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Structural Engineering 101



Pseudo seismic forces



Newton’s second law

• Force = mass x acceleration

• F = ma

• To get pseudo force find pseudo acceleration



Pick your seismic event



The “Big One”

• Cascadia Subduction Zone Earthquake

• Magnitude 7 – 9 

• 10 - 30% chance in the next 50 years

• Intense shaking for 4 minutes



Response Spectra



Buried Concrete Reservoir R = 3



Buckling restrained braces R = 8



New Construction

• Code Requirements

– International Building Code (IBC)

– ASCE 7 provides minimum design loads

• Code minimums are designed to protect human life, 

they are not intended to protect assets.



Owner Expectations

• Supply water for fire suppression?

• How long until production of water may resume?

• Recent estimates in Oregon for water systems to be 

fully operational in 1 month – 1 year after event.



Public Expectations

• OR and WA are creating seismic resiliency plans 

• Plans based on economics, health, and environment



How does the facility fit into the code? 

OCCUPANCY

CATEGORY

NATURE OF OCCUPANCY

III Water treatment facilities for potable water.

IV Designated earthquake, or other emergency shelter.

Water storage facilities and pump structures required 

to maintain water pressure for fire suppression.



What is the benefit of designing facilities 

with OC IV?

• Structural elements are 20% more resistant to 

seismic loads.

• Equipment is tested for seismic loads.

• Less components meet requirements to be exempt 

from seismic design.



Another option

• Use code minimum OC III

• Select specific criteria

– Increase seismic importance factor

– Specify seismic design for critical elements which the 

code provides exemptions



The little things



Existing Treatment Facilities

• When originally designed, what was the desired 

performance level after a seismic event?

• What is the desired performance level after a 

seismic event now?

• Generally structures built before 1990 are expected 

to perform poorly (75% of water infrastructure).



Existing Structures and the Code

• ASCE 41 

– Seismic Evaluation and Retrofit of Existing Structures

• Basic Performance Objective Equivalent to New 

Building Standards (BPON). 

– 2% probability in 50 years -> Cascadia Eq “The Big One”



The Easy Fixes



Questions?
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