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Abstract

Damage to nostructural components constitutaslarge portion of loss due to dajtiakes,
and the loss can be um 85% of total construction cost of commercial buildings
(Sanlkaranarayanan, 2007). RecenartBquake losses from damage to nstructural
componentsn countries having cafied seismic design provisiortgavefar exceeded losses
from structural damage (Filiatrault and Sullivan, 2014). Understanding damages-to non
structural components, sources of fatructural earthquake damaged how damages affect
the functionality offacilities areall critical aspects fodevelopinggeneralrecommendations
concerning disaster risknanagementlnformation aboutspecific facilities and specific
stakeholders allows for modetailed recommendatioriBhe main contributin of this work is
amethod for developing stakeholdand facility-specific disaster risk management procedures
for nonstructural damaged.he method idased on nine steps, fiygovide information or
guidance to the process, and four are individual processes within the methaapplication

of the method is demonstrated througteaktop studyhatuses information found iexisting
literature to le usal as a basis for thadiscussion Existing literature is used to provide
information and guidance regarding the five following steipsa generalnon-structural
componat classification systemii) definitions of four stakeholder objective¢setal and
governmental, owner and facility managers, finance managers, and desigrecadetdics);
iii) nonstructural components in hospitat&ghools and homesv) generalized damage states
for nonstructural componentgnd v) basic proceduredor disaster risk managemerithe
results are presented in four templates for four stakeholder fypgkermore Performance
Based Earthquake Engineering is discussed adeahengineeringapproachfor systemizing
engineerstakeholdedialogue fordisasterisk managementt is suggested to add mitigation
and preparedness procedufesn a stakeholder perspective PBEE tocreatea full-scale
disaster risk management methodology.
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1 Introduction

The purposeof Task C1 described hereis to developdisaster risk management (DRM)
proceduresto guide stakeholdes in managingtheir risk from nonstructural components
(NSC).NSC are architectural, mechanical, electrical components and building cdhtent.
though structural performanciiring an earthquakaay be suffieent to allow continued use
of abuilding, nonstructural damagmay significantly affet the usability of the facility. e
seismic riskof NSC damageshouldtherefore alsde specially addressed during the design
phaseEffective DRM procedures can be develofienin theunderstandingf the relationship
betweenNSC damages and stakeholder prioritiBy includingdetails of NSC for individual
facilitiesit is possible to developven morausefulDRM procedures.

The main contribution of this work the development cd method on how to develop DRM
procedures foreismic riskof NSC damagethat takes both the stakeholder and the facility
perspective into accounthe method involvesine steps. The schema in Figurel shows

these steps and theelationship between the stepehe white boxes represent information
provided into the method and the grey boxes represent steps that involve a process within the
method. The first two steps are input steps: dlclassification system for NSC and &.
stakeholder perspective. Research on these topics can lead to thepprogtriate way to
address these two steps. Combining these two leads to a stakeholder specific NSC classification
system (step 3). The next step is to define NSC damage(stated) Merging general damage

states with stakeholder specific NSC clasaifien will lead to damage state criteria for
stakeholder specific NSC (Step 5). Step 6 is to define generaladisegst management
procedures. Step 7 uses the details of step 5 to customize the general disaster risk management
proceduregdentified in sep 6towards a stakeholder perspecti8&p 8, provides details about

the facility in questionFinally, inserting these detaitsf step 8into step 7 brings the facility
perspective into the stakeholdefated disaster risk management proced(step 9.

1. Existing NSC 2. Sakeholder
classification system perspectives
3. Sakeholder-specific 4. General NSC
NSCclassification damages states
6. General disaster risk 5. Sakeholder-specific NSC
management procedures damage state critera
7. Sakeholder-specific disaster 8. Facility-specific
risk management for damage NSCclassification
state criteria

N/

9. Sakeholder- and facility-
specific disaster risk
management procedures

Figure 1-1 Method for developng stakeholder and facility-specific risk management procedures



An application of the method is demonstrated throughsktdp study that addresses four
stakeholdergsocietal and governmental, owner and facility managers, finance managers, and
designers and academicahd three facility types (hospitals, schools, and homes).

Secton 2 of this reporidescribes the information taken from the literature identifiethduhe

desktop study for steps 1, 2, 4, 6, andf8he method. ®p 1 is a study on existing NSC
classification system# NSCclassification systens thegrouping of NSGthat are estimated

to have similar seismic performance, i.e. similar levels ahageability for a given hazard

level Step2 looked for ways in defining stakeholder perspective for various building related
stakeholdersand in particular to demonstrate the differences betwssm Step4 defines
generaNSCsdamage states. Damage states are a grouping of damage levels from no damage
to being destroyed. Damages can also be presented as average values, but from a DRM
perspective damage states aseful as they allow the stakeholder to make decisions for
different levek of damage.Damage states are the basis for fragility curwvelsich relate
probability of damagand hazard level®r probability ofexceeding certain damage stete

a given hazard levelStep 6 presents general DRM procedures. The lasbpére desktop

study is step 8, which uses chosen documentsdate alist of facility-specific NSCsto
characterize facilitiesThe desktop study led to references on Performbased Earthquake
Engineering (PBEE)Section 2 concludes with a fairlydrough description dPBEEdue to its
importance to the subject matter herein.

Section 3presents théour analytical steps3, 5, 7 and 9The analytical stepall involve a
merging of two previously defined stepBhe first step 3,is viewing the existing NSC
classification system from the perspective of the chosen stakeholders. Thealghtalstep,
step 5, is to develop criteria for stakeholdpecific damage stateFrom these criteriatep 7
specifiesstakeholdesspecific disasterrisk managmentproceduresFinally, step 9 produces
templatesof proceduregor a given stakeholder and facilitgady to bdurther developedby
stakeholders during an application

Section 4discusses the outcome of the work, including a comparison of the templates in section
3, andtheimportance oengineerstakeholder dialogu&ection 5 presentey conclusions that

can be drawn &m this work and future workn addition to the section oReferences, the
references are also presented in the Annexes grouped according to the desktop study.



