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Earthquake Mitigation for Hospitals:  
Workshop

Part 8 – Building Mitigation 

Presenter
Presentation Notes
Slide 1 – Part 8 Title Slide
This session will look at mitigation to building structures and its integration into a facility mitigation program.  
Notes to Instructor:
It is suggested that questions from the audience be once again encouraged as they come up to facilitate workshop interaction among the participants.  The instructor may want to open up this session by asking if any of the participants have performed seismic mitigation on any of their facilities, and to share the experience with the class.
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Structural Mitigation

RISK = f(HAZARD, VULNERABILITY)

Presenter
Presentation Notes
Slide 2 – Structural Mitigation
Here is the risk equation again.  In this and the next session on nonstructural components, we will be focusing on mitigation, which translates to lowering the risk to the facility.  The hazard is known and cannot be changed.  However, the building vulnerability can be changed or reduced to lessen the building’s susceptibility to damage, potential causalities, and hospital downtime, thereby lowering the risk to the facility.  
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Structural Mitigation Outline

• Building Mitigation options
• Challenges unique to hospitals
• Structural Mitigation tools and resources
• Structural Mitigation measures for 

buildings
• Examples of structural strengthening 

of buildings

Presenter
Presentation Notes
Slide 3 – Section Outline
In this session we will be addressing building or structural mitigation.  We will first look at various options available to mitigate risk.  There are many options available for mitigation.  Challenges unique to hospitals will be reviewed as healthcare facilities often are the most challenging group of facilities to rehabilitate.  If you can imagine, there is little to no swing space for facility operations for allowing access to various areas of the building in order to construct strengthening measures.  However, there are methods that have been utilized over the years to manage this and we will look at some of these tools, resources, and mitigation measures to handle these challenges in an efficient and cost effective manner.  The integration of mitigation into a healthcare organization’s facility process is the main focus of this workshop.  Finally we will take a look at several actual hospital rehabilitation examples of structural strengthening.  
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Earthquake Losses

• Direct Damage:
o Physical asset damage
o Repair and restoration costs

• Indirect Damage:
o Loss of facility operations
o Loss of service to the community in the time 

of greatest need
o Loss of Good Will
o Patient evacuation/relocation
o Loss of life

Presenter
Presentation Notes
Slide 4 – Earthquake Losses
When a large earthquake affects a health care facility, or any other facility for that matter, direct losses can occur to the facility.  These include direct property damage and the associated construction activities and resulting costs to repair that damage.  However, there are other less evident losses that occur besides the direct losses.  In fact, these other or indirect losses can often times amount to a greater financial loss for a facility owner than the actual repair costs for the physical direct damage losses.   
Indirect damage or losses are a function of the amount of direct damage sustained by the building and systems. If your building is damaged and potentially unsafe for re-occupancy, then you are not going to be able to serve your current patients, or be able to treat injuries suffered in the surrounding community.  You will be out of operation and losing potential revenue.  This is referred to as downtime or business interruption.  You can’t function.  The community is also going to expect that the local healthcare facility is operable following a major disaster.  If not able to treat patients, then a potential loss of “good will” from the community can result affecting business operations in the future.  
Other indirect losses if your building or nonstructural components are damaged include current patient evacuation and relocation.  Do you have an emergency response plan that addresses this?  Does your backup facility have the patient capacity for these additional patients, and new patients that may have suffered injuries in the earthquake and require medical attention.  There could also be a loss of life due to the damage sustained in the building, or as a result of a loss of utilities such as electricity, water, critical medical gases availability. 
All of these are losses and must be addressed.  How the losses are lessened or reduced is mitigation.  Note one key point.  The less direct damage you sustain to your building and nonstructural components, equipment and systems, the less indirect losses will be incurred.  There is a direct correlation between direct damage sustained and indirect losses incurred as a consequence. 
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Earthquake Mitigation

• Mitigation of earthquake damage – Where to 
begin?

