
Slide 1Earthquake Mitigation for Hospitals: Workshop

Earthquake Mitigation for Hospitals: 
Workshop

Part 9 – Nonstructural Equipment 
Mitigation
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Presentation Notes
Slide 1 – Part 9 Title Slide
This session will look at seismic hazard mitigation of nonstructural equipment, components, and contents and the integration into a facility mitigation program.  
Notes to Instructor:
It is suggested that questions from the audience be 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 any seismic mitigation to nonstructural components in any of their facilities, and to share the experience with the class.
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Nonstructural Mitigation Options

• Retrofit
• Replace
• Relocate
• Replicate (redundancy N+1/ provide 

a back-up)
• Plan for the consequences of failure

Presenter
Presentation Notes
Slide 2 – Nonstructural Mitigation Options
When looking at mitigating damage to nonstructural components there are several options that are available, and in fact will in reality be used in planning of a mitigation program for a facility.  The primary reason is that no one option will fit every component, or facility.  The key is to look at the component from an operational perspective when deciding on the type of mitigation option to use.  For example, a simple example is a series of book cases or shelving that lines a major egress corridor that will very likely rock and overturn into the corridor affecting egress from the area, or possibly falling on someone as they are exiting the area during the event.  You could attach brackets at the top to the adjacent wall thereby restraining the bookcases from overturning.  But, you could also recognize that the corridor is a major egress route and it is somewhat congested and choked with the bookcases.  Thus, relocating them to a different area would make more sense in mitigating this localized risk.   Thus, when looking at mitigation to nonstructural components it is important to keep these key options in mind when deciding on the best and most cost-effective mitigation strategy:
Retrofit or strengthening an existing component or system
Replacing the component.  It may be at the end of its useful life and is due for replacement within several years.
Relocate the component out of harms way as discussed earlier in our example
Replicate the function of the component; i.e., provide redundancy for the function.  Now, it is not suggested that both components be unanchored and play the probability odds.  But, records could be backed up and stored at another location with a much lower earthquake hazard.
Plan for the consequence of failure.  A component may be such that it just can’t be retrofitted, replaced, relocated or replicated.  Well, the loss of that component can be planned if it became disabled.
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Nonstructural Resources
• FEMA 74 – Reducing the Risks 

of Nonstructural Earthquake 
Damage – A Practical Guide

• FEMA 154/155 – Rapid 
Visual Screening of Buildings 
for Potential Seismic Hazards

• ASCE/SEI 31-03 – Standard 
Seismic Evaluation of Existing 
Buildings

• ASCE 41-06 – Seismic 
Rehabilitation of Existing 
Buildings

Presenter
Presentation Notes
Slide 3 – Nonstructural Resources
There is a wealth of resources to aid in planning and implementing earthquake mitigation for nonstructural components, equipment, and systems.  Several referenced here include:
FEMA 74, which provides typical examples of common nonstructural components along with typical methods of strengthening to mitigate the risk.  The examples are broken down into several categories such as Do-it-yourself, prescriptive strengthening details, and notification when its time to call in an engineer.  FEMA 74 is also undergoing a major revision and the new version should be available in 2009.
FEMA 154/155, provides a tool for rapidly assessing risk to a facility, or groups of facilities.  It is a valuable prioritization tool if you have many buildings and need some level of prioritization in order to assist in planning a mitigation program.
ASCE 31-03 & 41-06 are documents for implementation by an experienced engineer.  These are actually the “bible” documents for the seismic structural engineer in performing detailed engineering evaluation and subsequent strengthening design for buildings and nonstructural components.
It should be noted that FEMA 74 and 154/155 are available free from FEMA. Those who are serious about reducing their earthquake risk are encouraged to have these documents in their library.
Notes to Instructor:
It will be helpful to the participants if copies of some of these resources are available for pick-up or at least review by the class.  
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Nonstructural Resources

• FEMA 412: Installing Seismic Restraints for 
Mechanical Equipment

• FEMA 413: Installing Seismic Restraints for 
Electrical Equipment

• FEMA 414: Installing Seismic Restraints for 
Duct and Pipe
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Slide 4 – Nonstructural Resources – cont.
The FEMA 412, 413, & 414 series shown here take FEMA 74 to a new level and provide very good detailing of typical strengthening measures for MEP systems.  These documents provide valuable assistance to installers and maintenance staff.  These are also available free through FEMA and you are encouraged to obtain copies.
Notes to Instructor:
It will be helpful to the participants if copies of some of these resources are available for pick-up or at least review by the class.
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Nonstructural Mitigation

Presenter
Presentation Notes
Slide 5 – Nonstructural Mitigation
Nonstructural mitigation for hospitals involves a very unique set of challenges.  Hospitals contain critical care areas with specialized equipment and systems.  Yet hospitals also have the more typical nonstructural components common in any building, such as power, water, heating & cooling, fire protection, and architectural elements.  Although it would be nice to strengthen everything in a building, this is just too impractical and costly.  Thus, mitigation actions need to be thoughtfully planned and implemented.
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Nonstructural Mitigation