2 Desktop Study
2.1 Step 1l:Existing Classification Taxonomies

The desktop studidentifiedfifteen referencethat includedr discusse@ NSC classification
system. Theseeferences are listed in Annex Based on authors, year, and tifléhirteen
references are for buildings in general and residential buildings, one is for lspgpithone is

for schools.The review of these documenggdlto one reference being chosen as the basis of
the C1 taskby K.A. Porter (2005)titted A Taxonomyof Building Componentfor
PerformanceBasedEarthquakeéengineering. Porter’s classification system (taxoromy)
includesboth structural antlSC, and ispresented in Annex.B

Porteroutlinesa review ofliteraturework where he studied taxonomies designed for use in
earthquake engineering, general building component taxonomies, laboratory testing and
surveys to quantify component damageability, and-paghquake reconnaissance repdiie

scope ofPorter’staxonomy for NSC is for commercial and engineered buildimgsarticular
componentghat typically ontribute significantly to postarthquake repair costs, causalities
and downtime. Notfixedconients are considered to a limit amount because contents matter to
casualties and downtime.

Porter usedhefollowing 10 objectivego build his taxonomy
1. Clear definitions

2. Common fragility curves

3. Distinguishes differences in seismic performance

4. Testable

5. Amenable to assesentof consequences

6. Flexible

7. Collectively exhaustive

8. Simple

9. Collapsible

10. Familiar to construction contractors and engineering practitioners

From the perspective of Task Gif,the 10 objectives listl objectives #2, #3, and #be key
objectives. All of them relatéo damagesObjective #2 states the need for common fragility
curves.Common fragility curves mean three things: (1) All members of the taxonomic group
share a common set of damage states relevant to the facility’s spéfoicnance; (2) All
members are sensitive to the same type of excitation (foederndation, acceleration, etc.);
and (3) The excitation at which members enter a particular damage state is identically
distributed. The cumulative distribution functionstleése capacities are the fragility functions
(or fragility curves)Objective#3 staes that the taxonomy showdtlow an analyst to choose a
newgroup for a building component that has been retrofiftéis requires that the grouping

is expandable, orni other words,collapsible (objective #9).Porter (2005)presentsfive
collapsiblelevels Objective #5 highlights the need to be able to assess consequénces
damagesacknowledgindhat damages are not just the initial impact damages, but alsira

of damages and affectdhis is of particular importance when defining a stakeholder
perspectivedo understand what consequences are important to the stakeholder.

Porter’'sapproach is based oRerformanceBased Earthquake Engineering (PBEE). The
premise of PBEE is to take stakeholder perspective into acdating the design phasBue

to its relevance to the subject matter herein, PBEE is explained in the last subsection of Section
2.



2.2 Step2: Sakeholder Rerspective

2.2.1 DefiningStakeholder rspective

A stakeholder is a person or group with an interest or conceengarticular matterA
stakeholder perspectivie governed bya stakeholdes objectives, including their ability to
control their surroundingsTo further understand stakeholder perspective, it is necessary to
understand what is of value to the stakehol@lee Sustainable Livelihood Framework divides
all things of valuglassets) into five categories, Physical, Huntamvironmental Economic
and Social These categories can also be used to define damages and conseduences
example:
9 Physical impact:dss of function, rubblejnsafe placarding, repair cost
1 Human impact:juries, e¢aths
1 Environmental Pollution, hazais material accidents
1 Economic: wntime, cascading, economic loss, business inteompdutput loss,
loss of wages
1 Social: Scietal break down, e.g., lost social contact due to loss of communication;
emotional impact, services, e.g. loss of medicaktmste or welfare, loss of home

Building related stakeholders come into play at differentgiofi¢he building life cycle. Some

are important before the design work begins, like lenders and insurers, others can affect the
design process like owneend userse.g., hospitastaff may make decisions about the layout

and NSCalthough they do not own the hospit&let others make decisions that affect the
response of NSC after the building is buliy., the occupants.

This part of thelesktop study led to twelve references, covering building owners (2), occupants
(1), facility managers (5), local building and safety staff members (1), anceatbtjuake
damage inspectors (3nd one reference from a workshop that covered a varidiyilding
related stakeholders (AT&8, 2002) These rierences are listed in Annex These references
provide a general idea of the normal daglay goals andbjectives of each stakeholder.

2.2.2 ChosenStakeholderPerspectives

After reviewing these referens, it was decided to use the stakeholder perspective definitions
outlined in FEMA 445 (FEMA 2006)Nextgeneration performandeased earthquake
engineering design criteria for building3takeholder perspectives are presented herévéor
chosen stakehdérs.Paragraphs markg#EMA 445 aretakendirectly from FEMA 445.

2.2.2.1 Owners and Mwnagers

FEMA 445: Owners and managers are responsible for commissioning building design and
construction, acquiring, maintaining and/or operating buildings and facilifiesy make
decisions about catastrophic risks that lead to action (or inaction) on a relatively narrow scale.
Motivations generally spring from the best interests of the specific business or institution.
Within the owner/manager category, three perspectiage been identified as important for

interaction: investors, institutions and indugbyhis distinction between these categories

reflects the assumption that different stakeholder groups characteristically have different
motivations and criteria for destons relative to catastrophic hazard mitigation. It is important
to capture these distinctions (e.g., investment risk, operational risks, and market risks).

