
 
 
 

INNOVATIVE SEISMIC UPGRADE PROGRAMS FOR U.S. NAVAL 
HOSPITALS AND MEDICAL FACILITIES – CASE STUDIES 

 
 

 
JENNIFER M. CIOFOLO, P.E., PROJECT ENGINEER, REID MIDDLETON, INC. 

DAVID B. SWANSON, P.E., S.E., PRINCIPAL, REID MIDDLETON, INC. 
BRIAN MATSUMOTO, P.E., S.E., SENIOR ENGINEER, REID MIDDLETON, INC. 

KENNY O’NEILL, P.E., PROJECT ENGINEER, REID MIDDLETON, INC. 
ERIK BISHOP, P.E., PROJECT ENGINEER, REID MIDDLETON, INC. 

DARIN AVEYARD, P.E., PROJECT ENGINEER, REID MIDDLETON, INC. 
MICHAEL FRASER, P.E., PHD, GEOTECHNICAL ENGINEER, NAVFAC SW 

 
 
Abstract 
 
Over the last 19 years, the U.S. Navy has been working to improve seismic safety, earthquake 
preparedness, and disaster resislance of its major medical facilities.  
 
Seismic Safety Programs at the 1,300,000 SF Naval Medical Center San Diego (NMCSD); the 
160,000 SF Naval Hospital Twentynine Palms (NHTP); 250,000 SF Naval Hospital Bremerton 
(NHB); and the 240,000 SF Naval Hospital Yokosuka (NHY) have led to several innovations in 
improving the disaster resislance of these major U.S. Navy healthcare facilities.  This seismic 
safety program work has spawned innovations in seismic upgrades design, project delivery, 
and post-earthquake response programs.  Topics presented will include: 
 

 Overview of the U.S. Navy Seismic Safety Program Development at NMCSD, NHTP, NHB, 
and NHY. 

 Summary of the seismic evaluation and upgrades design process using state-of-the-art 
computer simulations and performance-based-earthquake engineering. 

 Overview of the seismic upgrade design solutions that employ protective design features, 
such as seismic damping and seismic isolation. 

 Seismic damping and base isolation design parameters and associated seismic upgrade costs 
for these four case studies. 

 Summary of cost and performance of these innovative seismic upgrade design approaches. 
 
This paper will provide a summary of the overall Navy Healthcare seismic safety improvement 
programs initiatives and the seismic design, earthquake preparedness, and response 
innovations that they have helped spawn.  A discussion of research needs to support these 
innovations will also be presented.  
 
1.0 Introduction 
 
Over the last 2 decades, the US Navy has been improving the seismic safety and earthquake 
preparedness of major medical facilities on the seismically active Pacific Rim.  Seismic safety 
programs have been developed for Naval Hospital Bremerton (NHB), Naval Medical Center 
San Diego (NMCSD), and Naval Hospital Twentynine Palms (NHTP), and Naval Hospital 
Yokosuka (NHY) that combine a comprehensive Performance Based Earthquake Engineering 
(PBEE) seismic upgrades program with the development of an innovative post-earthquake 



inspection program.  These seismic programs have made use of seismic protection systems 
in their upgrades design while spawning innovations in performance based and building safety 
evaluation tools available for the rapid post-earthquake inspection of these critical facilities. 

The seismic safety programs are composed of two distinct components: improving building 
earthquake performance and improving post-disaster inspection response.  A building’s 
earthquake performance is improved by performing a comprehensive seismic screening, 
evaluation, and upgrades program.  

This paper presents an overview of these projects and the resulting seismic safety 
improvements and developments that this work has spawned. 