Step 1 – Risk Assessment 

Life Safety Property Loss Functional Loss 

Presenter
Presentation Notes
Slide 6 – Nonstructural Mitigation
Expanding upon our previous statement that mitigation for hospitals requires thoughtful planning prior to implementation, the first step is performing a risk assessment.  It is difficult to perform strengthening if you don’t know what the earthquake risk is that you are trying to mitigate.
A key element we mentioned earlier was to understand the operational aspects of the nonstructural component or system.  Three key functional categories that assist in assessing nonstructural risk and establishing subsequent mitigation strategies are:
Life safety
Property Loss
Functional Loss
These are identical to the often used phraseology, death, damage, and downtime – 3D’s.  Let’s look at each one of these categories separately.
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Life Safety
If item is damaged and inoperable will it:
• Become dislodged and hurt someone?
• Interrupt life support equipment?
• Harm patient’s health?
• Prevent ability to perform emergency 

room services? Operating room 
services? Other critical care  services?

• Require patients to be transferred?
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Slide 7 – Life Safety
The life safety category includes those nonstructural components that could affect the life safety of building occupants.  Questions to answer include:
Can it fall and hurt someone?
Can it fail and affect life support equipment?
Will it harm a patient’s health?
Is it a component required to support emergency room services or other critical care functions.
Will the damage affect care services, thus, causing patients to be transferred from the facility.
There is overlap with the other two categories.  The important point is that these questions provide a framework to categorize nonstructural components to aid in assessing the earthquake life safety risk.
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Can it hurt someone?

Presenter
Presentation Notes
Slide 8 – Can it hurt someone?
Examples of life safety damage that could hurt someone include falling building parapets or heavy precast building panels as shown in the top left photo.  This damage was from the Northridge Earthquake and resulted in one fatality.
Additional examples include overturning of tall bookcases that could impact and injure someone.  Falling ceiling tiles and light fixtures also represent life safety hazards within a facility.
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Can it hurt someone?

Presenter
Presentation Notes
Slide 9 – Can it hurt someone?
Other life safety category examples include operating room (OR) surgical lights, although this could be considered a functional category risk as well due to its function of providing critical lighting in OR suites.  Wall mounted TV’s or video monitors represent other examples of life safety risks.  We don’t really care if it’s damaged or doesn’t work after the earthquake, just as long it does not fall and injure someone below.  This categorization greatly aids in deciding on the method of mitigation required for the component.
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Can it interrupt life support?
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Slide 10 – Can it interrupt life support?
Components included in this category of life-safety risk would include the emergency power system.  All the components within the generation and supply of emergency electrical power throughout a facility are critical in providing life safety support to patients within a hospital.  Components that maybe tied into emergency power could include emergency lighting, OR suites, and critical equipment like dialysis, or x-ray machines.
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Can it harm patient’s health?

Presenter
Presentation Notes
Slide 11 – Can it harm patient’s health?
Components in this category of life-safety risk would include patient care rooms and refrigerators for medicine or blood.  The failure or damage to these components could harm a patient’s health.  
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Prevent ability to provide critical 
care services?
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Presentation Notes
Slide 12 – Prevent ability to provide critical care services?
This category is pretty obvious for a hospital.  OR suites, post-op areas and intensive care areas are critical care services to have after a major earthquake event.  Additionally, all the infrastructure, including power and medical gases, are also important to the functioning of critical care services.   
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Require evacuation?

Presenter
Presentation Notes
Slide 13 – Require evacuation?
Components here include stair wells, and the issue is whether they are safe from collapsing walls.  Are exit doors in an area of the building where displacement of the building will not rack the walls and door, preventing it’s operation.  Are the evac dolly's adequately secured so that they are available after a major event.   
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Nonstructural Mitigation

Step 1 – Risk Assessment

Life Safety Property Loss Functional Loss 
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Presentation Notes
Slide 14 – Nonstructural mitigation
Let’s look at our next category in our risk assessment – Property Loss or physical damage to the component, as represented by the $ sign here.  In reality, it is difficult if not impossible to completely mitigate damage to nonstructural components during a major earthquake. If one had an unlimited supply of money it might be possible to design for zero damage, but it would be prohibitively expensive.  In any case, some property damage will likely occur.  The task during a risk assessment is to identify the amount of potential property damage and to decide how much of the damage is acceptable to a facility owner.  
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Property Loss 

