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EXECUTIVE SUMMARY 

This report documents the findings of a preliminary seismic evaluation of the Cosmopolis 
Elementary School Main Building in Cosmopolis, Washington.  The previous school was 
completely demolished in the late 1950s to make room for the current school.  The main 
building, constructed in 1960, is the oldest of the four existing buildings.  The other three 
buildings are an auditorium, a gymnasium, and a multipurpose building.  The auditorium and 
gymnasium are independent from and located 75 feet southeast of the main building.  
 
The multipurpose building, located approximately 25 feet southeast of the main building, is 
lightly connected to the main building by a breezeway and the roof of the covered play area.  The 
term “lightly connected” was chosen because the roofs are connected, but do not appear detailed 
sufficiently to transfer lateral loads between the two buildings. 
 
The main building is L-shaped, with each leg measuring 278 feet long by 72 feet wide.  The total 
floor area is approximately 35,000 square feet.  An administrative office area is located in the 
south end, and the remaining area is largely divided into classrooms on either side of hallways 
that run the length of the two legs.  In 1975, two classrooms were added at each end of the two 
legs of the main building, and in 2018, the main building and multipurpose building were being 
“modernized.”  The 1975 and 2018 updates did not include seismic upgrades.  Some time prior 
to 2018, the original concrete tile roof and a number of the exterior posts were replaced.  
 
The main building structure is a basic wood-framed structure founded on traditional shallow 
foundations of continuous and pad footings.  The original roof had concrete tiles on shakes, with 
battens running over wood trusses.  The roof was replaced in the 1990s or 2000s.  The roof 
trusses are common trusses that span from the longitudinal exterior walls to the parallel hallway 
walls, creating a valley that runs over the entire length of the hallways.  The exterior and interior 
hallway walls are bearing lines.  Because the exterior walls are largely glazed, it suggests the 
roof trusses are supported by posts and beams.  The walls that are transverse to the longitudinal 
legs are wood-framed, but it is unclear if they are connected to the trusses to form a complete 
lateral load path. 
 
There is ambiguity about the lateral load path of this building.  It is unclear if the roof was 
sheathed to form a diaphragm.  It does not appear that any of the roof trusses are detailed to 
transfer shear loads from the roof to the interior transverse walls.  There is no load path for 
transferring shear load to the longitudinal hallway walls, if they are intended to serve as shear 
walls.  Finally, the exterior walls are heavily glazed; unless there are moment frames embedded 
in the structure, there does not appear to be a well-defined lateral load path at the exterior walls. 
 
BergerABAM performed a Tier 1 screening in accordance with ASCE 41 Seismic Evaluation 
and Retrofit of Existing Buildings.  The evaluation included field observations and review of 
record drawings to verify the existing construction.  There were a number of deficiencies 
identified by the Tier 1 Rapid Screening.  First, the lateral load path could not be identified, 
either from the existing drawings or during the site visit.  Second, based on the available length 
of walls that could serve as shear walls, the structure fails the Tier 1 shear stress check.  This 
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indicates that even if there is a well-detailed lateral system, the existing system elements would 
likely be overstressed. 
 
This building is also deficient in regard to the openings at the exterior walls.  The wood bracing 
panels do not meet the required aspect ratio, and there does not appear to be any positive ties 
capable of transferring the seismic forces around these openings. 
 
Because the transverse interior walls do not appear to be sufficiently incorporated into the lateral 
system, the roof diaphragm aspect ratio appears to exceed that permitted for unblocked 
diaphragms. 
 
Conceptual seismic upgrade recommendations for structural and nonstructural systems are 
provided to improve the performance of the building to meet the designated performance criteria 
of ASCE 41.  Sketches for the concept-level seismic upgrades are provided in Appendix B.  
Structural upgrades would include sheathing the roof and detailing for shear transfer to the 
exterior, interior hallways, and transverse shear walls.  Moment frames or braced frames should 
be added at the exterior walls to increase the lateral load capacity; this would alleviate the need 
for strapping around the windows.  Finally, the lateral system improvements would need to be 
positively connected to the foundation. 
 
The recommendations for nonstructural upgrades include upgrading the sprinkler systems to 
comply with NFPA 13, restraining containers holding hazardous materials (if any), bracing 
suspended ceilings, providing independent supports for light fixtures, anchoring storage cabinets 
and shelving to adjacent floors or walls, and providing seismic bracing for mechanical equipment 
and life safety systems. 
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1.0  Introduction 

1.1  Background 

The Washington Geological Survey (WGS), a division of the Department of Natural Resources 
(DNR), is conducting a seismic assessment of 222 school buildings and 5 fire stations across 
Washington State to better understand the current level of seismic risk of Washington State’s 
public-school buildings.  The two main components of this project are:  (1) geologic site 
characterization, and (2) the seismic assessment of buildings.  As a part of the seismic 
assessments, Tier 1 screening of structural systems and nonstructural assessments were 
performed in accordance with the American Society of Civil Engineers’ (ASCE) Standard 41-17 
Seismic Evaluation and Retrofit of Existing Buildings.  Concept-level seismic upgrades were 
developed to address the identified deficiencies of a select number of school buildings to 
evaluate seismic upgrade strategies, feasibilities, and implementation costs. 
 
Fifteen school buildings were selected in consultation with WGS and the School Seismic Safety 
Steering Committee (SSSSC) to receive concept-level seismic upgrade designs utilizing the 
ASCE 41 Tier 1 evaluation results.  This report documents the concept-level seismic upgrade 
design for one of those school buildings.  The concept-level seismic upgrades will include 
structural and nonstructural seismic upgrade recommendations, with concept-level sketches and 
rough order-of-magnitude (ROM) construction costs determined for each building.  The fifteen 
school buildings were selected from the list of schools with the intent of representing a variety of 
regions, building uses, construction eras, and construction materials. 
 
The overall goal of the project is to provide a better understanding of the current seismic risk of 
our state’s K-12 school buildings and what needs to be done to improve the buildings in 
accordance with ASCE 41 to meet seismic performance objectives. 
 
