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ABSTRACT

In the last years the assessment and management of seismic risk in the manufacturing
industy has received acontinuously growing interest, due to the significant
consequences, both direct and indirébgt can be triggered by earthquakes (e.g.
(Tohoku, 2011; Emilia, 2012).

The present thesis is focused on the development and the applicatieal tase

studies of different procedures for seismic risk assessment and management in the
industrial and insurance fields. The research addresses to the problem at different
scal es: (i) a Al arge scal eod, t yljpchtha |l | vy
number of buildings to deal with is of h
the one of large industrial groups, at which the number of building is of tens to
hundreds;sgediif)i @ao iscddlee, t hadleplarg. t he one
At each one of the previously listed scales, a different procedure has been proposed.

At the fAlarge scal eod, a detailed assessn
Therefore, a prioritization scheme has been developed with the puwspasalysing a
portfolio of structures and ranking their seismic risk in a coherent manner, in order to
define a priority scale for further, more detailed, investigations. This approach is based
on the evaluation of a ¢ osk wmdex onithe basis of ( o r
extremely poor and easy to retrieve data, at least the year of construction and
geographic location, for the production of which it is not required any visual inspection

of the structures. This index is defined as the gap bettveecurrent seismic demand

and the seismic capacity, the latter evaluated on the basis of seismic demand at the time
of the design, assuming a perfect code compliance. In the case of structures not
designed in a seismic zone, the horizontal capacity Imagbtained from the design

for other horizontal actions, such as that from wind. In order to implement the
proposed prioritization scheme and compare it to other similar ones, available in

' iterat ur e NODET NOommdlDEfic#i mieldbet beea developed.

This tool enables to compute locatispecific codebased horizontal performance
demands, according to ltalian code and seismic classification evolution since 1909.
Moreover it contains the evolution of wind design and a map of soil aréeg
according to current seismic regulations for the whole Italian territory.

Thanks to the collaboration withXA Matrix Risk Consultantshis approach has been
applied to a real cassudy of 19 Italian industrial plantgisually surveyed by means

of knowledge forms realized dtbc.



At the fimeso scaleo, the number of build
It is believed that at this scale it is possible, according to the resources of the
stakeholder, to achieve a level of knowledge altloei structures sufficient to allocate a
fragility curve to each structure of the portfolio or to classes of structures individuated

in the portfolio. The proposed approach, therefore, consists in the rapid computation of
expected loss due to earthquakgstheintegrationof hazard, fragility and exposure.
Although the use of fragility curves can be considered ae#ttiblished methodology

for computing seismic risk, significant differences exist among fragility functions
computed in different geographiccontexts, reflecting the differences in structural
typologies, construction practice and materials. Therefore their practical use requires
instruments for their managing, conversion and use along with hazard and exposure.

In order to overcome thissha comi ngs, t he ¢RAME-Wmgiliel- sui t e
based rapid seismic Risk AssessMBntL.Obeté has been devel oped
providing for the management, the manipulation and the homogenization of an
inventory of fragility curves. The inchion in the software of seismic hazard at the
global scale and the possibility of including exposure allow the computation of the
expected losses worldwide.

At thepdéesciftiec scaled, the analysis of th
building has been performed in order to provide for the lack in fragility curves
availablein literature for this specific structural typology and to compute failure
probabilities. The latter represent the most rational basis for assessing loss estimates
and compting insurance premiums. Such an approach to seismic risk assessment,
extremely demanding in terms of time and computational burden, is proposed to be
applied at the scale of the single building, of a planbfoalimited number of plants.

The analysedtricture is the main workshop building of one of the most-pisine

plants of the casstudy portfolio, as resulting from the prioritization analysis. The
study of such a structure, designed according to obsolete structural codes about both
the definitionof the seismic design action and the design of steel structures, allows to
enlighten and critically discuss some peculiar modelling aspects. Moreover, some
findings deriving from nos#linear response history analysis, related to the onset of
different failure modes and the inclusion of residual drift in the assessment, have been
discussed.