• Questions to ask and answer before any 
actual mitigation or major strengthening 
measures can be performed:

o What is your facility/site risk?
o What are your critical operations/functions that 

require protection?
o What back-up/redundancy capabilities are 

available, and can they be relied upon?

Presenter
Presentation Notes
Slide 5 – Earthquake Mitigation
Many decision makers and facility managers are overwhelmed when trying to understand the earthquake risk to their facilities and what mitigation measures to use to reduce the risk.  However, if a methodical and systematic approach is used, then it becomes a manageable process to achieve earthquake risk reduction to your facility.
Before any mitigation can be performed it is critically important to answer several questions regarding your facility.  These questions will assist in guiding the mitigation program.
What is the earthquake risk to your facility?  Is the building a vulnerable building type, or a more earthquake resistant construction system?  Maybe the risk to your building and nonstructural components is low and acceptable such that no mitigation is required.  Wouldn’t that information be valuable to you.  
What is the function of your facility?  Is it your urgent care hospital, or is it a maintenance facility with low occupancy.  This affects priorities for mitigation implementation.
What back-up capabilities does your facility have?  Do you have an emergency generator for electrical power?  What does that generator power?  How much of a fuel supply do you have – 1 day, 1 week?  If only a few days, where is your fuel supplier located and will they be able to drive a truck to your facility to refill the fuel tank?  Are you a high priority for fuel delivery?  What is the risk to the refuelers facility?
These are important questions to answer that will greatly assist in guiding decisions regarding facility mitigation.  
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Earthquake Mitigation
• Existing facility risk must be known 
• Initial Facility Risk Assessment:

o Desk-top survey $
o Rapid visual survey of the facility $$
o Comprehensive facility engineering risk assessment of building 

and nonstructural components $$$
• Rank & Prioritize the risks also considering critical 

functional aspects and long-term use of the facility.
• Develop a Mitigation Plan (FEMA 396) from the 

assessment findings and recommendations.
• Capitalize and begin to implement the Mitigation 

Plan.

Remember – reducing earthquake risk cannot be achieved 
overnight.  Earthquake Mitigation is a long term process.

Presenter
Presentation Notes
Slide 6 – Earthquake Mitigation
Before any mitigation can be performed, the earthquake risk to a facility must be known.  This is our first question in the previous slide.  This is accomplished via a facility risk assessment.  The risk assessment can include only one facility building and the nonstructural equipment and systems contained inside, or it can include multiple buildings for an entire healthcare campus.   
The risk assessment can take many forms from a simple desk-top survey with limited information to conducting a complete comprehensive facility engineering risk assessment of building and nonstructural components.  
Several important tools have been developed to assist in performing an earthquake risk assessment. FEMA 154/155, Rapid Visual Screening of Buildings for Potential Seismic Hazards: A Handbook, free from FEMA, describes  a sidewalk survey approach for risk assessment. The next tools in increasing complexity, which are implemented by structural engineers, are the American Society of Civil Engineers ASCE 31 Standard, Seismic Evaluation of Existing Buildings, and the ASCE 41, Standard Seismic Rehabilitation of Existing Buildings.  These latter two documents are industry consensus standards for the evaluation and design of rehabilitation measures for buildings and nonstructural components.
For nonstructural component mitigation there is FEMA 74 Reducing the Risks of Nonstructural Earthquake Damage, a Practical Guide.  Also available from FEMA for free are mitigation guides FEMA 412, 413, & 414 , a series of construction guides for mechanical, electrical and piping/duct systems with actual construction details.  
The completed risk assessment should identify where the vulnerabilities are, their severity, and there relative importance in impacting facility operations.  These data can then be used to make key decisions regarding mitigation.  The vulnerabilities can be prioritized addressing the highest risk items first.  Once a mitigation plan is developed, then the integration into the hospital management process and capitalization of the measures to be performed can be implemented.
One key thought is that mitigation cannot be achieved overnight.  It is a 5, 10, 15 year process as well as a continual state of mind that needs to extend beyond the direct mitigation implementation period.  It is a long-term process.  
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Earthquake Mitigation Options

