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Earthquake Mitigation for Hospitals:  
Workshop 

Part 5 – Earthquake Damage 
Expectations

Presenter
Presentation Notes
Slide 1 – Part 5 Title SlideThis section will present a discussion of what might a region expect after a major earthquake event, particularly facilities located outside of the west coast regions where more frequent earthquakes occur.    Note to Instructor:It is suggested that questions from the audience once again be encouraged as they come up, to facilitate workshop interaction among the participants.
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Earthquake Performance 
Expectations for the Midwest

Post-Earthquake Expectations for 
a Major Event Affecting Missouri

Presenter
Presentation Notes
Slide 2 – Earthquake Performance Expectations for the MidwestIn this section we will look at what kind of conditions would likely exist after a major earthquake that might impact hospital facilities.  A brief discussion of the design and construction process related to seismic design will also be presented to support the post-earthquake expectations presented.  Lastly, the results of a study presented at the 2006 Earthquake Engineering Conference in San Francisco, looking at the performance of hospital facilities in California that experienced earthquakes, in order to draw some inferences on what the expected post-earthquake performance of hospital facilities outside of California might be.    Let’s look at what might occur within the midwest region following a major earthquake.  Let’s say it’s a moderate magnitude event approximating a building code design level event. 
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Regional Post-Earthquake 
Expectations 

• Historically:
o MMI Intensities of VII – VIII following an IBC level 

earthquake event
o Extensive damage to 

masonry buildings, 
old building stock, 
and nonstructural 
components & systems

o Electric Power 
outages from 
1 – 7 days

Presenter
Presentation Notes
Slide 3 – Regional Post-Earthquake ExpectationsThe next several slides address impacts we might expect from a major earthquake occurring in the New Madrid Seismic Zone.  Many of the expected impacts are drawn from data collected from past earthquakes in California and other regions having frequent earthquakes and a history of seismic code adoption and enforcement. For a number of reasons, including a lack of incorporation of seismic design provisions in building design, lack of enforcement of design provisions, and a large inventory of older building stock, damage expectations for the New Madrid zone are higher than would be the case for west coast locations.A major earthquake in the midwest would be one with MMI intensities of VII – VIII, approximating a building code design level event.  For such an earthquake, we would expect the following impacts:Unreinforced masonry (brick) buildings will experience extensive damage.  Old building stock will also experience extensive damage along with nonstructural components, equipment, and systems.  Electric power will be disrupted, but likely restored within 1-7 days, at which time scavenging of parts and equipment at substations will be carried out to make a complete electrical circuit, although there will not have been  sufficient time to rebuild an equivalent, redundant system as was in place prior to the event.  Thus, on-site emergency electrical power from the emergency generators become critical for continuous power in hospitals following an earthquake.  Some planning questions to consider include:  Does your facility have a generator of sufficient electrical capacity to power the critical equipment in your facility?  Does the engine generator have sufficient fuel oil storage capacity to supply the generator engine with fuel for 7 days?  If not, where are you going to get diesel fuel?  Do you have priority fueling arrangements with your supplier?  Is the fuel supplier located where he/she will have a high probability of being able to drive a truck to your facility and fill your tank?  Is your supplier across a river where the bridge maybe damaged following the earthquake and lengthy detour up or down river will be required?  All of these questions are important for immediate functionality of a hospital facility following an event.Note to Instructor:The instructor may want to briefly explain MMI, as it may have not been discussed in the hazard discussion earlier in the presentation.  A good question to ask the participants would be if they know their emergency generator fuel storage capacity in terms of days of engine run time.  
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Regional Post-Earthquake 
Expectations (Cont.)

• Historically:
o Natural gas may be 

shutoff for several 
days to a few weeks

o Telephone service will 
be unreliable for 24 hours, 
poor service for several 
days, cellular phones perform better, local 
exchanges out until power restored

o Localized water and sewer disruptions 
from several days to weeks for repairs
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Slide 4 – Regional Post-Earthquake Expectations (Cont.)Continuing on what we might expect following a major event:Natural gas may be disrupted from several days to a few weeks.  Major gas trunk supply lines that cross major rivers or riverine areas may be damaged due to liquefaction or sloughing of the riverine banks, affecting supplies.Telephone service will be unreliable for the first 24 hours and poor service for several days.  Interestingly, the telecom companies have been and are very progressive in earthquake hardening of their systems.  Also, calls made into an earthquake damaged region will be blocked or service unreliable.  However, calls made from within the area to the outside will very likely go through, due to a potentially lower call volume.  People from outside the region will be calling in to check on family and friends within the earthquake affected region.  A question to think about – what emergency communications capability does your organization have if the land phone lines are unreliable?Water and sewer disruptions will likely occur, and dependent upon the extent of damage, these systems will be out of service from several days to weeks.  Do you know what earthquake mitigation measures your local water supplier is doing to ensure water supply following a major event?  Can your hospital facility function without a water supply?  Do you have emergency response plans if the water utility supply is out?
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Regional Post-Earthquake 
Expectations (Cont.)

