EXECUTIVE SUMMARY

There are 295 K-12 public school districts throughout Washington State serving approximately
1.1 million students. In these school districts, over 4,400 buildings are recognized as permanent
school buildings, of which approximately 70 percent are in high-risk seismic areas. In 2017,
Washington State took a major step to improve the understanding of seismic risks to public K-12
school buildings by funding the first phase of a statewide seismic study in the 2017-2019
Washington State capital budget called the Washington State School Seismic Safety Project
(SSSP).

This Phase 2 project is the continuation and second phase of the SSSP and includes the seismic
assessment of 339 school buildings and 2 fire stations, most of which are located in the highest
seismic hazard areas of Washington State. Similar to Phase 1, the seismic assessments include
ASCE 41 Tier 1 evaluations, FEMA P-154 Rapid Visual Screening (RVS), and Washington
Schools Earthquake Performance Assessment Tool (EPAT) screenings for each school building.
In addition, 17 school buildings and 2 fire stations were selected to receive individual conceptual
seismic upgrade reports that include recommendations for seismic upgrades with associated
construction cost estimates. The Department of Natural Resources Washington Geological
Survey (DNR-WGS) also conducted soil shear wave velocity testing and determined the soil site
class for each school campus that was used for the ASCE 41 seismic screenings and conceptual
seismic upgrade reports.

The following are the engineering recommendations resulting from this study:

Recommendations to Enhance School Seismic Safety
e Require seismic upgrades when schools undergo major modernizations.

e Increase seismic performance criteria for the design of new school buildings.

e Develop a long-term program to seismically upgrade or replace vulnerable existing
school buildings.

e School districts can use this study’s EPRS structural safety sub-rating results to prioritize
seismic deficiencies for retrofit.

e Consider funding incentives specifically for seismic upgrades that are included in
nonstructural maintenance projects.

e Study and mimic best-practices of seismic safety programs in other western states.

e Develop state program to inform communities and school districts about seismic safety
and resiliency.

Recommendations for Further Studies
e Conduct benefit-cost analysis on high priority school buildings.

e Continue updating OSPI’s ICOS database and doing ASCE 41 seismic evaluations of
school buildings.

e Further study soil liquefaction risks at school sites.
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Recommendations for Fire Stations
e Consider grant program similar to the School Seismic Safety Grant Program that will
assist in seismically upgrading vulnerable fire stations.

e Further study the state’s inventory of fire stations to better-determine seismic upgrade
needs.

The results from Phase 1 of the SSSP indicated that Washington State has many older school
buildings that are vulnerable to earthquakes. The results further indicated that many of these
older buildings consist of construction types known to be especially vulnerable to earthquake
such as unreinforced masonry buildings (URM), non-ductile concrete buildings, and older pre
1960 reinforced masonry buildings. Phase 2 further confirms these Phase 1 findings. In total,
both phases have only screened approximately 12 percent of the stock of permanent school
buildings in the state. Meaning there are many other older and seismically vulnerable school
buildings in the state that still need attention to determine what can and should be done to
improve seismic safety.

Although mitigating all of the state’s oldest school buildings right away may not be possible or
financially feasible, especially considering other safety hazards and immediate facility needs for
schools, many organizations are taking incremental steps to increase the seismic safety of our
schools. Many of Washington’s policy makers, school districts, and design professionals are
actively turning seismic knowledge into action. Following the Phase 1 report, the State
Legislature funded the Office of Superintendent of Public Instruction (OSPI) $13 million for a
School Seismic Safety Retrofit Grant Program (SSSRP), the first of its kind in Washington State.
This grant program is underway in seismically upgrading select school buildings. The State
Legislature has since approved another $38 million for the 2021-2023 biennium for this grant
program.

Incremental investments to seismically improve Washington’s older and seismically vulnerable
public school buildings will save lives, and protect students and teachers. Seismic improvements
will also save money in the long-run and increase the resiliency of our state and communities.
Enhancing the seismic safety and performance of school buildings does not require an all-or-
nothing approach. It can affordably be accomplished through voluntary seismic upgrades and
incremental seismic upgrades that are incorporated into modernizations and improvements that
would otherwise only be nonstructural in nature. A significant portion of this study’s estimated
seismic upgrade costs are related to the fact that the seismic upgrades often require the removal
and replacement of existing finishes and nonstructural systems. The seismic upgrade cost
estimates prepared in this study demonstrate that the costs can be significantly reduced when
they are combined with nonstructural improvements, potentially reducing costs by upwards of 70
percent. Enhancing the seismic safety of our schools in this manner would be more affordable
and have a wider reaching impact on school buildings across our region.

The results and findings of this study should be used to inform the State Legislature and policy
makers of the estimated seismic risks in K-12 public school buildings statewide and be given
consideration when coming up with policies and funding mechanisms to mitigate them. The
screening reports, concept reports, and structural safety risk information provided by this study
should be used by OSPI, the school districts, and the fire departments to develop mitigation
strategies and seismic improvement projects of school buildings and fire stations (either done
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voluntarily or as part of a modernization) or to serve as guidance in providing further
engineering investigation and analysis. Additionally, further study of the liquefaction risks at
building sites, benefit-cost analyses on high-priority buildings, and efforts to continue
seismically screening buildings and updating OSPI’s Information and Condition of Schools
(ICOS) database, will further prepare our state for earthquakes.

The SSSP (Phases 1 and 2) has been an incredible opportunity to study and evaluate school
buildings across the state and has demonstrated the need for dedicated funding for seismic
retrofits. The cost of inaction on improving seismic safety is too great for our children, parents,
teachers, and communities. Although the state has taken strides in earthquake awareness and
preparedness, there is still a great deal more work to be done. Washingtonians, through further
awareness and support of their communities and school districts, can provide the necessary
investments needed to improve seismic safety and improve our community infrastructure across
the state.
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1.0 Introduction

1.1 Project Overview

There are 295 K-12 public school districts throughout Washington State serving approximately
1.1 million students. In these school districts, over 4,400 buildings are recognized as permanent
school buildings, of which approximately 70 percent are in high-risk seismic areas. In 2011,
Washington State took the initial step with the Washington State School Seismic Safety Pilot
Project to help determine an appropriate method to assess the earthquake performance of school
buildings to be able to recommend future courses of action (Walsh et. al, 2011). In 2017,
Washington State took another major step to improve the understanding of seismic risks to public
K-12 school buildings by funding the first phase of a statewide seismic study in the 2017-2019
Washington State capital budget called the Washington State School Seismic Safety Project
(SSSP).

Phase 1 of the SSSP, led by the Department of Natural Resources Washington Geological
Survey (DNR-WGS), was completed in June 2019 and seismically assessed 222 school buildings
and 5 fire stations. Phase 1 also provided conceptual seismic upgrades design reports for

15 school buildings across the state that included construction cost estimates with the intent of
extrapolating it to the inventory of older school buildings across the state. The goal of Phase 1
was to provide a better understanding of the seismic risk of older Washington State public school
buildings and to help estimate the fiscal needs to improve and upgrade existing school buildings
to be seismically safe.

This project is the continuation and second phase (referred to as Phase 2 herein) of the Phase 1
statewide study. Phase 2 has a very similar scope and objective to Phase 1 and includes the
seismic assessment of 339 school buildings and 2 fire stations, most of which are located in the
highest seismic areas of the state. Similar to Phase 1, the seismic assessments include ASCE 41
Tier 1 evaluations, FEMA P-154 Rapid Visual Screening (RVS), and Washington Schools
Earthquake Performance Assessment Tool (EPAT) screenings for each school building. In
addition, 17 school buildings and 2 fire stations were selected to receive individual conceptual
seismic upgrade reports that include recommendations for seismic upgrades with associated
construction costs estimates. DNR-WGS also conducted soil shear wave velocity testing and
determined the soil site class for each school campus.

In Phase 2, buildings were again selected using the Office of Superintendent of Public Instruction’s
(OSPI) database of permanent buildings with a primary focus on older school buildings in high
seismic areas. The Phase 2 selection criteria is based on the conclusions of the Phase 1
assessments project and prioritized buildings in high seismic areas, older buildings (e.g., prior to
the adoption of the statewide building code in 1975), and buildings of vulnerable construction
types (such as unreinforced masonry and nonductile concrete buildings). There was also a
preference given to buildings that had original construction drawings (i.e., blueprints) or other
information available to aid in the assessments. Even so, a significant portion of selected buildings
only had partial or no construction drawings available for review.
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This Seismic Assessment Report supplements DNR-WGS’s Final Report to the State and includes
the structural engineering findings, recommendations, and individual screenings of the buildings
assessed in Phase 2 of the SSSP.

WASHINGTON STATE SCHOOL SEISMIC SAFETY FACTS

WASHINGTON HAS ALL THREE IN THE NEXT 50 YEARS
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Figure 1.2-1. Washington State School Seismic Safety Facts.
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1.2  Project Objective

The overall goal of the SSSP is to continue the statewide school seismic safety initiatives
currently being led by the School Seismic Safety Steering Committee (SSSSC) that includes
DNR-WGS, OSPI, Emergency Management Division (EMD), and professors from the
University of Washington school of Civil Engineering. The initiatives of the SSSSC were to
seismically evaluate a representative sample of school buildings across the state, use the geologic
and seismic evaluation results to determine costs to seismically upgrade buildings, and then
extrapolate the costs to similar school buildings throughout Washington State to determine what
it may cost to complete these seismic assessments statewide.

To support these initiatives, Phases 1 and 2 of the SSSP set out with the following objectives:

e Perform seismic screenings of representative school buildings to assess the seismic safety
of public K-12 buildings in Washington State (561 school buildings or roughly
12 percent of the permanent building stock) and for a select number of fire stations within
one mile of a public K-12 school.

e Perform assessments of site-specific geology to determine the seismic site class of the
soils at these school campuses.

e Use the findings of the buildings screened in Phase 1 and Phase 2 to provide a prioritized
list of schools based on geologic and engineering results.

e Develop high-level cost estimates to retrofit a prioritized subset of seismically vulnerable
school buildings and fire stations.

e Gather building data for OSPI’s Information and Condition of Schools (ICOS) database.

e Share and communicate the information and findings gathered with the State and school
districts.
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In building upon the work completed in 2019 for Phase 1of the SSSP, Phase 2 set out to use the
results and findings of the seismic screenings to provide the state and school districts with:

e A translation of the ASCE 41 Tier 1 seismic evaluation checklist to an easier to
understand structural safety rating.

e A prioritized list of the 561 school buildings screened as part of the SSSP that are
grouped by severity of seismic risk (very high, high, moderate, and lower risks).

The primary intent of the SSSSC initiatives and SSSP objectives are to utilize the information
gathered, and the findings and recommendations of the project team, to inform the Washington
State Legislature and policy makers of the current level of estimated seismic risks in K-12 public
school buildings statewide. This information should help guide long-term strategies and policies
for improving the seismic safety of our state’s older school buildings. The secondary intent is to
provide each participating school district the seismic screening results and related seismic safety
improvement recommendations to help inform their long-term capital planning and budgeting
efforts.

Achieving the project objectives of Phase 2 required very similar project steps taken in Phase 1
as described by Figure 1.3-1. Defining and selecting the school buildings for assessment was a
significant effort, as will be discussed in Section 2.4 of this report. Once the buildings were
selected, engineering teams consisting of licensed structural engineers visited each building to
visually observe the condition of the building and perform cursory field investigations to confirm
information gathered from existing building drawings. In cases where existing building
drawings were not available, these site visits by the engineers served to determine the
construction type of the school buildings. Engineers then used the findings from their site visit
and their review of existing building drawings to perform a seismic evaluation and prepare a
screening report for each building. Of the 561 school buildings screened in Phases 1 and 2,
seventeen school buildings were then selected to receive conceptual seismic upgrades design
reports and cost estimates. Results and findings from the screening reports, conceptual upgrades
reports, and cost estimates were then compiled into this seismic engineering assessment report
that supplements DNR-WGS’s Final Report that goes to the Office of Financial Management
and the appropriate committees of the State Legislature, in accordance with the 2019-2021
Capital Budget appropriation.
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Figure 1.3-1. Basic Project Steps.
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1.3  Project Team

Reid Middleton, Inc., is the prime consultant contracted by the DNR-WGS, in partnership with
OSPI and the SSSSC. As the prime contractor for Phases 1 and 2 of the SSSP, Reid Middleton
worked with and coordinated directly with the DNR-WGS, OSPI, and the school districts in
performing the seismic assessments of the school buildings and fire stations, gathering all of the
data and performing data analytics, facilitating the prioritization and recommendations for
seismically upgrading school buildings, and the authoring of this report.

Structural Engineering: Reid Middleton partnered with and led teams from three other structural
engineering firms heavily experienced in seismic engineering and with the design and retrofit of
school buildings and fire stations. The intent of this partnership was to provide DNR, OSPI, and
school districts with distributed access to experienced experts and licensed structural engineers
throughout the state of Washington — experts invested in and a part of the communities and
regions around them. The structural engineering team consists of licensed structural engineers
from Reid Middleton, Inc. (based in Everett, WA); WRK Engineers, Inc. (located in
Vancouver, WA); WSP, USA (who subsequently acquired BergerABAM at the end of Phase 1,
located in Federal Way, WA); and DCI Engineers, Inc. (the Spokane office, located in Spokane,
WA).

Architecture: The architecture team consists of two architecture firms, Dykeman Architects
(located in Everett, WA) and Rolluda Architects, Inc. (located in Seattle, WA). Both
architecture firms are highly experienced in K-12 public school work and provided general
guidance and consideration of the architectural aspects of the conceptual seismic upgrade
designs.

Cost Estimating: The cost estimating of the conceptual seismic upgrades was provided by
ProDims, LLC (Kirkland, WA). ProDims is experienced in estimating K-12 public school
work, and also projects in the Pacific Northwest in general, including numerous seismic retrofit
projects.

Geotechnical Engineering: Geotechnical engineering considerations provided in this report were
provided by GeoEngineers, Inc., headquartered in Redmond, Washington. Although
GeoEngineers was not involved with the geologic data gathering, shear wave velocity analysis,
and site class determination performed by DNR-WGS, they were consulted by the structural
engineering project team for considerations and input related to earthquake induced soil
liquefaction.

Economics: Economic considerations in Section 6.0 and Appendix B.5 were provided by
ECONorthwest (Seattle, WA). ECONorthwest has experience with other large studies in the
Pacific Northwest region related to seismic resiliency. ECONorthwest provided consultation to
the structural engineering team regarding benefit costs analyses, economics, and policy and
planning for agencies and businesses with limited resources.
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1.4  Tasks Performed by the Structural Engineering Contractor

The project was accomplished in several distinct and overlapping phases of work, which
included: assistance in the school building selection for this study; school facilities research and
information review; field investigations and data collection; seismic screenings; concept-level
seismic upgrades design and cost estimating; data analyses and entry; findings and
recommendations and reporting. The following tasks were performed by Reid Middleton, Inc.,
as the structural engineering contractor for the state, and their subconsultant team of engineers,
architects, cost estimators, geotechnical engineers, and economists.

1.4.1 School Selection Process

The WGS lead the school selection process for the Phase 2 project. The Washington State
Legislature wrote criteria into the 2019-2021 Capital Budget for which schools should be
prioritized for participation in the study. In following this, the WGS prioritized the following
buildings for inclusion in the study:

e A sample of public facilities located in high-priority areas as determined in Phase 1of the
SSSP and in tsunami inundation zones as published by the Department. The survey used
the results of the SSSP Phase 1 findings to prioritize school buildings based on geologic
and engineering results.

e A portion of public school facilities that are routinely used for the instruction of students
in K-12 grade and in school districts that have held successful bond elections within the
previous three years.

e A portion of the remaining public school facilities that are routinely used for the
instruction of students in kindergarten through twelfth grade.

DNR-WGS and OSPI took the first step in the selection process and sought out school districts
interested in participating in this study, with the request that they also have existing building
drawings available for use in the seismic screening assessments. Many of the school districts
contacted initially were those that are located in the high-seismic areas of the state and those that
have passed a successful bond election within the previous three years in accordance with the
requirements of the Capital Budget.

As school districts responded to DNR-WGS and OSPT’s request, the project team searched
through school building inventory records from OSPI’s ICOS database to identify the oldest
buildings in the interested school districts as candidates for seismic screening. The project team
then contacted the school districts to:

e Confirm participation in this study.
e Confirm the availability of existing structural and architectural drawings of the building

candidates and request they be sent to the project team digitally (if digital drawings were
available).
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e Inquire about the current use of the school buildings that were being considered for
seismic screenings.

e Inquire about any past seismic work already performed on the building candidates or
modernization work in progress.

The project team then reviewed the existing building drawings provided by school districts to
prioritize school buildings with an adequate level of structural or architectural drawings that
could be used to effectively perform the ASCE 41 Tier 1 screenings. This initial drawing review
also allowed the project team to see the screening candidates’ construction type, which was then
used as another consideration based on the previous Phase 1 study’s findings.

In addition to the availability of adequate drawings, the selection process also prioritized
buildings that matched the Phase 1 study’s findings that the highest risk schools are:

e Located in high seismic hazard areas in the state.

e Have buildings that are older (particularly those built prior to 1975 when the state
adopted a building code).

e Have buildings that are the more-seismically vulnerable construction types such as
unreinforced masonry (URM), non-ductile concrete, and older reinforced masonry
buildings.

Many buildings beyond the 339 buildings selected for Phase 2 were considered during the
selection process. Significant effort was extended in contacting the school districts to understand
their desire to participate and to obtain, review and vet existing building drawings for adequacy.
Some school districts chose not to participate, and several school districts were not responsive to
contact attempts. Ultimately, school buildings that met the legislative requirements, had adequate
existing building drawings, and were located in school districts that wanted to participate were
readily selected. This criteria was also balanced with the selection of buildings that met the
legislative requirements, but did not have building drawings. Only 63 percent of selected
buildings ended up having original structural drawings available for review. In many cases, the
most seismically vulnerable older school buildings (e.g. URM and non-ductile concrete
buildings) are also the buildings that do not have existing drawings due to the difficulty of
keeping records from that long ago. The project team attempted to balance all of the desirable
features listed above to select buildings that met the needs of the project and allowed for project
completion in a timely manner.

1.4.2 Selected Schools

A complete list of the 339 school buildings selected for seismic screening in Phase 2 is in
Appendix B.2, along with a map of the participating school districts in Phases 1 and 2 of the SSSP.

Figure 1.4-1 is a statewide map showing the Phase 1 school buildings, Phase 2 school buildings,
and the other permanent school buildings not studied in Phase 1 or Phase 2. The 561 buildings
assessed in Phases 1 and 2 are a small sample (~12 percent) of the entire school building stock.
Note that in total 561 buildings have been assessed, at 274 schools, on 245 campuses (multiple
schools can share the same campus). The engineers performed seismic assessments at each
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individual building (561 buildings total for Phases 1 and 2), whereas the geologic site
assessments are performed at each school campus (245 campuses total for Phases 1 and 2).
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Figure 1.4-1. Map showing the schools assessed for Phase 1 and Phase 2 of this project as well as
the locations for all other public K-12 Washington schools. (Courtesy WGS).

It is important to note that a sizeable portion of the school selection process happened in the
spring of 2020, at the beginning stages of school shutdowns and quarantines due to COVID-19.
This hampered some school districts’ ability to locate existing drawing records or dedicate staff
in support of the project team’s efforts, considering that their priority and focus was on
implementing new and unfamiliar safety measures in their facilities. As a result, some school
districts chose not to participate in this study. This was a significant hurdle in the school
selection process and in finalizing the school selection list. Consequently, in addition to
COVID-19 related challenges in general, this longer than anticipated selection process also
presented additional scheduling challenges in the field-investigation phase of this study.

1.4.3 Research and Information Review

As previously mentioned, the project team researched and reviewed school building drawings
that were provided by school districts as part of the school selection process. This research
included contacting the school districts to obtain building plans, seismic reports, condition
reports, or related construction information useful for the project. Some school districts had this
information readily available digitally, while other school districts only had hardcopies available
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at the school district offices. There were also some school districts that did not have any original
structural or architectural drawings of the selected buildings on record.

Significant effort was spent collecting and scouring through existing building drawings
(blueprints) and databases provided by the school districts. Existing building structural drawings
are essential for conducting the structural seismic evaluations because most structural elements
are not visible during field investigations. For buildings assessed in Phase 2, 63 percent had a
full set of structural drawings, 20 percent had partial drawing sets (some with only partial
architectural drawings), and 17 percent had no drawings available whatsoever.

OSPI also assisted with the documentation they have on record, which includes previous
condition assessments and area plans from their Study and Survey initiatives that are used to
populate their ICOS database. Where existing construction drawings were not available, this
information became extremely valuable for engineers in understanding the building systems and
construction history, especially for older buildings that have undergone a number of
modernizations, upgrades, and additions over the years. Many of these types of school buildings
have multiple additions that are interconnected and contain a variety of structural systems and
construction materials.

1.4.4 Field Investigations and Data Collection

Field Investigation Coordination: The project team coordinated the field investigation schedule
with the DNR/WGS, OSPI, and the participating school districts to obtain access to the site and
minimize disruption to building occupants. The scheduling coordination with school districts
was heavily impacted by the COVID-19 pandemic.

The majority of the field investigation site visits were performed from May 2020 through
December 2020 while students were out of school buildings with remote learning or on summer
vacation. COVID-19 safety and sanitation were of utmost importance to the team of engineers
visiting the schools and for the teachers and facility staff working in the buildings during the
engineers’ site visits. Appropriate safety, protection, and disinfection measures were taken
during the field investigations and engineers followed school district COVID protocols before
entering school buildings. The project team also kept a site visit log to document dates and
locations of the field investigation site visits, the engineering personnel who performed the field
investigation site visits, and the self-screening assessments made prior to visiting the schools.

Field Investigations: The project team performed site visits at each of the selected school
buildings to observe the building’s condition, configuration, and structural system for the
purposes of the ASCE 41 Tier 1 seismic screening evaluations. This task included confirmation
of general information included in building records or layout drawings (when available) and
visual observations of the condition of the structure.

The field observations at each site were limited to areas and building elements that were
observable and safely accessible. Observations requiring access to confined spaces, potential
hazardous material exposure, use of an unsecured ladder, work around energized electrical
equipment or mechanical hazards, areas requiring OSHA fall-protection, steep or unstable
slopes, deteriorated structural assemblies, or other field conditions deemed to be potentially
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unsafe by the engineer were not performed. Removal of finishes (e.g., gypsum board, lath and
plaster, brick veneer, or roofing materials) for access to concealed conditions or to expose
elements that cannot otherwise be visually observed and assessed, along with material sampling
and testing, was beyond the scope of this project.

Data Collection: The ASCE 41 Tier 1 seismic screening checklists, EPAT spreadsheets, and
RVS forms were used to document the year of construction, year of any structural renovations,
presence of existing structural drawings, the building construction type, descriptions of the
building systems, overall condition, relative seismic risk level, structural and nonstructural
seismic deficiencies, and horizontal and vertical structural irregularities. The data gathered was
organized and transmitted to OSPI for input into the ICOS database for future reference and use
in their pre-disaster preparedness and mitigation plans.

Geologic Data Coordination: The project team incorporated the geologic shear wave velocity
results and determination of site-specific soil site class into the building seismic evaluations and
OSPI ICOS database.

1.4.5 Seismic Evaluations, Screenings, and Conceptual Seismic Upgrades Designs

ASCE 41 Tier 1 Seismic Evaluations: The project team performed ASCE 41-17 Tier 1 structural
and nonstructural seismic screening evaluations of the 339 school buildings and two fire stations
using the ASCE 41-17 Seismic Evaluations and Retrofit of Existing Buildings Tier 1 Seismic
Screening Procedures. The seismic evaluations are part of the individual seismic screening
reports for each building and are included in VVolume 3 of this report.

FEMA P-154 Rapid Visual Screening: FEMA P-154 Rapid Visual Screenings (RVS) were
completed for each building using the methodology found in FEMA P-154 Rapid Visual
Screening of Buildings for Potential Seismic Hazards. The individual RVS forms are included in
Volume 2 of this report.

