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Lecture 1

Massive Open Online Course
Resilience, Sustainability & Digitalisation in Critical Infrastructure

Introduction to Resilience, Sustainability and Digitalisation
of critical infrastructure systems

Dr Stergios-Aristoteles Mitoulis
Scientific Manager of ReCharged
Head of Structures & Associate Professor
University of Birmingham
S.A.Mitoulis@Bham.ac.uk
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Lecture 1 Outcomes

« Define resilience and its properties for critical infrastructure assets, networks and systems.
« Define sustainability and its properties for critical infrastructures assets, networks and
systems.

« Explain the importance of digitalisation and its applicability for enhancing resilience and

sustainability of critical infrastructure assets, networks and systems.
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ACTIVITY 1: What is Resilience?

« The history of resilience: from economy to engineering
» Resilience in critical civil infrastructure

 The many faces of resilience. What is your experience?
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The history of resilience: from economy to engineering
OED Oxford English Dictionary

The word resilience first appears in books in 1626.

11. 1 The action or an act of rebounding or springing back; rebound, recoil. Obsplete.

1626  Whether there be any such Resilience in Eccho's.
F. Bacan, Sylua Syluarim 5245

1656  Resilience, a leaping or skipping back, a rebounding.
T. Blount, Glossographio

1834  Mightier far was Lhe joy of thy sudden resilience.
5. 7. Coleridge, Hymn ro Carth in Friendship’s Offering 166

1843 The Heaviest..has its deflexions..nay at times its resiliences, its reboundings.
T. Carlyle, Past & Presenti.ii. 15

1866 The heart does not always propel without resilience.
J. Martineau, £ssays Philosaphical & Thealogical 1st Series 41

UNIVERSITYOr
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1626-1866

1.2a. Elasticity; the power of resuming an original shape or position after compression, 1807-
bending, elc.

1807

1822

1824

1937

1990

Ihe resilience is jointly propaortional to its strength and its toughness, and is measured
by the preduct of the mass and the square of the velocity of a body capable of breaking it.

T. Young, Course of Lectures on Narural Phifosophy vol, |, xiii, 143

The natural elasticity or resilience of the lungs.

|. M. Goad, Study of Medicine vol. I, 10

The term modulus of resilience, | have ventured to apply te the number which
represents the power of a material to resist an impulsive force,

T. Tradgald, Practical Essay on Strength of Cost iron 82

Ta bend back again.., if the metal possesses sufficient resilience to do so.

C. T. F. Young, Fouling Iren Ships 164

[The skin] giving a sensation of the loss of all elasticity or resilience.

1. C. allbutt et al., System of Med(cine vol. 1IV. 470

This Goodrich putty, made of rubber, never loses its resilience.
Life 13 September 18/2 (advertisement)

Linen as a fabricis valued for its resilience and strength.

Capnoisseur September 70/1
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The history of resilience: from economy to engineering

OED Oxford English Dictionary

The word resilience first appears in books in 1626.

1. The actionan an-aciof seboundingonspringingbackjsreteound, recoil.

1626

1656

1834

1866

Whether there be any such Resilience in Eccho's.

F. Bacan, Syfua Syluarim 8245
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Frequency*

Frequency of resilience, n., 1750-2010

Decade

e“er positior: after:compressioneriding, ete.

resilience is jointly proportional to its strength and its toughness, and is measured
he preduct of the mass and the square of the velocity of a body capable of breaking it.
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The history of resilience: definitions

Holling (1973)

Horne and Orr (1998)

Gunderson et al.
(2002)

Bruneau et al. (2003)

Resilience Alliance
(2005)

United Nations Office
for Disaster Risk
Reduction (UNISDR,
2009)

National Academy of
Sciences (NAS, 2012)

Ecological systems resilience is a measure of the persistence of systems and of their ability to absorb
change and disturbance and still maintain the same relationships between populations or state
variables

Resilience is the ability of a system to withstand stresses of environmental loading...[it is] a fundamental
guality found in individuals, groups, organizations, and systems as a whole

Engineering resilience is the speed of return to the steady state following a perturbation ecological
resilience is measured by the magnitude of disturbance that can be absorbed before the system is
restructured

Resilience is defined in terms of three stages: the ability of a system to reduce the probability of an
adverse event, to absorb the shock if the adverse event occurs, and to quickly re-establish normal
operating conditions. So resilience thus encompasses the four characteristics of robustness,
redundancy, resourcefulness, and rapidity. Are considered four types of resilience: technical;
organizational; economic; and social

Ecosystem resilience is the capacity of an ecosystem to tolerate disturbance without collapsing into a
gualitatively different state that is controlled by a different set of processes. Thus, a resilient ecosystem
can withstand shocks and rebuild itself when necessary.