Although on principle independent each other, the three procedures outlined in the
thesis can be structured in order to provide a unified framework for management and
asessment of seismic risk of large dimensistnuctural portfolios.
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Chapter 17 BACKGROUND AND M OTIVATION

1.1.Framework

In recent years the number of disasters following naturalteweorldwide has been
rapidly raising. The World Bank (IEG, 2007) has reported that, from 1975 to 2005, the
amount of disasters has increased by about 400% and recent studies have observed a
death toll of about 699,000 deaths since the beginning of tredeledue to large
earthquakes (Holtzer and Savage, 2013). Looking at the losses due to earthquakes in
the last Century (Fig. 1.1), casualties, direct and indirect losses, show a continuously
increasing trend. This is due to the urbanization, which tenclsnicentrate people and
goods exposing them to natural hazards more than in the past. Moreover, ifi the 21
century, an increasing in the death toll due to large catastrophic seismic events
(>100,000 deaths) is expected, that could be estimated in 2.%4 milion (Holtzer

and Savage, 2013)

Direct Economic Losses {mill, USD (2011 HNDECI))
8000000 +—|

= = Total Economic Losses (mill. USD (2011 HNDECI))
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6000000 11—
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Figure 1.1 Worldwide socio economic trends to earthquakes (280001) Cumulative deaths
and economic losses related to global 2011dollar GDP and populatoie(l and Vervaeck,
2011.

As regards specifically the industrial fieldecent earthquakes in industrialized
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countries (e.g., Tohoku, 2011, Emilia 2012) have shown the importance of performing
seismic loss assessment in the manufacturing industry, because efgtfificant
consequences caused by earthquakes in terms of property damage, business
interruption and casualties. For example, The Great Tohoku Earthquake of 2011 and
the subsequent tsunami caused approximately 19,295 deaths, a direct economic loss
between 295 and 374 billion USD and an estimated total economic loss between 479
and 710 billion USD, corresponding toili%% of GDP (Daniell and Vervaeck, 2012
Moreover, serious losses were caused to the automotive atethhiworldwide
industry, leading t@roduction downtimes all over the World (MunichRe, 2012

The previous issues have lead, in the last years, to a significant growing interest of the
industry, insurance and research in the assessment of the seismic risk in the
manufacturing industry. Inatt, industry has a primary interest in efficient risk
management procedures, insurance can use earthquake loss assessment to compute the
premiums on rational basis, and research can provide the scientific instruments in order
to quantify and manage/mitiggaseismic risk.

In this context, theédXA Matrix Risk Consultantsntered into a thregear agreement

with the Department of Structures for Engineering and Architecture of the University

of Naples Federico Jlltaly, aimed at developing procedures fae tseismic risk
assessment and management of manufacturing industrial structural portfolios.

This implies addressing the problem of seismic risk assessment and management at
different scales, which may vary from the one of a large size portfolio, compbsed
thousands of structures, to that of the single building.

As it can be observed in Figure (1.2), the first scale is typically the one at which the
insurer operates, having to assess the seismic risk, in the most general case, for a
portfolio of industial groups. Each industrial group (e.g., a Corporate) can be
structured, depending on its dimensions, in one or more plants (e.g., subsidiaries, local
plants), worldwide spread and related each other by the supply chain. Each plant, in its
turn, can be coposed of a large variety and amount of structures, extremely different
one another.

It is worth noting that in Figure (1.2), a schematic representation of the structure of
large industrial groups is presented, with the aim of emphasizing the hierarchical
organization and the differences in the scale of the object of the analysis in terms of
number of structures to deal with (suppliers are, on purpose, neglected).

The above considerations suggest that a detailed assessment of seismic risk for each
structue of the portfolio under investigation could not represent a suitable approach to
seismic risk in the case of large industrial groups, insurance companies and risk
consultants. In fact, such an approach would require an amount of resources, both
financialand of time that is in general unavailable.
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Figure 1.2 Schematic representation of the different scales (in terms of number of buildings) of
seismic risk assessment and management in industry.