Washington Schools Earthquake Performance Assessment Tool: The Washington Schools
Earthquake Performance Assessment Tool (EPAT) spreadsheet published by the Earthquake
Engineering Research Institute (EERI) was completed for each school. The spreadsheet tool
uses the FEMA HAZUS methodology to identify likely earthquake damage, life safety risk and
likelihood building is repairable. The individual EPAT worksheets are included in VVolume 2 of
this report.

Conceptual-Level Seismic Retrofit/Upgrade Designs: Based on the results of Tier 1 seismic
screening evaluations, the project team selected 17 school buildings and 2 fire stations that
received conceptual-level seismic retrofit and upgrade design reports. The concept-level seismic
upgrades design reports are based on the ASCE 41 Tier 1 seismic screenings and include
narrative descriptions of the recommended seismic retrofit or upgrade schemes, concept design
sketches depicting the extent and type of recommended structural upgrades, and opinions of
probable costs. The individual concept-level seismic upgrades reports are included in Volumes 4
and 5 for the selected school buildings and fire stations respectively.
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Cost Estimating: The project team prepared opinions of probable costs of the conceptual-level
seismic retrofit or upgrade designs for each of the 17 selected school buildings and 2 fire
stations. These school buildings are intended to be representative samples of the state’s
vulnerable school buildings in high-seismic areas. The intent of the cost estimates is to
extrapolate costs developed as part of this study to other similar types of school buildings in the
state and use these costs to help estimate at a high-level the capital needs for seismically
upgrading Washington State’s most seismically vulnerable schools.

1.4.6 Data Analyses and Entry

SEAONC Earthquake Performance Rating System: Preliminary structural safety star ratings
were developed for each Phase 1 and Phase 2 school building using the Structural Engineers
Association of Northern California (SEAONC) Earthquake Performance Rating System (EPRS).
The structural safety star ratings were developed using only the ASCE 41 Tier 1 checklists as
input. Geologic checklist items were excluded from the rating due to insufficient information.
The structural safety star ratings are included in the individual seismic screening reports in
Volume 3 of this report.

Data Analytics: Data from the building seismic screening evaluations, EPAT worksheets, and
concept-level seismic upgrade cost estimates were processed and organized in charts and figures
to communicate the findings and trends in the data. These charts and figures are included in the
body of this report and in Volume 1, Appendix B.1.

Seismic Screening Evaluation Data Upload: Data from the building seismic screening
evaluations were provided to OSPI’s ICOS building inventory database for future use and
reference with OSPI’s Washington Schools EPAT spreadsheets. The data provided is tabulated
in Volume 1, Appendix B.4.

Prioritized Rankings of Phase 1 and Phase 2 School Buildings by Relative Risk: Phase 1 and 2
school buildings were scored and grouped into categories that prioritize buildings for seismic
retrofit by relative risk. Engineering judgment was used to assign buildings to one of four
categories: Very High Priority, High Priority, Moderate Priority, and Lower Priority. The
prioritized grouping of school buildings seismically screened in Phase 1 and Phase 2 of this
study is tabulated in Volume 1, Appendix B.3.

1.4.7 Reporting and Documentation

ASCE 41-17 Screening Reports: The project team documented the findings of the building
seismic screening assessments in the form of a written report. Each building is documented by a
standard report format that provides pertinent building information, a summary of the building’s
structural systems and overall condition, site photographs, EPRS structural safety rating,
summaries of structural and nonstructural deficiencies, and ASCE 41-17 Tier 1 seismic
screening checklists. The individual seismic evaluation screening reports for each building are
included in Volume 3 of this report.

Conceptual-Level Seismic Upgrades Design Reports: For each of the 17 school buildings and
2 fire stations selected to receive conceptual-level seismic upgrades design reports, the project
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team prepared stand-alone reports that include an abbreviated background of this study, seismic
evaluation criteria and procedures, a summary of the seismic screening evaluation, concept-level
seismic retrofit/upgrade recommendations and sketches, and opinions of probable costs
estimates. For the convenience of the end users of these reports, pertinent existing drawings
used for the seismic screening and seismic upgrade recommendations are included as an
appendix in this reports. Illustrative excerpts from FEMA E-74 Reducing the Risks of
Nonstructural Earthquake Damage: A Practical Guide have also been included as an appendix
as a quick reference guide in mitigating common nonstructural deficiencies.

Seismic Assessment Report: The project team has prepared this Seismic Assessment Report as
part of DNR-WGS’s final report to the Legislature. This report provides an overview of the
structural engineering and seismic evaluation procedures used in this study, the seismic
assessment findings and results, recommendations for enhancing seismic safety of school
buildings and recommendations for future study.

1.5 Report Organization

Due to the voluminous nature of the data and information gathered for this project, this report
has been organized into five separate volumes.

Volume 1: Seismic Assessment Report

Volume 2: EPAT and FEMA P-154 RVS Forms

Volume 3: ASCE 41-17 Screening Reports

Volume 4: Seismic Upgrades Concept Design Reports, 17 School Buildings
Volume 5: Seismic Upgrades Concept Design Reports, 2 Fire Stations
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2.0 Earthquake Hazards and Washington State School Overview

21  Washington State Seismic Hazards
Washington can experience all three major types of earthquakes: deep intraplate earthquakes,
shallow surface fault earthquakes, and subduction zone earthquakes. Each of these types of
earthquakes present their own types of hazards and risks.
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Figure 2.2-1. Cascadia Earthquake Sources (U.S. Geological Survey, Pacific Northwest Seismic
Network, University of Washington).

Historically, deep intraplate earthquakes have occurred most frequently (1949 Olympia
Earthquake, 1965 Puget Sound Earthquake, 2001 Nisqually Earthquake). These earthquakes
typically occur within Washington State about every 30 to 50 years. While the death toll from
these earthquakes has been relatively small compared to other natural disasters, they have caused
substantial infrastructure damage that has required time and money to repair. However, the other
types of earthquakes that can occur in Washington have a potential to be much more devastating.

Washington State has many active surface seismic faults (WA DNR, 2019). Most of the known
surface faults within Washington State exist on the Olympic Peninsula, in the Puget Sound
Region, in areas near Bellingham, Washington, in the Cascade Mountain Range, near Yakima,
Washington, near the Tri-Cities area, and in southeastern Washington. There are relatively few
known faults in north-central and northeastern Washington. Surface faults within Washington
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State are expected to cause the largest local ground accelerations out of the three major types of
earthquakes. The largest of these earthquakes are expected to possess moment magnitudes
varying between 6.8 and 7.4 and peak spectral accelerations are expected to exceed 1.0 g near
the epicenter of many of these surface fault earthquakes (USGS, 2019).

WHAT IS A DESIGN-LEVEL EARTHQUAKE?

A “design-level earthquake” is a theoretical earthquake event, which is defined in ASCE 7-16 as being two-thirds of the
magnitude of the maximum considered earthquake (MCER). The MCEr is a risk-adjusted probabilistic event with a return
period of 2,475 years. The earthquake level is adjusted with the intent that new buildings designed to the current building
code will have a 1% probability of collapse in 50 years due to a seismic event (ASCE 41-17, 2017). While not exact, the
magnitude of the design-level earthquake event is similar to the magnitude of an earthquake event with a 475-year return
period for many locations on the west coast of the United States. Earth scientists expect the average return period of a
Cascadia Subduction Zone (CSZ) earthquake to be approximately 500 years. It is possible that a CSZ earthquake could
be approximately the magnitude of the design-level earthquake for many parts of Washington State, depending on the
particular earthquake characteristics. Engineers and building officials select a design-level earthquake to either design a
new building or to check an existing building to predict its resilience to earthquake shaking. The design-level earthquake
is mandated by the building code to represent the earthquake shaking hazards for the region where the building is located;
this includes shaking from large earthquakes, such as the Cascadia subduction zone, but also shaking hazard from active
crustal faults such as the Seattle fault or the Southern Whidbey Island fault zone. It is used in the design of buildings to
ensure that the building behaves in a predictable way if that design-level earthquake event should occur.

In addition to the two types of earthquakes listed above, Washington State can also experience
subduction zone earthquakes produced by the Cascadia Subduction Zone (CSZ) off the coast of
Western Washington. Subduction zones are known to produce earthquakes with magnitudes
around and exceeding 9.0. Scientists have discovered evidence of 19 CSZ earthquakes in the last
10,000 years with an average return period of approximately 500 years (USGS, 2012). From a
geologic perspective, these earthquakes occur at quite regular intervals. The most recent CSZ
earthquake is believed to have occurred on January 26, 1700 (Satake, et al, 1996). A large
magnitude earthquake on the CSZ is expected to affect areas from British Columbia, Canada, all
the way to Northern California, with Washington and Oregon being heavily affected in between.
While a CSZ earthquake is expected to affect the entirety of the state of Washington, the local
ground shaking in locations such as Port Angeles, Seattle, Olympia, or Yakima are expected to
be smaller for a CSZ event compared to surface fault ruptures with earthquake epicenters located
close to each of those locations.

2.2 Local vs. State-Level Seismic Hazards

The different types of seismic faults and different types of earthquakes that can occur in
Washington State affect the ways state and local governments must plan for these different
earthquake events. Deep intraplate earthquakes occur the most frequently but tend to be the least
damaging type of earthquake. While these earthquakes can cause costly damage that must be
repaired, these earthquakes typically do not require significant state-level or national resources in
order to recover. The fact that Washington State has experienced three deep intraplate
earthquakes since 1949 may lead Washingtonian’s to think that the earthquake risk in
Washington State is not very high. However, shallow surface fault earthquakes and Cascadia
Subduction Zone earthquakes are expected to be different.
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Large-magnitude, shallow-surface fault earthquakes of magnitudes between 6.8 and 7.4 are
expected to dramatically affect the local area around the epicenters of these earthquakes. For
example, if the Tacoma Fault, Seattle Fault, Southern Whidbey Island Fault, or Wallula Fault
were to have a large rupture, this would likely cause the largest possible expected ground
shaking close to their epicenters (WA DNR, 2019). For each of these examples, the cities of
Tacoma, Seattle, Everett, the Tri-Cities Area, and their surrounding areas would be most greatly
affected, respectively. While each of these cities would be devastated in these respective
scenarios, areas of the state further than 50 miles away would likely only be minimally affected.
While these earthquakes would be locally devastating close to their epicenters, and it is
important for local cities and Washington State to prepare for their eventual rupture, the rupture
of these faults will not cause high ground shaking that extends across the entire state. In addition
to these four example surface faults, there are many other surface faults within Washington State.
While it is likely prudent for local city governments to be most concerned about the high ground
shaking that can occur from a local surface fault rupture, the state government must be
sufficiently prepared to respond to both local surface fault ruptures and also ruptures on the
Cascadia Subduction Zone.

In contrast to deep intraplate earthquakes and shallow surface fault earthquakes, a large
magnitude earthquake (~9.0) on the Cascadia Subduction Zone fault is expected to greatly affect
the entirety of Washington. The earthquake on this fault is expected to cause the largest shaking
and a tsunami on Washington’s western coast with decreasingly large shaking in central and
eastern Washington (WA DNR, 2013). From a statewide planning perspective, a large
magnitude Cascadia Subduction Zone earthquake is likely to utilize the most state and federal
resources out of all the known seismic hazards in Washington State.

2.3  Washington State Schools Overview

The state of Washington OSPI’s ICOS database contains a list of 4,476 recognized permanent
school buildings. The 339 selected schools are a subset of the school buildings listed in the
current ICOS database. In overall numbers, the 339 school buildings represent about eight
percent of the statewide school buildings. The 561 buildings evaluated in Phase 1 and Phase 2
comprise approximately 12 percent of the statewide school buildings. The average area of each
school building is 25,000 square feet, with an average student population of approximately 380
students per building. The average year of construction of these buildings is 1963, and

75 percent of these buildings are one-story structures.

According to OSPI, approximately 1.1 million students are enrolled in our state’s public schools
and taught by more than 64,000 classroom teachers. These students and teachers are housed in
approximately 4,476 permanent and 5,524 non-permanent buildings across the state within

295 public school districts. Approximately 70 percent of these school buildings are considered
to be in high-risk seismic areas, with about 11 percent located in medium-risk seismic areas. Of
this 70 percent of buildings in high-risk seismic areas, over 700 school buildings are recorded in
ICOS as being built before 1960 averaging 33,000 square feet per building. 1COS also has
records that indicate approximately 300 of the older school buildings have had modernizations
done over the years, however the extent of the work entailed, or more importantly, the extent of
past seismic upgrades performed, is not currently captured in ICOS. Capturing seismic upgrade
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that are done voluntarily or as part of a modernization is a recommendation further discussed in
section 7.0.

~708,000

Public School Students
in High Seismic Zones

Approx. 1.1M Total Students

(ICOS, Sept 2020)

Figure 2.3-1. Distribution of Public School Students in High vs.
Moderate/Low Seismic Hazard Areas per OSPI ICOS Database (2020).

2.4  Effects of Liquefaction on the Seismic Risk of Schools Buildings

A detailed geotechnical and liquefaction analysis of the site soils was not included in the scope
of this study. As a result, the geotechnical seismic effects on the existing buildings assessed in
the study, such as the presence of liquefiable soils and allowable soil bearing pressures, are
unknown at this time.

Liquefaction, when it occurs, drastically decreases the soil bearing capacity and leads to large
differential ground deformations of soil between building foundations and across the building
footprint. Liquefaction can also cause soils to spread laterally and can dramatically affect a
building’s response to earthquake motions, all of which can significantly compromise the overall
stability of the building and possibly lead to isolated or widespread collapse in extreme cases.
Existing foundations damaged as a result of liquefiable soils also make the building much more
difficult to repair after an earthquake.

Buildings that are not founded on a raft foundation or deep foundation system (such as grade
beams and piles), and those with conventional strip footings and isolated spread footings that are
not interconnected well with tie beams, are especially vulnerable to liquefiable soils. Mitigation
techniques used to improve structures in liquefiable soils vary based on the type and amount of
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liquefiable soils and may include ground improvements to densify the soil (aggregate piers,
compaction piling, jet grouting), installation of deep foundations (pin piling, augercast piling,
micro-piling), and installation of tie beams between existing footings.

Current data in the ICOS database includes liquefaction susceptibility based on publicly
available statewide liquefaction maps on DNR’s Washington Geologic Information Portal
(https://www.dnr.wa.gov/geologyportal). However, these maps were constructed at a large
predictive scale that may not appropriate for site-specific use in identifying the presence of
liquefiable soils at a particular school site. To reliably assess the effects of liquefaction-induced
ground deformations, additional geologic and geotechnical information will be needed to
augment the shear wave velocity measurements obtained as part of this study. Further
recommendations are provided in Section 7.0.
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3.0 Seismic Evaluation Procedures

3.1 Performance-Based Earthquake Engineering

The seismic evaluation of building structures is based on performance-based earthquake
engineering (PBEE) guidelines presented in ASCE 41-17 Seismic Evaluation and Retrofit of
Existing Buildings (American Society of Civil Engineers, 2017). A general background of PBEE
and an overview of seismic retrofit objectives, seismic hazard levels, seismic performance levels,
and seismic evaluation and retrofit procedures are included in this section.

PBEE can be defined as the engineering of a structure to resist earthquake demands while also
meeting the needs and objectives of school building owners and other stakeholders. PBEE
allows for the design and analysis of building structures for different levels of seismic
performance and allows these different levels of seismic performance to be related to the relative
seismic hazard.

Historically, the seismic analysis and design of school buildings traditionally focused on one
performance level: reducing the risk for loss of life in a design-level earthquake (life safety).
The concept of designing essential facilities, such as hospitals, fire stations, and high-occupancy
shelters, which are needed immediately after an earthquake, to a higher performance standard
evolved after hospitals and other critical facilities were severely damaged in the 1971 San
Fernando earthquake in California. That concept of more resilient design is balanced by the
recognition that the cost of retrofitting existing buildings to higher levels of seismic performance
may be onerous to both stakeholders and policy makers.

3.1.1  Overview of the ASCE 41-17 Seismic Standard

A comprehensive federal program was started in 1991, in cooperation with FEMA, to develop
guidelines tailored to address the variation of seismic design performance levels. The first
formal applications of performance-based seismic evaluation and design guidelines were the
FEMA 310 Handbook for the Seismic Evaluation of Buildings — A Prestandard (1998) and
FEMA 273 NEHRP Guidelines for the Seismic Rehabilitation of Buildings (1997). Following
the release of these documents in the 1990s, three additional documents were released in the
following years. Another prestandard document, FEMA 356 Prestandard and Commentary for
the Seismic Rehabilitation of Buildings, was released in the year 2000.

In 2003, the first national standard seismic evaluation document, ASCE 31-03 Seismic
Evaluation of Existing Buildings, was published. Following the release of ASCE 31-03, the first
national standard seismic rehabilitation document, ASCE 41-06 Seismic Rehabilitation of
Existing Buildings, was released in 2007. ASCE 31-03 and ASCE 41-06 superseded the PBEE
documents produced in the previous decade. ASCE 31-03 and ASCE 41-06 used the general
framework outlined by previous documents but were updated to incorporate the latest standard of
PBEE at the time.

ASCE 31-03 and ASCE 41-06 still had flaws and, soon after the release of ASCE 41-06, an
effort was undertaken to combine ASCE 31-03 and ASCE 41-06 into a single national standard
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document in an attempt to streamline the documents and eliminate discrepancies. ASCE 41-13,
Seismic Evaluation and Retrofit of Existing Buildings, combines information from all of the
previous documents, reflects advancements in technology and analysis techniques, and
incorporates case studies and lessons learned from recent earthquakes. The newest version of
this national standard is the updated ASCE 41-17, Seismic Evaluation and Retrofit of Existing
Buildings, published in 2017.

ASCE 41-17 provides criteria by which existing school buildings can be seismically screened,
evaluated, and retrofitted to attain a wide range of different performance levels when subjected
to earthquakes of varying severity. This is the seismic screening standard that was used as the
basis for this project.

3.1.2 Seismic Hazard Levels

Earthquake ground motions are variable and complicated, and every earthquake is different. An
earthquake’s intensity and energy magnitude depend on fault type, fault movement, depth to
epicenter, and soil strata. In earthquake-prone areas, often very small and frequent earthquakes
occur every few days or weeks without being noticed by humans, but large earthquakes that
occur much less frequently can have a devastating effect on infrastructure and buildings and can
result in the temporary displacement of large amounts of people. Earthquakes are unpredictable,
and the precise location, intensity, and start time of an earthquake cannot be predicted before an
event occurs. However, earthquake hazards for certain geographic areas are well understood
based on historical patterns of earthquakes from the geologic record, measured earthquake
ground motions, understanding of plate tectonics, and seismological studies.

Geologists, seismologists, and geotechnical engineers have categorized the seismic hazard for
particular locations using probabilistic seismic hazard levels. Each seismic hazard level
describes a different probabilistic earthquake magnitude based on the probability of a certain
magnitude earthquake occurring in a given time period. The table below shows the commonly
used seismic hazard levels, their corresponding probabilities of exceedance, and mean return
periods.

Table 3.1.2-1. Probabilistic Seismic Hazard Levels and Mean Return Period.

Seismic Hazard Level Probability of Exceedance Mean Return
in 50 Years Period (Years)
50%/50-year 50% 72
20%/50-year (BSE-1E) 20% 225
10%/50-year 10% 475
5%/50-year (BSE-2E) 5% 975
2%150-year 2% 2,475

Seismic events with longer mean return periods and smaller probabilities of exceedance are
associated with stronger seismic motions, larger ground accelerations, and more potential to
damage facilities. Consequently, structures designed, retrofitted, or upgraded to a seismic hazard
level with a longer return period will generally experience better performance in an earthquake
than a structure designed or retrofit to a lower seismic hazard level.
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ASCE 41-17 codifies four different Seismic Hazard Levels at which to seismically screen,
evaluate, and/or retrofit/upgrade school buildings and other structures. For voluntary seismic
evaluations and voluntary seismic upgrades, the owner of a school and the structural engineer
can decide the Seismic Hazard Level at which it is appropriate to evaluate or retrofit a structure.

Historically, existing buildings have been seismically evaluated and retrofitted to a lower
Seismic Hazard Level than would be typical in new building design. This approach has been
historically justified for three primary reasons:

e Ensures that recently constructed structures are not immediately rendered seismically
deficient due to minor building code changes.

e Existing buildings often have a shorter remaining life than a new building would;
therefore, lower structural resiliency is tempered by a decreased probability of a major
seismic event.

e Often the burdensome cost of retrofitting historic structures to a “new building
equivalence” performance level is disproportionate to the incremental benefit.

3.1.3 Building Performance Levels and Seismic Retrofit/Upgrade Options

A target building performance level must be selected for the seismic design of a retrofit or
upgrade of a school building. The target building performance levels are discrete damage states
selected from among the infinite spectrum of possible damage states that a building could
experience during an earthquake. The terminology used for target building performance levels is
intended to represent goals for design but not necessarily predict building performance during an
earthquake.

Since actual ground motions during an earthquake are seldom comparable to that used for
design, the target building performance level may only determine relative performance during
most events but not predict the actual level of damage following an event. Even given a ground
motion similar to that used in design, variations from stated performance objectives should be
expected. Variations in actual performance could be associated with differences in the level of
workmanship, variations in actual material strengths, deterioration of materials, unknown
geometry and sizes of existing members, differences in assumed and actual live loads in the
building at the time of the earthquake, influence of nonstructural components, and variations in
response of soils beneath the building.

ASCE 41-17 describes performance levels for structural components and nonstructural
components of a structure. Historically, much attention was given to the seismic performance of
structural components. In more recent years, it has been realized that attention to the seismic
performance of nonstructural components can be just as important as, or more important
depending on the facility, than the seismic performance of structural components. The

ASCE 41-17 standard identifies the following Structural Performance Levels: Immediate
Occupancy (10), Damage Control, Life Safety (LS), Limited Safety (LTD-S), and Collapse
Prevention (CP). The nonstructural Performance Levels identified in the standard are:
Operational (OP), Position Retention (PR), and Life Safety (LS). Figure 3.1.3-1 is an example of
recent earthquake damage to a primary school in central Mexico.
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Figure 3.1.3-1. Structural Earthquake Damage to a Primary School in Central Mexico
from the 2017 M7.1 Central Mexico Earthquake (Photo by Reid Middleton).

Individual Structural Performance Levels and Nonstructural Performance Levels are aggregated
to form a combined Building Performance Level. Structural performance during an earthquake
is related to the amount of lateral deformation or drift of the structure and the capacity or ability
of the structure to deform. The ASCE 41-17 standard defines four specific common Building
Performance Levels, as illustrated in Figure 3.1.3-2.

1 Collapse Prevention |

Operational | Immediate | Life Safety
Occupancy

Lateral Shear Demand

Lateral Deformation
Figure 3.1.3-2. Building Performance Levels (FEMA).
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A decision must be made for each building structure as to the acceptable behavior for different
levels of seismic hazard, balanced with the construction cost of seismically retrofitting or
upgrading a structure to obtain that behavior. ASCE 41-17 defines “baseline” basic performance
objectives for structures based on their defined Risk Category. The Risk Category is the same as
defined in the International Building Code (IBC) and ASCE 7.

Table 3.1.3-1 summarizes the approximate levels of structural and nonstructural damage that
may be expected at the damage states that define the structural performance levels.

Table 3.1.3-1. Expected Damage for Different Building Performance Levels (FEMA 356, 2000).

Building Performance Levels

Collapse Prevention Life Safety Immediate Occupancy Operational
(CP) (LS) (10) (OP)
Overall Damage Severe. Moderate. Light. Very Light.
Permanent Drift Large. 1% to 5%. Some. 0.3% to 1%. Negligible. Same as Immediate
Occupancy.
Remaining Strength | Little. Gravity system Some. Gravity system Significant strength Same as Immediate

and Stiffness After | (columns and walls) functions, but building may | remaining. Minor cracking of | Occupancy.
Earthquake functions, but building is | be beyond economical structural elements.

near collapse. repair.
Examples of Extensive cracking and Extensive cracking and Crack widths typically less | Same as Immediate

Damage to Concrete
Framing

spalling of concrete
members. Crack widths
greater than 1/4 inch.

spalling of concrete. Crack
widths typically less than
1/4 inch and less than

1/8 inch in columns and
joints.

than 1/8 inch and less than
1/16 inch in columns and
joints.