The seismic evaluation consists of a Tier 1 screening for the structural systems performed in 
accordance with ASCE 41-17.   

1.2  Scope of Services  

The project is being performed in several distinct and overlapping phases of work.  The scope of 
this report is as listed in the following sections. 

1.2.1  Information Review 

1. Project Research:  Reid Middleton and their project team researched available school 
building records, such as relevant site data and record drawings, in advance of the field 
investigations.  This research included searching school building records and contacting 
the districts and/or the Office of Superintendent of Public Instruction (OSPI) to obtain 
building plans, seismic reports, condition reports, property records, or related 
construction information useful for the project.   
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2. Site Geologic Data:  Site geological data provided by the WGS, including site shear wave 
velocities, was utilized to determine the project Site Class in accordance with ASCE 41, 
which is included in the Tier 1 checklists and concept-level seismic upgrades design 
work. 

1.2.2  Field Investigations 

1. Field Investigations:  Each of the identified buildings was visited to observe the 
building’s age, condition, configuration, and structural systems for the purposes of the 
ASCE 41 Tier 1 seismic evaluations.  This task included confirmation of general 
information in building records or layout drawings and visual observation of the 
structural condition of the facilities.  Engineer field reports, notes, photographs, and 
videos of the facilities were prepared and utilized to record and document information 
gathered in the field investigation work. 

 
2. Limitations Due to Access and Worker Safety:  Field observations at each site were 

typically performed by an individual engineer.  Observation efforts were limited to areas 
and building elements that were readily observable and safely accessible.  Observations 
requiring access to confined spaces, potential hazardous material exposure, access by 
unsecured ladder, work around energized equipment or mechanical hazards, access to 
areas requiring Occupational Safety and Health Administration (OSHA) fall-protection, 
steep or unstable slopes, deteriorated structural assemblies, or other conditions deemed 
potentially unsafe by the engineer were not performed.  Removal of finishes (e.g., 
gypsum board, lathe and plaster, brick veneer, roofing materials, etc.) for access to 
concealed conditions or to expose elements that could not otherwise be visually observed 
and assessed was not performed.  Material testing or sampling was not performed.  The 
ASCE checklist items that were not documented due to access limitations are noted.   

1.2.3  Seismic Evaluations 

1. Preliminary Seismic Evaluations:  Preliminary seismic assessments of the structural and 
nonstructural systems of the school buildings were performed in accordance with 
ASCE 41-17 Tier 1 Evaluation Procedures. 

 
2. Concept-Level Designs:  Further seismic evaluation work was performed to provide 

concept-level seismic retrofits and/or upgrade designs for the selected school buildings 
based on the results of the Tier 1 seismic evaluations.  The concept-level seismic 
upgrades design work included narrative descriptions of proposed seismic retrofits and/or 
upgrade schemes and concept sketches depicting the extent and type of recommended 
structural upgrades. 

 
3. Cost Estimating:  Through the concept-level seismic upgrades design process, ProDims 

provided opinions of probable construction costs for the concept-level seismic upgrade 
designs for the selected school buildings.  These concept-level seismic upgrade designs 
and the associated opinions of probable construction costs are intended to be 
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representative samples that can be extrapolated to estimate the overall capital needs of 
seismically upgrading Washington State schools. 

1.2.4  Reporting and Documentation 

1. Project Reports:  A preliminary seismic evaluation report on the overall Tier 1 seismic 
assessment of the schools will be provided to DNR/WGS and OSPI.  The Tier 1 seismic 
evaluation of each building was documented by a standard report format that provides a 
summary of the structural systems of the building, Tier 1 checklist, building 
sketches/plans (if available), and site photographs.  The reports will summarize the 
seismic evaluation, with concept-level seismic upgrade sketches and opinions of probable 
construction costs for seismic upgrades for each school building.   

 
2. Building Photography:  Photos and videos were taken of each building during on-site 

walkthroughs to document the existing building configurations, conditions, and structural 
systems. 

 
3. Record Drawings:  Record drawings and other information that was collected during the 

evaluation process are available for DNR/WGS, OSPI, and the school districts.   
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2.0  Seismic Evaluation Procedures and Criteria 

2.1  ASCE 41 Seismic Evaluation and Retrofit Overview 

The current standard for seismic evaluation and retrofit (upgrades) of existing buildings is 
ASCE 41-17.  ASCE 41 provides screening and evaluation procedures used to identify potential 
seismic deficiencies that may require further investigation or hazard mitigation.  It presents a 
three-tiered review process, implemented by first following a series of predefined checklists and 
“quick check” structural calculations.  Each successive tier is designed to perform an 
increasingly refined evaluation procedure for seismic deficiencies identified in previous tiers in 
the process.  The flow chart in Figure 2.1 illustrates the evaluation process. 

 
Figure 2-1.  Flow Chart and Description of ASCE 41 Seismic Evaluation Procedure. 

 
The Tier 1 checklists in ASCE 41 are specific to each common building type and contain seismic 
evaluation statements based on observed structural damage in past earthquakes.  These checklists 
screen for potential seismic deficiencies by examining the lateral-force-resisting systems and 
details of construction that have historically caused poor seismic performance in similar 
buildings.  Tier 1 screenings include basic “Quick Check” analyses for primary components of 
the lateral system:  in this building’s case, the roof diaphragm, the shear walls, and connection 
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between these systems.  Tier 1 screenings also include prescriptive checks for proper seismic 
detailing of connections, diaphragm spans and continuity, and overall system configuration.  
 
Tier 2 evaluations then follow with more-detailed structural and seismic calculations and 
assessments to either confirm the potential deficiencies identified in the Tier 1 review or 
demonstrate their adequacy.  A Tier 3 evaluation involves an even more detailed analysis and 
advanced structural and seismic computations to review each structural component’s seismic 
demand and capacity.  A Tier 3 evaluation is similar in scope and complexity to the types of 
analyses often required to design a new building in accordance with the International Building 
Code (IBC), with a comprehensive analysis aimed at evaluating each component’s seismic 
performance.  Generally, Tier 3 evaluations are not practical for typical and regular-type 
buildings due to the rigorous and complicated calculations and procedures.  As indicated in the 
Scope of Services, this evaluation included a Tier 1 screening of the structural systems.  