• Do nothing – ignore the risk
• Accept the risk
• Modify emergency response & business 

recovery plans
• Adjust business operations:

o Relocate critical functions to lower risk facilities
o Locate non-critical functions to higher facilities

• Perform facility strengthening
• Perform nonstructural component 

strengthening and anchorage improvements
• Combination of the above

Presenter
Presentation Notes
Slide 7 – Earthquake Mitigation Options
Once the risk assessment is performed and the vulnerabilities identified and prioritized, there are many options available for mitigation.  Several of the more useful mitigation measures include:
Do nothing.  The risk may be essentially zero and there is nothing to do.  Or, this could also include those facilities that have not performed a risk assessment and chose to do nothing.
The risk maybe sufficiently low, or of a level that is acceptable to the organization.  Possibly this risk will be transferred via securing appropriate levels of earthquake insurance.
Maybe the risk to the facility is low, but there is some risk, and appropriate mitigation measures can be handled through changes to emergency response & business recovery plans.  This may provide greater benefit vs cost of implementation rather than implementing a structural strengthening program to reduce the low risk.
Knowing the risk to your building structures also allows planning activities to take into account good- or low-risk facilities and moderate- or high-risk facilities in terms of the functions and activities to place in these facilities.  For example, if you have an older high-risk facility with critical healthcare functions, you can look at implementing in the facility long-term planning actions to either move these critical functions to other lower risk facilities or place less critical functions in this facility.
Facility strengthening can be performed.  This is disruptive, no doubt.  You’ll also notice that it is towards the bottom of the list.
Maybe the building structure is a low-risk, but the nonstructural components, equipment, and systems have been identified as having a high risk of damage.  A nonstructural strengthening program should then be implemented.
In all likelihood, mitigation will encompass all of the above and likely other options not listed.
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Earthquake Mitigation

• Do it right the first time from today forward
• Long-term strategy:

o New Construction
o Planned facility outages
o Renovations & remodels
o New equipment 

installations
o Aging equipment 

replacement
o During equipment maintenance 

activities
• Earthquake mitigation does not happen overnight

Presenter
Presentation Notes
Slide 8 – Earthquake Mitigation
Lets look at structural mitigation.  Mitigation is a long-term life-long process an organization must continue to implement.  It’s a long-term process, but if started today, at some point in the future the entire facility will have been rehabilitated.  There are several cost effective measures of earthquake mitigation that can be started today, and in fact will cost very little in their implementation.  This long-term strategy includes:
For all new construction going forward, insist that it is seismically designed and constructed.  This is the most cost-effective measure for incorporating earthquake resistance into a facility.
Take advantage of planned outages to implement mitigation measures when access is available and disruption to operations will be less.  This step is integrating rehabilitation into already planned activities.
Implement seismic resistance into all renovations and remodels.  If you are renovating a space within the building, why not take the advantage of making what is constructed seismic resistant.  For example, brace the ceiling, safety tie the light fixtures from falling, brace the HVAC ducting and sprinkler piping and anchor unanchored equipment. 
During replacement of aging equipment, why not replace it with seismically qualified and anchored equipment?  You will have reduced the risk and have integrated mitigation into normal planned facility activities.
In a similar manner during routine maintenance activities, develop and then implement an equipment anchorage program during these activities.  Overtime you will have addressed all the equipment in your facility.
Notice how these mitigation activities are not over a given period of time, but actions that occur over a long time period.  Mitigation does not happen overnight, so don’t become overwhelmed with the task.  Approach it in a methodical and systematic manner integrating rehabilitation measures into normal facility process activities, and it will eventually be complete.
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Hospital Mitigation Challenges

