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INSTRUCTORS GUIDE  

FEMA P-767 CD, Earthquake Mitigation for Hospitals  

 

 

************************************************************************ 

This Instructors Guide contains useful information that should be read by the Instructor 

before presenting this course. The first part of this Guide contains an overview and 

summary of the course; relevant background information; places this course in 

geographical context; provides recommendations on how to tailor the content to your 

audience; and lists the course handouts. The second part of this Guide provides the 

Answer Key to the Student Exercises.  

************************************************************************ 

 

PART 1 

 

The goal of the FEMA P-767 CD, Earthquake Mitigation for Hospitals is to promote 

seismic rehabilitation of hospitals, in order to reduce earthquake damage losses and 

business interruption following moderate to major earthquakes. This is accomplished by 

introducing the trainee to the effect of earthquakes to a variety of common building types 

and typical hospital equipment and components, identifying common structural and 

nonstructural seismic vulnerabilities, and identifying rehabilitation approaches and 

available guidelines. 

 

The Applied Technology Council developed this training with funding provided by the 

Federal Emergency Management Agency. Comments and questions regarding this 

training should be directed to the Applied Technology Council (www.atcouncil.org). 

 

Overview 

The following is an overview of the training, which is divided into eleven sections.  The 

number of slides and approximate presentation time is noted for each section.  

 

Section 1 - Introduces the training course, defines applicable terminology, and introduces 

by case example why seismic rehabilitation of hospitals is important. (13 slides/20 

minutes). 

 

Section 2 - Introduces earthquake hazards, including ground shaking, fault rupture, and 

liquefaction.  Discusses the difference between earthquakes occurring at plate boundaries 

and intra-plate occurrences and introduces seismic hazard maps.  (14 slides/20 minutes).  

This section is generic and the presenter is strongly encouraged to add regional hazard 

data pertinent to the audience. 

 

Section 3 – Introduces seismic vulnerabilities of building structures and discusses how to 

identify vulnerable conditions and likely earthquake behavior.  Typical damage for a 

variety of building types is provided pictorially to illustrate expected damage to these 

building types.  (42 slides/45 minutes). 

 

http://www.atcouncil.org/
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Section 4 – Introduces seismic vulnerabilities of nonstructural components, equipment 

and systems, including building utilities, architectural components, medical equipment, 

medical gases, and furniture and contents.  Discusses the cause and significance of 

nonstructural damage and pictorially shows representative nonstructural earthquake 

damage.  (41 slides/45 minutes).  

 

Section 5 – Presents a general summary of expected earthquake damage to a region 

experiencing a major earthquake.  Discusses conditions that would likely exist following 

a major earthquake event for existing hospitals.  A brief discussion of the design and 

construction process, as it relates to seismic design and performance of nonstructural 

components is also presented.  The Section ends with the presentation of a summary of 

hospitals that have experienced an earthquake and the performance experienced.  (33 

slides/30 minutes).  

 

Section 6 – Provides the transition of the presentation from discussing seismic risk to 

implementing risk reduction or mitigation measures.  Discusses seismic risk reduction 

strategies pertinent to hospitals.  (2 slides/10 minutes). 

 

Section 7 – Introduces the process for planning and effectively managing and 

implementing a facility seismic mitigation program for a hospital organization.  (35 

slides/45 minutes). 

 

Section 8 – Introduces seismic mitigation for building structures and its integration into a 

hospital facility mitigation program.  Challenges and conditions unique to hospitals are 

also discussed.  (37 slides/45 minutes).  

 

Section 9 – Introduces seismic mitigation of nonstructural equipment, components, and 

contents, as well as the integration into a facility mitigation program.  Discussion of 

design tools and resources for nonstructural mitigation is provided.  Numerous examples 

are provided to illustrate appropriate nonstructural seismic restraints.  (74 slides/60 

minutes).   

 

Section 10 – Discusses specific opportunities where earthquake mitigation can be 

integrated into existing hospital facility programs. (16 slides/15 minutes). 

 

Section 11 – Conclusions and summary of the workshop including an overview of 

vulnerability assessment, planning for mitigation, implementing mitigation, and 

integrating mitigation activities into existing programs are presented.  (6 slides/15 

minutes).  

 

In order to tailor this training to the particular audience and not exceed the time available, 

it may be necessary to pick and choose among these 11 sections.  The trainer should feel 

free to choose among the parts as appropriate to the audience and time available.  

 

The presentation times above total nearly six hours.  Past presentations given have totaled 

7-8 hours with breaks (excluding lunch).  Depending on your audience and how you run 
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the training (will you allow yourself to be interrupted with questions, or will you hold 

questions/ discussion to the end?) the complete training might be compressed to 4 hours, 

or could take all day.  It is recommended that the less technical the audience, the more 

you should compress the training, possibly removing parts from sections 3, 4, 8 & 9 

thereby focusing more on the planning and integration processes of risk reduction and 

mitigation.  Remember that you will need to budget time for lunch and breaks.  

 

The following provides a brief discussion on background information related to this 

workshop, who the intended audience should be, and recommended handout materials. 

 

Background 

There is a significant amount of guideline material addressing seismic rehabilitation 

measures available, but much of it is not specific to hospitals as it resides in various 

places and in various forms.  Therefore, the focus of this training is to provide an overall 

context for identifying and prioritizing structural and nonstructural vulnerabilities, and 

introducing a process for planning, managing, and implementing a seismic mitigation 

program that is specific to a hospital organization’s existing operational processes and 

activities.  The workshop has been developed based on FEMA 396.  It is strongly 

recommended that instructors contemplating the presentation of this training course read 

FEMA 396. 

 

Audience 

This training is intended for those involved in facility management of hospitals, and 

others involved in making policy decisions regarding seismic rehabilitation of hospitals.  

This training assumes a low to moderate level of familiarity with seismic hazards and 

building construction.  The audience may at times include insurance persons and some 

additional explanation of terminology and concepts may be necessary for these 

audiences.  It is also understood that the audience may include one or many of the 

audience types named above. While the entire training is meant to be presented to all of 

these audiences, some of the eleven presentation sections might be removed or reduced 

for a particular audience. The trainer should review all sections before the training is 

held, determine the composition of the audience, and tailor the training accordingly. 

 

Handout Materials 

The FEMA P-767 CD contains: 

1. The presentation slides (P-767 Earthquake Mitigation for Hospitals, Sections 1 

through 11).   

If funding is available, it is recommended that a handout of the slide set be printed (2 to 3 

slides per page) and provided as a handout for workshop participants.  Participants can 

then make appropriate notes within the handout.   

 

Additional handout materials to consider providing to the attendee’s are the FEMA 

documents referenced throughout the presentation slides, particularly on nonstructural 

components.  These documents are free and can be ordered in bulk directly from FEMA 

and are listed below.  It is encouraged that the workshop be coordinated with the local 
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State Earthquake Program Director as well as the FEMA regional Earthquake Program or 

Educational Director. 

 

FEMA documents suggested as handouts: 

 

2. FEMA 396, Risk Management Series, Incremental Seismic Rehabilitation of 

Hospital Buildings, Providing Protection to People and Buildings, December 

2003. 

3. FEMA 74, Earthquake Hazard Mitigation for Nonstructural Elements, A 

Practical Guide, September 1994.  An updated version or e-doc of FEMA 74 is 

scheduled for release in 2010 from FEMA’s web site. 

4. FEMA 154-CD, Rapid Visual Screening of Building for Potential Seismic 

Hazards, Edition 2, July 2005. 

5. FEMA 412, Installing Seismic Restraints for Mechanical Equipment, August 

2005. 

6. FEMA 413, Installing Seismic Restraints for Electrical Equipment, January 2004. 

7. FEMA 414, Installing Seismic Restraints for Duct and Pipe, December 2004. 
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PART 2 

STUDENT EXERCISE ANSWER KEY 
 

Section 1:  Introduction 

Identify whether the following statements are true (T) or false (F). 

 

T F  1.1 Earthquake risk to a facility is a function of both the hazard and the 

vulnerability.   

     

T F  1.2 Only major structural damage to a facility can result in evacuation 

and long-term disruption of facilities.   

Nonstructural damage, such as fire sprinkler water leakage, can 

also result in evacuation and long-term disruption to hospital 

operations. 

 

Section 2:  Earthquake Hazards 

Identify whether the following statements are true (T) or false (F). 

 

T F  2.1 Major earthquakes only occur along plate boundaries where large 

crustal blocks move past one another.   

Earthquakes also occur away from plate boundaries, particularly 

in the central and eastern US.  Earthquakes on the New Madrid 

Seismic Zone are intraplate events.   

     

T F  2.2 Most areas of the country require no consideration for earthquake 

design under the International Building Code (IBC) because the 

seismic hazard is very low.   

Very few areas of the county are completely exempt from all 

earthquake design provisions under the IBC.  Dependent upon the 

facility occupancy importance (hospital, fire, police, etc.), critical 

facilities in moderate and low seismic hazard regions require 

seismic design. 

 

2.3 Which of the following are earthquake hazards?   

(Circle all that apply) 

 

a.   Fault Rupture                                    c.   Riverine Flooding 

 

b.   Typhoon                                            d.   Landslide 

 



6 

 

Section 3:  Building Structural Vulnerability 

3.1 Rank the following building types in terms of expected earthquake performance 

from 1 to 4, where 1 is the best performance and 4 is the worst.   

 

 3    Concrete Tilt-up 

 4    Unreinforced Masonry 

 1    Steel Braced Frame 

 2    Steel Moment Frame 

 

3.2 Identify the conditions shown in each of the following illustrations, as follows:  

Soft Story, Adjacent Building Pounding, Plan Irregularity, Vertical Setback, and 

Diaphragm Discontinuity  

 

                              

              Soft Story                                                         Vertical Set-back     

                                                                                        Plan Irregularity    

                              

       Adj. Bldg. Pounding                                               Plan Irregularity 

    Diaphragm Discontinuity                                          Vertical Set-back 

    Plan Irregularity                                                      Adj Bldg. Pounding         
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3.3 List four seismic performance predictors for buildings.   

 

Building Type, Building Age, Quality of Construction, Design Code, Plan  

Irregularities, Vertical Irregularities (Set-backs, Soft Story), Diaphragm  

Discontinuities, Adjacent Building Pounding 

 

 

Section 4:  Nonstructural Vulnerability to Earthquakes 

4.1 Name two nonstructural components included in each of the following 

categories:   

 

Building Utilities: Emergency Generator, Fire Pump, HVAC, Boiler, etc. 

Architectural Components: Partition Walls, Ceilings, Light Fixtures, Parapets 

Medical Equipment: CT Scans, MRI, Pharmacy 

Furniture & Contents:  Computers, Bookcases, File Cabinets, TVs, Carts 

 

Identify whether the following statements are true (T) or false (F). 

 

T F  4.2 Shaking and displacement are the two primary causes of damage to 

nonstructural components.   

     

T F  4.3 Anchorage and bracing for nonstructural components is typically 

designed by a structural engineer to resist seismic forces.   

Anchorage for nonstructural components often does not occur, or is 

not an engineered solution.  Often times the seismic design is 

delegated to the specific trade construction contractor to interpret, 

design and construct. 

 

Section 5:  Earthquake Performance Expectations for the Midwest 

Identify whether the following statements are true (T) or false (F). 

 

T F  5.1 Buildings tagged as Yellow or Green following an earthquake are 

completely safe for re-occupancy.   

Restrictions are placed on the re-occupancy of buildings that are 

tagged as Yellow.   

     

T F  5.2 Building code seismic design provisions are intended to prevent 

earthquake damage and property loss. 

Building code provisions are intended to provide life safety and do 

not prevent damage or property loss.   
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Section 6:  Overview of Seismic Risk Reduction 

6.1 Match each of the following seismic risk reduction techniques with their relative 

costs and risks.   

 

Do Nothing                                              High Cost, Low Risk 

Replace                                                    Continuous Use, Lower Cost 

Rehabilitate                                              No Cost, High Risk 

Incremental                                              Loss of Use, High Cost 

 

Section 7:  Planning and Managing the Process of Seismic Risk Reduction 
Identify whether the following statements are true (T) or false (F). 

 

T F  7.1 Planning for seismic performance of new facilities should include a 

dedicated effort to determine the level of earthquake performance 

desired for the facility.   

     

T F  7.2 An effective risk reduction policy does not need to establish seismic 

performance objectives.   

     

T F  7.3 Nonstructural mitigation of many components can be easily 

incorporated into existing maintenance programs.   

     

T F  7.4 Incremental seismic strengthening is not recommended when one 

floor of a wing is undergoing remodeling/renovation as the other 

floors of the wing have not been seismically addressed.   

Any time a space is scheduled for remodeling or renovation, there 

is an opportunity to also design and construct seismic 

strengthening improvements for both the building structure and 

nonstructural equipment, components, and systems within the 

space.  It is the most cost-effective mitigation that can be 

performed.   

 

Section 8:  Structural Mitigation 
Identify whether the following statements are true (T) or false (F). 

 

T F  8.1 Seismic mitigation of buildings is most cost effective or economical 

if addressed when earthquake provisions are incorporated into the 

design and construction of a new facility.   

     

T F  8.2 Seismic mitigation is often not feasible for hospital facilities 

because of the interruption – noisy, dirty, no swing space for 

relocation nature of structural strengthening.   

While these are elements of construction, they are manageable if 

properly planned through an incremental mitigation program. 
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Section 9:  Nonstructural Mitigation 
Identify whether the following statement is true (T) or false (F). 

 

T F  9.1 Nonstructural mitigation is only recommended for items that pose a 

life safety hazard.   

Hospitals contain a vast array of nonstructural components that 

both support a clean environment for patients and staff as well as 

for performing medical activities, such that nearly all nonstructural 

components in a hospital would require functionality following a 

major earthquake event. 

 

Identify the best retrofit strategy for each of the following nonstructural components: 

 

9.2 Tall bookcases that are located in a primary egress corridor that are unrestrained 

and can possibly overturn and obstruct egress.   

 

a.   Ignore the problem because large ground motion is unlikely to occur. 

b.   Anchor the top of the bookcase to the adjacent wall to prevent overturning. 

c.   Relocate the bookcases from the corridor.  

  

9.3 Emergency generator and the fuel oil day tank are sitting directly on a concrete 

equipment pad.  Neither is anchored.   

 

a.   Install non-seismic vibration isolators to provide flexibility. 

b.   Install chains across the generator to restrict movement.  Leave day tank  

      unanchored.   

c.   Hire qualified seismic engineer and contractor to design and install the  

      restraints for the generator and the day tank due to the critical nature of each.   

  

9.4 Automatic transfer switch is located in an unoccupied basement mechanical 

room.  The cabinet is tall and narrow and has no anchorage.    

 

a.   Anchorage is not required because the basement is unoccupied.  Therefore  

      there is no life safety hazard.   

b.   Install base anchorage for the cabinet to prevent overturning.   

c.   Install a chain around the cabinet to the nearest partition wall to limit how far 

      it can move/rotate.   

9.5 When should seismic mitigation activities be undertaken?  (Circle all that apply) 

 

a.  During new construction 

b.  During remodeling/renovation of a room or area of a facility 

c.  During component or system replacement 



10 

 

Section 10:  Integration Opportunities for Structural & Nonstructural Mitigation 
Identify whether the following statements are true (T) or false (F). 