2.2  Seismic Evaluation and Retrofit Criteria 

Performance-Based Earthquake Engineering (PBEE) can be defined as the engineering of a 
structure to resist different levels of earthquake demand in order to meet the needs and 
performance objectives of building owners and other stakeholders.  ASCE 41 employs a PBEE 
design methodology that allows building owners, design professionals, and the local building 
code authorities to establish seismic hazard levels and performance goals for individual 
buildings.   

2.2.1  Cosmopolis Elementary School Seismicity 

Seismic hazards for the United States have been quantified by the United States Geological 
Survey (USGS).  The information has been used to create seismic hazard maps, which are 
currently used in building codes to determine the design-level earthquake magnitudes for 
building design.   
 
The Level of Seismicity is categorized as Very Low, Low, Moderate, or High based on the 
probabilistic ground accelerations.  Ground accelerations and mass generate inertial (seismic) 
forces within a building (Force = mass x acceleration).  Ground acceleration therefore is the 
parameter that classifies the level of seismicity.  From geographic region to region, as the ground 
accelerations increase, so does the level of seismicity (from low to high).  Where this building is 
located, the design short-period spectral acceleration, SDS, is 0.969 g, and the design 1-second 
period spectral acceleration, SD1 is 0.696 g.  Based on ASCE 41 Table 2-4, the Level of 
Seismicity for this building is classified as High. 
 
The ASCE 41 Basic Performance Objective for Existing Buildings (BPOE) makes use of the 
Basic Safety Earthquake – 1E (BSE-1E) seismic hazard level and the Basic Safety Earthquake – 
2E (BSE-2E).  The BSE-1E earthquake is defined by ASCE 41 as the probabilistic ground 
motion with a 20 percent probability of exceedance in 50 years, or otherwise characterized as a 
ground motion acceleration with a probabilistic 225-year return period.  The BSE-2E earthquake 
is defined by ASCE 41 as the probabilistic ground motion with a 5 percent probability of 
exceedance in 50 years, or otherwise characterized as a ground motion acceleration with a 
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probabilistic 975-year return period.  The BSE-2N seismic hazard level is the Maximum 
Considered Earthquake (MCE) ground motion used in current codes for the design of new 
buildings and is also used in ASCE 41 to classify the Level of Seismicity for a building.  The 
BSE-2N has a statistical ground motion acceleration with 2 percent probability of exceedance in 
50 years, or otherwise characterized as a ground motion acceleration with a probabilistic 
2,475-year return period.    
 
Table 2.2.1-1 provides the spectral accelerations for the 225-year, 975-year, and 2,475-year 
return interval events specific to Cosmopolis Elementary School that are considered in this study. 
 

Table 2.2.1-1 Spectral Acceleration Parameters (Not Site-Modified). 
BSE-1E 
20%/50 (225-year) Event 

BSE-1N 
2/3 of 2,475-year Event 

BSE-2E 
5%/50 (975-year) Event 

BSE-2N 
2%/50 (2,475-year) Event 

0.2 Seconds 0.804 g 0.2 Seconds 0.873 g 0.2 Seconds 0.906 g 0.2 Seconds 1.309 g 

1.0 Seconds 0.52 g 1.0 Seconds 1.113 g 1.0 Seconds 1.139 g 1.0 Seconds 1.67 g 

2.2.2  Cosmopolis Elementary School Structural Performance Objective 

The school building is an Educational Group E (Risk Category III) structure and has not been 
identified as a critical structure requiring immediate use following an earthquake.  However, 
Risk Category III buildings are structures that represent a substantial hazard to human life in the 
event of failure.  According to ASCE 41, the BPOE for Risk Category III structures is the 
Damage Control structural performance level at the BSE-1E seismic hazard level and the 
Limited Safety structural performance level at the BSE-2E seismic hazard level.  The ASCE 41 
Tier 1 evaluations were conducted in accordance with ASCE 41 requirements and ASCE 41 
seismic performance levels.  Concept-level upgrades were developed for the Life Safety 
structural performance level at the BSE-1N seismic hazard level in accordance with DNR 
direction, the project scope of work, and the project legislative language.     
 
At the Life-Safety performance level, the building may sustain damage while still protecting 
occupants from life-threatening injuries and allowing occupants to exit the building.  Structural 
and nonstructural components may be extensively damaged, but some margin against the onset 
of partial or total collapse remains.  Injuries to occupants or persons in the immediate vicinity 
may occur during an earthquake; however, the overall risk of life-threatening injury as a result of 
structural damage is anticipated to be low.  Repairs may be required before reoccupying the 
building, and, in some cases, repairs may be economically unfeasible. 

Knowledge Factor 

A knowledge factor, k, is an ASCE 41 prescribed factor that is used to account for uncertainty in 
the as-built data considering the selected Performance Objective and data collection processes 
(availability of existing drawings, visual observation, and level of materials testing).  No in-situ 
testing of building materials was performed; however, some material properties and existing 
construction information were provided in the existing record drawings.  If the concept design is 
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developed further, additional materials tests and site investigations will be required to 
substantiate assumptions about the existing framing systems. 

ASCE 41 Classified Building Type 

Use of ASCE 41 for seismic evaluations requires buildings to be classified from a group of 
common building types historically defined in previous seismic evaluation standards (ATC-14, 
FEMA 310, and ASCE 31-03).  The school is classified in ASCE 41 Table 3-1 as a W2, “Wood 
Frame”, facility, which means the building floor area is >=5,000 sf, and the roof is composed of 
wood trusses, posts, and beams.  Seismic forces are resisted by flexible diaphragms, which are 
sheathed with plywood or OSB.  Wall openings are framed with post and beam systems. 

