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ABSTRACT
Schools are unique public facilities. Not only do they shelter thousands of our children every day,
they are distributed throughout most neighborhoods and walkable from homes nearby. With some
forethought, they could be significant resources in helping communities recover in the aftermath
of an earthquake or other major disaster. The Oregon Resilience Plan, published in February 2013,
indicated that after a major Cascadia Subduction Zone earthquake, existing schools and emergency
shelters in the Willamette Valley region of Oregon may take 18 months to repair before they are
able to reopen. In response to this finding from the Oregon Resilience Plan, a few school districts
in Oregon have elected to build their new schools to exceed building code requirements in certain
critical aspects to better support the community after a Cascadia Subduction Zone earthquake.
These new schools are intended to be safe, be available as a community emergency shelter within
72 hours after a major earthquake, and be ready to reopen for education within 30 days following
the earthquake. To achieve these resilience goals, several key resilience features have been
incorporated into the design and construction of these schools. From a case study of Beaverton
School District’s two new schools, one key conclusion is that these resilience design features
require only a nominal increase to the overall construction cost. In addition, a new standard for
resilient school buildings constructed in high seismic regions has been proposed to the State of
Oregon Building Codes Division as an amendment for adoption in the Oregon Structural Specialty
Code. The goal is that this new standard will significantly increase the number of structurally and
functionally reliable emergency shelters in the Coastal and Willamette Valley regions of Oregon
over the next fifty years.
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Schools are unique public facilities. Not only do they shelter thousands of our children every day,
they are distributed throughout most neighborhoods and walkable from homes nearby. With some
forethought, they could be significant resources in helping communities recover in the aftermath of
an earthquake or other major disaster. The Oregon Resilience Plan, published in February 2013,
indicated that after a major Cascadia Subduction Zone earthquake, existing schools and emergency
shelters in the Willamette Valley region of Oregon may take 18 months to repair before they are
able to reopen. In response to this finding from the Oregon Resilience Plan, a few school districts
in Oregon have elected to build their new schools to exceed building code requirements in certain
critical aspects to better support the community after a Cascadia Subduction Zone earthquake. These
new schools are intended to be safe, be available as a community emergency shelter within 72 hours
after a major earthquake, and be ready to reopen for education within 30 days following the
earthquake. To achieve these resilience goals, several key features have been incorporated into the
design and construction of these schools. From a case study of Beaverton School District’s two new
schools, one key conclusion is that these resilience design features require only a nominal increase
to the overall construction cost. In addition, a new standard for resilient school buildings constructed
in high seismic regions has been proposed to the State of Oregon Building Codes Division as an
amendment for adoption in the Oregon Structural Specialty Code. The goal is that this new standard
will significantly increase the number of structurally and functionally reliable emergency shelters
in the Coastal and Willamette Valley regions of Oregon over the next fifty years.