 

T F  10.1 Nonstructural strengthening of architectural components integrates 

well into typical remodeling projects because ceilings, light 

fixtures, and walls are exposed and readily accessible.    

     

T F  10.2 Nonstructural mitigation for cabinets, bookcases, and bench-top 

equipment should be designed by an engineering professional to 

ensure the adequacy of the seismic restraints.   

Prescriptive designs are typically adequate and engineered 

solutions are not required for these types of nonstructural 

components.   

     

T F  10.3 Hazardous material abatement projects provide opportunities for 

seismic strengthening because the areas are typically vacant and 

exposed for work.   
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FEMA P-767 CD, Earthquake 
Mitigation for Hospitals Workshop

Part 1 – Introduction

Presenter
Presentation Notes
Slide 1 – Part 1 Title  Slide
This presentation is based upon the Federal Emergency Management Agency’s Risk Management Series FEMA 396 Report, Incremental Seismic Rehabilitation of Hospital Buildings: Providing Protection to People and Buildings, which was published in December 2003.  FEMA 396 recognizes that earthquakes represent a serious threat to hospital safety and pose a significant potential liability to hospital administrators and healthcare organizations.  Earthquake risks, discussed in more detail later in this presentation, include:
Death and injury of patients, doctors, nurses, and staff
Damage to or collapse of buildings
Damage to and loss of furnishings, equipment, and other building contents  
Disruption of patient care and other hospital operations
Loss of an indispensable community resource.
Recognizing that seismic mitigation can be expensive and disruptive, the purpose of this workshop (through FEMA 396) is to introduce you to an innovative approach to seismic mitigation called “incremental seismic rehabilitation.”  Incremental seismic rehabilitation involves addressing mitigation through a series of phases of discrete rehabilitation actions over a period of several years, resulting in an effective, affordable, and non-disruptive strategy for responsible mitigation.  The approach essentially identifies systematic “opportunities” to conduct mitigation activities.
FEMA provided the funding for developing this presentation, which was developed by consultants engaged by the Applied Technology Council (ATC), under contract to FEMA.
Note to the Instructor:
Now would also be appropriate to introduce any FEMA materials, such as FEMA 396, that may have been brought for review and pick-up by the participants.  
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Workshop Overview

• Topics to be addressed today
o Seismic safety improvements for hospitals
o Seismic hazard and vulnerability

• Structural
• Non-structural

o Process to reduce risk of earthquake 
damage

o Structural and nonstructural mitigation
o Integration opportunities for mitigation

Presenter
Presentation Notes
Slide 2 – Workshop Overview
This slide provides an outline of the workshop’s key topics of coverage for the day.  The morning sessions of the workshop will look at the risk to hospitals within the region through presentations of the earthquake hazard and vulnerabilities to both structural systems (buildings) and nonstructural equipment and systems.  This information will provide you with the background on what the expected risk might be to your facilities.  
The afternoon presentations will then address various strategies for assessing earthquake risk and conducting mitigation activities to reduce and manage the earthquake risk to hospitals in a “smart” and cost-effective manner through the identification of integration opportunities for performing mitigation.   
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Workshop Overview

• Workshop schedule
o Presentations
o Breaks
o Lunch

Presenter
Presentation Notes
Slide 3 – Workshop Overview
The workshop plan for today is to have a series of presentations to educate you on the potential earthquake risk to the hospital/healthcare environment, mitigation strategies, and integration opportunities to implement mitigation in a “smart” and cost-effective manner.  Several breaks and lunch will be interspersed throughout the day.  
Note to the Instructor:
It is suggested that other logistics for the workshop be explained during this time.  Some items include:
How lunch will be administered may be discussed:   location, approximate time, mechanism (e.g., box lunch, buffet) and sponsor.
Location of restroom facilities
Drinks and refreshments
Emergency evacuation and sheltering procedures for the building as well as any other building unique emergency procedures.
Any special local parking issues participants may have performed that might incur costly outcomes.
Other locale specific items.
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Audience Characteristics

• Audience self introductions
• Questions for all: Is anyone:

o Purchasing an existing facility?
o Assessing your facilities?
o Remodeling your facilities?
o Constructing a new facility?

Presenter
Presentation Notes
Slide 4 – Audience Information

Note to the Instructor:
In performing several of these presentations, the instructors have found that audience participation is key to a successful workshop.  This is not new.  However, this slide is intended to foster audience participation.  It is suggested that at this point in the presentation the following be performed:
Go around the room and have every participant briefly introduce themselves providing the name of the hospital or healthcare organization they work for, their job duties, and what is their expectations from this workshop, i.e., what do they hope to learn?  Lastly, request each participant answer the slide questions whether they are planning in the near future to purchase an existing facility, assess their existing facilities, expand, remodel, or build a new facility.   
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INTRODUCTION

Seismic Risk for Hospitals

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 5 – Seismic Risk for Hospitals
You will see this equation throughout the workshop, and you have only one thing to remember:  “f” stands for “function of”.  Not to worry we won’t be doing any higher math today. Earthquake risk to hospitals is a function of the hazard affecting the region.  For example, if your hospital is located in Cape Girardeau, Missouri it is located in a high seismic area associated with the New Madrid Seismic Zone.  Thus, from a hazard perspective the risk may be high for your hospital.  In addition to the level of seismic hazard (that is, the level of expected ground shaking), you also need to look at what the vulnerability of your facility is to this level of seismic hazard, or ground shaking, in order to completely form an accurate picture of facility risk.  For example, your buildings may be recently constructed and were designed to the latest 2006 International Building Code earthquake design provisions, with enhancements; thus, your facilities are designed to be robust and strong, representing a low vulnerability to earthquake ground shaking.  As a result, even though you are in a high hazard area, your vulnerability is low, so your facility risk is low.  Conversely, you could be located in an area with moderately low seismic hazard (that is, with low expected ground shaking), but have older facilities constructed of unreinforced masonry bearing walls, which is one of the most seismically vulnerable building construction types today.  These conditions would yield a high risk condition for your facility. 
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Deaths and Injuries of Staff and 
Patients

Presenter
Presentation Notes
Slide 6 – Seismic Risk for Hospitals
One of the consequences of moderate-to-high earthquake risk to hospitals is the potential for deaths and injuries to staff and patients.  The majority of these types of casualties are a result of falling and collapsing items.  These can be as potentially fatal as collapsing sections of the building structure, or more common but less injurious as a result of falling or overturning nonstructural components, like ceiling tiles and lights, crash carts, and medical X-ray equipment.  Not only are death and injury a bad consequence, injury or death to your staff will put an added strain on resources following an earthquake event, when your staff will already be stretched to the limit.   
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Presenter
Presentation Notes
Slide 7– Seismic Risk for Hospitals
Shown here is a typical example of nonstructural component damage and partial collapse of a nonstructural system.  We will define what nonstructural components are later this morning.  In any event, suspended ceilings experience damage in nearly every earthquake, including those that only cause moderately low shaking.  Tiles fall, lay-in fluorescent light fixtures or heating-ventilation-air conditioning (HVAC) diffusers are dislodged and fall, posing a potential injury threat.  Even if no one is struck by falling debris, the mess on the floor requires valuable time to clean up.  Imagine this type of damage occurring in a surgical suite.
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Collapse of Buildings or Parts of Buildings

Presenter
Presentation Notes
Slide 8– Seismic Risk for Hospitals
Collapse of buildings or even parts of buildings are serious threats to life safety.  We will see more of this particular facility today -- the now-infamous Olive View Hospital in California, a then brand new facility that partially collapsed during the 1971 San Fernando earthquake.  The lower right photo shows the stair tower, which completely separated and rotated away from the building structure, eliminating the primary means of emergency egress!  The hospital had to be completely evacuated and the buildings were subsequently demolished.
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Damage to Buildings, Equipment 
Furnishings and Contents

Presenter
Presentation Notes
Slide 9– Seismic Risk for Hospitals
Shown here are additional examples of interior damage to hospital facilities caused by past earthquakes, which severely compromised the function of the hospital. The upper left photograph shows damage to a suspended ceiling system and interior partition walls.  The lower right photo shows damage to medical equipment from a fallen light fixture.
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Disruption of Medical Service to Surge 
of Earthquake Victims

Presenter
Presentation Notes
Slide 10– Seismic Risk for Hospitals
This photo shows a carport, at Olive View Hospital, that collapsed on to ambulances that were parked beneath it during the 1971 San Fernando earthquake. Yes, that hospital had numerous problems due to this earthquake.  However, it does point out the concern that following a major earthquake event, medical resources must respond without these types of problems, if they are going to provide their intended function of assisting the potentially large numbers of earthquake victims.
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Long Term Disruption of Medical 
Services to Patients

Presenter
Presentation Notes
Slide 11– Seismic Risk for Hospitals
Even minor damage can cause evacuation and long term disruption of facilities.  Shown here is a replacement facility for the heavily damaged Olive View Hospital.  The new facility was designed using new earthquake engineering techniques and criteria, and performed very well during the 1994 Northridge, California, earthquake.  However, failures of nonstructural components, such as suspended fire protection piping, resulted in costly business interruption.  Such damage also disabled other critical care hospitals in past earthquakes.  In the case of the new Olive View hospital, significant damage due to sprinkler leakage during the 1994 earthquake caused extensive water damage and other damage to utilities.  The fact that there were plenty of other Los Angeles County hospital facilities unaffected by the earthquake convinced the Olive View hospital administration to assign patients from this new hospital to facilities elsewhere.  Fortunately, the transfer went smoothly. 
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Earthquake Hazard Overview

RISK = f (HAZARD, VULNERABILITY)

Presenter
Presentation Notes
Slide 12 – Earthquake Risk
Here’s our equation of risk again.  Our next topic is the presentation of the regional earthquake hazard.  Mr./Ms. Hazard Instructor from xyz {insert name and affiliation} will be providing a summary of the earthquake hazard for this region.  The earthquake hazard is the first part of the two components that define earthquake risk to a facility.
Note to the Instructor:
It is hoped that this presentation will be given in association with the earthquake program manager of the particular state or locale where this workshop is being given.  The earthquake program manager, or an individual from the State Geological Survey, can then provide an overview presentation on the local hazard affecting the region.  
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Photo Credits
• Degenkolb Engineers 
• Lee, Burkhart, Liu Architects of Santa 

Monica 
• URS Corporation (FEMA 577, Design 

Guide for Improving Hospital Safety in 
Earthquakes, Floods, and High Winds) 

• Personal files of Mel Green, Mike 
Griffin, and Maryann Phipps, 
consultants to the Applied Technology 
Council

Presenter
Presentation Notes
Slide 13 – Photo Credits
This presentation includes information from numerous sources who have provided input to the development of this presentation.  Several of these sources are listed here.
Note to the Instructor:
The instructor is encouraged to modify and supplement the slides and narrative in the original FEMA presentation with slides and narrative reflecting:
 his or her own experience,
 local building construction or special situations, and
 experience of the intended participants.
The instructor may modify the material wherever it is appropriate, using standard PowerPoint® procedures. However, to keep modified and unmodified presentations distinct and recognizable, the instructor should add a note to this slide to indicate that revisions were made with additional information.
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Earthquake Mitigation for Hospitals 
Workshop 

Part 2 – Earthquake Hazards

Presenter
Presentation Notes
Slide 1 – Part 2 Title Slide
This section will discuss earthquake hazards in order to provide information to assist you in understanding the various elements that affect building response to earthquake ground motion.  
Note to Instructor:
It is hoped that this presentation will be given by, or in association with, the earthquake program manager of the particular state or locale where this workshop is being given.  The earthquake program manager, or an individual from the State Geological Survey, is ideally suited to provide an overview presentation on the local hazard affecting the region. 
The instructor may want to present a brief synopsis of their background and experience with earthquake hazards.  It is also suggested that questions from the audience be encouraged, as they come up, to facilitate workshop interaction among the participants. 
Now would also be appropriate to introduce any earthquake hazard materials that may have been brought for distribution to the participants.  
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EARTHQUAKE HAZARD

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 – Risk
Here is the RISK equation we introduced earlier.  This section will focus on the hazard function of the RISK equation.  From a risk perspective, if there is no earthquake hazard, that is, your facility is located in a region that is not earthquake prone, then the earthquake risk to your facility will be zero.  Conversely, if your facility is located within a region of seismicity – low, moderate, or high – then the quantification of the earthquake hazards affecting your facility becomes important.  Knowledge of the earthquake hazard, along with the facility vulnerability, which we will discuss later today, will define the risk to the facility. 
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Plate Boundaries & Earthquakes

Presenter
Presentation Notes
Slide 3 – Plate Boundaries & Earthquakes
Most earthquakes occur along plate boundaries where large crustal blocks move past one another.  California and Alaska lie along plate boundaries, and as a consequence those states have relatively frequent earthquakes, which are often of large magnitude.
However, not all earthquakes occur at plate boundaries. In the central and eastern United States and other parts of the world, earthquakes occur away from plate boundaries.  These earthquakes are usually less frequent and may be less intense.  Because of their lower frequency, these non-plate boundary earthquakes (also called intro-plate earthquakes) have not been studied as much and are poorly understood.  However, some of these intra-plate earthquake areas, such as the New Madrid Seismic Zone in Missouri, Arkansas, Kentucky, Tennessee, Illinois, Indiana, and Mississippi, can produce large-magnitude earthquakes.  Interestingly, the New Madrid Seismic Zone is thought to be a place where a plate boundary tried to form by rifting, but failed.  As a result, it represents an area of crustal weakness.
Note to Instructor:
The instructor is free to expand upon the discussion presented above.
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Historic Damaging Earthquakes

Presenter
Presentation Notes
Slide 4 – Historic Earthquakes
Many damaging earthquakes have occurred throughout the United States, and in fact many within a relatively short time span geologically.  Note the majority are on the west coast along the Pacific Plate Continental Boundary.  However, many have occurred in non-plate boundary regions.  The New Madrid Seismic Zone is such a non-plate boundary region.
Note to Instructor:
The instructor is free to expand upon the discussion presented above.
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Presenter
Presentation Notes
Slide 5 – Recent Earthquake Activity
If we look at more recent seismic activity, we see the same relative trend as the long-term history shows.  This figure, reproduced from the U.S. Geological Survey (USGS) web site, shows the locations of earthquakes that have occurred within the past week (color indicates time elapsed since the event occurred) and their relative magnitudes (the larger events having larger symbols).  Although many of these are small earthquakes (in the magnitude-2-to-3 range), the figure does illustrate that earthquake activity does occur outside of California, and in fact on a regular basis. 
Note to Instructor
It is suggested that the instructor of this session substitute an updated (more recent) USGS map for discussion about recent earthquake activity.  
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M2.3 11-8-08

M1.7 11-12-08

Presenter
Presentation Notes
Slide 6 – Recent Earthquake Activity
If we look a little more closely at the recent seismic activity for Nevada, we see several earthquakes near Las Vegas, Nevada.  The figure shows a magnitude-2.3 and magnitude-1.7 occurred last month.  
Note to Instructor
It is suggested that the instructor of this session substitute an updated/revised USGS map for discussion that shows recent earthquake activity in the region where the presentation is being given.  
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M2.2 11-10-08