2.3  Report Limitations 

The professional services described in this report were performed based on available record 
drawing information and limited visual observation of the structure.  No other warranty is made 
as to the professional advice included in this report.  This report provides an overview of the 
seismic evaluation results and does not address programming and planning issues.  This report 
has been prepared for the exclusive use of DNR/WGS and is not intended for use by other 
parties, as it may not contain sufficient information for purposes of other parties or their uses. 
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3.0  Building Description & Seismic Evaluation Findings 

3.1  Building Overview 

3.1.1  Building Description 

 

 
The Cosmopolis Elementary main building is a wood-framed, single-story classroom and 
administration structure built in 1960.  The building is an L-shaped structure, with each leg 
measuring 278 feet long by 72 feet wide (approximately 31,000 square feet in area).  Two additional 
classrooms at each end of the building were added in 1975.  In 2018, the building was undergoing a 
modernization update.  It does not appear that seismic considerations were a part of that effort. 

3.1.2  Building Use 

The main building is used as the primary school building, housing 18 classrooms, the library, and 
administrative offices. 

3.1.3  Structural System 

Table 3.1.3-1.  Structural System Descriptions. 

Structural System Description 
Structural Roof The roof of the main building is composed of wood trusses, which appear 

to predate gang nail plates, as the elements are connected with plywood 
gussets. 

Structural Floor(s) This building is a single-story structure; there are no elevated structural 
floors. 

Foundation The foundation is a traditional shallow foundation system composed of 
strip footings under the bearing walls. 

Gravity System The gravity system is composed of wood-framed trusses at the roof, 
supported by beams and bearing walls at both the exterior and interior 
corridor walls. 

Lateral System Roof lateral loads are transferred to the exterior shear walls through the 
wood-framed roof diaphragm. 

Original Year Built:  1960 
Building Code:  Unknown 

Number of Stories:  1 
Floor Area:  30,456 SF 

FEMA Building Type: W2 
ASCE 41 Level of Seismicity:  High 
Site Class: D 
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3.1.4  Structural System Visual Condition 

Table 3.1.4-1.  Structural System Condition Descriptions. 

Structural System Description 
Structural Roof No visible signs of damage or deterioration. 

Structural Floor(s) This building is a single-story structure. 

Foundation No visible signs of damage or deterioration. 

Gravity System Other than the failure that had recently occurred at the covered play area 
between the main building and multipurpose building, there were no other 
visible signs of damage or deterioration. 

Lateral System No visible signs of damage or deterioration. 

3.2  Seismic Evaluation Findings 

3.2.1  Structural Seismic Deficiencies 

The structural seismic deficiencies identified during the Tier 1 evaluation are summarized below.  
Commentary for each deficiency is provided based on this evaluation. 
 

Table 3.2.1-1.  Identified Structural Seismic Deficiencies Based on Tier 1 Checklists. 

Deficiency Description 
Load Path A well-defined load path was not detailed in the existing drawings 

and could not be determined or visually verified during site visit. 

Shear Stress Check Calculated load exceeds the specified demand. There is no evidence 
of collectors and connections sufficient to transfer these demands to 
the existing shear walls. 

Openings Shear wall openings do not have positive ties to adjacent 
construction capable of transferring the seismic forces around the 
openings. 

Diagonally Sheathed and 
Unblocked Diaphragms 

Roof diaphragms appear to span up to 72 feet between lines of 
resistance and are not blocked diaphragms. 

3.2.2  Structural Checklist Items Marked as “U”nknown 

Where building structural component seismic adequacy was unknown due to lack of available 
information or limited observation, the structural checklist items were marked as “unknown”.  
These items require further investigation if definitive determination of compliance or 
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noncompliance is desired.  The unknown structural checklist items identified during the Tier 1 
evaluation are summarized below.  Commentary for each unknown item is provided based on the 
evaluation. 
 

Table 3.2.2-1.  Identified Structural Checklist Items Marked as Unknown. 

Deficiency Description 
Liquefaction The liquefaction potential of site soils is unknown at this time 

given available information. Moderate to high liquefaction 
potential is identified per ICOS based on state geologic mapping. 
Requires further investigation by a licensed geotechnical engineer 
to determine liquefaction potential. 

Slope Failure Requires further investigation by a licensed geotechnical engineer 
to determine susceptibility to slope failure. The structure appears 
to be located on a relatively flat site. 

Surface Fault Rupture Requires further investigation by a licensed geotechnical engineer 
to determine whether site is near locations of expected surface 
fault ruptures. 

Roof Chord Continuity Items could not be visually verified during site visit. 

Diaphragm Reinforcement 
at Openings 

Items could not be visually verified during site visit. 

3.2.3  Nonstructural Seismic Deficiencies 

The nonstructural seismic deficiencies identified during the Tier 1 evaluation are summarized 
below.  Commentary for each deficiency is provided based on this evaluation.  Some 
nonstructural deficiencies may be able to be mitigated by school district staff.  Other 
nonstructural components that require substantial mitigation may be more appropriately included 
in a long-term mitigation strategy.  Some typical conceptual details for the seismic upgrade of 
nonstructural components can be found in the FEMA E-74 Excerpts appendix. 
 

Table 3.2.3-1.  Identified Nonstructural Seismic Deficiencies based on Tier 1 Checklists. 

Deficiency Description 
LSS-3 Emergency 
Power 

Available record drawings do not have information on anchorage or 
bracing for emergency power equipment and could not be verified during 
site investigation. Based on age of the building, emergency power 
equipment is either nonexistent or noncompliant. Evaluation of emergency 
power equipment may be appropriate to mitigate seismic risk. 

PCOA-2 Canopies The canopy over the play area between the main building and the 
multipurpose building had gravity connection failures in the main framing 



 

Washington State School Seismic Safety Assessments Project  June 2019 
Seismic Upgrades Concept Design Report – Main Building - 12 - 
Cosmopolis School District – Cosmopolis Elementary School 

Table 3.2.3-1.  Identified Nonstructural Seismic Deficiencies based on Tier 1 Checklists. 

Deficiency Description 
connections just prior to the site visit and were not yet repaired. Apparently 
the gravity connections were insufficient or nonexistent. If the gravity 
connectivity is suspect, the lateral connectivity is also likely suspect. 