Occupancy.

Examples of Extensive yielding and Local buckling of steel Minor deformation of steel | Same as Immediate
Damage to Steel buckling of steel beams and braces. members, no connection Occupancy.
Framing members. Significant Moderate amount of failures.

connection failures. connection failures.
Other General Structure likely not Repair may be possible but | Minor repairs may be Same as Immediate
Description repairable and not safe for | may not be economically | required, but building is safe | Occupancy.

reoccupancy due to feasible. Repairs may be | to occupy.

potential collapse in required prior to

aftershock. reoccupancy.
Nonstructural Extensive damage. Some | Falling hazards mitigated, | Minor cracking of facades, | Negligible damage. Al
Components exits blocked. Infills and | but many architectural, partitions, and ceilings. systems important to

unbraced parapets failed
or at incipient failure.

mechanical, and electrical
systems are damaged.

Equipment and contents are
generally secure but may
not operate due to lack of
utilities.

normal operation are
functional. Power and
other utilities are
available, possibly from
standby sources.

Comparison with
New Building
Design

Significantly more
damage and greater risk.

Somewhat more damage
and slightly higher risk.

Much less damage and
lower risk.

Much less damage and
lower risk.

3.1.4 Performance, Safety, Reliability, and Construction Cost

The seismic performance, safety, and reliability of a facility must be weighed against the relative
importance and construction costs associated with a facility. It is impractical for the average
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building to be seismically designed or retrofitted to experience no damage following a major
earthquake. However, steps can be taken to mitigate seismic hazards for new and existing
structures.

Some facilities have more community importance or pose special risks to a community following
an earthquake (for example, hospitals, fire stations, schools, or even facilities housing highly
toxic substances). It is reasonable that important facilities be designed or retrofitted to a higher
performance standard than the average structure. The relative importance of a facility must be
weighed against the relative construction costs associated with facility construction. There are
two types of construction costs associated with seismic hazards: the cost of initial construction
or seismic retrofit construction and the costs to repair or replace a facility following an
earthquake. The better a structure performs during an earthquake, the faster a structure can be
returned to service and the less the repair costs will be for a structure following an earthquake.
Building expected damage states during a seismic event can be directly linked to:

e Repair/Replacement Costs — Cost of restoring the facility to pre-earthquake condition.
e Public Safety — Number of critical injuries and casualties to building occupants.
e Downtime — Length of time taken to make repairs to return a structure back to service.

The graph in Figure 3.1.4-1 depicts estimated performance-related consequences compared with
different increasing post-earthquake structural damage states (which correspond to the design
Structural Performance Levels for a given seismic hazard).

Lateral Shear Demand

Lateral Deformation

25% 50% 100% »$, % replacement
1 10 250 » Casualties and injuries
(per 1,000)
- 0 180

» Downtime, days

Figure 3.1.4-1. Estimated Seismic Performance-Related Consequences (Moehle, 2003)
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Figure 3.1.4-2 presents the schematic relationship between different retrofit building
performance objectives and the probable seismic retrofit/upgrade program cost.

RELATIVE
CONSTRUCTION
COST

INCREASING
BUILDING
PERFORMANCE
LEVEL

e
A

INCREASING EQ SEVERITY
(Probability of Exceedance in 50 years)

Figure 3.1.4-2. Surface Matrix of ASCE 41 Building Performance
Levels Compared with Construction Cost (FEMA 274, 1997).

3.1.5 Seismic Performance of Nonstructural Components

Mitigation of nonstructural seismic hazards is a complex issue that is addressed independently in
the ASCE 41-17 seismic evaluation and retrofit/upgrade standards. For much of the 20™" century,
little attention was given to designing nonstructural components and their anchorage for forces
induced by earthquakes. Nonstructural component damage witnessed during earthquakes in
more recent decades has demonstrated the importance of nonstructural component performance
during earthquakes for life safety, post-earthquake safety, and building function.
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Figure 3.1.5-1. Nonstructural Earthquake Damage to a High School in Anchorage, Alaska, from
the 2018 M7.0 Anchorage Earthquake (Photo by Reid Middleton, Inc.).

= /

In addition to the hazards to life safety posed by nonstructural components, the cost to repair
nonstructural components following an earthquake can be high and significantly delay the
reopening of a school or other facility. In many cases, the cost to repair or replace nonstructural
components can be higher than the cost of repairing structural components following an
earthquake.

WHAT DOES NON-COMPLIANT MEAN?

“The ASCE 41 Seismic Screening, Evaluation, and Upgrade Standard is used to evaluate the structural and
nonstructural systems and components for any type or size of individual school building. However, the procedure
focuses on evaluating whether the building or building components pose a potential earthquake-related risk to human
life. The procedure does not address code compliance, damage control, or other aspects of seismic performance not
related to life-safety. The methodology involves answering two sets of questions: one set addresses the characteristics
of 15 common structural types and the other set deals with structural elements, foundations, geologic site hazards, and
nonstructural components and systems. These questions are designed to uncover the flaws and weaknesses of a
building and are in the form of positive evaluation statements describing building characteristics that are essential if the
failures observed in past earthquakes are to be avoided. Compliant statements identify conditions that are acceptable
and non-compliant statements identify conditions in need of further investigation.”

FEMA 424 Design Guide for Improving School Safety
in Earthquakes, Flood and High Winds, 2010
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The relative monetary importance of nonstructural components can be seen in Figure 3.1.5-2 by
comparing the relative construction costs of the contents, nonstructural components, and
structural components of three types of typical new buildings. In offices and hotels, the building
nonstructural components cost the most to construct, by a significant margin. In hospitals, the
costs of constructing the building contents and nonstructural components are similar, but still far
exceed the cost of the building structural systems. Nonstructural construction costs for public
school buildings would be comparable to office buildings in this particular FEMA E-74 study.

Many nonstructural components, if adequately secured to the structure, are seismically rugged.
However, mitigation of some nonstructural hazards (such as bracing for mechanical and
electrical components within suspended ceiling systems or the improvement of ceiling systems
themselves) can result in extensive disruption of occupancy. Repairing or replacing these
components following an earthquake can also be very costly. These costs and benefits need to
be taken into consideration when determining desired nonstructural performance levels and the
goals of any seismic evaluation or retrofit/upgrade.

100% 4

90%

70% 1

60% 1
» Contents

| m Nonstructural
50% 1
W Structural

40% |
30%

20% 1

Office Hotel Hospital

Figure 3.1.5-2. Typical Construction Costs for Different Building Component (FEMA E-74, 2012).

Finally, the use of the structure and required level of building performance need to be taken into
consideration. For example, essential facilities that are expected to have minimal structural
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damage following the design earthquake must have nonstructural components that are designed
to match the seismic performance level of the facility.

3.2 ASCE 41 Seismic Evaluation and Rehabilitation Procedures Overview
3.21 Seismic Screening and Evaluation

ASCE 41-17 provides a three-tiered seismic screening and evaluation procedure using
performance-based criteria. The process for seismic evaluation is depicted in Figure 3.2.1-1.
The evaluation process consists of the following three tiers: Screening Procedure (Tier 1),
Deficiency-Based Evaluation Procedure (Tier 2), and Systematic Evaluation Procedure (Tier 3).

The Tier 1 seismic screening procedure was used in this study. The Tier 1 seismic screening
checklists questions are designed to uncover the seismic safety flaws and weaknesses of a school
building and are in the form of positive evaluation statements describing building characteristics
that are essential if the failures observed in past earthquakes are to be avoided. Compliant Tier 1
seismic screening statements identify conditions that are acceptable and non-compliant Tier 1
seismic screening statements identify seismic safety issues or conditions in need of further
evaluation.

Interest in Reducing
Selsmic Risk
1
TIER 1 - Screening Procedure Data Collection
+ Checklists of evaluation statements to quickly identify
potential deficiencies

T

= Requires field investigation and/or review of record SLreenl1r1|gERm1:cedure

drawings

« Analysis limited to "Quick Checks” of global elements

« May proceed to Tier 2, Tier 3, or rehabilitation design if
deficiencies are identified

TIER 2 — Deficiency-Based Evaluation Procedure

* “Full Building” or “Deficiency Only™ evaluation

» Address all Tier 1 selsmic deficiendes

+ Analysis more refined than Tier 1, but limited to simplified | Deficiency-Based
linear procedures ancron | LEVBIUBKION Procedure

= [dentify buildings not requiring rehabilitation

AND/OR

TIER 3 = Systematic Evaluation Procedure

« Component-based evaluation of entire building

« Advanced analytical procedures available if Tier 1 andfor
Tier 2 evaluations are judged to be overly conservative

« Complex analysis procedures may result in construction
savings equal to many times their cost

Mitigate

Figure 3.2.1-1. Flow Chart and Description of ASCE 41 Seismic
Evaluation Procedures (ASCE 31, 2003).
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3.2.2 Seismic Rehabilitation

If seismic deficiencies are identified in the evaluation process, the owner and design team should
review all initial conditions before proceeding with the hazard mitigation. Many conditions may
affect the retrofit design significantly, such as results of the seismic evaluation and seismic
hazard study, building use and occupancy requirements, presence of hazardous materials, and
other anticipated future building remodeling, modernization, or replacement. The basic process
for performance-based seismic retrofit/upgrades design is illustrated in Figure 3.2.2-1.

Mitigate

!

Review Initial
Conditions

'

Develop Concept
Design & Opinion of
Costs

Revise Design

Meet
Performance
Objectives?

Figure 3.2.2-1. Seismic Rehabilitation Flow Diagram (ASCE 31, 2003).

Following the review of initial conditions, concept-level seismic retrofit/upgrade designs may be
developed in order to determine rough opinions of probable construction costs for one or more
seismic retrofit/upgrades performance objectives. This is the level of design and cost estimating
work that has been performed for the 19 different buildings included in this statewide school
seismic assessments study. The school district (owner) and their design team can then develop a
seismic rehabilitation strategy considering the associated costs and feasibility. Schematic and
final design can then proceed through an iterative process until verification of acceptable
building performance is obtained.
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3.3  FEMA 154 Rapid Visual Screening (RVS)

The standardized tool for performing rapid visual screening of buildings for seismic risks is the
FEMA 154: Rapid Visual Screening of Buildings for Potential Seismic Hazards standard
(Applied Technology Council, 2015). Based on extensive data and research on the seismic
performance of buildings in previous earthquakes, these standards provide seismic screening
criteria specific to each common building archetype, the structural system, configuration, and
characteristics of the specific facility, and the seismic risk at each facility site.

This tool uses a scoring system to quantify the potential seismic vulnerability of a structure. A
base score is identified based on modeled ground shaking. Other important factors are the
buildings’ lateral-force-resisting system (for example, wood or concrete shear walls, steel braced
or moment frames, and masonry shear walls). This base score is then reduced according to the
geological hazards (site class, landslide, and liquefaction hazards) and inherent vulnerabilities in
the building’s configuration (such as vertical and horizontal irregularities). The building score is
also adjusted based on the construction year relative to benchmark years in which seismic design
code requirements changed significantly.

Scores typically vary between 0.3 and 6.0. Lower scores indicate more-hazardous buildings and
higher scores indicate buildings that have less risk. There is no official cutoff score that
identifies which buildings should receive further evaluation, but, generally, a score of 2.0 or less
is used to identify buildings that require further evaluation.

3.4 Washington State School Earthquake Performance Assessment Tool (EPAT)

The Washington State School Earthquake Performance Assessment Tool (EPAT) is a
spreadsheet tool developed for the state of Washington by the Earthquake Engineering Research
Institute (EERI). The spreadsheet uses FEMA Hazus fragility curves to calculate expected
earthquake performance of schools based on basic school seismic screening characteristics.
Hazus is a natural hazards loss estimation tool initially developed by FEMA in the 1990s. Hazus
uses basic building information, construction type fragility functions, and expected ground
shaking intensity to estimate the probable losses of buildings from a design-level earthquake.
These results are displayed as a percentage of the building elements that are expected to be
damaged in this earthquake. The EPAT spreadsheet only returns performance values for the
building’s structural systems, but nonstructural systems are likely to also sustain significant
damage in a large earthquake.

3.5 Earthquake Performance Rating System Translation of ASCE 41 Tier 1 Checklists

A lesson learned from the Phase 1 study is the need to simplify the ASCE 41 Tier 1 checklists
for each assessed building to better communicate to people without an engineering background
the most important structural seismic deficiencies that need to be mitigated or further
investigated. The Phase 2 study attempts to do this by providing both an engineering-based risk
rating (described in this section) that characterizes the seismic safety risk of the building in each
screening report, and then combining these ratings with other engineering and geologic hazard
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information to determine prioritization of buildings studied (discussed in the Results section
Prioritized Rankings of Phase 1 and 2 School Buildings by Relative Risk).

The project team used the ‘Earthquake Performance Rating System (EPRS) ASCE 41-13
Translation Procedure’ developed by the Structural Engineers Association of Northern California
(SEAONC) (SEAONC, 2017) and the ‘Earthquake Performance Rating System User’s Guide’
(SEAONC, 2015) to determine a structural safety risk rating to prioritize the seismic evaluation
items that need to be addressed. The EPRS procedure and user’s guide was published by the
Existing Buildings Committee of SEAONC and its methodology has been adopted by the US
Resiliency Council (USRC, https://www.usrc.org) in determining their building earthquake
ratings. The EPRS includes guidelines that translate the ASCE 41 Tier 1 seismic evaluation
structural checklists into star-ratings that address three focus areas of seismic performance:
Safety, Repair Cost, and Recovery. Each of the focus areas has three sub-ratings: Structural,
Geologic, and Nonstructural. However, based on the information gathered by the project team in
both phases of this study, only a preliminary Structural Safety sub-rating could be determined for
each building assessed. Although preliminary, the Structural Safety sub-rating will be helpful in
informing school districts of the seismic risks and needs of their buildings, especially when
accompanied by a list of seismic evaluation checklist items that can improve the Structural
Safety sub-rating if mitigated.

The definitions of the Structural Safety sub-ratings used in this study are based on definitions
used in the EPRS User’s Guide and by the USRC and have been adapted for use in this study.
The EPRS is a five-star rating system, with one star being the lowest, or worst-performing
building, and five stars being the highest, or best-performing building. The ratings are
communicated in each of the seismic screening reports for each school building assessed in
Phase 1 and 2 as follows:

% Risk of collapse in multiple or widespread locations—Expected performance as a
whole would lead to multiple or widespread conditions known to be associated with
earthquake-related collapse resulting in injury, entrapment, or death.

# % Risk of collapse in isolated locations—Expected performance in certain locations
within or adjacent to the building would lead to conditions known to be associated with
earthquake-related collapse resulting in injury, entrapment, or death.

% % Loss of life unlikely—Expected performance results in conditions that are unlikely to
cause severe structural damage and loss of life. A three-star rating meets the Tier 1 Life
Safety (LS) structural performance objective.

v % Y % Serious injuries unlikely—Expected performance results in conditions that are
associated with limited structural damage and are unlikely to cause serious injuries.

9 % % Injuries and entrapment unlikely—Expected performance results in conditions that are
associated with minimal structural damage and are unlikely to cause injuries or keep
people from exiting the building. A five-star rating meets the Tier 1 Immediate
Occupancy (10) structural performance objective.
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The checklist translation tables of the EPRS procedure are specific to each classified building
type. See Figure 3.5-1 as an example.

Table 2.1 - RM1 (Reinforced Masonry Bearing Walls - Flexible Diaphragms)

€= Compliance Required for

Figure 3.5-1.

per. Safety sub-Rating:

Seismicity System Item Lewel | 5-5tar | 4-5tar | 3-Star | 2-Star
Very Low Seismicity Structural Components LOAD PATH LS C C c
Very Low Setsmicity Structural Components WALL ANCHORAGE LS [= = c
Low Seismicity Building System General LOAD PATH LS C C c C
Low Seismicity Building System General ADJACENT BUILDINGS L5 C C 5
Low Seismicity Building System General MEZZANINES LS C C E
Low Seismicity Building Configuration 'WEAK STORY LS C = c C
Low Seismicity Building Configuration SOFT STORY LS C C c Cc
Low Seismicity Building Configuration WERTICAL IRREGULARITIES LS C C C C
Livw Setsmicity Bullding Configuration GEOMETRY L5 C c L] [
Lo Setsrmicity Bullding Conflguration MASS LS C C c C
Lew Seismicity Building Configuration TORSION Ls C C C
hoderate Seismicity Geologic Site Hazards LIQUEFACTION L5 C C c
Moderate Seismicity Geologic Site Hazards SLOPE FAILURE LS C C E C
hoderate Seismicity Geologic Site Hazards SURFACE FAULT RUFTURE LS C C C C
High Seismicity Foundation Configuration OVERTURNING LS C c C
High Seismicity Foundation Configuration TIES BETWEEN FOUNDATION ELEMENTS L5 C c c
Low and Moderate Seismicity Selsmic-Force-Resisting REDUNDANCY LS C C C
Low and Moderate Seismicity seismic-Force-Resisting SHEAR STRESS CHECK L5 C c c C
Lew and Moderate Seismicity Seismic-Force-Resisting REINFORCING STEEL LS C C 5
Low and Moderate Seismicity Connections WALL ANCHORAGE LS C C = C
Low and Moderate Seismicity Connections ‘WOOD LEDGERS LS C C £ [=
Low and Moderate Seismicity Connections TRAMSFER TO SHEAR WALLS LS C C C C
Low and Maoderate Seismicity Connections FOUNDATION DOWELS LS [ C C C
Low and Moderate Seismicity Connections. GIRDER-COLUMM CONNECTION LS c = c c
High Seismicity Stiff Diaphragms QPENINGS AT SHEAR WALLS L5 C C £
Higgh Seismicity Stiff Diaphragms OPENINGS AT EXTERIOR MASONRY SHEAR WALLS LS C C 5
High Seismicity Flexible Diaphragms CROS5 TIES L5 C C C [
High Seismicity Flexible Diaphragms OPENINGS AT SHEAR WALLS LS C C c
High Seismicity Flexible Diaphragms OPENINGS AT EXTERIOR MASONRY SHEAR WALLS LS C C C
High Seismicity Flexible Diaphragms STRAIGHT SHEATHING LS C C C C
High Seismicity Flexible Diaphragms SPANS 3 C C C C
High Seismicity Flexible Diaphragms CHAGOMNALLY SHEATHED AND UNBLOCKED DIAFHRAGMS L5 C C c C
High Seismicity Flexible Diaphragms OTHER DIAPHRAGMS L5 C C 5 C
High Seismicity Connections STIFFMESS OF WALL ANCHORS L5 C C C
Very Low Seismicity Connections TRAMSFER TO SHEAR WALLS (e} C
Very Low Seismicity Connections FOUNDATION DOWELS 18] C
Very Low Seismicity Foundation System DEEP FOLUMNDATIONS 4] C c
Very Low Seismicity Foundation System SLOPING SITES I C €
Low, Moderate, and High Seismicity  [Selsmic-Force-Resisting REINFORCING AT WALL DPENINGS 10 C
Low, Moderate, and High Seismicity  |Seismic-Force-Resisting FROFORTIONS i+ C C
Low, Moderate, and High Seismicity Diaphragms (Stiff or Flexible)  |OPENINGS AT SHEAR WALLS v C
Low, Moderate, and High Seismicity |Diaphragms (Stiff or Flexible) |OPENINGS AT EXTERIOR MASONRY SHEAR WALLS o] C
Low, Moderate, and High Seismicity |Diaphragms (5tiff or Flexible) [PLAM IRREGULARITIES (e C
Low, Moderate, and High Seismicity |Diaphragms (5tiff or Flexible) |DIAPHRAGM REINFORCEMENT AT OPEMINGS o] C
Low, Moderate, and High Seismicity  |Flexible Diaphragms STRAIGHT SHEATHING I C
Low, Moderate, and High Seismicity  |Flexible Diaphragms SPANS ] =
Low, Moderate, and High Seismicity |Flexible Diaghragms DIAGDNALLY SHEATHED AND UNBLOCKED DIAPHRAGMS | 10 C
Lew, Moderate, and High Seismicity  |Flexible Diaphragms NOMCONCRETE FILLED DIAPHRAGMS o C

EPRS Translation for Reinforced Masonry Buildings (SEAONC, 2017)

The checklist translation tables prioritize the Tier 1 screening evaluation statements such that the
more seismically critical evaluation statements all need to have a Compliant assessment by the
assessing structural engineer to then be considered a 2-Star risk rating. The assessing engineer
then moves on to the remaining evaluation statements of the Tier 1 checklist. If the structural
engineer determines the assessments to be Complaint for all remaining evaluation statements,
then the building gets a 3-Star rating. On the contrary, if the engineer determines the assessment

Washington State School Seismic Safety Assessments Project - Phase 2

Seismic Assessment Report

-32-

June 2021

ReidMiddleton



for any of the more critical evaluation statements to be Noncompliant or Unknown, the building
is then considered a 1-Star risk rating.

It is important to note that determining the final EPRS star-ratings of a building is intended to be
an iterative process by the structural engineer doing the ASCE 41 Tier 1 seismic assessment and
the EPRS risk rating translation. A preliminary risk rating is determined based upon the

ASCE 41 Tier 1 evaluation assessments. If the structural engineer agrees that the resulting risk
rating accurately characterizes their overall assessment of the building and their engineering
judgement, then the risk rating can be finalized. If the structural engineer does not agree with the
resulting risk rating, they can revisit the Noncompliant statements and use their engineering
judgement to reassess the severity of the deficiencies, how widespread the deficiencies are
throughout the building, and subsequently revise or keep the evaluation assessment accordingly.
The structural engineer and building owner may also choose to use the ASCE 41 Tier 2 analysis
procedure to perform a more refined analysis of the Noncompliant Tier 1 evaluation statement to
confirm whether the evaluation item is still seismically deficient.

For evaluation statements assessed as Unknown (U) due to lack of existing drawings or no
access to visually observe the structure, the structural engineer and building owner may also
choose to perform additional field observations to investigate the Unknown assessments. This
may require selective demolition of architectural and fire protective finishes in representative
areas, scanning of concrete or masonry walls for reinforcing, masonry in-plane shear tests, or
removal of existing roofing in isolated areas. See Figure 3.5-2 for a flow chart of the EPRS
process.

EPRS STRUCTURAL SAFETY RISK RATING FLOW CHART

INTEREST IN REDUCING SEISMIC RISK

v

Data Collection
Review of Existing Drawings,
Field Observations
' SSSP RISK RATING
v OF 561 SCHOOL

. . BUILDINGS
ASCE 41 Tier 1 Screening -

' '
A

T L m Potential Deficiencies Pl
%2§$a§5§523 Sptrgjccetﬂ?a"ie (- Investigation NN ’ S%:’f’:ltr?glna'giE;Ré) gtrlgilccetﬂgf
; Required? !
Safety Star Rating Safety Star Rating

: v
d

Revisit ASCE 41 Tier
Does Structural Engineer 1 Screening With Does Structural
Agree With Preliminary o_) Further Investigations o Engineer Agree With
EPRS Structural Safety And/Or ASCE 41 M BRN EPRS Structural Safety
Risk Star Rating? Tier 2 Deficiency Risk Star Rating?
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FINALIZE EPRS
STRUCTURAL SAFETY [CEEEEEEEEEEEEETEEE
STAR RATING

)

Figure 3.5-2. EPRS Flowchart Process.
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In addition to the Structural Safety sub-rating, the EPRS procedure also includes safety sub-
ratings for geologic site conditions and nonstructural systems. The results of the Structural,
Geologic, and Nonstructural safety sub-ratings are then used to determine the Repair and
Recovery risk ratings. Risk ratings and sub-ratings beyond the Structural Safety sub-rating are
beyond the scope of this study. Furthermore, the Structural Safety sub-ratings determined for
this study are preliminary ratings based on the information available for this study and a first and
only iteration through the ASCE 41 Tier 1 checklists.