The desktop study revealed thatiwadvances in the technology and design of building services

and fabric, the complexity of modern buildings demands-measing awareness of how
they operate in order to achieve the optimum benefits and cost savings available. The technical

1C



detail is available to the professional and technical staff involveld thi¢ operation and
maintenance of the building thugh operation and maintenanoanuals

2.2.2.2 Societal and Governmentahterests

FEMA 445: This stakeholder category includes those who represent broader societal and
governmental interests. These individuals view catastrophic risk in a different context than do
owners/managers. Their focus is on public safety and the impact of catastrophes on
localregional/national economies. Their decisions relate primarily to public policy, legislation
and administration. The societal/governmental category is separated into three perspectives for
focus groups: policynakers, regulators, and special interest @avdbeacy groups. This reflects
the different levels of sophistication, scope of decisi@aking and problersolving ability,
and types of criteria used by the three groups

1 Policy-makers are making broadly applita decisions for the community.

! Regulatorar e consi dered more as fAenf @Wingcaer s, 0 f oc
atime.
T Speci al interest and advocacy groups fAspeak:

2.2.2.3 Financial Managers

FEMA 445:The third stakeholder category is primarily financial in nature. The owner/manager
and the societal/governmental stakeholder categories have a direct stake in decisions about risks
associated with buildings (e.g., protect the assets and protecitimeunty interest). Financial
stakeholders, however, have an indirect interest in buildexprmance decisions made by
others. Their decisions relate primarily to whether or not to assume risk associated with
buildings and at what compensation level. The fo@rcategory might be represented by three
focus groups: lenders, insurers, and securities pack&geascial stakeholders differ from the
previous two categories in that the stake is indirect: the concern is the financial risk associated
with the deci®n to finance or assume risk, rather than in protection of people or owned assets.
The three groups (lenders, insurers, and securities packagers) represent different views with
respect to when and how the financial decisions are made, which in turn peast mw they
characterize the risk and performance issues. Financial stakeholders tend to use very complex
statistical and mathematical tools for decisinaking.

2.2.2.4 Design Professionals, Consultants, anesBarchers

FEMA 445: The fourth category of stakelilersare design professionals, consultants, and
researches. The design and consulting communities are the conduits through which design will
be implemented.

This group of stakeholders key to the success afisk risk management procedutgsing
understood and implemented bywners, managers, and other previously mentioned
stakeholdersThey provide the information thatlowsothers to asess options and decide what
measures to take. However, designers, consultants, and researchers aweernatblilding
related perspective thaklates to a facility they need to understdneverybody else’s
perspectivefor design purposesand arethereforenot usedas a stakeholder group the
development of the method.

2.2.2.5 Homeowners
The fifth category of takeholderschosen for task Care homeowners. This perspective is

developed by listing individual rooms likely to be in a home, and NSC that are likely to be
found in these rooms.
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2.3 Step 4:NSC Damage Characterization
2.3.1 General NS©amage Stats

As stated beforall members o&taxonomic group share a set of damage states relevant to the
facility’s seismic performancé set of damage statdescribethe various levels oflamagea
component can sustaffue to an earthquake or other damaging procefses no damage to
destroyedThe number oflamage statassed to describe this randependon the interest of those
who develop therand the information available to develop th&antoli et al. (2016)efine general
minor, moderate, or severe damage states for NSC in the following manner:

1 Minor: Primarily aesthetic or easitgpairabledamagehat would not pose laazard to
occupantsExamples of this damage include easily repairable cracks in partition walls,
facades or drywall ceilings and small movement of equipment or contents that do not
affect theirfunctionality.

1 Moderate: Requiregepair to ensure optimdlinctionalityof the component, but does
not requireevacuatiorof the building nor poselde safety hazardExamplesnclude
damage to the connections that require their replacement and daraagess doors that
prohibit their smooth or complete opening.

1 Severe Poses a significatife-safety hazardlirectly or indirectly (i.e., threatersafe
evacuation). Examples include complete detachment of gypsum Iieardgartition
walls, excessive loss of ceiling tiles, toppling of equipment or contmwylete failire
of the opening mechanism of doors, or failure of critical elemafras egress that would
render it unusable.

Thesegenerablescriptionsare based othreecriteria: repaitevel,functionality, and life-safety

The examplegrovidedwith each damage stative insight into te type of damage that can
occur. Lumping together large varieties of NSC, such as tile finish, interior partitions, electrical
equipment, will produce large uncertainty in component damageability, and thdeefpre
uncertaintywhen assessing faciligvel performance.

Descriptions of damage within each damage state ledhelsoldergo gain anunderstanding
of what to expect during earthquakeslusefor decision making

2.3.2 NSGCrragilityCurves

Designers ohew construction or retrofittingeed access to fragility curves in order to estimate

damagesDue to the large number of diverse NSC many fragility curves are ne€ded.

desktop study identified the followirfgagility curves for NSGrovidedby FEMA (2012)

Exterior wall construction

Exterior glazing systems

Roof tiles, masonry chimneys, and parapets

Interior partitions

Ceilings

Stairs

Elevators

Mechanical equipment and distribution systems (e.g., chillers, cooling towers, air

handling units, piping, and ducting)

9 Electrical equipment and distribution systems (e.g., transformers, switchgear,
distribution panels, battery racks, recessed lightind,@endant lighting)

9 Access floors, workstations, bookcases, filing cabinets, and storage racks

=2 =2 =8 _-49_-4_-_49_49_-°
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2.3.3 Stakeholder priority damage aspects

In 2002, the Applied Technical Council held iavitational workshg in Chicago, lllinoison
communicating earthquakisk, andasked stakeholders questionfiédpidentify whataspects
of damagewere important to thenfATC 2002) Participants were aexpanded group of
stakeholders including commercial real estate investors, insurers, lenders, attorneys, and
architectsTheir collective opinionsvere used to select concefiis expressig and measuring
consequenced hepriority aspects of damage were

1 Primary issues

0 Life losses

o Direct and indirect economic losses
Amount of time that an individual facility would be aaftservice(downtime)
Low probability but potentially significant consequences of earthquakes
Uncertainties associated with prediction of the effects of earthquakes and the
performance of individual affected strucds

=A =4 =4

Regarding financial losses, sometloé participants:

1 Acknowledged that they would implement rigorous dmstefit type analyses to assist
in the iisk-selection decision making.

9 Indicated that there was no unique time window over which such economic outcomes
would be considered and thatchanvestment or development opportunity would be
evaluated using the time frame most appropriate to that individual decisions. Generally,
however, time frames that stretched to perhaps a few tens of years were better received
than time frames that ran baindreds or thousands of years.