CF-3 Fall-Prone 
Contents 

Heavy schoolroom supplies are stored on top of storage cabinets and do not 
appear to be secured. Heavy items on upper shelves should be restrained by 
netting or cabling to avoid falling hazards. 

3.2.4  Nonstructural Checklist Items Marked as “U”nknown 

Where building nonstructural component seismic adequacy was unknown due to lack of 
available information or limited observation, the nonstructural checklist items were marked as 
“unknown”.  These items require further investigation if definitive determination of compliance 
or noncompliance is desired.  The unknown nonstructural checklist items identified during the 
Tier 1 evaluation are summarized below.  Commentary for each unknown item is provided based 
on the evaluation.  
 
Some nonstructural deficiencies may be able to be mitigated by school district staff.  Other 
nonstructural components that require substantial mitigation may be more appropriately included 
in a long-term mitigation strategy.  Some typical conceptual details for the seismic upgrade of 
nonstructural components can be found in the FEMA E-74 Excerpts appendix. 
 

Table 3.2.4-1.  Identified Nonstructural Checklist Items Marked as Unknown. 

Deficiency Description 
LSS-4 Stair and 
Smoke Ducts 

Item not visually verified during site visit but assumed to be 
noncompliant due to year of original construction. Further 
investigation may be appropriate to mitigate seismic risk. 

HM-2 Hazardous 
Material 

Unknown whether the building has hazardous materials. Further 
investigation may be appropriate to mitigate seismic risk. 

C-2 Suspended 
Gypsum Board 

Items could not be visually verified during site visit. Further 
investigation may be appropriate to mitigate seismic risk. 

CF-2 Tall Narrow 
Contents 

Modernization construction was going on during the site visit. 
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4.0  Conclusion and Recommendations 

4.1  Seismic-Structural Upgrade Recommendations 

This section outlines recommendations of conceptual upgrades that would address the identified 
deficiencies in the seismic lateral-force-resisting system.  The sketches in Appendix B illustrate 
the concepts introduced here. 
 
This report outlines a single alternative out of many potential options and is based on the Tier 1 
Rapid Screening, which is a preliminary evaluation and analysis.  Before any retrofit scheme is 
selected, the final design should be based on more detailed evaluation and analysis.  Such an 
analysis should consider the current and future performance goals of the facility. 

4.1.1  Exterior Walls:  Steel Moment Frames and CMU Shear Wall 

To preserve the current aesthetic of the exterior walls, with their extensive glazing, steel moment 
frames are recommended.  Moment frames will be constructed with steel posts between 
classrooms with steel beams located over the windows spanning approximately 16 feet.  As each 
classroom is approximately 32 feet long, each moment frame would have two bays. 
 
The exterior wall of the storage room could be retrofitted as a CMU shear wall.  This would 
share loading with the moment frames and help increase the stiffness in the plane of the exterior 
wall.  The increase in stiffness will reduce lateral drift and mitigate damage to windows during a 
seismic event.  In order to complete this retrofit, the existing exterior walls will need to be shored 
and demolished to make way for the steel moment frames and a CMU shear wall. 

4.1.2  Interior Walls:  Sheathing Rated for Shear 

Currently, all interior walls are composed of timber structural framing and 5/8-inch gypsum 
board on either side.  These interior walls must be sheathed with APA shear-rated sheathing.  
Once incorporated into the building lateral system, these walls would greatly improve the 
capacity and reduce the building drift, subsequently reducing the potential damage caused by the 
drift. 
 
Drag struts and collectors need to be added at certain sections along the interior corridors of the 
building to connect the shear wall lines and distribute diaphragm loading more evenly along the 
building’s length. 

4.1.3  Roof Diaphragm Improvements 

The diaphragm system consists of unblocked wooden structural panels that span up to 72 feet in 
certain locations.  The existing roof diaphragm does not have enough strength or stiffness to 
perform adequately.  To remedy these deficiencies, the roof should be sheathed with APA-rated 
plywood designed to transfer shear to the identified shear walls and moment frames. 
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The current structural roof system contains wooden trusses.  These trusses are connected together 
with plywood gusset plates.  It is recommended that the wooden gusset plates be updated with 
metal gang nail plates.  The intent of this retrofit is to reduce the likelihood of failure at truss 
joints during a seismic event. 
 
No connections between the roof and wall elements capable of transferring lateral loads could be 
identified.  Any retrofit plan must include allowance for adding positive connections between the 
roof trusses and walls. 

4.2  Nonstructural Upgrade Recommendations 

4.2.1  Life-Safety Systems 

Life-safety systems are responsible for protecting and evacuating occupants of a building during 
emergencies or disasters.  These systems include, but are not limited to, fire suppression piping, 
emergency lighting, and stair and smoke ducts.  Proper bracing, coupling, and clearances of fire 
suppression piping not only increase reliability of performance but also help minimize the 
damage to pipes and sprinkler heads.  Based on the age of the building, it is likely that the 
sprinkler systems in the building do not meet the requirements of current NFPA 13 seismic 
bracing and flexible coupling.  
 
The recommended seismic mitigation for the life-safety systems are as follows: 
 

• Provide bracing and flexible couplings of risers, feed mains, cross-mains, and branch 
lines in accordance with NFPA 13. 

• Provide 1-inch sprinkler head clearance holes in ceiling finishes. 

• Provide seismic bracing or anchor the emergency power system to the structure.  

4.2.2  Architectural Considerations 

This section addresses existing construction that, while not posing specific hazards during a 
seismic event, would be affected by the seismic improvements proposed.  
 
For existing building remodel projects, the International Existing Building Code (IEBC) is 
applicable.  The intent of the IEBC is to provide flexibility to permit the use of alternative 
approaches to achieve compliance with minimum requirements to safeguard the public health, 
safety, and welfare insofar as they are affected by the work being done.  Elements of the exterior 
building envelope being affected by the seismic work would also be required to be brought up to 
the current Washington State Energy Code per Chapter 5, where applicable. 
 