The preliminary ratings determined will often be conservative until more field investigation,
structural analysis, and engineering judgment is performed by a structural engineer. The intent
in providing a preliminary Structural Safety sub-rating is to provide school districts with a
starting point of how seismically vulnerable the assessed buildings are based on the ASCE 41
Tier 1 assessments done for this study. These ratings, along with an itemized list of seismic
deficiencies that can be mitigated or further investigated to achieve a higher star rating, should
assist stakeholders in prioritizing the seismic needs for the school buildings assessed.

3.6  Seismic Screening and Evaluation Criteria

The following information was used by the project team in the field assessment and seismic
evaluations as default criteria to help maintain consistency of the technical work.
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3.6.1 Seismic Hazard Level

The following seismic hazard levels used in the study conform to ASCE 41-17.

Risk Category? i

Structural Performance Objective® Limited Safety (LTD-S) Structural
Performance Level at BSE-2E Seismic Hazard Level.
Nonstructural Performance Objective® Life Safety (LS) Nonstructural Performance
Level at BSE-1E Seismic Hazard Level.

Site Class® Based on Site Class provided by

site-specific Vs30 measurements determined
by DNR-WGS as part of this study.
Notes:

a. All the school buildings are evaluated as Risk Category Il structures as defined by ASCE 7-16 Section 1.5.
Generally, schools with more than 250 occupants are classified as Risk Category ll, and schools with less than
250 occupants are classified as Risk Category Il. While it is possible that some school buildings may technically
be classified as Risk Category Il based on their current occupancy (quantity of occupants), we elected to
evaluate all structures as Risk Category Ill structures for the following reasons:

1. This is the same approach that was taken for Phase 1 of the project.
This study evaluates a small sample of the entire number of the school buildings in Washington
State. The total quantity of school buildings in Washington State is approximately 4,476;
339 buildings are included for evaluation in this study. Using the same Risk Category to evaluate all
structures means that the results can be extrapolated, where appropriate, to other structures not
included in this study.

3. Using a consistent Risk Category for all buildings means that the same criteria is used for all
buildings and allows for consistent comparisons between buildings of the same construction type and
across buildings of different construction types regardless of the number of occupants.

b. The Structural Performance Objective is Limited Safety (LTD-S) at the BSE-2E Seismic Hazard Level according
to Table 2-2 of ASCE 41-17, with footnote ¢ stating, “For Risk Category IIl, the Tier 1 screening checklists shall
be based on the Collapse Prevention Performance Level (S-5), except that checklist statements using the Quick
Check procedures of Section 4.4.3 shall be based on Ms factors taken as the average of the values for Life
Safety and Collapse Prevention.” The BSE-2E Seismic Hazard Level makes use of a probabilistic earthquake
event with a probability of exceedance of 5% in 50 years or a return period of 975 years.

c. The Nonstructural Performance Objective was selected as Life Safety (LS) at the BSE-1E Seismic Hazard
Level. This performance level was selected in lieu of Position Retention (PR) for the following reasons:

1. This performance level is intended to allow building occupants to exit the building after an earthquake
while minimizing the risk of fatalities. It is generally accepted as the minimum standard for buildings
of any type.

2. The amount of time and budget allotted for this project does not allow for a more-detailed evaluation

of nonstructural systems required when evaluating to Position Retention.

d. Initially, the ICOS database site classifications were used to conduct the seismic evaluations until the DNR-WGS
fieldwork concluded. Once DNR-WGS's fieldwork was concluded, the site classifications were updated based
on the information provided by DNR-WGS, and these revised values were used for the seismic evaluation.
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3.7 Fire Stations Studied

In Phase 1 of this study, five fire stations located within a mile of a public school were
seismically screened to an Immediate Occupancy structural performance objective. In Phase 2,
two more fire stations within a mile of a public school were similarly assessed. See 3.7-1 for
Phase 1 and 2 fire station locations. The selection criteria for these two Phase 2 fire stations
were based on seismic hazard, availability of existing drawings, tsunami risk, and construction
type. In Phase 2, these two fire stations also received a conceptual seismic upgrade design report
and cost estimate to determine possible upgrade solutions and probable cost to seismically

upgrade these buildings to meet an Immediate Occupancy structural performance objective.
Figure 3.7-1 shows a map of the assessed fire stations.
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Figure 3.7-1. Map of Assessed Phase 1 & Phase 2 Fire Stations (DNR, 2021).
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4.0 Seismic Screening Findings

41  Finding Summary and Database-Wide Trends
41.1 ASCE 41 Tier 1 Structural Findings Summary

The ASCE 41 Tier 1 structural evaluation results show that many buildings have items that are
identified as seismic vulnerabilities. In general, older buildings are known to possess more
seismic vulnerabilities than newer buildings. Older buildings were generally designed for lower
levels of seismic force and with less interconnectedness than new buildings. Prior to the first
Uniform Building Code in 1927, no seismic considerations were used in the design of buildings.
URM buildings and nonductile concrete buildings are shown to categorically possess the highest
percentages of noncompliant structural evaluation items. These results confirm that the
evaluated school buildings included in this study possess seismic vulnerabilities that are in line
with the expert’s expectations that led to the formation of this study.

Figure 4.1.1-1 is a chart of the total number of permanent, public K-12 Washington school
buildings (grey) categorized by decade built (or the date there was a last major seismic upgrade)
and material type. This information is based on the OSPI’s Information and Condition of
Schools (ICOS) database. Figure 4.1.1-2 is a similar chart only of the schools assessed in this
report and their construction type (wood, concrete, etc.) are color coded.
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Figure 4.1.1-1. Distribution by Decade Built & Primary Construction Type of Buildings
Assessed Compared to Overall Numbers of School Buildings Statewide.
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Figure 4.1.1-2. Distribution by Decade Built & Primary Construction Type of Buildings Assessed.

41.2 EPAT Summary

The Washington School Earthquake Performance Assessment Tool (EPAT) is a spreadsheet tool
developed for the state of Washington that calculates expected earthquake performance of
schools, based on basic school characteristics, using FEMA Hazus fragility curves. FEMA
Hazus is a standardized natural hazards loss estimation tool initially developed by FEMA in the
1990s. Hazus uses basic building information and construction type fragility functions to
estimate the probable losses of buildings from an earthquake. The loss estimates are
probabilistic, meaning that the single-value estimates only represent the median expected
outcome; the range of probabilities of the outcomes is not represented.

Table 4.1.2-1 shows the EPAT median, average, maximum, and minimum results for all
339 buildings included in the study. The information displayed in the table is based on each
building’s existing configuration and estimations of loss, life safety risk level, and
post-earthquake tagging as expected for the ASCE 7 design earthquake.

WHAT IS THE DIFFERENCE BETWEEN MEDIAN AND AVERAGE?
The Median value is the value that separates the higher half of values from the lower half of values within a data set.

The Average value is the arithmetic mean where the values of each item in the data set are added together and then
divided by the number of items.
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Table 4.1.2-1. Washington State Schools EPAT Summary Results (339 School Buildings).

Calculated Value Median Average Maximum Minimum
Building Damage Estimate Ratio 56% 54% 91% 7%
(Amount of Building that is Damaged)

Probability Building is Not Repairable 52% 51% 93% 5%
Life Safety Risk Level High Very High Very Low
Most Likely Post-Earthquake Tagging Red* Red* Green*

*Red = Unsafe to Occupy, Yellow = Restricted Building Access, Green = No Restrictions on Building Access

The EPAT summary results in Table 4.1.2-1 show that the median building is expected to have
more than half of its building elements damaged, and it is expected that almost a half of the
buildings included in the study will not be repairable, meaning these buildings will likely need to
be demolished. The most likely post-earthquake tagging identified by EPAT is “Red”, meaning
the majority of school buildings included in the study are expected to not be safe to occupy
following the design earthquake event.

4.2 ASCE 41 Tier 1 Seismic Screening Findings

ASCE 41 Tier 1 seismic screening evaluations were conducted on the 339 school buildings
included in the study. This section describes the findings and trends associated with these
seismic screening evaluations. The ASCE 41 Tier 1 seismic screening process is conducted by
reviewing generalized building seismic screening checklist statements from ASCE 41 and
determining whether a building structural element complies with that particular seismic
screening statement or is noncompliant with that particular seismic screening statement.

Original building structural drawings were available for review for about 63 percent of the
buildings studied, 20 percent of buildings had partial or incomplete drawings available for
review, and 17 percent had no available record drawings for review. Where existing building
drawings or other information was not available for review, the engineering data gathering was
limited to visual observations by the project team of licensed structural engineers. Where
building component compliance or noncompliance was unknown due to lack of available
information, the unknown conditions were indicated on the ASCE 41-17 Tier 1 seismic
screening checkilists.

This section describes the results of the ASCE 41 Tier 1 seismic screening findings and trends by
displaying the Tier 1 information that is “noncompliant” and “noncompliant or unknown”. This
way, the information displayed reflects both the seismic structural vulnerabilities and the
uncertainty associated with the data gathering.

In many cases, based on the vintage and the structural system of a building, it is suspected that a
certain portion of “unknown” items would be seismically “noncompliant” based on the Tier 1
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screening checklists if more detailed information were available for review. It is logical to
evaluate building vulnerability and risk based on the multiple factors.

4.2.1 Data and Statistics for All School Building Types

Figure 4.2.1-1 shows the construction types of the buildings included in the study.

Wood |\O

Construction

Steel Braced

Concrete
Shear Wall

Frame |/0 7%

Unreinforced
Masonry (URM)

46%

38%

0\{ Reinforced
Masonry

Figure 4.2.1-1. Distribution of School Building Construction Types Investigated within this Study.

Table 4.2.1-1 shows statistics about the buildings included in the study.

Table 4.2.1-1. ASCE 41 Tier 1 School Building Statistics (339 School Buildings).

Parameter Value Notes
Washington State has many older school buildings built in the early 20t Century,
Average Year of 1967 with significant amounts of construction occurring all the way into the 21st Century. A
Construction significant percentage of Washington State school buildings were built in the 1950s
and 1960s, resulting in this average year of construction.
Median Year of 1968 The average and median year of construction are the same, indicating that the
Construction selected buildings are not heavily weighted in one direction around the median.
Average Square The average square footage exceeds the median square footage, meaning there are
9e5q 28,472 a smaller number of buildings included in the study with very large square footages
Footage )
that skew the average higher.
The median square footage is smaller than the average square footage, meaning
Median Square that, while there are some buildings that are very large (largest is over 200,000
17,364 o o .
Footage square feet), the majority of buildings possess square footage values less than this
number.
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4.2.2 ASCE 41 Tier 1 Seismic Screening Data Analyses Trends

The results of the ASCE 41 Tier 1 evaluations were analyzed for trends that may indicate
characteristic hazards and similarities and differences between buildings of different vintages
and with different features.

Figure 4.2.7-1 shows the percent noncompliant items that each building possesses, categorized
by building type. The horizontal axis is plotted by construction or seismic upgrade date. The
vertical axis displays the percent noncompliant items. The percent of noncompliant items for
each building was determined by dividing the quantity of noncompliant items for each building
by the total possible quantity of evaluation statements.

The figure shows that buildings built in the 1950s through the 1970s tend to have a slightly
higher percentage of noncompliant items than buildings built in the 1980s through the 2000s.
Buildings built before the 1950s tend to have smaller amounts of noncompliant items partly
because these older buildings tend to have more unknown items. No single building has more
than 50 percent noncompliant items. Several buildings have zero noncompliant items; however,
in many instances this may be related to the lack of available information with which to complete
the evaluation. These buildings may have evaluation items that are classified as “unknown”.
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Figure 4.2.7-1. Percent ASCE 41 Tier 1 Items Noncompliant by Building Construction Type.
(Appendix Figure B.1-1)

The previous figure only shows the percent of items identified as noncompliant. It does not
show items that are classified as unknown. Figure 4.2.7-2 shows the percent of items classified
as either noncompliant or unknown. The horizontal axis is plotted by construction or seismic
upgrade date. The vertical axis displays the percent of noncompliant or unknown items. The
percent of noncompliant or unknown items for each building was determined by dividing the
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total quantity of noncompliant or unknown items for each building by the total possible quantity
of evaluation statements.

Older buildings within each construction type tend to have higher percentages of seismically
noncompliant or unknown items. Although, there is significant variability in the percentages of
noncompliant and unknown items. There are many buildings built in the 1970s and 1980s that
have higher percentages of noncompliant and unknown items compared to certain buildings built
in the 1950s and 1960s. One URM building possesses a noncompliant or unknown percentage of
about 70 percent. There is no discernable trend with URM buildings where buildings do not
appear to be better or worse depending on age. There is no building that has zero noncompliant
or unknown evaluation items.
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Figure 4.2.7-2. Percent ASCE 41 Tier 1 ltems Identified as Noncompliant
or Unknown Classified by Building Construction Type.
(Appendix Figure B.1-2)

4.3 EPAT Seismic Screening Findings and Data Analyses Trends

The primary value calculated for each building from EPAT is the amount of damage each
existing building is expected to sustain in a design-level earthquake event. This value is
displayed as a percentage of the building elements that are expected to be damaged. The design-
level earthquake event is defined as being two-thirds of the magnitude of the maximum
considered earthquake (MCER). The MCER is a risk-adjusted probabilistic event with a return
period of 2,475 years. While not exact, the magnitude of the design-level earthquake event is
similar to the magnitude of an earthquake event with a 475-year return period for many locations
on the west coast of the United States. Earth scientists expect the average return period of a
Cascadia Subduction Zone (CSZ) earthquake to be approximately 500 years. It is possible that a
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CSZ earthquake could be approximately the magnitude of the design level earthquake for many
parts of Washington State, depending on the particular earthquake characteristics.

Figure 4.3-1 shows the building damage estimate ratio in the design earthquake plotted against
building construction or seismic upgrade date. The figure also includes different symbols for the
building lateral system’s primary construction material type.

The figure shows that school buildings built after 1975 have precipitously decreasing damage
estimate ratios, with school buildings constructed in the 1990s and the 2000s generally
possessing the lowest damage estimate ratios of all the school buildings evaluated. One
significant factor in earthquake performance is the building code standard to which a building
was originally designed. The EPAT spreadsheet separates Washington State into zones where
the design standards at the time of construction were different. According to the EPAT
documentation, historically the Puget Sound Region has had the strictest building code
requirements. Buildings in the Puget Sound Region were also designed for the highest level of
earthquake shaking due to the high seismicity of the region. Buildings in the rest of Washington
State were historically designed to lower seismic force and detailing standards.

Starting in 1975, the state of Washington adopted a statewide building code for the first time.
The adoption of a statewide standard made construction requirements uniform across the state.
This adoption of the statewide standard, in addition to significant improvements in the building
codes through the 1970s, 1980s, and 1990s, led to school buildings that are significantly more
resilient to earthquakes compared to older school buildings. This is illustrated in the figure, with
the decreasing damage estimate ratios for buildings built in the 1980s, 1990s, and 2000s.

100% —

1
| PRIMARY
. I CONSTRUCTION TYPE
— 90% | I
e v‘. - | 4 Concrete
X g0 A® ¢ Mg |
=4 [ ] | | | A Precast Concrete
= ] * r [} M Reinforced Masonry
> Y LA ]
a8 60%—| ° ° 5 L ..+..b' - = Unreinforced Masonry
=
2 o % < e ¢ [ + :
< 50%— » A !_ Primaril & Stee
5 [ ] [ ] ’ » | (N | Mndera¥ﬁtqf
m . e ool ° I
= 40%— ® ; Woac
= [ ] &
TN L e B eRse *——.—* Eimagh el
5 5 rimarily
oot/ x e xe™  eam__W® m |Ee
<2[ 5 ° E 1 (1] ..‘ - Safety Risk
I Lk (P
2 20%— @ , L
5 " ) L
=1 | /
2 10%— . o
: Buildings in Low & Moderate Level of Seismicity Aneas :éﬂi?gil:ngnc:ld gli:;ﬁv;;%! . [ ] [ ] L e KL* kP‘V | e
¢ ? ost-Earthquake Safety
0% ‘ . | L | . I . | L | . ‘ ' | 1 ‘ L | L ‘ L ‘ L | (‘ ggng e _.t__Prl’P:‘
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020 oreenvrelow by EFA

CONSTRUCTION/SEISMIC UPGRADE DATE

Figure 4.3-1. EPAT Damage Estimate Ratio Classified by Building Construction Type.
(Appendix Figure B.1-11)
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Figure 4.3-2 shows a map of each school building and its EPAT building damage estimate ratio.
Buildings located in western Washington tend to have higher damage estimate ratios than
buildings in central and eastern Washington. However, building construction type and the
quality of construction makes a significant difference, and there are some buildings in central
and eastern Washington that are expected to experience higher amounts of damage.

Percentage Damage
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School Buildings

Damage high

Estimate o

@ 75100% I

® 50-75% §
25-50% %
0-25% @
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Figure 4.3-2. EPAT Damage Estimate Ratio Mapped Across the State (WA DNR, 2021).

44 FEMA 154 RVS Results

Table 4.4-1 shows the median, average, maximum, and minimum calculated FEMA 154 Rapid
Visual Screening (RVS) scores for the Phase 2 schools. RVS is a method of assigning a score to
a building based on a building’s basic features (building type, building age, soil type, seismicity,
and structural irregularities). The primary intent of the scoring is to identify potentially
hazardous buildings that require further seismic evaluation. There is no official cutoff score, but
generally a score of 2.0 or less is used to identify buildings that require further evaluation.
Lower scores indicate more-hazardous buildings and higher scores indicate buildings that have
less risk. Sixty-eight percent of the Phase 2 buildings possess an RVS score that is less-than-or-
equal to 2.0, indicating that further evaluation work may be warranted to more accurately
determine their seismic risk.

Table 4.4-1. Washington State Schools RVS
Summary Results for Phase 2 Buildings.

RVS Result Value
Median Score 1.7
Average Score 21
Max Score 55
Min 0.3
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4.5 EPRS Structural Safety Sub-Ratings (Star-Ratings) Results

Preliminary structural safety sub-ratings for 561 school buildings assessed in both Phase 1 and
Phase 2 were determined using the findings from the ASCE 41 Tier 1 seismic evaluation
checklists. The EPRS is a five-star rating system, with one star being the lowest, or worst-
performing buildings, and five stars being the highest, or best-performing buildings. Ninety-
three percent of the 561 school buildings assessed have one-star Structural Safety sub-ratings
based on the information available. Four percent of the school buildings assessed have two-star
ratings and three percent of the school buildings have three-star ratings. Such a high percentage
of one-star ratings was not surprising given that the criteria for selecting school buildings for this
study was heavily weighted toward buildings that are older structures and lack the seismic
durability and interconnection that more modern buildings have.

Most of the school buildings assessed in Phase 1 and Phase 2 are also not considered “post-
benchmark” buildings. Post-benchmark buildings are those that are expected to possess
equivalent earthquake performance to buildings designed to current code (post-benchmark
buildings are typically those constructed in 1999 or later). In addition, many of the assessed
buildings were also built before Washington State adopted its first statewide building code in
1975. The buildings assessed were selected in large part because of their older age and need for
seismic evaluation. ASCE 41 infers that post-benchmark buildings, based on past observed
earthquake damage, can be expected to provide Life Safety structural performance at a lower
than current code seismic event. Consequently, it was not surprising that the vast majority of the
assessed buildings would have a preliminary one-star structural safety sub-rating.

In addition, many buildings assessed did not have existing drawings or limited site observation to
confirm critical seismically desirable attributes such as complete load paths, out-of-plane wall
anchorage, interconnection of structural components, and diaphragm integrity. This resulted in
many ASCE 41 Tier 1 seismic screening checklist items being evaluated as Unknown (U). To
be consistent with the EPRS Translation Procedure, the preliminary Structural Safety sub-ratings
for this study considered Unknown conditions as Noncompliant (NC). These Unknown
conditions being considered as Noncompliant resulted in many Structural Safety sub-ratings of
one star, and therefore these Structural Safety star ratings should not be used as an absolute
condemnation of a building but instead as an indication that these buildings need further seismic
investigation and analysis.

The overwhelming number of 1-star Structural Safety ratings further reinforces the need to
voluntarily upgrade or replace older buildings in high seismicity areas. It is highly encouraged
and recommended that school districts and structural engineers further study the ratings and
assessments of their oldest and most vulnerable buildings and discuss how best to improve the
seismic safety of their school facilities.

4.6  Prioritized Rankings of Phase 1 and Phase 2 Schools by Buildings Relative Risk

Phase 1 and 2 school buildings were ranked to prioritize buildings for seismic retrofit by relative
risk. Engineering judgment was used to assign buildings to one of four categories: Very High
Priority, High Priority, Moderate Priority, and Lower Priority. The prioritization of schools
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compares buildings to one another by selected parameters using engineering judgment. The
parameters for building comparison include: building construction date, construction type, level of
site seismicity, extents of previous seismic upgrade work (if any), soil liquefaction potential, EPRS

Structural Safety star rating, EPAT expected building damage, FEMA 154 RVS score, and an
ASCE 41 Tier 1 checklist percent of “noncompliant” or “unknown”. A small adjustment was
made for buildings of larger square footage to slightly prioritize larger buildings over smaller ones
with the idea that more people may be at risk in buildings of larger area. Finally, the engineers
who evaluated each building also used their judgment to adjust the building category, if they felt
the scoring system did not accurately capture the building risk. See Appendix B.3 for a more-
detailed description of the prioritized ranking scoring system used and the final prioritized lists.

Table 4.6-1 lists the prioritization categories, the category definition, and the types of buildings
typically in each category. Figures 4.6-1 through 4.6-4 show the spatial distribution of these
buildings and those that received concept-level design studies in Phases 1 and 2.

Table 4.6-1. Prioritized Building Ranking Categories Summary.

Pr&ﬁ:z:;)n Category Definition Typical Buildings in Category
Very High These buildings have the highest seismic risk and Typically unreinforced masonry buildings and non-
Priority have a clear and strong need to receive seismic ductile concrete buildings built before the 1960s and
upgrades. The benefits of seismic performance and | located in high seismic zones. Some very high risk
structural integrity gained by performing seismic reinforced masonry buildings are also in this
upgrades are likely to significantly exceed the cost of | category.
the upgrades by a large margin.

High Priority These buildings also have a strong need to receive | Typically reinforced masonry and wood buildings
seismic upgrades and would greatly benefit from built in the 1950s, 1960s, and 1970s and located in
voluntary seismic upgrades or seismic improvements | high seismic zones. Some unreinforced masonry
that are incorporated with other systems upgrade buildings located in moderate and low seismic zones
projects or modernizations. The benefits of seismic | are also included in this category.
performance and structural integrity gained by
performing seismic upgrades likely exceed the cost
of the upgrades.

Moderate | These buildings are not as high risk as the buildings | Typically, buildings of various construction types built
Priority in the High and Very High categories. Depending on |in the 1960s through the 1990s located in high,
level of seismicity, some buildings may or may not | moderate, and low seismic zones.
have a need to receive seismic upgrades. In areas of
high seismicity, these buildings would still benefit
from voluntary seismic upgrades that may be able to
achieve seismic performance similar to modern
buildings. However, the financial benefits of seismic
upgrades may or may not exceed the costs.
Lower The benefits of seismic performance and structural | Typically buildings of various construction types built
Priority integrity gained by performing seismic upgrades in the 1980s through the 2010s located in high,
would likely not exceed the costs. Some buildings in | moderate, and low seismic zones.
this category already meet the Life Safety structural
performance objective and were built to modern
seismic standards where seismic upgrades would
not be needed.
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The following are notes and caveats about the prioritized rankings.

1. The list of buildings only includes school buildings assessed in Phase 1 and Phase 2 of
the Washington State School Seismic Safety Project. This represents approximately
12 percent of recognized school buildings in the ICOS database. Prioritization of the rest
of the schools in Washington State requires further study and updates to the information
in ICOS.

