twins represents a virtual replica of the physical asset that is
employed for monitoring in-operation bridges.

O Enables Monitoring:

= Condition

= Performance

= Behaviour

= Real time- near real time



Digital Twins: Transforming the Bridge Maintenance

 Digital Twins Maturity Model

To make the most of Digital Twins
Development of Digital Twin
should move along maturity
levels

Digital Transformation

Informative

Descriptive Additional
Twin operational
and sensory
data

A visual replica

with real time, The informative

editable design twin uses
and construction improved
'mf(l)rgjat!%r[\j integration with
including sensors and

models and BIM operations data

for insights at any
given time.

Asset Information
Management

Real-time Data
Integration

Virtual/Digital

Im.
data for
insights

The predictive
twin captures
real -ime data,
contextual data,
and analytics to
identify potential
issues .

Predictive
Maintenance

Assat Performance
Management
Real -time
Analytics

comprehensive
twin leverages
advanced

maodelling

simulation for
potential future
scenarios as well
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Level 05

Autonomous
Twin

Ability to learn
and act on behalf
of users

The autonomous
twin can learn
and make
decisions
through artificial
intelligence,
while using
advanced
algorithms for
simulation and
3D visualization.

and

as prescriptive
analytics and
recommendations.

Augmented
Operations

Immersive
Training

Autonomous
Operations

Virtual to Physical
Convergence

nosis

Simulation
Al Twins

Source: Inspired by the Verdantix’s five-level maturity model
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Digital Twins Components W,

Digital Twin Data collection methods

= Effective data collection play a vital role in Digital twins development.

= They provide valuable information about different aspects of the physical object's
performance.

= Different methods can be used to collect data for bridge Digital twins:

RGB Image oround Point cloud Infrared Hyperspectral Contact sensors

Penetrating Radar thermography Imaging
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Digital Twins Components | W,

Digital Twin virtual models

= The generation of the virtual models for the bridge, serves as the main skeleton of the Digital

Twin.
= Virtual models can be categorized into four groups based on their components and

functionalities:

- Determining bridge
geometry changes
- Defect detection

 Real time Monitoring
 Predictive Maintenance

Functions

[re——

- Structural condition
- Physical properties g

Rebatmn evulution

- Life-cycle maintenance data storage
 Analysis of historical data

Functions
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Role of Al in Digital twin W]

 Al-Enabled Digital Twin offer numerous capabilities and benefits in
infrastructure management and maintenance.

Real-time Data Analysis and Processing
Predictive Analytics and Maintenance

Enhanced Simulation Capabilities
Improved User Interaction and Experience
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An Evolved Al-enabled Digital Twin Framework | W,
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Role of Al in Evolved Digital twin W,

: ~
t >

Data-driven models are computed through Al- ] e "\
based mathematical models that approximate P
the behaviour of the bridge based on
exploration of the relationship between data. é,
S, P
These models can be used to predict the
bridge’s response under different conditions e
without the need for extended and time- S
consuming simulations or physical testing \L Status




Real-time Data Analysis in Digital Twin
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O Real-time data analysis enable predictive
maintenance and early fault detection.

O Enhances the Digital Twin's fidelity and
responsiveness to actual bridge conditions.

O Supports automated alerts and decision-
making systems.

loT-based

Sensors

Use / Y‘enerate

Data-driven
Digital Twin

Create \

’ Big data

/mployed

’AI

Models
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Real-time Sensor Technology for Digital Twin | W,

O Strain Gauges

O Accelerometers

0 Displacement Sensors
4 GPS Sensors

O Fibre Optic Sensors
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The Real-time Al-enabled bridge Digital Twin W,

Structural Health Monitoring

- BB -

O Alayered architecture for efficient

data analytics in bridge Digital o s
. P Physical Bridge ~
twins. s
Artificial Intelligence ' k" .59 Decision Making
Q Data-driven digital twin framework fud : Vgaf
facilitates proactive maintenance .
and operational efficiency. !
I
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Case Study: Werrington Bridge W

Structural
Steel Mast

Accelerometer

To Werrington
~ To Quarry Hill
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Case Study: Werrington Bridge
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Signal Processing and
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Raw Acceleration Signals

Extracted features:
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Case Study: Werrington Bridge W

A3 - Raw Signal

= Real

Training Performance:

*+* Reconstructed

D CO m pa rlso N Of th e a Ctua | 0 10000 20000 30000 40000 50000 60000 70000

Time Steps

and reconstructed signals : kNS Crethur hanan Eaitopy
for a sample accelerometer }

i M /

(A
\Jﬁﬁ{ WYL \g«‘.fww}w \w"wfﬂ i

<
———

0 10000 20000 30000 40000 50000 60000 70000 O 10000 20000 30000 40000 50000 60000 70000 O 10000 20000 30000 40000 50000 60000 70000

d The close alignment between Spectral Cntrid Spectral Kuros SpectralSpread
the real and reconstructed ' - aes " R
signals across all domains

indicates that the model —
successfully captu red the 0 IOW W0 W0 M0 S0 @0 W0 0 000 W00 W0 AN SM 00 000 0 0 ZW0 00 00 0 @00 oo
u nderlyi n g p atterns Level 0 (Low) Level 2 (High) Level 4 (Mid)

associated e

**+ Reconstructed

= Real

*++ Reconstructed

0 10000 20000 30000 40000 50000 60000 70000 0 10000 20000 30000 40000 50000 60000 70000 0 10000 20000 30000 40000 50000 60000 70000



WESTERN SYDNEY
UNIVERSITY

Case Study: Werrington Bridge W

i Anomaly Simulation
Evaluation Strategy: y Simulati

Anomaly Type Severity Magnitude of Change Description
Light +10% increase
e P Amplitude Scaling Moderate +15% increase Uniform scaling of acceleration amplitude
d Thg capabilities of the Digital Severe +20% increase
Twin framewqu we re' Erequency Shiftin k/:gzzrate 8i5H:|zszlhf|tft Changes in natural frequencies or modal
evaluated by introducing a quency g ' . shift
. } . Severe 0.1 Hz shift
series of synthetic anomalies J— Light 15% reduction
into the normal-condition data D:r(;gl uade Moderate 20% reduction Sudden localized amplitude reductions
Severe 25% reduction
generated for accelerometer Light 15% reduction -
. . - Gradual deterioration of structural
Si gn al. Gradual Degradation Moderate 20% reduction (eSDONSE
Severe 25% reduction P
Light 30% redistribution e .
Damping Change Moderate 20% redistribution '\Ar?rgg?carggga?ff?earzgmg around the
Severe 10% redistribution P y a y

+5% amplitude, 0.14 Hz shift, 10%

Light damping change

+7.5% amplitude, 0.1 Hz shift, 6% Combined amplitude, frequency, and

Combined Anomalies Moderate . . L
damping change damping modifications

+12.5% amplitude, 0.06 Hz shift,

Severe 1% damping change
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Case Study: Werrington Bridge W

Combined Anomalies (Light)

1 Amplitude Scaling (Light) [ Frequency Shifting (Light) 1 Amplitude Drop (Light) [ Gradual Degradation (Light) 1 Damping Change (Light)
I Amplitude Scaling (Moderate) B Frequency Shifting (Moderate) B Amplitude Drop (Moderate) [ Gradual Degradation (Moderate) S Damping Change (Moderate) [ Combined Anomalies (Moderate)
I Frequency Shifting (Severe) I Amplitude Drop (Severe) Il Gradual Degradation (Severe) I Damping Change (Severe) Il Combined Anomalies (Severe)

Il Amplitude Scaling (Severe)

O Simulated anomalies in o
acceleration signals in thre: -
levels for a sample
accelerometer
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[ Amplitude Scaling (Light) [ Frequency Shifting (Light)y =1 Amplitude Drop (Light) [ Gradual Degradation (Lighty ] Damping Change (Light)y =1 Combined Anomalies (Light)
I Amplitude Scaling (Moderate) EEE Frequency Shifting (Moderate) 28 Amplitude Drop (Moderate) BB Gradual Degradation (Moderate) EZE Damping Change (Moderate) M Combined Anomalies (Moderate)
I Amplitude Scaling (Severe) I Frequency Shifting (Severe) I Amplitude Drop (Severe) MBI Gradual Degradation (Severe) ~ HEEM Damping Change (Severe) BB Combined Anomalies (Severe)

O The Mean Squared Error e
(MSE) values of all
accelerometers for each 0054 -
anomaly scenario and L
severity level -y o421
a 0062 0034 007 T T
d The MSE values at A3 g o o T oy 039 04336
consistently show elevated 3 L2ss 04288
levels compared to other 5 1
accelerometers, Lial
demonstrating the model's
sensitivity to localized
structural changes. H
0.0
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Thank you for your

Attention

@ v.mousavi@westernsydney.edu.au

@ https://www.westernsydney.edu.au/cie/sahm
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