It should also be noted that as a part of any upgrade to existing buildings, the IEBC will require 
that any altered primary function spaces (classrooms, gyms, entrances, offices) and routes to 
these spaces, be made accessible to current accessibility standards per the American with 
Disabilities Act (ADA), unless technically infeasible.  This would include, but is not limited to: 
accessible restrooms, paths of travel, entrances and exits, parking, signage, fire alarm system, 
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etc.  Under no circumstances should the facility be made less accessible.  The IEBC does 
however have exceptions for areas that do not contain a primary function (storage room, utility 
rooms) and states that costs of providing the accessible route are not required to exceed 20 
percent of the costs of the alterations affecting the area of Primary Function.  As with any major 
renovation and modernization, an ADA study would be recommended to determine the extent to 
which an existing facility needs to be improved to be in compliance with the ADA. 

Interior Shear Walls 

All existing interior walls are composed of timber structural framing and 5/8-inch gypsum board 
on either side.  These interior walls must be sheathed with APA shear-rated sheathing. 
 
Proposed plywood shear wall thickness may differ from existing shear wall thickness, depending 
on finishes proposed.  The interior walls of restrooms and janitor rooms will be removed and 
replaced, significantly impacting existing finishes. 
 
Built-in cabinets in classrooms will need to be removed and replaced, affecting plumbing 
fixtures.  
 
Openings in the new CMU shear walls for items such as electrical outlets and switches will need 
to be coordinated with existing conditions.  
 
Plywood panels with supplemental sill plate to foundation connections will impact existing floor 
and wall finishes, and ceiling will be affected throughout. 

Exterior Shear Walls 

The existing wood-framed exterior wall of the storage room can be replaced with a CMU wall to 
increase lateral resistance.  This will require changes to foundations, floor finish, ceilings, and 
connection to the roof.  The new CMU exterior finish should match existing finishes to either 
side to retain building character.  Existing mechanical, electrical, and plumbing systems will 
need to be replaced at the new wall. 

Exterior Walls:  Steel Moment Frames 

To strengthen existing wood-framed walls, steel moment frames can be added on the exterior in 
select locations.  Moment frames will be constructed with steel posts between classrooms, with 
steel beams located over the windows spanning approximately 16 feet.  As each classroom is 
approximately 32 feet long, each moment frame would have two bays, at 8 feet on center 
maximum.  The impact on existing finishes will need to be addressed on a case-by-case basis, 
depending on the location of the proposed work. 

Foundation Work 

The proposed moment frames to be installed on the exterior will require new foundations.  
Existing interior gypsum board walls to be converted to plywood-sheathed shear walls may 
require cutting in foundations where few are now.  The existing concrete slab on grade and floor 
finishes would be removed.  After the floor slab is replaced, new flooring must be installed in 
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affected areas.  Care must be taken to integrate new with existing finishes; in some cases, this 
may require replacing the floor finish throughout the room.  Ensure foundation drains, buried 
utilities, and other items will not be impacted by this work.  Landscaping will be affected by the 
work and should be restored to pre-construction condition after completion of the work. 

Drag Struts 

Drag struts and collectors need to be added at certain sections along the interior corridors of the 
building.  The impact on corridor widths, travel paths, and ADA requirements must be 
considered.  Floor finishes and ceilings may be impacted by this work as well, unless drag struts 
and collectors are installed from within the attic. 

Ceilings 

Although there are multiple access points to the truss spaces throughout the building, removal of 
the existing plaster and acoustic ceiling tiles may be required to gain direct access to the trusses 
and underside of the roof deck.  Repair plaster ceilings and replace damaged acoustic tiles, to 
match existing.  Fire ratings, if present, must be retained. 
 
Where existing suspended T-bar ceilings would need to be removed to perform the 
recommended upgrades to the roof trusses and diaphragms, the T-bar suspended grid should be 
reinstalled with a new seismically braced T-bar system to meet current seismic code standards.  
Where lighting needs to be removed, the school district should consider updating the light 
fixtures to lightweight LED fixtures independently supported from the roof structure above. 

Roof Diaphragm Improvements 

The existing roof diaphragm does not have enough strength or stiffness to perform adequately.  
The roof should be sheathed with APA-rated plywood designed to transfer shear to the identified 
shear walls and moment frames.  The existing structural roof system consists of wooden trusses, 
connected together with plywood gusset plates.  It is recommended that these wooden gusset 
plates be updated with metal gang nail plates.  
 
Connections at exterior walls between the foundation and roof structure are also required. 
 
In order to perform the work, portions – if not all – of the existing roofing and roof deck will 
need to be removed.  Protection from the weather must be provided wherever roofing has been 
removed.  
 
If existing insulation is above the roof deck, it will need to be replaced with additional insulation 
to meet current energy code requirements (R-38).  As mentioned earlier, there are multiple 
access points to the truss spaces throughout the building; however, there may be instances where 
the existing ceilings may need to be removed and replaced to allow access to the trusses and the 
underside of the roof deck, in order to install metal gusset plates, etc. 
 
For work performed above classrooms and restrooms, access to the underside of the roof deck 
may be easiest through the ceilings in these areas. 
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Upgrades to Covered Play Area Roof 

The current covered play area is not adequately attached to the adjacent main building and 
multipurpose building.  It is recommended that the covered play area be attached to the 
multipurpose building and detached from the main building using a seismic joint.  The purpose 
of the proposed retrofit is to allow movement of the play area without pounding the main 
building, while also being able to transfer seismic loads properly into the multipurpose building 
in order to remain stable. 

Contents and Furnishings 

The building contains various tall and narrow furniture, such as shelving and storage units, that 
are freestanding away from any backing walls.  This furniture is highly susceptible to toppling if 
not anchored properly and can become a life-safety hazard or adversely affect post-earthquake 
operations.  The recommended seismic mitigation for tall and narrow furniture is as follows: 
 

• Anchor storage cabinets or shelving units that are more than 6 feet high and have a 
height-to-depth or height-to-width ratio greater than 3-to-1 to the structure or to each 
other to prevent toppling during an earthquake. 