Therefore,it seems more suitable to approach the problem in a-deglendent way,
distinguishing: :
1 a lafge scal® : i
consultants, assessing the risk for a portfolio of industrial groups The number

of buildings expected at this scale is typically of hundreds to thousands. The
knowledge about the structures composing the portfolio can be only limited

and the interest of the stakeholder is primarily in the assessment and
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for insurers.The number of buildings expected at this scale is of tens to
hurdreds, that is to say those composing a plant or a (limited) group of plants.
A more detailed knowledge about the structures can be achiamddthis

might allow agross quantification of the losses from the plant in the case of an
earthquake. In fact, geems reasonable to assume that, at this scale, at least a
visual survey of the structural portfolio could be feasible.

of

pri mar

groups or single plants. The number of buildings etgeeat this scale ranges
to the single building to tens. Primary interest is to quantify the expected loss
due to earthquakes and eventually to reduce it by means of risk reduction
strategies. In fact, at this scale, the knowledge about the structuck mul
sufficient to perform an analytical assessment of seismic risk.
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Therefore, the need for different procedures that may operate at the different scales
arises Finally, it is worth to underline that the scales to which this study is referred to
are expessed in terms of number of buildings to deal witie problem of spatial
distribution of plants or buildings is not addressed in this thesis

1.2.0bjectives of the study

The primaryobjective of thisthesisis to face the problem of seismic risk assessment
and management of industrial building portfolios at the different scales presented in the
previous section, with reference to a real estsely portfolio of industrial buildings.

The procedures that can be followed for risk assessment and manageménittigre s
related to the number of buildings to deal with, that influences the input data that is
possible to gather (i.e. the knowledge), the methodology that is possible to implement
and the output (i.e. the objective) of the assessment.

As it can be obseged in the Figure (1.3), at the three different scales of the problem
the following procedures have been implemented inttigisis

At largefiscal® , Risk management procedure based on Nominal def{etso

r ef er r larde state pracedud@ therfollowing) is proposedith the purpose of
analysing a portfolio of structures and ranking their seismic risk in a coherent manner,
in order to define a priority scale for further, more detailed investigations. This

approach is based on the evaluatith a conventional (or fi n
index, on the basis of data extremely poor and easy to retrieve, for the production of
which it i s not required any vi ualioifrsrg

Il i ned a)sos enly a ragidigual screening. On the base of these assumptions,
the output of such a procedure is a relative measure of the seismic risk.

In order to implement such a procedure for the Italian contexfN@RET NOminal
DEficit - v.1.1 beta softwareas developed.

At tnieso sdale , Fragility-based rapid seismic risk assessment procedaigo

ref err endsostate pracedur@ i n t h eis frapdsédolwconsigis)in the
explicit calculation of earthquake expected losses and it has been implemented
worldwide by means of a software suite realized for the purgeRANET Fragility-

based rapid seismic Risk AssessMEnt, villietg. This approach is thought to be
applied at the scale of the single building, as well as to that of the single industrial plant
or groups of industrial plants (tens or hundreds of buildings). In fact, at this scale, it is
possible to achieve a level of knowledge of the building, such that a fragility function
can be associated to the building, selecting it from those availableerature or
computing itad-hoc This one can be used in conjunction with hazard and exposure to

4



Chapter Ii Background and Motivation

assess the expected losses even if with significant approximation.

At tsitespeciicscalé, t he met hodol ogies for compu
by means of mechanical modelling are rather well consolidated. Nevertheless a lack in
fragility curves for specific industrial buildings is still present in literature; therefore,

an analytical evaluation of the seismic risk al s 0 r e f s#terspeeifd scdleo a s
procedur® i n t h e cah lmelpérformvad m griler to develop fragility curves and

to compute failure probabilities in a Performance Based Engineering (PBEE) approach.
These can be employed for a rational evaluation of the losses due tuaketh or
insurance premiums.

SCALE INPUT PROCEDURE OUTPUT
fiof f 1 i ned| as|RiskManagament R .
Large-scale or visual survey procedure based on Prioritization of risk in
- Nominal deficit the portfolio
Number of buildings: j\> =\ - ) )
Hundreds to thousands Based at least on agef——/| Code.basedpproach Relative measure of risk
of design and location to seismic vulnerability
)
o)
ie)
Q
H Fragili [
3 . gility -based Rapid Expected loss due to
§ Mesoscale Visual survey seismic risk assessment earthquakes
Hinae: —\| Loss assessment
2| | Number of buildings: >| Knowledge about the |t 10 in "o i :: ) Absolute measure of the
§ tens to hundreds main structural curves from Literature o seismic risk
5 characteristics computed adhoc
=
Site-specific scale Full knowledge Analytical evaluation Fragility Curves and
of seismic risk Failure probabilities for
Number of buildings: >| About structural ) Noni vsis of |:: ) @ casestudy structure
one to tens characteristics and orrlinear analysis 0 : -
v details the seismidehaviour Rational metrics for loss
estimation