Oregon Seismic Hazard
For more than 300 years, the Cascadia Subduction Zone off the United States Pacific Northwest
coast has lain dormant. It wasn’t until the 1980s that scientists recognized it as an active fault that
poses a major geological hazard to Oregon as well as Northern California and Washington. In
1993, the Oregon building code was updated to address this newly revealed threat. Since then,
geologists have discovered that more than 40 great earthquakes of magnitude 8.0 and larger have
struck Western Oregon during the past 10,000 years; the most recent a magnitude 9.0 event
occurring on January 26, 1700 AD. The time interval between previous earthquakes originating
on the Cascadia Subduction Zone has varied from a few decades to many centuries, but most of
the past intervals have been shorter than the 318 years since the last event. The current odds that a
Cascadia Subduction Zone earthquake will occur in the next 50 years range from 7 to 15 percent
for a great earthquake affecting the entire Pacific Northwest to about 37 percent for a very large
earthquake affecting Southern Oregon and Northern California [6].
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The March 11, 2011 Tohoku Japan earthquake and tsunami provided the impetus for the
Oregon Legislature to introduce House Resolution 3 that directed the Oregon Seismic Safety
Policy Advisory Commission (OSSPAC) to “lead and coordinate preparation of an Oregon
Resilience Plan that reviews policy options, summarizes relevant reports and studies by state
agencies, and makes recommendations on policy direction to protect lives and keep commerce
flowing during and after a Cascadia earthquake and tsunami.” The focus of HR 3 was on the state’s
physical infrastructure.
In February of 2013, the Oregon Seismic Safety Policy Advisory Commission submitted a
report to the 77th Legislative Assembly entitled The Oregon Resilience Plan: Reducing Risk and
Improving Recovery for the Next Cascadia Earthquake and Tsunami. The report discussed the risk
that is faced by the citizens of Oregon from an impending Cascadia Subduction Zone earthquake
and accompanying tsunami, and the gaps that exist between the state of Oregon’s current
infrastructure and where it needs to be to achieve resilient performance after a major earthquake.
The Oregon Resilience Plan (ORP) went on to outline steps that could be taken over the next 50
years to bring the state closer to resilient performance through a systematic program of
vulnerability assessments, capital investments in public infrastructure, new incentives to engage
the private sector, and policy changes that reflect the current understanding of the Cascadia threat.
Business continuity planning typically assumes a period of two to four weeks as the longest
disruption of essential services (i.e., utilities, communications, etc.) that a business can withstand;
service disruptions lasting for one month or longer can be enough to force a business to close,
relocate, or leave the state entirely. Analysis presented in the ORP revealed that restoration of
essential services could take anywhere from one month to three years based on the then current
conditions of infrastructure systems (see Table 1).
The Oregon Office of Emergency Management estimated that 500,000 residents could be
displaced by the Cascadia Subduction Zone earthquake [3]. The ORP described a need for opening
emergency shelters within 72 hours and re-opening schools within 30 days following a large
earthquake, but estimated that current emergency sheltering in the coastal and valley regions may
not be operational for 18 months (see Table 1).
Table 1.

Estimated timeframe for restoring critical services

Critical Services
Schools
Emergency Shelters
Electricity
Drinking Water and Sewer
Telecommunication
Liquid Fuel

Valley
18 months
18 months
1 to 3 months
1 month to 1 year
6 months to 1 year
Extremely Vulnerable

Coast
18 months
18 months
3 to 6 months
1 to 3 years
6 months to 1 year
Extremely Vulnerable

Schools as Emergency Shelters and Community Resource Centers
The re-opening of schools is an important milestone after a major disaster, and symbolically marks
the transition from the response phase to the recovery phase. In accordance with the ORP, schools
need to be safe, and should be opened preferably within 30 days to ensure the workforce can go
back to work and their children can return to a normal routine. The goal of reopening schools
within 30 days implies that only very minor structural damage is acceptable. If these schools are
relatively undamaged after an earthquake, they can also be used as emergency shelters and
resource centers for residents of the local community during the response and recovery phases
after a major disaster event. As most elementary schools are likely within walking distance for the
neighborhood they serve, they are well positioned to be community distribution points for water
and emergency relief supplies, and could be hubs for day-to-day community needs, such as
information transfer, assistance with obtaining needed resources, charging cell phones, etc. Middle
schools and high schools have larger facilities with gymnasiums, locker rooms, kitchens,
cafeterias, athletic fields, etc. that make them ideally suited for use as emergency shelters. In
addition, the school grounds also provide open spaces to allow for the distribution of supplies and
services for others in the community.
Disconnect Between Community Planning, Public Works, and Emergency Planning
The typical community planning and infrastructure design process involves professionals working
in relative isolation from other disciplines. For instance, rarely are emergency managers involved
in the infrastructure planning and design process, but they are responsible for dealing with the
aftermath of a disaster. This “silo” mentality has resulted in a disconnect between community
planning, public works, and emergency planning. There is a need to integrate emergency response
planning into community and public works planning. This holistic approach will help to facilitate
cooperation and promote the taking of comprehensive steps to mitigate the Cascadia earthquake
risk to our businesses, homes, communities, and economy.
The current approach used by the American Red Cross (ARC) is to pre-identify facilities
that may be utilized as emergency shelters after a disaster. Buildings that are on the list have not
necessarily been structurally evaluated to determine their expected performance after an
earthquake or any other disaster. The ARC relies on post-disaster building assessments to identify
buildings from the list that are safe to be used as emergency shelters. When there is a lack of utility
services, the ARC provides temporary workarounds so that the buildings can function as an
emergency shelter. Some school facilities listed as potential emergency shelters in local natural
hazard mitigation plans have been identified to have very high potential for collapse by the
Oregon’s statewide seismic needs assessment [2]. Many other buildings of appropriate size
designated by the ARC as emergency shelters such as churches and community centers will also
likely be heavily damaged beyond the point where they may be utilized.
The current Oregon Seismic Rehabilitation Grant Program (SRGP) was created to mitigate
school collapse and only funds seismic rehabilitation of existing schools to achieve life-safety
performance for a design level event. While providing life-safety seismic retrofits is an important
consideration that will save lives in a future earthquake, for a modest increase in construction cost,
some school buildings could be retrofitted to a higher structural performance objective that would