• Provide bracing or restraint for equipment, stored items, or other contents weighing more 
than 20 pounds and with a center of mass that is more than 4 feet above the adjacent floor 
level. 

4.3  Opinion of Conceptual Construction Costs 

A preliminary opinion of probable construction costs to perform the concept-level seismic 
upgrade recommendations provided in this report is included in Appendix C.  The input for these 
preliminary probable costs are the Tier 1 checklists and the preliminary concept-level seismic 
upgrades design recommendations and sketches.  These preliminary concept-level design 
sketches depict a design concept that could be implemented to improve the seismic safety of the 
building structure.  It is important to note that this preliminary seismic upgrades design concept 
is based on the results of the Tier 1 seismic screening checklists and engineering design 
judgement and has not been substantiated by detailed structural analyses and calculations.  
Consequently, the costs presented in this concept-level design report are very preliminary in 
nature and are only intended to be utilized in their aggregate form with the entire statewide 
school seismic safety assessments study. 
 
For this preliminary opinion of probable construction costs, an estimate of the current year 
(2019) construction costs of the probable scope of work was developed.  These costs were 
developed based on the Tier 1 checklist, concept-level seismic upgrade design sketches, and 
project narratives.  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 
variable cost range of a Class 5 estimate is due to the limited design completeness and is defined 
as 0 percent to 2 percent Project Definition Deliverables. 
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The estimated structural and nonstructural construction cost to mitigate the deficiencies 
identified in the Tier 1 checklists of the Cosmopolis Elementary School Main Building ranges 
between approximately $3.0M and $5.7M (-20 percent/+50 percent).  The estimated construction 
cost to seismically upgrade this building is approximately $3.8M.  On a per-square-foot basis, 
the seismic upgrade construction cost is estimated to be approximately $124 per square foot in 
2019 dollars, with a variance range between $100 per square foot and $187 per square foot.  
 
This preliminary opinion of construction cost includes labor, materials, equipment, and general 
contractor general conditions (mobilization), overhead, and profit.  This is based on a public 
sector design-bid-build project delivery method.  Project delivery methods such as negotiated, 
State of Washington GC/CM, and design-build are not the basis of the construction costs.  
Owner’s project costs not included in the construction cost estimate are building permits, design 
fees, change order contingencies, escalation at a recommended 4.1 percent* per year to the 
midpoint of construction (currently unknown), materials testing/inspection, project planning and 
design schedule delay contingencies, and owner’s overall project contingency.  Additional 
owner’s project costs would likely include owner’s general overhead costs, including project 
management, 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.  These additional costs are not included in this 
preliminary concept-level design construction cost estimate. 
 
Costs of all types excluded from the construction costs are site work, construction of replacement 
facilities, and mitigation of seismic risks for existing facilities and building code changes that 
occur over time after this report.  Future planning budgets should not be set on the basis of the 
preliminary construction costs estimate based on the concept-level design ideas presented in this 
report.  For budget planning purposes, it is highly recommended that a seismic upgrade budget 
be determined after the owner defines the scope of work and obtains the services of an A/E 
design team to study the proposed seismic mitigation strategies and to refine the concept-level 
seismic upgrades design approach contained in this report. 

*-4.1%/year escalation rate for planning purposes should be compounded annually to the 
midpoint of construction and is sourced from Engineering News Record (ENR), November, 
2017, the most recent rate representative of the escalation of construction costs throughout the 
state of Washington. 
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Table 4.3.1.  Seismic Upgrades Opinion of Probable Construction Costs. 

Building 
FEMA 
Bldg 
Type 

ASCE 41 
Level of 

Seismicity 
/ Site 
Class 

Structural 
Performance 

Objective 
 

Bldg 
Gross 
Area  

Estimated Seismic 
Upgrade Cost Range 

$/SF 
 (Total) 

Estimated 
Seismic 
Upgrade 
Cost/SF 
(Total) 

Cosmopolis 
Elementary, Main 

Building 
W2 High / D 

Structural 

Life Safety 30,460 SF $70 
($2.13M) 

- $131 
($3.99M) 

$87 
($2.66M) 

Nonstructural 

Life Safety 30,460 SF $30 
($909K) 

- $56 
($1.70M) 

$37 
($1.14M) 

Total 

 30,460 SF $100 
($3.03M) 

- $187 
($5.69M) 

$124 
($3.8M) 

.W: Wood-Framed; URM: Unreinforced Masonry; RM: Reinforced Masonry; C: Reinforced Concrete; PC: Precast 
concrete; S: Steel-framed 
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Appendix A:  Field Investigation Report and Tier 1 Checklists 
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Appendix B:  Concept-Level Seismic Upgrade Figures  
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Figure 1  -  Main Floor Strengthening Plan
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Figure 2  -  Roof Strengthening Plan
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Washington State School Seismic Safety Assessments Project – Cosmopolis School District – June 2019
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Notes:
1.	 Block roof diaphragm

2.	 Update truss gusset 
plates to metal

3.	 Update connections between 
truss and glue lam beams

4.	 Add sheathing to walls that do 
not contain large windows.



Figure 3  -  Roof Strengthening Plan
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Appendix C:  Opinion of Probable Construction Costs 
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Name:

Second Name: Cosmopolis Elementary School
Location: State of Washington

520 Kirkland Way, Suite 301 Design Phase: ROM Cost Estimates
Kirkland, WA  98033 Date of Estimate: April 15, 2019
tel: (425) 828‐0500 Date of Revision:

fax: (425) 828‐0700 Month of Cost Basis: 1Q, 2019
www.prodims.com

Project Name
 Total Estimated 

Construction Cost 

 
Tot
al 

Esti
Cosmopolis Elementary School Structural Costs $2,660,744 $0

Cosmopolis Elementary School Non-Structural Costs $1,136,553 $0

$3,797,296

Estimate Assumptions:
The ROM Construction Cost estimates are based on the Concept Design Report for the Project.