The ability of a system, community or society exposed to hazards to resist, absorb, accommodate to
and recover from the effects of a hazard in a timely and efficient manner, including through the
preservation and restoration of its essential basic structures and functions

The ability of a system to perform four functions with respect to adverse events: (1) planning and
preparation, (2) absorption, (3) recovery, and (4) adaptation.

I UNIVERSITY®T
y BIRMINGIIAM
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The history of resilience: from economy to engineering

Resilience concepts and strategies used extensively in the banking and finance system post-1970
record of severe recessions and financial crises.

Resilience in economy includes two key components (Hallegatte 2014).

1. the ability of an economy as a whole to cope, recover from and reconstruct after a shock;

2. the resilience of individual households or firms, and their ability to cope with or recover from a
shock and adapt to changing economic circumstances in the wider economy. In this case, it can
relate to the distributional effects of a shock (who is affected and how) as well as the vulnerability of
Individuals to the shock and the nature of any welfare provisions that are in place.

High Resilience

Resilience in the economy focuses on minimising overall

welfare losses. Greater resilience reduces the economic "‘f‘i‘:'?“‘““”
. of the Economy

losses from shocks over time.

Low Resilience

Alternatively, resilience can be viewed as a means to Disaster Threshold

promote welfare gains. This perspective, central to

development economics, suggests that strengthening —n
the economic assets of individuals and communities
enhances their ability to withstand economic shocks.

L J1 I J

Anticipate and Adapt Absorb Recovery and Adaptation Period
to Shocks Shock (varies based on level of resilience)
Time
o*’ 3 UNIVERSITYOF Source: OPOR

" BIRMINGIIAM
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The attributed of resilience - the 4Rs (Bruneau et al. 2003)

R,

/ Robustness \

the ability of systems to
withstand a certain level of stress
without suffering loss of function.

S /

Resourcefulness

disrupt the system.

A\

/ t resilience
|

the ability to identify problems
and resources when threats may

Wy

: 7@ UNTVERSITYOT
“eCharged P BIRMINGIIAM
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The dimensions of resilience

P opuLATION AND DEMOGRAPHICS sngie e (Individual” [Plot (Property ( Building
Composition, Distribution, Socio-Economic status, etc. % Family Neighborhood
ENVIRONMENTAL/ECOSYSTEM ’ \

: : - . , Town City  Municipality
Air quality, Soil, Biomass, Biodiversity, etc. @<: - L L
i

ORGANIZED GOVERNMENTAL SERVICES J

Legal and security services, Health services, etc.

\.
[ County

PvsicaL INFRASTRUCTURE @< e -
.

Facilities, Lifelines, etc. o

"~

— State
LIFESIYLE AND COMMUNITY COMPETENCE |V<
Quali : Multi-State
uality of Life, etc. -

ECONOMIC DEVELOPMENT r—w<: National

Financial, Production, Employment distribution, etc. V Multi-National

SOCIAL—CU LTURAL CAPITAL T Continental
Education services, Child and elderly care services, etc. VI < Gl
- obal

- 0%,
™ °

”ﬁ%“éﬁ }JH{E}EEZIﬁgi The PEOPLES Resilience Framework and associated Geographic Scales (Renschler et al. 2010)1
rﬂ" K A ‘. o

! ° ‘
' % ®ecCharged
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The domains of resilience

infrastructures, facilities, equipment,
sensors, system states, capabilities,
functional levels, interconnection

Plan Absorb Recover  Adapt

creation, manipulation, storage of data,

literacy, knowledge, access to information, Global
resources that promote understanding of Social Regional
resilience pathways, solutions to adverse County
events Cognitive State