M2.6 11-7-08

Presenter
Presentation Notes
Slide 7 – Recent Earthquake Activity
If we look a little more closely at the recent seismic activity for the Reno/Tahoe area we see similar small earthquakes.  Shown here are two earthquakes that occurred last month with magnitudes of 2.2 and 2.6.  Again, these figures are to illustrate that earthquakes are constantly occurring within the region. 
Note to Instructor
It is suggested that the instructor of this session substitute an updated/revised USGS map for discussion showing recent earthquake activity near the region where the presentation is being given. 
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Highest hazard

Lowest hazard

Presenter
Presentation Notes
Slide 8 – U.S. Earthquake Hazard
This figure, reproduced from the USGS web site, shows the mapped earthquake hazard of the United States.  Note how less than half the country is considered to have a low seismic hazard, as depicted by the regions without color.  This hazard map depicts the earthquake hazard now stipulated in the International Building Code earthquake design provisions.  As indicated, very few regions of the country are immune from requiring some level of earthquake design under the relatively new International Building Code or IBC.
Note to Instructor
The instructor may expand the discussion regarding the building code and the seismic design provisions as needed.  Part 5 of this slide set presents slightly more detail on the building code and the expected performance levels based on code designs.
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Reno, NV

Las Vegas, NV

Presenter
Presentation Notes
Slide 9 – Regional Earthquake Hazard
This figure, reproduced from the USGS web site, shows the mapped earthquake hazard for Nevada and the eastern California region of the western United States. Note that (Click to show animation) Reno is clearly in a high seismic hazard region, as indicated by the orange and red areas, and (click again) that Las Vegas is not immune from seismic risk.  
Note to Instructor
The instructor may expand the discussion regarding the building code and the seismic design provisions as needed.  Part 5 presents slightly more detail on the building code and the expected performance levels based on code designs.
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Earthquake Hazards

• Fault rupture
• Ground shaking
• Settlement
• Landslides
• Liquefaction
• Tsunami

Presenter
Presentation Notes
Slide 10 – Earthquake Hazards
An earthquake can also cause several co-lateral hazards for the built environment and infrastructure it affects.  These include:
Fault rupture, which is the initiating event for an earthquake.  If a fault rupture breaks the surface and a building is located close or straddling the fault, disastrous damage can result.
Ground shaking is the most prevalent hazard that affects the built environment.  
Settlement of the surrounding soils could occur as a result of consolidation due to the earthquake waves (shaking) passing through the soils.  
Landslides can occur as a result of the ground shaking.
Liquefaction results in a loss of soil bearing capability.  The soil liquifies and essentially acts like quick sand, greatly affecting a structure’s ability to be supported (if this phenomena is not properly addressed in design and construction).
Tsunami’s are earthquake-generated ocean waves, which are caused by displacement of large volumes of water due to undersea ground movement from fault rupture or undersea landslides.  The majority of damage and fatalities from the Sumatra Earthquake of 2007 were due to the tsunami and not direct ground shaking.
Let’s look at several of these hazards that affect the built environment and infrastructure.
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Faulting

Presenter
Presentation Notes
Slide 11 – Faulting
The movement along faults is caused by stresses in the earth.  These stresses, acting slowly and continuously over many years, bend the rocks in a wide zone.  This is called strain.  When the stress and strain become high enough to overcome the friction on the fault surface, the rocks on opposite sides of the fault move suddenly as the rocks release the strain and rebound to their unstrained shape.  This sudden movement causes an earthquake.  When faults move, friction between the two blocks grinding past one another creates the massive vibrations, which causes the strong ground shaking common in moderate to large earthquakes. 
The basic faulting mechanisms are:
DIP-SLIP FAULTS, where the movement is mostly VERTICAL
STRIKE-SLIP FAULTS, where the movement is primarily HORIZONTAL
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Ground Shaking
• Rock Ruptures
• Shock Waves Propagate thru Rock
• Soil Shakes on Top of rock
• Soil can Amplify the Ground Motion
• Buildings Shake Predominantly Horizontal

Epicenter
At Surface

Presenter
Presentation Notes
Slide 12 – Ground Shaking
When an earthquake occurs several things happen.  A fault ruptures, large vibrations called seismic waves are radiated in all directions from the fault and cause the ground to shake and roll.  There are four types of seismic waves.  However, the two that mostly affect the built environment, and are used to locate the earthquake epicenter, are the P (compression) waves, which arrive first, and the S waves (shear waves), which arrive second. 
The release of energy radiates outward from the fault rupture.  Dependent upon the composition of the surrounding soils, the energy or ground shaking may attenuate or die out as it propagates further away from the fault rupture through the soil.  It may also re-amplify in softer soils.  This could occur under building structures that are founded on softer soils but located hundreds of miles from the earthquake’s epicenter.  As an illustration, the darker colors shown in the slide under the buildings along the surface are illustrative of soils that tend to amplify the ground motion.  
Another issue to note is that for many earthquakes, particularly those resulting from the rupture of strike slip faults, the amplitude of vertical motions is approximately 1/3 of that of horizontal motions.  This relationship does not always hold true, however, as vertical motions resulting from earthquakes on thrust faults (a case of reverse dip slip faults) may be as high or higher than the horizontal motions in certain locations.
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Liquefaction

Presenter
Presentation Notes
Slide 13 – Liquefaction
Liquefaction is a loss of capability or strength of the underlying soils to support loads or weight.  If a building structure or underground utility crosses these zones, then the loss of bearing strength in the soil to support the weight can cause extensive damage.  
The left photo shows severe liquefaction during the 1964 earthquake in Japan, which caused some buildings to rotate as rigid blocks onto their sides.  Most liquefaction damage is not as dramatic as this, however.  It is more typical to see small sand blows caused by liquefaction of the underlying soils.  The photo on the right is in the Oakland Port following the 1989 Loma Prieta Earthquake.  The majority of the soils for the port are reclaimed harbor materials, which are susceptible to liquefaction.
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Questions?

Presenter
Presentation Notes
Slide  14 – Questions
Self explanatory.
The next session will discuss building response and vulnerability to the earthquake hazards discussed here.
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Earthquake Mitigation for Hospitals  
Workshop

Part 3 – Structural  Vulnerability

Presenter
Presentation Notes
Slide 1 – Part 3 Title Slide
This section will discuss building response to earthquake ground motion, vulnerability of various building structure types, their relative vulnerability, and the implications of building response on nonstructural component, equipment, and system performance.  
Note to Instructor:
The instructor may want to present a brief synopsis of their background and experience with building structures and earthquake design, response, and construction including possible post-earthquake investigations.  It is also suggested that questions from the audience be encouraged as they come up to facilitate workshop interaction among the participants.




Slide 2Earthquake Mitigation for Hospitals: Workshop

Building Structural 
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 – Building Structural Vulnerability to Earthquakes
We are shifting gears in our risk equation to the vulnerability side of the functional relationship.  We previously heard about the earthquake hazard affecting the region.  In this session and the next we will be looking at the vulnerability of both building structures, and nonstructural components, equipment, and systems to earthquake excitation.  
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Section Outline

• Building response to earthquake ground 
shaking

• Effect of building type, age, 
configuration, regularity on performance

• Pounding between buildings
• Examples of structural damage
• Implications of building response to 

nonstructural performance

Presenter
Presentation Notes
Slide 3 – Section Outline
In this session we will present a summary of building structure vulnerability, or damage potential.  First we will look at how buildings respond to earthquake ground shaking by reviewing the effects of differing building types, vintage, and configurations that affect response.  This will help us to begin to understand the positive and negative response characteristics of various building types under earthquake ground shaking.  We will also look at the effect that closely located buildings can have on building response.  Then we will look at several examples of building vulnerability and damage from past earthquakes.  Lastly, we will comment on how building response affects nonstructural components, equipment, and systems, which will be discussed in the next section.  
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Structural & Nonstructural Components

Presenter
Presentation Notes
Slide 4 – Structural vs. Nonstructural Components
As an introduction, this slide provides a pictorial of what is defined as the building structure, and what are nonstructural components, equipment, and systems.  The building structure is the roof, beams, columns, structural walls, floors, and foundations, identified with blue text on this slide.  These are the elements that hold up everything else.  All other building components (those shown in red) 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 to provide a comfortable environment in which to work, electrical equipment to provide electrical power throughout the building, and ceiling systems, partition walls and finishes that provide a aesthetically pleasing environment in which to work.  In addition, hospitals contain contents like desks, chairs, files, medical equipment, and computers that support the function of the building. As you can see there are a lot of items within the category of nonstructural components, which will be discussed in the next section.
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Building Response to Earthquake 
Ground Shaking

• Rock Ruptures
• Shock Waves Propagate thru Rock
• Soil Shakes on Top of rock
• Soil can Amplify the Ground Motion
• Buildings Shake Predominantly Horizontal

Epicenter
At Surface

Presenter
Presentation Notes
Slide 5 – Earthquake Ground Motion Affects on Buildings
The purpose of this slide, which you saw in the earlier Session on Seismic Hazard, is to briefly review what happens when an earthquake occurs.  Energy is released from the earthquake source zone, which is sometimes referred to as the earthquake focus.  As the energy radiates outward from the focus it begins to attenuate, or die out.  However, the shaking may also re-amplify in softer soils, or it may amplify due to directivity effects or basin effects, which are not illustrated here.  And, as previously noted, horizontal motions are generally of greatest interest, because the amplitudes of vertical motions are normally 1/3 of that of horizontal motions.  
Amplification due to softer soils, in particular, may be highly significant, as was the case, for example, during a magnitude-8.1 earthquake in 1985 that occurred nearly 200 miles west of Mexico City.  The earthquake destroyed 416 buildings and seriously damaged over 3,000 buildings located on or near the bed of the historic Lake Texcoco, where the prevailing soft soils significantly amplified the shaking.  
To account for the effect that soils have on ground motion response, the soil amplification factors in the International Building Code used for design can be on the order of 2-3 times the base ground shaking level for rock.  Use of this factor results in a direct amplification of the force parameter used in design.  Thus, if the soils were not correctly characterized beneath your building during design, then the design could be under-designed relative to the expected ground motion.  
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Earthquake Loads on Buildings

Presenter
Presentation Notes
Slide 6 – Earthquake Loads on Buildings
This diagram illustrates the forces and stresses within a building structure that build up as a building structure is subjected to ground shaking.  The base of the building follows the ground movement, as it is anchored.  The inertia of the upper sections of the structure tries to resist this motion.  The ground motion then changes direction and the response of the building is reversed.  This cycling of building response continues even after the ground shaking has stopped, slowly decaying to a standstill.  The type of building structure, height, and configuration affect how the building responds to the ground motion.
In this slide, note how the top of the building illustration is deflected more than the lower floors.  The top of the building experiences greater displacements and thus greater forces than the lower floors.  In fact, the building code requires that a typical nonstructural component located at the top of  the building be designed for three (3) times the forces that would be required if it was located at the foundation level.  This factor is to account for the increased response of the building with height.  
Note to Instructor
The instructor should use a laser pointer to assist in illustrating the various elements of the building as the discussion progresses.
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Earthquake Response of 
Structures

Presenter
Presentation Notes
Slide 7 – Earthquake Response of Buildings
Buildings resist the earthquake forces through a variety of structural elements.  The structural elements that resist the earthquake forces are collectively defined as the lateral force resisting system.  In the diagram we see the roof or diaphragm that transfers the earthquake inertia forces out to the perimeter shear walls shown in yellow.  As noted, these vertical elements can easily be braced frames, moment frames or a combination of elements, instead of shear walls.  In this example, the roof diaphragm, perimeter shear walls, and foundation system represent the lateral force resisting system for this type of building.
Another loading condition that must be addressed is out-of-plane forces.  The building diaphragm will deflect.  The end walls must have connections of sufficient strength to resist these deflections or failure will result due to these out-of-plane forces.  The photograph shows several exterior wall panels that failed out-of-plane due to inadequate strength of these connections.
Note to Instructor
The instructor should use a laser pointer to assist in illustrating the various elements of the building as the discussion progresses.
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Building Lateral Force Resisting 
Systems – Key to Good Performance

Presenter
Presentation Notes
Slide 8 – Building Lateral Force Resisting System
Here is a diagram of a building illustrating the general flow or transfer of earthquake forces through a building’s lateral force resisting system.  Note the vertical elements of moment frames, shear walls and diagonal bracing.  All of these vertical elements represent different types of lateral force resisting systems and will cause a building to respond differently to earthquake ground motion.  Which one that is used in a building structure provides a significant amount of information about how the building will respond.  For instance, moment frames, in general, allow buildings to deflect or sway more than a building that uses shear walls or diagonal bracing.  A moment frame building dissipates the energy through deflections of the building structure.  This is not bad; however, nonstructural components attached to the building structure must be properly designed and detailed to accommodate these larger deflections.
Note to Instructor
The instructor should use a laser pointer to assist in illustrating the various elements of the building as the discussion progresses.
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Lateral Force Resisting System

Presenter
Presentation Notes
Slide 9 – Building Lateral Force Resisting System
None of you are structural engineers, but it is very easy to evaluate what type of lateral force resisting system your building utilizes, and it will provide some idea of how the building will respond.  The drawing on the left is a plan view of a typical floor plan for this building. A key element of good building response is symmetry.  We first note that we have an unsymmetrical building in plan.  So the design needs to account for that.  We also notice that braced frames are used as the vertical lateral load resisting system. The braced bays are shown marked in red in the typical plan view.  On the right is a typical elevation of a braced frame bay that extends from the top of the building to the bottom at the foundation. The vertical elements of the lateral force resisting system should be symmetrical in both plan directions.  If we look at the plan view we have 3 braced bays on the right, and three braced bays on the left side of the building.  If we look in the left and right direction, we have again three braced bays along the bottom section of the building and three braced bays along the top edge. 
So, the conclusions that can be derived from just looking at the plans for this building are:  (1) unsymmetrical building in plan – not necessarily bad; (2) braced frame system for the lateral force resisting system – very good in that it has a lateral force resisting system and therefore, likely incorporated some level of design for earthquakes; (3) symmetrical vertical resisting elements on both sides of the building – good for resisting forces; and (4) the building will typically be stiff and not deflect as much due to the braced frames.
Note to Instructor
The instructor should use a laser pointer to assist in illustrating the various elements of the building as the discussion progresses.
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Strength & Ductility

Presenter
Presentation Notes
Slide 10 – Strength & Ductility
Another aspect of building performance we like to see in building structures is strength and ductility.  We naturally want buildings to be strong, but we also need ductility.  For example if we use the chalk analogy.  Everyone has broken a piece of chalk before.  It’s strong up to a point and then catastrophically breaks.  This type of building behavior is undesirable.  We want a building to be able to deflect, bend, and move to absorb energy and not break catastrophically.  If we think of a piece of rubber.  The rubber deflects, a lot, but does not break and if we release the load, it tends to come back to its original position.  The problem with non-ductile buildings, which contain elements that break catastrophically, is that they may collapse, which has an effect on life safety.  Thus, earthquake design provisions in the latest building codes require building structures to be designed for strength and also with a level of ductility such that catastrophic failures (collapse) do not occur.  The photographs show a non ductile catastrophic failure (left photo) and ductile performance in a reinforced concrete column (right photo). 
Note to Instructor
The instructor should use a laser pointer to assist in illustrating the various elements of the building as the discussion progresses.
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Building Stiffness

Earthquake Mitigation for Hospitals: Workshop

Presenter
Presentation Notes
Slide 11 – Building Stiffness
Another building characteristic that we discussed previously in our look at a typical building plan drawing is building stiffness.  Shear wall and braced frame buildings tend to deflect less to earthquake ground motion than buildings using frame structural systems that rely on the rigidity of the beam to column joints for stiffness and ductility in the building.  These latter buildings also deflect and move more.  An example of a stiff and flexible building structure is shown in the photos above where we have a shear wall building on the left, and a frame building on the right, that is also very close to collapse due to the excessive deflection.   
Note to Instructor
The instructor should use a laser pointer to assist in illustrating the various elements of the building as the discussion progresses.
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Other Performance Predictors

• Structure Type:
o Unreinforced Masonry
o Concrete Shear Wall
o Concrete Frame
o Concrete Frame with/

infill Shear Walls
o Steel Frame
o Steel Frame with/

infill Shear Walls
o Steel Braced Frame
o Precast Concrete Frame

Presenter
Presentation Notes
Slide 12 – Performance Predictors
As we have been saying, the type of structure provides a significant amount of information on the anticipated response of a building.  The various types of structure types can include the following list of structure types.
{the instructor should either read the list or point out several and elaborate on the type of response}
The photograph shows a concentric braced frame building structure.  We can expect this type of building structure type to be stiff with less deflection than a frame building.
Note to Instructor
The instructor should use a laser pointer to assist in illustrating the various elements of the building as the discussion progresses.
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Performance Predictors (Cont.)