Repair or replacement of:
• Equipment
• Interior finishes
• Exterior cladding

Presenter
Presentation Notes
Slide 15 – Property Loss
The questions to address for property loss risk is, “If I have damage I’m really faced with only two options – repair the damage, or replace with new.”  One could walk away (do nothing), but let’s not consider that option.  Some equipment may be easier to repair than replace.  Expensive equipment with long lead times for procurement and installation is a potential mitigation strengthening candidate, because one may not want to repair or replace it. Some interior finish damage such as drywall cracking is easily repaired, but damage to exterior cladding will be expensive to repair or replace.
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Nonstructural Mitigation

Step 1 – Risk Assessment

Life Safety Property Loss Functional Loss

Presenter
Presentation Notes
Slide 16 – Nonstructural mitigation
The last category to consider when performing a risk assessment of nonstructural components is functional loss.  Can a hospital afford to lose the function of any particular nonstructural component?
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Functional Loss

Presenter
Presentation Notes
Slide 17 – Functional Loss
The functional loss of a hospital’s OR suites and intensive care areas would be considered unacceptable risk following a major earthquake. The failing or falling of any component that would affect the function of these critical areas would also be unacceptable. An example of this could be the falling and disarray of patient records, as shown in the center photo.  Not having ready access to patient records could affect patient care.  With many institutions digitizing patient care records, additional nonstructural components come into consideration: Is the computer system supported by an uninterruptible power system? Is the database server protected from damage? Is there an alternate record storage means used? Are the individual computer terminals protected from damage?  Any component that could affect the functional loss of the facility would be placed in this category.
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Nonstructural Mitigation Steps
1. Facility risk assessment:

• Desk-top survey $
• Rapid visual survey of the facility $$
• Comprehensive facility risk assessment of $$$

building and nonstructural components

2. Rank & prioritize risks

3. Develop a Mitigation Plan from the 
assessment findings and recommendations

4. Capitalize and begin to implement the 
Mitigation Plan
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Slide 18 – Nonstructural Mitigation Steps
Having discussed the three categories of risk to be addressed in a facility risk assessment,  let’s now look at the steps typically used in mitigating risk to nonstructural components.
The facility risk assessment.  As stated earlier, a risk assessment must be performed before any mitigation can really be implemented.  The risk assessment, like anything, can be a simple desk top survey, using available software and some general data on your facility, or a more in-depth assessment such as a rapid visual survey (FEMA 154/155).  Or, an in-depth engineering assessment can be performed yielding the greatest amount of information on the risk to a facility.  The latter risk assessment will also provide the greatest opportunities to identify mitigation strategies.  
Once the risk assessment is completed, the risks can be ranked and prioritized based on facility feed-back. Once the risk is prioritized, a mitigation plan can begin to be developed to address the reduction of risk. The plan can then be capitalized and implementation, or actual risk mitigation, can begin.
An example of prioritization of risk can be seen in California’s Senate Bill 1953, which is named the Hospital Facilities Seismic Safety Act.  The act was passed in 1994 after the Northridge earthquake, which caused 23 hospitals to suspend some or all of their services, resulting in $3 billion in hospital-related damage.  The Act had phased elements.  The first phased element or deadline, or highest priority identified by the legislation, required hospitals to evaluate and retrofit nonstructural systems, such as backup generators, exit lighting, bulk oxygen tanks, and communication systems.  The next deadline, or priority, focused on critical care areas, and building structures.  
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FEMA 74 nonstructural assessment

Presenter
Presentation Notes
Slide 19 – FEMA 74 nonstructural assessment
Now that we have described life safety, property loss, and functional loss categories, the question becomes: how does one perform a nonstructural risk assessment? Essentially, nonstructural risk assessments are best performed by performing a walkthrough room by room, identifying the nonstructural component and the potential risk. The FEMA 74 nonstructural inventory survey form shown here can be used to assist in the organization of the assessment. Let’s take a virtual walkthrough of a facility and identify nonstructural components.
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Identifying Nonstructural Hazards

Partitions

Lights

Ceilings

Presenter
Presentation Notes
Slide 20 – Identifying nonstructural hazards
Here is a typical hospital corridor.  Nonstructural components we would identify here include:
Suspended ceiling system.  Is the ceiling braced?
Lights within the ceiling system.  Are they safety wired to prevent them from falling and hitting someone?
Partition walls.  Are the walls properly braced if they are not full height walls.
Wall mounted equipment or contents.  This area looks very clean.  No bookcases or other clutter is being stored in the corridor to affect egress.