2. The main seismic evaluation portion of this study evaluated buildings using ASCE 41
Tier 1 procedures. In addition, many buildings had incomplete information, which
required the assessment team to make notes where items were unknown. Tier 1
procedures are typically the first step taken in identifying building-specific seismic risks.
However, Tier 1 evaluations must be followed up with ASCE 41 Tier 2 or Tier 3
evaluations prior to conducting seismic upgrades. In addition, the buildings have not
been evaluated by architects, mechanical engineers, electrical engineers, fire protection
engineers, or geotechnical engineers. Further assessments by a structural engineering and
architectural/engineering team are required to further determine the extent of seismic
upgrades and the building-specific benefits and costs of seismic upgrades.

3. Data used for prioritizing the school buildings assessed in this study were gathered from
2018-2021. Some school buildings listed are undergoing renovations or have
subsequently been upgraded, modernized, or seismically improved voluntarily. These
buildings should move down on the priority list once the seismic improvements are
implemented and reviewed by a structural engineer.

4. Whether or not a building was located in a tsunami inundation zone was not used as a
component of the development of the prioritized rankings. Buildings that are located in
tsunami inundation zones may need to be further evaluated to determine the optimum
course of action. In many cases, it may be more cost effective to relocate a school
outside of a tsunami inundation zone than to upgrade the building. Alternatively,
constructing purpose-built tsunami vertical evacuation structures or hardening evacuation
routes may be a cost-effective way to improve the survivability of people located in
tsunami inundation zones. In these cases, seismically upgrading buildings with the
purpose of allowing people to evacuate and reach higher ground may be appropriate.
Evaluation of tsunami hazards was outside the scope of this project. It may be
appropriate to evaluate structural loads from tsunamis in future studies.

5. The table that lists the prioritized rankings categorizes buildings into one of four
categories. Within each category, the school buildings are listed alphabetically.
Alphabetization was chosen to provide some amount of organization to the table. The
buildings in each category should be construed as possessing approximately equal risk to
one another. That is, the buildings within each category are not further prioritized
beyond each of the four categories.

6. Some buildings within the study have multiple additions constructed over multiple years.
In addition, different portions of the same building may be constructed of multiple
structural building types. Generally, the highest risk portion of each building was used to
prioritize the buildings. It may be the case that only part of a building is the highest risk
portion, with other portions of a building being less at-risk.
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Figure 4.6-1. Map Showing Very High Priority Schools (dark red dots) and Very High Priority
Phase 1 & 2 Concept Design Schools (WA DNR, 2021).
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Figure 4.6-2. Map Showing High Priority Schools (red dots) and High Priority Phase 1 & 2 Concept
Design Schools (WA DNR, 2021).
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Figure 4.6-3. Map Showing Moderate Priority Schools (Orange dots) and Moderate Priority
Phase 1 & 2 Concept Design Schools (WA DNR, 2021).
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Figure 4.6-4. Map Showing Lower Priority Schools (yellow dots) and High Priority Phase 1 & 2
Concept Design Schools (WA DNR, 2021).
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4.7 Fire Station Results

The Phase 1 & Phase 2 seismic assessment of seven fire stations resulted in similar observations
to the school buildings that were assessed. Older fire stations (pre-1975) and fire stations
constructed of heavier materials (URM, reinforced masonry, non-ductile concrete) are
significantly more vulnerable than more modern wood- or steel-framed fire stations. Fire
stations are considered essential facilities that need to be functioning and occupant-ready to
perform essential community services following an earthquake. As a result, older fire station
buildings should be highly prioritized for seismic retrofit or replacement by state, city, and
county agencies as funding becomes available.

The seven fire stations assessed in Phase 1 and Phase 2 of this study are a very small sampling of
the fire stations throughout the state. Based upon the structural engineers’ experience in working
with fire districts and city agencies in and around the greater Puget Sound area, there are many
other fire stations in operation that were built prior to 1975 and have vulnerable URM, reinforced
masonry, and non-ductile concrete structural systems. A number of fire districts and
communities have successfully passed capital bonds and levies over the past couple of decades to
replace or retrofit their older fire stations. However, similar to schools, there are many other fire
districts and communities statewide that have not had the economic means or support to upgrade
or replace their aging fire stations and may need state assistance to do so.
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5.0 Concept-Level Seismic Upgrades Summary

5.1  Concept-Level Design Seismic Upgrades Cost Estimate Summary

Seventeen school buildings were selected to receive concept-level seismic upgrade designs and
cost estimates as part of Phase 2. The buildings were selected from the list of both Phase 1 and
Phase 2 schools. Initially, a list of high-risk school buildings was generated by the project team.
Then, the school districts who owned those buildings were surveyed to see if they wanted to
participate in receiving concept-level seismic upgrade designs. The intent was also to see if any
work was already planned to occur on the buildings, to confirm that the buildings had not already
received seismic upgrades, and to confirm that the school districts are not planning to replace the
buildings soon. Most school districts replied to the survey, but some did not. From an initial list
of approximately 50 high-risk schools, 17 were selected. Additionally, the concept-level
upgrade design school buildings were selected prior to the completion of the Phase 2 seismic
evaluations, so not all the data from the Phase 2 seismic evaluations was available to review in
selecting the buildings.

Additionally, an attempt was made to include a variety of building construction types in the
selected buildings rather than just focus on limited types of construction (e.g. only URM or
nonductile concrete). As a consequence, some less vulnerable wood buildings were selected to
receive concept-level designs. These wood buildings should be indicative of Washington State
light-frame construction, which was the dominant construction type during the 20" Century, and
the magnitude of the total costs to seismically upgrade some of these buildings is less than some
of the other construction types. The selected school buildings included a few. Figure 5.1-1
shows a map of the 17 selected school buildings.

When the Phase 1 cost estimates were developed, the OSPI School Seismic Retrofit Program
(SSRP) did not yet exist. As such, the Phase 1 cost estimates were not developed with the idea
that they would be used as part of that program. The Phase 1 cost estimates only included
estimates of the construction costs and did not include any soft cost items such as
architecture/engineering design fees, project administration fees, building permitting fees,
construction testing fees, or other fees. The Phase 1 cost estimates also did not include any
escalation to account for inflation over time because it was not known when or if construction
would start. Conversely, the Phase 2 cost estimates were developed with the knowledge that the
OSPI School Seismic Retrofit Program exists, and the project team worked closely with OSPI to
develop cost estimates that could work within that program.
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Figure 5.1-1. Map Showing Buildings Selected for Phase 2 Concept-Level Seismic

Upgrade Designs (WA DNR, 2021).

Even so, it is important to emphasize that the estimated costs developed for these buildings are
preliminary in nature, as they are based on the results of the Tier 1 seismic screening checklists
and engineering design judgment and have not been substantiated by more-detailed analyses.

Relative to construction cost estimates that are based upon construction drawings prepared by
architecture and engineering firms for a defined scope of work, these concept-level seismic
upgrade reports constitute a pre-design level scope of information due to the screening level of
engineering and field investigation. Thus, for cost estimating and contingency purposes, these
concept-level seismic upgrade designs would be considered as a design that is approximately

1 percent complete. This is in comparison to a 30 percent schematic design cost estimate where
a full architecture and engineering design team has spent significantly more time observing
existing conditions, performing other assessment studies (such as hazmat abatement,

accessibility, energy and so on),

and coordinating with school districts to accurately define the

scope and phasing considerations in developing a set of construction documents for a renovation
project. The concept upgrade designs received some input and review from architects; however,
no architectural design has been completed at this time. In addition, there has been no

June 2021

ReidMiddleton

Washington State School Seismic Safety Assessments Project - Phase 2
Seismic Assessment Report -52-



involvement from mechanical, electrical, or fire protection engineers. The estimated costs for
the seismic upgrade will change as the designs are further developed.

For this preliminary assessment of probable costs, an estimate of the current year (2021)
construction costs of the probable scope of work was developed. Then a -20 percent (low) to
+50 percent (high) range variance was used to develop the construction cost estimate range for
the concept-level scope of work. The -20 percent to +50 percent range variance guidance is from
table 1 of the AACE International Recommended Practice 56R-08, Cost Estimate Classification
System for Class 5 Estimates. The range of a Class 5 construction cost estimate is due to the
limited design completeness of O percent to 2 percent and is defined as -20 percent to

+50 percent as noted. It is unlikely that the actual construction costs will equal the estimated
cost values, but it is the intent that the actual construction costs will fall within the -20 percent to
+50 percent ranges.

Cost estimates also factor in when the construction phase of a project will commence to account
for escalation in construction costs. Because these cost estimates are used to assist OSPI and
school districts with future funding requests or programming needs, it is not known at this time if
or when these seismic upgrades will be implemented. To account for some cost escalation
however, the cost estimates prepared for this study assume a mid-point of construction occurring
at the end of 2022. The cost estimates were developed in the beginning of 2021 and escalated at
a rate of 6 percent per year to the end of 2022, effectively adding a 12 percent markup to the
2021 cost estimates.

Soft costs were included in the cost estimates as 40 percent of the estimated construction costs.
Soft costs can include things like the owner’s general overhead costs, project management costs,
financing/bond costs, administration/contract/accounting costs, review of plans, value
engineering studies, equipment, fixtures, furnishings and technology, and relocation of the
school staff and students during construction. The soft costs used for the projects that total

40 percent are:

A+E Design 10%
QA/QC Testing 2%
Project Administration 2%
Owner Contingency 11%
Average Washington State Sales Tax 9%
Building Permits 6%

It is normal for soft costs to vary from owner to owner. However, based upon the engineering
firm’s experience in K-12 school projects in Washington, we assume that 40 percent of the
probable construction cost is a reasonable and appropriate soft cost recommendation for
budgeting purposes. Therefore, we also strongly suggest that each owner develop their own soft
costs as part of their budgeting process and not rely solely on the recommended percentage that
is stated here.

Table 5.1-1 lists the estimated total cost of each seismic upgrade concept design for Phase 2
buildings. The costs listed include both construction costs and soft costs.
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Table 5.1-1. School Seismic Upgrade Total Cost Summary Grouped By Building Type (Construction

Cost +Soft Costs).
School District, Original ASCE #1 Performance Bldg. Total Upgrade Estimated
School Building, Date of Level of Objective Gross Cost Range $/SF Costs, $/SF
Bldg. Type Construction | Seismicity / Area (SF) (Total) (Total)
Site Class
Hoquiam, Central 1952 High / D Life Safety 38,946 $110 $205 $137
Elementary School, ($4.27M) ($8.01M) | ($5.34M)
Main Bldg.,
Reinforced Concrete
Morton, Morton 1948 High/C Life Safety 25,200 $177 $331 $221
Elementary School, ($4.45M) ($8.35M) | ($5.57M)
Main Bldg.,
Reinforced Concrete
Quilcene, Quilcene 1935 High /D Life Safety 7,860 $199 $373 $249
K-12 School, High ($1.59M) ($2.99M) | ($1.99M)
School Bldg.,
Reinforced Concrete
Concrete Shear 1945 24,002 $162 - $303 $202
Wall Averages
Burlington-Edison, 1953 High /D Life Safety 50,133 $100 $187 $124
Burlington-Edison ($5.00M) (89.37M) | ($6.25M)
High School,
Gym/Fieldhouse,
Reinforced Masonry
Centralia, 1950 High /D Life Safety 51,063 $151 $284 $189
Washington ($7.73M) ($14.49M) | ($9.66M)
Elementary School,
Main Bldg.,
Reinforced Masonry
Mary M. Knight, Mary 1963 High /D Life Safety 13,333 $91 $171 $114
M. Knight Schooal, ($1.22M) ($2.29M) | ($1.53M)
Elementary School
Bldg., Reinforced
Masonry
Marysville, 1970 High /D Life Safety 19,772 $131 $245 $163
Marysville-Pilchuck ($2.59M) ($4.85M) | ($3.23M)
High School, Library
(Bldg. J), Reinforced
Masonry
Reinforced 1959 33,575 $118 - $222 $148
Masonry Averages
Port Townsend, Port 1941 High/D Life Safety 34,112 $49 $92 $61
Townsend High ($1.68M) ($3.15M) | ($2.10M)
School, Gym,
Unreinforced
Masonry
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Table 5.1-1. School Seismic Upgrade Total Cost Summary Grouped By Building Type (Construction

Cost +Soft Costs).
School District, Original ASCE #1 Performance Bldg. Total Upgrade Estimated
School Building, Date of Level of Objective Gross Cost Range $/SF Costs, $/SF
Bldg. Type Construction | Seismicity / Area (SF) (Total) (Total)
Site Class
Port Townsend, Port 1928 High /D Life Safety 13,169 $90 $169 $113
Townsend High ($1.19M) ($2.24M) | ($1.49M)
School, Math-
Science Annex,
Unreinforced
Masonry
Tacoma, Tacoma 1904 High/C Life Safety 21,601 $275 $516 $344
School of the Arts, ($5.94M) ($11.14M) | ($7.43M)
Pacific Bldg.,
Unreinforced
Masonry
Woodland, Woodland 1954 High / E Life Safety 23,100 $120 $224 $150
Middle School, ($2.77M) ($5.19M) | ($3.46M)
Gymnasium,
Unreinforced
Masonry
Unreinforced 1932 22,996 $134 $250 $167
Masonry Averages
Clover Park, Custer 1952 High /D Life Safety 40,304 $179 $336 $224
Elementary School, (§7.23M) ($13.55M) | ($9.04M)
Classroom Bldg.,
Wood Framed
Federal Way, 1964 High/C Life Safety 41,111 $134 $250 $167
Camelot Elementary ($5.50M) ($10.32M) | ($6.88M)
School, Main Bldg.,
Wood Framed
Napavine, Napavine 1955 High/C Life Safety 11,274 $87 $164 $109
Jr/Sr High School, ($988K) ($1.85M) | ($1.24M)
Annex Bldg., Wood
Framed
Quilcene, Quilcene 1964 High/C Life Safety 9,438 $156 $293 $195
K-12 School, Middle ($1.48M) ($2.78M) | ($1.85M)
School Bldg., Wood
Framed
South Bend, South 1968 High/E Life Safety 51,000 $103 $192 $128
Bend Jr/Sr High ($5.23M) ($9.81M) | ($6.54M)
School, HS Main
Bldg., Wood Framed
Ocean Beach, llwaco 1970 High/D Life Safety 89,249 $137 $256 $171
High School, Main ($12.20M) ($22.88M) | ($15.26M)
Bldg., Wood Framed
Wood Framed 1962 40,396 $133 $249 $166
Averages
OVERALL
AVERAGES 1951 31,804 $135 $252 $168
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The estimated costs to seismically upgrade the 32 school buildings that received the concept
level design study ranged from $63,000 to $5,000,000 in Phase 1 and from $1,240,000 to
$15,260,000 in Phase 2. It should be noted that the Phase 1 costs do not include soft costs or
escalation to the year 2022. The Phase 1 costs are construction costs only. In addition, the
Phase 1 concept upgrade schools included several schools in moderate seismicity areas and low
seismicity areas. Consequently, the costs from Phase 1 and Phase 2 are not directly comparable.

Estimated probable construction costs, including soft costs, for the seismic upgrades of the two
fire station are in Table 5.1-2. Assessments of costs for the two Phase 2 fire stations have been
prepared as part of this study. The estimated upgrade costs range from approximately $123 per
square foot to $278 per square foot for the reinforced masonry and unreinforced masonry fire
stations, respectively. These are merely two data points of approximate renovation costs needed
to bring these fire stations to an Immediate Occupancy structural performance objective, but they
can be used with other planning level estimates of fire stations to help quantify the financial need
at a higher overview level. Past studies of fire station seismic upgrades that we have worked on
have similar ranges of probable costs per square foot. However, like any other fire station or
school building, these costs are highly variable depending on building age, construction type,
historic significance, area, seismicity, and site conditions. Specific seismic upgrade costs for a
given fire station will require further study by a structural engineer and architect team.

Table 5.1-2. Fire Station Seismic Upgrade Total Cost Summary (Construction Cost +Soft Costs).

City, Fire Dept, Original ASCE #1 Structural Bldg. Total Upgrade Cost Estimated
Fire Station, Bldg. Date of Level of Performance Gross Range $/SF Costs,
Type Construction | Seismicity / Objective Area (Total) $ISF
Site Class (SF) (Total)
Hoquiam, Hoquiam 1971 High/E Immediate 12,908 $99 $186 $124
Fire Department, 8th Occupancy ($1.28M) ($2.39M) ($1.6M)
Street Station,
Reinforced Masonry
Tacoma, Tacoma 1935 High/C Immediate 6,115 $222 $416 $278
Fire Department, Fire Occupancy (81.36M) ($2.54M) | ($1.69M)
Station 4
Unreinforced
Masonry
5.2  Concept-Level Design Seismic Upgrade Construction Cost Estimate Summary

Soft costs are expected to vary between school districts and seismic upgrade projects. Soft costs

also include many different recipients such as architects/engineers, project administrators,

inspection agencies and permitting agencies. On the other hand, construction costs should be
borne by the general contractor hired to construct the seismic upgrades.

Table 5.2-1 shows the estimated construction costs for each concept-level seismic upgrade

design. The estimated soft costs are excluded from the table. Also, notably, the construction
costs listed in the table do not include sales tax as sales tax is considered a soft cost.
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Table 5.2-1. Seismic Upgrade Total Construction Cost Summary Grouped by Building Type.

School District, Original ASCE 41 Performance Bidg. Total Upgrade Cost Estimated
School Building, Date of Level of Objective Gross Range $/SF Costs,
Bldg. Type Construction | Seismicity / Area (Total) $/SF
Site Class (SF) (Total)
Hoquiam, Central 1952 High /D Life Safety 38,946 $78 - $147 $98
Elementary School, ($3.05M) ($5.72M) | ($3.81M)
Main Bldg.,
Reinforced
Concrete
Morton, Morton 1948 High/C Life Safety 25,200 $70 - $237 $158
Elementary School, ($3.18M) ($5.97M) | ($3.98M)
Main Bldg.,
Reinforced
Concrete
Quilcene, Quilcene 1935 High/D Life Safety 7,860 $142 - $267 $178
K-12 School, High ($1.14M) ($2.13M) ($1.42M)
School Bldg.,
Reinforced
Concrete
Concrete Shear Wall 1945 24,002 $116 - $217 $144
Averages
Burlington-Edison, 1953 High /D Life Safety 50,133 $71 - $133 $89
Burlington-Edison ($3.57M) ($6.69M) (4.46M)
High School,
Gym/Fieldhouse
Bldg., Reinforced
Masonry
Centralia, 1950 High /D Life Safety 51,063 $108 [-| $203 $135
Washington ($5.52M) ($10.35M) | ($6.90M)
Elementary School,
Main Bldg.,
Reinforced Masonry
Mary M. Knight, Mary 1963 High /D Life Safety 13,333 $65 - $122 $81
M. Knight School, ($871K) (1.63M) ($1.09M)
Elementary School
Bldg., Reinforced
Masonry
Marysville, 1970 High/D Life Safety 19,772 $93 - $175 $117
Marysville-Pilchuck ($1.85M) ($3.46M) ($2.31M)
High School, Library
(Bldg. J), Reinforced
Masonry
Reinforced 1959 33,575 $84 - $158 $154
Masonry Averages
Port Townsend, Port 1941 High /D Life Safety 34,112 $35 - $66 $44
Townsend High ($1.20M) ($2.25M) ($1.50M)
School, Gym.,
Unreinforced
Masonry
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Table 5.2-1. Seismic Upgrade Total Construction Cost Summary Grouped by Building Type.

School District, Original ASCE 41 Performance Bldg. Total Upgrade Cost Estimated
School Building, Date of Level of Objective Gross Range $/SF Costs,
Bldg. Type Construction | Seismicity / Area (Total) $/SF
Site Class (SF) (Total)
Port Townsend, Port 1928 High /D Life Safety 13,169 $65 - $121 $81
Townsend High ($852K) ($1.6M) ($1.06M)
School, Math-
Science
Annex, Unreinforced
Masonry
Tacoma, Tacoma 1904 High/C Life Safety 21,601 $196 - $368 $246
School of the Arts, ($4.24M) ($7.96M) ($5.30M)
Pacific Bldg.,
Unreinforced
Masonry
Woodland, Woodland 1954 High/E Life Safety 23,100 $86 - $160 $107
Middle School, ($1.98M) ($3.70M) ($2.47M)
Gymnasium Bldg.,
Unreinforced
Masonry
Unreinforced 1932 23,025 $95 - $279 $119
Masonry Averages
Clover Park, Custer 1952 High/D Life Safety 40,304 $128 - $240 $160
Elementary School, ($5.16M) ($9.68M) ($6.45M)
Classroom Bldg.,
Wood Framed
Federal Way, 1964 High/C Life Safety 41,111 $95 - $179 $119
Camelot Elementary ($3.293M) ($7.37M) | ($4.91M)
School, Main Bldg.,
Wood Framed
Napavine, Napavine 1955 High/C Life Safety 11,274 $62 - $117 $78
Jr/Sr High School, ($706K) ($1.32M) ($882K)
Annex, Wood
Framed
Quilcene, Quilcene 1964 High/C Life Safety 9,438 $111 - $209 $139
K-12 School, Middle ($1.06M) ($1.99M) ($1.32M)
School Bldg., Wood
Framed
South Bend, South 1968 High/E Life Safety 51,000 $73 - $137 $92
Bend Jr/Sr High ($3.74M) ($7.01M) ($4.67M)
School, HS Main
Bldg., Wood Framed
Ocean Beach, llwaco 1970 High/D Life Safety 89,249 $98 - $183 $122
High School, Main ($8.72M) ($16.35M) | ($10.90M)
Bldg., Wood Framed
Wood Framed 1962 40,425 $95 - $178 $118
Averages
OVERALL 1951 31,844 $96 - $180 $120
AVERAGES
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5.3  Potential Cost Savings If Seismic Upgrades Combined with Other Construction

A significant portion of the structural upgrade costs are due to the fact that the seismic upgrades
take place in existing buildings with existing finishes and existing nonstructural components.
The costs to temporarily remove and replace the architectural, mechanical, electrical, and
plumbing equipment is significant. Table 5.3-1 lists the estimated construction costs (soft costs
excluded) if seismic upgrades are combined with other architectural, mechanical, electrical,
plumbing, and fire protection upgrades that are already planned to take place (such as full-
building modernizations). The costs listed in Table 5.3-1 were developed by deleting the
architectural, mechanical, electrical, plumbing and fire protection costs from the construction
cost estimates. The table indicates that the average building may see up to a 70 percent reduction
in seismic upgrade costs when seismic upgrades are combined with other work. The precise
reduction in costs may depend on the ultimate scope of work of the seismic upgrades and the
other work conducted at the same time. Nonetheless, significant savings can be realized by
combining seismic upgrades with other types of work, such as re-roofing projects or school
modernizations.

Table 5.3-1. Seismic Upgrade Estimated Construction Costs if Combined with
Architectural, Mechanical, Electrical, Plumbing and Fire Protection Upgrades.

School District, School Original Date |Bldg. Gross Estimated Reduction in
Building, Bldg. Type of Constr. | Area (SF) Construction Cost
Cost (Percentage)
Hoquiam, Central Elementary 1952 38,946 $1.51M 48%
School, Main Building, Reinforced
Concrete
Morton, Morton Elementary 1948 25,200 $921K 60%
School, Main Building, Reinforced
Concrete
Quilcene, Quilcene K-12 School, 1935 7,860 $192K 72%
High School Building, Reinforced
Concrete
Concrete Shear 1945 24,002 $873K 60%
Wall Averages
Burlington-Edison, Burlington- 1953 50,133 $1.81M 47%
Edison High School,

Gym/Fieldhouse Building,
Reinforced Masonry

Centralia, Washington Elementary 1950 51,063 $1.06M 72%
School, Main Building, Reinforced

Masonry

Mary M. Knight, Mary M. Knight 1963 13,333 $290K 65%

School, Elementary School
Building, Reinforced Masonry

Marysville, Marysville-Pilchuck 1970 19,772 $636K 64%
High School, Library (Building J),
Reinforced Masonry

Reinforced 1959 33,575 $949K 62%
Masonry Averages
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Table 5.3-1. Seismic Upgrade Estimated Construction Costs if Combined with
Architectural, Mechanical, Electrical, Plumbing and Fire Protection Upgrades.