• Historically:
o Major roadways and bridges generally open, but 

expect detours and major delays due to 
inspections
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Presentation Notes
Slide 5 – Regional Post-Earthquake Expectations (Cont.)Major roadways and bridges will be damaged.  This will affect movement of emergency vehicles, supply vehicles, and general traffic throughout the region.  How progressive has your state department of transportation been regarding earthquake evaluation and retrofitting of the transportation system in your region?  What bridges and overpasses have they hardened?  Have they created and hardened specific routes into and out of your area?  Do you know where these routes are?The damage examples shown in the photographs are of the I-14 Antelope Valley and the I-10 Santa Monica freeways where bridge collapses closed the freeways following the 1994 Northridge Earthquake in Southern California.  
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Regional Post-Earthquake 
Expectations (Cont.)

• Inspection of Buildings for 
Re-occupancy:

o Owners calling for building inspections from local 
building jurisdictions ASAP!

o Building safety assessments for reoccupation
o Buildings are tagged (rated)

Red, Yellow, or Green
o Missouri SAVE Coalition trains

volunteer inspectors
o Hospitals should consider hiring

an engineering firm to inspect
facility 

POSTED 
Safe
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Slide 6 – Regional Post-Earthquake Expectations (Cont.)Continuing on setting the stage for a major earthquake, lets discuss inspection of buildings for re-occupancy.Following a major earthquake, buildings require inspection by the local building official prior to reoccupancy.  Typically buildings will be inspected and tagged green for ok to occupy, yellow with cautionary provisions for occupancy, and red tagged for no occupancy.  Imagine the quantity of buildings in a city that will require inspection.  The local building official and his/her staff are not typically equipped to handle this number of inspections in a short period of time.  Many states, like California, South Carolina, and Missouri have created programs to train local engineers, architects and building officials to conduct post-event building inspections on a voluntary basis.  The Missouri SAVE coalition is one such organization that is activated by the Governor through the State Emergency Management Agency.  Training is conducted throughout the State annually.  Currently there are approximately 1,500 trained individuals serving on the Missouri SAVE coalition.  Naturally, critical facilities will receive priority; however, a hospital may want to consider hiring an engineering firm on retainer to provide immediate inspection services following a major event.Note to Instructor:The instructor may want to discuss his particular States’ building inspection program with the participants. 
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Regional Post-Earthquake 
Expectations (Cont.)

• Potential Consequences:
o Options for repair/mitigation of life safety 

hazards will be limited – mitigation may 
likely be mandated

o Reactionary public and political demands
o Area contracting and repair companies 

stretched to the limit
o Financial considerations for clean-up,  

repair, and mitigation
o Chaotic environment
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Slide 7 – Regional Post-Earthquake Expectations (Cont.)Consequences that occur following a major event may include what is listed in the slide.  Typically, if there is a large amount of damage and injuries, the public outcry on safety of buildings elevates and reactionary demands are placed on local and state politicians to do something.  Thus, mandatory strengthening of damaged buildings to code force levels is instituted, placing a costly demand on building owners.  There will be a shortage of qualified construction firms able to begin cleanup and rebuilding efforts.  This will also extend to the architectural and design communities as well in conducting inspections, designing retrofits and repairs for damaged buildings, equipment, and systems.Remember, the more damage that occurs to your facility the greater cost it will be for clean-up, repair, and recovery.  So, it’s like the old saying “you can pay me now – spend for mitigation before the event reducing damage, or, pay me more later – when my facility has experienced significant damage and I have to spend more to clean-up, repair, and recover from the event, not to mention the lost business due to the extended down-time during clean-up and repair.”  Thus, what we are trying to educate you about today is that it’s typically much more cost effective to mitigate potential damage to your facility before a major event, rather than spend to fix and recover from the event.We don’t have to look too far in order to recognize that many of the above issues occurred and are still present within the Mississippi Gulf Coast and New Orleans regions following Hurricane Katrina.  A large regional earthquake will incur similar demands over a large geographical region.
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Why does so much Damage 
Occur?

