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Important Concepts

Exceedance Probability
(% in 50 years)

Susceptibility Return Period

Hazard
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Introducing the Project

Metro Vancouver Seismic Microzonation pos &
Mapping Project (MVSMMP) ‘
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What are Seismic Microzonation Maps (SMM)?

Variation in subsurface ground conditions leads to
variation in earthquake shaking across an area.
Typically mapped at the urban and regional scale

Seismic microzonation maps display predicted

variation in earthquake hazards due to local site
(ground) conditions.

Map Inputs:
geological, geophysical, geotechnical information
combined with numerical modelling
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Previous SMM in southwest BC led by
Vic Levson (BCGS) and Pat Monahan
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Why are SMMs important in MV?

Metro Vancouver is situated in one of the most complicated seismic hazard regions in Canada

0
90 /o of earthquakes occur along active plate boundaries.
60% of Canada’s earthquakes occur along BC’s coast.

Seismic Hazard
Low High

[T

Plate EQs (1946)
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Whistler

Cartoon cross-section of the Earth below the Vancouver area showing the major rotk types and the nature of their coptacts.
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Georgia basin
Late-Cretaceous sedimentary rock basin

Presence of the Georgia basin sedimentary
rock basin increases the amplitude (intensity)
and duration of long-period shaking (> 2
seconds) in Greater Vancouver by an average

factor of 4 and 22 seconds longer shaking
(Molnar et al. 2014).
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/Fraser River delta\

Holocene deltaic basin

Soft sediments amplify
earthquake shaking.
Nonlinear soil response
during strong shaking will
lead to deamplification.
Saturated sands may liquefy

\ during strong shaking. /




Map Levels

Level 1 Level 2 12 Maps! Level 3 18 Maps!
Susceptibility maps Susceptibility or Hazard Maps Advanced analyses of Hazard
Surficial Geology Subsurface geological data and area- Extensive seismological and
Limited use of subsurface data specific data on physical properties. subsurface geological, geophysical

and geotechnical data and
simulations. Detailed subsurface

maps and models

Increase in seismic hazar

Increase in quality and quantit

Increase in cost
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The Best Information Available

Key Facts

1. Thereis no Canadian standard for
SMMs
Now EGBC guidelines for BC!
2. No existing SMMs in Canada are
accessible in digital (GIS layer) form
until now

3. Very few regional SMMs in Canada
are Level 3 until now

Key Deliverables

 EGBC Professional Practice Guidelines for
Development and Use of SMM in BC (April 2024)

* EGBC Webinar coming
* Regional Geodatabase(s)
e Regional Velocity Model(s)

e Suite of Region-Specific Seismic Hazard Maps
(approx. 30 maps)

12 Seismic Susceptibility (Level 2)

18 Seismic Hazard (Level 3; mean return period
of 475 and 2,475 years)
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N2 Pinna

Introduction to the Hazards and Maps
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Seismic Hazard

Primary Seismic Hazard is Ground Shaking
Secondary seismic hazards result from source (fault) rupture and ground shaking

“Only” 3 seismic hazards are commonly
addressed by Microzonation Mapping

1. Shaking(amplification/deamplification)
2. Seismic-induced Liquefaction Hazard
3. Seismic-induced Landslide Hazard
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Seismic Hazard: Shaking Amplification/De-amplification

Why do we care?

o
o What is it: , Amplification can increase the intensity of
Seismic waves travel through the Earth’s shaking experienced. Even if located far
crust. Soil conditions (loose sediment, soft from the source, areas of high
clay, etc.) slow the waves down and they amplification hazard can still experience
become amplified. strong shaking and damage.
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Important Concepts

Site Period (T in seconds)

Vs — Shear Wave Velocity, Vs;o— average Vs in top 30 m

e Natural frequency at which
ground oscillates or vibrates

e Long period, low frequency like

« How waves move (velocity) given ground

conditions : .
, , , rocking/swaying of a boat - deep
« Wave propagation through soil can result in or soft ground
amplification. e Short period, high frequency feels
o Amplification — greater acceleration of the like rapid vibration or rattling —
ground at a particular site— intense shaking. stiff or shallow ground
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Shaking Amplification Hazard
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Potential Impacts - Shaking