School District, School Original Date |Bldg. Gross Estimated Reduction in
Building, Bldg. Type of Constr. | Area (SF) Construction Cost
Cost (Percentage)
Port Townsend, Port Townsend 1941 34,112 $682K 32%
High School, Gym Building,
Unreinforced Masonry
Port Townsend, Port Townsend 1928 13,169 $107K 82%
High School, Math-Science Annex,
Unreinforced Masonry
Tacoma, Tacoma School of the 1904 21,601 $982K 69%
Arts, Pacific Building,
Unreinforced Masonry
Woodland, Woodland Middle 1954 23,100 $744K 76%
School, Gymnasium Building,
Unreinforced Masonry
Unreinforced 1932 23,025 $629K 65%
Masonry Averages
Clover Park, Custer Elementary 1952 40,304 $996K 2%
School, Classroom Building,
Wood Framed
Federal Way, Camelot Elementary 1964 41,200 $419K 85%
School, Main Building, Wood
Framed
Napavine, Napavine Jr/Sr High 1955 11,274 $14K 98%
School, Annex Building, Wood
Framed
Quilcene, Quilcene K-12 School, 1964 9,438 $120K 86%
Middle School Building, Wood
Framed
South Bend, South Bend Jr/Sr 1968 51,000 $462K 85%
High School, HS Main Building,
Wood Framed
Ocean Beach, liwaco High School, 1970 89,249 $1.02M 83%
Main Building, Wood Framed
Wood Framed 1962 40,425 $506K 85%
Averages
OVERALL 1951 31,844 $708K 70%
AVERAGES
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5.4  Effects of Liquefaction on Seismic Upgrades Construction Costs

The costs of seismically upgrading school buildings on liquefiable sites generally consists of two
components: 1) the cost to enhance the seismic resistance of the building system; and 2)
foundation upgrade by using deep foundations or ground improvement to mitigate liquefaction
effects.

The options feasible to mitigate effects of liquefaction are highly dependent on the magnitude of
liquefaction-induced ground deformations, tolerable foundation settlement, and lateral ground
deformation criteria specified by the building code provisions. For sites with small amounts of
foundation settlement and lateral ground deformation, minimal enhancement of the building
foundations is required. For sites with moderate amounts of foundation settlement and lateral
ground deformation, with conventional strip footings and isolated spread footings, tie beams
would be needed. For sites with high amounts of foundation settlement and lateral ground
deformation, shallow foundations will need to be enhanced by implementing ground
improvement methods (aggregate piers, compaction piling, jet grouting) with tie beams, or using
different foundation types such as raft/mat foundation or piles (pin piling, augercast piling,
micro-piling). The seismic upgrade cost estimates are greatly dependent on which mitigation
option is required.

5.5 Fire Station Cost Estimates

Assessments of probable construction costs for the two Phase 2 fire stations have been prepared
as part of this study. The estimated upgrade costs are approximately $82 per square foot to
$192 per square foot for the reinforced masonry and unreinforced masonry fire stations,
respectively. These are merely two data points of approximate renovation costs needed to bring
these fire stations to an Immediate Occupancy structural performance objective, but can be used
with other planning level estimates of fire stations to help quantify the financial need at a higher
overview level. Past studies of fire station seismic upgrades that the structural engineers have
worked on had similar ranges of probable costs per square foot. However, like any other fire
station or school building, these costs are highly variable depending on building age,
construction type, historic significance, area, seismicity, and site conditions. Specific seismic
upgrade costs for a given fire station will require further study by a structural engineer and
architect team.
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6.0 Economic Considerations

6.1 Introduction

Seismic retrofit needs across the state pose a challenge for policymakers. Buildings vary in age
and structural performance level, the timing and size of both seismic risk and potential project
funding are uncertain, and government spending must be weighed against public benefits. There
has been general consensus that seismic retrofits are warranted for high-risk buildings in high
seismic areas of Washington State. However, the precise magnitude of the benefits of school
retrofits in comparison to the costs of such retrofits has never been studied in detail.

The Washington State Legislature started a school seismic retrofit program in 2020 that is
administered by OSPI. This program is a first-of-its-kind in Washington State, and the
Legislature is to be commended for starting the program. The Washington State Legislature has
already prioritized seismic school retrofits by approving $13.24 million in 2020 for retrofitting
grants to OSPI. These funds were directed to be prioritized for high risk and high deficiency
buildings. Another $39 million has been approved for the coming 2021-2023 biennium to
continue the retrofitting program.

Economics is a valuable tool that empowers policymakers to make informed decisions on the
optimal allocation of scarce resources to maximize benefits. Appendix B.5 includes a detailed
discussion of economic considerations and the importance of including a discussion of benefits
and costs in decision-making. A summary of the appendix is included in this section.

6.2 Benefit-Cost Analysis and Case Study

At its most basic level, Benefit-Cost Analysis (BCA) is a tool for comparing alternatives. BCA
can empower policymakers to know that they are optimizing their decision-making and
allocating funding and other resources in the most appropriate ways. Done correctly, and
recognizing its limitations, BCA provides a well-defined method for examining the value of an
action and tradeoffs among different actions. Measuring benefits and costs over time helps to
identify alternatives that maximize the net benefit. If an action has benefits that exceed the costs,
then this suggests that the action should be taken. Alternatively, if an action has benefits that do
not exceed the costs, then that suggests the action should not be taken. In this way, BCA can
provide a framework to decide what, if any, action should take place.

6.2.1 Benefits and Costs Over Time

Economics uses discounting on benefits and costs over time to translate future impacts to present
terms. People value benefits they receive now more than they value benefits they would receive
in the future (e.g. people value receiving $10 today more than they would value receiving $10 in
the future, even when adjusted for inflation). Similarly, people value costs they must pay now
more significantly than costs they must pay in the future. It is important to note that these
considerations are irrespective of inflation and it is important to note that a discount rate is
distinct from interest rates used in other circumstances. The purpose of the discount rate used in
BCA is to relate future benefits/costs into their equivalent present value.
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Considering benefits and costs over time is particularly relevant when considering school
retrofits as it captures the impact of receiving benefits in the uncertain long-term and paying
costs certainly in the short-term. That is, school seismic retrofits will be completed now, but the
benefits of those seismic retrofits will only be realized when an earthquake occurs. Earthquakes
are inherently uncertain, and it is unknown if a large magnitude earthquake will occur near a
particular school within the next 5 years or within the next 100 years. Though the annual
probability of certain magnitude earthquakes are well-known. So, even though there is
significant uncertainty about whether a particular earthquake will occur within a certain year, the
probability of a particular earthquake occurring within a given year is well understood and
readily quantified. If a large earthquake occurs within 1-5 years after a seismic retrofit, then the
relative benefits are likely to be substantial. However, if a large magnitude earthquake does not
occur until 50 years after a seismic retrofit, then the relative benefits are smaller.

Looking at these impacts over time will help to determine what buildings should be retrofitted
and at what point in time. This is useful considering that some costs such as repair costs may
grow over time as buildings become less resilient to a seismic event. Additionally, some benefits
may grow over time, for example, a growing population indicates that more people would
receive the public benefit of safety over time. The temporal component of BCA can also help to
determine the annualized cost of larger projects.

Of particular importance is the selection of an appropriate discount rate for comparing benefits
and costs across time. Generally speaking, there are two basic frameworks for discount rates, the
finance-equivalent discount rate and the social-welfare-equivalent discount rate. The finance-
equivalent discount rate is derived from the expected rate of return on investment for capital
investments, and is representative of forgone returns on resources spent in the present rather than
in the future. In practice, 7% is usually used as this finance-equivalent discount rate, and would
be most appropriately applied to evaluating the impacts of regulatory policy on capital
allocation? (i.e. the costs of seismic upgrades).

However, since seismic upgrades would produce both capital costs and public benefits, the
social-welfare-equivalent discount rate should be used for capturing “society’s rate of time
preference” for consumption in the present compared to the future. Oftentimes, a 3% discount
rate is used to account for intergenerational and long time horizon decisions?.

6.2.2 Hypothetical Case Study Applying Benefit Cost Analysis

To demonstrate how BCA can inform funding decisions, the above BCA framework is applied to
a hypothetical school. The elementary school main building is a two-story concrete structure
with brick veneer. The 1948 building is constructed on level ground and is located in western
Washington. The building is rectangular in plan, 212 feet by 66 feet, with a maximum roof
height of around 42 feet. Building construction consists of concrete walls with brick veneer.

The roof system is a flexible diaphragm composed of wood trusses. The floor system is a

! Office of Management and Budget. Circular A-4. Retrieved from:
https://obamawhitehouse.archives.gov/omb/circulars_a004_a-4/
2 1bid.
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flexible diaphragm composed of wood joists. The building shares the site with a gymnasium
building and two covered play sheds. The school serves an area of 1,000 single-family homes
with an average property value of $150,000.

Table 6.2.2-1. Hypothetical School Information.

Location: Western Washington
Enroliment: 176 Students

Staff Size: 10 Teachers and administrators
School Type: Elementary School

Number of Stories: 2

Year Built: 1948

Square Footage: 25,200

Construction Type: Nonductile Concrete Shear Walls

Table 6.2.2-2. Seismic Information.

ASCE 41 Level of Seismicity: High

Soil Site Class: C

Vsao: 455 m/s

Ss (BSE-2N): 1.084 g

S1(BsE-2N): 0.42 g

Ss (BsE-26): 0.779 g

S1 (BsE-26): 0.305 g
Table 6.2.2-3. Seismic Upgrade Information.
Estimated Seismic Upgrade Cost per Square Foot: 221 Dollars per Square Foot
Existing Building Replacement Value: 375-425 | Dollars per Square Foot
Estimated Seismic Upgrade Cost with Full-Building Modernization: 88 Dollars per Square Foot

The results of the hypothetical BCA case study indicate that the expected benefits of seismic
upgrades to this building range between $5.08 million and $7.97 million depending on whether a
7% or 3% discount rate is used, respectively. The cost of the seismic upgrade is estimated to be
$5.57 million ($221 per square foot). This indicates the benefits generally exceed the costs of
upgrade, and the benefit cost ratio ranges between 0.9 and 1.4, depending on the discount rate. A
benefit cost ratio that exceeds 1.0 indicates that seismic upgrades make sense economically.
However, if seismic upgrades are combined with a full-building modernization where
architectural, mechanical, electrical and plumbing costs are allocated separately from the seismic
upgrade costs, the cost of seismic upgrade is estimated to be $2.23 million. In this scenario the
benefits significantly exceed the costs of seismic upgrade, and the benefit cost ratio ranges
between 2.3 and 3.5. A more-detailed description of the case study is include in Appendix B.5.

Washington State School Seismic Safety Assessments Project - Phase 2 June 2021
Seismic Assessment Report -65-



This page intentionally left blank.

Washington State School Seismic Safety Assessments Project - Phase 2 June 2021
Seismic Assessment Report - 66 -



7.0 Recommendations

This section contains our engineering recommendations based upon the results, findings, and
reporting in both phases of the Washington State School Seismic Safety Project. These
recommendations are not presented in any particular order and should be considered with the
same emphasis regarding improving the seismic safety and preparedness of our schools.

The results and findings from this study should be used to inform the Washington State
Legislature and policy makers of the estimated seismic risks in K-12 public school buildings
statewide and be considered when coming up with policies and funding mechanisms to mitigate
those risks. The screening reports, concept reports, and structural safety risk information
provided should be used by OSPI and the school districts to develop mitigation strategies to do
seismic improvement projects of school buildings (either done voluntarily or as part of a
modernization) or to serve as guidance in providing further engineering investigation and
analysis of school buildings.

7.1  Recommendations for Enhanced School Seismic Safety and Performance
7.1.1  Use of the EPRS Structural Safety Sub-Rating Reporting

An objective of this study was to inform school districts of the seismic deficiencies of their
buildings and possible ways to mitigate them. The ‘Earthquake Performance Rating System
(EPRS) ASCE 41-13 Translation Procedure’ was chosen to help communicate and prioritize the
seismic deficiency mitigation in the seismic screening reports. This process extracts evaluation
items (building components) from the ASCE 41 Tier 1 checklists that need to be determined
cumulatively as “Compliant” in order to increase a building’s structural safety rating from a one-
star rating (risk of collapse in multiple or widespread locations) to a two-star rating (risk of
collapse in isolated locations) and then to the recommended goal of a three-star rating (the Life
Safety structural performance objective). Extracting and categorizing these evaluation items in
this manner creates a prioritized list of seismic deficiencies, as shown in Figure 7.1-1. The risk
rating and prioritized list of deficiencies are provided to schools in their individual building
screening reports.

This is intended to be used as a mitigation strategy to provide further engineering investigation
and analysis, and seismic improvement projects (either done voluntarily or as part of a
modernization), to increase the seismic safety of the building and consequently increase its
structural safety risk rating. It is highly encouraged and recommended that school districts and
structural engineers further study the ratings and assessments of their oldest and most vulnerable
buildings and discuss how best to improve the seismic safety of their school facilities.
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Table -5. Identified Seismic Evaluation Items to Address for an improved " ’. 2-STAR Rating
Evaluation Item Tier 1 Screening Description

It does not appear that vertical elements are continuous to the foundation. Further investigation
Vertical Irregularities Noncompliant should be performed prior to retrofit. Lateral system strengthening, such as infilling with CMU
or adding new shear walls or braced frames may be appropriate to mitigate seismic risk.

Out-of-plane wall anchoring is not present based on structural drawings provided. Further
investigation should be performed prior to retrofit. Diaphragm reinforcement, including tension
ties, blocking, strapping, and diaphragm nailing to provide out-of-plane connection at masonry
walls may be appropriate to mitigate seismic risk.

'Wall Anchorage Noncompliant

Connections that induce cross-grain bending in wood ledgers are present. Strengthening of
‘Wood Ledgers Noncompliant connections through the addition of blocking and anchor straps may be appropriate to mitigate
seismic risk.

Likely noncompliant condition based on year of construction for pre-benchmark building.

Transfer to Shear Walls [Unki
ranster to Shear Walls | Lnknown Further investigation should be performed.

There are no continuous cross ties between diaphragm chords. Further investigation should be
performed prior to retrofit. The addition of new cross ties between diaphragm chords or the
addition of strap plates to connect existing framing members together may be appropriate to
mitigate seismic risk.

Cross Ties Noncompliant

Diaphragm is unblocked with spans greater than 40 feet in locations. Further investigation should
Noncompliant be performed prior to retrofit. Diaphragm strengthening through the addition of blocking or
additional diaphragm nailing may be appropriate to mitigate seismic risk.

Diagonally Sheathed and
Unblocked Diaphragms

Table -6. Identified Seismic Evaluation Items to Mitigate or Further Investigate for an improved ’ ' ’ . ’ ' 3-STAR Rating
Evaluation Item Tier 1 Evaluation Description

Limited existing drawings and inadequate access to verify. Further investigation should be
Adjacent Buildings Unknown performed. Diaphragm reinforcement, shear wall addition, or tying joints together may be
appropriate to mitigate seismic risk.

The masonry walls are under-reinforced and will likely need to be strengthened for in-plane and
Reinforcing Steel Noncompliant out-of-plane seismic loads. FRP or new shear walls may be appropriate to reduce in-plane
demand. Steel strongbacks may be appropriate to strengthen out-of-plane capacity.

Figure 7.1-1. EPRS Structural Safety Rating Reporting in Screening Reports .

7.1.2 Consider Funding Incentives Specifically for Seismic Upgrades That Are Included in
Nonstructural Maintenance Projects

While the scope of the seismic risk problem may seem extensive, many seismic safety
improvements can be made with relatively modest financial investments. For example, if
building seismic upgrades are combined with roof replacements, the inclusion of seismic
upgrades tends to lead to a relatively small overall cost increase. Seismically upgrading a roof
diaphragm with a plywood-sheathing overlay on older shiplap roof deck for example can be done
as part of a future re-roofing project where over 90% of the cost would be to remove and replace
the nonstructural roofing system. In projects where ceilings need to be removed and replaced,
taking the opportunity to brace heavy walls, strengthen the seismic load path, independently
support light fixtures, or provide supplemental bracing of sprinkler systems may result in heavily
discounted costs compared to a stand-alone seismic upgrade project.

7.1.3 Require Seismic Upgrades When Schools Undergo Major Modernizations

Washington State spends millions of dollars in each biennium to modernize schools. For the
most part, these modernization projects do not include seismic upgrades. A substantial cost of
seismic upgrades is the removal and replacement of architectural, mechanical, electrical, and
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plumbing systems. This study shows that if seismic upgrades are combined with
modernizations, the costs of seismic upgrades can be reduced, on average, by 70 percent.
Combining seismic upgrades with modernizations has the potential to save Washington State
millions of dollars each biennium and allow for much more efficient spending of funds while
improving the seismic safety and resilience of communities.

For example, the federal government requires all buildings in high seismic zones that are
undergoing renovations/modernizations that exceed 30 percent of the building’s value to
seismically evaluate their buildings and mitigate any unacceptable risks (NIST RP-8). It is
recommended that Washington State consider developing similar guidelines for school buildings
and refining Washington State’s school modernization policies in the Washington Administrative
Code to specifically include school seismic safety improvements to be a required part of school
modernization funding and construction programs.

7.1.4 Increase the Seismic Performance and Criteria for the Design of New School Buildings

A well-known trend is that with each building code cycle, new discoveries in geology and
lessons learned from recent earthquakes generally result in increases in seismic design forces and
more stringent seismic design requirements. It is also understood that incorporating structural
enhancements into the design of new buildings has significantly high benefit-to-cost ratios.

The first and main benefit is that a building designed and constructed above minimum building
code standards will result in better seismic performance. This provides added safety for the
building occupants and increases the likelihood that the building can be re-occupied following an
earthquake. A second benefit is that enhanced seismic systems above minimum code standards
will also better adapt it to future building codes and seismic design requirements. Both benefits
in turn will improve the seismic resiliency of the school buildings themselves and thereby the
resiliency of the communities they serve.

A simple way to do this is to encourage school buildings, or portions thereof, to be structurally
designed to a higher Risk Category IV (similar to that of essential facilities) instead of what
buildings codes currently require: Risk Category Il for school buildings with 250 or less
occupants, or Risk Category Il for school buildings with greater than 250 occupants. Additional
ways to enhance the seismic performance such as performance-based design and resiliency-
based design can also be encouraged at the state and local levels in further protecting some of the
most publicly used buildings in the communities.

7.1.5 Develop a Long-Term Program to Seismically Upgrade or Replace Vulnerable
School Buildings

Washington State has many older school buildings that are highly vulnerable to earthquakes.
This is an issue shared by school districts all across the state. In reviewing the ICOS database of
permanent buildings, there are over 1,000 school buildings that have been built in or before
1960, 70 percent of which are in high-seismic areas west of the Cascade Mountains and 500
buildings of which do not have any record in ICOS of modernizations or additional work since
their original construction. There are organizations that could be used as models for a long-term
program with the goal of improving seismic safety and resiliency. For example, Seattle Public
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Utilities has developed seismic resilience goals the agency plans to achieve for their drinking
water system by the years 2045 and 2075.

Due to the extent of the seismic vulnerability of schools, it is financially infeasible to seismically
upgrade all vulnerable facilities in a short period of time. If a long-term seismic upgrade
program is created to improve school seismic safety over many decades, the annual (or biannual)
costs of the program are likely to be modest. When comparing the known financial costs of post-
earthquake recovery to the costs of seismic upgrades, in many cases the financial benefits of
seismic upgrades far exceed the costs to replace or repair earthquake-damaged buildings. So, not
only can seismically upgrading buildings save lives and allow schools to remain open after
earthquakes, it can also save a lot of money. Therefore, developing a long-term program to
systematically improve seismic safety and resiliency is essential to ensure the future well-being
of our schools and the communities they serve, with fiscal savings in mind.

7.1.6  Study and Mimic Seismic Safety Programs in Other Western States

Starting in 2020, Washington State has begun administering a School Seismic Safety Retrofit
Grant Program (SSSRP) that provides funding to perform seismic upgrade designs to selected
school buildings with subsequent funding to implement the seismic upgrades. It is our
recommendation for OSPI to continue to consult with other states or educational agencies such
as Oregon, California, Anchorage School District, to enhance the way the SSSRP is administered
and awarded and perhaps mimic their best-practices. It is our recommendation that if this
SSSRP continues, it eventually include an application process by which school districts can
submit seismic upgrade designs and objectives and potentially qualify to receive seismic upgrade
funding from the state based on a benefit-costs determination.

7.1.7 Develop a State Program to Inform Communities and School Districts on Seismic
Safety and Resilience

State funding through the creation of the SSSRP is a great start and initiative in increasing the
seismic safety of school buildings on a statewide level. The future sustainability and
effectiveness of this state-funded grant program will need investment and contribution from local
communities to lessen the financial burden on the state. Informing seismically vulnerable
communities with an educational and seismic safety advocacy program will provide the
necessary information and considerations communities need in deciding which initiatives and
improvements to support. This program could be a partnership between OSPI, school districts,
and the engineering, architecture, and facility management professionals to help limit the
resources needed to perform this seismic safety advocacy and outreach.

It is important to note that it is not the intent of this study and report to create an unfunded
mandate for school districts to seismically upgrade their schools without associated funding or
statewide seismic safety policy support. One of the main objectives of this study is to screen and
evaluate the current levels of seismic vulnerabilities of a statewide selection of our older public
school buildings and to use the data and information to help quantify funding and policy needs to
improve the seismic safety of our public schools. In this process, we are using this data and
information to not only inform the Washington State Governor and Legislature of the policy and
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funding needs for seismically safe schools, but to also help inform and be an advocate for the
public school districts that participated in this statewide study.

Economically, incremental investments in improving Washington’s aged and seismically
vulnerable public school buildings not only increases protection of students sooner, but also
better protects the public’s overall investment in school facilities and infrastructure; not only
against the highly publicized Cascadia earthquake event, but also for other smaller and
potentially more-frequent seismic events. The overall costs of the investment to seismically
upgrade the state’s most vulnerable buildings is no doubt staggering. However, the cost and time
to rebuild a multitude of school buildings at the same time, following a Cascadia type of
earthquake event, effecting nearly 750,000 public school students, could be an overwhelming
obstacle in Washington State’s post-disaster recovery.

7.2 Recommendations for Further Studies

7.21 Continue Updating OSPI’s ICOS Database and Doing ASCE 41 Tier 1 Seismic
Evaluations of School Buildings

Prior condition assessment reports, area plans, and Study and Survey information in OSPI’s
ICOS database was extremely helpful in doing ASCE 41 Tier 1 seismic assessments in the
absence of existing drawings. This same information might also be enough to run through the
EPAT and RVS tools as a first step in identifying buildings that could use a further-detailed
ASCE 41 Tier 1 Seismic Evaluation. Therefore, it is recommended that OSPI continues to
survey school districts to collect the building’s structural data to update the ICOS database.

Many school districts have also already completed some level of seismic retrofit on many of
their most vulnerable buildings. Some have received full seismic upgrades based on building
code at the time of the modernization. Others have received partial and voluntary upgrades
based on the funding the districts had available. However, these seismic upgrades are not
necessarily captured in OSPI’s ICOS database. Talking with each school district to see if
seismic improvements have been made to their buildings and what it cost will also allow OSPI to
collect the engineering designs and costs for these upgrades as data points for future planning
and programming. Explicitly capturing this data in the ICOS database would help the state to
know what has already been done and to further understand what it might cost moving forward.