Construction Escalation is not included.  Costs are current as of month of Cost Basis noted Above

Estimate Qualifications:
The ROM estimates are not be relied on solely for proforma development and financial decisions.

        Further design work is required to determine construction budgets.

All Buildings Estimated to the 5' foot line for Utilities, All Sitework is estimated to go with any combination of the buildings and alternatives.

The ROM estimates do not include any Hazardous Material Abatement/Disposal.

For Construction Cost Markups they are additive, not cumulative. Percentages are added to the previous subtotal rather than the direct cost subtotal.

Owner Soft Costs are not included in the estimates. Soft costs can include design fees, sales tax, permits, owner's contingency and FF+E.

Estimated labor is based on an 8 hour per day shift 5 days a week.   Accelerated schedule work of overtime has not been included.

Estimated labor is based on working on unoccupied facility without phased construction.

Estimate is based on a competitive public bid with at least 3 bona fide submitted and unrescinded general contractor bids.

Estimate is based on a competitive public bid with a minimum 6 week bidding schedule and no significant addendums within 2 weeks of bid opening.

State of Washington General Contractor/ Construction Manager (GC/CM) contracts typically raises construction costs. It is Not Included in this estimate.

Estimated construction cost is for the entire project.  This estimate is not intended to be used for other projects.

Please consult the cost estimator for any modifications to this estimate.  Unilaterally adding and deleting markups, scope of work, schedule,

specifications, plans and bid forms could incorrectly restate the project construction cost.

Construction reserve contingency for change orders is not included in the estimate.

Sole source supply of materials and/ or installers typically results in a 40% to 100% premium on costs over open specifications.

Wa State School Seismic Safety 
Assessment

Cosmopolis Elementary School

Master Estimate Summary

TOTAL ESTIMATED CONSTRUCTION COST
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Appendix D:  Earthquake Performance Assessment Tool 
(EPAT) Worksheet 
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Appendix E:  Cosmopolis Elementary School Record 
Drawings 
  



 

Washington State School Seismic Safety Assessments Project  June 2019 
Seismic Upgrades Concept Design Report – Main Building  
Cosmopolis School District – Cosmopolis Elementary School 

 
This page intentionally left blank. 

 
 































































































































































 

Washington State School Seismic Safety Assessments Project  June 2019 
Seismic Upgrades Concept Design Report – Main Building  
Cosmopolis School District – Cosmopolis Elementary School 

Appendix F:  FEMA E-74 Nonstructural Seismic Bracing 
Excerpts 
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Life Safety Systems 

 

 

Figure G-1.  Flexible Sprinkler Drop. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 

 

 

Figure G-2.  End of Line Restraint. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Partitions 

 

 

 

Figure G-3.  Mitigation Schemes for Bracing the Tops of Metal Stud Partitions Walls. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-4.  Mitigation Schemes for Bracing the Tops of Metal Stud Partitions Walls. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-5.  Full-height Glazed Partition. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-6.  Full-height Heavy Partition. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-7.  Typical Glass Block Panel Details. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Ceilings 

 

 

 

Figure G-8.  Suspension System for Acoustic Lay-in Panel Ceilings – Edge Conditions. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-9.  Suspension System for Acoustic Lay-in Panel Ceilings – General Bracing Assembly.  

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-10.  Suspension System for Acoustic Lay-in Panel Ceilings – General Bracing Layout.  

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-11.  Suspension System for Acoustic Lay-in Panel Ceilings – Overhead 
Attachment Details.  

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-12.  Gypsum Board Ceiling Applied Directly to Structure. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-13.  Retrofit Detail for Existing Lath and Plaster. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 

 

 

 

Figure G-14.  Diagrammatic View of Suspended Heavy Ceiling Grid and Lateral Bracing. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-15.  Perimeter Details for Suspended Gypsum Board Ceiling. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-16.  Details for Lateral Bracing Assembly for Suspended Gypsum Board Ceiling. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Light Fixtures 

 

 

Figure G-17.  Recessed Light Fixture in suspended Ceiling (Fixture Weight < 10 pounds). 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
 

 

 

Figure G-18.  Recessed Light Fixture in suspended Ceiling (Fixture Weight 10 to 56 pounds). 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 

Contents and Furnishings 
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Figure G-19.  Light Storage Racks. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-20.  Industrial Storage Racks. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-21.  Wall-mounted File Cabinets. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-22.  Base Anchored File Cabinets. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-23.  Anchorage of Freestanding Book Cases Arranged Back to Back. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-24.  Desktop Computers and Accessories. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-25.  Equipment Mounted on Access Floor. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-26.  Equipment Mounted on Access Floor – Independent Base. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
 
 

 

Figure G-27.  Equipment Mounted on Access Floor – Cable Braced. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-28.  Equipment Mounted on Access Floor – Tie-down Rods. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Mechanical and Electrical Equipment 
 

 

 

Note: Rigidly mounted equipment shall have flexible connections for the fuel lines and piping. 

 

Figure G-29.  Rigidly Floor-mounted Equipment with Added Angles. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-30.  HVAC Equipment with Vibration Isolation. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-31.  Rooftop HVAC Equipment. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-32.  Suspended Equipment. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-33.  Water Heater Strapping to Backing Wall. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 

 



 

Washington State School Seismic Safety Assessments Project  June 2019 
Seismic Upgrades Concept Design Report – Main Building - F-30 - 
Cosmopolis School District – Cosmopolis Elementary School 

 

Figure G-34.  Water Heater – Strapping at Corner Installation. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 

 

 

Figure G-35.  Water Heater – Base Mounted. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-36.  Rigid Bracing – Single Pipe Transverse. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-37.  Cable Bracing – Single Pipe Transverse. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Electrical and Communications 
 

 

 

 

Figure G-38.  Electrical Control Panels, Motor Controls Centers, or Switchgear. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-39.  Freestanding and Wall-mounted Electrical Control Panels, Motor 
Controls Centers, or Switchgear. 

(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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Figure G-40.  Emergency Generator. 
(FEMA E-74, 2012, Reducing the Risks of Nonstructural Earthquake Damage) 
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