• Building Age:
o Governing building

code (seismic design)
o Seismic provisions 

enforcement
o Materials used in 

construction
o Advances in technology
o Quality of construction
o Deterioration with age

Presenter
Presentation Notes
Slide 13 – Performance Predictors (Cont.)
Building age has an impact on building performance.  We know when earthquake design provisions were incorporated into building codes, typically after a major earthquake, and when enforced by local jurisdictions.  Thus, age of a building tells us IF earthquake design was required, and what provisions were likely used.  
We also know that different materials used throughout history have had various success, or lack of success in past earthquakes.  Unreinforced masonry is one example that we have learned is very vulnerable to earthquakes.  We also have new technology for resisting earthquakes.  One such technology is base isolation, where the whole building is placed on rubber blocks or a rubber/lead-core donuts at the foundation level, which absorb the ground displacements of the earthquake and transmit far less of this motion into the building structure itself.  The building just gently moves from side to side during a large earthquake.
Note the catastrophic failure in the upper photo of a reinforced concrete column.  Note the lack of steel reinforcing, particularly the horizontal ties.  Compare the quantity of steel in the damaged column to the column being constructed in the lower photo.  Significantly different requirements are required today than in the past to insure ductility in concrete elements as shown in the new column.  
Note to Instructor
The instructor should use a laser pointer to assist in illustrating the various elements of the building as the discussion progresses.
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Performance Predictors (Cont.)

Presenter
Presentation Notes
Slide 14 – Performance Predictors (Cont.)
Building configuration also has an impact on building performance.  An ideal configuration is a square or rectangle building plan.  But architects like to add character to a building and have wings with odd angle plan configurations.  What the wings or appendages do is introduce re-entrant corners into the building plan.  These re-entrant corners introduce stress concentrations that add additional forces in the building that require the building structural elements in these regions to be adequately designed or failures will occur. These examples show typical building plans with configuration irregularities.  Thus, if you have an older building with plan irregularities, you can likely expect greater earthquake damage at the re-entrant corner locations.
Note to Instructor
The instructor should use a laser pointer to assist in illustrating the various elements of the building as the discussion progresses.
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Plan Irregularities

Presenter
Presentation Notes
Slide 15 – Plan Irregularities
To illustrate plan irregularities, we can see the small building in the foreground has an irregular plan.  The dome shaped building has numerous wings introducing plan irregularities.  And, the building in the background has both plan irregularities and vertical irregularities with the numerous set-backs and steps in the building elevations.  The building may have been designed for these conditions, but it identifies areas that are subject to a higher force level during a seismic event and thus more prone to damage.  
Note to Instructor
The instructor should use a laser pointer to identify the various buildings as the discussion progresses.
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Building Vertical Irregularities

Presenter
Presentation Notes
Slide 16 – Vertical Irregularities
We introduced vertical irregularities in the example before.  Vertical irregularities are changes in the elevation of a building.  These set-backs introduce areas of force concentration like plan irregularities.  Changes in the vertical elements of the lateral force resisting system may change also and require design attention.  Additionally, many multi-story buildings typically have a taller first story that introduces differing response characteristics in the building structure.  This is called a soft first story.  
Note to Instructor
The instructor should use a laser pointer to identify the various areas of the building as the discussion progresses.
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Vertical Irregularities

Presenter
Presentation Notes
Slide 17 – Vertical Irregularities
Here is an example of vertical irregularities in a 3-story building.  An exposed basement exists on the back side of this photograph.  We note the low roof area that then transitions to the 2-story area adjacent to the entry.  We also have sloped roof diaphragms, and plan irregularities. 
Note to Instructor
The instructor should use a laser pointer to identify the various areas of the building as the discussion progresses.
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Vertical Irregularities

Presenter
Presentation Notes
Slide 18 – Vertical Irregularities
Here are several examples of vertical irregularities in mid-rise buildings.  Again, these conditions are not necessarily bad, but require design attention in order to properly transfer the building earthquake forces around and through these irregularities.  
Note to Instructor
The instructor should use a laser pointer to identify the various areas of the buildings to point out the vertical irregularities.
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Diaphragm Discontinuities

Presenter
Presentation Notes
Slide 19 – Diaphragm Discontinuities
Like vertical irregularities, diaphragm – or the roof and floor systems of a building, can occur, and will have an effect on building response.  In the example shown we have an entry to a hospital where it has a high exposed roof structure.  The roof or diaphragms on either side stop at the front entry, and are in fact notched out here.  The rear of the diaphragm connects the two low sections of roof together.  This affects the response of the building.  We can expect greater displacements at the low roof areas at this opening or cut-out in the diaphragm.  We can also expect possible damage to the roof diaphragm and roof members at the diaphragm re-entrant corners at the rear of the entry.  Thus, you have just identified a potential vulnerability in your building.
Note to Instructor
The instructor should use a laser pointer to identify the various areas of the buildings to point out the irregularities.
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Stiffness Irregularity

• Soft Story:
o Typically occurs at the first story 
o Desired architectural effect is tall open 

lobby or entry areas
o Story stiffness significantly different than 

adjacent stories

Presenter
Presentation Notes
Slide 20 – Soft Story
We introduced a soft story earlier.  This is a very common condition in multi-story buildings where the architectural effect is to create a tall open lobby or entry area that is dramatic and pleasing to the eye.  The subsequent floor elevations are typically much less in height.  This difference causes a difference in stiffness between the floors, and thus the response to earthquake shaking.  If the lower and taller story is not designed properly it will displace more than the upper floors and begin to fail.  This can then lead to a collapse of the first floor.  The Olive View Hospital we discussed earlier is an example of this phenomena of stiffness irregularity or soft story.
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Soft Story

Presenter
Presentation Notes
Slide 21 – Soft Story
Here is an example of a potentially soft story condition.  Notice the taller first story and the relatively shorter story heights above.  Until the buildings are evaluated, it is difficult to determine if the structural engineer properly considered the differing story heights in the design of the building for earthquake loading.
Note to Instructor
The instructor should use a laser pointer to identify the buildings to illustrate the differing story heights of the first story and upper stories.
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Building Adjacency (Pounding)

Presenter
Presentation Notes
Slide 22 – Pounding
Hospitals are continually adding new wings and additions to the existing hospital structure. Naturally, the hospital becomes infinitely more usable if staff and patients can transition seamlessly between the old and new sections of the hospital.   However, if the proper attention has not been given to the differing building structures and thus differing response or displacement behavior, the closely located buildings can impact or pound against each other causing localized damage to both buildings.  A properly designed expansion joint is required between the buildings to allow each to displace and yet not impact its neighbor.  
Another greater problem is if the floors do not align.  Greater damage can occur.  In hospitals where the floors need to align, this is less of a problem.  This condition of non-aligned floors is shown in the illustration above.
Note to Instructor
The instructor should use a laser pointer to identify the area of building pounding.
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Building Pounding

Presenter
Presentation Notes
Slide 23 – Pounding
Additional example of a major hospital complex with numerous additions that have occurred over the years.  
Note to Instructor
The instructor should use a laser pointer to identify the differing building structures and there close proximity to each other potentially leading to building pounding during an earthquake.
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Building Differential Displacement

Presenter
Presentation Notes
Slide 24 – Building Displacements
We have already learned how buildings respond to earthquakes and how different building structure types displace during earthquake excitation.  Sky towers or pedestrian bridges that connect buildings need to be designed to absorb the different displacements of the two connected buildings, or possible collapse of the bridge will occur.  This example shows a pedestrian bridge between two differing height building structures.  
Note to Instructor
The instructor should use a laser pointer to identify the pedestrian bridge. 
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Building Damage

Presenter
Presentation Notes
Slide 25 – Building Damage
Let’s take a look at some examples of building damage that occurred as a result of earthquake response. 
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Unreinforced Masonry Building Damage

Presenter
Presentation Notes
Slide 26 – Unreinforced Masonry Buildings
One of the most vulnerable building types is unreinforced masonry buildings.  Outside of California, there is an extensive amount of this type of building stock.  
Note where the damage is located in these examples.  The damage is at the top of the building.  Recall what we stated earlier that the response of the building is greater at the top than the bottom.  This is why damage is greater at the top of the building than the bottom.  The upper parapets usually fail, which then compromises the roof-to-wall connections, causing the upper portion of the masonry walls to fail in an out-of-plane response mode.
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Unreinforced Masonry Damage

Presenter
Presentation Notes
Slide 27 – Unreinforced Masonry Buildings
Additional masonry building damage.  The left photo shows classic out-of-plane wall failure at the top of the building.  The right photo shows in-plane shear failure of the masonry walls.  This is the classic shear wall X-cracking pattern.  Notice this damage occurred between the wall openings.  The performance of these short walls (between openings) is important because shear forces are transmitted from the floors above thru these shorter walls.  If not properly designed, the walls will fail with damage patterns as shown in this example.
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Concrete Frame Building Damage

Typical “X” cracking 
patterns

Presenter
Presentation Notes
Slide 28 – Concrete Frame Buildings
Concrete buildings can exhibit damage similar to that shown in the previous slide, if not properly designed.  Shown here are columns that exhibit shear “X” cracking damage.  Sometimes, architectural spandrel beams inserted between the columns can change the dynamic response of the building from how it was designed, causing the type of damage shown in this example. 
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Concrete Frame Building Damage

Presenter
Presentation Notes
Slide 29 – Concrete Frame Buildings
Another example of concrete shear failure in the building columns.  Note in this example how there are more window openings on the floor where the damage is shown than the other floors.  These damaged piers are smaller, thus, were not able to transmit the seismic forces from the upper sections of the building through this floor level. 
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Concrete Frame Building Damage

Presenter
Presentation Notes
Slide 30 – Concrete Frame Buildings
This example shows the Kaiser Permanente Building after the Northridge Earthquake in 1994.  X-cracking is clearly visible at the 2nd and 3rd floors as well as a definite shortening of the building columns at both floors.  The 2nd floor is close to collapse. 
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Concrete Frame – Olive View Hospital

Presenter
Presentation Notes
Slide 31 – Concrete Frame Buildings
Here is the Olive View Hospital after the 1971 San Fernando Earthquake. The canopy over the emergency response vehicles collapsed (in foreground of photograph).  Behind the collapsed parking structure is a collapsed 1-story portion of the hospital located between the collapsed parking structure and the tower.  The concrete columns in the soft first story of the tower were also extensively damaged, exhibiting “X” cracking behavior and extensive spalling of concrete.  As previously illustrated, the stairwell on the side of the tower building completely rotated and collapsed away from the tower (the base of the stair tower is shown on the right of the photo). 
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Steel Frame Building Damage

Presenter
Presentation Notes
Slide 32 – Steel Frame Buildings
A type of building damage that occurred during the 1994 Northridge Earthquake was to steel moment frame structures.  Remember that these types of buildings resist the lateral earthquake loads through the stiffness or rigidity of the beam to column connections.  A failure that occurred was cracks in the welds of the beam-to-column connections, as shown here.  Cracks also propagated into the column web.  This was unknown behavior up to this point by the structural engineering community.  Up to this time, this type of building structure was believed to be a highly resistant type of structure.  In fact, in some ways it still is, as there were no building collapses due to this type of damage.  However, such damage is difficult to identify as the architectural finishes have to be removed and fire proofing removed before the damage can be seen.  
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Steel Frame Building Damage

Presenter
Presentation Notes
Slide 33 – Steel Braced Frame Buildings
Remember earlier we discussed ductility in building response.  These examples illustrate good ductility in the braced frame braces.  The braces have buckled and the building has deflected, but it has not collapsed.  This allows people to evacuate the building safely after the earthquake shaking has stopped.
Please, if you do experience a moderate or larger earthquake and there is visible damage to a building, remember, what occurs following a major earthquake?  Aftershocks.  So, even though this building has performed in a ductile manner, it does not mean it would safely withstand an aftershock.  These gentleman also are not even wearing hardhats, besides being inside the building.  
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Precast Concrete Frame Damage

Presenter
Presentation Notes
Slide 34 – Pre-cast Concrete Frame Buildings
Precast concrete frame buildings are another vulnerable building type.  These types of buildings have their individual beams and columns manufactured in a factory and then shipped to the site and erected.  Not to unlike a house of cards.  The problem is not with the members themselves, but with the connections between the members.  If the connections are not designed with sufficient capacity to transfer the seismic forces, then failures can occur.  In fact, this is where the failures typically occur and the failures are catastrophic as shown in this example.  This was actually a newly constructed garage that did not do so well during the Northridge Earthquake.  
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Building Pounding Damage

Presenter
Presentation Notes
Slide 35 – Building Pounding
Here are two examples of adjacency damage or building pounding. This type of damage tends to be localized, but never-the-less can be significant.  The building would likely be red-tagged (that is, posted with an UNSAFE red placard) and re-occupancy would not be allowed until strengthening measures were implemented.
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Building Damage 
can be Subtle

Presenter
Presentation Notes
Slide 36 – Subtle Building Damage
Building damage can be subtle after an earthquake.  Note in this example how the building is displaced slightly to the right.  Site along the vertical face in relation with the light pole and notice the small deflection or leaning of the building.  This is a condition that should be evaluated by a structural engineer prior to re-occupancy.
Note to Instructor
The instructor should use a laser pointer to identify the damaged areas as the discussion progresses.
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Generalized Building Structure 
Earthquake Performance

Presenter
Presentation Notes
Slide 37 – Building Relative Performance
This slide presents a generalized ranking of stiff vs. flexible structures and their relative damage vulnerability for older, existing structures.  Notice we have unreinforced masonry (URM) infill and concrete precast frame buildings at the top.  Near the bottom are steel moment resisting and braced frame buildings, which typically exhibit good performance, even if they have not been designed specifically for earthquake loads.  
Notice where typical wood-frame home construction lies – at the bottom.  With few exceptions, our wood frame homes will tend to behave well in an earthquake.  It’s not to say there will not be any damage, but they should not collapse allowing safe egress from the building.
Note to Instructor
The instructor should use a laser pointer to identify the building types as the discussion progresses.
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Implications of Building Response on 
Nonstructural Component Performance

• Nonstructural Performance Dependent upon:
o Level of ground shaking
o Response of the building structure
o Flexibility or stiffness of the building structure
o Seismic design and detailing of nonstructural 

components, equipment, & systems; e.g., 
are the seismic restraints compatible with 
expected building response – stiff or flexible 
building structure?