2.3.4 Injuriesassociated with NSC

As stated above, the ATC 20@drkshop identified lifesafety as the most important aspect of
risk. The desktopstudy uncoverediterature on economic equivalent value of deaths and
injuries, where the economic value of Afatal injuries is noted to be of great importance and
severely ignored during risk studies (Porter et al., 2006).

Porter et al. (2006) provided the followingformation: FEMA-356 (ASCE 2000, which
defines wholebuilding performance levels in its performadmased earthquake engineering
methodology, explicitly mentions, and accepts, the potential for injuries under isafidty
structural and nonstructurgerformance levels, but makes no mention of nonfatal injuries
under the immediate occupancy, damagaetrol, or operational performance levels, at which
levels the vast majority of injuries probably occlihe 1994 Northridge earthquake injured
approximagly 246,000 people. Of the injury cost, 96% is associated with nonfatal injuries and
less than 1% is associated with structural damage. The majority of the injury cost is associated
with nonstructural damage. Causes of injuries during the 1994 Northadipe@ake include:

1 Majority of injuries were minor (cuts, bruises, and sprains), caused by nonstructural
objects (55% of injuries, resulting from falling objects, pictures, lights, broken glass,
etc.)

Falls (22%)
Behavior such as jumping out of a windowcatching a falling television (15%).

=a =

2.4 Step 6:DisasterRisk Management Procedures

The disasteirisk managementethodologyused in this study is based on Disa$ienction
Managementpproach(Thorvaldsdéttir 2016), which provides an overall goal for disaster
related activities, specific disasterlated objectives, and offers a list of basis activities
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associated with each objectiveis based on the principle Management by Objectivesofn
Classical Management Theory.

2.4.1 Disaster and DisasteRelated Goal

Before discussing how to deal with a disaster it is necessary to have a clear definition of what
a disaster is. There are many definitions of a disaster. The definition used herewil®aas f
(UNISDR, 2009):

A disaster is a serious disruption of the functioning of a community or a society
involving widespread human, material, economic or environmental losses and impacts,
which exceeds the ability of the affected community or societgppe using its own
resources.

This definition includes both the societal problems due to different types and otdngrat
the ability to cope with such impacts and losses, indicating not only the problem but also a
solution.

An important aspect dhis definition is that a disaster is the serious disruption, not the cause
of the disruption, the is a subtle but significant difference. That means that the disaster (i.e.,
the disruption) is also on going throughout recovery, and eventually dies th& secovery is
complete. This is highlighted here to avoid the misunderstanding that recovery islespsigr
activity. Systematic learning to improve the DRM system is the onlydisaster activity.

The goal of a disasteelated management systeoutlineswhat the system doesyhat it
produces The overall goal of a disastezlated management system is obtained by reptyasi
the definition of a disaster as follows:

The goal of a disasteelated management system is to guide organizational eremb

on what to do in order to minimize the risk of serious disruptions to the functioning of

the organization involving widespread human, material, economic or environmental

|l osses and impacts is | ow, and to iftope witdt
they occur.

If this goal is not met, a secondary goal of the system is to cope with serious disruption with
the assistance of others.

2.4.2 Theoretical Disaster Phases

There are two fundamental disasters phasegioamy disaster and nedisastersHowever, it

is convenient to use three theoretical phase: before a disaster (risk), during a disaster
(operations), and after a disaster (learning). These phases are only for theoreticaspiinpose
purpose of defining phases is not to lock people iefmagating their activities into different
phases of activity, but to help clarify the objectives needed to define DRM activities. The
fundamental aim of DRM is therefore to address the DRM objectives (described next section)
at any time that an objective felevant. Once people get used to working with objectives, the
notion of phases will become obsolete.

2.4.3 DRM Objectives and Disaster Functions

There are eighDRM objectives(Thorvaldsdottir and Sigbjornsson, 2Q1Hsted in the table
2.1 The first thre@ are predisaster objectives, the next four are objectives for disaster
operations, and last objective focusing on learning from experience.

Table 2-1 Disasterrelated objectives (Thorvaldsdoéttir and Sigbjornsson, 2014)
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Disasterrelated objectives

To understand disaster risk, its components and context

To measurably reduce known disaster risk

To prepare for dealing with future disasters

To gain control oveactual damaging processes

To perform lifesaving operations

To provide temporary assistangelief) to those affected

To implement nosiemporary measurés orderto return a community to normalcy
To systematically learn from recent events and implement changes

N WD PH

A disaster function (DF) is defined as a set of coordinated activities that are collectively
managed to meet one the disastdated goalsDisasterFunctiors (DF) aremanagement
functions. Management functions group and manage actors thabwaiknilar activitiesA

disaster function therefore groups and manages activities needed to meet one of the eight
disastetrelatedobijectives listed in the tabl®.2, (Thorvaldsdéttir and Sigbjornsson, 2014
Terminology for the disaster functions assted with each of objectives is presented in the
table below.

Table 2-2 Disaster Functions (Thorvaldsdoéttir and Sigbjornsson, 2014),

DF# | Disaster Function

DF1 | Disaster Risk Analysis
DF2 | Disaster RiskMitigation
DF3 | Operations Preparedness
DF4 | Impact Operations

DF5 | Rescue Operations

DF6 | Relief Operations

DF7 | Recovery Operations
DF8 | Systematic Learning

Basic proceduresassociated with each DRM objective are listed in the tables below
(Thorvaldsdottir, 2016)These lists are not exhaustive, meaning more activities can be added
to the lists as needed, but they are crucial, meaning that they all need to be intheled.
procedures in table 2.3 are those to be follopmal to a disaster

Table 2-3 Pre-disaster procedureqThorvaldsdottir, 2016),

DF#1 Disaster Risk Analysis Basic Activities

DF1.1 Develop natural process parameters, such as peak values, temporal changes, geogeptitred and
probabilities of occurrence (hazard analysis).

DF1.2 Classify, characterize and inventory objects exposed to a hazard, such as structures, people and se

DF1.3 Develop damage models and determine vulnerability factors.

