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2Last week’s class

• Structural Health Monitoring (SHM)

• Digital Twins & semantics

• Cyberphysical systems

• An example from the EPFL Innovation
ecosystem
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On SHM of metallic structures
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On Digital twins
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On Digital twins & Cyberphysical systems
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(source: Toshiba)



Component Pre-analysis
• Automated FEA + postprocessing of components (individual and groups) to construct

accurate reduced model of component physics and interactions

• Performed upfront (during Digital Twin setup), datasets stored and reused over the
asset’s lifetime

Component datasets

 . . .  . . . 

Automated FEA-based component pre-analysis



Components are Parametrized

μ



Akselos RB-FEA technology at a glance
1000X FASTER

1000X LARGER MODELS

1000X FASTER
Provides major speedup compared to FEA for linear PDEs, e.g. 
>1000x for large-scale problems

1000X LARGER MODELS
Easily solve models with >100m FEA DOFs. This enables true 
condition-based models of entire assets (Digital Twins).

FEA DOFs. This enables true 

PARAMETRICPARAMETRIC
Modify models by changing parameters. Efficiently handles 
systems with many parameters, e.g. >1000

COMPONENT-BASED MODELING
Modular designs, easily add/remove/replace components

CLOUD-BASED PLATFORM
Provide all users with powerful computational platform via 
secure client-server architecture



Integrates with the Digital Transformation EcosystemIntegrates with the Digital Transformation Ecosystem
Open API (Python-based), open data formats, import/export data and models

Standards-based checksStandards-based checks3D model data

Machine learning & analytics

Sensor data & IIoT



Incorporating Nonlinear Analysis

Key points:
• Arbitrary nonlinearities in FEA region

(e.g. contact, plasticity, finite strain)
• Accelerate the linear region, fast for

“localized nonlinearities”
• Formulation is fully conforming,

numerically robust

Plastic Equivalent StrainCore idea: Split domain into 
“linear” and “nonlinear” regions

RB method applies to linear problems, but many 
engineering problems involve nonlinearities:



Guest Lecturer 
Dr. Alexis Kalogeropoulos
CEO of Bridgology SA

Development of Non-Destructive 
Testing Strategies in structural 
Health Monitoring

Contact
Tel: +41 79 297 40 54
ak@bridgology.com



Non Destructive Testing - NDT

Waves carry information using the superposition principle



Non Destructive Testing - NDT
Most of NDT techniques are based 

on the emission and the reception of waves

For EVERY wave: 

Waves travel and are attenuated in a way that is specific to each 
material.

A reflexion/transmission couple is produced at each boundary between 
materials.



Willebrord van Roijen Snell
1580-1626

René Descartes
1596-1650
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Non Destructive Testing - NDT



Speed Attenuation

Non Destructive Testing - NDT



Non Destructive Testing - NDT

We use digital signal processing strategies
to measure the properties of the materials

OUT = IN*Filter



Ground Penetrating Radar - GPR



Ground Penetrating Radar - GPR



Ground Penetrating Radar - GPR



A radargram is the sum of 
all recorded traces

It must be processed using 
Digital Signal Processing

IT MUST BE INTERPRETED

Artefacts might be present
Source : LESTER.J, BERNOLD L.E. (2007) - Innovative process to characterize buried utilities using GPR.
Automation in Construction 16, pp 546–555.

Ground Penetrating Radar - GPR



A discussion between the civil engineer 
and the geophysicist must take place

Ground Penetrating Radar - GPR
COGNITIVE BIASES

We have a strong tendency to want to find
what we are looking for. Validation Bias

Measurements must always be placed in a
context, since alone, they do not contain
information.



James Clerk Maxwell
(13 june 1831- 5 novembre 1879) Les lois de 

l’éléctromagnetisme 
présentées en 1865

Theory
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Results and Examples



















Future and perspectives



Future and perspectives



Future and perspectives
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