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Community:

Geographically bounded entity with shared history and future
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Community Resilience

= Not giving up
= Continuity of community
existence thorough the
survival of its inhabitants
and the continuity of its
social and economic
functions

= Hypothesis: community
resilience depends on the
resilience of its built
infrastructure

http://science.k12flash.com/naturalhazards.html
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Community Functions and

Its Civil Infrastructure Systems
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Raking of Important community functions
(SERRI and CARRI, 2009)
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Quantification of
Community Infrastructure System Resilience

= Measured in terms of Event adapted
loss of community
function (MCEER’03) %%

= Collapse:

= Abandoned
= Ductile:

= Did not give up
= Robust:

= Same as before
= Adapted: Smeeo_oo_foEpehg

= Better than before

"ductile"

"elastic" threshold
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Community function performance
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absorb recover time (yr)
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Quantification of
Community Infrastructure System Resilience
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Quantification of
Community Infrastructure System Resilience
= Suffers an

(instantaneous) l Supply

drop when the
event occurs
= Recovers over time Losses
= Recovery depends
on the vulnerability
and recovery of
elements of Time

community (not to scale)
infrastructure Loss of supply Recovery of supply

= |nfrastructure
system supply:

Event

Infrastructure System Supply
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Quantification of
Community Infrastructure System Resilience

= |nfrastructure
system demand:

= Suffers an
(instantaneous)
drop when the
event occurs

= Recovers over time

= Recovery depends
on the vulnerability
and recovery of
elements of
community
infrastructure

Event
—

Demand

Losses

Infrastructure System Demand

Time
(not to scale)

Loss of demand Recovery of demand
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Supply/Demand Formulation
to Quantify Community Infrastructure Resilience

i
= Lack of LoR,,, = [(D,,,()=C,, (t))dt
Resilience S f
is the unmet g - Lack of Resilience
demand of the ¢ —
. IC
community for ¢
the considered &
resource: e
o
= Power, water, =
communication... £
— Time
(not to scale)
Loss of supply Recovery of supply
Loss of demand Recovery of demand

Didier M, Broccardo M, Esposito S, Stojadinovic B (2017). A Compositional Demand/Supply
Framework to quantify the Resilience of Civil Infrastructure Systems (Re-CoDeS).
Sustainable and Resilient Infrastructure.
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Re-CoDeS Framework

supply nodes considered elements:

- efficiency losses of supply
facilities (e.g. due to ageing)
- damages of supply facilities

supply capacity
Sci» Sc,sys=2Sc,i

system level considered elements:
- transmission losses
model - network inefficiencies
- link capacity limitations

- link damages
- allocation strategy

distribution nodes

demand
D;, Dgys =5D;

consumption
C; =min(S,,;D), Coys = 5C;

available supply
(to distribute)
Savi+ Savsys # 2 Savi

Sustainable and
Resilient Infrastructure

considered elements:

- efficiency losses of distribution
facilities (e.g. due to ageing)

- damages of distribution
facilities

s More details in:
Institute of Structural Engineering https://doi.0rg/10.1080/23789689.2017.1364560
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Community properties

Re-CoDeS Framework:
Physics-Based and Modular

Hazard characteristics
(€.9. moment magnitude)

Hezard-specific community properties (e..

fault position, soiltype) Hazard module

‘Spatially distributed intensity
measures (e.9. PGA)

Vulnerabilty-specific community properties

(e.9. seismic fragilty curves) Vulnerability module

Damage states of components

Functional recovery
module

Functional recovery-specific community
properties (e.g. repair rate of components)

Institute of Structural Engineering
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Component functionaity
ver

Resilience quantification
module

Resilience metrics

Poals)

SHOHCH

12

= Lack of Resilience is
the unmet demand of
the community for the
considered resource:
= Power, water,

communication...