DF1.4 Developprobabilistic or deterministic scenarios, consisting of direct damages, losses and human img
cascading damages and consequences, such as loss of function and service disruptions, from
material, economic or environmental perspective.

DF#2 Mitigation Basic Activities

DF2.1 Identify opportunities for reducing risk through lanse planning, building codes, construction inspecti
public education in making homes and work places safer, financial insurance, service backup systt
othermeasures.

DF2.2 Analyse each option, based on cost, estimated time of completion, resources required, effectiveness
of risk reduced, benefits per beneficiary, and other relevant aspects.

DF2.3 Compare benefits of different options and difer combinations of options, and select an option ¢
combination.

DF2.4 Implement and monitor actual reduced risk andvaluate choice against anticipated reduction.
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DF#3 Operations Preparedness Basic Activities

DF3.1 Develop standard procedurésr assessment and coordination for impact, rescue, relief and rec
operations.

DF3.2 Establish facilities and communications networks and procure equipment.

DF3.3 Write contingency plans based on DF1.4 scenario.

DF3.4 Train personnel and teglans.

The operations preparedngBs-#3) produces need to be developed for each of the four types
of disasters operations, i.e., for DF#4, #5, #6, andufihg disasters. The procedures for the
four types of operations are listed in Table 2.4

Table 2-4 Disasteroperations procedures(Thorvaldsdottir, 2016)

DF#4 Impact Operations Basic Activities

DF4.1 Monitor natural processes and damaging processes, diagnose current situation and forecast pogsil
events and convert existing impact contingency plan to an operations plan.

DF4.2 Protect population to avoid the need for rescue operations through warnings, directives, closing off al
evacuations, to the extent possible.

DF4.3 Protectproperty by redirecting natural processes, such as sandbagging, digging diversion trenches
lava and control of reservoir spillways.

DF4.4 Halt or reduce omoing damaging process by intervening, such as stopping leaking gas lines, puttirgp
avoiding potential explosions, and shoring damaged structures.

DF#5 Rescue Operations Basic Activities

DF5.1 Perform reconnaissance missions to gain overview and convert rescue contingency plan to an operal

DF5.2 Search for, locategccess, medically assist people and ensure their safety.

DF5.3 Transport victims, and hand them and information about them over to medical facilities or other part

DF5.4 Perform support operations, such as crowd control and closing off of hazardass

DF#6 Relief Operations Basic Activities

DF6.1 Perform needs assessments to get an overview and convert relief contingency plan to an operations

DF6.2 Sustain life and provide temporary relief through providing for basic needs, sstielees, water, food
cooking facilities, heat, clothing, fuel, physical and mental health, and financial assistance.

DF6.3 Make temporary repairs to homes, roads and bridges, etc.

DF6.4 Make temporary repairs for temporary renewals of services, sugteasittent power supply.

DF6.5 Perform support operations, such as crowd control and closing off of hazardous areas.

DF#7 Recovery Operations Basic Activities

DF7.1 Perform a situation assessment to get an overview and convert contingency plapeoations plan.

DF7.2 Restoration processes: remove rubble and clean up the affected area, reunite family members anc
deceased, fully restore services and reconstruct the physical environment.

DF7.3 Reform processes: renew urban planningrandse building codes.

DF7.4 Reestablish livelihoods, and support the physical and mental rehabilitation of people, their ho

eagerness for the future.

2.5 Step 8: Definingracility-Specific NSC

References from thaesktop study werehoserto helpidentify NSCs for lspitals and schools.
These NSCarepresented in the subsections beldley are not meant to be exhaustive, but
representative, in order to show the differences between facility perspettieasird facility
type, residential buildgs (homes), is created from author’s experience.

2.5.1 Hospitals

Achouret a. (2011)

91 Healthcare key factors are often classified into two categories

0 Physical (structural and nestructural)
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0 Social (staff and administrative parts, e.g., partnershipsaoilir
organizations)
Structural and architectural, (ii) equipment, and (iii) utilities
Structural and architecturdamage tended to be different and specific to the
situation, while utility supplies and equipment damage were similar in most cases
with sorme common trends.
Experience shows that all medical departments must be able to provide diagnosis and
treatment to injury.
A hospital is a hotel (lobbwith check in and check autitchen, laundry, beds,
bathrooms), an office building, a laboratory, andlasehouse.
A typical healthcare facility depends on the following components:
0 The state of its buildings
o Continuity of its utility supplies
A Electrical
A Water
A Telecommunications
o Availability and sufficiency of staff
o Diagnose and treatment equipment aretlical supply
o0 Easy accessibility for its daily operation
Interdependency of systems: power generations needed to be switched off due to loss
of water used for its cooling system. Can switch to air cooling systems. But need to
understand the characteristiof damages and interdependency.
Unstable equipment damages other equipment and utilities

Mclintoshet al. (2012)

|l
)l

=a =

Windows, suspended ceilings, partition walls, floor coverings, medical equipment,
and building content.
Ceilings: The repair takes hoursdays, but the repairs have been going on for
months. Led to a preautionary evacuation.
Walls: did not lead to loss of function, but the areas damaged had to be shut down for
repair.
Egress: staircases damaged and propped up to remain functionaltbering
emergency phase. The stairs were taken out of service one at a time and repaired.
Emergency lights failed due to lack of power. Elevators where either damaged or
automatically shut down. Staff members were injured during the evacuation.
Pumps and chifirs in rooftop plant rooms jumped off their mounts
Internal and external roof coverings and roof top water tanks, that lead to ingress of
water into the floors below, leading to evacuation (with no elevators and damaged
staircases).
Loss of internal and éarnal services and damages to bapksystems
0 Wastewater. Broken sewage pipes had to be replaced
0 Water. Main water was out for day, and full pressure did not come back for a
week. The lack of water impaired other systems. The hospital backap
watersystem, but that did not prove sufficient.
o Power
0 Hospital suction. The ventilation system is important in maintaining an
appropriate pressure gradient in different areas of hospitals. Infection
controlled areas, malfunction could create a risk of infedqratients and
staff.
0 Hospital backup power systems failed (e.g. oil pressure gauge broke, clogged
filters due to sediments in tanks that had been disturbed by the ground
shaking, difficulty in priming pumps, shortages to the mainloitage
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switchboardcaused small fires, damaging main electrical panel and further
complicating power restoration efforts)