Slide 21Earthquake Mitigation for Hospitals: Workshop

Identifying Nonstructural Hazards

• Nuclear medicine  
equipment

o Suspended
o Floor-mounted

• Ceilings
• Overhead lights
• Suspended piping
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Presentation Notes
Slide 21 – Identifying nonstructural hazards
Here is a room where we can see expensive equipment that may or may not be anchored.  This equipment would be identified as critical and not very easily replaced if damaged.
You’ll also see that nearly every room you review will have similar architectural components:
Ceilings
Overhead lights
Suspended piping, conduit and HVAC ducting above the ceiling.
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Identifying Nonstructural Hazards

• Ice Maker
• Med Stations
• Wall-mounted 

monitors
• Ceiling
• Overhead lights
• Suspended piping

Presenter
Presentation Notes
Slide 22 – Identifying nonstructural hazards
Recovery rooms have some unique items including:
Ice makers
Med Stations
Wall-mounted monitors
Patient beds
Nurse’s stations with computer systems
And again you’ll see the same architectural components we identified earlier:
Ceilings
Overhead lights
Suspended piping, conduit and HVAC ducting above the ceiling.
Partition walls
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Identifying Nonstructural Hazards

• Sterilizers
• Storage cabinets
• Mobile carts
• Casework
• Ceilings
• Overhead lights
• Suspended piping

Presenter
Presentation Notes
Slide 23 – Identifying nonstructural hazards
Sterilization areas also have unique nonstructural components including:
Lab casework
Lab table-top equipment
Sterilizers – are they anchored?
Storage cabinets – are they restrained from overturning, do they create a life safety hazard?
Mobile carts – can they overturn or block potential egress?
Some nonstructural components, such as mobile carts, present a challenge in mitigating the risk. If you restrain or tether them, then the work or hassle factor goes up.  So a better mitigation strategy is to have a storage area in which, if they roll around or fall over, they will not cause a life safety hazard.
And lastly we again see our typical architectural components.
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Identifying Nonstructural Hazards

• Contents 
• Storage racks
• Shelves
• Overhead lights
• Suspended piping

Presenter
Presentation Notes
Slide 24 – Identifying nonstructural hazards
Material Services includes the storage of supplies that will likely be required following a major earthquake.  An important hazard mitigation question is: Are the racking systems, which happen to be one of the most hazardous nonstructural components, anchored?  Are small supplies prevented from sliding and falling off the shelving?  Are heavier contents placed lower on the racks?  Is the sprinkler piping adequately braced such that damage and subsequent water leakage soaking the rooms contents does not occur?  Is the room/area clean and uncluttered (good house keeping practices) such that personnel can safely egress the area?
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Identifying Nonstructural Hazards

• Refrigerators 
• Analyzers
• Bench top 

equipment
• Storage cabinets
• Bookcases
• Ceilings
• Overhead lights
• Suspended piping
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Slide 25 – Identifying nonstructural hazards
Pathology and other labs are challenges for seismic hazard mitigation.  Typically they are cluttered, and table or lab-bench top equipment must be portable and moved around.  Potentially hazardous chemicals or gases are within the area.  So the challenge becomes, what do you do? Look for equipment that you only have one of;  if  it’s a critical piece of equipment, then you will want to mitigate any risk to that one component.  But, if you have, for example, 12 microscopes in the room, it makes no sense to restrain all 12 microscopes.  Just restrain one microscope to ensure that one is available after a major event.
Again, a very effective mitigation strategy for labs, as well as any space, is the practice of good housekeeping.  If good housekeeping policies are used, such as storing contents on the top of wall-mounted case work, falling hazards can be largely eliminated.
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Identifying Nonstructural Hazards

• Cabinets
• Casework
• Ceiling
• Overhead lights
• Suspended piping

Presenter
Presentation Notes
Slide 26 – Identifying nonstructural hazards
Pharmacy nonstructural hazards include meds shelving, casework, and refrigerators.  Is the shelving anchored or restrained to the walls or back-to-back to form more stable units?  Do the individual shelves have restraining lips to prevent the med containers from falling off and spilling their contents on the floor, mixing with other meds? 
These are simple and cost-effective methods to significantly reduce risk in pharmacies.
Notice again our typical nonstructural components of ceilings, lights, and overhead commodities.
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Identifying Nonstructural Hazards

• OR lights
• Equipment booms
• Film viewers
• Monitors
• Ceiling
• Suspended piping 

and HVAC

Operating Rooms
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Slide 27 – Identifying nonstructural hazards
Continuing our virtual tour, we look into an operating room we see overhead lights on booms, wall mounted film viewers, monitors, medical carts, operating table and ceiling, lights, and infrastructure above the ceiling.
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Identifying Nonstructural Hazards

• Monitors
• Headwall
• Casework
• Storage cabinets
• Televisions
• Ceiling
• Suspended piping

ICU
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Slide 28 – Identifying nonstructural hazards
As we transition into ICU areas we can see the nurse’s station with monitors, computer terminals, the headwall, casework, and storage/supply cabinets.  In addition, there are our typical architectural components.
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Identifying Nonstructural Hazards

