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Earthquake Mitigation for Hospitals 
Workshop

Part 4 – Nonstructural Vulnerability

Presenter
Presentation Notes
Slide 1 – Part 4 Title Slide
This section will discuss nonstructural components, equipment, and system response to earthquake ground motion, their vulnerabilities, and their impact on hospital operations.  
Note to Instructor:
The instructor may want to present a brief synopsis of their background and experience with nonstructural components related to seismic design, response, and construction including possible post-earthquake investigations.  It is also suggested that questions from the audience be once again encouraged as they come up to facilitate workshop interaction among the participants.
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Building Nonstructural 
Vulnerability to Earthquakes

RISK = f(HAZARD, VULNERABILITY)

Risk is a function of both the potential hazard 
(seismic ground motion) and vulnerability (lack of seismic 

preparedness in structural and nonstructural systems)

Presenter
Presentation Notes
Slide 2 – Nonstructural Component Vulnerability to Earthquakes
In this section we shift our attention from building structures to nonstructural components in looking at the vulnerability function of the risk equation.  
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Typical Nonstructural Elements

Presenter
Presentation Notes
Slide 3 – Structural vs. Nonstructural Components
Here is the same slide that was presented earlier showing a typical combination of structural and nonstructural components. To reinforce the differences again, the building structure is the roof, beams, columns, structural walls, floors, and foundations (items shown with blue text).  These are the elements that hold up everything else in the building.  All other building elements (those shown with red text) are defined as nonstructural components, which include components like exterior building cladding or glazing that provides a weather tight environment for building occupants; heating and cooling equipment and distribution systems that provide a comfortable environment in which to work; electrical equipment that distributes electrical power throughout the building; and ceiling systems, partition walls and finishes that provide an aesthetically pleasing environment in which to work.  In addition, buildings contain contents like desks, chairs, files, medical equipment, and computers that support the function of the facility. As you can see, there are a lot of elements or components that are categorized as nonstructural components, which are discussed in this section.
Note to Instructor:
The instructor may want to use the laser pointer to highlight the various components as the discussion progresses.
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Nonstructural Elements

• Building utilities

• Architectural components

• Medical equipment & medical gases

• Furniture and contents

Presenter
Presentation Notes
Slide 4 – Nonstructural Elements
Nonstructural components or elements are categorized in many ways.  The building codes break nonstructural components into three general categories - architectural components, mechanical components, and electrical components.  For this workshop we will be categorizing the components into four basic categories.  These are:
Building utilities  
Architectural components
Medical equipment & medical gases
Furniture and contents
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Building Utilities

• Electrical

• Fire Protection

• Communications

• Mechanical and Plumbing 

• Medical Gases

Presenter
Presentation Notes
Slide 5 – Building Utilities
Building utilities generally include equipment that provide the necessary environment for staff to work in:  heating and cooling, power, water, sewer, communication systems; telephone, IT networks, and fire protection systems; and piping, fire sprinklers, and smoke alarms.  All such items are all included within this category.
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Building Utilities - Electrical

• Emergency generator
o Batteries
o Day tank
o Muffler
o Fuel system
o Control equipment

Presenter
Presentation Notes
Slide 6 – Building Utilities - Electrical
Some examples of building utilities include emergency generators for electrical power.  This also extends to important equipment that is necessary to support the engine generator — equipment like the fuel storage tank, engine start batteries, automatic transfer switch that senses a drop in voltage on the incoming electrical utility, and equipment for disconnecting and issuing a command to start the engine.  
Note the quantity of components required just for this system of emergency power.  We have not yet talked about the emergency electrical equipment that the generator feeds that also requires a robust seismic installation.
The generator is a very important nonstructural component for a hospital.  Without electrical power, the hospital cannot treat and care for patients, particularly in the greatest time of need after a major earthquake event.  Surprisingly, the majority of engine-generator sets, particularly older installations, have been installed with no anchorage to restrain the engine generators from overturning.  You can nearly guarantee that many of your facility’s engine generator sets have either no or marginal anchorage installed.  
The example shown in the photograph was an engine-generator set that was installed on non-seismic vibration isolators, which have been shown earthquake after earthquake to be very vulnerable to earthquake shaking, and required a retrofit.  Interestingly, the first retrofit was inadequate and another had to be designed and installed.  The first retrofit is shown in yellow at the base of the skid.  The restraint was too narrow and the anchors installed at the edge of the concrete pad.  Had an earthquake occurred, the anchors would have displaced beyond the outside edge of the concrete pad, allowing the generator to move and become damaged.
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Building Utilities - Electrical