2.0 Naval Hospital Seismic Safety Program Development 

US Naval Hospital Seismic Program development starts with learning about the long-term 
needs and use of the military hospital and supporting facilities.  Seismic screenings are 
among the first technical activities performed to gain an overall understanding of the medical 
facilities expected level of seismic performance and interdependence of the facilities.  
Detailed seismic evaluations are performed per ASCE 41 for buildings with the highest risk 
and importance to the overall medical mission.  Seismic upgrade designs are then performed 
per ASCE 41 requirements to mitigate seismic deficiencies while improving seismic 
performance of the facilities.  

For many of the evaluated facilities, improved seismic performance was achieved by 
incorporating non-linear time-history dynamic analysis procedures for the evaluation and 
seismic upgrades design approaches and the use of seismic protection devices such as 
seismic dampers and seismic isolators.  Figure 2-1 illustrates the overall seismic 
improvements program process.   

 
 

Figure 2-1.  US Navy Seismic Improvements Program Overview. 
 
3.0 Case Studies:  Hospital Facilities Summaries 

Four different US Naval Hospital seismic upgrades case studies are provided to compare the 
designed seismic upgrades performance vs. the implementation cost for each facility.  To 
gain an understanding of the relative seismic hazards at each site, Table 3-1 provides a 
comparison of mapped spectral ground accelerations for the ASCE 41 BSE-2N Earthquake 
at the Pacific Rim US Naval Hospitals. 



Table 3.0-1.  Ground Acceleration Comparisons for Pacific Rim US Naval Hospitals. 

 
 
The following is a synopsis of each facility and the resulting seismic improvements system, 
performance objective and cost. 
 
 
3.1 Naval Hospital Bremerton 
 
Naval Hospital Bremerton (NHB) is a 9-story, 250,000 square-foot building constructed in 1976.  
The structural framing system consists of concrete floor slabs, steel moment-resisting (SMRF) 
frames, and concrete continuous spread footings.  Exterior finishes include 2-story tall precast 
concrete cladding panels at stair towers.  In February 2001, the building was subjected to 
earthquake M 6.8 Nisqually Earthquake.  A seismograph located in the hospital recorded the 
ground motion and building response.  The seismograph indicated that the hospital 
experienced 0.1g peak ground acceleration with a peak roof acceleration of nearly 0.5g.  A 
maximum displacement of 7.1 inches occurred at the roof level of the hospital and significant 
torsional response was measured.  Figure 3.1-1 provides an overview of the facility and 
seismic evaluation and upgrades timeline. 
 



 
Figure 3.1-1.  Facility Snapshot - Naval Hospital Bremerton. 

 
Following the earthquake, a comprehensive inspection program was undertaken to investigate 
whether steel moment resisting frame (SMRF) connections had been damaged from the 
Nisqually Earthquake.  The “pre-Northridge” SMRF connections possess limited ductility based 
on damage found in similar structures following the 1994 Northridge Earthquake in California.  
Of the 30 connections inspected, no damage (significant cracks or fractures) was observed.  
However, damage to nonstructural partitions and building contents caused minor disruptions 
to hospital operations. 

A comprehensive seismic screening and evaluation was performed resulting in a seismic 
upgrades project consisting of the installation of passive energy-dissipating fluid viscous 
dampers (FVDs) throughout the 9-story hospital tower and podium structure to reduce story 
drifts and limit damage to structural and nonstructural elements.   

The FVD is a type of passive energy-dissipating device that is particularly effective in 
reducing earthquake-related forces and deformations of flexible structures.  One of the 
primary benefits of the FVD is that it acts in concert with the building’s primary lateral system 
rather than replacing or bypassing it - all without significantly changing the mass or stiffness 
of the building.  Another benefit of using FVDs is the flexibility for the design team is able to 
locate FVDs where the existing architecture, utilities, and user operations are impacted the 
least.  

The FVD installation process is relatively simple and minimizes operational interruptions.  In 
a hospital environment, disruptions can often be a more significant cost than materials and 
labor needed for installation.  