• Building Code Design Philosophy
• Seismic Design Process for 

Nonstructural Components
• Construction Process
• Quality of Construction
• Increased Cost for Enhanced Seismic 

Anchorage Impedes Implementation
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Presentation Notes
Slide 8 – Why does so much Damage OccurWe had a little peek into what we might expect following a major earthquake affecting a region, and there will be widespread damage.  The engineering community knows this will occur from the investigation and study of building and nonstructural component performance following earthquakes.  The causes are many; however, the design through construction process today, particularly for nonstructural components which greatly affects functionality of a facility, does not help much either.  The purpose of this section is to inform you of how this process typically works, so you can be armed with this knowledge in order to circumvent the occurrence of lower seismic performance than you desire on your future projects.   Note to Instructor:The instructor may want to ask the question to the participants: How many of you have new construction projects either underway or planned for the near future?This will hopefully engage them more fully as to the importance of this section.
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What the building code says!

Presenter
Presentation Notes
Slide 9 – What the building code saysQuestion – when a new facility is commissioned and constructed to the latest building code using the seismic design provisions incorporated in the code, which of the following levels of performance can you expect from your facility?It’s earthquake proof and will function through and following a major earthquake.There will be slight damage to contents, but after very minor clean-up, the facility will be able to be reoccupied once off-site utilities are restored.The building will sustain major damage, but people inside will not suffer life-threatening injuries and be able to safely egress the building.  However, the building maybe uneconomical to repair.The building sustains significant damage, and is in fact a collapse hazard.  Life-threatening injuries may occur.Note to Instructor:The instructor should encourage the participants to provide their current thoughts on what a building code earthquake design means. 
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Model Building Code 
Earthquake Performance

Presenter
Presentation Notes
Slide 10 – Model Building Code Earthquake PerformanceHere are four buildings illustrating earthquake performance we just discussed – essentially earthquake proof on the left and collapse hazard on the right.  Our question was, where do you think a typical building designed to the current building code seismic provisions would lie within these four performance levels?{Click mouse to highlight the Life Safety Bldg.}For a typical building, which are the majority of buildings designed and constructed, the code performance level is one of life safety.  The intent of the building code is to provide a level of performance to ensure life safety.  The performance objective is NOT to protect against property damage.  One only has to read the preamble to the building code where it states that it is intended as a set of minimum requirements for the protection of public safety.  This is an eye-opener for those not in the structural engineering community.  What earthquake performance level does the building code require hospitals to be designed?{Click mouse to remove the Life Safety ring and click again to highlight the Immediate Occupancy ring}For hospitals, the building code requires a higher level of design attention for earthquakes.  The earthquake performance level is Immediate Occupancy as shown in the diagram.  Very minor nonstructural damage has occurred – contents displaced, a few missing ceiling tiles, but once off-site power, and other utilities are restored the facility would be able to be occupied and return to service.  In fact, with emergency on-site power capability, the facility would be able to continue functioning at a reduced level, that’s why the ring somewhat straddles Continued Operations bldg.So, we learned that most buildings are not designed as “earthquake proof” buildings and hospitals are supposed to require a greater level of design attention over normal buildings.
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Model Building Code 
Design Philosophy

• Model Building Codes for typical buildings
(BOCA, SBC, UBC, IBC):

o Provide a Minimum set of design requirements for 
the protection of public safety, health, and general 
welfare.  A LIFE SAFETY code

o Do not protect against PROPERTY DAMAGE or 
LOSSES

o International Building Code (IBC) should be more 
effective

• Hospitals are required to have a higher level of 
design over typical buildings

Presenter
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Slide 11 – Model Building Code Design PhilosophyThis slide highlights what we just discussed in terms of what the design philosophy of the building codes is with respect to earthquake performance:It is a minimum set of design requirements.It is for the protection of public safety, health, and general welfareIt does not protect against property damage lossesThe International Building Code, which is replacing the Building Officials and Code Administrators International Code (BOCA Code), the Southern Building Code (SBC), and the Uniform Building Code (UBC), is being adopted by more and more municipalities and should be more effective in meeting this performance objective.Again, hospitals and health care facilities are supposed to be designed and constructed to the higher performance objective of Immediate Occupancy, but this is not always the case, particularly outside of California where the design and construction of hospitals are monitored closely.  Note to Instructor:The instructor may want to explain what BOCA, SBC, UBC, and IBC are in the context of building code evolution as well as the general earthquake design provision differences; i.e., the improvement of the design requirements, ground motion level changes to the IBC, etc. 
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Model Building Code 
Design Philosophy (Cont.)