Presenter
Presentation Notes
Slide 38 – Nonstructural Performance
As a lead in to the next section, it is important to note that the performance of nonstructural components is dependent upon the level of ground shaking, and the response of the building structure.  Flexible buildings deflect more than stiff shear wall buildings, and thus, will require the nonstructural components to be designed for higher forces if located higher up in the building structure.  Designing and detailing nonstructural components is critical if good earthquake performance is expected.  We will discuss this further in the next section.
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PLAY SHAKE TABLE VIDEO

Presenter
Presentation Notes
Slide 39– Shake Table Video
How many of you have experienced an actual earthquake?  This video shows the shake table test of a 7-story concrete frame/shear wall building conducted several years ago at the Dai-Dai-Toku Kobe laboratory in Japan. The Dai-Dai-Toku Kobe laboratory was established as a core research site to support "the special project for earthquake disaster mitigation in urban areas".  The laboratory includes a reconfigurable platform for tests as well as platforms for test observations. 
The shake table test was conducted using ground motions recorded during the 1995 Kobe earthquake.  The test shows how the different elements of the building respond to earthquake shaking.  It also includes several clips of nonstructural components – couch, table and chairs, hutch, and bookcase – to give you a good idea of how much movement occurs during an earthquake.
Note to Instructor
The shake-table videos can be accessed and down-loaded at the following link:  http://www.bosai.go.jp/hyogo/ehyogo/movie.html
The video discussed above is labeled “Test of 6-story R/C Building (01/2006).”
The instructor should use a laser pointer to identify the damaged areas of the building as the video loops through different camera angles and areas of the building.  Items to discuss include:
Nonstructural spandrel panel, which changes the response of the building, inducing shear cracking in the building columns; note how the exterior corner column does not experience as much damage as an interior column.
Shear wall cracking.  
Nonstructural component movement and damage.
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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.  




Slide 15Earthquake Mitigation for Hospitals: Workshop

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.





Slide 30Earthquake Mitigation for Hospitals: Workshop

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
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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
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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
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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
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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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Earthquake Mitigation for Hospitals:  
Workshop 

Part 5 – Earthquake Damage 
Expectations

Presenter
Presentation Notes
Slide 1 – Part 5 Title Slide
This 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 Midwest
In 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. 





Slide 3Earthquake Mitigation for Hospitals: Workshop

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 Expectations
The 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.  





Slide 4Earthquake Mitigation for Hospitals: Workshop

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

Presenter
Presentation Notes
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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Presentation Notes
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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Slide 8 – Why does so much Damage Occur
We 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 says
Question – 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. 



Slide 10Earthquake Mitigation for Hospitals: Workshop

Model Building Code 
Earthquake Performance

Presenter
Presentation Notes
Slide 10 – Model Building Code Earthquake Performance
Here 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
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Slide 11 – Model Building Code Design Philosophy
This 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 welfare
It does not protect against property damage losses
The 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. 




Slide 12Earthquake Mitigation for Hospitals: Workshop

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
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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
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Slide 13 – Model Building Code Nonstructural Design Requirements
The 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
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Slide 14 – Nonstructural Design Process
For 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:
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IT Systems
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Slide 15 – Earthquake Design Process
To 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.  



Slide 16Earthquake Mitigation for Hospitals: Workshop

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
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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
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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. 




Slide 19Earthquake Mitigation for Hospitals: Workshop

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

Presenter
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.

Presenter
Presentation Notes
Slide 20 – Construction Process
Lets 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
Presentation Notes
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

Presenter
Presentation Notes
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 Examples
Here’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 Construction
Quality 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 Hospitals
Let’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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Earthquake Mitigation for Hospitals: 
Workshop

Part 6 – Risk Reduction Overview

Presenter
Presentation Notes
Slide 1 – Part 6 Title Slide
We will be changing gears for the rest of the workshop and begin to look at what can be done to reduce the damage from major earthquakes – specifically what tools can you learn to assist in mitigating earthquake risk to your facilities. 

Note to Instructor:
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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Overview of Seismic Risk 
Reduction

Presenter
Presentation Notes
Slide 2 – Seismic Risk Reduction
Risk reduction actions can take many forms, from doing nothing to implementing mitigation measures.  Mitigation has a cost associated with it, particularly if mitigation measures such as building strengthening is performed where a facility must be kept operational.   The main purpose of this workshop is to encourage you to mitigate the earthquake risk to your facilities.  Additionally, mitigation should be performed intelligently where the greatest risk reduction is achieved for minimal cost.
The diagram shows the general mitigation process.  You can do nothing, which has no cost but a very high risk when a major earthquake occurs.  You can decide to replace everything – new facility with state-of-the-art patient care, but it comes at a high cost, but low risk.  The next area of mitigation is rehabilitation of existing facilities; most of you will likely choose this option.  One strategy is to decide to rehabilitate the facility all at once.  This causes a loss of use and high cost, but the risk is lowered. 
A better strategy is to mitigate the earthquake risk to a facility by identifying key opportunities for implementing earthquake mitigation through incremental steps.  This offers a lower cost and typically continuous use of the facility.  Remember, earth scientists and seismologists do not know when, where, or how big the next earthquake will be, so trying to mitigate the risk overnight is unrealistic.  So, this next section of the workshop will look at how to cost effectively mitigate earthquake risk to hospital facilities by identifying opportunities to perform mitigation through incremental steps.
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Earthquake Mitigation for Hospitals: 
Workshop

Part 7 - Planning and Managing the 
Process

Presenter
Presentation Notes
Slide 1 – Part 7 Title Slide
The implementation of a mitigation program requires effective planning as well as the integration of many managers within a hospital organization.  In this section we will look at the planning and managing aspects of implementing a facility mitigation program.  
Note to Instructor:
It is suggested that questions from the audience be once again encouraged as they come up to facilitate workshop interaction among the participants.  The instructor may want to open up this session by asking if any of the participants has developed a mitigation plan and request they share some of the specifics with the rest of the workshop attendees.
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Planning and Managing the Process 
of Seismic Risk Reduction

• Planning for earthquake risk reduction 
requires a coordinated and integrated 
effort by facility managers, risk 
managers, and financial managers.

Presenter
Presentation Notes
Slide 2 – Planning and Managing the Process
Planning for earthquake risk reduction in hospitals requires a coordinated and integrated effort by facility managers, risk managers, and financial managers.  Your organization’s senior management may have requested you, the manager, to make a recommendation to address seismic safety in your hospital facility or may have made a decision to address it, or there may already be a seismic safety program in place.  This section discusses the planning process of seismic risk reduction and presents specific activities that will accomplish the goal of seismic risk reduction.  These activities are best integrated into an on-going hospital facility management process.  This portion of the workshop addresses Part B of the FEMA 396 document.
A key point to remember as we proceed through this session is that an organization’s earthquake risk reduction needs are achieved in a much more cost-effective manner when an integrated effort is performed by the organization’s facility managers, risk managers, and financial managers.  
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Planning and Managing the 
Process of Seismic Risk Reduction

Presenter
Presentation Notes
Slide 3 – Planning and Managing the Process (Cont.)
A typical facility management process for existing hospital buildings consists of seven phases that consist of distinct activities within each phase. This diagram represents a generalized model, but does capture the major elements of the facility management process.  These seven phases include:
Acquisitions, which include due diligence actions
Current building Use, involving facility occupancy, facility operations, facility maintenance activities, and facility assessments
Accreditation, addressing compliance issues with the Joint Commission on Accreditation of Healthcare Organizations (JCAHO) or other regional and local accreditation bodies
Planning, which includes strategic long-term planning and facility planning
Budgeting for capital improvements, maintenance of existing facilities, and insurance
Funding management, looking at financing of capital for new facilities, on-going facility maintenance and insurance budgets
Implementation of approved capital and maintenance activities. 
This process is sequential, progressing from acquisition through implementation for any given facility.  A healthcare organization that has a large inventory of buildings is likely to have ongoing activities in each of these different phases. 
The facility management process provides a known framework to a hospital organization in managing the facilities.  The goal of this workshop is to introduce cost-effective opportunities to integrate seismic rehabilitation activities – mitigation – into a known facility management process.      
Let’s look at each of these managing processes in a little more detail.
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Acquisition

Hospital buildings and their professional 
staffs are often acquired as part of a single 
transaction. The due diligence process that 
precedes an acquisition is intended to identify 
and quantify all the liabilities or potential 
liabilities related to the asset being acquired.

Presenter
Presentation Notes
Slide 4 – Acquisition
The first phase of the generalized facility management model is Acquisition.  Today’s environment has many organizations merging and being acquired.  Prior to the acquisition, a process of due diligence is typically performed by various experts to identify and quantify all the liabilities or potential liabilities of the asset being acquired.  While seismic safety is likely a low priority on an organization’s reasons to acquire a facility, the due diligence process offers a cost-effective opportunity to understand the earthquake risk of the building and nonstructural equipment and systems prior to purchase.  
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Use

The use phase of facility management
includes:

o Occupancy: healthcare delivery and support
o Operation: facility support
o Maintenance: enable Occupancy and 

Operation to continue over time
o Assessment: facility survey and inspection

Presenter
Presentation Notes
Slide 5 – Use
Current building Use addresses existing facilities.  Understanding the occupancy of a facility is critical in defining the type of facility and operations conducted as well as the necessary earthquake safety required during and following an earthquake event.  An emergency room operation requires different facility operating parameters than a health care clinic.  This extends to the operation and maintenance activities conducted as well as the importance of the post-earthquake performance of each facility.  A functioning emergency room will be greatly needed following a major earthquake, where as a health car clinic would not necessarily be needed immediately following a major event.  
Opportunities for mitigation include marrying and performing partial seismic surveys and assessments with a normal routine facility survey such as a fire protection review.  
.   
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Accreditation

The accreditation phase of facility 
management consists of a variety of 
evaluation and inspection activities.

Presenter
Presentation Notes
Slide 6 – Accreditation
The accreditation process for hospitals requires a variety of evaluation and inspection activities in addressing compliance requirements.  Opportunities for seismic screening and evaluation can support and enhance the demonstration of compliance with Joint Commission on Accreditation of Healthcare Organizations (JCAHO) Environment  of Care (EC) standards EC.1.4 and EC.2.4.  The EC standards require hospital, ambulatory care, behavioral health, home care, and long term care organizations to develop and implement a management plan that ensures effective response to emergencies affecting the delivery of healthcare.  These compliance activities offer opportunities to integrate seismic screening and seismic evaluation to yield a more sophisticated vulnerability analysis to the emergency management plant required for accreditation.  
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Planning

The planning phase consists of 
projecting and forecasting future needs 
in two separated but related areas:

o Healthcare planning
o Facility planning

Presenter
Presentation Notes
Slide 7 – Planning
Planning offers the opportunity to include seismic safety and performance into the healthcare and facility planning process.  The healthcare planning process considers many factors in making decisions as to the type of healthcare services to be provided and in which existing facilities.  Knowing the current expected seismic performance of an existing facility can greatly assist in the healthcare planning process.  
Similarly, when planning for new facilities, the desired seismic performance should be incorporated into the decision process for the facility.  This should not be an after thought, but a dedicated effort to decide on the level of earthquake performance that is desired for the facility.  Planning offers the opportune time to integrate seismic performance.  
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Budgeting

The budgeting phase consists of the 
projection of future financial resources 
required to meet future needs in three 
areas relevant to facility management:

o Capital
o Maintenance
o Insurance

Presenter
Presentation Notes
Slide 8 – Budgeting
Budgeting offers several opportunities to include seismic safety and performance into healthcare facilities.  Understanding the earthquake risk to existing facilities assists in developing mitigation plans and cost-effectively integrating the implementation of those plans into capital improvement and maintenance budgets.  Understanding the existing earthquake risk to healthcare facilities also assists risk management in procuring the appropriate levels of earthquake insurance.  
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Funding

The funding phase consists of obtaining 
the financial resources to meet hospital 
needs. The funding of hospital capital, 
maintenance, and insurance budgets can 
come from various sources:

o Revenue
o Bonds
o Grants

o Interest income
o Taxation

Presenter
Presentation Notes
Slide 9 – Funding
Funding is always the most difficult part for any organization.  This applies to not only operational needs, but the inclusion of seismic mitigation actions.  Funding can come from several sources including revenue, interest income, debt, taxation, or grants.  This last source should be researched as healthcare facilities are extremely important emergency response and care facilities needed following a major earthquake event.  FEMA recognizes this and annually awards grant funding for earthquake mitigation projects.  One such program is the Pre-disaster Mitigation or PDM program.    
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Implementation

The implementation phase includes 
design and construction in four 
categories of projects:

o New building construction
o Building acquisition
o Capital improvement
o Maintenance

Presenter
Presentation Notes
Slide 10 – Implementation
Planning, budgeting, and funding have been successful in identifying and allocating funds to perform earthquake mitigation, but what is the best way to implement seismic mitigation?  The implementation phase offers four main areas for implementing seismic mitigation.  These are:
During new building construction.  Let’s do it correctly, right out of the ground.  This is the most cost-effective and requires the least cost and time to implement earthquake mitigation.
During building acquisition prior to building turnover and occupancy.  This offers an opportune time to implement seismic mitigation prior to occupancy.
During capital improvement projects.  An example is a wing addition or floor remodeling to an existing facility.  Incorporate for implementation seismic safety strengthening measures during design and construction.  The area has already been planned and made available for construction, why not include seismic strengthening at the same time.
During maintenance activities.  If new equipment and systems are being installed or replaced, implement seismic strengthening at the same time.  This is very cost effective.
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Overview of Seismic Risk 
Reduction

Presenter
Presentation Notes
Slide 11 – Overview of Seismic Risk Reduction
This slide illustrates various options for seismic risk reduction.  The most important consideration for earthquake safety in hospital buildings is to reduce the risk of catastrophic structural collapse.  Most likely in existing vulnerable buildings, structural collapse poses the greatest threat to life in a major earthquake.  Choosing the method of protection from structural collapse in a deficient building requires two critical decisions, recognizing that Do Nothing is not an option:
Replace or Rehabilitate.  If you decide to replace a building, new construction is carried out according to modern codes and can be assumed to meet  current safety standards.  However, financial constraints, historic preservation concerns, and other community interests may make the replacement option infeasible.  In this case, rehabilitation should be considered.
Single-stage Rehabilitation or Incremental Rehabilitation.  If the rehabilitation option is chosen, there are still issues of cost and disruption associated with the rehabilitation work.  The cost of single-stage seismic rehabilitation has proved to be a serious impediment to its implementation by many healthcare organizations.  Incremental seismic rehabilitation is specifically designed to address and reduce the problems of cost and disruption.  
We will be talking more about this latter or Incremental Rehabilitation process throughout the afternoon.
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Planning and Managing the Process of 
Seismic Risk Reduction

• 10 specific activities can be added to 
the facility management process to 
implement an incremental seismic 
rehabilitation program.