• Motor control 
cabinets

• Switchgear
• Transformers
• Panelboards
• Conduit
• Cable tray 
• Bus duct
• UPS / battery racks

Presenter
Presentation Notes
Slide 7 – Building Utilities - Electrical
Other electrical utilities nonstructural components include the entire power distribution circuit – from the incoming utility connection at the building, or from the emergency generator, to the individual circuits in the building.  This includes the substation transformer, breakers, motor-control centers with motor starters for mechanical equipment like pumps, and chillers, to panel boards and breaker panels that power electrical lights, power outlets, and other equipment requiring electrical power.  The power is distributed throughout the building using steel conduit, cabletray, or bus duct dependent upon the specific electrical needs.  
Note to Instructor:
The instructor may want to use the laser pointer to highlight the motor control center in the photograph and the electrical conduit and junction box in the lower photo as the discussion progresses.
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Building Utilities – Fire Protection 

• Pumps
• Standpipes
• Distribution piping
• Sprinkler heads
• Valves
• Extinguishers

Presenter
Presentation Notes
Slide 8 – Building Utilities – Fire Protection
Fire protection includes the components associated with providing fire protection to the building and occupants.  For a sprinkler pipe system, it includes the incoming water source, pumps to pump the water throughout the building, valves for control, piping used to distribute the water throughout the building, sprinkler heads, and fire alarm panel.  The system may also include an on-site water storage tank, rather than rely on the integrity of the local water municipality, smoke detectors, and alarm systems with door interlocks.  
Note to Instructor:
The instructor may want to use the laser pointer to highlight the vertical fire pump, valves and sprinkler head in the photograph.  If a sprinkler system is installed in the building, the instructor may want to point out the sprinkler locations within the ceiling of the workshop room in order to bring the message closer to home for the attendees.
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Building Utilities - Communications

• Telephone 
switchgear

• Computers
• Batteries
• Radios
• Antennas

Presenter
Presentation Notes
Slide 9 – Building Utilities – Communications
Communication equipment within a hospital include many components:  for example, the telephone system, hospital network system wired throughout the building, paging system, and high frequency radio system for communication with emergency vehicles.  All the equipment necessary to support these systems is defined as communications equipment.  Antennas, switch racks, server racks and computers are all examples of communications equipment.  In order to function after an earthquake event, all of this equipment must survive.  As mentioned earlier, nonstructural equipment and systems includes a lot of elements, but collectively they together comprise an important functional system necessary for hospital operation.
Note to Instructor:
The instructor may want to use the laser pointer to highlight the antenna and switchrack in the photographs. 
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Building Utilities – Mechanical & Plumbing

• Boilers
• Chillers
• Air handling units

• Fans
• Water heaters
• Cooling towers 

Presenter
Presentation Notes
Slide 10 – Building Utilities – Mechanical and Plumbing
There are also a lot of components that make up the mechanical and plumbing systems of a hospital.  These components provide a comfortable and safe environment for hospital staff and patients.  Boilers provide heat, chillers provide cooling, air handling units provide positive pressure in surgical suites to keep contaminates from coming in and causing infection during surgery.  These systems include pumps, valves, distribution piping, gas piping, ducting, fans, dampers for air volume flow control, control systems to monitor and control the various mechanical components.  
Note to Instructor:
The instructor may want to use the laser pointer to highlight the two water heaters and boilers in the photographs. If the HVAC system is on, one can likely hear it pushing air in the room of the workshop.  The instructor may want to point this out as the HVAC system and point to the air diffusers in the suspended ceiling of the room during the discussion describing the various components.
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Building Utilities – Mechanical & Plumbing