allow them to be used as post-earthquake emergency shelters.
To help address the shortage of emergency shelters and the disconnect between community
planning, public works, and emergency planning, it is recommended that school districts and
design professionals: (1) design and construct new school buildings to experience little damage so
that they are safe to occupy after an earthquake, and (2) deliberately provide increased capacity
for backup systems and coordinate with utility service providers so that measures can be taken
prior to an event to best support functionality of the schools as emergency shelters. In addition, it
is also recommended that the SRGP be modified so that funds can be used to upgrade some
facilities to a higher performance objective.
Vision for New Resilient Schools
The vision for new resilient schools is to construct facilities that can efficiently and effectively be
used as shelters and create a pre-agreement with the local governments and the ARC for their use
as shelters in the case of a Cascadia earthquake or any other major disaster. This offers advantages
for all parties. Local emergency service agencies and the ARC would have more certainty in
planning for shelter needs following a disaster. Since the schools are new, they can be designed to
meet higher seismic performance standards to ensure their use following an earthquake (both to
reopen in 30 days and to be used as a shelter within 72 hours after an event). In addition, other
measures can be included to facilitate their use as shelters, such as increased emergency power
capacity or potable water storage.
Pre-designating schools as shelters also provides an impetus for infrastructure system
providers to designate the schools as priority service areas following the disaster. If feasible, the
schools may be connected to the seismically hardened backbone systems that many utility
providers are planning to improve community resilience in the aftermath of a Cascadia Subduction
Zone earthquake, thereby reducing the time the schools will be without utility services. It is
communities that benefit the most, since they can count on dedicated shelters for times of
emergency, and schools will be able to resume normal operation more rapidly.
Beaverton School District: Case Study
Beaverton School District Vision
The Beaverton School District (BSD) vision has been to explore how to prepare the district and
the surrounding communities for an eventual Cascadia Subduction Zone earthquake. The district
recognizes the importance of school buildings for post-earthquake response and recovery, with
schools typically functioning as emergency shelters after a disaster. Using the Oregon Resilience
Plan as a guide, the BSD envisions constructing two new schools as a demonstration project to
explore how schools can be designed for use as shelters in the immediate aftermath of a Cascadia
earthquake, and be re-opened in a timely manner to aid recovery efforts − all within their budget
constraints.
BSD also recognizes that resilience efforts need to be both realistic and flexible. It would
not be realistic to expect the school to be a completely self-sufficient emergency shelter were the

