
Bruce Johnson, 

Former ODOT 

Bridge Engineer

International Seismic Conference, September 2019



10-Step Process for Resiliency Planning

1. Assess Vulnerability of Assets (bridges and landslides)
2. Identify bridge damage states and landslides/rockfalldynamic 

stability
3. Validate Design Criteria consistency with risk
4. Estimate cost of mitigation (retrofit or replace)
5. Identify Lifeline Routes and Establish priority forrescue, recovery
6. Estimate impact to rescue efforts and economy
7. Prioritize plan for mitigation, considering condition of assets
8. Establish Resiliency Investment options
9. Develop triage approach for reduced level of mobility 
10.Coordinate investment plan statewide with other modes/sectors  

through DHS/TSA Regional Resiliency Assessment Program
(RRAP) 



Brian Atwater, USGS Confirms John Adams, Canadian paleo 

seismic researcherõs 1990 proposal
Buried grey ghost (Western Red Cedar) 

tree rings analysis show they died around 

1700 and silt deposits along the Chehalis 

River reflect Japan records of a large 

earthquake that generated a tsunami in 

that year.  (early 1990ôs)



The Rogue Apron site is a typical 

margin site, fed by the Rogue 

Canyon with heads near the shelf 

edge.  

Credit: Dr. Chris Goldfinger, OSU 

and the National Science 

Foundation 





Cascadia Core 

Sites: 

1999 = gray
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2009 = green

Selected older 

existing cores = 
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Turbidite 

Paleoseismology:

Extending the 

earthquake record

In Cascadia, onshore and 

offshore paleoseismology 

have revealed a long history 

of great earthquakes.  

We set out in 1999 to prove 

the turbidite story wrong, and 

failed.  

Cascadia Turbidite

Paleoseismology based on 

event correlation along 

strike.  

1) Aerial extent

2)    Synchroneity, and 

3) Sedimentology.  

Stratigraphic correlation, 

tests of synchronous 

triggering, and 14C ages 

have led to a credible (we 

think) record of 43 events of 

variable size and strike 

length during the Holocene.

Credit: Dr. Chris Goldfinger, 

OSU.  





For the northern margin, 

probabilities are relatively 

low, many intervals longer 

than 360 years are in the 

paleoseismic record.  The 

failure analysis suggests 

at 360 years,  25% of 

repeat times will have 

been exceeded.  

Conditional probability in 

50 years is 12% (7-15%).

For the southern margin, 

70-93% of repeat times 

will have been exceeded.  

Conditional probability in 

50 years is 37% (32-42%).

Northern Margin

Southern Margin



Cascadia Subduction Zone Earthquakes

Mw 
~9
500 
yrs

Mw 
8.5-8.8
430 yrs

Mw 
8.5-8.3
320 yrs

Mw 
7.6-8.4
240 yrs

(Modified from Goldfinger et al. (in press) by adding 
magnitude estimates and some labels)

Recurrence



FOCUS ON HIGHWAY BRIDGES
Cascadia Subduction Zone Earthquake (Magnitude 9.0)

6   complete collapses

64  extensive

106  major 

164  slight

Estimates Loss: 

Á$1,080 million for bridge repair and 

replacement 

ÁSignificant Economic losses (travel time 

related losses)
Route

Damage States

Slight Moderate Extensive Complete

I-5 (MWC) 4 1 0 0

I-5 (MLL) 16 3 1 0

I-5 (DJJ) 27 0 0 0

I-84 13 1 0 0

US-101 7 14 36 5

US-26 7 5 0 0

I-205 8 2 0 0

I-405 7 0 0 0

US-30 4 2 2 0

US-20 5 3 5 0

OR-38 3 2 1 0

OR-42 4 13 13 1

Others 59 60 6 0

Total 164 106 64 6


