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Earthquake Overview

No loss of life, 

quick recovery 

30 November 2018 (8:29 am)

~11.3 km north of downtown 

Anchorage

Mw 7.1



2018 Anchorage Earthquake Overview

• Earthquake located within subducting Pacific Plate

• Result of normal faulting along a north-south 

striking, moderately dipping, intraslab fault plane

• Hypocentral depth of ~40 km

• By end of 2018:

• Over 6,100 aftershocks

• 40+ aftershocks Mw > 4.0

• 5 aftershocks Mw > 5.0

Relatively common type 

of earthquake for the 

region

Images from Alaska Earthquake Center and USGS



Shaking Intensity

after Dutta & Yang (2010)

• Very strong shaking intensities (MMI VII) 

experienced in the greater Anchorage, 

Eagle River, Wasilla, and Palmer areas

• Moderate to strong shaking intensities 

(MMI V-VI) felt throughout the Susitna 

Basin and northwestern Kenai Peninsula



Strong Motion 
Network

after Dutta & Yang (2010)

25+ functional ground motion instrument 

stations 

‒ PGAs ~ 0.2 g to 0.3 g 

‒ Highest PGA ~ 0.47g

1964 Good Friday Earthquake: 

M9.2, estimated PGA ~ 0.2 g, 4 minutes



Significance

• One of the largest magnitude EQ near a major U.S. city since Northridge 

• 1964 M9.2 Good Friday earthquake 

‒ Co-seismic landslides and liquefaction ground failures

• Dense network of ground motion recording stations

‒ Surface stations, instrumented structures, and deep vertical arrays 

• Challenging soil conditions 

‒ Sensitive clays, liquefiable soils, soft organic soils, and a seasonally frozen crust that is 15-

50 cm thick

• Opportunity to assess effectiveness of seismic provisions in modern building code

‒ Anchorage currently adopts and enforces the 2012 IBC 

• Variety of geotechnical site improvements implemented over past 50 years

‒ Deep soil mixing, deep dynamic compaction, and excavation and replacement 

• Important to document successes



GEER Investigation Effort

• Goal: Document perishable geotechnical and geologic data and evaluate 
lessons learned

• Close collaborations with local geotechnical community; municipal, state, and 
federal agencies; and other reconnaissance organization

‒ Highway embankment slopes and bridges

‒ Ground improvement sites

‒ Adjacent sites with various foundation types

‒ Ground motion recording station sites 

(particularly sites with potential evidence of 

liquefaction nearby) 

‒ Historic landslide sites

‒ Critical infrastructure (e.g., railroad 

embankments, ports)

‒ Potential landslide impacts to infrastructure

‒ Potential liquefaction impacts to infrastructure

Investigation Priorities



Reconnaissance Surveys 

• Phase 1 efforts conducted Dec. 8 – 15

• Field mapping and aerial drone photogrammetry

• Close collaboration with municipal, state, federal 

officials and local geotechnical engineering 

community

• Short days (~6 hours sunlight)

• Precipitation (rain, snow, ice)
‒ Obscured damage and created difficult field 

conditions (e.g., hidden 2-4 ft vertical offset cracks, 

icy slopes)

Focused on the City of Anchorage and nearby 

communities of Wasilla, Houston, Palmer, and 

Eagle River



K. Franke / BYU

Drone Imagery

Field

Mapping



Buildings

• Commercial buildings

‒ Relatively minor damage 

• Residential and small commercial structures

‒ More damage, but not extensive or pervasive

‒ Occurring in pockets throughout city

‒ Appeared to occur due to localized liquefaction and settlement in granular fills

‒ Limited to building footprint, settlement not frequently observed in free-field

‒ Varying performance within neighborhoods and streets

‒ Residential damage in Eagle River also occurred due to slope deformations

• Reports of damage still coming in, may be hesitation to report

Overall, buildings performed well



Alaska Native Tribal Health Consortium (ANTHC) Campus

• Health facilities campus (outpatient, 

hospital, administrative services)

• Nearby recording station (NSMP 8030)