Cracks in
Foundations

Building

Buildings twist and
Sz L Collapse

sway - damage

Shaking
Potential
Damage to non-
Impact on lifelines Impacts structural
and critical facilities elements
Infrastructure no Underground Source: Terra Encyclopedia from New Zealand
longer stable utility damage
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Ground Shaking/ Amplification Hazard Mapping

* Vs;y most common measure of seismic ground conditions

« Metro Van: Fraser River Delta is 300 m of post glacial sediment over another 300-500 m
of glaciated sediments (up to 1 km deep) within the Georgia sedimentary rock basin (up
to 6 km deep)

* The most common measures used to produce Shaking Susceptibility Maps include :
- Soil Thickness
- Shear Wave Velocity
- Site Period

* The most common measures used to produce Shaking Hazard Maps include:
- Surface ground motion intensity
- Amplification (> 1) or deamplification (< 1) relative to (dense soil or rock) site condition
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Levels of Shaking Hazard Mapping

Level 1 Level 2 Level 3
Advanced analyses of Hazard

N/ How much willthe

Susceptibility or Hazard Maps

Susceptibility maps

4 i .
Identify where ground is _
susceptible to shaking ground amplify
amplification earthquake shaking?

. : Consider the ground’s properties WITH
@Eéé the earthquake shaking that would occur
[ over a mean return period of 475 or

e G 2475 years

tnlet

Willingdon

Shha

145 North America
Plate EQs (1946)

1. Subduction Zone

Downhole:

Legend
360500
- 50 - 760 .+ Data type T0 (s) 101-2
750 - 1,000 il HVSR (T0) 002-02 R
10001594 e Tertary rock -
WaterBody t WiaterBorh

rgency Management
Climate Readiness

UNIVERSITY - CANRTRH -

. L Shallow

= :
.
[y

EQs (1700)
Big One

Plate EQs
(2001, 2015)

Deep



\_
Western

UNIVERSITY-CANADA

)

Institute for Catastrophic
Loss Reduction

Building resilient communities

4.2

3.52

2.9

0.2 s = 2 storey building 2.0 s = 20 storey building
0.5 s = 5 storey building 5.0 s = 50 storey building

Amplification Hazard Mapping —

By P N . ey < ﬂ ) AR 1
tﬁ & NP . 2 COQL’JIKI{AM‘\‘
> 1B ¥ (. 2 P MOUNTAIN "3
R 3 4 g 1 ! {# ,f’ O
P 4%654(0.2
L} /  § L
) 7 ooF
f 7 £
{ [
[\Horth[ . o
= Vancouve{ &A%

(

N

Z Ml
— Wiath-Ave {4V .. IcOUVET
W=16theAve = LI
N

. k.
O
\ |

N |

\Vancouver
2 4
Internationalzes &

Airport / TN Il
N s
[Fo
4

o Re

S ;\‘\Q\:
East Clayton

Extension West
of 188 St

Halls Prafie
Cloven\Valley

7=
e
N
"1/wassen:>-lwy—U

%

N

glcave White{Rock =

L
Fm—— Ty ——S T

Semiahmoo
——————— 5191t

Geostatistical - /
Interpolation -~

MVSMMP Maps
19, 21, 23, and 27 |

BRITISH
COLUMBIA

Ministry of
Emergency Management
and Climate Readiness




Institute for Catastrophic M,

Loss Reduction Ministry of

BRITISH  Emergency Management
Building resilient communities COLUMBIA and Cﬁimate Reazginess

Western

UNIVERSITY-CANADA




Seismic Hazard: Liquefaction

What is it?

Liquefaction occurs when soil particles
lose contact with each other, lose shear
strength, resulting in the soil behaving

like a liquid

« Sand boiling

« Lateral spreading
* Ground settlement
« Ground cracking
* Flow slides
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Potential Impacts - Liguefaction

Building
settlement
and tilting
Long term
structural Foundation
instability failure (sink
or shift)
Liquefaction
Potential
Impacts :
Impact on lifelines [')ehalmgd
and critical facilities wit san
that boils
up
Roads and Underground

bridges sink,

utility damage
crack or collapse y g
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Liguefaction
Susceptibility Map
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For example: Levels of Liquefaction Hazard Mapping