Health Region
understanding, frameworks and mental Inforration -

models, preconceptions, biases, and values,
cope with stressors, baseline health and
needs

positive social interaction, community
participation, participatory decision
making, self-synchronisation between
individuals and entities

®Charged

A UNIVERSITYOT
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Physical

Neighbourhood
Home

Individual
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Resilience concepts

R

®eCharged %l

Technical

Organizational Robustness

Social
Four

Attributes
Redundancy

Resilience

Economic

Resourcefulness

Three
More Reliable £RRL U Fast Recovery

Low Socioeconomic Consequences Qi and Mei (2024)

A UNIVERSITYOT
BIRMINGIIAM
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Role of resilience in systems, emphasising importance of combating disruptions

Time Periods Resilience Management Steps Resilience Stages/ Phases

Linkov, I., & Trump, B. D. (2019). The science and practice of resilience.
Cham: Springer International Publishing.

14
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Resilience in critical civil infrastructure - the four phases

Phases Preparedness Emergency Recovery

b P F—
-

L o L

Preparedness @ /fx‘dupll‘\'c
_Hazard w Capacity

v

Recovery
Capacity

Robustness

Multi-scale Capacity (Q, %)

The four components and phases of resilience

t,: time point of hazard occurrence; t.: end of hazard occurrence;
t.: start of recovery; t:: recovery of full functionality

R:"f; ggs  UNIVERSITYOF

Time
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Reflection:

Think about an occasion of your professional life where you
Incorporated resilience and its many faces of resilience.

What is your experience?

3.

o 3 UNIVERSITYOT
®eCharged % BIRMINGIIAM


https://www.birmingham.ac.uk/research/activity/civil-engineering/future-structures
https://msca-recharged.eu/

ACTIVITY 2: What is Sustainability?

* A brief history of sustainability
e Sustainable Development Goals and policies
e Sustainability in critical civil infrastructure

 What is your experience of sustainability?

& g UNIVERSITYOT
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A brief history of sustainability

The 4 Pillars of

SUSTAINABILITY

Environmental

Source: thesustainableagency

4

THE HISTORY OF
SUSTAINABILITY

Ty this time, T1e natusal ervircament
was being altzred by numans, mostly
air and water pollotion and
delsrestation n Euncge.

Ihe wesds aeqan f2eirg maor 2 nvironmen:s
esugs. The discaurse transformed from =
focus an polluticn to glehal concam sbout
the survival of the Fumar race, its tuture
canaralions, ard plaral,

I he sustalnability
=ne st Carth Day, 3
activism, the firs: LN conerarce, 2nd ma
piecas of legislation. The word sustanan

Ancient aulburs shased concens
of ervienmentdl cegradation by
Fumarg, and suagested 1ess
Farmful practices

Tha incustrial revolution Braught an
inTrezsa inary 2ty ann diacussions
about evercensumption of natura

resources by scholars and clizens.

cnt accelerated globally
fase In environmentsl

:‘A‘

begar seng usad, butin many dillerant corlestis

Tae UN Brunctiznd Commission defirition of
sustainahle opvainpmient DECAME TNE Most

regarded in the

tainability movament. Businessas

Legan using susdainabilily as @ seiling poirl. Bul 1
Suslainalihty is now used ambigucusly and oven 8
caozptively, sl wille climate Charge wessans
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Sustainable Development Goals and policies

The 2030 Agenda for Sustainable Development, adopted by all United Nations Member States in
2015, provides a shared blueprint for peace and prosperity for people and the planet, now and into the
future.

At its heart are the 17 Sustainable Development Goals (SDGs), which are an urgent call for action by
all countries - developed and developing - in a global partnership. They recognise that ending poverty
and other deprivations must go hand-in-hand with strategies that improve health and education,
reduce inequality, and spur economic growth — all while tackling climate change and working to
preserve our oceans and forests.