• Acceptable building performance under the 
Model Building Codes (UBC, BOCA, SBC, & 
IBC) for Life Safety means:

o Significant structural 
damage

o Extensive nonstructural 
damage

o Building may not be safe 
to reoccupy until repaired

o Building function may be 
severely impacted

Presenter
Presentation Notes
Slide 12 – Model Building Code Design Philosophy (Cont.)Again, acceptable performance under the model building codes for a typical, non-health care facility may include:Significant damage to the building structural system.Extensive damage to nonstructural components, equipment and systems.The building maybe unsafe to reoccupy until repaired.Building function maybe severely impacted.The damage visible in this photograph would be acceptable performance under the life safety performance objective of the building code.  We have some permanent displacement in the exterior window façade.  Some ceiling material fell but appears it would not be a life safety issue.  Some damage to the partition wall – cracking has occurred, but one could safely egress through this area.Note to Instructor:The instructor should use the laser pointer to highlight the damage as it is discussed. 
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Model Building Code 
Nonstructural Design Requirements
• Design Philosophy:

o Predominantly life safety performance 
• Cladding and wall systems
• MEP equipment & systems 

carrying flammable, combustible 
or highly toxic contents

• HVAC ductwork transporting 
hazardous materials

• Emergency or standby power 
systems – life safety systems

o Is not intended to protect against 
property damage

• Minimum set of design requirements

Presenter
Presentation Notes
Slide 13 – Model Building Code Nonstructural Design RequirementsThe life safety performance objective is even more clear when one looks at the building code seismic design requirements for nonstructural components.  Again, this is for typical, non-critical facilities.  The seismic design requirements for nonstructural components located in moderate seismicity areas is required for the following items:Cladding and wall systems.  This makes sense since you do not want exterior building cladding systems falling off the building as people are trying to evacuate.  In other words, life safe.MEP – mechanical, electrical, and plumbing systems that transport flammable, combustible or highly toxic contents.  This also makes sense from a life safety performance level in that the materials need to be contained and not released in the event of any earthquake. Life safe.HVAC duct systems transporting the same hazardous materials.  Again, containment of hazardous materials for life safety considerations makes sense.  Life safe.Emergency power systems.  Emergency generator systems providing emergency electrical power makes sense also.  They have to power emergency lighting, PA systems, fire protection systems.  All these are life safety systems.  Life safe.Note that there is a significant amount of other nonstructural components that do not require seismic design.  For health care facilities the list increases for those components requiring seismic design, but other problems occur that affect earthquake performance of nonstructural components. We’ll discuss those shortly.  Remember, the building code provides a minimum set of requirements for earthquake design.  
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Nonstructural Components -
Earthquake Design Process

• Who is the most knowledgeable and 
responsible party to perform the seismic 
design for Nonstructural Components?

o Structural/seismic engineer
o Architect
o Electrical engineer
o Mechanical engineer
o IT/Communications engineer
o Fire Protection engineer
o Construction contractors

Presenter
Presentation Notes
Slide 14 – Nonstructural Design ProcessFor nonstructural components, who do you think is the most knowledgeable in performing the seismic design for nonstructural components, equipment, and systems?Structural/seismic engineer?  He/she knows structural and seismic design, but very typically does not know the difference between a horizontal positive displacement pump and a centrifugal pump within an HVAC cooling system, and therefore does not know how to address seismic design of these and other components.  The architect, electrical engineer, mechanical engineer, IT/communications engineer, and fire protection engineer know the equipment and systems of their discipline, but do not know seismic/structural design.Construction contractors are the least qualified to design and implement seismic design for nonstructural components, equipment, and systems.  Interestingly, they are the ones that are typically called upon to perform just these activities – seismic design of nonstructural components.  We will see why this is the case, and why you need to be aware of it.Note to Instructor:A fun question is to ask if anyone has a civil/structural engineering background within the audience and ask the pump question highlighted above to illustrate the point of the lack of knowledge with nonstructural components.  
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Earthquake Design Process
• Dependent upon the delivery system 

used:
OWNER/ 

DEVELOPER ARCHITECT

DESIGN TEAM
Civil Structural
Architectural MEP Systems
Fire Protection Communications
IT Systems