Susceptibility maps Susceptibility or Hazard Maps Advanced analyses of Hazard
" Identify if ground is " Butwillthe ground )
susceptible to liquefy given the
liquefaction regional seismic hazard?
Considers the local soil resistance Consider both the local soil resistance
K (how sandy, how saturated) / WITH the earthquake shaking that
T ———— p— & L would occur over a mean return period
73 ;,,‘,a'»fﬁ‘ of 475 or 2475 years
Liquefaction Susceptibility - 8 ;
None 2 7
Very Low -,‘f"‘}ﬁ}’"“/ - N>
Low %«v f, o \
Moderate % T \
Moderate-High ! y {4('}"?%&53-\?"0“ \
High 7;:;;.}.'(:5? 2. North America
B Very High G o £ (154
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N} EQs (1700) (z0ot, 2019
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10% Probability of exceedance in 50 years/ 475 Return Period
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Liquefaction Hazard
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LPI Hazard Category

0 Very low hazard

1-5 Low hazard

5-10 High hazard — sand boils and
ground cracking may

10-15  develop

1525 very high hazard — sand

5535 boils and ground cracking
are likely. Lateral spreading

> 35 may develop.
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2% Probability of Exceedance in 50 years, 2475 Year Return Period

Seismic-Induced
Liquefaction Hazard

LPI Hazard Category

0 Very low hazard

1-5 Low hazard

5-10 High hazard — sand boils and
ground cracking may

10-15  develop

15-25

25-35

>35

istry of
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==J1Climate Readiness

Very high hazard — sand
boils and ground cracking
are likely. Lateral spreading
may develop.
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Seismic Hazard: Landslide

3. Seismic-induced landslide
What s it?

®* Landslide is the movement of a mass of
rock, debris, or earth down a slope.

* Susceptibility to rainfall induced
landslides can also be interpreted from
the landslide susceptibility map
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Potential Impacts - Landslide

Direct impacts

to buildings /
infrastructure
Environmental impacts .
such as sediment and Transportation
debris in waterways, ) disruption
habitat disruption Landsllfie
Potential
Impacts
: - : Source: PhysOrg - Japan
Loss of life and Utility service
property interruptions
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andslide Hazard:
75 Year Return

eriod
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Vancouyer Ny

DISULAIMER

This map is intended for regional purposes only and should not be
used for site-specific evaluations. For the proper use of this map, the

N qualifications and limitations section should be carefully read and
understood.
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MVSMMP Map 15, Leved 3
Seismic-Induced
Landslide Hazard Potential

10% Probability of Exceedance in 50 Years,

475 Year Return Period

A. Yeznabad, K. Assatourians, M. Salsabili,S. R. Adhikari,
A. Bilson Darko, S. Molnar

INTRODUCTION

This is Map 15 of the Metro Vancouver Seismic Microzonation Mapping project (MVSMMP)
and displays seismic-induced landslide hazards, caldrated against a 10% probability of
exceedance in 50 years seismic design level equivalent to a 475-year return period. This
assessment Incorporates the reglonal setsmic hazard as defined by the 6th National Seismic
Hazard Model of the 2020 National Building Code of Canada (Adams et al., 209; Kolj et al.,
2019). "Landslides” refers to the movement of geological materials—sediments o rock—
Gue 1o gravity, varying in type (e.g. rock, sod, debris) and movement (e ., fall, topple, siide,
spread, flow) (Varnes, 1978). This map does not specify landslide types but indicates
potential hazard areas.

SEISMIC-INDUCED PROBABILISTIC LANDSLIDE HAZARD MAPPING

The probabilistic seismic landskide hazard map for western Metro Vancouver utilizes
Newmark's sliding block analogy tailored for the southern Lower Mainland of 8.C. This
method encompasses all selsmic source zones and their recurrence parameters as outiined
in the 6th National Seismic Hazard Model (2020), using Seismic Displacement Prediction
Models (SDPMs) to calculate probabistic displacement (D) for Identified Siope Units (1SUs).
A semi-automated method has been devised for generating siope polygons based on high-
resolution elevation contours, ensuring each polygon represents homogenous slope terrain
characteristics. These 15Us are assigned specific yield acceleration (ky) and predominant
frequency of the sliding mass (fs) values, derived from comprehensive geological,
topographic, and geotechnical datasets. These data inform the stratigraphy, shear strength
parameters, and depth to groundwater for sopes in various geologial units, guiding
multiple 20 Emit equilibrium analyses 10 ensure STt stability and accurately determine ky
and fs values. The resulting probabilistic displacements are allocated to respective slope
units, reflecting their seismic hazard level, site class, and slope-specific properties. The
resulting probabilistic seismic slope displacements are classified into landslide hazard
categories, forming a comprehensive selsmic landside hazard map for the region.

