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Nicky Hastings, Natural Resources Canada

REFLECTING ON AN
EARTHQUAKE ANALYSIS FOR A
MID-SIZED URBAN COMMUNITY
IN WESTERN CANADA

mmmmmmm Ressol naturellas 1 53 ]
B T oo rors Canada



Opport

Resi
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lence Risk

Resllience = capacity to withstand, respond & recever

Risk = probability x consequence
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What can we expect from a major quake?

T~

hazards: » ~ 20 seconds of severe ground shaking
» liguefaction along river valleys and waterfront
» landslides along steep/unstable slopes

building damage: 3 ~ 300 with significant damage, but repairable
» ~ 850 damaged beyond repair

» ~ 2,350 people injured ; ~100 are life-threatening
» ~165 fatalities

» ~14,000 homes without potable water @ 7 days
» ~6,700 homes without power @ 7 days
» ~11,000 truckloads of disaster debris

economic losses: . _ > 3 Billion of building-related losses
SR leesources natukcs > ~ $4.4M per day of business-related losses  (Canada
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Natural Resources Canada Methods for
Disaster Risk Reductlon

Urban - CMA
Urban - CA
Rural - strong MZ
Rural - modarate MiZ
Rural - waak MIZ

| Rural«no MIZ
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Risk Reduction &
Disaster Resilience Planning
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Making Cities Resitient - My City in Getting Ready!
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We live In earthquake country
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What can we expect from a major earthqguake?
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Coming to terms with earthquake risk
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Perceived Damage
MMI Scale Shaking

MNatural Resources
Canada

vl

Light
Pictures
ﬁ! \% felt by
\ move
a some
A ATl |
L Objects
Moderate fall to
felt by all
ground
Strong Non-
difficulty structural
standing damage
Very Moderate
S structural
difficulty i
driving EEL)e
Violent Heavy
general structural
panic damage
Very Extreme
violent structural
general T
panic 9

Ta® o s
»‘..‘ ~~ NG I -T— .
~ =1
~— 2
- % . P
- T —
® »
. )
1 - v _ 22 .
. = z g i
. * «® ’ :
I - oy -
. : N - ‘
' N et
N >
. % .
- .
»
- o g v o) ?

Who and what are vuInerabIe to
known earthquake hazards in the

Ressources naturelles €0 ion?
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What are the likely consequences of
a major earthquake in the region?

Canada



/

Not Considered in analysis

o Aftershocks

o Basin & topographic effects
o Tsunami

o Interdependency & v Landslides

uncertainty v Fire Following
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Ground shaking hazards

estimates based on a Georgia Strait M7.3 scenario earthquake
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Liquefaction Spreading
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Landlide Displacement
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Who is vulnerable ?

social vulnerability index contributing factors
Income & Family

e hlgh Language & Ethnicity

moderate Education
Age

Single Parents
Mobility

Service Industry
Gender

Cost of Renting

$ Home Ownership
\ Transportation
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What is vulnerable ?

General Building Type

Generalized construction types derived from 36 specific types used in Hazus analysis

& Wood Frame R ’
@ Concrete: Moment Frame or Shear Wall| J
@® URM: Unreinforced Masonry i :
Steel: Moment Frame or Braced Frame |
Other: (Precast, RM, MH)

~ # of buldings by
construction type
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Development history & vulnerability

o Seismic Design Level
R @ Pre-Code (1973)
L , @ Low Code (1973-1990)
gy »a Moderate Code (1990-2005) g
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Disaster Risk Reduction - Performance Measures

Georgia Strait M7.3 scenario earthquake
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What are the likely consequences of
a major earthquake in the region?

Economic Loss
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Hazus Fragility Curves
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Buildings — likelihood of damage

estimates based on M7.3 Georgia Strait earthquake scenario

Assets of Concern

7‘ Likelihood of Building Damage
Municipal Buildings

-4 "R *| School Facilities

* Child & Elder Care Facilities Moderate: localized failure of walls & supports

N
. '. Nt % ; \\ n None & Slight: minor damage to walls &
/ > ‘ . ‘. /\. supports

Extensive & Complete: permanent
structural failure and/or coflapse
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Recovery Time- Buildings

estimates based on Georgia Strait M7.3 scenario earthquake

recovery process ® 360-960 days

® 180-360 days
20-180 days

& 2-20days

® <2 days

zﬁ v areas likely to be cordoned off during RecoveryTime
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Injuries — daytime scenario

estimates based on Georgia Strait M7.3 scenario earthquake
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,11 Child & Elder Care Facilities

W 7 %

H Fatal
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® <59%
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Lifeline Functionality - Utilities

estimates based on Georgia Strait M7.3 scenario earthquake
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Economic Losses

estimates based on Georgia Strait M7.3 scenario earthquake

| Assets of Concern Economic Loss Ratio

Municipal Buildings proportion of building assets likely to sustain loss
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YNy Business Disruption & Loss

D, estimates based on Georgia Strait M7.3 scenario earthquake

What about system interdependencies?