• Ductwork
• Piping

Presenter
Presentation Notes
Slide 11 – Building Utilities – Mechanical and Plumbing
Additional mechanical systems include HVAC ducting and piping that distributes air and potable water, respectively, throughout the building.  Air is provided to every room of the hospital, where as potable water (hot and cold water) is provided  in select locations, such as restrooms, surgical gowning areas, and patient/treatment rooms.
Note to Instructor:
The instructor may want to use the laser pointer to highlight the duct and piping in the photograph.  A comment on the congestion evident in the photo is pertinent with regard to the interaction of these components during earthquake shaking.  This will be explained in greater detail in later slides.
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Architectural Components

• Ceilings
• Partitions
• Lighting
• Cladding
• Parapets
• Access Floors

Presenter
Presentation Notes
Slide 12 – Architectural Components
The next category of nonstructural components includes architectural components.  Architectural components provide the functional and atheistically pleasing environment in which to conduct work.  These components include partition rooms defining corridors, rooms, surgical and patient care rooms, ceiling systems, lighting, building cladding systems, roof parapets, access floors, and elevators.  
Note to Instructor:
The instructor should use a laser pointer to highlight the various architectural elements in the photograph as well as point out elements within the workshop room – ceilings, walls, cladding if on an exterior wall, lights, doors, etc.  
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Medical Equipment

Presenter
Presentation Notes
Slide 13 – Medical Equipment
The next category of nonstructural components is specific to the hospital or patient care environment.  It includes all the specialized equipment and systems to support those services.  In addition to the surgical suite equipment, x-ray, CT scan equipment, it also includes medical gases, special leaded walls for radiation protection, and the pharmacy, all unique to the hospital environment.  
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Medical Equipment

Presenter
Presentation Notes
Slide 14 – Medical Equipment
Hospitals are truly unique environments containing many specialized nonstructural components not located in typical buildings.  Examples shown here include laboratory environments, surgical suites, x-ray and scanning equipment, as well as pharmacies.  Looking at the surgical suite we have articulating lights, patient surgical table, equipment carts, monitors, and other items.    
Note to Instructor:
The instructor should use a laser pointer to highlight the various medical equipment items in the photographs used as examples as the discussion progresses.  
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Furniture and Contents

• Computers
• Bookcases
• Storage cabinets
• Televisions
• Monitors
• Carts

Presenter
Presentation Notes
Slide 15 – Furniture and Contents
The last category to review is furniture and contents.  This category includes desks, office furniture, storage cabinets, hospital patient files – either electronic or in hardcopy form in high-density filing systems – storage refrigerators, bookcases, and televisions.  This category typically includes movable items that typically are not anchored or restrained.  However, damage to some of these elements can affect hospital operations, as well as present a potential life safety risk to staff and patients.    
Note to Instructor:
The instructor should use a laser pointer to highlight the various equipment elements in the photograph used as examples.  
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Causes of Nonstructural Damage

• Shaking – floor acceleration causes 
items to slide or overturn

• Displacement – building distortions 
cause damage to connected items

Presenter
Presentation Notes
Slide 16 – Causes of Nonstructural Damage
There are two dominant actions caused by earthquake ground shaking that affects nonstructural components.  Typically, a nonstructural component will demonstrate a greater propensity for damage under one or the other of these two actions.  These two actions affecting nonstructural components are:
Shaking.  This is the physical shaking of a component.  The component is fairly rigid and doesn’t itself deflect or bend, but is just shaken or rattled.  Components affected by this type of response include pumps, and electrical equipment.
The other action affecting nonstructural components is:
Displacement.  This is where the ground displaces (moves back and forth) and resulting building displacements affect the component more than just shaking it.  For this action think of long or expansive distributed type systems like piping, conduit, partition walls and ceilings.
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Shaking