• 9 additional activities can be added to 
further reduce seismic risk.

• There are two ways to start reducing 
seismic risk. EQ drills, contents 
mitigation

Presenter
Presentation Notes
Slide 12 – Planning and Managing the Process of Seismic Risk Reduction
Incremental rehabilitation phases seismic rehabilitation into an ordered series of discrete actions implemented over a period of several years, and whenever feasible, these actions are timed to coincide with regularly scheduled repairs, maintenance, or capitol improvements.  Many incremental seismic rehabilitation measures can be initiated in the near-term as a component of planned maintenance and capital improvement with only marginal added costs.  Getting started as soon as possible on a program of earthquake safety demonstrates recognition of responsibility for hospital safety and can provide protection from liability.  
As you will see, seismic risk reduction encompasses many activities.  There are 10 specific activities that can be integrated into an existing facility management process.   
Due diligence analysis	6.   Seismic rehabilitation planning for specific 	      buildings
Seismic screening	7.   Staging seismic rehabilitation increments
3. 	Seismic evaluation	8.   Budget packaging
4. 	Emergency management planning for accreditation	9.   Bond packaging
5. 	Developing a risk reduction policy	10. Seismic rehabilitation project management

The additional 9 activities include:
Responding to occupant concerns	6.  Coordinating with risk and insurance managers
Emergency management/response planning	7.  Becoming familiar with applicable codes
Emergency management/mitigation planning	8.  Establishing and maintaining a roster of design 	      earthquake professionals
Developing a risk reduction policy	9.  Negotiating code enforcement.
Incorporating Federal and State mandates and programs	

We’ll see how these can be integrated into an existing healthcare’s facility management process.
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Elements of an Incremental  Seismic 
Rehabilitation Program

Presenter
Presentation Notes
Slide 13 – Elements of an Incremental Seismic Rehabilitation Program
Let’s take a look at some of the key elements of an incremental seismic rehabilitation program.
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Elements of an Incremental  
Seismic Rehabilitation 

Program

Presenter
Presentation Notes
Slide 14 – Elements of an Incremental Seismic Rehabilitation Program
Here is the healthcare facility management chart we have discussed.  Overlaid on the chart is the specific seismic rehabilitation activities integrated into the facility management process.  
Let’s look at each of these in a little more detail.
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1. Due Diligence Analysis
Due diligence should include a probabilistic 
analysis of potential earthquake risks:

• Building stability
• Site stability
• Building damageability
• Building content damageability
• Business interruption

Resource: ASTM E 2026

Presenter
Presentation Notes
Slide 15 – Due Diligence Analysis
Any new acquisition involves a due diligence or pre-purchase inspection.  In regions of high and moderate seismicity, the due diligence for a facility should include a probabilistic analysis of potential earthquake risks.  Such an analysis considers damage from earthquakes of all levels of intensity, and will provide information on seismic vulnerabilities in the building.  The analysis will typically address:
Building stability
Site stability – faulting, liquefaction, settlement, and landslide hazards
Building and nonstructural equipment and system vulnerability
Impacts to business interruption, which should also be assessed.
If the building is acquired, the due diligence analysis will provide information for the initiation of a full seismic assessment.  Probabilistic analysis, because of its detail and scope, will be more expensive than more simplistic Probable Maximum Loss (PML) analysis.
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2. Seismic Screening
Seismic screening of a healthcare 
organization’s building inventory can be 
incorporated into other building assessment 
activities:

• Determine building structure type
• Relative vulnerability score of each 

building

Resource: FEMA 154

Presenter
Presentation Notes
Slide 16 – Seismic Screening
Following building acquisition, seismic screening of the healthcare organization’s building inventory is the first step of the incremental seismic rehabilitation process.  This is critically important as it provides two very key elements of information necessary to begin a seismic rehabilitation program.  These two elements are:
  Relative seismic risk of the facilities
  Ranking or prioritization of the facilities, depending upon the risk
This process provides information on what the facility risk is, and then through ranking provides the beginning a seismic rehabilitation program by defining where to start – i.e., typically where the highest risk is.  
Additionally seismic screening activities can be integrated with other building assessment activities.  By just knowing the building structure type and using available information from FEMA 54 – Rapid Visual Screening of Buildings for Potential Seismic Hazards: A Handbook, Second Edition a rapid assessment and understanding of the risk to an organizations’ buildings can be obtained.  Building structure type is typically information Risk Management has, as this is required for insurance purposes.  Thus, this information may already be quantified within your organization.
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3. Seismic Evaluation

Seismic evaluation is an engineering 
analysis of individual healthcare 
buildings that have been screened as 
relatively more vulnerable.

Resource: ASCE 31 (based on FEMA 310)

Presenter
Presentation Notes
Slide 17 – Seismic Evaluation
Under our USE phase of the facility management program, the Seismic Evaluation of existing facilities would be integrated.  Like facility screening, seismic evaluation is the next step in assessing risk to individual buildings.  These buildings would be those that ranked a moderate or high seismic risk in the screening process.  Those with a low risk are screened out from further evaluation.  
Seismic evaluation of individual buildings is an engineering analysis.  Guidance for seismic evaluation of buildings is contained in standard ASCE 31-03, Seismic Evaluation of Existing Buildings.  The standard provides engineering guidance on how to evaluate categories of buildings in order to identify deficiencies and determine effective rehabilitation measures.  Two levels of earthquake performance objectives are contained in ASCE 31-03, Life Safety Performance, and Immediate Occupancy, which is more applicable to healthcare organizations.
Seismic evaluation can be done by the healthcare organization’s professional staff or by an outside consulting engineering firm.
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4. Emergency Management Planning

Emergency management planning is 
required by JCAHO Environment of 
Care standards. Seismic screening and 
evaluation can support and enhance 
demonstration of compliance with 
JCAHO standards EC.1.4 and EC.2.4

Resource: ASHE, Hazard Vulnerability Analysis

Presenter
Presentation Notes
Slide 18 – Emergency Management Planning
During the Accreditation Phase, seismic screening and seismic evaluation can support and enhance the demonstration of compliance with JCAHO’s Environment of Care (EC) standards EC.1.4 and E.C.2.4.  
The American Society for Healthcare Engineering (ASHE) has developed a tool, entitled “Hazard Vulnerability Analysis,”  to help healthcare organizations develop an emergency management plan.  It is a simple matrix that lists a variety of hazards, including earthquake, and requires the rating of each in terms of its probability on a 4-point scale from “none” to “high”, risk on a 5-point scale from “low disruption” to “life threat”, and preparedness on a 3-point scale from “poor” to “good”.  The values on each scale are multiplied to arrive at a total value for each hazard.  The tool instructs the user to determine a value below which no action is necessary.  Acceptance of the risk is at the discretion of the organization.
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5. Developing a Risk Reduction Policy
• The Board of Directors should adopt a 

policy statement supporting seismic 
risk reduction. 

• Such a policy should, at a minimum, 
establish seismic performance 
objectives for the healthcare 
organization’s various buildings.

Presenter
Presentation Notes
Slide 19 – Developing a Risk Reduction Policy
This element probably is one of the most important elements of integration.  Convincing the board of directors to adopt a clear policy statement supporting seismic safety and risk reduction sends a powerful message to the organization.  If the board is not behind seismic risk reduction, then you are likely spinning your wheels.  
The policy should at a minimum establish seismic performance objectives for the healthcare organization’s buildings.  Seismic performance objectives define the target performance of a building following an earthquake of a specified intensity.  The policy and objectives should be developed and documented as part of the seismic rehabilitation planning process.
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6. Seismic Rehabilitation Planning
• Establish seismic target performance 

levels
• Prioritize rehabilitation opportunities 

(“worst first”)
• Define rehabilitation increments
• Integrate with other planned 

rehabilitation work

Resource: ASCE 41 (based on FEMA 356)

Presenter
Presentation Notes
Slide 20 – Seismic Rehabilitation Planning
FEMA has yet another great tool in providing engineering guidance in developing a seismic rehabilitation program.  ASCE 41-06, Seismic Rehabilitation of Buildings includes specific techniques for analyzing and designing effective seismic rehabilitation measures.  The planning task entails four specific facility planning subtasks:
Establish seismic target performance levels:  Operational, Immediate Occupancy, Life Safety, or Collapse Prevention.
Prioritize rehabilitation opportunities.  Apply a “worst” first approach when looking at rehabilitation planning.  Focus on heavily used sections of the most vulnerable buildings housing the greatest number of occupants, as well as to areas housing critical functions and equipment.  For example, higher priorities may be given to rehabilitation of hospital areas where patients and staff spend most of their time, and to corridors, stairs and exits, which will facilitate the evacuation of the building following an earthquake.
Define increments.  Break down the specific seismic rehabilitation opportunities into discrete incremental rehabilitation measures that make sense in engineering and construction terms.  When establishing increments, consider scheduling to minimize the disruption to normal hospital operations.
Integrate with other rehabilitation work.  Link each incremental rehabilitation measure with other related facility maintenance or capital improvement work.  An example of the planning of rehabilitation with related capital improvement work would be interior space reconfiguration.  The space will likely be vacated. Integrate the rehabilitation of the above ceiling systems – install fire protection pipe bracing, safety wire the florescent light fixtures, brace the ceiling grid system, etc. while the space is vacant.  Seismic rehabilitation of the upper ceiling space may not have been planned, but is the opportune time to perform along with the interior space reconfiguration.
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Target Performance Levels

Presenter
Presentation Notes
Slide 21 – Target Performance Levels
This slide is reprinted from ASCE 41 showing the differing levels of earthquake performance.  This is an expansion of the two performance levels, Immediate Occupancy and Life Safety, used in the ASCE 31 evaluation standard.  ASCE 41 allows for the pairing of various hazard levels with desired performance objectives.  Ideally, when evaluating a facility, reasonable performance objectives and expectations should be considered for moderate, severe, and rare great earthquakes.
As shown in the diagram, higher performance is associated with less loss, with the Operational Performance Objective being at the top.  This level of performance implies that the facility will have on-site utility services to maintain facility functions, as well as very little damage experienced.  
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Target Performance Levels

Presenter
Presentation Notes
Slide 22 – Target Performance Levels (cont.)
This slide is an expansion of the previous slide for building target performance levels from ASCE 41; it defines the overall expected damage for each performance objective.  Let’s look at the Immediate Occupancy Level of expected damage:
No permanent drift.  Structure retains original strength.  Minor cracking of facades, partitions, and ceilings.  
This implies very minor, basically cosmetic damage to the building nonstructural architectural elements.  The building structure is fine.  
Equipment and contents are generally secure, but may not be operable due to lack of utilities.
Notice is does not say “NO” damage will occur.  There is expected to be very minor damage.  If designed to the current International Building Code, this would be the expected performance for a hospital, if designed and constructed correctly.  
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7. Staging Seismic Rehabilitation 
Increments
Incremental seismic rehabilitation affords great 
flexibility in the sequence and timing of actions:

• Get started as soon as possible
• Even if completion takes 10-20 years, most of 

the risk reduction benefit is realized
• There is a wide margin of options and it is 

possible to increase the vulnerability for a 
limited period.

Presenter
Presentation Notes
Slide 23 – Staging Seismic Rehabilitation Increments
Once the assessment and evaluations are complete and the risk is understood, the increments of rehabilitation elements are defined for integration; the next stage is the integration or staging of the rehabilitation increments into existing maintenance or capitol improvement projects.  
The key to any rehabilitation program is to start as soon as possible.  Rehabilitation will not happen overnight, and in fact will occur over many years.  This is ok, as no one knows when the next large earthquake will occur.  The point is to start from today, going forward, and adopting a seismic risk reduction attitude in every element of your organization.  If you do this, sometime in the future you will have reduced your earthquake risk significantly, and hopefully, the “big one” will not have occurred yet.
Note this last bullet.  It is possible that using this incremental approach you increase the vulnerability to a structure or nonstructural element for a limited time, where the work will be completed in a later phase of work.  This may be a reasonable risk dependent upon the increased risk incurred and the time frame planned.
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8. Budget Packaging
• Carefully plan how to present the incremental 

seismic rehabilitation budgets, given political 
and financial realities and Medicare’s 
depreciation schedules

• It is unlikely that healthcare organizations 
outside California can raise funds for a 
seismic rehab program for all their buildings

• It may be necessary to package seismic 
rehabilitation with other work to get it funded

Presenter
Presentation Notes
Slide 24 – Budget Packaging
The hospital directors and facility managers should carefully plan how to present the incremental seismic rehabilitation budgets, given the political and financial realities of the healthcare organization, and Medicare’s depreciation schedules.
Facility capital improvements and maintenance budget proposals, generated both locally at the facility and centrally at organization headquarters, are results of the facility planning process.  The budget, however, is also a vehicle for establishing funding priorities, through a board decision, a bond issue, or other process.  In actuality, organizations outside of California will likely have a more difficult time raising funds for a comprehensive seismic rehabilitation program of all their hospitals, and in fact for the incremental approach presented in this workshop.  The incremental approach will likely have to be integrated with other planned work in order to get it funded.  
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9. Bond Packaging
Bond financing is one of five financing 
mechanisms for seismic rehabilitation. It is 
important to ensure that bond-financed 
incremental seismic rehabilitation does not 
include categories of work precluded by law 
or regulation.