QUALIFICATIONS AND LIMITATIONS

The daplacement cakulations for siopes are based on peneraized 50 SUatgTaphy and properTes, Wth
eherent table depth 13p #02) and shear strength parameters of
eclogial unts. The mosel empioys Newmark's viding biock analogy. whote Bmtations 1houd be secognized,
parscutarly in Scenarios prone 10 dynamic pore pressure changes. it does ROt account for huetaction induced
flow falures and ateral spreads. The spatial elineation of hazand caregories follows the Quanernary geologic
map unt Boundaries (see MYSMMP Map #01). This map s intended for regional use and should be
interpreted with an understinding of its isherent bitations.
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andslide Hazard
,475 Year Return
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DISCLAIMER

This map is intended for regional purposes only and should not be
used for site-specific evaluations. For the proper use of this map, the

g‘ qualifications and limitations section should be carefully read and
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MVSMMP Map 16, Level 3
Seismic-Induced
Landslide Hazard Potential
2 % Probability of Exceedance in 50 Years,

2,475 Year Return Period

A. Yeznabad, K. Assatourians, M. Salsabil
A. Bilson Darko, S. Molnar

. R. Adhikari,

INTRODUCTION

This &5 Map 16 of the Metro Vancouver Seismic Micrazonation Mapping project (MVSMMP)
and displays seismic-induced landslide hazards, Galibrated against 3 2% probability of
exceedance in 50 years setsmic design level equivalent to 3 2,475-year return period. This
assessment incorporates the regional seismic hazard as defined by the 6th National Seismic
Hazard Model of the 2020 National Building Code of Canada (Adams et al., 209; Kolaj et al.,
2019). “Landskides refers to the movement of geological materials—sediments of rock—
due to gravity, varying in type (e.g., rock, soil, debris) and movement (e.g., fa8, topple, side,
speead, flow) (Varnes, 1978). This map does not specify landside types but indicates
potential hazard areas.

SEISMIC-INDUCED PROBABRLISTIC LANDSLIDE HAZARD MAPPING
The probabilistic seismic landside hazard map for western Metro Vancover utiizes
Newmark's sliding block analogy tailored for the southern Lower Mainland of B.C. This
method encompasses all seismic source 20nes and their recurrence parameters as outlined
in the 6th National Seismic Hazard Model (2020), using Seismic Displacement Prediction
Maodels (SOPMs) to calculate probabilistic displacement (D) for identified Siope Units (1SUs).

A semi-automated method has been devised for generating siope polygons based on high-
resolution elevation contours, ensuring each polygon represents homogenous siope terrain
characteristics. These ISUs are assigned speciic yield acceleration (ky and predominant
froquency of the siiding mass (fs) values, derived from comprehensive geological,
topographic, and geotechnical datasets. These data inform the stratigraphy, shear strength
parameters, and depth to groundwater for siopes in various geological units, guiding
multiple 20 it equilidrium analyses to ensure static stability and accurately determine k,
and fs values. The resulting probabilistic displacements are aliocated to respective slope
units, reflecting their seismic hazard level, site class, and slope-specific properties. The
resulting probabiistic selsmic siope displacements are classified into landside hazard
categories, forming a comprehensive selsmic landsiide hazard map for the region.

QUALIFICATIONS AND LIMITATIONS.

The displacement calclations for slopes are Bated on guoeralied 508 stratigraphy and propertes, with
pousdmater Map B02) and shear

eological unts mmmw.unmm whose lemtations shoukd be recopried,

1t dows ot account

flow tadures and Uteral spreads. The spatisl delnmation of hazard categories folows the Quatarmary geokopc

map nt Boundaries (see MVSMMP Map 801). This map is istended for regional wie and should be

terpretid with an understanding of s isherent kmations
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Why Should Planners Care?
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Limitations

The SMM Maps do not replace

the need for site specific seismic The SMM Maps do not
or geotechnical field depict seismic risk or
investigation for a building seismic stability of major
permit or detailed design for infrastructure

construction drawings.