Presenter
Presentation Notes
Slide 17 – Shaking
Shaking causes a component to shake, rock, and possibly overturn if not properly anchored.  The diagram shows essentially a rigid type box structure supported at its base being shaken by the movement of the supporting structure. The component is fairly rigid and doesn’t itself deflect or bend, but is shaken or rattled.  Internal components in equipment affected by shaking can become damaged as their anchorage or restraint systems are compromised by the shaking.  An example would be electrical components or relays mounted to electrical cabinets.
Note to Instructor:
The instructor should use a laser pointer to highlight the response depicted in the diagram.  
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Presenter
Presentation Notes
Slide 18 – Shaking
Here is an example of a series or line-up of electrical control cabinets that have overturned due to shaking.  In this particular example the electrical equipment was not anchored to the floor system.  The high aspect ratio – narrow depth to tall height – caused the cabinets to rock and ultimately rotate and overturn.  
A fact we will investigate later today, is that the majority of electrical equipment, particularly older installations have been installed with no anchorage.  This equipment is purchased and installed by electrical contractors.  Very typically, the design electrical engineer has not designed the anchorage, focusing instead on the installation construction drawings.  Worse is if the design responsibility is assigned to the installation electrical contractor.  The typical electrical contractor does not know how to design anchorage systems for earthquake forces as specified by the building code.  Thus, the equipment gets installed with out anchors.  If the installation is not checked, the equipment is unanchored, waiting for the first earthquake to come along.  
Note to Instructor:
The instructor should use a laser pointer to highlight the cabinet overturning and where the base anchorage should have been installed.   
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Displacement

Presenter
Presentation Notes
Slide 19 – Displacement
Displacement response is directly tied to the response or displacement of the building structure.  Nonstructural components that are routed over distances throughout the building, thereby supported at various points by the building structure, are affected as the building moves during an earthquake.  In the diagram we see a displaced shape of a column and beam building frame system, where we have an architectural wall and window system that is in-filled between the columns and beams. The connection of the wall and the windows has to be designed in order to accommodate the expected displacement of the building structure.  
Recall from earlier parts of this presentation that frame-type buildings that rely on the stiffness of the beam-column connections to resist earthquake ground motion are more flexible than shear-wall or braced-frame buildings.  Therefore, additional design attention is required for nonstructural components located in flexible-frame-type buildings.  If adequate displacement accommodation is not provided, then the nonstructural component is the one that is typically damaged, as it is not as strong as the column or beam system.  
We also saw in the shake table video how the concrete architectural spandrel panel changed the response of the building, causing damage in the columns.
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Presenter
Presentation Notes
Slide 20 – Displacement
This illustration is a little difficult to grasp, but it is a glazing cladding system for a building exterior wall system. Permanent displacement has occurred.  All the glazing panels have been compressed and buckled, falling to the ground.  The life safety concern is of the glazing panels falling to the ground, especially if over a major egress exit to the building.
Note to Instructor:
The instructor should use a laser pointer to highlight the damaged window sections.
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Significance of Nonstructural Damage

• Damage to nonstructural 
systems and components 
typically results in the 
majority of earthquake 
economic losses

• Losses can exceed 50%
of the total value of a 
facility even though the 
structure sustains little or 
no damage

Presenter
Presentation Notes
Slide 21 – Significance of Nonstructural Damage
Remember that there are many nonstructural components to worry about in a typical hospital.  This is one of the reasons that damage losses from earthquakes are so high.  Damage to nonstructural components can easily exceed 50% of the total value of the building.  This is particularly valid for hospital institutions, due to the highly specialized and expensive medical equipment.  
The structural engineering community is doing a good job of designing buildings for seismic loads.  However, structural engineers are typically not, nor do they typically want to be, involved with the seismic design and restraint of nonstructural components.  This is another reason for the high damage losses to nonstructural components from earthquakes. 
Note to Instructor:
The instructor should use a laser pointer to highlight the damaged light fixtures that have fallen onto several patient beds.
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Significance of Nonstructural Damage