Program 
Manager

Presenter
Presentation Notes
Slide 15 – Earthquake Design ProcessTo illustrate how the seismic design of nonstructural components is typically performed, let’s look at the overall design/construction process for a building project.  A decision is made by an owner to build a new building – office, school, hospital, etc.A program manager may exist in-house to manage the project, or an outside consultant may be hired to represent the owners interests in ensuring the building is designed and constructed on schedule and budget.An architect is typically hired.The architect may have the other design disciplines as in-house staff, but this is often not the case.  In this case the architect then hires sub consultants from other firms to perform the individual MEP designs for their areas of expertise.  For example, a structural engineer is hired to design the building structure.  He/she is responsible for designing the building structure including addressing all the environmental loads – snow, wind, and earthquake as dictated by the building code for the region where the building is located.  The structural engineer is very rarely, if at all, chartered with providing the seismic design for the other disciplines’ nonstructural components.  The architect assumes, more accurately does not know, the individual disciplines will provide the necessary seismic design for their equipment and systems.So here is the stage set for the building project.  You as an owner have commissioned an important building project.  You’re thinking it will be built to code and therefore will be seismic proof.  You do not know any better.  Unfortunately the architect typically does not either, so seismic design considerations for the building and nonstructural components are never discussed.  However, now you know how this process works and YOU can ask the pointed question to the architect and design team – who and how will the seismic design for my building and nonstructural components be performed?  You then ask the question to the architect, this is the expected performance objective that I’m looking to achieve with my new building – immediate occupancy following a major earthquake event, how are you going to achieve this?It is a very important step in the building project to make sure all parties understand the expected performance objectives for the project and a clear path for implementation is developed.  
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Earthquake Design Process 
(Cont.)

• Subject to the individual Project Architect
• Varies project to project 
• Local jurisdiction dependent and enforcement
• Typically addressed by the individual MEP or 

Architectural discipline
• Seismic Performance Requirements written into the 

MEP design specifications for Contractor 
implementation. 

• This typical process:
ABDICATES RESPONSIBILITY FOR THE SEISMIC DESIGN 
OF ARCH/MEP COMPONENTS TO THE RESPECTIVE 
DISCIPLINE CONSTRUCTION CONTRACTORS

Presenter
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Slide 16 – Earthquake Design Process (Cont.)This slide illustrates much of what we just presented on how the seismic design/construction process works for a building project.  Its subject to the individual project architect that is hired.  He/she controls the other design disciplines he/she has hired.You’d be surprised, like all things in life, it will vary from project to project being highly dependent upon the individual’s experience in the seismic design/construction process.  It is extremely dependent upon the local jurisdictions.  If they don’t care, or enforce the seismic provisions in the building code, then neither the design team nor the construction contractors will likely care if implemented or not.The typical method of addressing the seismic design requirements for nonstructural components is to write the seismic criteria for design and construction into the individual equipment specifications for the construction contractors to implement. This can be from nothing, to saying design per the building code, to very elaborately written requirements.Unfortunately this places the seismic design of nonstructural components in the hands of the construction trades that know the least about seismic design! Notice how there is this crack forming regarding the proper implementation of seismic design of nonstructural components.  
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Earthquake Design Process 
(Cont.)

• Structural/Seismic design 
requirements: 

o International Building Code
o ASCE 7-05

• MEP design requirements:
o International Mechanical Code
o International Electrical Code
o International Plumbing Code
o International Fire Code

Presenter
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Slide 17 – Earthquake Design Process (Cont.)Our crack for the seismic design of nonstructural components continues to open up.  The seismic design requirements for buildings and nonstructural components are provided in the International Building Code.  The actual provisions and equations seen here are referenced in the IBC to the structural design standard ASCE 7-05, which is published by the Structural Engineering Institute of the American Society of Civil Engineers. Don’t worry, I won’t bore you with what and how to obtain all the parameters in the equations.  Let’s just say that ASCE 7-05 is the structural engineers bible, if you will.  However, the MEP engineers have their own set of code related documents and standards as listed in the slide.  The seismic design requirements for nonstructural components are not contained in these codes.  In fact, many mechanical, electrical, and plumbing engineers do not even own a copy of ASCE 7-05, let alone know what it is!So, here we require the architects and MEP engineers to implement seismic design for their components and they typically don’t even have a copy of the standard that specifies the necessary provisions to use?  Interesting process isn’t it!  However, now you know how to circumvent some of these issues in order to get the performance level that you’re expecting.
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Earthquake Design Process 
(Cont.)

• Structural approach to NS Component 
design?

Presenter
Presentation Notes
Slide 18 – Earthquake Design Process (Cont.)Here is what you will find on a set of structural engineering design documents.  Per the IBC the following seismic data is required to be listed on the structural engineering design drawings.  It lists the various seismic parameters used in design for the building structure, like the ground motion levels, seismic design category, site soil classification, the type of lateral force resisting system used for the building, as well as the analysis method used.  Remember what we learned, the structural engineer typically does not have the responsibility for the seismic design for nonstructural components.  So, in our litigious society today, this particular structural engineer in trying to reduce his/her liability specifically states on his/her drawings:“Additional seismic bracing requirements for all utilities shall be designed by the plumbing, mechanical or electrical engineer as applicable.”  With this statement they have wiped their hands clean of the responsibility for seismic design of nonstructural components. If you see this statement on a building project of yours, you had better have a pointed discussion with your architect as to who will be doing the seismic design as well as who will be ensuring that it will get constructed properly.Note to Instructor:The instructor should use the laser pointer to highlight the various parameters as they are discussed. 
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Earthquake Design Process 
(Cont.)