• Disruption to operations
• Loss of space
• Temporary relocation of patients and patient 

care services
• Specialized areas

- MRI, X-ray, etc.
- Pharmacies
- Bio Hazards 
- Records

• Deep foundations

Presenter
Presentation Notes
Slide 9 – Hospital Mitigation Challenges
This workshop’s purpose is to look at integrating rehabilitation measures into a healthcare organization’s existing facility management program.  This purpose was developed as a result of the rehabilitation work that has been on-going in California where engineers discovered some unique challenges to mitigation in hospitals. This is why the actions of the previous slide are stressed as they offer excellent cost-effective opportunities for implementing rehabilitation measures into challenging healthcare facilities.  Several of the challenges for hospitals include:
Disruption to operations.  It is difficult to all of a sudden move an urgent care section of a hospital in order to perform structural strengthening.  It’s not easily done.
Loss of space.  Most healthcare organizations do not have extra space lying around to move certain functions while structural mitigation is being performed in the other space.
Many areas of a hospital contain heavy specialized equipment with often times special structural design requirements for their placement.  This equipment and special areas cannot be easily moved (for example, MRI areas with leaded walls surrounding the equipment).  
Deep foundation systems.  Many hospitals have basements or lower areas serving as support areas for hospital functions.  As a result, the building structure has deeply embedded foundations, which create a challenge in designing and constructing the necessary foundation enhancements that maybe needed in a building structural rehabilitation program.



Slide 10Earthquake Mitigation for Hospitals: Workshop

Hospital Challenges (Cont.)
• Interstitial (above

ceiling) spaces

Presenter
Presentation Notes
Slide 10 – Hospital Challenges (Cont.)
Additional challenges in rehabilitation of hospital facilities relate to interstitial floors, which contain the necessary HVAC, medical gas, fire-protection systems supplied to that floor from overhead. Normally, interstitial floors enable changes to the medical rooms below with greater ease than if configured without an interstitial floor. However, if a structural mitigation strengthening measure, such as the edition of a steel braced frame, is required to enhance the earthquake resistance of the building, then the engineer and construction teams must account for the interaction of the bracing system with the interstitial floor and equipment and systems supported by the floor.  This can be a difficult challenge.
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Hospital Challenges (Cont.)

• Typically
congested 
mechanical
& electrical 
rooms

Presenter
Presentation Notes
Slide 11 – Hospital Challenges (Cont.)
Another challenge is constructing rehabilitation measures in utility rooms.  These spaces are typically designed too small for the equipment necessary to support the hospital environment, so they tend to be very congested and a difficult space in which to perform construction activities.  This issue arises because architects try to work within an organization’s budget for a new building, and therefore have to keep the square footage to a minimum.  However, it seems the mechanical rooms get cut too much and they end up congested.  This creates a challenge for rehabilitation construction.
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Hospital Challenges (Cont.)

• Construction process:
o Inherently a dirty 

environment
o Noisy
o Impact on building systems

- Coordination with necessary system 
outages

- Air filtration impact from dust & debris
- Medical air and gases
- Outside utility reliability during construction

Presenter
Presentation Notes
Slide 12 – Hospital Challenges (Cont.)
Construction is an inherently dirty activity.  Hospitals cannot tolerate a dirty environment if infection control is to be maintained.  Construction is also noisy.  These are challenges during construction requiring coordination, with necessary system outages when tying in new mechanical or electrical systems, or controlling dust and debris and the potential for it being picked up by the existing hospital air filtration systems.  There is also a risk that excavation for new foundation systems may inadvertently cut existing utilities to the hospital.  These items represent challenges that require coordination with the existing facility management in order to have a successful outcome.  These challenges are not insurmountable, but do require additional effort and expertise when implementing a rehabilitation program for a hospital facility.  
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Structural Mitigation Measures

• Member strengthening
o New reinforcing steel 

and concrete
encasement

o Carbon-fiber
wraps 

Presenter
Presentation Notes
Slide 13 – Structural Mitigation Measures
Given the challenges that we just reviewed, lets look at some of the strengthening measures and techniques that engineers can employ to lessen the impact to a facility and its operations.  Individual member strengthening can be performed.  Traditionally, rehabilitation of concrete construction included making the individual building members, like the column in this photo, stronger by  doweling new reinforcing steel into the existing member and casting additional concrete around the member.  This does the required job of strengthening the member, but it also adds volume and takes usable space away from the facility.  
A new technique that strengthens the member, but also takes little volume away from the facility is the use of carbon fiber warps.  The technique uses carbon fiber that is adhered to the member with an epoxy matrix.  It provides additional concrete confinement for the member, thereby providing additional strength to the member and the building.  It is also a relatively clean process over drilling holes, erecting forms, and transporting concrete into the interior of the building to place in the forms.  
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Structural Mitigation Measures 
(Cont.)