Figure 1.3 Scheme of the three scalependent procedures for seismic risk assessment and
management dealt in thleesis

Thelargescal® pr ocedur e f ohasbeenamlied tmareahcgse sty t
portfolio of Italian plants, belonging to one of the most important Corporate groups
clients of AXA Matrix T $itespedific scale anal yti cal eval uat.i
has beerapplied to one industrial building belging to the abovementioned case

study portfolio.

It should be noted that the three procedures outlined above are to be intended as
alternative, i.e. the stakeholders can implement one of them according to the size of the
portfolio under investigation.

Nevertheless, considering a large dimension structural portfolio, the three procedures
could be linked together, as represented in Figure (1.4), in order to create a risk
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management framewaork, operating as described hereinafter.

In a first step, on the k& of poor information, a larggcale procedure (i.e. a
prioritization analysis of the portfolio) could be implemented, in order to select a
number of buildings mostly exposed to risk. This portion of the portfolio, selected as a
function of the availableesources, could be inspected more in details and analysed by
means of a second level procedure, given that a fragility curve is available for all the
structures under investigations. Otherwise, an analytical evaluation of the fragility
could be performedin this way, the computed fragility curve could be added to the
inventory of curves in the availability of the stakeholder.

Finally, it is worth to underline that, although it is known that a large part of losses in
case of earthquakes are due to-sbactural components and contents, in this thesis
this issue is not directly addressed but only structural seismic risk is faced. In fact, the
problem of the structural seismic risk assessment at different scales has been believed a
priority.

( START of Portfolio Analy@s

Knowledge of poor data
(off-line or rapid screenin Large Scalr
— v - procedure
Prioritization analysis based o
Nominal Deficit
Fraction of
structures most
exposed to risk
Knowledge level sufficient
to associatela fragility cur
Fragility curve available?-
— — Mid Scale
Fragility-based Rapid Risk procedure
Full Knowledge assessment
] ] __ Small Scale
Analyticalevaluationof seismic procedure

|

Compute earthquake losses

Figure 1.4 Framework for seismic risk assessment and management of large industrial
portfolios
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1.3.Outline of the thesis

In Chapter 2, some general concepts regarding seismic risk assessment and its
individual componerst are given first. In particular, available approaches to hazard,
vulnerability, loss estimation, and risk mitigation strategies are briefly reviewed.

In Chapter 3, the casestudy portfolio is presented. It consists of Italian plants,
investigated by meartf visual survey forms realizeat:-hoc Such forms provided the
information necessary to apply the #fAl arg
of Chapter 4. In this Chapter a review of risk management frameworks is performed

first with particur r emphasi s on those ones empl oyi |
risk. Subsequentl vy, the proposed Al arge
indices, is presented and compared with other similar approaches available in
literature. TheNODE T NOmiral DEficit - v.1.0 betasoftware is then presented and
employed for the analysis of the case study. The results of the comparison are critically
discussed.

In Chapter5t he -fianalded procedure is discussed a
curves avdable in literature and a discussion about their main differences in terms of
intensity measure and limit states, tRRAME 1 Fragility-based rapid seismic Risk
AssessMErit v1.0 betasoftware suite is presented.

In Chapter 6, the analysis of the seismperformance of an existing steel structure,
selected from the castudy portfolio, is performed. Some general modelling issues,

that can characterize the seismic behaviour of existing steel structures, are highlighted
and critically discussed. Fragilityiozes and failure probabilities are also computed.

In Chapter 7, the general outcomes deriving from the developing and the application

of the proposed procedures are, finally, discussed.