• Example – Electrical equipment seismic 
design:

o Specification Section 16010 – General Electrical 
Provisions with Seismic Design Requirements

o Individual Spec. Sections provide electrical 
performance requirements only

• Section 16110 - Raceways
• Section 16425 – Switchboards
• Section 16460 – Dry Type Transformers
• Section 16470 – Panelboards
• Section 16481 – Motor Control Centers
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Presentation Notes
Slide 19 – Earthquake Design Process (Cont.)Now we know that the architect and MEP engineers typically are responsible for implementing seismic design for their components.  It actually gets worse due to how this process has evolved over many years. Let’s look at the electrical discipline.  The electrical design engineer will assemble a set of specifications pertaining to all the equipment and systems that are under his responsibility.  The first specification will be a general specification that will typically contain the seismic design requirements for all the equipment.  Then there will be the individual specifications for equipment be installed on the project – like transformers, motor control centers, switchboards, etc.  These specifications are issued with the design drawings for construction.So, let’s now look at how this process gets implemented during construction.Note to Instructor:The instructor should use the laser pointer to highlight the various specifications listed as they are mentioned. 
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Construction Process
GENERAL CONTRACTOR

Seismic Design?
(Must Implement thru 
Performance Specs)

Constructs the 
Seismic Design 
(on design drawings)

Building Structure

Nonstructural 
Components

Subcontractors
Steel Erector

Concrete Work
Architectural
Mechanical
Electrical

Fire Protection
IT Systems

Etc.
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Slide 20 – Construction ProcessLets look at the construction process related to seismic design.  Similar to the design process, the construction process includes a General Contractor who then hires individual companies as subcontractors to construct the various elements within their scope.  This is shown in the slide diagram.The building structure has been designed seismically by the structural engineer AND the design is reflected on the construction drawings.  So, the steel erector and concrete contractors just build to the drawings and don’t even worry about seismic design.   This is not so with the nonstructural components.  Remember the specifications we discussed previously that effectively push the responsibility of seismic design for nonstructural components onto the respective contractor disciplines.  Much of this is due to the fact that the design engineer does not know exactly what equipment the contractor will purchase for installation.  A competitive environment exists so the specification requirements are not written to procure a specific manufactures piece of equipment.So, if the General Contractor and subcontractors were paying attention prior to bidding the project they should know that the seismic design is their responsibility.  They should have included in there bid an engineer who could perform this design.  In reality, they overlook these requirements and the cost is not reflected in their bids.  This is particularly true in the Midwest.
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Construction Process (Cont.)
• Electrical equipment seismic design:

o General Contractor (GC)
• Electrical Contractor (EC)

• Example – Switchboards
o EC Orders Equipment
o Provides Equipment 

Supplier with Spec. 
Section 16425

o Section 16010 –
General Provisions 
with seismic design 
requirements are not 
provided to the 
Equipment Supplier

Presenter
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Slide 21 – Construction Process (Cont.)Let’s look at an example of how seismic design provisions are implemented during the construction process for nonstructural components. The General Contractor hires his/her electrical subcontractor to install the electrical equipment.  He/she overlooks, or ignores the seismic general specification – 16010, that has the seismic design requirements.  He/she needs to order a switchboard so he/she contacts a Siemens supplier.  He/she sends the 16425 specification that has the electrical performance requirements for the equipment to Siemens.  Siemens does not see any seismic design, so Siemens supplies a standard nonseismic switchboard to the jobsite for installation.  The switchboard arrives and is installed.  Notice the box that is not checked on this label supplied with the switchboard.  The seismic hardware box is not checked. Oops! Now, if the seismic provisions of the project are not enforced and verified then this nonseismic switchboard stays in place.  But, if the seismic provisions are enforced and this is caught, how do you make a nonseismic switchboard a seismic switchboard once it is installed?  And, who is responsible for the additional cost in bringing this piece of equipment up to seismic standards?  Very few engineers, and I’ll say structural engineers, know how to do this. You would not believe how often this happens, and on very critical facilities as hospitals, fire stations, 911 call dispatch centers, and water plants.  It occurs more often than you think.  This is why a building owner needs to be involved with the design team in ensuring that his performance expectations are met.
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Construction Process (Cont.)