• Nonstructural 
damage impacts:

o Life Safety
o Loss of Function
o Property Damage

or Loss
o Recovery & 

Restoration Time
o Business Interruption

Presenter
Presentation Notes
Slide 22 – Significance of Nonstructural Damage
In addition to dollar loss as a result of nonstructural component damage following an earthquake, the nonstructural component damage also has impacts on:
Life safety where egress paths or exits may be blocked, walls overturn, lights fall from ceilings;
Loss of function of the component, such as a chiller compromising the cooling system for the building, or a damaged emergency generator affecting emergency power for the building;
Recovery and restoration time.  More damage causes more clean-up and equipment replacement time extending a return to operations.  This is not a good situation for a hospital to be in immediately following an earthquake, where the need for patient care is going to be heightened within a community as well as the region.
Business interruption is affected by all of these damage impacts.
Note that the photograph shows a make-shift patient care area outside of the hospital, which was evacuated due to significant damage to interior nonstructural components.
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Examples of Damage - Utilities

Presenter
Presentation Notes
Slide 23 – Utility Damage Example
Lets look at some examples of nonstructural damage seen in past earthquakes.  The upper left photograph shows a piping system and an expansion tank, which were supported from the building structure above, that have failed and collapsed.  Function of this system will definitely be compromised, in addition to affecting repairs and restoration times.
The lower right photograph shows an example of a generator control cabinet that has rocked and displaced up against the adjacent wall.  Connected electrical conduit/cabling was damaged due to the rocking.  Again, the function of the emergency generator system for emergency power has been affected.  This is an example of what happens to an unanchored piece of electrical equipment.
Note to Instructor:
The instructor should use a laser pointer to highlight the damaged equipment in the photographs as the discussion progresses.
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Examples of Damage - Utilities

Presenter
Presentation Notes
Slide 24 – Utility Damage Example
This example shows a pump and electrical drive motor mounted to a common skid.  The skid was supported on non-seismic vibration isolators or spring mounts.  The whole unit was shaken and displaced off the isolation mounts.  The displacement caused the connected piping to the pump to fail as it tried to restrain the skid from moving.  
Note to Instructor:
The instructor should use a laser pointer to highlight the damaged equipment in the photographs as the discussion progresses.
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Examples of Damage - Utilities

Presenter
Presentation Notes
Slide 25 – Utility Damage Examples
Here are three additional examples of nonstructural damage.  The upper left is a chiller supported on non-seismic vibration isolators that failed, pulling the connected piping with it, causing excessive water leaks in the building.  Note how these isolators look like they have snubbers built into the vibration isolators.  These are deceiving if you do not know what to look for in terms of seismic capability of vibration isolator systems.
The lower left photograph shows an example of an HVAC fan supported on non-seismic vibration isolators – spring mounts that have failed allowing the whole fan to displace.  This caused the expansion joint on the connected ducting to fail, compromising the function of the HVAC system.
The right hand photograph shows numerous AC (air conditioning) condensing units supported on steel frames on the roof of this building.  Remember what we learned about the response at the top of the building vs the response at the ground – three time higher.  These units were just shaken off their supports, pulling the connected piping and electrical conduit as they moved and fell off the support.  This latter damage could have been mitigated if four #12 Tek screws had been used at each unit, anchoring them to the steel support.  The total cost for the screws – less than $1.00!
Note to Instructor:
The instructor should use a laser pointer to highlight the damaged equipment in the photographs as the discussion progresses.
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Examples of Damage - Utilities