GO0D HEALTH QUALITY GENDER CLEAN WATER
AND WELL-BEING EDUCATION EQUALITY AHD SARITATION

e

9 sovmcnre [l 10 seasiires

DECERT WORK AND
ECONOMIC GROWTH

(=)

13 CLIMATE 1 PEACE, JUSTIGE
ACTION

AND STRONG
INSTITUTIONS
L 14

‘I PARTRERSHIPS
FOR THE GOALS

*’, , UNIVERSITYOT
Q"Charged to> DBLRMINGHAM Source: sdgs.un.org

19


https://www.birmingham.ac.uk/research/activity/civil-engineering/future-structures
https://msca-recharged.eu/
https://sdgs.un.org/2030agenda
sdgs.un.org

Sustainable Development Goals and policies

=== BUILD RESILIENT INFRASTRUCTURE, PROMOTE INCLUSIVE AND
% | SUSTAINABLE INDUSTRIALIZATION AND FOSTER INNOVATION

‘.—m-

S50 MAKE CITIES AND HUMAN SETTLEMENTS INCLUSIVE,
alide | SAFE. RESILIENT AND SUSTAINABLE

TAKE URGENT ACTION TO COMBAT
CLIMATE CHANGE AND ITS IMPACTS
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Life Cycle Analyses

R

LCC
SS costs PRODUCT SYSTEM SS Gain/Losses
Input | PROCESS 1 O’utput
Intermediate flows
Input » PROCESS 2 -+ PROCESS 3 Qutput -
Emmisions,
Energy, resources waste
LCA
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Life Cycle Assessment — ISO 14040 - 14044

What:

“Compilation and evaluation of the inputs and outputs and the potential environmental impacts of a product

system during a product’s lifetime.”

/System Boundaries

N

Goal & Scope

1l

Life Cycle Inventory

1l

Life Cycle Impact Assessmen

n1nn

N

Evaluation

&

0%,
@

®
®eCharged §

" UNIVERSITYOr
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/Purposes

—
<4

Development and improvement

of products
Strategic planning

Political decision-making
processes

Marketing

KOther

™

/
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Sustainability in critical civil infrastructure

Common four life-cycle stages and their information
modules for construction products and construction works

Product Stage (A4-A5)
Construction
Stage

(D)
Beyond Life

A2 - Transport
A3 — Manufacturing

B2 — Maintenance
B3 — Repair
B5 — Refurbishment

B4 — Replacement

A1l - Raw Material Extraction

A4 — Transportation
AS — Construction &
Insulation

:.':- 1]

@ =
(&

O

= B

@ QU

o o

B6 — Operational Water

B6—Operational Energy | &

R:":; zm  UNIVERSITYO?

——
oo
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w
=
i
o
w
]
e
Q
O
>
w
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Sustainability in critical civil infrastructure

R

. "o
®eCharged

Cradle to grave analyses

Product Stage

Construction
Stage (B1-B7)
Use

(D)
Beyond Life

A2 - Transport
A3 — Manufacturing

B2 — Maintenance
B3 — Repair
B5 — Refurbishment

B4 — Replacement

......
>

B6 — Operational Energy “ =R C
B6 — Operational Water e i

A1 — Raw Material Extraction

A4 —Transportation
AS — Construction &
Insulation

Recovery
Recycling
Exported Energy

739 UNIVERSITYOTr
ey DBIRMINGIIAM
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Sustainability in critical civil infrastructure

Cradle to cradle analyses

Product Stage (A4-A5)
Construction
Stage

A2 - Transport
A3 — Manufacturing

B2 — Maintenance
B3 — Repair
B5 — Refurbishment

B4 — Replacement

ol

B6 — Operational Energy |
B6 — Operational Water | & i

A1l — Raw Material Extraction

A4 —Transportation
AS — Construction &
Insulation

R-"':: e el TV ERSLLY s s s
*echarged &gp BLRMINGIIAM

Recovery

Recycling
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Sustainability and circularity — options for end-of-life of products

* Recycling = Giving waste a new outlook on life. Recycling restores an object to its original state.

Examples: paper is transformed to pulp, plastics are melted and shaped into new objects (different)

* Reuse—> Repurposing items and products for extended use.

Example. Shopping Bag reuse. No material processing

* Recovery = repurposing and processing most of the waste that would otherwise be discarded.

Example: Thermal recovery: timber elements are subjected to combustion.