Chapter 27 BASICS OF SEISMIC RISK

2.1.Definition

Seismic riskcan ke defined as the probability that a flefined level of losses due to
earthquakes is exceeded within a given reference pemiadspecific territorial area of

interest. By its definition, seismic r
overall losses, including fatalities, injuries and so@abnomic losses, generated by
different earthquakes, evaluateda giventimegper i od. Sei smic ri sk

since the variables which influence it continuously cleamer time, as well as in
spae. Seismic risk can be estimated at different territorial scales, from the global or
regional one tahat of a specifisite, therefore the loss can be referred to an individual
structure, to a business, to a community or to the entire infrastructureatba It can

also be expressed either in monetary terms (e.g. the repairing cost, loss of revenue
etc), casualties (e.g. injuries and deaths) or loss of functionality devgntime and

its evaluation involves different scientific fields: seismologgophysics geology
geotechnical engineering structural engineeringregional and urban planning
insurance engineering and estimo.

Seismic risk isa function of three main componentse seismic hazardhe seismic
vulnerabilityandthe exposure.

The seismic hazardepresentany physical effect, both direct (such as the shaking of
the groundandinduced (e.g. unstable slopes or the liquefaction of saturated loose soil)
due to a seismic event, capable to cause adverse effects on human activities.

The seismic vulnerabilitys, on the contrary, the component of risk not attributable to
the site but to the physical environment, both artificial and natural. In the simplest
terms it is the susceptibility of the physical environment to be damaged by seismi
events witha given intensity.

Theexposurderm takes into accoutte location, consistency, quality and quantity of
assets and activities that may be affected directly and indirectly by the seismicity of the
site. Theréore, it represents an economie the broadest sensguantification of the
potentiallosses Seismic hazard and vulnerability are linkedetherby a causeffect
relationship and their joint evaluation allows to obtain a probabilistic description of the
damage due to seismic evelfiequency of exceedance of a given damage level, in
most cases)Exposure represents the translation of this probability into seismic risk
(frequency of exceedanad loss). The ultimate goal of rislkassessmens to provide
elementdor arational decimn-making ando implementisk management strategies.
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2.2.Seismic Risk assessment

The Pacific Earthquake Engineering Research (PEER) framework (Cornell and
Krawinkler, 2000; Krawinkler and Miranda, 2004; Moehle and Deierlein, 2004)
represents the bestirrent practice for seismic loss assessment of individual structures
and a reference for modern largeale loss assessment procedures.

It was developed with the primary objective to improve decision making procedures
with regards to the seismic performanddagilities, therefore, it expresses the seismic
risk as the exceeding rate of a Decision Variabl¥)(that can represent a cost, the
length of downtime, the number of casualties or any other variable useful to guide the
stakeholder in the decision maginA key and preliminary issue in the seismic loss
assessment process is, therefore, the identification and quantification of the decision
variables of primary interest to the decision makers.

The PEER procedure is illustrated in Figure (2.1). It is caepmf the following four
stageshazard analysisconsisting in the quantification of the frequency and intensity

of earthquakes and of the ground motions that represent the effects of earthquakes at a
particular site (see Séah 2.3.1); structural analgis,aimed at the quantification of the
structural response parametaigmage analysjghat is the quantification of damage
states and their relation to response paramétezsast twoare briefly dealt in Section
2.3.2, and loss analysis involving evaluation of monetary loss, downtime and
casualties, and their consequences for the owner and society (see333ct. 2.

N o N N N
Hazard Structural Damage Loss/downtime
analysis analysis analysis analysis
hazard model SFS model Fragility model loss model
A[IM|D] PIEDP|IM] p[DM|EDP] p[DV|DM]

decision

structural damage

performance

facility definition site hazard
D A[IM]

. response — response — D making
AEDP] ADM| B D= OK?
D Locationa IM: intensity EDP: eng'ing DM: damage D\Cgiiﬁzgn
Design measure, demanq param. measure/state’, o, § loee
eg., S(Ty) e.g., drift, accel. e.g., bar buckl'g P e
PEY P ~) \__downtime )

Figure 2.1 Overview of PEER seismic loss assessment methodosataptedrom
Krawinkler, 2005

In the hazard analysis phasdhe frequency of exceedance of an Intensity Measure
(IM) of the ground motion at the site is calculat@the IM is a parameter directly
correlated to the ground shaking at the site of interestcthdtl be a salar (e.g the
elastic spectral acceleration at the fundamental period of the stru&{{:g), as well

