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Source: Geoscape Victoria, GSC Miscellaneous Report M41-8/74F, 2001. 
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1965 EQ 1949 and 2001 EQs 

 Most frequent in southwestern BC 

 At ~50km depth under Georgia Strait and Puget Sound 

 Felt over a large area 

 Examples: 1949 Puget Sound, 1965 Puget Sound, and 
2001 Nisqually 
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 Major (Mw > 7.0) shallow crustal earthquakes are rare 
in southwestern BC... 

 ... but damaging 

 Intense damage close in 

 Fast GM attenuation 

 1946 VI earthquake 

Source: http://earthquakescanada.nrcan.gc.ca 
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 Average return period: ~550 years 

 Last one happened in 1700AD 

 Estimated magnitude: ~Mw9.0 

 Long-period ground shaking 

 Long duration 

 Regional shake impact 

 Tsunami impact 

 Fore- and aftershocks 

http://xenon.colorado.edu/spotlight/index.php?product=spotlight&station=albh 
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Earthquake Activity     Seismic Source Zones   Recurrence Relations

Cumulative recurrence rate of earthquakes 

Source: Geological Survey of Canada 
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 GMPEs characterize how ground shaking amplitudes 
decay by distance for a given:  
 magnitude,  
 fault type (strike-slip, normal, thrust, etc.), 
 near-surface site conditions, typically represented by Vs30 

 sometimes depth 
 

 macro-scale geology/tectonics of the region (stable 
craton, subduction zone, etc.) 
 Central and Eastern Canada  Stable Continental Region 
 Western Canada  Active Crustal 
 Cascadia  Subduction Interface and Subducting Slab 
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 Probabilistic combination of the contribution of 
earthquake shaking hazard from various seismic 
sources 

 

 Answers the question: 
 What is the probability of a given ground shaking 

intensity being exceeded? 
or 
 What is the ground shaking intensity corresponding to a 

given probability of exceedance? 
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 Probabilistic seismic hazard at a site of interest is given 
by: 
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 Poisson probability distribution assumes that 
occurrence of one event is independent of another 
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 Regional (multiple sites over a large area) – e.g. 
building codes 
 Large geography  seismic sources general in nature 

 Often a reference ground condition is selected, such as 
Vs30=760m/s 

 

 Site-specific (one or a few sites) 
 Specific area  Thorough analysis of nearby seismic 

sources 

 Detailed site response analyses (integrated into PSHA or 
separate) carried out for a well-characterized site  
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2010 National Building Code of Canada seismic hazard map for Sa(0.5s) from:  
http://earthquakescanada.nrcan.gc.ca/hazard-alea/zoning-zonage/NBCC2010maps-eng.php 

Hazard Maps Hazard Curves 

Rate 

Source: John Adams, Geological Survey of Canada 
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http://earthquakescanada.nrcan.gc.ca/hazard-
alea/zoning/UHSsample-eng.php 

 Each spectral amplitude 
on the UHS has the 
same probability of 
exceedance 

 

 Contributions from 
various seismic sources, 
not just one earthquake 
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Halchuk et al., 2007 



 GSC model (2010 NBC): 2% in 50-year hazard 

 Deterministic Cascadia subduction interface EQ 

 Deep subducting slab earthquakes contribute most 

Halchuk et al., 2007 



 NBC 2010 requires that “the ground motion histories be 
compatible with a response spectrum constructed from 
the design spectral acceleration values”  

 (Commentary J, paragraph 32) 

 

 Ground motion time history is compatible “if its 
response spectrum equals or exceeds the target 
spectrum throughout the period range of interest, i.e. 
the periods of the modes contributing to the response 
of the particular structure”  

 (Commentary J, paragraph 177) 
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 {M, R} from deaggregation 

 

 Other considerations? 
 Tectonic environment: Seismically active regions, 

subduction zones, stable continental regions, etc. 

 Type of earthquake: Shallow crustal, subduction interface, 
subducting slab, etc. 

 Focal mechanism: Strike-slip, normal, thrust, etc. 

 Site conditions: Not just Vs30! Right frequency content... 
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 e.g. CJCE paper by Gail Atkinson: “Earthquake time histories 
compatible with the 2005 National building code of Canada 
uniform hazard spectrum” 
http://www.nrcresearchpress.com/doi/abs/10.1139/L09-044 

 

 Pros:  
 Matches the UHS perfectly 
 Practical when little or no real records are available 
 No need for signal processing 

 

 Cons: 
 May not be realistic (non-stationarity) 
 May not differentiate between tectonic environments, etc. 
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 Select records 
 {M, R}, tectonic environment, earthquake type, etc. 

 

 Perform basic signal processing if records are 
“unprocessed” (or “raw” or “uncorrected”) 
 

 Check frequency range for which they can be used 
(filtering, instrument range, etc) 
 

 Modify records to be compatible with the target UHS 
(if necessary) 
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 Geological Survey of Canada: 
http://www.earthquakescanada.nrcan.gc.ca/stndon/NWFA-ANFO/sm/index-eng.php 

 COSMOS:                 
http://www.strongmotioncenter.org/vdc/scripts/earthquakes.plx 

 USGS – National Strong Motion Program: 
http://nsmp.wr.usgs.gov/data.html  

 PEER Ground Motion Database: 
http://www.strongmotioncenter.org/vdc/scripts/earthquakes.plx 

 Center for Engineering Strong Motion Data: 
http://www.strongmotioncenter.org/ 

 Japanese K-Net and KiK-Net Networks:    
http://www.kyoshin.bosai.go.jp/ 
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http://www.earthquakescanada.nrcan.gc.ca/stndon/NWFA-ANFO/sm/index-eng.php 

Val-des-Bois, QC 2010 
Miramichi, NB 1982 
Nahanni, NT 1985-86 
Saguenay, QC 1988 



http://www.strongmotioncenter.org/vdc/scripts/earthquakes.plx 



http://nsmp.wr.usgs.gov/data.html 



http://www.strongmotioncenter.org/vdc/scripts/earthquakes.plx 



2010 Chile EQ  
Mw8.8 

http://www.strongmotioncenter.org/cgi-bin/CESMD/iqrEventMap.pl 





 

 If records are already processed: 
 What processing was done? Base-line correction? 