Thermal energy is recovered from the combustion ~Reduce

Reuse
Recycle

Recover

e
. a

s UNIVERSITYOF
. Zgm UNIVERSITY®
®eCharged &P
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Sustainability in critical civil infrastructure — System boundaries
Example on a building and challenges

* High complexity
* Different components and materials
* Consideration of operational energy

Embodied impacts

Operational impacts

* Time-Consuming data collection

* Need for data coming from different
simulation tools

* Assessment of direct impacts (related

== === === S TmmEmEEE s ] to the each built systems)
Building System Boundaries

o Fg® UNIVERSITYOT
®eCharged - BIRMINGIIAM
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Sustainability in critical civil infrastructure — System boundaries

Example on infrastructure and challenges

* Lower complexity of single
infrastructure part (e.g. transmission

tower) Indirect impacts
«  Communities are dependent from I"' -= 7y
. —L )
infrastructures I [enn] | _
I |aaa]| , -7 @
| (W g
e
* Consideration of indirect impacts : 222 '.‘ @
(social, economic, environmental) > | _ ﬂ"g\ ﬂ |
increased complexity of data I VAR ®

collections

ey, 0%,
. °
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Sustainability Assessment and integration in planning process - challenges

Design
stages
definition

Core
Objectives

Detaleq des

Future oriented

n
’
anufacturl Handover Operation End of use, ™
and "9 and : re-cycling ™%
pnstructic close out manageme

REt Yros p e Ct ive Source: Passer et al. (

Earlv decision making

LCA as a tool supporting the decision-making
Improvement potential very high

Uncertainties level high / very high

Addressing uncertainties and communicating them

essential task.

i UNIVERSITYOr

... ° %’ r’
. - - 9 M B B

Sustainnability Certification

BREEAM'

 LCA as a final assessment tool
* All relevant decisions already occurred

 Improvement potential low
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Reflection:
* Think about an occasion of your life where you considered sustainability.
* Give an example of a sustainable and non-sustainable infrastructure system.

* Mention sustainable solutions to critical infrastructure development, considering

e.g. materials, resources, reuse.
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ACTIVITY 3: What is digitalisation?

* Emerging technologies and digital data
» Digitalisation in critical infrastructure management

* Your experience in digitalisation
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Type of technologies for monitoring & assessment REMOTE SENSING

Remote Sensing provide high-resolution imagery and data about
infrastructure assets. These technologies are useful for assessing large-
scale projects.

Geographic Information Systems (GIS) combines spatial data with
attribute information to create digital maps and models of infrastructure
assets. It enables the visualisation, analysis, and management of
infrastructure data. BEal World

GIS Layers Data

Non-Destructive Testing (NDT) techniques employ digital technologies to
assess the condition of infrastructure components without causing
damage.

Structural Health Monitoring (SHM) systems use sensors and digital
technologies to continuously monitor the behaviour and health of
structures.

Internet of Things (loT) refers to a system of interconnected devices that
have sensors and embedded processing abilities.

. < a- . . w3 OD . ST
Mobile Applications could be designed for infrastructure assessment 24 INTERNETor &

streamline data collection, documentation, and reporting processes. =l
POTHING P % THINGS .
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Remote Sensing

:;,& \z-/ oy ()

satellite LiDAR photogrammetry total station

Remote sensing

Photogrammetry

Remote sensing is the acquisition of information about an object without making
physical contact, in contrast to in situ or on-site observation. It allows to capture,

visualise, and analyse objects.
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Structural Health Monitoring (SHM)

e Structural Health Monitoring (SHM) is a systematic process that involves using sensors, data
acquisition systems, and analysis technigues to continuously monitor the condition and

performance of infrastructure assets.

* The primary objective of SHM is to detect any changes or anomalies in the structure behaviour and
health, providing early warnings of potential

issues and aiding in maintenance and decision-making.