Presenter
Presentation Notes
Slide 25 – Bond Packaging
Bond packaging must ensure that bond-financed incremental seismic rehabilitation does not include categories of work precluded by law or regulation.  
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Bond Financing

Experience with bond-financed incremental 
seismic rehabilitation has been limited to 
school districts. Most extensive is that of 
Seattle Public Schools. Seattle’s experience 
may be of interest to some healthcare 
organizations. Two types of bonds were 
used, based on state law:

• Capital Levy Bonds (smaller projects)
• Capital Improvement Bonds (larger 

projects)

Presenter
Presentation Notes
Slide 26 – Bond Financing
Experience with bond-financed incremental seismic rehabilitation has been limited to school districts, and the most extensive is that of the Seattle Public Schools program.  Seattle Public Schools used two types of bonds to fund its program.  Capital Levy bonds were used to fund projects with smaller seismic rehabilitation increments categorized as repair and major maintenance activities.  Capital Improvement Bonds were used to fund major projects categorized as modernization of hazardous buildings.  This distinction was necessary because of Washington state law.  Similar distinctions may be required in other parts of the country.
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10.Seismic Rehabilitation Project 
Management
For incremental seismic rehabilitation:

• Brief or train design professionals 
preparing the bid documents on the 
rationale behind the rehabilitation 
measures

• Continuity of Operations
• Ensure continuity of documentation
• Conduct a pre-bid conference

Presenter
Presentation Notes
Slide 27 – Seismic Rehabilitation Project Management
You’ve made it this far in assessing the seismic risk, planning and integrating the incremental elements, and have appropriated funding, but don’t relax yet.  The design professionals and construction contractors involved in implementation need to be brought up to speed on what the objectives are for this work.  This is where seismic project management is required to ensure that the desired performance objectives are met through design and the final constructed product.  Activities to assist in this process include:
Train design professionals on the desired performance objectives for the project and that they are going to be enforced. 
If there are any areas that must remain functional, these requirements should be clearly communicated to the design team.
There should be a clear and concise path of building documentation from the assessment through to the final rehabilitation design and as-built drawings as to what has been performed, the performance objectives used, etc.  This will reap major rewards years down the line when additional activities are to be performed on the building.  The documentation must identify what has been seismically rehabilitated and that anything new must satisfy the same objectives. 
Conduct pre-bid conferences with all potential contractors to explain the project and specifically the seismic rehabilitation objectives and rationale for their selection.  
As you can see, EVERYONE needs to be on the same page when it comes to the implementation of the seismic rehabilitation.  
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Additional Opportunities for 
Seismic Risk Reduction

Presenter
Presentation Notes
Slide 28 – Additional Opportunities for Seismic Risk Reduction
The additional 9 activities mentioned earlier are shown in the facility maintenance process. As shown in the chart these activities include: 
Responding to occupant concerns
Emergency management/response planning
Emergency management/mitigation planning
Developing a risk reduction policy
Incorporating Federal and State mandates and programs
Coordinating with risk and insurance managers
Becoming familiar with applicable codes
Establishing and maintaining a roster of design earthquake professionals
Negotiating code enforcement.
All of these provide additional risk reduction as well as assist in focusing the risk reduction efforts for an organization.  Many of these activities do not involve construction measures (facility strengthening), but are soft measures that will aid in the planning and response aspects of any organization.
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Additional Opportunities for 
Seismic Risk Reduction

1. Responding to Occupant Concerns
• Track staff and patient concerns related to 

earthquake vulnerability, as a source of 
influence

2. Emergency Mngmt./Response Planning
• Establish a liaison with emergency 

management agencies and volunteer 
organizations

3. Emergency Mngmt./Mitigation Planning
• Incorporate hospital building seismic 

mitigation into the state mitigation plan

Presenter
Presentation Notes
Slide 29 – Additional Opportunities for Seismic Risk Reduction (Cont.)
Looking at each one of these 9 activities: 
Occupant concerns involve understanding what staff and patient concerns are related to earthquake vulnerability.  Something that is perceived to be a high risk by staff and patients may be more important to mitigate earlier over doing a higher priority concern due to the mental calming it will have when implemented.  Involvement by staff in the planning process will sometimes dictate a shuffling of rehabilitation prioritizations.
State or local emergency management agencies usually assign specific roles that specific hospital buildings must perform in case of natural and manmade disasters, including earthquakes.  Do you know what these roles require of your organization? If you have not already, establish a liaison with emergency management agencies as well as volunteer agencies like the Red Cross to understand community expectations for you healthcare organization. 
Similar to emergency management response planning, establish liaisons with the state and local mitigation planners.  This would include incorporating the hospital’s earthquake mitigation plan into the state’s hazard mitigation plan.  This will also assist in receiving FEMA mitigation grant monies if illegible.  
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Additional Opportunities for 
Seismic Risk Reduction

4. Developing a Risk Reduction Policy
• The Board of Directors should adopt a policy 

statement supporting seismic risk reduction.
5. Incorporating Federal & State Mandates

• Become familiar with applicable requirements 
imposed on hospitals by federal and state 
programs

6. Coordinating with Risk & Insurance Managers
• Establish coordination between facility 

management and risk management functions 
in the organization

Presenter
Presentation Notes
Slide 30 – Additional Opportunities for Seismic Risk Reduction (Cont.)
Convince the Board of Directors to adopt a clear policy statement supporting seismic risk reduction and at a minimum the seismic performance objectives for the healthcare organization’s buildings. The policy and objectives should be developed and documented as part of the seismic rehabilitation planning process.
Become familiar with the seismic rehabilitation requirements imposed on the healthcare organization’s hospitals by Federal and State programs, currently or under discussion for the future, and take them into account in planning activities.
Coordinate with your organization’s risk and insurance managers.  Risk and insurance managers may have a direct or indirect role in budgeting phase of the facility management process with regard to decisions related to insurance as well as other budget categories.
In areas of seismic risk, the risk of building loss or damage, the risk of occupant death or injury, and the risk of healthcare organization liability must all be assessed.  The decision of whether to seek earthquake property and casualty insurance coverage and general liability coverage must be made.  Thus, integrating the risk assessment and evaluation of facilities with risk management strengthens the organization’s risk reduction program.
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Additional Opportunities for 
Seismic Risk Reduction

7. Becoming Familiar with Applicable Codes
• Become familiar with any code-imposed 

seismic rehabilitation requirements. Code 
triggers may occur in “normal” remodeling 
projects.

8. Establishing and Maintaining a Roster
of Design Professionals & Contractors

9. Negotiating Code Enforcement
• Negotiate with code enforcement authorities 

an optimization of life safety and risk 
reduction when undertaking seismic 
rehabilitation

Presenter
Presentation Notes
Slide 31 – Additional Opportunities for Seismic Risk Reduction (Cont.)
Become familiar with the seismic rehabilitation requirements imposed in your building inventory’s jurisdictions by building codes or other codes and ordinances, currently or under discussion for the future such as rehabilitation codes, and take them into account in the planning activities.  ��An example would include allowing the design professional to tell you the currently adopted design building code for a new facility is the BOCA 1999 edition.  Knowing that jurisdictions will have to adopt the International Building Code in the near future, as the BOCA is not being updated anymore, is valuable information.  You don’t want to design and construct your facility to an older code with out-dated seismic design provisions and find out once it’s complete it does not meet the recently adopted IBC design provisions.  
Establishing and maintaining a roster of design earthquake professionals for projects is another effort well spent by management.  Earthquake professionals already vetted for their expertise will become valuable when a major event occurs and you need assistance in evaluating the severity of earthquake damage to your facilities.
Negotiating an organization’s incremental rehabilitation program ahead of time with code enforcement will pay dividends down the road when phasing the mitigation construction.  Building codes impose requirements on the implementation phase in cases where repair, alteration, or additions to existing buildings, are planned.  These requirements may be enforced by a state of local agency.  Such requirements can add costs to a project and jeopardize feasibility if not taken into account.
Remember, all of these additional risk reduction activities do not involve construction measures (facility strengthening), but are soft measures that should be integrated into the overall planning process.
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Additional Components of an 
Earthquake Safety Program

1. Building Contents Mitigation
• Fastening laboratory equipment
• Anchoring file cabinets, storage 

shelves, and other large furnishings
• Restraining objects on shelves
• Securing the storage of hazardous 

materials

Resource: FEMA E-74

Presenter
Presentation Notes
Slide 32 – Additional Components of an Earthquake Safety Program
Addressing nonstructural mitigation within a hospital or healthcare facility is an activity that is easily implemented through an existing maintenance program. FEMA E-74 Reducing the Risks of Nonstructural Earthquake Damage; A Practical Guide, Fourth Edition, is a document that discusses nonstructural components and provides a method of assessment and typical retrofit measures.  Many are implemented by non-earthquake professionals, such as a facility maintenance department.  
Many of the mitigation activities involve basic house-keeping, which goes along way in achieving good earthquake performance for nonstructural equipment and systems.  Examples include:
Fastening laboratory equipment to the bench top or walls.
Anchoring file cabinets, storage shelves and other large furnishings.  Relocating some of these items to areas where there is less traffic and occupancy is a valid mitigation measure.
Restraining objects on shelves to prevent falling.
Ensuring hazardous materials are adequately stored such that spills or leaks do not occur.
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Additional Components of an 
Earthquake Safety Program

2. Earthquake Drills
• Influx of patients and casualties
• Building damage

Presenter
Presentation Notes
Slide 33 – Additional Components of an Earthquake Safety Program (cont.)
A second item to implement is an earthquake safety program. We all remember the drills we had in our youth at school – Drop, Cover, Hide under a sturdy piece of furniture.  These types of plans and periodic drills should also be implemented at your organization.  These plans can be developed and updated knowing the particular risk associated with the various building stock, i.e., knowing one building is more vulnerable than another suggests that the evacuation plans and actions should be different between these two buildings.  You may well establish plans to evacuate from the vulnerable building to the much less vulnerable building.  
An additional activity might be to consider putting on retainer an engineering firm with expertise in post-earthquake damage assessments to respond to damage at your building structures first, so as to inspect and get you back up a functioning as quickly as possible.  
Again, much of these last 9 activities are items that can be performed internally and are not that costly, yet begin to achieve real earthquake risk reduction for an organization.
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FEMA and Other Resources for 
Seismic Rehabilitation

• FEMA 396, Incremental Seismic Rehabilitation of 
Hospital Buildings

• ASTM E 2026, Standard Guide for the Seismic Risk 
Assessment of Buildings

• FEMA 154, Rapid Visual Screening of Buildings for 
Potential Seismic Hazards: A Handbook, Second 
Edition

• ASCE 31, Seismic Evaluation of Existing Buildings
• ASHE Management Monograph #055920, Hazard 

Vulnerability Analysis
• ASCE 41, Seismic Rehabilitation of Buildings
• FEMA E-74, Reducing the Risks of Nonstructural 

Earthquake Damage; A Practical Guide
• FEMA 547 Techniques for Seismic Rehabilitation

Presenter
Presentation Notes
Slide 34 – FEMA and Other Resources for Seismic Rehabilitation
This slide provides a list of resources to assist in an earthquake mitigation program.  They range form evaluation and assessment tools to others that are engineering based and focus on the actual design requirements.  The FEMA documents are free for the asking from FEMA and should be taken advantage of.  The standards are available from the organization or other sources for a nominal fee.  
When checking the background and knowledge of potential design professionals being considered to implement earthquake mitigation measures, ask if he or she has a copy of ASCE 31 and ASCE 41. If the answer is, what are those?, you might want to continue your look for a more knowledgeable professional, as ASCE 31 and ASCE 41 are the engineer’s bible for seismic mitigation.  
Our next sessions will look at actual mitigation measures for both buildings and nonstructural components.
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Questions?
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Earthquake Mitigation for Hospitals:  
Workshop

Part 8 – Building Mitigation 

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

RISK = f(HAZARD, VULNERABILITY)

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




Slide 3Earthquake Mitigation for Hospitals: Workshop

Structural Mitigation Outline

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

buildings
• Examples of structural strengthening 

of buildings

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

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

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

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

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

• Mitigation of earthquake damage – Where to 
begin?

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

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

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

available, and can they be relied upon?

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

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

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

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

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

Plan.

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

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



Slide 7Earthquake Mitigation for Hospitals: Workshop

Earthquake Mitigation Options

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

recovery plans
• Adjust business operations:

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

• Perform facility strengthening
• Perform nonstructural component 

strengthening and anchorage improvements
• Combination of the above

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

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

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

installations
o Aging equipment 

replacement
o During equipment maintenance 

activities
• Earthquake mitigation does not happen overnight

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

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

care services
• Specialized areas

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

• Deep foundations

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

ceiling) spaces

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

• Typically
congested 
mechanical
& electrical 
rooms

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

• Construction process:
o Inherently a dirty 

environment
o Noisy
o Impact on building systems

- Coordination with necessary system 
outages

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

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

• Member strengthening
o New reinforcing steel 

and concrete
encasement

o Carbon-fiber
wraps 

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

• Connection strengthening
o Simple bolting/welding 

and clips
o Complex connection 

detailing

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

• Addition of new lateral force resisting 
systems

o Construction of 
new concrete 
shear walls

o Construction of
new steel braced
frames

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

• Foundation 
strengthening

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

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

• Base 
Isolation
of entire
building

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

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




Slide 20Earthquake Mitigation for Hospitals: Workshop

Kaiser San Francisco Medical Center 
Seismic Strengthening

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

o Nursing Units
o Surgery Suites
o Emergency Room
o Laboratories

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

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

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

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

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

• Seismic evaluation and retrofit of 
(3) Campus Buildings

• 6-Story Main Medical Center under 
design

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

to minimize disruption to VA operations

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

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

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

• Detailed risk assessment and 
preliminary strengthening design 
being performed

• Assessing current and future facility 
needs

• Addressing California SB 1953 
compliance

• Construction documents developed for 
SB 1953 NPC 2 deficiencies

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

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

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

o Outpatient services
o Medical office facilities

• Seismic strengthening incorporated with 
a planned infrastructure renovation

• Facility remained operational during 
construction

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

Presenter
Presentation Notes
Slide 31– Stanford University Hoover Pavilion
Here is a view of the exterior of the Stanford University Hoover Pavilion.  
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UC San Francisco MSB/Moffit

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

compliance with SB 1953 requirements
• Strengthening schemes designed to 

separate the buildings
• New exterior stair options were 

incorporated into the project

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

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

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

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

facility

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

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

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

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

installations
o Aging equipment 

replacement
o During equipment 

maintenance activities
• Earthquake mitigation does not happen overnight

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

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

Part 9 – Nonstructural Equipment 
Mitigation

Presenter
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

Presenter
Presentation Notes
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 
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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?

Presenter
Presentation Notes
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
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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
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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.




Slide 10Earthquake Mitigation for Hospitals: Workshop

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?
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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?
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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.   



Slide 14Earthquake Mitigation for Hospitals: Workshop

Nonstructural Mitigation

Step 1 – Risk Assessment

Life Safety Property Loss Functional Loss 
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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
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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
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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
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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
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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
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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
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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
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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
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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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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
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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
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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
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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
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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
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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.




Slide 40Earthquake Mitigation for Hospitals: Workshop

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
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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
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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
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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
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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.  