= Interdependences
among civil
infrastructure system
components play a
significant role in
community recovery

Institute of Structural Engineering
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Re-CoDeS Framework:
Interdependence among Infrastructure Systems

Emissions

Hedoehon

. __ Control Syst

Fuels, Lubricants

" "Flel Transport,
Shipping

Fuel for Generators,
Lubricants_

Fuels, Lubricants

Power for Pumping
Stations, Stor 3,

Power for Pum

ater for
Weeing,
Emissions
Heduction .~

7 Fuel
Transport,

" Power for
Compressors,

e SO o d
Water ‘D“S:i - Reduction

Shipping

SCADA,
__Communicat

a\j&:o;‘: Cooling:

Rinaldi et al., 2001
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A Virtual Community

= Area of 10 x 30 km

= Housing for 3600
inhabitants

= Three infrastructure
systems:
= Electric Power Supply

201

= Cellular Communication
= Water Supply
=  Three types of links:

= Power lines
= Water pipes

101

= Roads (to transport repair
crews, machinery and
material)
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A Virtual Community:
Seismic Hazard and Risk

= Area of 10 x 30 km
= Seismic hazard:
= Origin 0
= Intensity and likelihood
= Geographic extent
= Predictability
=  Community inventory:
= Exposure
= Vulnerability

= Recovery
= Safety
= Function

201
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A Virtual Community:

= Community
components are
dependent on each
other for function

= Interdependencies
among infrastructure
systems are defined at
the component level

Institute of Structural Engineering
Structural Dynamics and Earthquake Engineering Group

Interdependence among Infrastructure Systems

16

= Restoration of

component function

depends on:

= lts damage

= Resources needed for
recovery

= Start and rate of its
recovery

= Availability of resources it
needs to function:

= A generator needs cooling
water and communication

Institute of Structural Engineering
Structural Dynamics and Earthquake Engineering Group

A Virtual Community:
Interdependence among Infrastructure Systems

Emergency response center

17
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A Virtual Community:
Interdependence among Infrastructure Systems

Pre-disaster state:

Post-disaster state (t=0) :
¥

ples:
Demands:0.SMWh, 0.SMl/day

Iteration process at time step 0

= At each recovery

Distribute: Cellular Cooling water

H Power (MWh) communication (E) (MI/day)
time step, : s
o W - © § M Towm

functionality of
each component
is established in
an iteration
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A Virtual Community:
Post-Earthquake Recovery Simulation
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A Virtual Community:
Post-Earthquake Recovery Animation

Time Step: 1

-d) _____ A 3 : ey @
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A Virtual Community:
Effect of Interdependencies
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A Virtual Community:
Effect of Interdependencies

2
&

\‘
3

2
3

@
&

&
&

~
0
=
e |
indep _
LoRD%® = 236.2MWh |
LoRg‘:":;’= 410.5 MWh

@
8
===

Demand, Supply Capacity, Consumption [MWh]
N
8

S

0 . . L . L . L
-10 0 10 20 30 40 50 60
Time [day]

Instantaneous (here: daily) LoR information
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A Virtual Community:
Effect of Interdependencies
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A Virtual Community:
Effect of Interdependencies
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Lack of Resilience regarding EP

Interdependency increases community disaster risk exposure

Institute of Structural Engineering
Structural Dynamics and Earthquake Engineering Group

24

A Virtual Community:
Investigation of Community Sensitivity
= Sensitivity analysis: . g )
= Sobol index approach ST e T AT E T Cae |
\‘_ ‘
= Find whigh L]z e, |
community N T
infrastructure .
elements contribute st o 2
the most to changes | [ |
in community e
disaster resilience | o |
(or lack thereof) |
Institute of Structural Engineering 4 5 = S =+ < 5 = < =
Structural Dynamics and Earthquake Engineering Group
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A Virtual Community:
Optimization of Disaster Preparedness Actions

= Optimize the amount of
resources and services
needed for recovery . Sestivity anayss for cpergency suply of ERC Pover Supply (MW, medan o 10 rens
= Recourses: :
= Repair crews
= Repair materials \_
= Repair machinery '
= Emergency services

= Mobile power
generators

= Satellite phones
= Water supply trucks ‘ ' S R Pover Sy W oo

vation

LoR relative to last obs
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Challenge:
Make Communities more Resilient

= Community risk is increasing:
= Population growth
= Productivity and innovation

» Resilience is systemic
= Engineering resilient
communities is a key element

of societal risk governance

= Re-CoDeS framework can be used for
community resilience evaluation and
design

Institute of Structural Engineering
Structural Dynamics and Earthquake Engineering Group

https://www.nytimes.com/2019/07/16/opinion/smart-cities.html
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