Construction Issues for MEP Systems:
• Contractor 

designed
• Trade

sequencing 
• Field routed

o Conduit
o Piping
o Cable-tray
o Ducting
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Slide 22 – Construction Process (Cont.)Other issues that affect the seismic performance of nonstructural components is the construction sequencing, particularly field routed commodities such as conduit, piping, cable-tray and ducting.  The construction contractors always like to be first in installing their pipe, conduit, and other distributed systems. The reason is that nothing is in the way and they have a much easier time during construction.  The subsequent trades have to work around the already installed systems.  If the contractors are not cognizant of seismic requirements, then problems will arise during an earthquake.  An example of this is the data center seen in the photograph where the fire sprinkler system displaced and developed several water leaks, which drained into the data center and on top of the server racks. Computers and water don’t mix very well.
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Earthquake Performance Expectations?

Presenter
Presentation Notes
Slide 23 – Construction Process (Cont.)This picture illustrates the congested space above a typical ceiling.  All of these systems have to behave or play together during an earthquake if we are to expect good seismic performance.  Notice all the ceiling wires, piping, hangers for the piping, HVAC duct and their supports.  All of these systems will displace as the building moves.  Some will displace more that others due to their lack of bracing.  This is why there have been water damage following earthquakes as unbraced piping displaces, impacts something more rigid, and fails developing leaks.  The subsequent leak can then cause extensive water damage inside the building, even in the absence of any building structure damage.  A good example of this is a new 3-story steel moment frame building (remember we discussed steel moment frame buildings and they tend to displace or move more than a braced frame or shear wall building) that was shaken by the 1987 Whittier Earthquake in southern California.  It had good seismic detailing for the nonstructural components in the building.  However, the fire protection piping at the roof level displaced and damaged several sprinkler heads.  The heads leaked and water ran down through electrical conduits from the 3rd floor to the data center on the 1st floor and completely flooded the data center.  The building structure sustained no damage, but was rendered nonfunctional due to a failure of the nonstructural fire sprinkler system.During the design process, 3D/BIM modeling of interstitial ceiling space can be utilized to provide “clash detection” and can improve the construction coordination and quality.  
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Earthquake Performance Expectations?

Natural Gas Line

Presenter
Presentation Notes
Slide 24 – Earthquake Performance Expectations ExamplesHere’s an example of a congested space in a hospital above the suspended ceiling.  A majority of the components were well braced, but we found a natural gas piping line that was unbraced routed up through several other piping systems.  If a leak develops then you have a fuel source for a fire.  
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Quality of Construction
• Why is Proper Construction Important?

o Assures the expected earthquake performance objectives
o Assures reduction in risk or damage to the component itself
o Assures a reduction in risk or damage to adjacent or closely 

located items – falling, overturning, swinging or impacting
o Assures reduction in life safety

risk to building occupants
o Assures for critical facilities the 

needed operability assurances 
necessary for Immediate 
Occupancy (e.g., hospitals, fire 
stations, police stations, other 
critical facilities, etc.)

Improper construction is more 
prevalent than you think!

Presenter
Presentation Notes
Slide 25 – Quality of ConstructionQuality of construction is vitally important in order to achieve good earthquake performance.  Do not scrimp on inspecting various aspects of the construction of a new project.  This is the last time you have to ensure that it gets built correctly and seismically.  Construction inspection ensures that the seismic design is actually reflected in the construction.  Improper construction occurs more often than you think.  Let’s look at a few examples.  The photograph shows a sprinkler head that has been installed just beneath a beam of the building structure.  We can assure you that this sprinkler piping will bounce and displace vertically such that the sprinkler head will impact the beam flange likely causing a water leak.  This system in this new hospital was well braced laterally.  It just so happened that the pipe lengths and sprinkler heads occurred at the same spacing as the beam spacing.  Off-setting these by 1 foot would have allowed the heads to be offset from under the flange, mitigating this potential hazard.  It is extremely difficult to catch these types of issues during the design stage on paper.  Only an inspection by a knowledgeable seismic engineer will catch these types of issues.Note to Instructor:The instructor should use the laser pointer to highlight the issue being discussed in the photograph.
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Structural Issues can Happen!

Presenter
Presentation Notes
Slide 26 – Quality of Construction (Structural Issues)An  additional example of quality of construction issues is shown here.  Even for building structures quality issues can happen.  This was a seismic brace that was supposed to be straight.  This was caught during a structural inspection by the engineer.  Construction of the ceiling grid was just about ready to be started.  If it had, this would have been covered up and ultimately missed.  An excellent practice is to have each discipline – architect, structural engineer, mechanical and electrical engineers – inspect their systems during construction.  They are the most knowledgeable.  Do not let the architect say he will inspect all these systems – this does happen.  It is money well spent to ensure what is being constructed represents the design. 
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Adequate Anchorage?