Cascadia earthquake to happen tomorrow. Many of the requirements for an emergency shelter are
dependent upon continued lifeline support and services to the shelter. Not every desired
infrastructure system can be practically available at each BSD facility operating as an emergency
shelter. Flexibility in the school design is important to have an adaptable building layout that can
accommodate future resilience improvements as resources become available. BSD also wanted to
integrate these resilience goals into its existing sustainability goals of reduced energy consumption,
natural ventilation, and natural daylighting.
New High School
The design of the high school at South Cooper Mountain includes 330,000 square feet in a threestory structure with a partial basement. With an enrollment capacity of 2,200, the high school has
a main gym, auxiliary gym, aerobics/dance room, commons, kitchen, 50 classrooms, and many
offices. The overall building construction was approximately $98 million. The resilience planning
for the high school occurred alongside the design effort. The objective of the resilience planning
was to identify resilience measures that could be seamlessly integrated into the design of the
building without notably impacting the cost, schedule, or design of the structure. Through a
collaborative resilience planning process among all stakeholders, many resilience features were
identified [8].
The site layout lends itself to resilient functionality in a post-earthquake environment. Site
layout and access to the campus allows for resilience features without major impacts to the site
plan. The site can provide services for on-site distribution of supplies and services for the initial
30 days and beyond with minimal impact to school operation. Two surface parking and circulation
routes allow for flexibility in allowing one-way traffic for vehicles to enter the campus and obtain
supplies and services. The site has an area for portable classrooms. Routing electrical, water, and
wastewater services to these portables would come at little cost and provide additional flexibility
for relief operations. The site has parking areas and fields available for portable shelters and
distribution of supplies as needed during the first 30 days (and for any extended shelter needs once
the school has reopened). The site has adequate play areas for children.
The district decided to fully utilize all the open spaces (such as main gym, auxiliary gym,
and commons) and large classrooms for shelter use (see Figure 1 for floor plan and associated
shelter capacities). The approximate shelter sleeping capacity is estimated to be 860. In addition,
a covered area has been pre-designated for pets. To meet ARC requirement of having a safe and
usable building, design of the building allows for the following:
1. Design the building as an essential facility (i.e. Risk Category IV) promoting a high
probability that the building will be safe to occupy after a large earthquake [1].
2. Design nonstructural components required for operation as an emergency shelter to Risk
Category IV and special certification requirements ([1] and [5]).
The shelter requirements set minimum standards for heating, ventilation and cooling of the
shelter. To accommodate sheltering in the high school, the following resilience features were
recommended:

3. Utilize current Oregon Energy Standards for insulation and windows so that heat generated
by people, lights and equipment will keep the temperature at acceptable levels, assuming
occupants will be dressed in jackets or wrapped in blankets.
4. Use natural ventilation from doors and windows to provide ventilation and cooling during
hot weather to keep indoor temperature at or below the outside temperature. This was
already part of BSD’s sustainability design standards.
5. Add exhaust fans to provide natural ventilation to common areas during hot weather and
ensure they are on the emergency power circuit.

Shelter Capacity:
Main Gym
160
Auxiliary Gym
80
Dance Room
30
Commons
90
Classrooms
500
(50 rooms at 10/room)

Figure 1. High School at South Cooper Mountain First Floor Plan
Emergency power is a basic code requirement, but code only establishes a minimal level
of service that provides power for egress lighting and for the operation of elevators for egress
purposes. This power only needs to be provided for a short time frame. While emergency power
is not a requirement for using the building as a shelter, there are many potential resilience features
that would increase the school’s usefulness as a shelter.
6. Provide the largest sized generator that the budget will allow.
7. Provide accommodations for hooking up additional emergency power generators.
8. Add exhaust fans, common-lighting, and hot plates in the kitchen to an emergency power
circuit.
9. Provide for on-site use of a photovoltaic power array with inverter.
10. Provide seismic bracing of electrical system components intended for emergency shelter
use to satisfy Risk Category IV seismic bracing requirements and utilize special
certification requirements for equipment expected to be operational after an earthquake.

