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Overview

 Anchorage Earthquake Shaking
 Response Spectra
 Site Response and Shear Wave Velocity 
 Upcoming Changes to the Building Code
 Concluding Remarks

 And then a little something extra with my 
Geotechnical Advisory Commission hat on



Earthquakes in Southcentral Alaska



November 30, 2018 Anchorage 
Earthquake

 Peak ground 
accelerations (PGA)

 MW7.1 Intraslab
Earthquake

 47+ km deep
 Largest event since 

1964 for Anchorage
 Duration: 20 to 25 

seconds
 Geotechnical, 

Structural, and 
Nonstructural Failures



November 30, 2018 Anchorage 
Earthquake

 Spectral Accelerations 
at 0.2 seconds



November 30, 2018 Anchorage 
Earthquake

 Spectral accelerations 
at 1 second



Response Spectra from the 2018 
Earthquake
 Station 8030 Tudor Police Station  Station 8036 DOI Building – Lake Hood
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EQ Record: Time vs Period

Time History

Acceleration (g)
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Time History of Sine
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Time History of 2 Functions
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Combining 3 Functions
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14 Functions!
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0.02 0.247
0.04 0.259
0.06 0.307
0.08 0.520
0.10 0.493
0.15 0.630
0.20 0.889
0.30 0.526
0.40 0.566
0.50 0.616
0.75 0.381
1.00 0.154
1.50 0.125
2.00 0.078
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Going the Other Way…

Acceleration (g)

Time (s)

Acceleration (g)

Period (s)Slide from Scott Hamel, PhD, PE - UAA



That Pesky Geotechnical Layer



Shear Waves

 Vertically propagating 
 Imposes lateral loading on 

structures
 Shear wave velocity is a 

fundamental characteristic 
of a soil or rock mass

https://link.springer.com/article/10.1007/s40098-020-
00417-3/figures/1



Measuring Shear Wave Velocity

 In-Situ
 Downhole

 Cased hole

 Suspension logging

 Cone Penetration Testing

 Cross-hole

 Surface
 MASW, SASW

 Seismic reflection/refraction



VS30 Current and Future

 Seismic Site Classes divided by ranges of shear wave velocity
 Rock and stiffer soils behave differently than softer soil sites
 Blue Band is current ASCE/IBC designations
 ASCE 7-22/2024 IBC is going to have the green band



A Dive into the Building Code - Present



A Dive into the Building Code - Future



Design Response Spectrum ASCE 7-22



Multi-Period Response Spectra



Anchorage Spectra



Site Class – ASCE 7-22 



How is Site Class Determined?

 We will unpack this thing a little 
bit

 Commonly called VS30 for the 
average shear wave velocity in 
the upper 30 meters or 100 feet

 VS30 is aimed at taking into 
account that pesky 
geotechnical layer



Shear Wave Velocity – Best Option

 Go and measure it!

 This option has some peril in 
Anchorage we will describe 
later



Shear Wave Velocity - Estimated

 Geotechnical studies
 General correlations may work 

but should be evaluated 

 Caution should be used –
especially with SPT 



Shear Wave Velocity – Junk Drawer



Looking at Site Class D (MCER)



And Now the Pitfalls

 Anchorage geology is 
complex



The California Example

 Shear wave velocity increases with depth
 Engineering bedrock at 30m (100ft)



An Example Closer to Home

 Downtown 
Anchorage



The Full Profile

 Looking at the upper 50 feet alone 
would miss critical features that impact 
site response

 In Anchorage we see the underlying till 
as an “engineering” bedrock feature

 Bootlegger Cove Formation and other 
soft materials may be hiding at depth
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South to North Section



West to East Section



NW to SE Section



West Anchorage

 Deep Bootlegger Cove silts and 
clays

 Darker green indicating depths 
of 50m (160 feet) 



VS30 Across 
Anchorage Contour Map 

based on:
 Downhole 

 Surface

 Strong-
motion 
station 
estimates

 Still some 
work to do to 
tie more 
closely to 
geology



Back to the Code

 Hope for more robust 
geotechnical programs

 Lots of reasons only 
shallow geotechnical 
data is collected

 Given the complex 
nature of Anchorage 
geology – need to have 
several tools available



Concluding Remarks

 Anchorage is located within one of the most active tectonic regions 
in the world

 The geologic conditions within the city are complex
 VS30 has some underlying assumptions
 The upcoming Building Code (IBC 2024?) will be putting more 

emphasis on shear wave velocity measurements/estimates
 Care needs to be taken when estimating 
 VS30 maps of Anchorage may offer some free advice



GAC Discussion – BSSA 

 The GAC is currently considering a resolution to require building 
permit process throughout the Municipality

 Only required within the Building Safety Service Area (BSSA)
 Based on observations of significant structural damage in Eagle 

River from the November 2018 earthquake

 Several Groups including FEMA and EERI have made 
recommendations for Building Code enforcement throughout 
Anchorage



Eagle River Damage Comparison 43

http://www.learningfromearthquakes.org/2018-11-30-anchorage-alaska/images/2019_Symposium/Anchorage_EQ_Symposium_poster-David_Askov.pdf



Damage 
Distribution

 Summary of the State of 
Alaska Individual 
Assistance requests
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Image from Askov et al. 2019 Poster
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Questions?
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