Presenter
Presentation Notes
Slide 27 – Quality of Construction (Anchorage Issues)Here are two examples of poorly installed anchor bolts for a motor control center and a distribution switchboard.  The anchor on the left was installed, but looked funny.  It was pulled out by hand.  Periodic anchor testing of critical components would assist in identifying these types of construction defects.  These electrical cabinets would likely overturn without proper anchorage.
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Incorrect Routing –
Fire Protection Piping

Presenter
Presentation Notes
Slide 28 – Quality of Construction (Fire Protection Routing)Here is another example where the IT installer installed his wire basket and then the poor fire protection contractor came behind him to run his pipe and sprinkler heads.  The pipe to the right goes to a sprinkler head.  The supply header is above the wire basket.  Well it was in the way so the contractor ran it straight through the basket.  This is ok, isn’t it?
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Communication Cable Support?

Presenter
Presentation Notes
Slide 29 – Quality of Construction (Communication Install Error)Here is another example where the IT installer running cable decided to use what was available so he used this pulley assembly tied with rope to the building joist.  This is not acceptable practice, but it will work and doesn't represent a seismic problem.  Interestingly, this was one of two identical cable supports used in this building?
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Emergency Generator Adequate?

Presenter
Presentation Notes
Slide 30 – Quality of Construction (Unanchored Emergency Generator)Emergency generator systems are typically procured and installed by the electrical contractor.  So their knowledge of seismic anchoring is less than say a mechanical contractor who installs pumps that require anchorage just for operational loads.  Here is an example of a generator system installed at a hospital in 2002.  The engine-generator skid and enclosure is at the top and is supposed to be bolted to the lower section, which is the fuel oil storage tank.  The tank is then supposed to have engineered anchorage for its anchorage to the concrete foundation.  As seen in the photos, there was no anchorage between the engine-generator skid and tank, nor the tank and the foundation. With this installation, emergency power capability for this hospital site will be seriously compromised following a major earthquake event.  
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Expectations for Hospitals

• Study by Holmes & Burkett, EERI 8th NCEE –
California Hospital Earthquake Performance 

• Primary purpose - identify levels of ground 
motion affecting operational performance of 
hospitals

• 218 Hospitals or data points that experienced 
earthquake ground shaking

• Pre-1973 Hospitals considered representative 
of hospitals outside of California to assess 
performance

Presenter
Presentation Notes
Slide 31 – Expectations for HospitalsLet’s look at what earthquake performance we might expect in the Midwest to hospital facilities.  This was a study performed by Holmes & Burkett and presented at the Earthquake Engineering Research Institute’s 8th National Conference on Earthquake Engineering in San Francisco, California in 2006.  The primary purpose was to survey hospitals that had experienced earthquake ground motion and draw conclusions regarding future earthquake performance of hospitals.  The surveys were of hospitals that were confined to California due to there more frequent earthquakes.  There were 218 hospitals surveyed.  The type of data included type and extent of damage to both building structures and nonstructural components, as well as operability impacts.  Hospital construction prior to 1973 was considered to represent typical hospital construction outside of California.  Remember the Olive View Hospital in 1971 San Fernando Earthquake?  This was a turning point for California in terms of seismic safety of hospitals within the State.
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Expectations for Hospitals (Cont.)

Presenter
Presentation Notes
Slide 32 – Expectations for Hospitals (Cont.)The study looked at various earthquake ground motion level ranges from small earthquakes to larger earthquakes, considering the performance of both the pre-1973 and post-1973 hospitals.  The results shown are for the St. Louis region.  An area expecting moderate earthquake ground motion due to the New Madrid Seismic Zone.  If we concentrate on the first column representing Pre-1973 hospitals.  For structural damage to buildings, there is a 63% probability that no structural damage will occur, 23% probability that minor damage will occur, and a 14% probability that the damage will impact facility operations.If we look at nonstructural damage the percentages change.  There is only a 2% probability that there will be no nonstructural damage, 74% probability that minor damage will occur, and a 23% (16% + 7%) probability of damage that will affect facility operations.  So, there is a 23% probability that a moderate earthquake affecting the St. Louis region would impact hospital operations.  This says 1 in 4 hospitals would be damaged sufficiently that operations could not be continued.  That is a pretty high percentage.  The remaining workshop will hopefully assist you in recognizing mitigation is an important tool in increasing the earthquake performance of hospitals.  It is also hoped that cost effective opportunities will be identified for mitigation in hospital facilities.
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Questions?

Presenter
Presentation Notes
Slide 33 – Questions(Self explanatory.)
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