Pantoli et al(2016)

1 EGRESS
0 Steel Stairs
0 Passenger Elevator
1 ARCHITECTURAL FACADES
0 Levels 1 3: ColdFormed Steel (CFS) Balloon Framing Overlaid v@g§mthetic
Stucco
0 Levels 45: Precast Concrete Cladding Panels
1 INTERIOR ARCHITECTURAL COMPONENTS
0 Ceilings
o Partition Walls
0 Level 1: Access Doors
1 SERVICES
0 Heating, Ventilation, and Air Conditioning (HVAC):
0 Electrical Distribution System:
o Fire Sprinkler Systa:
o Gas piping:
1 EQUIPMENT
o Level 2: Residential and Laboratory
o Level 3: Computer Servers
o Levels 45: Medical
A Patient care beds and stretchers:
A Carts and shelves:
A Ultrasound imagers:
A Intensive care unit breakout door
A Headwall
0 Roof: Penthouse, Air Handlingnit, Cooling Tower

2.5.2 Schools
FEMA_395 (2005):
Unsafe buildings expose school administrators to the following risks:

Death and injury of students, teachers, and staff
Damage to or collapse of buildings

Damage and loss of furnishings, equipment, @iulilding contents
1 Disruption of educational programs and school operations

= 4 =

Initiate housekeeping or maintenance measures to reduce or eliminate risks from earthquake
damage to equipment, furnishings, and unsecured objects in buildings. Work may ioclude s
tasks as:

9 Fastening desktop equipment
1 Anchoring bookcases, storage shelves, etc.
9 Restraining objects on shelves
9 Securing the storage of hazau$ materials such as chemicals
Check that:
9 All classroom doors, doors of higitcupancy rooms, and doorsagtside open

outwards;
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91 Exit pathways are kept clear; make sure that all building occupants can safely exit in
case building evacuation is necessary

1 Non-structural building elements are securely fastened to the buildings

9 Fire suppression equipment is leadappropriately and maintained in good working
condition;

1 Flammable and combustible materials are limited, isolated, eliminated, and separated,
away from dangerous interactions and heat sources;

9 Electrical systems are maintained and are not overloaded;

1 Classrooms have two exits wherever possible. (Sometimes the second exit is a
window.)

Perform:

1 Move heavy items below head level,

1 Tightly secure tall and heavy furniture and appliance to walls, floors and ceilings.
(e.q., use tbrackets to walls aspringloaded adjustable tension rods to ceiling or
wedges under bottom front, or strip barrier fastened to tabletop, as appropriate);

1 Fasten cabinet doors and drawers with latches that will hold shut during shaking;

9 Secure heaters and cooling systemsended inside or outside of building;

9 Fasten liquid propane gas tanks, fire extinguishers and other gas cylinders to the wall;

91 Protect from glass that may break into large shards (e.g., rearrange furniture, use
window film, curtains, or install strengthengléss.)

1 Secure heavy and important electronic items to table top or floor using straps and
clips, buckles or Velcro;

9 Secure lighting fixtures to ceiling;

9 Fasten pictures on closed hooks;

9 Limit, isolate, eliminate or secure hazardous (poison, flammaidégrials.

Standard emergency response procedures are built around six basic emergency procedures
detailed below:

1

)l
)l
)l
)l

Building evacuation;

Shelterin-place;

Assemble and shelter outside;

Evacuate to safe haven;

Emergency student release/family reunification.

Seismic performance improvements for schools are presented in figure 2.1

2.5.3

Residential Buildings

By going over the functionality of each room that is in a typical residential building, a home
will provide a person with the following facilities:

SR I I I e e e I ]

Kitchen: food, drinks, place to cook, cooking utensils, cookers
Bedroom: sleep, rest, clothes

Bathroom: toilet, cleaning, cleaning utensils (toothbrush, towels)
Laundryroom: washing clothes, drying clothes

Living room: social life, connection to media (TV)

Homeoffice: source of income

Garage: car, cdteys may be somewhere else.

Communication (less dependent if have mobile phone), routers
All your worldly possessions are usually kept in your home
Biggest financial investments are usually in your home
Emotionalvalues: memorabilia

Refuge, afetybehind locked doors, protected by law.
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Level of Seismicity