It is also recommended that the structural building data for the ICOS database be gathered by
licensed structural engineers through visiting the buildings or reviewing available existing
drawings and geotechnical reports. In addition to construction type, year of construction, and
prior seismic upgrades, OSPI’s ICOS database also tracks vertical and horizontal structural
irregularities such as weak/soft stories, discontinuous vertical force resisting systems, in-plane
and out-of-plane setbacks, and torsion. These irregularities should be determined by licensed
structural engineers who are very familiar and experienced in identifying them as part of their
day-to-day work. Also, cataloging building descriptions and construction history narratives,
similar to many of the older Study and Survey data, will be extremely valuable to engineers and
facility managers in understanding the structural history of the buildings being assessed, a history
that often spans multiple generations and school district personnel. This data will be
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instrumental for future seismic retrofit projects and for the state’s prioritization and validation of
state-funded seismic retrofit projects and modernizations. A future project that hires a licensed
team of engineers and architects to canvas the state and gather data from school districts, would
benefit the state in providing this structural building data in an expert and consistent manner.

ASCE 41 Tier 1 Seismic Evaluations continue to be the preferred structural engineering standard
to identify seismic deficiencies specific to each building and can be used to provide a seismic
mitigation strategy to school districts. RVS and EPAT can be used as an initial metric to
prioritize buildings that should get further Tier 1 seismic evaluations. Engineers however will
need to review existing drawings and perform field investigations to adequately assess the
seismic safety of a school building.

7.2.2 Further Study of Soil Liquefaction Risks at School Sites

Although geologic data gathering and analyses were performed to determine seismic soil site
classes at the school campuses, a geotechnical engineering analysis of the site soils was not part
of the scope of the SSSP study. As a result, the geotechnical seismic effects on the existing
buildings and their foundations, such as the presence of liquefiable soils, post-earthquake lateral
spreading and deformations, and post-earthquake liquefaction settlements, are not as well
understood at each school campus.

It is recommended that additional geologic study and geotechnical investigation be completed to
augment the shear wave velocity measurements obtained during Phases 1 and 2 of the SSSP. It
is recommended that additional geologic studies include groundwater determination and geologic
soil classification to assess the aging effects to soil liquefaction resistance. Using this additional
information, school building sites can then be categorized into three groups based on soil
liquefaction hazard: high, moderate, and low. Sites with high liquefaction hazard include high
groundwater with recent or Holocene-aged soil deposits such as artificial fill or alluvial soils.
Sites with moderate liquefaction hazard include high groundwater table with Pleistocene-aged
soil deposits or soil with high plasticity. Sites with low liquefaction hazard include deep
groundwater table or with glacially consolidated soil deposits.

Once the three groups of sites are determined, the measured shear wave velocity data can then be
used to perform soil liquefaction analysis using the semi-empirical analysis method to determine
the amount of liquefaction-induced ground settlement and lateral deformations. The results of
the semi-empirical liquefaction analysis can be used to verify the level of liquefaction hazard and
refine the effects of soil liquefaction to the seismic risk of school buildings. This in turn will
help define the seismic upgrade scope as it pertains to ground improvements or foundation
strengthening which has a significant effect on the seismic upgrade cost estimates. The results of
this analysis could also be used to develop a correlation between school sites with shear wave
velocity measurements to school sites that do not have shear wave velocity data in the same
group of liquefaction hazard level.

Typically, subsurface investigation required to confirm the presence of liquefiable soils and to
anticipate what the liquefaction-induced settlements would be across a site requires deep
exploration borings, soil testing, groundwater determination, liquefaction hazard analyses, and
additional geophysics. This type of enhanced subsurface investigation can be costly for school
districts and the state to incur. Performing the recommended geologic studies as described in the
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preceding paragraphs above, by licensed geotechnical engineers with expertise in liquefaction
hazard analysis and mitigation, will help provide the state with:

e More accurate assessments of liquefaction risks at existing school buildings suspected of
having liquefiable soils.

e Cost-efficient methods and strategies in determining the level of liquefaction risk,
leveraging the Vs30 measurements already gathered from previous geologic studies (that
include the school sites in Phase 1 and Phase 2 of this study).

e Strategies and rough order of magnitude costs to mitigate liquefiable soils or to enhance
and strengthen existing different types of building foundation systems to attain a Life
Safety Performance Objective in considering post-earthquake liquefaction-induced
settlements.

7.2.3 Conduct Benefit-Cost Analysis on High Priority School Buildings

At this time, no large-scale benefit-cost analyses (BCA) have been conducted on Washington
State school buildings. It is also not known what the magnitude of the return on investments of
seismic upgrades is for Washington State. It may be that for certain buildings the return on
investment of seismic upgrades is substantial. For other buildings, it may not be worthwhile to
conduct seismic upgrades. Benefit-cost analysis can help to answer these currently unanswered
questions. It is recommended that benefit-cost analysis be conducted on a selected portion of
school buildings to determine what types of buildings will benefit most from seismic upgrades
and to also determine what amount of public spending is optimal to spend each biennium.
Benefit-cost analyses can also be used as a criterion in deciding or prioritizing funding for
seismic upgrades of vulnerable buildings and for use in helping to secure federal grants such as
FEMA’s Building Resilient Infrastructure and Communities (BRIC) program.

7.3  Recommendations for Fire Stations

Older fire stations that are constructed of heavier materials (URM, reinforced masonry, non-
ductile concrete) are significantly more vulnerable than more modern wood or steel-framed fire
stations. Fire stations are considered essential facilities that need to be functioning and
occupant-ready to perform essential community services following an earthquake. As a result,
older fire station buildings should be highly prioritized for seismic retrofit or replacement by
state, city, and county agencies as funding becomes available.

It is recommended that consideration be given to a state-funded grant program similar to SSSP
that will assist in seismically upgrading the most seismically vulnerable fire stations. Further
study of the state’s inventory of fire stations could be performed by structural engineers and
architects to help the state administer and prioritize which fire stations receive assistance.
Alternatively, an application program could be administered where fire districts apply and
demonstrate their need for seismic upgrade funding assistance through fire district-funded
seismic evaluation reports, seismic upgrade designs, and benefit-costs analyses.
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8.0 Closing

The School Seismic Safety Project (Phases 1 and 2) has been an incredible opportunity to study
and evaluate school buildings across the state and has demonstrated the need for dedicated
funding for seismic retrofits. This overall SSSP study delivers on the project objectives of
assessing seismically vulnerable school buildings, prioritizing this building data for the benefit of
the state, and providing seismic screening reports for the school districts; all in an effort of taking
an important step towards improving the seismic safety of 561 school buildings and 7 fire
stations in Washington.

This study however has only screened approximately 12 percent of the stock of permanent
school buildings and there are over 2,500 buildings in the ICOS database that were built earlier
than 1980, about 75 percent of which are located in the high seismic areas west of the Cascades.
There are many other older and seismically vulnerable school buildings in the state that still need
attention.

Although mitigating all of the state’s oldest school buildings right away may not be possible or
financially feasible, especially considering other safety hazards and immediate facility needs for
schools, incremental steps are being taken to increase the seismic safety of our schools.
Washington’s policy makers, school districts, and design professionals are actively turning
seismic knowledge into action. This needs to continue to happen year to year, and more
aggressively so, to be able to get through the state’s inventory of older school buildings. At the
local level, many school districts and communities are able to pass levies and bonds to replace or
significantly modernize their older school buildings. However, there are some school districts
who have not been able to do so and may need the state’s assistance to do so.

At the state level, a School Seismic Safety Retrofit Grant Program, the first of its kind in
Washington State, was created in 2020 and is underway in seismically upgrading select school
buildings. The project team applauds and further encourages the state for continued funding
dedicated to school seismic safety retrofits through this grant program. Our hope is that with
continued funding at the state level, in combination with local community funding and federal
funding, seismic safety of school buildings can be mitigated equitably across the state, save lives,
and make for a more seismic resilient Washington.

The cost of inaction on seismic safety is too great for our children, parents, teachers, and our
communities. And although we have taken strides in earthquake awareness and preparedness,
there is still a great deal more to be done. Washingtonians, through further awareness and
support of their communities and school districts, can provide the necessary investments needed
for improving seismic safety and our community infrastructure across the state.
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APPENDIX B.1: SEISMIC SCREENING DATA FIGURES
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APPENDIX B.2: SCHOOL MAP AND SCHOOL SELECTION LISTS

Washington State School Seismic Safety Assessments Project - Phase 2 June 2021

Seismic Assessment Report ReidMiddleton



This page intentionally left blank.

Washington State School Seismic Safety Assessments Project - Phase 2 June 2021

Seismic Assessment Report ReidMiddleton



APPENDIX B.3: PHASE 1 AND 2 RISK PRIORITIZATION
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APPENDIX B.4: OSPIICOS DATA FOR EPAT
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APPENDIX B.5: ECONOMIC CONSIDERATIONS
Prepared by ECONorthwest

B5.1 Introduction

Seismic retrofit needs across the state pose a daunting challenge for policymakers. Buildings
vary in age and structural performance level, the timing and size of both seismic risk and
potential project funding are uncertain, and government spending must be weighed against
public benefits. Economics should be used as a tool to help decision-makers prioritize spending
and maximize net benefits.

The Phase | report indicated that the majority of school buildings in Washington are expected to
be “Red-Unsafe” in the event of a design-level earthquake, meaning that a majority of buildings
require some level of retrofitting in order to ensure public safety. This Phase Il report conducts
additional analysis and design concept level assessments on costs and seismic risk. This analysis
provides estimates of damage level under a variety of seismic events, replacement cost, and
retrofitting costs. While this information is highly informative, further analysis should be
conducted to also estimate the anticipated number of deaths and the duration of repairs. These
are additional critical inputs that can assess the relative benefits of retrofitting versus
replacement, and can help to guide decision-making around future public funding of seismic
resiliency in public schools.

The Washington State Legislature has already prioritized seismic school retrofits by approving
$13.24 million in 2020 for retrofitting grants to the Office of Superintendent of Public
Instruction (OSP1)3. These funds were directed to be prioritized for high risk and high deficiency
buildings. Another $39 million has been approved for the coming biennium to continue the
retrofitting program. This report demonstrates the need for seismic upgrades and this chapter
explains how economic analysis should be used to decide on the allocation of limited funding
that maximizes benefits.

B5.2 The Role of Economics in Public Policy

Economics is a valuable tool to apply to public policy decisions because it allows policymakers
to make informed decisions on the optimal allocation of scarce resources to maximize net
benefits. Specifically, economics helps measure the impact of government infrastructure
spending on the economy and the public.

Economics informs public policy in three dimensions:
e What are the changes in economic value? (i.e., benefits and costs, impacts to social
welfare),
e What are the impacts to economic activity? (e.g., jobs, labor income, Gross Regional
Product, output, etc.), and

3 Superintendent of Public Instruction Capital Project Request 2021-2023 Biennium. Pg. 44. Retrieved from:
https://www.k12.wa.us/sites/default/files/public/schfacilities/pubdocs/OSP1%20CBR%20FINAL.pdf
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e What are the distributional effects? (e.g., who receives benefits and who incurs the costs,
what industries and employees experience increases or declines in economic activity?)

Barring sufficient funding to retrofit all schools in the state, decisions need to be made on which
schools receive resources to improve seismic resiliency. These decisions affect the value
communities receive from the investment, resulting economic impacts of spending, and the
distributional welfare of individuals. A comprehensive economic analysis should evaluate all
three of these dimensions to inform the full suite of potential economic effects from seismic
retrofit decisions. Figure 1 displays how these three perspectives of analysis contribute to the
core analysis of the effects of a policy relative to baseline conditions.

Economic Values
Benefits & Costs
Prices of Goods and
Services
Subsidies & Externalities
Quality, of Life

Core Analysis

Baseline
Conditions

Types of Capital
Economic Trends
Urban & Rural
Long Run & Short
Run

Economic Equity Econonj'l‘l;glsmpacts

Intergenerational Issues

Distribution Incomes

Tax Payments

Figure 1: Economic Measures
Source: ECONorthwest

B5.2.1 Economic Impacts from Government Spending

Should the Legislature choose to spend funds on seismic upgrades or school building
replacements, the money spent on this investment in infrastructure will circulate throughout the
local economy. Not only will the community benefit from knowing their schools are safer in the
event of a major earthquake, but the spending itself will result in increases in local income and
jobs. This spending can cause several different types of positive local impacts, which are
organized into three categories in economics: direct impacts, indirect impacts, and induced
impacts.
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Spending associated
with The Project. |

e Direct impacts are the actual spending from the government on the project in the local
economy, often measured in terms of jobs, and employee compensation by the
investments in seismic resilience in Washington.

e Indirect impacts are the economic effects supported by the purchase of goods and
services in the study region. When demand for goods and services increases, businesses
may purchase more goods and hire additional staff to meet this increased demand. These
are typically referred to as “supply chain” effects.

e Induced impacts are the changes in regional household spending patterns caused by
changes in household income. For example, employees in the industries which
experience increased economic activity from spending to retrofit schools may increase
their household spending, leading to further economic activity. These are typically
referred to as “consumption effects.”

This circulation of funding results in what is often called the “multiplier effect” in the local
economy where the total effects of the government spending are often much larger than the
initial investment. Some funding may leave the local economy too, and this is known as
“leakage”. Error! Reference source not found. shows the impact of government expenditures
on a local economy.

Supply Chain

(Indirect Impact) Total Economic

* Loca! Expenditure Contribution to
Goods and Services I (Direct Impact) Local Consumption The Study Area

Taxes | Income

Non-local JoBs
| * Spending

(Leakages)

6 Wages and Benefits fiih oo Imp et Supports more local
Capital | d
Profits Spending

Figure 2: Economic Impact Analysis
Source: ECONorthwest

The net local economic impact of spending on seismic upgrades will depend on where labor and
materials come from, and can be measured by economic impact modeling software. These
models use local economic relationships to calculate how spending recirculates through the local
economy. Input-output models work by tracing how spending associated with the business
circulates through the economy of the study area. That is, changes in the amount produced by
one or more sectors trigger changes in production and consumption throughout the economy.
The initial, direct change in activity starts a flow of spending in the region, circulating around
and around, with each successive round becoming smaller because of leakages out of the
economy of the geographic area for the study.

Ultimately, seismic retrofits function as an economic investment in a community, and the output
caused by this spending can be measured in terms of jobs, labor income, supply chain, and
consumption effects.
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B5.2.2 Public Value of Government Investment

Seismic school retrofits confer benefits to a community by knowing that children are safer and
that school buildings can return to service sooner following a major earthquake. These benefits
are known as “public goods” because although individuals may have a high value for them, they
cannot be purchased in a store or supplied by a private market.* Governments generally are
responsible for providing many public goods that otherwise would not exist. While private
schools provide options for parents seeking alternative learning environments, the community as
a whole benefits from knowing that all children receive a high quality education in a safe
learning environment, regardless of whether they have children of their own. This community
benefit and responsibility puts the onus on the government to provide safe and effective schools.

Infrastructure investment through seismic retrofits not only reduces expected damage and
increases safety to students in the builds, but also provides many other valuable outcomes
including:

e Disaster preparedness and emergency shelter during a seismic event.

Following natural disasters, school buildings often serve as emergency shelters for displaced
residents and staging areas for response efforts.> For example, following Hurricane Irma, schools
in Miami-Dade County served as emergency shelters for over 20,000 evacuees and their pets.®

e Increase in property values.

School quality, including safety, has long been understood to influence property values.” The
link between the quality of the education and facilities is also strong.® Improvements in school
facility safety can confer direct financial benefits to local homeowners, as public school quality
is capitalized in property values as a local public good.

e Resilient infrastructure that ensures uninterrupted education.

A key outcome of seismic retrofits includes an expedited return to service of the building. Any
investments that would reduce the time it takes for a community to recover from a major
earthquake, including returning children to classrooms sooner, will provide benefits to the
community and limit the resources necessary following the event.

These outcomes are public goods of value to the local community, which would be provided
through the government investment in seismic upgrades.

4 Public goods are classically defined as being “non-rival” and “non-excludable,” meaning that the consumption of
the good by one individual does not diminish the amount available for the next and that no single individual can be
excluded from consuming that good.

5 https://www.nea.org/advocating-for-change/new-from-nea/public-schools-offer-shelter-storm

6 https://www.miamiherald.com/news/weather/article173421646.html

! Hwang, J. W., Kuang, C., & Bin, O. (2019). Are all Homeowners Willing to Pay for Better Schools?— Evidence
from a Finite Mixture Model Approach. The Journal of Real Estate Finance and Economics, 58(4), 638-655.

8 Lackney, J. A. (1999). Assessing School Facilities for Learning/Assessing the Impact of the Physical Environment
on the Educational Process: Integrating Theoretical Issues with Practical Concerns.
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B5.2.3 Distributional Impacts from Government Spending

When assessing the economic effects of a policy, the distributional impacts of government
spending are also critical because many communities value equitable fairness and are willing to
pay for it.

Any decisions made about seismic upgrade spending should be analyzed to ensure the
distributional impacts of an action are improving social welfare for at least one person and are
not resulting in any harm to another. Oftentimes, impacts on welfare vary depending on income
level, region, economic opportunity, and other factors. Some historically disadvantaged portions
of the population and may disproportionately benefit from seismic school retrofits. When making
decisions on where to spend seismic upgrading funds, distributional impacts must be assessed.
Government spending can have a positive impact on vulnerable populations in this scenario, and
there is an opportunity to utilize the multiplier effect to create larger social welfare impacts.

For example, an equitable policy may be one where seismic upgrades are performed on schools
with both high seismic risk and a higher proportion of disadvantaged communities. In addition to
providing direct public benefits, the spending would also drive economic development in those
regions. Targeting historically disadvantaged groups can improve distributional outcomes on
multiple dimensions.

B5.3 Economics and Decision Making: Replace, Retrofit, No Action

For each public school in the state, there are several alternatives to be evaluated when it comes to
seismic risk. Assuming that the state does not want to permanently remove any schools from
service, there are three most common options:
e Retrofit the existing building to a level that better protects life safety and limits property
damage,
e Replace an existing building with a new building that protects life safety and limits
property damage,
e Take no action and leave the building as is.

When making a policy decision, economics can help to evaluate these alternatives by organizing
their impacts along the dimensions of costs and benefits. Projects fall along a spectrum from low
to high for both costs and benefits, and economics should be used to measure and compare these
outcomes. Depending on the desired policy outcome, a particular type or set of projects should
be targeted. Error! Reference source not found. below shows how projects or alternatives can
be organized by their benefits and costs in order to identify projects which are small in their
impact, easy to implement and high in benefit, and projects which should not be undertaken.
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Figure 3: Project Types Based on Benefit/Cost Factors
Source: ECONorthwest

Economics allows the cost factors and benefits to be measured in equal terms and then easily
compared. Components may not be obviously measurable, which is why economics uses a
variety of tools to address the levels of ambiguity in cost and benefit factors. The primary tool
used by economists to evaluate changes in value to society is Benefit-Cost Analysis.

B5.3.1 Benefit-Cost Analysis

At its most basic level, Benefit-Cost Analysis (BCA) is a tool for comparing alternatives. Done
correctly, and recognizing its limitations, BCA provides a well-defined method for examining
the value of an action and tradeoffs among different actions. Measuring benefits and costs over
time helps to identify alternatives that maximize the net benefit.

This tool is useful because it captures a wide array of impacts and factors. Often the impacts of a
project are unknown or only generally understood. BCA allows for less defined elements to be
described qualitatively, and for elements that are more precise to be quantified and monetized.
This flexibility is critical because many impacts which have real value are not easily monetized.
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Figure 4: Full Array of Benefits and Costs
Source: ECONorthwest

Especially relevant for decisions involving uncertain seismic risk and long-term infrastructure
investments, is the ability of BCA to measure costs and benefits over time. This considers the
temporal effects of a project, including long term effects and annualized costs. BCA also
evaluates the distributional effects on different populations. It considers not only what the
benefits and costs are, but also to whom they accrue. Importantly for seismic preparedness
planning, BCA also incorporates risk and uncertainty through discounting. A discount rate is
used to adjust for uncertainty and to convert future dollars to present value.

In this decision-making scenario, there are several known outcomes that will be provided,
including the number of deaths, expected repair time, and anticipated damage level. These can be
used to quantify and monetize certain benefits and costs and identify those who will be affected
by a seismic event. Other impacts may need to be evaluated qualitatively. This tool should help
policymakers determine if the net benefits of retrofitting outweigh the costs in a variety of
scenarios. It may also indicate if replacement or no action are more suitable alternatives.
Generally speaking, any action which results in a benefit to cost ratio (BCR) greater than 1 is one

Washington State School Seismic Safety Assessments Project - Phase 2 June 2021
Seismic Assessment Report -B.5-6 -



that should be taken as soon as possible. This is illustrated by the graph below which shows the
1:1 benefit cost ratio threshold.

I 1:1 BCR

No Action

1507y

Yes Action

Benefit

Figure 5: Benefit Cost Ratio and Action Decisions
Source: ECONorthwest

B5.3.2 Fiscal Costs

The most salient costs relevant to seismic school retrofits are fiscal, and these fiscal costs of
replacement, retrofitting, or no action are most often calculated using labor and capital inputs.
However, these costs can also be organized into direct and indirect costs, and include some not
so easily monetized impacts.

In a building replacement scenario, direct costs are made up of the labor, equipment and
materials, demolition, and construction costs. There are also indirect costs for the downtime
while the school is closed and rebuilt, including costs for childcare, virtual education, and
potentially lost wages if a parent needed to reduce working hours for childcare. These costs
could be estimated using hourly wage information and childcare cost data. Several studies have
analyzed this cost related to unexpected school closures due to COVID-19, and found that there
is an effect both on wages and on future earnings for students.®

In a building retrofit scenario, labor, equipment, and materials make up the core of the direct
fiscal costs which the state will be responsible for. Depending on the extent of retrofitting
needed, the size and age of the building, and the availability of contractors, these costs will vary.
Expected building seismic upgrade costs can be readily determined by engineering studies. For
this study, only buildings receiving concept upgrade reports were assessed for estimated seismic
upgrade costs though. For these schools, the average estimated seismic upgrade costs for the

® Lempel, Howard, Joshua M. Epstein, and Ross A. Hammond. "Economic cost and health care workforce effects of
school closures in the US." PLoS currents 1 (2009).

Psacharopoulos, George, Victoria Collis, Harry A. Patrinos, and Emiliana Vegas. "Lost wages: The COVID-19 cost
of school closures." Available at SSRN 3682160 (2020).
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Phase 2 concept upgrade is $168 per square foot including both construction costs and soft costs.
When the -20% to +50% variance is considered, it is expected the average seismic upgrade cost
will range between $135-$252 per square foot. These costs can easily be monetized in a BCA by
multiplying by the building’s square footage. Indirect costs of retrofitting include the cost of
potential school closures or decreased access to parts of school buildings during construction.
These can be qualitatively described in a BCA.

In a no action scenario in which seismic damage does occur, damage repair costs will be direct
costs, and there will be indirect costs caused by closing the school for repair. Downtime between
damage and the school reopening will result in additional costs. Some estimates show that
damage repair costs are significantly higher per square foot than retrofitting costs, with a
replacement cost of $375-$550 per ft21°,

Some factors that may affect the costs in either scenario include the current building value and
remaining useful life, and what other renovations may already be planned for the building. Old
school buildings reaching the end of their useful lives may be less expensive to demolish and
rebuild than to retrofit to a life safety level, and bundling retrofitting with other renovations may
drive down the marginal price of retrofitting. Building value is also a key driver of the costs in
any scenario, and so it is critical to select the correct measure of value. Considering that the costs
in these scenarios are mainly derived from replacement and repair, building value should be
characterized as the total replacement value of the building. This is often referred to as Plant
Replacement Value or Estimated Replacement Value. Other measures of building value, such as
assessed value, only capture the market value of a building, and do not capture the entire value of
the existence of the building.

B5.3.3 Public Benefits

There are multiple public benefits to retrofitting or replacing school buildings at a safe level,
which can be monetized using a variety of economic methods, allowing them to be compared to
the costs.