~ $2.3 Billion of building-related losses

Structural

Damage} Disruption Dy, ——

 owupion

w

AR Electric
Power DisruptionD, ——
Outage

Research contribution by Autumn Lotze and Stephanie Chang (UBC SCARP

~ $4.4 M per day of business-related
losses

> lost wages & business income $4.4M/day = loss
» rental & relocation costs i

ural Resources essources nature v ) i+
Bl cos e DNV Gross Daily Revenue ~$5M perday ~ Canada
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What can we expect from a major quake?

"
.

Mean Economic Loss Ratio ~14%

hazards: » ~ 20 seconds of severe ground shaking
» liguefaction along river valleys and waterfront
» landslides along steep/unstable slopes

building damage:  » ~ 300 with significant damage, but repairable
» ~ 850 damaged beyond repair

» ~ 2,350 people injured ; ~80 are life-threatening
» ~165 fatalities

» ~14,000 homes without potable water @ 7 days
» ~6,700 homes without power @ 7 days
» ~11,000 truckloads of disaster debris

economic losses: 3 - $2.9 Billion capital stock losses
sources  Ressources naturelles » ~ $4.4M per day of business-related losses (Cgqnad4

Canada
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The 2011 Christchurch earthquake

M6.3 Earthquake Event and Related Aftershocks

Mean Economlc Loss Ratlo ~9 5%

24 seconds of V|olent ground shaklng which triggered liquefaction and landslides

837 buildings have so far been demolished

7000 buildings classified as being in suburban red zone, -not economically viable to repair

1200+ police officers from Christchurch and nationwide on duty 7 days following quake

185 died as a result of the earthquake

11310 people uprooted two weeks after February quake

300km of sewer pipes and about 124km of water pipes are being fixed

4 million tonnes (~160,000 trucks) of rubble carted away from commercial and residential areas
$2 billion- Christchurch City Council’s predicted cost to rebuild city infrastructure

$30 billion- Reserve Bank’s estimated total cost of earthquake claims
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from knowledge to action

Ho mlght knowlec thquake risk
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Land Use Planning

> Performance measures - disaster
resilience:

v societal risk

d building safety

L economic security
4 lifeline functionality

» Incorporate disaster resilience
measures into development process

> Seismic retrofits of most vulnerable
buildings
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Potential Benefits of Seismic Retrofits
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Emergency
Management

» Emergency Plans
 earthquake response plan
O business continuity plan
O recovery plan

» Strengthen capabilities for response
and recovery

» Community outreach and engagement
to promote a culture of disaster
resilience
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Emergency Management
Planning Guide

2010-2011

Canada



Next steps

Earthquake Risk Profile for the
District of North Vancouver — - > Goals

 Mitigation
O Earthquake Ready
Community

d Coordinated Response

1 Rapid Recovery

Earthquake Ready, Disaster Resilient
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NORTH VANCOUVER
DISTRICT
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EARTHQUAKE READY ACTION PLAN b
1. MITIGATION

1.1. Increase resiliency of District facilities and infrastructure

1.2. Develop Utility service resiliency

1.3. Seismic design guidelines for liquefaction hazard areas

1.4. Seismic retrofits in high risk areas

2. EARTHQUAKE READY COMMUNITY

2.1. Culture of preparedness in the DNV workplace

2.2. Encourage residents to be prepared to be self-sufficient for 72hrs to one week.
2.3. Business Continuity and emergency plans for commercial/industrial
2.4. Multifamily strata councils, senior facilities and daycares

2.5. Recreation Centre, Library and Museum

3. COORDINATED RESPONSE

3.1. Rapid Damage Assessment Unit

3.2. Engineering Department Operations Centre

3.3. Emergency Transportation Strategy

3.4. Operations Earthquake response plan

3.5 Emergency Communications Strategy

4. RAPID RECOVERY

4.1. Development Services Procedures for Recovery

4.2. Disaster Logistics Capacity
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Questions?

Nicky.Hastings@nrcan.gc.ca
www.hazuscanada.ca
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