Slide 51Earthquake Mitigation for Hospitals: Workshop

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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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.
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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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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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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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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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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
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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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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
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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
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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
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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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Earthquake Mitigation for Hospitals: 
Workshop

Part 10 – Integration Opportunities

Presenter
Presentation Notes
Slide 1 – Part 10 Title Slide
Earlier we looked at planning and managing an earthquake risk reduction program in a general sense. We also have touched upon some mitigation opportunities available for implementation during your normal course of business. In this session we will focus on specific opportunities where earthquake mitigation can be integrated into your existing facility programs.  
Notes to Instructor:
It is suggested that questions from the audience be once again encouraged as they come up to facilitate workshop interaction among the participants.
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Integration Opportunities for Structural 
and Nonstructural Mitigation

Categories of Hospital Maintenance and 
Capital Improvement Projects
1. Patient Care Improvements
2. New Technology Accommodation
3. Fire and Life Safety Improvements
4. Roofing Maintenance and Repair
5. Exterior Wall and Window 

Maintenance/Facade Modernization
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Slide 2 – Integration Opportunities for Structural & Nonstructural Mitigation
The developers of FEMA 396 looked specifically at the unique aspects of hospitals with regard to identifying opportunities to integrate incremental seismic rehabilitation measures with other maintenance and capital improvement activities.  What the authors found were ten categories of maintenance and capital improvement areas used in daily operations where earthquake mitigation opportunities exist.  Within each of these categories, specific structural and nonstructural mitigation activities were identified for integration into existing maintenance and capital improvement programs.  The ten categories identified are:
Patient Care Improvements.  Any time you renovate or upgrade a space is the time to also implement seismic mitigation.
New Technology Accommodation.  This activity typically involves routing conduit and cabling throughout a facility.  As the construction proceeds through the building, take the opportunity to integrate earthquake mitigation into the area, such as safety wiring lights and bracing a ceiling system or fire protection piping system.
Fire and Life Safety Improvements.  Again, these type of improvements are typically mandated and are also routed throughout the building.  As the construction goes forward, look to integrate seismic bracing of the systems, partition walls, and other items needing bracing, or anchorage.
Roofing Maintenance and Repair.  This typical activity offers numerous opportunities to integrate earthquake mitigation. During a new roofing project, for example, remove heavy roof ballast and install an adhered more energy efficient membrane that is lighter.  This removes a significant amount of mass from the building, and thus, reduces the earthquake forces the structure has to resist.  During reroofing,  strengthening is more cost effectively performed on the roof deck before the new roof is placed.  Also, additional deck fastening, wall drags or collectors, and wall out-of-plane bracing is best installed during a re-roof.
Exterior wall and window maintenance.  Like re-roofing, these activities also offer cost-effective opportunities to integrate seismic strengthening such as improving masonry out-of-plane connections into floor diaphragms, and strengthening shear walls.
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Integration Opportunities for Structural 
and Nonstructural Mitigation 

Categories of Hospital Maintenance and 
Capital Improvement Projects
6. Underfloor and Basement Maintenance 

& Repair
7. HVAC Improvements
8. Energy Conservation / Weatherization
9. Hazardous Materials Abatement
10. Building Additions
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Slide 3 – Integration Opportunities for Structural & Nonstructural Mitigation
The remaining integration opportunities are: 
Underfloor and Basement Maintenance & Repair.  Integration opportunities within this category include replacing aging equipment (installing it with seismic anchorage). Repairing deteriorated wood elements or cracked and bowed walls allows opportunities to improve foundations with underpinning as well as other foundation elements.
HVAC improvements.  Replacement of aging equipment, or installation of a new more energy efficient HVAC system offers integration opportunities to install a seismic system and perform other mitigation activities as the construction progresses through the building.
Energy Conservation/Weatherization.  We spoke of the roof replacement earlier.  This category is tied with the Roofing category as well as several other categories.  The implementation of energy conservation typically involves the building envelope, and HVAC system improvements, where earthquake mitigation can piggy-back the construction activities of these programs.
Hazardous Materials Abatement.  Much of this work will likely be triggered by JCAHO accreditation requirements. These mandated abatement type programs offer opportunities to include earthquake mitigation.  The building will likely have to be locally vacated while the abatement is performed; thus, it also offers the best time to implement building and nonstructural seismic strengthening.
Building Additions.  This involves new construction, which should be designed and constructed to resist earthquake forces from the get-go, but it also offers the opportunity to perform structural mitigation on the adjoining structure, or look at using the new addition to assist in resisting the earthquake forces from the adjoining building (similar to our examples looked at earlier).
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Integration Opportunities for Structural 
and Nonstructural Mitigation

Examples From 
FEMA 396
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Slide 4 – Integration Opportunities for Structural & Nonstructural Mitigation
Lets take a look at the matrices defining earthquake mitigation opportunities for several of the ten maintenance and capital improvement categories presented earlier.
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Integration Opportunities for Structural 
and Nonstructural Mitigation

Examples 
From 

FEMA 396

Vertical Load Carrying 
Structure:

Wood

Unreinforced Masonry

Reinforced Masonry

Concrete

Steel
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Slide 5 – Integration Opportunities for Structural & Nonstructural Mitigation
Here is the Matrix sheet for Patient Care Improvements.  Each of the ten categories of opportunities are laid out the same.  The upper section addresses opportunities for nonstructural equipment and systems.  The lower portion of the form identifies structural opportunities within each category.  The mitigation opportunities are further categorized based on the type of building structure you are considering.  The four key building types are:
Wood
Masonry
Concrete, and 
Steel
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Generalized Building Structure 
Earthquake Performance
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Slide 6 – Generalized Building Structure Earthquake Performance
 As we learned earlier certain structures are more susceptible to earthquake damage than others.  From our earlier discussion, here is our hierarchical graph of various building structure types and their expected earthquake performance.  Unreinforced masonry is one of the most vulnerable building types, and wood is least vulnerable.  The integration opportunities presented on the matrix sheets provide specific strengthening options based on the structure type.
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Integration Opportunities for Structural 
and Nonstructural Mitigation

Examples 
From 

FEMA 396

Structural 
Improvements

Foundations

Horizontal Elements

Vertical Elements
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Slide 7 – Integration Opportunities for Structural & Nonstructural Mitigation
The lower section of the matrix sheet presents the integration opportunities specific to the building structure itself.  This list of elements that typically require strengthening in order to improve the earthquake performance of the building are noted as foundations, horizontal and vertical elements.  These are then further identified based on the building structure type and their likelihood that they will require strengthening.  
Let’s take a look at several of these structural elements.
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Structural Mitigation

• Member strengthening
• Connection strengthening
• Addition of new Lateral Force-Resisting 

Systems
• Foundation strengthening
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Slide 8 – Structural Mitigation
The matrix table provides a list of structural strengthening items that typically are required in one form or another for all seismically deficient structures;  member and connection strengthening, for example, or the addition of new structural elements like a braced frame and new foundations. 
Let’s look at an example.  You have planned some patient care improvements in a wing of your building.  You know you have an older vintage steel frame building.  From our matrix (last column) you will likely require collector and drag element improvements, as well as need to improve both the horizontal diaphragm and vertical lateral load resisting elements.  This space will be completely gutted for the patient care improvements.  So, now is the time to design and construct the seismic improvements in conjunction with the new patient improvements.  
This is the whole idea behind looking for integration opportunities for implementing earthquake mitigation.  Earthquake mitigation now becomes “smart” mitigation.
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Integration Opportunities for Structural 
and Nonstructural Mitigation

Nonstructural 
Improvements

Examples 
From 

FEMA 396
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Slide 9 – Integration Opportunities for Structural & Nonstructural Mitigation
Similar to our structural improvements, the upper portion of the form provides a list of seismic performance improvement opportunities for nonstructural components, equipment, and systems.  You’ll immediately see that many of the boxes are filled in.  This is because nonstructural components are very common from one facility to the next, and in fact, are the most opportunistic elements in which to integrate seismic mitigation.  Any time you go into a space for facility improvements, replacement, or upgrades, offers the opportunity to perform seismic mitigation.
Let’s take a look at several of these.
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Integration Opportunities for Structural 
and Nonstructural Mitigation

• Building Utilities
• Architectural Components
• Medical Equipment
• Furniture and Contents
• Communications / IT Systems
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Slide 10 – Integration Opportunities for Structural & Nonstructural Mitigation
The mitigation opportunities for nonstructural components can be categorized into 4 general classes of components:
Building utilities.  This category generally includes all those mechanical and electrical components that provide a safe and comfortable environment to work in:  heating and cooling, electrical power throughout the building, water supply, and waste disposal.  Ductwork and conduit run throughout the building, but the equipment is typically located in dedicated mechanical or electrical rooms where implementing mitigation measures will not disrupt hospital operations.  
Architectural components.  These items – ceilings, walls, finishes, etc. are exposed and require integration in order to implement mitigation measures and keep facility disruption to a minimum.
Medical Equipment is another category that requires careful thought on implementing mitigation measures.
Furniture and contents can be strengthened reasonably easy, but are best integrated into normal facility activities.
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Integration Opportunities for Structural 
and Nonstructural Mitigation

• Building Utilities
o Patient Care Improvement
o Lighting/Electrical
o Fire Extinguishing System
o Mechanical and Plumbing Systems
o Boilers
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Slide 11 – Integration Opportunities for Structural & Nonstructural Mitigation
Opportunities for strengthening building utilities exist with:
Patient Care Improvements.  Again, the rooms or full wings will be vacated in order to implement the patient care improvements.  Now is the time to also implement building utility seismic mitigation measures.
Lighting/electrical improvements offer the opportunity to safety wire lights to prevent them from falling and impacting patients or staff below.
Upgrading the fire extinguishing system, by code, requires that it be seismically installed as it is a life-safety system.  Ensure that the design team knows and implements this requirement.
Patient care improvements typically include mechanical and plumbing system improvements.  This is the time to design and install seismic bracing and anchorage.
Boilers.  Properly anchoring/restraining gas boilers for seismic forces is critical.  The gas piping should also be braced.  If there is a gas leak, there is a fuel source for a potential fire.  Mitigation during patient care improvements offers a great opportunity to implement seismic strengthening.




Slide 12Earthquake Mitigation for Hospitals: Workshop

Integration Opportunities for Structural 
and Nonstructural Mitigation

• Architectural Components
o Ceilings
o Partitions
o Cladding
o Access Floors
o Canopies
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Slide 12 – Integration Opportunities for Structural & Nonstructural Mitigation
Architectural components are also best upgraded seismically during –
Patient care improvements
Fire and life safety improvement projects
Exterior wall and window work  
Anytime you have planned activities or improvements to rooms, wings, or major areas offers the best opportunity to implement seismic strengthening of architectural components.  
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Integration Opportunities for Structural 
and Nonstructural Mitigation

• Medical Equipment
o X-Ray and Scanning Devices
o Cabinets and Storage 
o Refrigerators
o Benchtop Equipment
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Presentation Notes
Slide 13 - Integration Opportunities for Structural & Nonstructural Mitigation
Opportunities to strengthen and mitigate seismic risk to medical equipment is more difficult.  Replacement offers the greatest opportunity to implement proper seismic anchorage and restraint measures.  
Tall elements that have a susceptibility to overturning like cabinets and refrigerators can be easily restrained and anchored to an adjacent wall by a facilities maintenance staff.  There are many self-implemented brackets and restraints to mitigate the risk to components like this.  
The same goes for benchtop equipment.  There are many tethers, restraints, quake pads to prevent sliding that are available to prevent damage to benchtop equipment that again can be installed by a facility’s maintenance staff. 
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Integration Opportunities for Structural 
and Nonstructural Mitigation

• Furniture and Contents
o Storage racks
o Shelving
o File Cabinets
o Bookcases

Presenter
Presentation Notes
Slide 14 – Integration Opportunities for Structural & Nonstructural Mitigation
No real outside expertise is required to implement seismic mitigation for furniture and contents.  Many times relocating an item to another less occupied area is sufficient to mitigate the risk.  This approach is appropriate, for example, when bookcases or file cabinets are located adjacent to a corridor wall that is the major exit to an area.  
Again, “smart” mitigation is what we are after.  Smart mitigation becomes cost-effective mitigation.
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Integration Opportunities for Structural 
and Nonstructural Mitigation

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)
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Slide 15 – Integration Opportunities for Structural & Nonstructural Mitigation
Remember that Risk is a function of both the hazard – how much the ground is going to move at your facility – and the vulnerability of your buildings and nonstructural components.  You may have vulnerable building structures, but if the earthquake hazard is sufficiently low, the risk may be acceptable.  Or, if the earthquake hazard is high and the building has been designed to resist earthquakes (in accordance with a recent seismic code) the risk may be acceptably low.  Or, there may be other combinations where the risk is unacceptable and mitigation actions are necessary.  A facility risk assessment that quantifies what the vulnerabilities are and the resulting risk to facility operations is invaluable in guiding facility management in cost-effectively addressing seismic mitigation and risk reduction to the facility.
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Questions?

Presenter
Presentation Notes
Slide 16 – Questions
Does anyone have any questions or comments?
Notes to Instructor:
It is suggested that questions from the audience be requested to engage the audience. 
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Earthquake Mitigation for Hospitals: 
Workshop 

Part 11 – Conclusions

Presenter
Presentation Notes
Slide 1 – Part 11 Title Slide
This is our last session today.  What I’d like to do is provide a summary of the highlights of this workshop for you to remember, and hopefully act upon.  
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Summary

• What did we learn today?
o Vulnerability assessment
o Planning for mitigation
o Implementing mitigation
o Integration opportunities
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Slide 2 – Summary
What have we tried to teach today?  
A facility vulnerability assessment is critical in understanding and quantifying the earthquake risk to your facility and its impact on operations.  With a completed risk assessment the vulnerabilities are known, and the severity of those vulnerabilities on facility operations is known.  Now intelligent planning decisions can be made on how to cost-effectively mitigate the risk, and where to begin.  FEMA 396 is designed with the purpose of identifying opportunities to integrate earthquake mitigation actions into normal business activities.  Mitigation still costs money, but there is a right time to cost-effectively implement mitigation measures that can significantly reduce the cost.  
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Developing a  Look Ahead or 
Long-Term Strategy

• New construction
• Rehabilitation/Integration
• New equipment installation
• Equipment replacement
• Maintenance activities
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Presentation Notes
Slide 3 – Developing a Look Ahead or Long-term Strategy
A key fact to remember is that no one knows when the next moderate or big earthquake will occur.  Thus, mitigation does not need to happen overnight, but it should happen as soon as feasible.  A long-term strategy is the most cost-effective approach to earthquake mitigation.  Key times or opportunities to implement earthquake mitigation include:
During the design of new construction – expansion or additions, as well as new facilities.
During planned rehabilitation or renovation activities.
Always at new equipment installations.  Ensure it is installed to perform well during an earthquake.
At aging equipment replacement.  Install the new unit  to perform well during an earthquake, as well as improve the connected ducting and piping.
Integrate and perform strategic mitigation during routine maintenance activities by facility staff.
All of the above offer integration opportunities right now for you to implement seismic mitigation or strengthening measures in your facility.
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Overview of Seismic Risk 
Reduction
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Slide 4 – Overview of Seismic Risk Reduction
Remember, this graph represents seismic risk reduction.  You can do nothing.  There is no cost, but potentially a high risk your facility will be out of business the day following the earthquake.  
You can mitigate the earthquake risk all at once by replacing the entire facility; i.e., building a new seismically resistant facility.  This is a high cost, but a low risk once complete.
Or, you can choose to rehabilitate your existing facility using two different paths.
Similar to replace, you can choose to do a single stage rehabilitation effort.  This will require vacating the facility and represents a high cost.
Or, you can choose to implement seismic mitigation in an incremental manner through a long-term strategy.  The facility will remain in use, and the cost will likely be significantly lower than any of the options above.
The choice is yours!
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Actions

• What activities will you do tomorrow 
using the knowledge gained in this 
workshop?

Presenter
Presentation Notes
Slide 5 – Actions
One last parting set of questions:  How many of you have decided during this workshop to begin earthquake mitigation tomorrow?  What activities do you plan on beginning based on what you’ve heard today in this workshop?
Notes to Instructor:
The instructor should try and get the audience to respond and share their thoughts on the workshop and what they plan on doing to begin earthquake mitigation.  Call on members of the audience to share their thoughts.
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Questions?

Feedback Survey Forms

Presenter
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Slide 6 – Questions
Any final questions?
I hope you have enjoyed, and learned a lot today.  We thank you for attending the workshop.
Notes to Instructor:
The instructor should request that all attendees complete the workshop survey forms if they have not already done so.
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