* SHM of infrastructure involves the following tasks:
* Sensor deployment and data acquisition
* Data analysis and interpretation
e Condition assessment and remaining life estimation
* Predictive maintenance
* Long-term performance evaluation

UNIVERSITYOr
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Digital inspection of structures

Automated inspection framework consists of two main steps:
1. Utilising optical sensing theologies for remote automated data acquisition;
2. Data processing and inspection using Al techniques

3. Created digital models to continuously store, manage and analyze collected data

UNIVERSITYOr
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Markogiannaki et al. (2022)
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Digital inspection of structures Y
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Digital inspection of structures

UAVSs for enhancing post-disaster resilience of damaged structures

3D digital model of the town center
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Machine learning

“field of study that gives computers the ability to learn without being explicitly programmed”
(Samuel, 1959)

“a computer program is said to learn from

Process Measure

_l

experience E with respect to some class of

tasks T and

performance measure P

Improve

if its performance at tasks in T, as measured by P, improves with

experience E.”
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Machine learning

There are generally three types of machine learning:

(1) supervised learning, Labelled data

(2) unsupervised learning, and Unlabelled data

. . _ Labelled data
(3) semi-supervised learning
Unlabelled data

e g UNIVERSITYOF
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Methods for digital assessment of structures

Artificial Intelligence

To simulate human intelligence

* Artificial Intelligence (Al) |
* Computer Vison ' -
* Machine leering
* Robotics

Deep
Learning

Computer Vision

Detection & Image
matehing  processing

Segmentation

* Building information Modelling (BIM)
Non-Graphical

Graphical Data Building Information Modelling:

“the process of designing, constructing or operating a building or
infrastructure asset using electronic object-oriented information”
(BS EN I1SO 19650-2: 2018)

“a digital representation of physical and functional characteristics of
a facility. A BIM is a shared knowledge resource for information
about a facility forming a reliable basis for decisions during its

Documents lifecycle; defined as existing from earliest conception to demolition.”
_UST™
D o s UNIVERSITYOT (NBIMS-UST™) "



https://www.birmingham.ac.uk/research/activity/civil-engineering/future-structures
https://msca-recharged.eu/

BIM collaborative project development

R

Client

Design Team

\

Architect

Civil/Structural Engineer

Services Engineer

Cost Consultant

Computer Analysis

N /
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Facilities Manager

Main
Contractor

Steelwork Sub
Contractor

Concrete Sub
Contractor
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Computer vision tasks and methods

» CV tasks refer to the specific objectives or goals that
computer vision techniques aim to achieve in the Image Image segmentation
context of infrastructure inspection. These tasks are classification Object detection
designed to extract meaningful information from
visual data and enable automated analysis and

understanding
Image generation

* CV methods refer to the specific techniques and Image enhancement Image
; ; i captioning
algorithms used to accomplish the computer vision
tasks. These methods can vary based on the type of
data available, the complexity of the structures, and
the specific inspection requirements.

3D reconstruction

Visual Action recognition

tracking Pose estimation
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Vision based automatic inspection of bridges

Example of application of
Computer Vision methods
for inspection and analysis
of bridges

* UAV-based image
acquisition

* Object detection

e Object grouping and
model recontraction

 Condition detection

» e Fgs UNIVERSITYOT
% echargea & BIRMINGLIAM

(i) Image acquisition

Structure

O : Object

(i) Object detection

[C]: Object patch (obj)

obj3 Bolt detection

(iii) Object grouping

Object 3
Object 1
Un: Object2

&1

Objectn

(iv) Damage detection

Fatigue crack

Damage
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BIM and DTs

* In general DTs consist of:

e Physical layer

* Data transfer, store, management
and communicating layer

* Modelling layer
* Application layer

* BIM can be:
e subset of DT (model)
* or a way to deliver DT

B R zm UNIVERSITYOF
" %echarged &g¥ BLRMINGIIAM

Application
layer

Modelling
layer

Communi-
cation layer

Data store &
management

‘eeu @wmm __________ /
Data transfer & | [l jooo @ S
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BIM to Digital twins

* Level 1: A static 3D visualization tool, a better information sharing strategy for
different stakeholders across the building life cycle;

* Level 2 : BIM-supported simulations based on static project information;

* Level 3: Integration of BIM and IoT techniques, real-time sensor data can be
easily obtained and visualized in 3D digital models;

* Level 4: Associated with real-time predictions, by incorporating algorithms,
more accurate and reliable decision-making strategies can be obtained PN
automatically or semi-automatically; Ve o]
* Level 5: Conceptual framework of ideal Digital Twin: automated feedback ,
control for adjustment of parameters: e/ | é‘ o

Fitz 1 Evolution af M o Digital Tiving in the Built £Environment

g9 UNIVERSITYOT
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Emerging technologies and digital data

Emerging digital technologies and applications toward climate resilience of infrastructure.