 
       



  
 

Figure 3.1-2.  Typical Fluid Viscous Damper Configuration Options 
 

3.2 Naval Medical Center San Diego 

Naval Medical Center San Diego (NMCSD) is the largest and most comprehensive military 
healthcare facility in the western United States.  NMCSD has a staff of over 6,000 personnel 
that provides health care for over 500,000 people (active duty, dependents, and retirees) in the 
San Diego area.  It is one of about a dozen acute care hospitals in San Diego County and 
could be called on to serve an overall population of 1.2 million people after a disaster. 
 
According to the State of California Office of Statewide Health Planning and Development 
(OSHPD) records, there are approximately 7,000 licensed acute-care beds in San Diego 
County (3,500 within the City of San Diego).  In terms of licensed beds, NMCSD is the fourth 
largest hospital in San Diego County (third largest within the City of San Diego), with nearly 
450 beds.  Damage to either the building structure or to the contents could result in the 
disruption of essential hospital functions for an indefinite time period, thereby significantly 
decreasing the post-disaster medical care capacity in the region. 
 
The medical center is vast, with 23 buildings containing over 2.5 million square feet of 
functional space, currently valued at over $900 million.  The Main Hospital and North and South 
Clinic Buildings alone represent over 1.2 million square feet of space, used for acute care and 
essential services.  Figure 3.2-1 provides an overview of the facility and seismic evaluation 
and upgrades timeline. 



 

Figure 3.2-1.  Facility Snapshot - Naval Medical Center San Diego. 
 
A comprehensive seismic screening and evaluation was performed resulting in a seismic 
upgrades project consisting of the installation of passive energy-dissipating devices (dampers) 
throughout the Main Hospital and North and South Clinic Buildings to reduce story drifts and 
limit damage to structural and nonstructural elements. 
 

3.3 Naval Hospital Twentynine Palms 

Naval Hospital Twentynine Palms (NHTP) is located on the 596,000-acre premier live-fire 
base, Marine Corps Air Ground Combat Center (MCAGCC), of the southern Mojave Desert.  
The project site is in proximity of the West Bullion Mountain Fault.  Each year, approximately 
one-third of the Fleet Marine Force and Marine Reserve units (about 50,000 personnel) 
participate in the center’s training exercise program.   
 
The state-of-the-art hospital, designed and constructed in the early 1990s and commissioned 
in 1993, has a combined floor area of approximately 160,000 square feet.  The population 
assigned to MCAGCC is approximately 9,700.  In a significant earthquake, the hospital could 
be called upon to serve an estimated population of 25,000 in the greater Twentynine Palms 
area.  Figure 3.3-1 provides an overview of the facility and seismic evaluation and upgrades 
timeline. 
 
 
 



 
 

Figure 3.3-1.  Facility Snapshot - Naval Hospital Twentynine Palms. 
 
A comprehensive seismic evaluation was performed resulting in a seismic upgrades project 
consisting of the installation of passive energy-dissipating devices (dampers) throughout the 
Main Hospital and adjoining clinic building to reduce story drifts and limit damage to structural 
and nonstructural elements. 
 

3.4 Naval Hospital Yokosuka 

Naval Hospital Yokosuka (NHY) is located on the 579-acre Commander Fleet Activities 
Yokosuka (CFAY) naval base located approximately 43 miles south of Tokyo, Japan, on a small 
peninsula in Tokyo Bay.  The NHY facility is comprised of approximately five buildings – the 
main hospital, Building 1400, and the supporting Buildings 1401, 1402, 1404, and 3207.  NHY 
is a mission-critical facility due to its post-disaster importance as a medical facility for the US 
military.  NHY serves a naval base population of 25,000 people that includes active duty 
members, their families, retired military personnel, civilian employees, and local employees.   

Therefore, the earthquake performance and reliability and operational performance of NHY is 
essential to the naval base during and after a seismic event.  Due to the importance of this 
facility, the US Navy initiated a comprehensive seismic screening, evaluation and upgrades 
program to investigate the buildings, perform seismic evaluations, determine deficiencies, and 
prepare seismic upgrade alternatives and recommendations to improve the seismic 
performance of the facility.  Figure 3.4-1 provides an overview of the facility and seismic 
evaluation and upgrades timeline. 