• Radiology equipment
• Casework
• Storage cabinets
• Ceiling
• Suspended piping

Radiology
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Slide 29 – Identifying nonstructural hazards
Radiology has specialty equipment that requires protection from damage and function.  This type of equipment requires a long-lead time to replace, and is critical to hospital operations.  Fortunately, most radiology areas are clutter-free without a significant amount of extraneous nonstructural components.
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Identifying Nonstructural Hazards

• Boilers
• Chillers
• Tanks
• Cooling Towers
• Air handlers
• Exhaust fans
• Fan coils
• Piping
• Ductwork

Mechanical
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Slide 30 – Identifying nonstructural hazards
The back-of-house areas of a hospital, particularly the mechanical and electrical areas, have a significant amount of nonstructural equipment and piping.  All this equipment provides the safe and clean air, heating, and cooling for the hospital.  Imagine working in your facility in the middle of July without air-conditioning, or the middle of January without heat.  What about air purification for the OR and ICU?  This equipment is very essential to the operation of the hospital.
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Identifying Nonstructural Hazards

• Generators
• Motor control 

equipment
• Switchgear
• Transformers
• Panel boards
• Conduit 
• Bus duct

Electrical
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Slide 31 – Identifying nonstructural hazards
Additional back-of-house areas of a hospital include the electrical rooms, which provide the electrical power and distribution throughout the hospital.  Without power the facility would not be able to provide critical care and emergency services.  Typical nonstructural equipment includes emergency generators, as well as their fuel supply.  How much of a fuel supply does your facility have – 24hrs, 72hrs, longer?  The thought is that a 1-week supply should be stored on site, or you have dedicated supply contracts established.
Other equipment includes switchgear, motor control centers, transformers, panel boards, and the conduit systems that distribute the power throughout the facility.
Interestingly, electrical contractors that install electrical equipment are the least knowledgeable of the equipment contractors, so it is very likely you have unanchored electrical equipment in your facility right now!
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Identifying Nonstructural Hazards

• Continuous piping
• Continuous conduit
• Partitions

Building Separations
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Presentation Notes
Slide 32 – Identifying nonstructural hazards
As we continue our virtual tour we come to an expansion joint separating adjacent building structures.  Anything that crosses these joints must have sufficient flexibility built-in to accommodate differential displacements between building structures.  If not, then the building movement will damage these nonstructural components crossing the expansion joints.  Examples include piping, electrical conduit, partitions, and ceiling systems.
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Identifying Nonstructural Hazards

• Cladding
• Parapets
• Glazing
• Signs 
• Canopies

Exterior

Presenter
Presentation Notes
Slide 33 – Identifying nonstructural hazards
Our virtual tour also needs to consider the outside of the facility.  Potential hazards include falling cladding off the building sides, and falling parapets, glazing, or other components attached to the building.  Entrance canopies – are they safe from collapse? Concentrate on the building exits where items could fall and impact people exiting the building during the event.  The mitigation strategy might logically be to reduce the risk around the exits and not necessarily the whole building perimeter. 
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Presenter
Presentation Notes
Slide 34 – Identifying nonstructural hazards
That ends our virtual tour of a hospital facility.  Now, what can you do to mitigate the risks affecting your facility? 
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Mitigating Nonstructural Risks

• Building utility systems
• Architectural elements
• Medical equipment
• Furniture and contents

Presenter
Presentation Notes
Slide 35 – Mitigating nonstructural risks
Typical nonstructural components can be categorized into four categories that more or less follows the building code definitions.  These four categories of nonstructural components are:
Building utility systems.  This includes mechanical and electrical components as well as the plumbing, piping, and conduit distribution systems.
Architectural elements.  This category includes ceiling systems, interior partition walls, glazing systems, elevators, rack, storage shelving, and building exterior façade.
Medical equipment.  This is everything in your facility that provides the medical functions.
Furniture and contents.  This is chairs, tables, workstations, bookcases, computers, and the like.
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Emergency Generator

Anchor Bolt

Presenter
Presentation Notes
Slide 36 – Emergency Generator
The emergency generator system is a vitally important component of your emergency power system.  The generator needs to be well anchored with engineer-designed base anchorage.  The photo shows a well anchored example.
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Emergency Generator

Seismic Strengthening

Non-seismic isolators

Presenter
Presentation Notes
Slide 37 – Emergency Generator
Shown here is an emergency generator that was installed on vibration isolators that were not seismically designed, and in fact would fail when an earthquake occurs.  A seismic strengthening restraint/anchorage detail was installed to restrain the engine-generator skid.  A more cost-effective solution would have been to purchase seismic vibration isolators for the engine-generator skid during the original construction.
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Emergency Generator

Seismic chain 
restraints

Presenter
Presentation Notes
Slide 38 – Emergency Generator
Shown here is a self-diagnosis type of emergency generator.  This installation occurred after the Ivan Browning earthquake prediction for a major earthquake occurring on the New Madrid Seismic Zone in December of 1989.  The Owner was very concerned and at least realized that their generator was supported on non-seismic vibration isolators and that some sort of hazard mitigation was required. The solution was installing the restraint chains shown. These would likely not have been very effective.
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UPS Battery Cabinet