The functionality of the school as a shelter is largely dependent upon the availability of
utility services to the site. Resilience features include both short-term and long-term objectives for
both BSD and the utility providers to consider. Those resilience features are as follows:
11. Ensure water service is on the backbone system to receive water within 24 hours once the
municipal system is upgraded to its resilience goals.
12. Design water piping installed between the utility main and school building to consider
seismic resilience.
13. Provide stub-outs at the building exterior for water supply via a portable water tank and
pump. This can be used to supply water until the backbone system is established.
14. Route water from external water tanks to supply key building areas, including the kitchen,
locker rooms and showers, drinking fountains in common spaces, and restrooms serving
the common spaces.
15. Provide seismic bracing of plumbing system components intended for emergency shelter
use to satisfy Risk Category IV bracing requirements.
16. Ensure wastewater service is on the backbone system to provide services within 1-2 weeks
once the municipal system is upgraded to its resilience goals.
17. Design wastewater piping installed between the utility main and school building to
consider seismic resilience.
18. Provide a seismic shutoff valve at the meter to reduce the potential fire hazard associated
with natural gas leaks after an earthquake.
Due to budget and design schedule limitations, not all the resilience features that were
discussed as part of this project could be incorporated into the design, construction, and operation
of the high school at South Cooper Mountain. The resilience features that have been adopted are
summarized in Table 2. The overall cost premium associated with these selected features was less
than 1% of the building construction cost. The intent behind these selected options was to buildin as much flexibility as possible to pre-position for future resilience upgrades. As additional
funding becomes available or the cost of certain technologies (photovoltaic inverters, battery
storage, etc.) decreases, it may be possible to provide additional resilience features that will make
using the school as an emergency shelter easier or enable additional services to be provided by the
shelter.
New Middle School
The design of the middle school at the Timberland Development includes 165,000 square feet in
a two-story structure. With an enrollment capacity of 1,100, the middle school has a main gym,
auxiliary gym, multi-purpose room, choir room, band room, commons, kitchen, 40 classrooms,
and many offices. The approximate shelter sleeping capacity is estimated to be 725. The overall
building construction cost was approximately $43 million. The findings for the middle school
proved to be very similar to that of the high school. The overall cost premium associated with the
selected resilience features was slightly more than 1.5% of the building construction cost.

Table 2.

High school at South Cooper Mountain - adopted resilience design features

Resilience Feature
1)
2)

3)

4)

5)
6)
7)
8)
9)

Cost
Estimate
Design building structure’s lateral-force resisting system for seismic $500,000
Risk Category IV.
Provide 500 kW emergency generator with 96-hour run time fuel $330,000
storage. Emergency generator, switch gear, ventilation fans, and other
equipment that is expected to be operational after an earthquake should
satisfy the special certification requirements of ASCE 7-10, which is
referenced by the OSSC.
Provide electrical service to power lighting and ventilation fans in
$8,000
common areas and gymnasium on emergency power; does not provide
heated or conditioned air.
Provide stub-outs at building exterior to allow use of portable water $15,000
tank and associated pump to supply water to key building areas:
kitchen, locker rooms and showers, drinking fountains in common
spaces and restrooms serving the dining commons.
Provide two electrical outlets in kitchen on emergency power to allow
$5,000
hot plates for water boiling, etc.
Provide natural gas seismic shutoff valve at meter.
Negligible
Provide hardened water service line from BWD water line to building.
TBD
Provide hardened sanitary sewer service line from CWS sewer line to
TBD
building.
Provide seismic bracing/anchorage design of nonstructural Negligible
components based on Risk Category III requirements except those
components required for use of the school as emergency shelter satisfy
Risk Category IV requirements.
Approximate Total
$900,000

Earthquake Shelter and Proposed Code Change
In order to amplify this grassroots effort taking place in several Oregon school districts, OSSPAC
discussed how to formulate an appropriate policy that could serve all Oregonians by consistently
and systematically addressing the current shortage of seismically safe and reliable emergency
shelters. While Chapter 16 of the Oregon Structural Specialty Code (OSSC) [5] requires that
“designated” earthquake emergency shelters be designed as Risk Category IV structures, OSSPAC
has noted that no buildings of any type are so designated either in Oregon or in any local
municipality. In addition, the building code does not address any other specific provisions for the
design of buildings that could make them more efficiently used as post-disaster shelters after an
earthquake or other disaster. It is clear to OSSPAC that a paradigm shift is necessary so that the
design community and facility owners will look beyond current building code minimum design
standards and consider how incremental investments in resilient infrastructure over the coming
decades will enable communities to rapidly respond to and recover from the pending Cascadia
Subduction Zone earthquake. Unfortunately, there has not been a model building code change