Presenter
Presentation Notes
Slide 26 – Utility Damage Examples
The left photo is illustrating severe damage to computer cabinets and storage racks in a data center room where the cabinets have rocked and overturned.  Notice the lack of ceiling tile damage in this room.  The ceiling was actually well braced, with the lights safety wired, and performed as expected.  Apparently, the IT installers didn’t get the memo on incorporating proper seismic design provisions.
The right photograph shows a switch communication rack that has rocked and overturned due to inadequate base anchorage.
Note to Instructor:
The instructor should use a laser pointer to highlight the damaged equipment in the photographs as the discussion progresses.
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Examples of Damage - Utilities

Restraints Pulling out from Wall

Presenter
Presentation Notes
Slide 27 – Utility Damage Examples
Here is another example of medical gas cylinders chained to the adjacent wall.  However the chain restraints were only attached to the drywall rather than a wall stud.  Additionally, not all the cylinders are safety chained.  This illustrates that proper anchorage procedures need to be developed, implemented, and followed.
Note to Instructor:
The instructor should use a laser pointer to highlight the damaged equipment in the photographs as the discussion progresses.
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Examples of Damage - Utilities

Presenter
Presentation Notes
Slide 28 – Utility Damage Examples
Displacement caused failures include these two examples of severed piping.  These are rather large pipes that will release a significant amount of water.  So even though the pipe did not dislodge and fall, the water damage could cause significant damage to floors below, necessitating an evacuation of the building or local area.
Note to Instructor:
The instructor should use a laser pointer to highlight the damaged equipment in the photographs as the discussion progresses.
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Examples of Damage - Utilities

Presenter
Presentation Notes
Slide 29 – Utility Damage Examples
Displacement caused failures also affect sprinkler pipe systems.  The sprinkler piping sprinkler head interfaces with the ceiling system.  Both of these systems have differing response characteristics that need to be considered when designing the seismic bracing.  These two examples show how the ceiling was trying to restrain the piping via the sprinkler head.  What often happens is the head will develop a leak or snap off, releasing water into the space when there is no fire.  There were several examples of this in hospitals after the 1994 Northridge Earthquake where the building and other nonstructural components performed well, but they had water damage from several damaged sprinkler heads releasing water.  The hospitals had to evacuate their patients to other facilities due to the water damage. 
Note to Instructor:
The instructor should use a laser pointer to highlight the damaged equipment in the photographs as the discussion progresses.
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Examples of Damage –
Architectural Elements

Presenter
Presentation Notes
Slide 30 – Architectural Damage Examples
Typical earthquake damage to architectural elements includes damage to ceiling systems and demountable partition walls.  The upper left photo shows a ceiling system with the majority of the ceiling tiles dislodged and fallen, and a light fixture about to fall.  The corridor in the right photograph shows a demountable wall system that has collapsed into the corridor.  This becomes a potential life safety issue related to emergency egress.  
Note to Instructor:
The instructor should use a laser pointer to highlight the damaged equipment in the photographs as the discussion progresses.
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Examples of Damage –
Architectural Elements

Unreinforced 
clay-tile/CMU 
walls at stairs 
preventing 
egress

Presenter
Presentation Notes
Slide 31 – Architectural Damage Examples
A construction technique used in older buildings, such as older unreinforced masonry buildings, was to build the walls surrounding a stair well with unreinforced hollow clay-tile block.  This type of block is extremely vulnerable to damage.  It is very brittle – remember our chalk analogy on strength vs ductility?  This photograph shows clay-tile block that has collapsed into the stair well onto the stair itself.  This is a threatening life safety and egress issue, where this material is installed.  
Note to Instructor:
The instructor should use a laser pointer to highlight the damaged equipment in the photographs as the discussion progresses.
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Examples of Damage –
Architectural Elements

Presenter
Presentation Notes
Slide 32 – Architectural Damage Examples
Additional examples of architectural damage are shown here.  The left photo shows a covered glazed wall system that failed due to building displacements.  The photograph on the right is in Whittier, California after the Whittier earthquake in 1987.  This is a parapet that has collapsed out-of-plane onto a ’63 Classic Ford Mustang.  This would have been a life safety issue if this parapet was over a major building exit.
Note to Instructor:
The instructor should use a laser pointer to highlight the various elements discussed.
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Examples of Damage –
Architectural Elements