• Connection strengthening
o Simple bolting/welding 

and clips
o Complex connection 

detailing

Presenter
Presentation Notes
Slide 14 – Structural Mitigation Measures (Cont.)
Dependent upon the type of structural system used for the building, strengthening measures may be as easy as providing additional strength to existing connections through the addition of additional steel members and anchors, or just welding as shown in these two photos.  In some cases, like the example on the right, extensive connection strengthening is required.
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Structural Mitigation Measures 
(Cont.)

• Addition of new lateral force resisting 
systems

o Construction of 
new concrete 
shear walls

o Construction of
new steel braced
frames

Presenter
Presentation Notes
Slide 15 – Structural Mitigation Measures (Cont.)
Building strengthening can often times be integrated into the building finishes where the strengthening measures are not even noticed by building occupants.  The photograph shown here shows the new building lateral bracing system that will be hidden within a new partition wall being constructed for the facility.
Often times the structural strengthening measures are kept exposed for all to see.  In some cases this can provide a psychological comfort level for building occupants knowing that the building has been strengthened and is earthquake safe.  Architects and structural engineers in California expose the strengthening measures into the architectural design of buildings. 
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Structural Mitigation Measures 
(Cont.)

• Foundation 
strengthening

Presenter
Presentation Notes
Slide 16 – Structural Mitigation Measures (Cont.)
Some building strengthening measures necessitate additional foundation work.  This can get messy for buildings currently occupied and the challenge becomes how to cost effectively integrate the construction into the operations of the building. The photograph shown here shows an existing building structure where expanded foundations and grade beams tying multiple foundations together were required to adequately resist the seismic loads.  This building structure was located in Memphis, Tennessee.  The work was extensive, as a normal building structure was being upgraded to an much higher earthquake performance level.
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Specialized Mitigation Systems

• Energy 
dissipation 
devices –
Braced 
frame
viscous
damper 
systems

Presenter
Presentation Notes
Slide 17 – Specialized Mitigation Systems (Cont.)
Alternative or state-of-the-art mitigation methods can be used that may reduce the level of strengthening required within the building versus a more traditional brute force method such as shear walls or braces. This photograph shows diagonal braces, but the braces actually behave like shock absorbers similar to the suspension system of your car.  The braces absorb and dissipate the earthquake energy as the building moves during an earthquake.  In a case such as this, the greater cost expended for the engineering is more than off-set by the reduction in overall construction cost and disruption to the building occupants.
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Specialized Mitigation Systems (Cont.)

• Base 
Isolation
of entire
building

Presenter
Presentation Notes
Slide 18 – Specialized Mitigation Systems (Cont.)
Another specialized mitigation system is the installation of base isolators.  The base isolators are designed for the specific building structure and placed under the building columns or shear walls.  The building is actually cut horizontally and the isolators are installed.  The isolators absorb the ground motion from the earthquake and there-by significantly reduce the motion that is transmitted into the upper portions of the building structure.  The benefit is that the upper portion of the building structure and nonstructural components experience less motion and thus, are able to resist larger earthquakes without requiring strengthening up through the building structure.  The retrofit or mitigation is constrained to the lower or foundation level, leaving the upper building section operational.  Many buildings in California have been retrofitted using this technique, and even more new buildings throughout the country have been designed using this new structural technique.
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Mitigation Examples

Presenter
Presentation Notes
Slide 19 – Mitigation Examples
We’ve just seen some structural techniques for increasing the seismic performance of building structures.  Let’s take a look at several examples of hospitals that have implemented a building mitigation program and strengthened their buildings.  
Notes to Instructor
Instructors are encouraged to use, and actually input into the presentation slides, their own examples of hospital strengthening projects to share with the workshop attendees.
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Kaiser San Francisco Medical Center 
Seismic Strengthening