Definitions and Purpose

% -
L M H SEEnileiomance Description Purpose
Improvement
1 17 V¥ | Bracing of Parapets, Gables, Construct parapet bracing on the roof Prevents parapets, gables and ornamentation from
Ornamentation & Appendages side of the parapet. Gables are braced in | falling outward
the attic space. Other elements are
anchored in a positive manner.
2 I I ¥ | Anchorage of Canopies at Exits | Canopies or roofs over exits Prevents collapse of canopies which would block exits
and possibly injure persons
3 17 V¥ | Bracing or Removal of Chimneys should be braced to the Chimneys may topple onto yards or through roofs
Chimneys structure
4 17 17 V| Bracing or Reinforcing Interior exit stairs may have unreinforced | Prevents collapse of walls blocking stairways
Masonry Walls at Interior masonry enclosure walls that could
Stairs collapse
5 17 V| Suspension and Bracing of Lights may swing or otherwise fall in an Falling lights could injure occupants. Lights should not
Lights earthquake be supported by a suspended ceiling in a high and
moderate seismic zone. Pendent lights should have
their sway limited.
6 17 e V¥ | Anchorage and Bracing of Positive attachment of emergency lights Battery packs are heavy and could fall
Emergency Lighting
7 I V| Fastening and Bracing of Diagonal bracing of ceiling Suspended ceilings should be braced against sidesway
Ceilings to reduce the chance of elements falling
8 17 V¥ | Restraint of Hazardous Chemical labs, shops, etc may have Reduces danger of breakage and mixing of chemical
Materials Containers materials that could, when combined,
create a fire or chemical hazard
9 4 ¥ | Bracing and Detailing of Sprinkler pipes should be braced in each | Sprinkler lines could break and flood the building
Sprinkler and Piping direction
10 174 V¥ | Anchorage and Detailing of Equipment should be properly attached, Equipment could slide or fall off platforms
Rooftop Equipment and restrained if isolation-mounted
n I V| Fastening and Bracing of Equipment above ceilings Fans and other equipment could sway and fall on
Equipment — Mechanical and occupants
Electrical
12 174 174 V¥ | Cladding Anchorage Heavy cladding (concrete) must be Prevents cladding from falling. Careful design is
connected to the structure required so the cladding does not limit the structures
type of lateral movement.
13 17 V¥ | Anchorage of Masonry Veneer | Veneer over exterior wood or masonry Inadequately anchored veneer could fall outward
walls or over other materials in steel or
concrete structure. Materials may be
brick, terra cotta, stone or similar
materials
14 7 V¥ | Anchorage of Exterior Wythe in | A masonry wall separated from the Veneer could fall outward. Existing anchorage should
Cavity Walls veneer by a hollow space be checked for rust damage and loss of strength.
15 I d I d V¥ | Glazing Selection and Detailing | Glass above a walking surface Prevents it from falling onto the walking surface and
injuring persons
16 e V¥ | Bracing of Interior Partitions — | Bracing may be vertical or diagonal Interior partitions must be braced to prevent
Masonry & Wood braces falling/collapse
17 17 ¥ | Anchorage of Steel Stud Steel studs behind veneer or other Steel studs are used as a backup to support veneer or
Backup cladding other cladding and could become detached and fall
18 I V¥ | Attachment and Bracing of Anchorage to structural walls or other Cabinets and other furnishings could topple. Cabinets
Cabinets and Furnishings elements have moved caused damage. Fallen file cabinets may
block exit doors.
19 e V¥ | Attachment and Bracing of Large ducts Ducts could fall on occupants
Large Ductwork
20 I V¥ | Shut-Off Valves Installation of a shut-off device Gas and water lines could break and should have a
means of turning them off
21 I d V| Support and Detailing of Elevator guides have become dislodged Keeps elevators functioning
Elevators in earthquakes. Applies to cable lift
elevators
22 I ¥ | Underfloor Bracing of Raised floors for cabling Floors could collapse damaging equipment
Computer Access Floor

* Rank in terms of 'life safety effectiveness’

Figure 2-1 NSC Seismic Performance Improvementé~igure page G21in FEMA 2005)

2.6 Performance Based Earthquake Engineering

Due to the significance of Performance Based Earthquake Engineering (PBEE) and
Performance Based Seismic Design (PB®BDJask C1, the basic concepts are outlined herein.
PBSDis a desigrprocessof new buildings, or seismic upgrade of existing buildingsich

includes a specific intent to achieypee-defined seismicperformance objectives in future
earthquakegFEMA 2012. Performance assessment is the process used to determine the
performance capability of a given building design. In performance assgssengineers
conduct structural analyses to predict building response to earthquake hazards, assess the likely
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amount of damage, and determine the probable consequences of that.dasnsigged in
FEMA (2012) this approach is best utilized for critical facilities or other structures where
increased performance, can be justified, there will always be a need for typical pre$criptive
based building codes for buildings that require a typical level of engineerviolgement.

Moehle and Deierlein (2004fEMA P-58-1 (2012), Porter(2003) and other references
describe the methodology and applicati®he following description of PBEE objectives and
methodology, and all figures are from these references.

2.6.1 Performane Objectives

The PBEE objectiveare expressions of grformancein the form ofprobable damage and
resulting consequences associated witthquake shakingzach performance objective is a
statement of the acceptable risk of incurring damage or loss for identified earthquake hazards.

The following performancebjectives, i.e., measurable objectives, are used in PBEE:

1. Casualties.Loss of life, or serioumjury requiring hospitalization, occurring
within the building envelope.

2. Repair cost.The cost, in present dollars, necessary to restore a building to its
pre-earthquake condition, or in the case of total loss, to replace the building with
a new structuref similar construction.

3. Repair time. The time, in weeks, necessary to repair a damaged building to its
pre-earthquake condition.

4. Unsafe placarding.A postearthquake inspection rating that deems a building, or
portion of a building, damaged to the point that entry, use, or occupaseg
immediate risk to safety.

Design professionals, owners, and other stakeholders jointly identify the desireagouildi
performance characteristiand determinéevels The effects of these decisions are evaluated

to verify that the final building design is capable diiaging the desired performancelldwed

by aperformance assessmewhereengineers compare thegglicted performance capability

with the desired performance objectives. If the assessed performance is equal to or better than
the stated performance objectives, the design is adequate. If the assessed performance does not
meet the performandevels the designis revised or the performandevels altered, in an

iterative process, until the assessed performance and the desired objectiveShe#tmtative

design process @esentedhe flowchartin figure 2.2

I Select Performance Objectives |é ————————

| Perform Preliminary Design |

| Assess Performance Capability |~7I

Does Performance b Rewsedl
Meet Objectives ? esign and/or
Objectives

Figure 2-2 PBEE iterative process (Figure 1.1 in FEMA 2012)

For new buildings, preliminary design information must be developed to a sufficient level of
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detail to allow determination of performance capability. In the case of existilaiplgs, basic
building design information is already defined, but preliminary retrofit measures must be
developed (if necessary).

Once performance objectives are selected, designs must be developed and the performance
capability determined. As a minimuitasic building design information includes:

(1) Location and characteristics of the site;

(2) Building size, configuration, and occupancy;

(3) Structural system type, configuration, strength, and stiffness; and
(4) Type, location, and character of finishes and nonstructural systems.