proposal at the national level to meet this urgent and critical need. OSSPAC decided to craft a code
change proposal for consideration during the regular update cycle of the OSSC to address this gap.
In addition to its internal discussion and debate, OSSPAC also reached out to the greater Oregon
community of seismic champions to solicit input from a diverse group of stakeholders. Many
excellent suggestions were discussed and in January 2017, OSSPAC chose to pare down the
recommendations to the absolute critical items in order to balance the need for shelters with the
financial and operational impact to local school districts.
The proposal designates portions of new school buildings constructed in a high seismic
region of Oregon be designated as “earthquake relief shelters” and prescribes additional
requirements for their design. Modeled after the existing storm shelter rules in Section 423 of the
OSSC [5], an earthquake relief shelter would be intended primarily to afford sanctuary to displaced
families after an earthquake, as opposed to a storm shelter which provides protection from a
tornado or hurricane during the actual event. The requirements for an earthquake relief shelter are
proposed to apply only to portions of the State that are in a high Seismic Design Category, defined
as D or higher [1]. In general terms, the coast and valley regions of the State are in high seismic
regions whereas the central and eastern portions are in a lower category and would likely not be
impacted by the provisions. The proposed code section and amendment define requirements
needed to ensure that school gymnasiums, cafeterias and large multi-purpose rooms (larger than
6,000 square feet) can be utilized as emergency shelters after an earthquake. It designates these
portions of the structure as Risk Category IV which may require that the entire structure be
designated as Risk Category IV if these portions cannot be seismically isolated. Currently, schools
(Group E occupancies) with an occupant load greater than 250 are designated as Risk Category III
structures. In addition, the code change also proposes cost-effective measures to allow the easy
hook-up of electrical and water services post-disaster as well as an earthquake automatic gas shut
off valve. It is anticipated that the added cost to construction of a new school based on the
recommended code change will be minimal, likely much less than 1 percent.
This code change proposal has been submitted to the State of Oregon Building Codes
Division and will be debated by the Building Code Structures Board in the first or second quarter
of 2018. If it passes, it is anticipated to become effective with the 2019 edition of the OSSC (based
on the 2018 IBC [4]), sometime in October of 2019. The complete text of the code change proposal
can be found on OSSPAC website [7].
Conclusions
The resilient design features implemented by the Beaverton School District for their new schools
will result in safer schools that will be more easily used as emergency shelters following a Cascadia
Subduction Zone earthquake or other disaster. The collaborative design approach, holistic
resilience vision, and resilient design features implemented by the Beaverton School District can
be used as a model for resilient design in other new school construction or renovations. As
indicated in the Beaverton School District case study, incorporating resilient design features can
be accomplished with little impact to project construction budgets. The benefit to the community
in terms of substantially improving the sheltering capacity and functionality in post-earthquake
response far outweighs this slight construction cost increase. Already other school districts in
Oregon like Lake Oswego are following Beaverton’s lead and hopefully more will follow.

Bridging the resilience gap as outlined in The Oregon Resilience Plan will take continued
investment in resilient infrastructure and proactive advocacy by design professionals. The
proposed code change related to earthquake shelter is a useful example of the much needed
paradigm shift that will promote integration of resilience into new design and will increase the
capacity and reliability of Oregon’s emergency shelters. Even with these new regulations, it is
recognized that it will take many decades to have new shelters in place scattered throughout the
central and western regions of Oregon as older gymnasiums and cafeterias are replaced and new
schools are constructed. Once adopted, we hope that additional school districts throughout the
State will consider going above and beyond the modest proposed code change provisions as they
engage with their local communities about a school’s alternative function as a designated
earthquake relief shelter.
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