Missing anchor

Seismic retrofit
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Slide 39 – UPS Battery Cabinet
The example shown is an UPS battery cabinet providing uninterruptible power to the facility’s computers, which store all their records.  A risk assessment was performed and the cabinet was identified as unanchored.  The subsequent engineered strengthening measure is shown in the photo.
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Packaged Chiller Unit

Seismic Strengthening

Non-seismic base isolators
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Slide 40 – Packaged Chiller Unit
This example is similar to the emergency generator previously shown. The chiller unit provides cooling for the building.  A total of three units were originally installed on non-seismic vibration isolators.  The seismic strengthening measure that was designed and installed is shown here. Again, a more cost-effective seismic mitigation strategy would have been to purchase seismic isolators and properly anchor them to the concrete pad.
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Instrument Air Compressor

Base Strengthening

Presenter
Presentation Notes
Slide 41 – Instrument Air Compressor
What we discussed so far for mechanical equipment in general have been pretty straight forward mitigation strengthening measures.  And this is typically the case with equipment.  If it is properly anchored, it will perform very well during a major earthquake.  Shown in the photo are corner restraints installed for this air compressor.
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Fuel Oil Storage Tank

Additional Base 
Strengthening
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Slide 42 – Fuel Oil Storage Tank
The fuel oil storage tank contains the fuel oil that the emergency generator uses to run the engine and power the generator for electrical power.  The tank shown in this photo was originally anchored, but after the risk assessment it was determined that the original anchors were not sufficient to resist the seismic forces, and a strengthening detail was required.  The addition of tank hold-downs were designed and installed to ensure the fuel oil tank remained in place during and after a major event.
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Fuel Oil Day Tank

Marginal strengthening 
measure using seismic 
strap. Note large gap at 
wall and absence of 
base anchorage.
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Slide 43 – Fuel Oil Day Tank
The fuel oil day tank is an intermediate tank between the fuel oil storage tank and the engine.  Here is an example of a do-it-yourself restraint.  The idea was to prevent the tank from overturning away from the wall; however, no consideration was given to if the tank would rock towards the wall and break the connected piping.  
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Suspended Piping

Presenter
Presentation Notes
Slide 44 – Suspended Piping
Several examples of piping seismic bracing can be seen in these photos.  For seismic bracing to be effective, it does not have to be installed on every hanger.  Brace spacing on the majority of piping systems is in the 30’-to-40’ span range.  
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Suspended Conduit

Presenter
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Slide 45 – Suspended Conduit
Similar to piping, electrical conduit trapeze supports are also braced to prevent excessive movement and damage to the conduit and electrical cabling inside.   
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Gas Hot Water Heaters

Presenter
Presentation Notes
Slide 46 – Gas Hot Water Heaters
Water heaters similar to the one shown here are common in buildings. Earthquakes can damage these water heaters in several ways.
Frequently, the flue stack shakes loose from the top of the water heater and the combustion gases can then escape into the room.
The base of the heater may “walk” along the floor, thereby tilting the heater.
Shaking can cause the heater to fall over and the gas and water pipes may break. The building has then also lost its best reservoir of water, which can be a problem if the water system is down.  The damaged gas line now provides a potential fuel source for a fire.
When inspecting a building, always look at the water heater and identify any of these problems.
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Architectural Elements

Parapet bracing
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Slide 47 – Architectural Elements
Building parapets are considered as architectural elements.  The photos show two examples of the types of mitigation strengthening measures that are used to mitigate the earthquake risk to parapets.   
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Ceilings

Proper grid attachment at walls

Compression post and 
splayed wire bracing
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Slide 48 – Ceilings
Seismic detailing for ceilings typically includes a compression post with four splay wires providing the necessary bracing for the ceiling to prevent excessive movement or displacement.  Connections to the adjacent walls is also critical to the good performance of ceilings during earthquakes.   
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Lights

Independent support at 
two diagonally opposite 
corners
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Slide 49 – Lights
Lights are required by code in moderate and high seismic regions to be safety wired at two opposite corners to prevent them from falling out of the ceiling grid.  This is a very simple life safety measure.  Heavier lights require an dependent support from the ceiling grid up to the structure above.  In both instances, many times the wires are not wrapped sufficiently and a potentially life safety risk results as the photo on the left shows.  
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Partitions