 

Figure 3.4-1.  Facility Snapshot - Naval Hospital Yokosuka. 
 
A comprehensive seismic screening and evaluation was performed resulting in multiple 
seismic upgrades design alternatives and costs.  The selected seismic upgrades design 
approach is the installation of seismic base isolators under the Main Hospital and adjoining 
clinic building to reduce earthquake forces on the nonductile steel reinforced concrete (SRC) 
moment resisting frames and earthquake story drifts to limit damage to structural and 
nonstructural elements. 
 
 
4.0 Case Studies Comparison Summaries 

The seismic screening, evaluation and upgrades work associated with these four US Naval 
Hospitals has spanned almost two decades.  Consequently, there is a lot of comparative 
information related to design criteria, design alternatives, and comparisons made to a myriad 
of technical and cost information that can better inform future seismic upgrades design 
decisions and recommendations.   

To succinctly convey some of the most generalized seismic evaluation and upgrades design 
parameters, the following Table 4.0-1, Table 4.0-2, and Table 4.0-3 are provided to provide 
these comparisons between the four case studies. 

 
 
 
 
 
 
 
 
 
 
 



 
Table 4.0-1.  Seismic Upgrades Comparison Table – Building Descriptions. 

 

 
Table 4.0-2.  Seismic Upgrades Comparison Table (cont.) – Findings. 

 

 
 
 
 
 
 



Table 4.0-3.  Seismic Upgrades Comparison Table (cont.) – Seismic Retrofit 
and Costs. 

 

Some generalized comparisons between each case study hospital include: 

1. All of the four case study hospitals are located in areas of high earthquake hazards; 
however, the spectral accelerations of NHY in Japan are two to three times greater 
than the three US-based Naval Hospitals. 

2. Both NHY and NHB sites have long-duration subduction zone earthquake sources 
unlike the NMCSD and NHTP sites. 

3. The age range of the case study buildings range between 25 years to 42 years old. 
4. The concrete framed NHY weighs approximately twice the weight of the other three 

steel-framed hospitals (NHB, NMCSD, and NHTP). 
5. The three steel framed hospitals (NHB, NMCSD, and NHTP) are on shallow footings 

compared the concrete framed hospital (NHY) which is on a deep foundation. 
6. The Steel Reinforced Concrete (SRC) lateral force resisting system (LFRS) at NHY is 

significantly different than the steel moment frame systems at the other three facilities 
(NHB, NMCSD, NHTP).  

7. The SRC moment frames of NHY are not ductile-reinforced (e.g. confinement and 
longitudinal rebar) and the steel members are not proportioned for seismic 
performance. Therefore, rather than being "the best of both worlds" as originally 
intended, non-ductile SRC frames represents the seismic vulnerabilities of both steel 
and concrete's material properties. 

8. Due to its weight, seismic hazards, and non-ductile nature of the SRC and shear wall 
systems, NHY requires a different seismic upgrades approach of base isolation.   

9. The base isolation seismic upgrade approach for the large and heavy concrete NHY 
building is, like most seismic upgrade design approaches, unique to the specific 
technical characteristics of that building. 

10. The reinforced concrete exterior walls for NHY were intended to be laterally 
nonstructural.  However, they are connected to the floors in a manner that will require 
them to function as structural shear walls.  However, these walls have not been 
designed or detailed to take the required structural loads and impending 
deformations.  This design feature does not occur in the other steel framed buildings 
(NHB, NMCSD, and NHTP). 

11. Structural-only seismic upgrade costs range between $21 per square foot to $132 per 
square foot.  The costs presented in this paper were the costs at the time the projects 
were estimated or constructed and therefore for comparison purposes, these costs 
should be escalated to current market costs. 
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