2.6.2 Methodology

Thefirst generation of PBEE conceptualized the probleshaen in the figure2.3. Here, the
building is visualized as being loaded by earthgtiakeiced lateraforces that result in four
performanceoriented descriptions: Immediate Occupancy, Life Safety, Collapse Prevention,
and Collapse. Various shortcomings were identified on the approach to determining
engineering demand, component performance, and struparfarmance, which resulted in a
second generation, the PEER methodology.

o0 [Ea)s]
oo o oD O

oo N>
oo ]
Elastic
° Limit Collapse
o
S
i /——-
5] / \
Q
£
[
1%}
©
[0}
Displacement
10 LS cP 273 Performance Levels
0 25% 50% 100% $, % replacement
0.0 0.0001 0.001{0.01  0.25 Casualty rate
0 1 7 30 180 Downtime, days

Figure 2-3 First generation PBEE methodology (Figure 1 irvioehle and Deierlein, 200%

The currenPBEEmethodology hafour stage®f analysishazard analysis, structural analysis,
damage analysis, and loss analypigsented in the figui24. Nonstructural components are
important in the third and fourth analytical stages.

N N N
Hazard analysis Struct'l analysis Damage analysis Loss analysis

|| || || Sdect
O,D

O: Locétion IM : intensity EDP : engineering DM : damage DV: decision

D: Design measure demand param. measire variable
N\ J N\

Decision-
making

Fecility
info
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Figure 2-4 Four analysis stages of PBEE (Figure 2 iMoehle and Deierlein, 200%
The outcome of each step is mathematically characterizadybyeralized variahle

1. Intensity Measure (IM), ground motion parameter, which defines iprababilistic
sense the salient features of the ground motion hazard that affect structural response.
2. Engineering Demand Parameterg¢EDP), which describe structural response in terms
of deformations, accelerations, or other response quantities calcutatimdubation of
the building to the input ground motions.
3. Damage Measures(DM), which describe the condition of the structure and its
components.
4. Decision Variables(DV), which translate the damage into quantities that enter into
risk management decision€onsistent with current understanding of the neafds
decisionmakers, the decision variables have been defined in terms of quantities such

as repair costs, downtime, and casualty rates

Due to inherent uncertainties, the four variables are expressegriobabilistic sense as
conditional probabilities of exceedance, i.e., p[A|B]. The approach is based on the assumption
that each stye can be treated separatelyhere the conditional probabilities between

parameters are independent.
2.6.3 Damage Analysiand Damage Measures

A damage analysis relates earthquake demand parameters (EDPs), such as interstory drift,
deformation, and associated forces, to damage measures (DMs). The DMs include quantitative
descriptions of damage to structural elements, nonstructural elementsnésts:

To be useful within the probabilistic context of the PBEE framework, the DMs are defined in
terms of fragility relations. fagility functions(or curves)model the probability of physical
damagegconditioned on structural response, design, aodtionoutlined in first two stages)
Damage is commonly described as the ratio gdirecost to replacement coBigure2.5shows
fragility relations for nonstructural partition walls, identifying probability of being in a given
Damage State as a fuimt of the interstory drift ratio for three damage states. The damage
states in this case describe the damage and the repairs:needed

1. Least damage: Small cracks only (paste, tape, repaste and paint)

2. Moderate damage: Wide cracks in gypsum boards (regigzsum boards)

3. Most damage: Sever damage to gypsum boards and distortion of metal frame (replace

partition)

Implementation of the procedures requires data on structural arstnuctural fragility, and
estimates of potential casualties, repair cost,rapdir times, associated with this damage.

P(DMIEPD) 5/8" Gypsum partition wall with 3-5/8" Wall

1.0 {r

0.8

Severe damage to gypsum
board and distorsion of metal
frame

(Replace partition)

Wide cracks in gypsum
boards

|

!

0.6 1
]

[

|

]
! (Replace gypsum boards)

0.4

02 )
Small cracks only

j (Paste, Tape, Repaste and Paint)
0.0 T T T T
0 0.005 0.01 0.015 0.02 0.025
EPD (IDR)

Figure 2-5 Example fragility curves (Figure 8in Moehle and Deierlein, 200%
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2.6.4 Loss Analysis and Decision Variables

Losses are presented as repair costs, operability, and depaiion, and the potential for
casualties. These measures pafrformance i(e., performance metrics) are referred to as
Decision \ariables (DV), since thegre used to inform stakeholder decis®about future
performance.

When addressing decisions, it is important to understand how DVs relate to different
stakeholders. For example, the loss of 90 percent of the air conditioning in a facility may
represent a fixed cost of replacement for aearfgpccupancies, but the impact on functionality
will vary greatly depending on the occupancy (a hospital would be completely nonfunctional
while an office building may be able to continue operations).

2.6.5 Example of Damage States

Thefigure presents aRBEE application of a bridge. Unlike buildings where collapse hazard
to occupants, repair costs, and loss of functionality are all significant considerations, overriding
performance metric for the bridge the reduced capacity of a bridge coupled witlquirede

time to restore the bridge to full functionality. PBEE is applied to create fragility relaifisns

such as shown in figure 2.%hich relate the ground motion IM to the probability of the bridge
being in a specified functional state. The damadates are: 1 lane closed (75% traffic
capacity), only emergency lane open (50% traffic capacity), and all lanes closed (0% traffic
capacity).

M EDP DM DV
Residual Load Load Capacity Traffic
7 Capacity > Loss > Capacity
Seismic Hazard
. . Component Repair
T~ Drift Ratio 3 Damage Pt

Fragility DV[IM continuous

e
©

c — 1 closed (25%)
<o —— amarn nnlv (RN |- - - -

reduction
[=]
(o]

=
~

Figure 2-6 PBEE applied to a road (Fgure 11in Moehle and Deielein, 2004)

2.6.6 The 3! Generation Methodology
The 2012 PBSD methodologyesented ifrEMA (2012)is the result oan update PBSD, i.e.,

the 3" generation It was developed to improve the ability to predict response, the acceptance
criteria, the application to the design of new buildings, and ways of communicating
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