Added bracing at top 
of partial height studs
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Slide 50 – Partitions
Interior partition walls require bracing if they are not full height floor to floor, or a long corridor exists without any perpendicular walls framing into it to assist in stabilizing the length.  
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Demountable Partitions
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Slide 51 – Demountable Partitions
Similar to interior partition walls, demountable partition walls also require bracing.  These should be arranged in stable configurations.  The example on the right shows a partition that has collapsed into an egress corridor.  The cost-effective mitigation of these types of partitions is to order them with seismic anchorage brackets installed, and ensure that they are properly anchored to the floor – initial installation or construction will be the least costly mitigation you can ever perform.  It will always cost more, some times significantly more once a component is already installed and you then strengthen it.
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Shelving
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Presentation Notes
Slide 52 – Shelving
Shelving is very vulnerable to earthquake motion.  Shelving units are typically tall and narrow, unanchored, and contain important contents you’d rather not have damaged.  The photo shows an example of a new installation. The initial evaluation – visual review, seemed to show the units were reasonably stable.  However, a simple calibrated arm push test showed the units to be very unstable.  The solution was to anchor the base of the case work and then brace up to the ceiling level and hide the bracing with additional case work.  The ceiling level structure was then braced up to the building structure above.  The end result was a very aesthetically pleasing installation.
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Cabinets
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Slide 53 – Cabinets
Hospitals are full of cabinets, many of them on wheels for mobility.  This does present a challenge; however, there are methods to restrain these types of components to prevent rolling and overturning.  As shown in the example above, as strut can be fastened to the adjacent wall and angle brackets bolted to the cabinet and then to the wall strut.  This type of installation allows the cabinet to be relocated with little difficulty.
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Refrigerators
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Slide 54 – Refrigerators
Refrigerators are another component that is used throughout a hospital facility.  Mitigating the potential risk for a refrigerator requires restraining the top and providing a shoe essentially at the base where the wheels are located to prevent the bottom from rolling outward.  Screw anchors that are recessed into the wheel bracket are used to avoid having a tripping hazard.




Slide 55Earthquake Mitigation for Hospitals: Workshop

Operating Room Lights
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Slide 55 – Operating Room Lights
Operating room lights typically require a sizable and stiff upper support as they cannot be too bouncy when moved; it frustrates the surgeons.  The vendors or manufactures of this equipment have also likely had it seismically designed, but it is important to purchase the equipment seismically designed and then ensure it is installed properly.
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Operating Room Lights
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Presentation Notes
Slide 56 – Operating Room Lights
Here is a typical example of an operating room light support above the ceiling space.  This particular example had rather thin or small bracing members along with questionable welding, so additional square steel tube members were designed and installed to provide the required lateral earthquake resistance.  
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Mobile Carts
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Slide 57 – Mobile Carts
As indicated earlier, mobile carts are a real challenge in hospitals.  They typically contain critical supplies, but are vulnerable to rolling and overturning.  One method to prevent damage is to tether them to a wall as shown in the lower left photograph.  However, the tethers are often detached during use, and when the carts are placed back against the wall, the tethers are not reattached.  It really comes down to making a decision as to the restrictions the restraint presents to operations.  It may be that you have several critical and key carts tethered all the time, and the remaining are stored in a safe place if they overturned.  Again, it comes down to making a decision as to what is an acceptable level of risk.  
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Sterilizer
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Presentation Notes
Slide 58 – Sterilizer
Sterilizers are critical to a hospitals operations.  They need to be positively anchored at their base to prevent sliding or overturning, damaging the units.  This upper left photos show the straight forward base anchorage. 
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Sterilizer

Flexible connection 
in gas line

Presenter
Presentation Notes
Slide 59 – Sterilizer
Sterilizers use gas to fuel the boilers.  A very good mitigation strategy is to ensure that the connected gas piping has a flexible connection before being connected to the equipment.  The flexible gas line absorbs differential displacements between the piping and the connected equipment.  
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Televisions
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Presentation Notes
Slide 60 – Televisions
The new flat screen technology is helping reduce this hazard as they get smaller and somewhat lighter.  However, the televisions need to be positively mounted to a bracket, and the bracket positively mounted to a structurally sound wall such that the seismic forces can be adequately resisted.
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Televisions
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Slide 61 – Televisions
Here is another example of a wall bracket for a flat panel TV.
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Televisions
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Slide 62 – Televisions
Here is an example of the older style TV’s.  They are typically mounted to a steel pipe above the ceiling and then anchored to the floor above.
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Bench, Rack, or Table-Top 
Restraints
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Slide 63 – Bench, Rack, or Table-Top Restraints
Table-top equipment in labs and offices are common throughout hospitals.  Like our previous example during our virtual tour, you want to identify those critical one-of-a kind equipment items and then mitigate the earthquake risk to those components.  There are many manufacturers of simple, but effective table-top restraints, including tethers with buckles, and quake mats to prevent components from sliding off, as shown here.  
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Bench, Rack, or Table-Top 
Restraints
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Slide 64 – Bench, Rack, or Table-Top Restraints
Here is an example of a large hood on a lab bench.  Straight forward brackets and anchors were used to positively anchor it to the bench-top.  
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Furniture/Shelving Content 
Restraints

