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Resilience 

Resilience is difficult to quantify because it is a systemic 
metric... 
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System 

Resilience is difficult to quantify because it is a systemic 
metric... 

…and system is complex 

Amplification 

Interpolation 

(Franchin 2014)(SYNERG, 2009-2013) 



Resilience assessment → Resilience design 

Assessing resilience is a difficult task, 
Designing/building it into the system is even more 

Two, non mutually exclusive strategies to invest resources 
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Uncertainty in time of 

occurrence of shocks 

Prevention or cure? 
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Cure: reasons to wait 

Time to next shock 

(Meadows et al 2004) 
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Prevention or cure? 

In praise of prevention 

Uncertainty for 𝑡 > 𝑡𝑠ℎ𝑜𝑐𝑘 much larger 

What if the shock is TOO LARGE? 
Preventing the loss may be the only way 

𝑡𝑠ℎ𝑜𝑐𝑘 
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Resilience 

Research needs 

Hazard 
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1: Resilience-based 
design 



(Bisch 2015-18) 

Resilience-based design: 𝑅 → 𝑃 

The question is how safe is safe enough? 

Codes started with life safety, they’re moving to damage control, 
will they end up with community resilience? 

i.e. Performance-based design with resilience-based targets 



Resilience-based design: 𝑅 → 𝑃 
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Resilience-based design: 𝑅 → 𝑃 

Establish VCF event 

trees 

Step 3 

Combine VCF trees 

into single community 

tree 

Step 4 

C
o
m

m
u
n
it
y
 

re
s
ili

e
n
c
e
 g

o
a
l 

		
p

iji , jå £ P
max

NO 

Primary and 

secondary systems 

Shock 	25 	15

		C >25%
		25%>C >15%

		C <15% 	0.6
	
p

ij

Public services: 

tracking variable =  

Percent capacity disrupted C 

	0.3

	0.1

Shock 	20 	10

		R >20%
		20%> R >10%

		R <10% 	0.7
	
p

ij

Housing: 

tracking variable =  

Percent residents displaced R 

	0.2

	0.1

Establish acceptable 

probability of 

undesired outcome 

Step 2 

		
P
max

Establish community 

undesired outcome 

Step 1 

e.g.outmigration 

C
o
m

m
u
n
it
y
 

e
v
e
n
t 

tr
e
e
 

Evaluate 

mean annual target for 

each VCF tracking 

variables  

Step 6 

YES 

		

E Réééé= R
j
p
1 jj=1

3

é

E Céééé= C
j
p
2 jj=1

3

é

Expected annual disruption compatible 

with community resilience goal 

	20 	10

Housing 

(R) 

Public 

services (C) 

	25 	15 	0.42

	0.21

	0.07
	0.12

	0.06

	0.02

	0.06

	0.03

	0.01

		R <10%&C <15%

		R >20%&C >25%

	0.7´0.6=0.42

	0.1´0.1=0.01

	0.42

	0.21
	0.07

	0.12

	0.06

	0.02

	0.06

	0.03

	0.01

Identify 

adverse event 

sequences causing 

undesired outcome 

and associated 

probabilities 

Step 5 

	20 	10

Housing 

(R) 
Public 

services (C) 

	25 	15

		
p

iji , j

adverse

å =0.25

(Mieler et al 2013) 
? 



Resilience-based design: 𝑅 → 𝑃 

Systemic analysis can fill this gap 
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2: System model 
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Connectivity Flow 

(Cavalieri et al 2014) 

System functional model 

Power networks: much more difficult problem 
(SECD formulated in 1955 still no fast/robust solution technique) 

People are doing everything ranging from pure connectivity, to DC 
(linearized), to AC (nonlinear). Truth is that even AC is incomplete 

Power networks 



3: Components’ 
models 



Systemic analysis → 100s or 1000s of components → surrogate 
models 

Component damage model 

𝑝 𝐿𝑆𝑖,2 𝐼𝑖  

𝑝 𝐿𝑆𝑖,1 𝐼𝑖  

𝐼𝑖 = 𝑥 

Intac
t 

Damage
d 

Collapse
d 

𝑝 𝐶𝑖 = 0 𝑥  

𝑝 𝐶𝑖 = 1 𝑥  

𝑝 𝐶𝑖 = 2 𝑥  

𝐼𝑖 is just one parameter of ground motion 
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Fragility is structure & site-dependent 

Fragility from field damage → difficult to generalize → numerical 

simulation 
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fragility 𝑝(𝐿𝑆𝑖𝑗|𝐼𝑖) →  damage given intensity 𝑝(𝐶𝑖|𝐼𝑖) 
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Component damage model 

Fragility analysis via numerical simulation is a delicate business. 
Results depend on: ground motions, numerical model, analysis 

method, statistical method and modelled uncertainty 



Refined fragility analysis of archetype buildings should not be 
used to support fragility functions for classes of assets! 

Component damage model 

(Borzi et al 2015)(Franchin et al 2016)(RINTC Workgroup, 2018) 
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direct   𝐿𝐷 = ∑𝐿𝐷𝑖 
indirect 𝐿𝐼 = ∑𝐿𝐼𝑖 + ∑∑𝐿𝐼𝑖𝑗 

RINTC project 2015-2018 
Tens of RC, PRC, URM, steel 

buildings 



Conclusions 



• Resilience is improved by reducing vulnerability and 
improving response/recovery 

• Vulnerability reduction seems the most reliable, given 
the uncertainty in 𝑡 > 𝑡𝑠ℎ𝑜𝑐𝑘 

 

• Components’ damage: need better surrogate models 
Fundamental research in structural and geotechnical 
engineering is still needed 

• Systems’ behaviour: need more realistic 
representation (flow! Or enhanced/smart 
connectivity…) 

 

• If former two are achieved, systemic analysis will be 
reliable enough to link performance of the components 
to global community resilience goals. This will provide: 
• A rational basis for performance targets in next generation 

codes 

• Support for building decision-support systems for use in real 
time 

 

Conclusions 



Thank you! 
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