Presenter
Presentation Notes
Slide 33 – Architectural Damage Examples
Shown here are two additional examples of architectural damage to facades of a building due to excessive building displacements.  
Note to Instructor:
The instructor should use a laser pointer to highlight the damage discussed.
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Examples of Damage – Contents

Presenter
Presentation Notes
Slide 34 – Contents Damage Examples
Contents typically include components that are unanchored like these computer work stations, which can slide and fall off the desk or counter.  If damage to such equipment occurs, a big mess results.  
Note to Instructor:
The instructor should use a laser pointer to highlight the damage discussed.
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Examples of Damage – Contents

Presenter
Presentation Notes
Slide 35 – Contents Damage Examples
This example shows liquids spilled across the floor due to chemical bottles in a storage shelf overturning and dumping the stored contents.  Depending upon the chemicals involved, the potential mixing of spilled contents on the floor could represent a hazardous materials concern, in addition to the mess and clean-up that will be required. 
Note to Instructor:
The instructor should use a laser pointer to highlight the damage discussed.
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Examples of Damage – Contents

Presenter
Presentation Notes
Slide 36 – Contents Damage Examples
Narrow-width to tall-height components are susceptible to overturning.  Bookcases and storage shelving typically have high aspect ratios and are susceptible to rocking, spilling the contents or overturning completely, as shown in this photograph.  Such a condition represents a potential life safety issue and egress blockage risk.
Quick, what’s the mitigation for something like this?
Relocation out of the corridor to a less occupied area.
Anchor the bookcases to the adjacent walls.  Also, check that the partition wall can accept the lateral load.
We will discuss mitigation more this afternoon.
Note to Instructor:
The instructor should use a laser pointer to highlight the damage discussed.
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Examples of Damage – Contents

Presenter
Presentation Notes
Slide 37 – Contents Damage Examples
Shown here is another example of damage to contents, in this case in a typical office.  What does your office look like?  Is there a tall bookcase right behind your chair?  Is it anchored to the wall?  These are all items that you can assess in your own work space.
Note to Instructor:
The instructor should use a laser pointer to highlight the damage discussed.
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The Story of Olive View Hospital

Presenter
Presentation Notes
Slide 38 – Olive View Hospital
Recall what we learned earlier about the performance of Olive View Hospital in 1971: severe column damage due to a soft story, collapse of multiple stair towers, collapse of the carport structure onto the emergency vehicles, and full evacuation of a new hospital facility.  
Note to Instructor:
The instructor should use a laser pointer to highlight the damage discussed.
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The “New” Olive View Hospital

Presenter
Presentation Notes
Slide 39 – New Olive View Hospital
This is the new Olive View Hospital that replaced the hospital damaged in the 1971 San Fernando earthquake.  This facility had been recently completed prior to the 1994 Northridge earthquake.  It reflected the state of the art in earthquake design, incorporating steel plate shear walls.  Following the earthquake the building structure and nonstructural components performed very well.  However, several sprinkler heads did leak, causing localized water damage in the facility.  They did not have to evacuate, but there was available patient care space at other local hospitals; thus, a decision was made to evacuate and transfer patients to these other facilities.  
Note to Instructor:
The instructor should use a laser pointer to highlight the damage discussed.
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The “New” Olive View Hospital
Damage from the 1994 Northridge Earthquake

Presenter
Presentation Notes
Slide 40 – New Olive View Hospital
The upper left photograph shows an example of the water damage experienced in localized areas in the facility.  The motor control center in the right photograph shows the base anchorage designed and installed, which performed very well.  
Note to Instructor:
The instructor should use a laser pointer to highlight the discussion points.
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Questions?

Presenter
Presentation Notes
Slide 41 – Questions
.  
Note to Instructor:
(Self explanatory).  The instructor should again encourage questions from the audience.  Ask participants about their facilities as to whether they saw similar issues at their facilities as in the examples of this section of the presentation.
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