• Originally built in 1952 in three stages
• 7-Story concrete & steel frame
• 250,000 sq ft 
• Function:

o Nursing Units
o Surgery Suites
o Emergency Room
o Laboratories

Presenter
Presentation Notes
Slide 20 – Kaiser SF Med Center
Our first example is a 7-story concrete and steel frame structure that was originally designed and constructed in 1952.  It was constructed in phases over the years.  It was 250,000 square feet at the time an earthquake risk assessment was performed where a high level of earthquake risk was identified for the building structures. 
Kaiser hired a local engineer to perform the structural strengthening of the building.    Prior to any design being performed the design team looked at various opportunities to try and integrate the building strengthening with facility improvements that were also needed.  One such improvement identified by the design team was an increase in vertical transportation for the building staff and patients.  The design team recognized this as an opportunity to utilize the elevator core as the new earthquake lateral load resisting system for the older building.  By dragging the seismic forces from the old building into the new elevator core, a higher level of earthquake performance was achieved for the existing building.  The elevator core was constructed on the exterior of the existing building, even further limiting disruption to normal operations.
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Kaiser San Francisco Medical Center

Presenter
Presentation Notes
Slide 21 – Kaiser SF Med Center
Here is a view of the completed building strengthening.  The new elevator core is located on the left where it has been structurally connected to the old building structure, improving its seismic resistance.  The Medical Center achieved additional vertical movement for the facility and at the same time was able to incorporate increased seismic resistance for the existing building structure.  
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Kaiser Medical Center
Shear Wall Construction

Presenter
Presentation Notes
Slide 22 – Kaiser SF Med Center Shear Wall Construction
This photo shows the lower level of the new elevator core shear walls being constructed. Again, the elevator tower was constructed on the exterior of the existing building, significantly reducing the disruption to the hospital.  
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Kaiser Medical Center
Elevator Shaft Construction

Presenter
Presentation Notes
Slide 23 – Kaiser SF Med Center Elevator Shaft Construction
Here is shown the topping out of the elevator core shear walls and interior elevator rail support beams.  
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Kaiser Medical Center 
Foundation Strengthening

Presenter
Presentation Notes
Slide 24 – Kaiser SF Med Foundation Strengthening
This photo shows some of the foundation strengthening that had to be performed in conjunction with the construction of the elevator shear walls.  The excavation was made to the basement level of the original structure.  Some of the temporary shoring can be seen in the photo.  
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Veterans Administration 
West Los Angeles Medical Center

• Seismic evaluation and retrofit of 
(3) Campus Buildings

• 6-Story Main Medical Center under 
design

• Existing structure - Steel braced frame
• 900,000 sq ft 
• Exterior steel braced frames being used 

to minimize disruption to VA operations

Presenter
Presentation Notes
Slide 25 – VA West Los Angeles Med Center
Our next example is for the VA Hospital in West Los Angeles.   Here is an example where new structural analysis techniques are being used to more accurately predict the expected performance of the original and new strengthening elements for the building.  Three buildings were targeted for evaluation and subsequently had an earthquake risk assessment performed to quantify what the earthquake risk and impacts to facility operations would be from a major earthquake.  The 6-story, 900,000 sq ft Main Medical Center was determined to have a high earthquake risk that required mitigation.  The strengthening scheme, like we just discussed for the Kaiser San Francisco Medical Center, was to design and construct the new lateral load resisting system on the exterior of the building and then grab the existing building structure.    
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VA Medical Center Rendering

Presenter
Presentation Notes
Slide 26 – VA Med Center Rendering
The design concept was an exterior space frame at the exterior of the building developed into an architecturally aesthetic structure.  This photographs shows a rendering of the exterior steel braced space frame.  The exterior location limits disruption to the facility during the construction.  The structural analysis for the design used non-linear analysis to more accurately define the seismic loading for the existing building and the load path to the new lateral force resisting system.  
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VA Medical Center 