Emerging digital technology

Definition

Examples toward climate resilience

&= ~{%';_; &,
* LJC')O- 4 '&\;‘ 1
¥ INTERNETof” g

f‘#THINGS i &

Internet of Things (IoT) (Russell
et al.,, 2018)

-: f&éﬁ&-‘-‘ ?Y\ @
\5, oz czni.

Artificial Intelligence (AI) and
Machine Learning (ML) (
Spencer et al., 2019)

Building Information
Modelling (BIM) (Davila
Delgado et al., 2017)

Digital Twin (DT) (CDBB
(Centre for Centre for Digital
Built Britain), 2018)

,la‘"';”!‘.![': 1
1 7 i S P i Agent-based modelling (ABM)

(Dawson et al., 2011;
Cimellaro et al,, 2019)

pmey  UNIVERSITYOT

The connection over the internet of digital and physical
objects, e.g. smartphones, transport infrastructure, energy
assets, by means of suitable information exchange, to enable
data collection, communication, processing and actionable
intelligence for a range of applications, services and
decision-making.

Adaptable intellect found in humans, which is simulated by
machines, especially computer systems, that can learn and
accumulate experience.

The information technology for management and exchange
of monitoring data, aiming to manage digital representations
of all information related to a built asset during its entire life
cycle.

The digital replica of the physical assets, processes, and
systems,

DT is broader than BIM in the sense that transmits data,
monitors the asset in real-time and supports analytics,
control and simulation functions by e.g. Al and ML
processes.

A computational model simulating the actions and
interactions of autonomous agents, which can be complex
infrastructures, individuals or groups, aiming to interpret
behaviours based on characteristics and rules, and having
the ability to learn and to adapt their behaviours.

Data collection: a cable-stayed bridge is monitored for ice
accumulation, temperature variations, and wind loading.
Communication: wireless conveyance of data (internet or
other rapid transmissions).

Processing: engineering algorithm and thresholds

(automated performance indicators).

Actionable intelligence: issue warnings, e.g. reduction of
speeds, de-icing systems activated, swift functionality
reinstatement.

Utilizing Unmanned Aerial Vehicles (UAVs) for remote
automated data acquisition (videos and photographs) and
data processing and inspection using engineering algorithms
to interpret the condition of infrastructure such as roads,
railways and pipelines (automation, rapidity),

Selection of monitoring systems, e.g. fibre optics to measure
strain and temperature, and photogrammetry to generate
point clouds.

Data processing, using engineering algorithms and
documentation.

Modelling, system showing selected monitoring entities and
attribute sets.

Data visualisation and interpretation, on the BIM model to
gain geometrical context within the infrastructure asset,
rapid data-sharing.

Same methods as the BIM above, see example on the
landmark Polyfytos bridge of Scction 4 (Phase A).
Combined remote sensing systems are used to update
frequently the DT.

ABM evacuation of road networks in the vicinity of coastal
areas affected by storm surges could include the following:
hazard simulation, agent-based model of human response
and travel patterns, traffic simulation, agent vulnerability
and risk analysis, congestion warnings and hence enabling
preparedness, rapid quantification of vulnerability/
losses and recovery.
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Digitalisation in critical infrastructure management
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Your experience in digitalisation

Reflection:

« Think about an occasion of your life where you considered digital
technologies. What is your experience?

* Inyou experience how digital data and digitalisation will help the engineer to

make decisions more efficiently ?

4
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The lecture had the following learning outcomes

* Defined resilience and its properties for critical infrastructure assets, networks and
systems.

* Defined sustainability and its properties for critical infrastructures assets, networks
and systems.

* Explained the importance of digitalisation and its applicability for enhancing

resilience and sustainability of critical infrastructure assets, networks and systems.
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