9



Chapter Ili Seismic Risk

as a vector (e.g. a combinationtbé peak ground acceleratid®GA, andSy(T,)). The

latter chose have shown some advantages in describing the gnotiod (Baker and
Cornell, 200%, especially in the case of neéault ground motions (Alavi and
Krawinkler, 2004. As discussed inSection (23.1), the hazard analysisan be
performed both deterministically and probabilistically. In the latter,dhseutput of

the analysis is the mean annual frequency of exceedance of IM, nafid)y also
known ashazard curve

In thestructural analysis phasen analytical modelling of the building is performed to
the aim of obtaining a vector of Engineeringniznd Parameters (EDPs). An EDP is a
structural response parameter that correlates well with damage in structural and non
structural components and contents of the structure. Examples of suitable EDPs are the
interstorey drift or force demands to structuraémbers, or any other structural
parameter which allows controlling the evolutionary state of the structure up to
collapse. Other examples are giver(Rorter, 20020r in ATC 582 documentATC,

2009. The relationship between EDPs and IMs is typicaliyained through inelastic
dynamic analyses, but also other simplified mesitedong those presented in Section
(2.3.2) can be employed. The output of this process, widcbften referred to as
Probabilistic Seismic Demand Analysis (PSDA),REEDP2 edfy IM =inh, which is

the conditional probability that the EDexceeds a specified valadp given that the
IM is equal to a particulaim. The integration of the previous probability over the
hazard curve provides the mean annual frequency of extxaxdathe EDP/ (EDP),

reported in Figure2.1). Details about PSDA are given in Chapter 6 or in (Jalayer,
2003.

In thedamage analysis phasine chosen EDPs are related to the damage measures in
building componentsThese onegan be classified into structural components, non
structural components and contenfFor each component of interest, a Damage
Measure (DM) is defined, describing the level of damage experienced during an
earthquake. The output of the damage analysis stagerésationship between the
EDPs and the DMs expressing the probability of being in a damagelstagiven that

the EDP is equal to a given valadp that is PP[DM =dm EDP =edp. For example,

referring to a building, the latter is the probapilof observing various levels of
damage to individual beams, columns, +structural partitions, or building contents,
as functions of various internal member forces, story drifts, Saich relationships,
referred to adragility, arecomputed, in generaby means of analytical modelling,
laboratory test or field experience (Eberhatcl, 2001).

In the last phase dhe PEER procedure, that igss analysisthe losses (i.e. DVs) due
to the chosen DMs are evaluated. While DMs are defined at the centderel, the
DVs are defined at the system or buildingvde If the fragility functions for all

10
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relevant damage states of all relevant components are known, the DVs of interest can
be evaluated either directly or by means of cost functions that reéatlamage states

to repair/replacement costs (Aslamd Miranda2005; MitraniReiser, 200y

The steps previously described can be summariziek fiollowing equation:

/(v)= 1 (df dm| d& drh edd dG egip )im A (2.1)

dmedpim
expressing the mean annual freque(MAF, | ) of exceeding of a DV. In Eqg. (2.1),
the function G(x|y)=G(X?x|Y=y) is the complementary cumulative distribution
function (CCDF) ofX givenY; dG(x|y) andd/ (z) are the differentials of(x|y) and
/(2).
In Eg. (2.1),the damage measure is assumed to bepm@tinuous random variable.
However, it is common to deal with building or system components that are associated
with discrete repair or replacement actions. Therefore, it was proposed (Miranda and
Aslani, 2003; Krawinkler and Miranda, 2004 to compute aghquake losses
considering discrete damage states triggering repairing or replacing actions for the
componentsunder consideratiorin this case, the relationship between the EDP and
DM is obtained, in practice, subtracting the probability of exceedigsubsequent
damage states, given the value of EDP
Such an approacpresents the advantagesapardng the computation of seismic risk
into disciplinespecific contribution (seismology, structural engineering, cost analysis,
decision making)The key asumption is conditional independence of DV and DM
from IM, of DV from EDP and IM.This implies that intermediate variables EDP and
DM, used to relate IM to DV, are choseathat the conditioning informatiois not
Acarried f or war d&DPs sould bd selecteceso thahthé @Ms (andh e
DVs) do not also vary with intensity, once the EDP is specified. Similarly, the
intensity measures (IMshould be choseso that, once it is given, the dynamic
response (EDP) is not also further influenced ¢ay, magnitude or distance to the
source(Krawinkler, 2005
The presented framework is coherent with Performance Based Earthquake Engineering
(PBEE) approackCornell and Kravinkler, 2000. According to PBEE, the design of a
new structure and the assesstr@dthe seismic performance of an existing one have to
complya di screte number of Aguantitativeo
corresponding to figualitativeo perfor man
The definition of these performances were firstly addressed by SE¥i€ion 2000
(SEAOC 1995 and subsequently in AT82 (1996a) ATC-40 (1996h), FEMA 356
(ASCE, 2000. The matrix in Figure (2)2relates four earthquake performance levels
with design earthquake levels expressed in terms of return perio8dseg3.1). The