Presenter
Presentation Notes
Slide 27 – VA Med Center Rendering
Here is a view of construction just beginning for the building strengthening.  Again, note the exterior mitigation scheme used, which results in much lower disruption to the facility during construction.  You will see that throughout these examples, this is a major technique for hospital building strengthening.  
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St. Vincent Medical Center
Los Angeles

• Detailed risk assessment and 
preliminary strengthening design 
being performed

• Assessing current and future facility 
needs

• Addressing California SB 1953 
compliance

• Construction documents developed for 
SB 1953 NPC 2 deficiencies

Presenter
Presentation Notes
Slide 28– St. Vincent Medical Center – Los Angeles
This example at the St. Vincent Medical Center in Los Angeles, is a 7-story hospital building. It was constructed when earthquake design provisions were much less stringent than the requirements in today’s building codes.  A detailed risk assessment and preliminary strengthening design was performed for the building and nonstructural components, resulting in the identification of numerous seismic deficiencies.  
As part of the requirements in California to address seismic safety of hospitals, St. Vincent is looking at other opportunities to integrate the building strengthening into the hospital complex at the same time.  The strengthening will address California Senate Bill 1953 compliance.  Strengthening designs and construction documents have been developed, but construction has not yet begun.
California passed legislation in 1994 following the Northridge Earthquake.  The Northridge earthquake caused 23 hospitals to suspend some or all of their services and resulted in more than $3 billion in hospital-related damages.  Senate Bill 1953 was passed to address these deficiencies.  There were three key mandates within the legislation:
1.	By 2002, major non-structural systems must be anchored and braced.
2.	By 2008, all general acute-care in patient buildings at risk of collapsing during a strong earthquake must be rebuilt, retrofitted or closed.
By 2030, all hospital buildings in the state must be operational following a major earthquake.
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St. Vincent Medical Center 
Earthquake Strengthening

Presenter
Presentation Notes
Slide 29– St. Vincent Medical Center
Here is a view of St Vincent Medical Center.  NPC (nonstructural performance category) 2 deficiencies have been performed.  The building deficiencies are scheduled to be addressed later.  
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Stanford University 
Hoover Pavilion

• 1930’s Vintage 
• Six-story concrete shear wall structure
• Originally an acute care hospital
• Current facility function is:

o Outpatient services
o Medical office facilities

• Seismic strengthening incorporated with 
a planned infrastructure renovation

• Facility remained operational during 
construction

Presenter
Presentation Notes
Slide 30– Stanford University Hoover Pavilion
The Stanford University Hoover Pavilion was identified with structural earthquake deficiencies during an earthquake risk assessment and evaluation that was performed for the building.  The building is a 1930’s vintage structure constructed with a lateral load resisting system of shear walls.  It has undergone operational changes over the course of its life from being an acute care hospital to now providing outpatient services as well as housing medical offices.
The integration opportunity identified for the hospital was to perform the building strengthening in conjunction with a badly needed infrastructure modernization and renovation.  The facility remained operational during construction.   
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Hoover Pavilion Strengthening

Presenter
Presentation Notes
Slide 31– Stanford University Hoover Pavilion
Here is a view of the exterior of the Stanford University Hoover Pavilion.  



Slide 32Earthquake Mitigation for Hospitals: Workshop

UC San Francisco MSB/Moffit

• 15-story Moffitt Hospital
• 15-story Medical Sciences Building
• Buildings seismically separated for 

compliance with SB 1953 requirements
• Strengthening schemes designed to 

separate the buildings
• New exterior stair options were 

incorporated into the project

Presenter
Presentation Notes
Slide 32– UC San Francisco MSB/Moffit
Our next set of examples is of the University of California San Francisco Medical Sciences Building and Moffit Hospital.  Both are 15-story structures located adjacent to each other.  Besides other structural deficiencies identified within each building structure, a major deficiency was identified as proximity.  The buildings are located adjacent to each other and when an earthquake occurs will impact or pound each other causing additional damage.  The strategy was to separate and provide strengthening schemes that stiffened the building structures to prevent impacting.  Sophisticated nonlinear push-over structural analysis was performed to more accurately characterize the response and displacements of both buildings.  One of the integration opportunities used was to incorporate new exterior stair towers to add additional vertical transportation in the buildings.    
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UC San Francisco Separation 
Strengthening Project 