Public safety is the key benefit of retrofitting to a safe level, as that would prevent injury and loss
of life. As a public good, public safety is measured as expected damage from the hazard, where
lower expected damage is equal to higher public safety. The value of that lower level of expected
damage is the public benefit of increased safety. Using information on the cost of injuries and the
burden on the healthcare system, the value of avoided injuries can be monetized. The avoided
use of emergency and health systems also has a public benefit as those resources would be
available to serve others. Measuring the economic value of a life saved through prevented
seismic damage is usually done using an established method that implements the Value of a
Statistical Life. Economists have estimated the Value of a Statistical Life by measuring the
willingness to pay for reductions in small risks of premature death!!. This allows a monetary
value to be attached to the number of lives that could be saved through avoided earthquake
related deaths. For example, the U.S. Department of Transportation uses $10,900,000 ($2019)

10 personal Correspondence, Dennis Teschlog.
11 Office of Management and Budget. Circular A-4. Retrieved from:
https://obamawhitehouse.archives.gov/omb/circulars_a004_a-4/
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for a fatal injury in its formal BCA guidance!?. Lives saved by retrofitting could amount to a
significant public benefit.

Retrofitting or replacing school buildings to a safe level also creates public benefits related to
community resilience to natural disasters. The marginal decrease in downtime compared to
closing a school for extensive repairs or a rebuild means that the community is able to bounce
back faster. There are also cost savings from this shorter downtime for childcare costs. A secure
school building could also provide benefits during other natural disasters as an emergency hub.
Many communities are willing to pay for emergency shelter construction, but a safe school may
provide that value and avoid the need for new infrastructure.

School retrofits also provide an opportunity to conduct other infrastructure updates that may be
needed, such as electrical, plumbing, or technology upgrades. These create greater marginal
benefits for the school as there may be cost savings from undertaking multiple infrastructure
projects at once rather than piecewise.

The local neighborhoods that have these upgraded schools may also receive some public benefit
through property value increases from the increase in school quality and safety. In turn this may
result in increases in property tax revenue.

B5.3.4 Benefits and Costs Over Time

Economics uses discounting on benefits and costs over time to translate future impacts to present
terms. This is particularly relevant when considering school retrofits as it captures the impact of
receiving benefits in the uncertain long term and paying costs certainly in the short term.
Looking at these impacts over time will help to determine what buildings should be retrofitted at
what point in time. This is useful considering that some costs such as repair costs may grow over
time as buildings become less resilient to a seismic event over time. Additionally, some benefits
may grow over time, for example, a growing population indicates that more people would
receive the public benefit of safety over time. The temporal component of BCA can also help to
determine the annualized cost of larger projects.

Of particular importance is the selection of an appropriate discount rate for comparing benefits
and costs across time. Discounting allows a decision maker to compare costs and benefits over
time in equal terms, and is frequently used in economics for both private and public goods.

Generally speaking, there are two basic frameworks for discount rates, the finance-equivalent
discount rate and the social-welfare-equivalent discount rate. The finance-equivalent discount
rate is derived from the expected rate of return on investment for capital investments, and is
representative of forgone returns on resources spent in the present rather than in the future. In
practice, 7% is usually used as this finance-equivalent discount rate, and would be most

12 U.S. Department of Transportation (2021). Benefit-Cost Analysis Guidance for Discretionary Grant Programs.
Retrieved from: https://www.transportation.gov/sites/dot.gov/files/2021-
02/Benefit%20Cost%20Analysis%20Guidance%202021.pdf
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appropriately applied to evaluating the impacts of regulatory policy on capital allocation®® (i.e.
the costs of seismic upgrades).

However, since seismic upgrades would produce both capital costs and public benefits, the
social-welfare-equivalent discount rate should be used for capturing “society’s rate of time
preference” for consumption in the present compared to the future. Oftentimes, a 3% discount
rate is used to account for intergenerational and long time horizon decisions®*.

Health and safety benefits received special consideration. OMB guidance also indicates that
when health and safety considerations are considered, the same discount rate should be used for
any comparison benefits and costs. Any BCA should carefully consider the selection of a
discount rate, and may want to calculate estimates for both discount rates in order to capture the
full range of outcomes.

To illustrate the impact of the discount rate, the figure below shows the present value of a future
impact over a fifty year time frame under both the three and seven percent discount rate. This
demonstrates the importance of sensitivity analysis and using the appropriate discount rate for
translating future benefits and costs into present value.

Present Value of Future Benefits and Costs

0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Years in the Future

Three Percent Seven Percent

Figure 6: Discounting Future Impacts to Present Value
Source: ECONorthwest

B5.3.5 Evaluating Risk and Uncertainty

Uncertain seismic risk is accounted for in economic analysis using the discount rate and
uncertainty analysis which tests the robustness of a decision under a variety of probabilistic

13 Office of Management and Budget. Circular A-4. Retrieved from:
https://obamawhitehouse.archives.gov/omb/circulars_a004_a-4/
14 1bid.
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outcomes. In dealing with low-probability, high-consequence, decision-makers show an aversion
to both the ambiguity and the uncertain time horizon®®, which can make decisions difficult.
Usually individuals demonstrate risk adverse behavior, but the low probability of a seismic event
can cause individuals to take on more risk than an Expected Utility Model would predict. This is
because assessing risk of low probability events is difficult, as a 2% probability and 0.001%
probability both may be perceived as ‘low’. However, the amount of risk that should be taken on,
as determined by the expected value of an action, can be vastly different between these two
scenarios. For example, if the costs of an event are $1000 and the probability of that event
occurring is ‘low’, the ‘expected value’ (the probability multiplied by the cost) of the event is
only $1 under 0.001% probability, but is twenty times larger at $20 under a 2% probability of
occurrence. Policymakers should be cautious of low probability, high consequence events, as the
expected impacts may be more likely than they perceive. In a BCA scenario, a variety of levels
of seismic risk could be tested to determine if the benefits are always greater than the costs. This
is also used to assess the robustness of BCA results.

B5.3.6 Decision Making Using Benefit Cost Analysis

To illustrate the ways in which BCA should be used, as well as highlight some of the factors
which can significantly influence the net impact of an alternative, this section describes several
case examples. In these scenarios, the potential differences of one element are examined to show
how that may drive a decision one way or the other. In general, the case will identify all relevant
impacts that should be captured in a BCA, and highlight the impact that clarifies the decision that
maximizes net benefits.

Retrofit or Replace: Building Age and Remaining Useful Life
e Holding cost per square foot and seismic risk constant, differences in remaining and
potential added building life can help to determine when to retrofit and when to replace.
o Factors to measure and compare: remaining useful life, added useful life of
retrofit, new replacement building lifespan
o Example: Older school
= Retrofitting an older school may not add to its remaining useful life and
replacement may still be necessary. The net benefits of a new safe
building are greater than the net benefits of a retrofitted building with only
a few years left.
= Recommendation: Replacement is cost effective.

Wide Distribution of Funds or Focused Spending: Degree of Retrofit
e Holding cost per square foot and remaining useful life constant, differences in the degree
of retrofit required can influence when an amount of funding should go to one school or
be distributed among many schools.
o Factors to measure and compare: potential damage to building, potential loss of
life and injury
o Example: Many small retrofits

15 Chesson, H.W., Viscusi, W.K. Commonalities in Time and Ambiguity Aversion for Long-Term Risks” . Theory
and Decision 54, 57-71 (2003). https://doi.org/10.1023/A:1025095318208
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= When many schools are already at a level of safety close to life safety and
would only require small seismic upgrades the net benefits of updating
many schools to a safe level are greater than the net benefits of upgrading
only one very expensive school.

= Recommendation: Wide distribution of funds maximizes benefits.

Urban or Rural Spending: Public Benefits
e Holding cost per square foot, seismic risk, and degree of retrofit constant, differences in
population size and availability of substitutes can influence the level of public benefits in
either an urban or rural setting.
o Factors to measure and compare: population, income level, school building
substitutes, downtime costs
o Example: Isolated rural school
= A school serving fewer students may provide fewer public benefits than
one serving a larger population. However, a rural community may have a
higher value for their school, and higher downtime costs if there are no
nearby substitutes.
= Recommendation: Rural spending generates more public benefits.

Spend Now or Later: Seismic Risk
e Holding cost per square foot, degree of retrofit, and population constant, seismic risk may
drive spending decisions.
o Factors to measure and compare: level of seismic risk
o Example: High risk school
= High probability of damage from a seismic event means the public
benefits of protecting life safety through retrofits will be greater. A
threshold level of risk may help to determine which schools should be
prioritized for upgrades.
= Recommendation: Spend now on buildings with higher levels of seismic
risk.

B5.3.7 Formal Benefit Cost Analysis Framework

A formal BCA for a given school building can be conducted using a series of equations that
incorporate expected probabilities of earthquake scenarios and resulting outcomes. The end
result can be either an expected value of a “Benefit Cost Ratio,” or a distribution of values that
takes into account the range of earthquake probabilities. Below is an example of how this
framework might be applied, using a simplified description of benefits and costs. Any project
with a benefit cost ratio greater than one is considered a good investment.

E[B]

Benefit Cost Ratio =
ost

Where:

e (Cost is the cost of retrofitting a given school building, and
e [E[B] are the expected present value monetary benefits of retrofitting a school, which is
further decomposed as follows.
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t
E[B] = Z(Livessavedt + SchoolClosures, + RepairCosts;)e" + PropertyValue
t=0
Where:
e ¢t isthe time period in which benefits or costs occur
e 1 isthe discount rate

Each of the subcomponents are broken down as follows:

Livessaved, = Yl_; a;(n* ((PD; * VSL) + ((1 — PDy)  PI; * InjuryCost)))
Where:

e q; is the annual probability of exceedance for a given earthquake indexed by i,

e nisthe average number of individuals in the building at any point in time in a year,

e PD; is the difference between the fatality rate for an existing building and a retrofitted
building for a given earthquake, i,

e VSL is the Value of a Statistical Life,

e PI; is the difference between the injury rate for an existing building and a retrofitted
building for a given earthquake, i, and

e [njuryCost is the average cost per injury from seismic event.

This means over a variety of earthquake scenarios i, and their associated seismic damage risk
level a, the value of lives saved and injuries avoided by completing retrofits is the product of the
number of children n, the probability of death in each scenario PD; and the cost of death using
that Value of a Statistical Life (VSL), plus the associated probability of injury PI; per child
multiplied by the cost per injury.

i
SchoolClosures, = z a;(nxDC;(EV + CC))
i=1
Where:

e DC(; is the difference between the number of days a school is closed for an existing
building and a retrofitted building for a given earthquake, i,

e EV isthe lost value of public education value per day of schooling, and

e (C are household childcare costs per day, including lost wages.

This captures the value of avoiding longer and unanticipated school closures over a variety of
earthquake scenarios i, and their associated seismic damage risk level a, by multiplying the cost
of lost schooling days, lost wages, and of alternative childcare, by the number of days the school
will avoid closing for, and summing over all students in the school.

16 https://www.epa.gov/environmental-economics/mortality-risk-valuation
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i
RepairCosts; = z a;(ReducedRepairCosts;)

=1

Where:

e RRC; are the reduced repair costs and reduced building contents damage for a retrofitted
building for a given earthquake, i.

Repair costs avoided by retrofitting, are the sum of all reduced repair and clean up costs over a
variety of earthquake scenarios i, and their associated seismic damage risk level a.

PropertyValue = [ * Z PropertyValues
Where:

e [ isthe increase in residential property values from school facility improvements,
including retrofitted buildings, and
e PropertyValues are the residential property values in the school district.

This final benefit category captures the marginal benefit g to property owners of an
improvement in school quality through retrofitting. This is summed for all properties in the
school district, and accrues at the time of retrofit, and thus is not time-determinant.

B5.3.8 Hypothetical Case Study Applying Benefit Cost Analysis

To demonstrate how BCA can inform funding decisions, the above BCA framework is applied to
a hypothetical school. The elementary school main building is a two-story concrete structure
with brick veneer. The 1948 building is constructed on level ground and is located in western
Washington. The building is rectangular in plan, 212 feet by 66 feet, with a maximum roof
height of around 42 feet. Building construction consists of concrete walls with brick veneer. The
roof system is a flexible diaphragm composed of wood trusses. The floor system is a flexible
diaphragm composed of wood joists. The building shares the site with a gymnasium building and
two covered play sheds. The school serves an area of 1,000 single family homes with an average
property value of $150,000. It is also assumed that the building is occupied 25% of the time, to
account for school days and occasional weekend use throughout the year.

Table 1: Hypothetical School Information

Location: Western Washington
Enroliment: 176 Students
Staff Size: 10 Teachers and administrators
School Type: Elementary School
Number of Stories: 2
Year Built: 1948
Square Footage: 25,200
Construction Type: Nonductile Concrete Shear Walls
Washington State School Seismic Safety Assessments Project - Phase 2 June 2021
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Table 2: Seismic Information

ASCE 41 Level of Seismicity: High
Soil Site Class: C
Vs3o: 455  m/s
Ss (BSE-2N): 1.084 g
S1 (BSE-2N): 042 g
Ss (BsE-2E): 0.779 g
S1 (BSE-2E): 0.305 g
Table 3: Seismic Upgrade Information
Estimated Seismic Upgrade Construction Cost per Square Foot: 221 Dollars per Square Foot
Existing Building Replacement Value: 375-425  Dollars per Square Foot
Estimated Seismic Upgrade Cost with Full-Building Modernization 88 Dollars per Square Foot

If seismic upgrades were to be combined with other building modernization tasks, the cost would
be reduced by up to 60% due to the reduction in demolition and repair costs. In this hypothetical
BCA, both a scenario with combined building modernization, and without are considered.

Earthquake performance information for the school is listed in Table 4 below. Values for
expected building damage include the probability of needing to demolish the building following
the earthquake under each scenario.

Table 4: Earthquake Performance Information

Probability Annual Expected Expected Fatality Fatality Injury Injury Expected
of Prob. Bldg Bldg Rate Rate Rate Rate Net Bidg
Exceedance without Damage Damage  (Existing (Retrofit = (Existing (Retrofit = Contents
(a.k.a. Exceeding = (Existing = (Retrofit Bldg)? Bldg)? Bldg)? Bldg)? Damage*
"scenario") NextLevel Bldg)'® Bldg)'®
o :
90\(/:; ::550 2.22% 8.7% 7.3% 0.06%  0.00%  0.54%  0.0% 0.0%
o :
SOY/; ;':530 0.94% 14.3% 7.3% 0.28% = 0.00%  2.56%  0.00% 0.0%
o :
50Y/;;r:550 0.46% 23.1% 7.5% 0.66% 0.00% 5.99% 0.02% 2.1%
o :
SOY/:;::ZS 0.23% 33.6% 7.8% 1.11% 0.00% 10.10% 0.08% 5.0%
o
soQ:r:oo 0.25% 41.4% 8.2% 153%  0.00%  13.80%  0.08% 7.5%
o :
on/; ::550 0.22% 57.4% 9.4% 225%  0.00% = 2030% = 0.19%  12.9%
Design
Earthquake 0.02%° 82.4% 12.2% 3.53% 0.00% 32.00% 0.51% 48.5%
per ASCE 7
o :
10{;;2550 0.11% 84.6% 12.9% 3.67% 0.00% 33.20% 0.55% 49.8%
o i
5¢el:r§0 0.01% 100% 17.6% 5.04% 0.00% 45.60% 0.71% 83.8%
Risk-
Targeted 0.05%° 100% 18.7% 5.18% 0.01% 46.90% 0.82% 83.3%
Maximum
Washington State School Seismic Safety Assessments Project - Phase 2 June 2021

Seismic Assessment Report -B.5-15- ReidMiddleton



Considered

Earthquake

per ASCE 7
2% in 50

Years

Notes:

1. Expected building damage is in percent of the building's replacement value.

2. Fatality rate is the likelihood of fatality of a person randomly situated in the building.

3. Injury rate is the likelihood of injury of a person randomly situated in the building.

4. Includes possibility of building being red-tagged per ATC-20 following an earthquake where contents removal
is not permitted.

5. Building damage values include the possibility of post-earthquake demolition even when building is not 100%
damaged. Building owners often prefer to demolish severely damaged buildings rather than repair them. There
are many reasons for this but high repair costs and public perception about building safety are among the reasons
why demolition may be preferable.

6. Probabilities are based on comparing the mapped earthquake accelerations for these events to the probabilistic
seismic hazard at the site and back-calculating the return period and annual earthquake probability.

0.04% 100% 27.6% 6.59% 0.02% 59.30% 1.28% 76.7%

Additionally, the number of days the school is expected to be closed following each earthquake
scenario is assumed to be the product of the expected building damage and 365. The current
Value of Statistical Life used by federal agencies to value mortality reduction is $9.97 million.*’
The average injury cost is $19,539 and is determined using the average bodily injury claim in
auto accidents.*® The average value of a day of schooling and childcare, $37 and $33,
respectively, is the drawn from U.S. Census estimates allocated across all 365 days in a year.!®
Community property value gains are based on empirical estimates.?

Table 5: Annual Benefit Component Calculation Per Scenario

Probability of Return Period Lives Saved/Injuries School Closures Repair Costs
Exceedance (years) Prevented
(a.k.a. "scenario")
90% in 50 Years 22 $6,284 $1,398 $3,133
50% in 30 Years 43 $12,420 $2,948 $6,609
50% in 50 Years 72 $14,437 $3,248 $8,260
50% in 75 Years 108 $12,121 $2,686 $7,187
50% in 100 Years 144 $17,896 $3,703 $10,175
20% in 50 Years 224 $23,351 $4,753 $13,516
Design Earthquake 442
per ASCE 7 $2,614 $496 51,881
10% in 50 Years 475 $18,667 $3,481 $13,222
5% in 50 Years 975 $1,782 $278 $1,258
Risk-Targeted
Maximum
Considered 1052
Earthquake per
ASCE 7 $13,329 $1,998 $9,068

17 https://www.epa.gov/environmental-economics/mortality-risk-valuation#whatvalue

18 https://www.iii.org/fact-statistic/facts-statistics-auto-insurance

19 https://www.census.gov/newsroom/blogs/research-matters/2015/12/census-bureau-statistics-allow-for-deeper-
dive-into-rising-costs-of-child-care.html

20 https://www.nber.org/system/files/working_papers/w9054/w9054.pdf
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2% in 50 Years 2475 $12,509 $1,315 $6,072
Annual Expected Value $135,410 $26,303 $80,381

Calculated across an expected 50-year lifetime at both a 7% and 3% discount rate generates
expected benefits of seismic retrofit that range between $5.08 and $7.97 million, respectively.
The cost of the seismic retrofit is estimated at $5.57 million ($221 per square foot times 25,200
square feet). Without the added building modernization effect, the benefit cost ratio ranges from
0.9 to 1.4, depending on the discount rate.?! This means that if the upgrades are being done on
their own, economics generally supports seismic upgrades depending on the discount rate. A
benefit cost ratio that exceeds 1.0 indicates that seismic retrofit makes sense economically.
However, when combined with a full-building modernization where architectural, mechanical,
electrical and plumbing costs are allocated separately from the seismic retrofit costs, the cost of
seismic retrofit is estimated at $2.23 million. In this scenario the benefits significantly exceed the
costs of retrofit, and the benefit cost ratio ranges between 2.3 and 3.5. This cost sharing results in
a benefit cost ratio that indicates that seismic retrofits should be undertaken immediately when
combined with other building modernization upgrades. Unsurprisingly, depending on the
discount rate, 39% - 45% of the benefits accrue from lives saved.

B5.4 Funding and Decision Making

Given that funding for seismic upgrades could be provided in multiple ways, several decision
making frameworks are relevant. Depending on the type of funding stream — specifically steady,
discrete, or discretionary - different types of projects may be targeted to optimize the net benefits
of that type of funding.

In the case of a steady flow of funding, a programmatic approach that prioritizes low hanging
fruit and low impact projects that provide incremental benefits at a relatively low cost is often
most impactful. This framework assumes the funding is insufficient for all needed upgrades, and
prioritizes maximizing both the quantity and quality of completed upgrades. This casts the widest
net and improves net benefits as well as distributional impacts.

Figure 7: Steady Funding Prioritization:
High Impact/Low Cost Low Impact/Low Cost High Impact/High Cost

However, if the need for seismic upgrades dictates funding, meaning funding is provided for
discrete needs, it may produce the most net benefits to start with high impact/high-cost projects
while political enthusiasm is high, and plan for low-cost projects later. This is because
prioritizing high cost/high impact projects in this scenario provides the largest benefits as quickly
as possible.

2L Results are interpreted across the range of appropriate discount rates to help decisionmakers financial and public
benefit considerations. Since nearly half of the benefits are public benefits accruing from lives saved, it is reasonable
to base seismic decisions on the results of the 3% discount rate, which produces a benefit cost ratio of 1.4.
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Figure 8: Discrete Needs Funding Prioritization:
High Impact/High Cost High Impact/Low Cost Low Impact/Low Cost

Finally, if the funding stream is uncertain or discretionary and variable from year to year, net
benefits are maximized by prioritizing low-cost projects which yield high net benefits, often
characterized as the ‘low-hanging fruit’, followed by prioritization of other high impact projects.
This is because it is important to take advantage of funding while political enthusiasm and
support is high, and save smaller, lower cost projects for when less funding may be provided.

Figure 9: Discretionary Funding Prioritization:

High Impact/High Cost Low Impact/Low Cost

B5.4.1 OSPI Current Funding Decisions

High Impact/Low Cost

As mentioned in section 6.1 OSPI has obtained additional funding to continue to conduct seismic
safety retrofits. At the moment, schools are receiving funds based on “risk level, building use,
district financial capacity, and anticipated building life.”??> Additional guidance from the
Legislature has specified that OSPI “shall prioritize buildings with the most significant building
deficiencies and the greatest seismic risks ... beginning with facilities classified as very high
risk.”? These principles are a guiding framework for spending decisions, and are easily
incorporated into a formal economic assessment of project benefits and costs. Since the biennial
funding amount is uncertain year to year, it maximizes benefits to fund larger higher impact
projects first, and wait to implement lower cost projects that can be met with potentially less
funding later. As a general principle though, if any retrofit project has a benefit cost ratio greater
than one, it should be executed as soon as possible.

B5.5 Other Considerations

B5.5.1 Earthquake Insurance

Earthquake insurance is not required in Washington State despite it having the second highest
seismic risk in the nation. High risk of seismic damage drives often expensive insurance
premiums meant to protect insured entities from the shock of a seismic event. Retrofitting school
buildings may lower earthquake insurance costs since the risk of severe damage will decrease in
high-risk areas. However, Washington State varies in seismic risk, so earthquake insurance may
not be universally needed. In either scenario, these costs are not considered in a benefit cost
analysis because insurance reallocates risk across time but does not impact the overall benefits or

22 OSPI 2021-23 Capital Budget Requests One-Pager, pg. 2. Retrieved from:
https://www.k12.wa.us/sites/default/files/public/schfacilities/pubdocs/2021-23-Capital-Budget-Requests-
Summary.pdf

23 OSPI 350 2021-23 Biennial Capital Budget Request, pg. 44.
https://www.k12.wa.us/sites/default/files/public/schfacilities/pubdocs/OSP1%20CBR%20FINAL.pdf
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costs of a given scenario. Earthquake insurance is useful for jurisdictions that would like to
protect themselves from financial insolvency in a worst-case scenario though.

B5.5.2 Earthquakes and Other Natural Disasters (COVID)

Earthquakes are very similar to many other natural disasters in that they are low probability but
high consequence events, and like many other hazards, it is almost always preferable to be
prepared and establish resilient systems rather than have to repair and rebuild after a natural
disaster.

As we have seen in the last year, many people have demonstrated a strong preference for being
able to send their children back to school quickly and safely. We’ve also seen a willingness to
pay for protecting life and safety from uncertain hazards. This might be expected to carry over to
recovery from other natural disasters. Preparedness avoids long downtimes, and may have a
lower per unit cost than repair. Seismic resilience may provide resiliency to other natural
disasters such as flooding and landslides as well.
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APPENDIX B.6: FEMA REFERENCE DOCUMENTS (BUILDING TYPES,
IRREGULARITIES, FEMA E-74 NONSTRUCTURAL SEISMIC BRACING
EXCERPTS)
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