• Interior and exterior damage 

observations for multiple buildings

• Facility operations relatively 

uninterrupted

• Variety of ground improvement 

methods and foundation types

• Shallow foundations, deep foundations

• Deep dynamic compaction, excavate + 

replace, staging area for old asphalt plant, 

trash fill

• Performed well

IBC 2012

Site Class D



Bridges
‒ Settlements and lateral movements in approach fill at 

abutments, resulting in compression of the bridge deck 

and slight rotation at affected abutments

Briggs Bridge

Northbound New Seward Highway



Bridges, Utilities, and Port of Alaska

• Bridges

‒ Settlements and lateral movements in approach fill at abutments, 

resulting in compression of the bridge deck and slight rotation at 

affected abutments

• Utilities

‒ Failures mostly limited to pipes/connections with existing weaknesses

‒ Two problem areas due to “geotechnical failure” in the slopes west of 

Briggs Bridge in Eagle River and at Turnagain Heights

‒ Additional issues with sewer lines (breaks, settlement) may appear as 

snow melts

• Port of Alaska

‒ Lateral spreading features parallel to open faces running along the 

north-south Port alignment

‒ Personnel reported crack widths of 10-30 cm, vertical offsets of block 

failures of up to 1 m in height

‒ Mitigation measures for aging facilities may have prevented further 

damage 

Overall, minor damage – bridges, utilities, and port facilities performed well



Slopes and Embankments

• Numerous slope and embankment issues 
were observed

• Most instances seemed to occur in fill 
slopes, areas with organic underlying soil, 
or areas with potential liquefaction

• Slope instabilities in native slopes and 
anthropogenic fills

• In the Eagle River area, many of the slope 
failures appeared to occur on hillslopes 
vegetated with mature trees

• Rabbit Creek landslide complex in area of 
1964 Potter Hill slide (coastal bluffs, 2-3 m 
high head scarp)

• Road and railway embankments



Vine Road, Wasilla

• Road surface and embankment fill failure

• Considerable media attention 

• Failure was confined to where it crosses a 

small peat bog 

• Site visits performed on December 2nd 

‒ Failed segment was 93 m long with a 

maximum lateral movement of the centerline 

of 3.8 m to the west and a maximum 

settlement of up to 1.8 m

• Although repaired with temporary stabilization by the Phase I team evaluation, ground surface deformations 

were still evident to the west and east of the road.

• Boring logs from Mat-Su Borough indicate underlying gravelly silt deposits and a 1.8-m-thick layer of silty peat   

• Road fill appeared to be composed of rounded gravels and cobbles with a silt matrix  

• Failure potentially due to cyclic softening of soft saturated peat beneath the road embankment, leading to a 

lateral squeezing bearing capacity failure in the organic soils. 

• Arcuate 1m-high compression mounds extended about 18-21 m from each side of the road.

J. Yang / UAA



Liquefaction

J. Yang / UAA

• Surface evidence was difficult to discern at the time of 
Phase 1 efforts due to snow and precipitation

• Limited to no ejecta observed in the free field

• Settlement and cracking observed adjacent to many 
residential and small commercial structures

• GEER efforts focused on populated areas
• Eagle River, Sand Lake, Jewel Lake, Campbell Lake

• Inconsistent construction practices may have contributed 
significantly to observed performance

• Several homes red and yellow-tagged due to liquefaction
• Many still occupied at time of Phase 1 effort

• Reports of liquefaction are still being documented
• Home owners documenting effects and bagging samples, then 

reaching out to local geotechnical community



GEER Report is available:

http://www.geerassociation.org/

Thank you!

http://www.geerassociation.org/


Additional Data on Bridge Performance

Campbell Creek North Fork Bridge, Anchorage

N North Fork Campbell 

Creek Bridge



Additional Data on Bridges

• Short columns for moose crossing, high frequency

• Dynamic properties sensitive to seasonal frost impact



Observed Bridge Damage
‒ Damaged shear keys and end diaphragms



Bridge Strong Motion Instrumentation
‒ Instrumented with funding from AK DOT&PF and Alaska Univ. Transportation Center in 2009



Bridge Strong Motion Data
Lateral response  - Acceleration (cm2/sec)

Vertical and Longi. response - Acceleration (cm2/sec)



Possible Causes of Bridge Damage

Frozen ground thickness vs. first transverse modal frequency



Input Motion



Bridge Response in Transverse Direction



Geotechnical Findings

Infrastructure damage due to these primary geotechnical issues:

• Localized liquefaction in granular fills beneath structures

‒ Residential and small commercial structures in swampy areas

• Slope instabilities in native slopes and anthropogenic fills 

• Bearing capacity failures in organic soil deposits due to cyclic softening

Duration of strong shaking appears to have not been long enough to 
initiate substantial movements on the historic landslides from the 
1964 earthquake (e.g., Turnagain Heights and 4th Avenue).

Combined local, state, and federal engineering response is commendable.
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