The maps do not fully capture
human-made alterations to
ground conditions (fill, ground
improvement etc.)
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Hazard to Land Use Continuum

tI)\/lc.mitor Performance and
uild COmmunity resilience

Define desired outcomes:
i.e. RGS, OCP, Hazard Policies

- Eipg*su?e -
Vulnerability

Define susceptibility and Identify who and what What is the severity of Develop strategies, policies

hazard threat could be harmed consequences? and regulations to reduce
potential consequences to

an acceptable level
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SMM Uses in Planning - Risk and Vulnerability Assessment

Deaths, Disruption, Dollars and

Downtime

SMMis provide spatial information on
susceptibility and hazard threat:

 whereis it likely to be more intense due to site
characteristics & basin effects, under specific seismic
conditions (type and location of earthquake)?

Combine with parcel level building
dataset and damage/loss curves

to understand damage which is then used to
help calculate casualties, recovery time and

disrupted occupants.

e g) Institute for Catastrophic
eS ern &‘@ =& Loss Reduction
i
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SMM Uses in Planning: Risk and Vulnerability Assessment

Set risk reduction goals that Policy options consider
define success in terms of realistic upgrades and the

how building types will performance change of the
function after a quake upgrades
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Hazard Related Planning Tools

Development Subdivision Building
Hazard Approval Permit
Policies Rezoning

Study by Qualified Professional



SMM Uses in Planning — Land Use

RGS and OCP

e Avoid NEW risks, reduce EXISTING risk

e Reduce Exposure —don’t put things in harms way

e Reduce Vulnerability — Retrofit or new builds that are less susceptible to damage
e Avoid high hazard areas for higher risk activities and critical infrastructure

Development Permit Area

e Example: for Landslide we have Steep Slope Hazard Areas and DPAs (North Van.)
Subdivision Approval

e Short buildings are more susceptible to damage from short periods and taller buildings are more susceptible
to damage from long periods.

e Opportunitv to ask for further studv and earthquake performance of the building

\;R/eSteI‘n ;¢ }\ Institute for. Catastrophic Bagd | Minisuy of
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SMM Uses in Planning — Land Use

Zoning and Project Meetings

e Maps can provide a high level sense of the cost of site amelioration and the need for more in depth site study
and geotechnical and structural effort

Terms of Reference for site specific investigation (QP study)

e Requirements for site-specific information to be obtained and used by Engineering Professionals where Ground
Shaking susceptibility is high.
e Peer review requirement if very different from SMMs

RFP Requirements
e RFP requirements for these maps to be integrated/considered

Alternative alignments and prescriptive design requirements for linear infrastructure.

V\/estern @ g} Institute for. Catastrophic .‘ Ministry of
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SMM and Building Code

SMM is the most detailed communication of expected earthquake shaking effects due to local site conditions.

« SMM use a site specific approach. Better local information

« NBCC: local site effects are 'grouped’ or 'binned' to ensure the
design ground motions are conservative

« The building code recommends that "site-specific" seismic hazard
analysis be performed in special cases (e.g., high importance
buildings)

« Maps may help persuade clients to complete performance based
design above and beyond the building code
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SMM further uses

Engineering Standards

Incorporate in Asset Management risk assessments and planning for renewal

e Understand where failures may most likely occur (when combined with asset vulnerability
information)

Improve planning for Emergency Response

e Debris management

e |nterruption of critical infrastructure
e Concentration of casualties

e Where to put response supplies, prioritize rapid building assessment
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Take Home Messages

Seismic Hazard includes a variety of hazards that impact buildings and
infrastructure in different and compounding ways

SMMs provide the best local information available

We rely on regional systems (from Translink to water to district energy)
and land use

Planners have included flood hazard mapping across policy frameworks,
how best to incorporate seismic hazard?

Can help us take risk-based approaches to land use and development and
help us identify where retrofits are most needed.

Economy of scale with energy efficiency and climate risk — resilient
neighbourhoods and buildings
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For More Information

* https://metrovanmicromap.ca
* Developing open data portal (geodata, maps), accessed at the above website
* Developing online map viewer experience, accessed at the above website
* Maps for western Metro Vancouver (Phase I) available in summer 2024
* Maps for eastern Metro Vancouver (Phase Il) available in late 2026

* Sheri Molnar, smolnar8@uwo.ca

 For the published EGBC Guidelines and Webinar - stay tuned
via the EGBC Continuing Education emails and/or the EGBC
Website Events (egbc.ca)
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https://metrovanmicromap.ca/
mailto:smolnar8@uwo.ca
https://www.egbc.ca/Continuing-Education/Courses/Seminars
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