Presenter
Presentation Notes
Slide 33– UC San Francisco Separation Strengthening Project
Here is a view of one of the lecture halls where some of the construction took place.  The scaffolding can be seen on the right.      
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Veterans Administration American Lake 
Tacoma, WA

• Mental Health Patient Care facility
• 1932 Vintage 
• 3-story concrete frame 
• 51,000 sq ft
• Seismic strengthening scheme:

o Exterior concrete shear walls
o Objective to minimize disruption to the 

facility

Presenter
Presentation Notes
Slide 34– VA American Lake Tacoma, WA
Our last mitigation example is the Mental Health Patient Care facility in Tacoma, Washington.  It is a 1930’s vintage 3-story marginally reinforced concrete frame with masonry infill structure of approximately 51,000 sq ft.  A high earthquake risk was identified during the risk assessment of the facility.  The primary objective for any strengthening was to minimize the disruption to the facility. This is a common requirement for any mitigation.  Hospital facilities just do not have the swing space to relocate operations during a major building strengthening project.  The strengthening strategy adopted for this facility was to add in exterior shear walls where the majority of the work could be performed on the exterior of the building.
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VA American Lake

Presenter
Presentation Notes
Slide 35– VA American Lake
Here is a photograph of one section of the building strengthening prior to painting.  New concrete shear walls were added and attached to the existing structure in order to strengthen the original building.  Note the windows in the new section are inset deeper than the windows in the original construction on the right side of the adjacent wing.  Once painted it will be difficult to tell where the strengthening occurred.  The facility remained operational during the construction.
Notes to Instructor
The instructor is encouraged to add additional hospital mitigation examples.
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Summary Earthquake Mitigation

• Do it right the first time from today forward
• Long-term strategy:

o New Construction
o Planned facility outages
o Renovations & remodels
o New equipment 

installations
o Aging equipment 

replacement
o During equipment 

maintenance activities
• Earthquake mitigation does not happen overnight

Presenter
Presentation Notes
Slide 36– Summary Earthquake Mitigation
This slide, shown earlier, summarizes opportunities for integrating seismic mitigation into your facilities.  Initially, make a conscious and dedicated effort to recognize that mitigation is important for your facility.  Start at the outset to make your facility earthquake resistant, and discuss and convince management that this is the responsible thing to do.  As a long-term strategy, looking for opportunities to integrate earthquake mitigation into your normal facility operations offers the most cost-effective opportunities to mitigate earthquake risk. For example, the most cost-effective time is at new design and construction.  The premium is very small, less than 1-1.5% of the total project cost.  Other opportunities include during planned renovations and remodels.  Why not incorporate seismic strengthening into nonstructural components during these times?  Cost premium would be minimal and likely zero.
It requires repeating that earthquake mitigation does not happen overnight.  It truly is a life-long endeavor to ensure a reduction in earthquake risk. It can be likened to a major or road project, you design and construct it, but it requires continual maintenance to keep it in good shape so it functions as designed.  Earthquake mitigation is no different; once it is in, it requires maintenance and continual updates.
The protection of staff and patients during an earthquake is clearly important, but even more important is the ability to function and provide critical care to the community following a major earthquake.  Community expectations are that you will be functioning following a major earthquake – the question is will your facility live up to these expectations following a major earthquake?
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Questions?

Presenter
Presentation Notes
Slide 37 Questions
That ends this session on structural mitigation.  Does anyone have any questions regarding this session?
Our next session will address nonstructural mitigation for hospital facilities.
Notes to Instructor
The instructor should query the audience for any questions on this session.
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