
Enhanced Seismic and Resilience 
Design for Beaverton School District’s 

Mountainside High School

Richard Steinbrugge, P.E. (Retired)
Former Executive Administrator for Facilities
Beaverton School District

March 2023

A case study of one high school 
construction project that applied the 
targeted standards proposed in HB 3486
(BSD 2014 construction bond program)



The Oregon Resilience Plan (2013)

50-year Comprehensive Plan

 Cascadia Earthquake Scenario
 Business/Workforce Continuity
 Coastal Communities
 Critical & Essential Buildings
 Transportation
 Energy
 Information and Communication
 Water & Wastewater

Seismic Risks Considered by BSD



Oregon Seismic Hazard
10,000 years of history

Mw
~9 
500
yrs

Mw
8.5- Mw
8.8 7.6-
430 Mw 8.4
yrs 8.5- 240

8.3 yrs
320
yrs

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

 41 EQs > 8.0 magnitude
• Recurrence = 240 years
• Last one:  Jan 25, 1700
• We are OVERDUE!

 19 EQs > 9.0 magnitude
 Last 9.0; 323 years ago
 30% chance of 9.0 within 

50 years*

* Oregonian, June 2019
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Current Recovery Challenges
* Oregon Resilience Plan 2013 Estimates

Critical Services Zone
Current Estimated*
Average Recovery       
Times

Electricity Valley 1 to 3 months

Drinking Water Valley 6 months to 1 year

Sewer Valley 1 to 3 years +

Top Priority Highways Valley 6 to 12 months
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Oregon Education & Emergency Facilities

Median Age K-12

Median Age
Fire & Police

MedianAge  
Community College

From:  DOGAMI Open-File Report O-07-02; Statewide Seismic Needs Assessment
1st Oregon Seismic Code

Cascadia EQ
Considered
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Critical Building
Category Zone Estimated Average

Recovery Time
Resilience
Target

Healthcare Facilities Valley 18 months Immediate

Police and Fire Valley 2 to 4 months Immediate

Emergency Shelter Valley 18 months 72 hours

Schools Valley 18 months 30 days
(60 days*)

Housing Valley 3 days** 72 hours

* 30-day timeframe is preferred but a 60-day is also acceptable.
** Underestimates recovery for older construction

Building Performance Gaps
Oregon Resilience Plan - 2013

2016 FEMA estimate:  
Thousands of schools (OR & WA) will collapse or be uninhabitable
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Factors BSD Considered in Selecting 
Targeted Resilience Design Features

• Seismic code based upon “Life Safety” standard
 Building may not be economically repairable after earthquake*

* Pacific Earthquake Engineering Research Center Report

• Schools are distributed in neighborhoods & walkable

• Schools attract people needing emergency shelter

• New school buildings may be in inventory for ~100 years

• Probability of “The Big One” during service period is high



High School Resilience Features:
the Building Structural System Strategy

• Risk Category IV – Structural / Seismic Design
 Code requirement for schools – Category III

o +25% EQ design loads above commercial building standard
 Category IV:  Immediate Occupancy Standard – whole building

o +50% EQ design loads above commercial building standard
 Insurance against total economic loss

• Non-Structural Components
 Equipment (required to operate after EQ) seismically certified
 Components required for use as shelter: Category IV seismic bracing
 Others: Category III seismic bracing



• Restrained pipe joints between city lines and building
 Water and sewer lines on site

• Stub-out water connections for exterior tanker to supply:
 Kitchen
 Locker rooms & showers
 Drinking fountains in common spaces
 Restrooms serving dining / commons

• Seismic bracing of building plumbing per Category IV
• Sewer short term: Others to provide portable toilets

High School Resilience Features:
the Water & Wastewater Strategy



High School Resilience Features:
the Electricity & HVAC Strategy

• Emergency Power
 Emergency generator; with fuel storage for 96 hours

o Code standard:  support emergency exiting
 Supplemented with solar PV system
 Power for lighting and ventilation in shelter rooms

• Heating & Cooling
 Assume no natural gas service
 Natural ventilation: doors, windows, and exhaust fans



High School Resilience Features:
the Natural Gas & Telecom Strategy

• Natural Gas
 Seismic shut-off valve to reduce potential fire hazard

• Telecommunication
 Emergency management agencies to bring in 

portable communication systems
 Beaverton School District radio system



Case Study Details
Mountainside High School
Beaverton School District

• 3-Stories plus partial basement
• 342,000 SF
• 40 acres
• 2,200 students
• $100 million (building only)

Completed 2017



Mountainside High School
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Mountainside High School
Shelter Rooms & Features

First Floor Plan



1%* Cost Impact
Mountainside High School

Resilience Feature Cost
Estimate

Category IV Structure $500,000

Generator & Fuel Storage $330,000

Electrical Wiring $8,000

Water Service Sub-Outs $15,000

Natural Gas Seismic Shut Off Valve $5,000

Restrained Joints - Water & Sewer Lines $108,000

Solar PV Interconnection $80,000

Approximate Total $1,046,000
* Calculated using pre-construction cost estimates for the building vs. the added 
cost for targeted resilience features.  The building cost excludes project costs for 
site development and off-site improvements required by permitting jurisdictions.



Benefits of Targeted
Resilience Features

• Enhanced earthquake safety for students and staff

• Emergency shelter to support the community – all hazards

• Inexpensive insurance premium vs. total economic loss 

• Addresses Oregon Resilience Plan target for early return 
to school operations

Original Construction: (why now … ?)
 Only opportunity to economically include these features
 BSD applied these features to all 7 new schools in its 2014 bond



17

ASCE News Article Recognized 
BSD’s Resilience Designs

September 17, 2015



ASCE Civil Engineering Magazine
Cited BSD’s Resiliency Designs

September 2019 edition



Federal Emergency Management 
Agency – FEMA P-1000 / June 2017



The Seattle Times – Noted BSD’s 
Advanced Seismic Designs
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