Shelving Part 
Container Restraints

Small Equipment 
Base Anchorage
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Presentation Notes
Slide 65 – Furniture/Shelving Content Restraints
Again, there are numerous manufacturers that design, fabricate, and sell hardware to minimize earthquake damage to file cabinets and shelving.  They are not that expensive, but they do offer a significant reduction in earthquake damage.  Imagine the mess and potential damage to the small items if the cartons in this shelving unit were to slide off and the contents spilled on the floor. Simple straps would prevent this type of damage.  
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Furniture Restraints
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Slide 66 – Furniture Restraints
The corridor shown in the right photograph shows a tight and congested hall with the cabinets.  A good mitigation strategy would be to relocate the cabinets.  Another method is to restrain the tops to prevent them from overturning.  Note that the bracket should be anchored directly into a wall stud.  The use of a drywall screw to attach the bracket to the drywall should not be used.
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Typical Product Restraints
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Slide 67 – Typical Product Restraints
Medicine and chemical bottles are extremely vulnerable to sliding and falling off open shelving units.  Effective restraints include plexi-glass stops or lips and bottle holders.   These are simple and extremely effective mitigation strategies to prevent damage, and reduce the subsequent clean-up and recovery.  
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Computer Equipment

Raised floor bracing

Presenter
Presentation Notes
Slide 68 – Computer Equipment
With the change to a paperless environment for medical records, the computers and data servers become increasingly critical to the operations of a hospital.  Often times the data center is constructed with a raised floor system.  Both the flooring system and the computer equipment must be evaluated and appropriately strengthened.  The photo on the right shows a bracing scheme for the raised floor and angle brackets used to bolt the equipment to the braced flooring system.  
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Equipment Anchorage
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Slide 69 – Equipment Anchorage
In summary, the majority of equipment strengthening is designing and properly installing base anchorage, a simple process, as shown in this photograph. Much of the utility equipment is in mechanical and electrical rooms, which are away from patient care areas, making it easier to effect mitigation strengthening. However, hospitals do present unique challenges. 
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Implementation

Biggest challenges of nonstructural 
mitigation in a hospital:

1. 24/7
2. No swing space
3. Infection control
4. Hazardous materials
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Presentation Notes
Slide 70 – Implementation
We have discussed the risk assessment, and reviewed some typical mitigation strengthening examples for nonstructural equipment.  Many of the mitigation techniques were simple and straight forward.  However, implementing nonstructural strengthening in hospitals does produce unique challenges, including:
Operations occur 24/7.  There is very little down time.
Most hospitals are completely full, with no space to temporarily relocate areas while implementing nonstructural strengthening is underway.
Hospitals require infectious control.  Drilling concrete for anchors, and smoke and fumes from welding are not good in a hospital environment.
Hazardous materials and gases are located in hospitals.  Control of these items is paramount during construction to prevent accidental releases. Additionally, in older facilities, asbestos may still be present and any mitigation project could require abatement.
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Patient Care Areas

Presenter
Presentation Notes
Slide 71 – Patient care areas
The photos above show a nonstructural strengthening project that was conducted in California under SB 1953. The above ceiling components were receiving seismic bracing, lights were being braced, and partition walls were being braced.  The work was conducted on the night shift and the corridor had to be returned to complete access every morning.  So there was installation of the protective materials for the area to be worked on that evening, and then it was all taken down in the morning, tiles replaced, and the corridor returned to service.   
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Patient Care Areas

Presenter
Presentation Notes
Slide 72 – Patient care areas
Again, note the protective materials that had to be placed each night prior to any work being performed.    
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Patient Care Areas

Presenter
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Slide 73 – Patient care areas
Above ceiling spaces can and usually are very tight making work difficult and slow. Piping bracing was being installed in this area.    
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Best Long Term Strategy
New Construction:

Do it right the 
first time

Remodel:
Take care of 
problems when 
you have the 
chance
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Slide 74 – Best long term strategy
As you can see, nonstructural mitigation strengthening for an existing hospital facility can be challenging and expensive.  The best long-term strategy for implementing mitigation strengthening is to look for opportunities within your facilities to integrate the mitigation activities.  Key times include:
During new construction.  Insist that the design team incorporate earthquake enhanced design provisions into the construction documents.  This is the least expensive method in implementing nonstructural mitigation.
Any time you are in a space or area for a remodel or renovation.  Integrate earthquake mitigation into the renovation design and plans.  Again, the cost premium is nominal at this stage.
During aging equipment or system replacements.  Design and install it seismically right from the start.  
Earthquake mitigation cannot happen overnight.  But, it can be performed in a very cost effective manner.  Our next session will look at other integration opportunities to implement mitigation into your facility.
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