Filtering? What are the filter parameters? 

 

 If unprocessed records are being used: 
 Basic signal processing needs to be done 

 What are the frequency ranges of the accelerometers? 
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 Amplitude scaling 
 Scale the entire record in time-domain by a constant 

 

 Frequency content modification (generally referred to 
as “spectrum matching”) 
 Time-domain methods 

 Frequency-domain methods 
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 UHS is a smooth curve derived as a result of PSHA 
with contributions from many earthquakes 

 

 How much to match? The whole spectrum? Part of it?  
 Depends on how well the natural period(s) of vibration 

of the structure is constrained  

 Elastic, post-yield, AND contribution of higher modes 

 

 The more you “match” the smooth UHS, the more 
unrealistic the records become 
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 Example: SYNTH (Naumoski, 2001). This program 
iteratively modifies the Fourier coefficients until a 
match with the target spectrum is obtained. 
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 Example: RSPMATCH (Abrahamson, 1993/2009).  

 

 This program first finds where different frequencies 
appear  throughout the reference time-history.  

 

 Then it adjusts the record by adding wavelets to the 
reference time-history where that frequency is 
encountered.  

 

 Tolerance for spectral match can be set in fractions, i.e. 
0.05 means 5% maximum deviation 
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2. Then the program “seeks” 
points in time at which a 
particular frequency is 
observed within the time 
history.  

3. Wavelets (adjustment 
function) with the desired 
frequency are added to the 
points in the reference 
time-series where that 
frequency is encountered. 

  )()()()( jPjSPjSPjR COMPUTEDTARGET 

1. For each frequency, the difference 
between the target and computed 
spectrum is calculated, including the 
polarity, P (+1 or –1):   jj
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 UHS  Deaggregation for T*  {M, R, ε} 

Baker, J. (2011). Conditional mean spectrum: Tool for ground motion selection, J. of Struct. Eng. 137(3): 322–331. 

http://www.stanford.edu/~bakerjw/gm_selection.html 



 Shallow Crustal:  
 At ~20km depth in Southwestern BC  

 Surface rupture is rare 

 Crustal structure different from CA but some CA records 
are OK, e.g. Northridge (1994); Loma Prieta (1989)  

 

 Subducting Slab:  
 Greatest contribution to hazard in Southwestern BC (GSC) 

 Depth: 40-60km 

 Mostly normal faulting 

 e.g. Nisqually, WA (2001); Geiyo, Japan (2001) 
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 Subduction Interface:  
 Mw~9.0 

 Distance to inland edge of rupture (NOT to epicenter) 

 Until 2010, records from Mw<8.5 earthquakes were used:  

 1985 Michoacán, Mexico – Mw8.0 

 2001 Arequipa, Peru – Mw8.4 

 2003 Tokachi-oki, Japan – Mw8.3 

 Since 2010: 

 2010 Maule, Chile – Mw8.8 

 2011 Tohoku, Japan – Mw9.0 
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 Dynamic site characteristics not fully captured by 
Vs30-based site classification 

 

 Typical Site Class C in Japan: 
 Thin layer of soft sediments on very stiff rock 

 

 Typical Site Class C in Vancouver  
 Glaciated sediments (till) 
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Station HRS006

Epic. Dist.: ~65km

Geology: 7m sandy 
soil on rock 

(Vs30*=460m/s)

PGA: 0.27g

K-Net Station HRS006 (Site Class C) 
2001 Geiyo (Inslab; Mw6.8) 

USGS Station BHD (Site Class C) 
2001 Nisqually (Inslab; Mw6.8) 

Station USGS-BHD

Epic. Dist.: ~55km

Geology: Vashon till

PGA: 0.16g

2010 NBC of Canada  
2%-in-50-yr spectrum  

for Vancouver, BC 
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 Records from all three types of earthquakes in 
southwestern BC 

 

 Vs30 alone does not capture spectral shape, which is 
key to site/structural response 

 

 Start with a real record that has a spectral shape that is 
as similar as possible to the target UHS; even if that 
means choosing records from a different Vs30-based 
site class 
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Earthquake: Geiyo, Japan 

Date: March 2001 

Magnitude: Mw 6.7 

Depth: ~50km 

Mechanism: Normal 
faulting 

 

K-Net Station: EHM016 

Epic. Distance: ~40km 

Geology: Sand, silt & gravel 
on clay (Site Class D) 

Component: E-W 

PGA: 0.33g (scaled: 1.3x) 
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 ASCE 7-10: 
 Period range: 0.2T to 1.5T 

 If seven or more pairs of ground motions are used, average 
of the response parameter can be used for design 

 

 NBC 2010: 
 “Period range of interest” 

 Seven or more records 

 

 New guidance in NBC 2015 Commentary 
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Questions? Comments? 

 
Onur.OSC@gmail.com 