11
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coupling of a specific seismic intensity level with a performance level of the
structure is the performance objectiveDifferent earthquake performance levels
have been defined in literature, associated to different loss level® desthquake.
Some of them are reported in Figure (2&Yerlapped to a typical base shéap
displacement evolutionary response of a structure (i.e. pushover curve).

Earthquake Performance Level

Fully Operational Life Safe Near

Operational Collapse
Frequent 5 5 3
g (43 year) Uthacceptable Herformance
3 (for New Corgstruction)
g-, Occasional 6‘\9@ % & &
& (72year) 0/% &%
g %, 04@
g S [\, |
% Rare % Q,b ~
3 (475 year) d’c\ OC -
o 94 i
£ 7a) O,
=
©
w

Very rare
(949 year)

L 2
<
&
é’
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Qv

Figure 2.2 Vision 2000 recommeradi seismic performance objectives for buildings (Porter,
2003 after SEAOC, 1995);

First damage
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— Repairability
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/ — Life safety

Immediate
occupancy

Base shear

\

=[s0e's]
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71 ng

\
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Lateral displacement
Figure 2.3 lllustration of performancéased earthquake engineering (from Parisi, 2010 after
Hamburgey

If reference is @mde to these performance objectivibe, PEER methodology allows to
perform a Performance Bas@dsessmentPBA), and to estimate the frequency with
which a particular performance metric will exceed various levels for a given design at a
given location.
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According to PBEE, the structural behaviour has to be checked with respect to given

Al i mit stateso, i . e. conditions af¢ter w
performance | evel filuredbaA dractural énfitestate s disusl o0 a s
defined by the structural behaviour at the onset of structural demand being equal to the
capacity corresponding to that limit state.

More in detail, matching a performance level can be expressed by the values assumed
by a secalledlimit state functiongenerally defined so that, if ngositive, thefailure

condition is reached. Considering, as an example, a simple limit state function defined

as the difference between the seismic dem&ndand the seismic capacity, C, the

failure rate can be expressexs:

/ =ﬁnP[D 2Clim] | i) (2.2)

The termC in the previous equation, is the capacity for the specific limit state.

The failure probability can be express.
stochadc model, as:

P =1-¢ " (2.3)

whereT, is the reference time peribdf reference is made to the annual probability of
exceedance of a given value iaf, Egs. (2.3) and (2.4) providespapximately the
same resultThe termP[DOC|im] or, equivalently P[failure[im], is usually referred to
as fragility curve or fragility function It expresss the probability of exceeding a
specificlimit state (i.e. structural performancgjvenIM=im.

2.2.1.Loss estimation

There are many possibleeasure of economic loss that can be used to express the
seismic performanceMiranda and Aslani, 2003Aslani and Miranda, 2005; Zareian
and Krawinkler, 2009. The ATC 581 project ATC, 2003, aimed at the
communication of seismic risk to stakeholders,nadoded that while some
stakeholders, in order to make decision, find more useful to work with simple measure
of economic losses (such as the annual expected loss), others prefer more complex
measures (such as the exceedance probability of a single ekehigss in a given
time period or the probable maximum loss associated with a major earthquake).
Some measures of the loss, ordered by increasing level of complexity are:

1 The expected loss for a given earthquake scenaflibis measure of the risk

expresss the average loss in an earthquakenario defined by a given

! This period is the time interval in which earthquakes are observed. From a design standpoint,
it is related to the nominal life of the construction, its expected occupancy level, and its
importance for civil protection purposes.
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T

T

ground motion intensity IM, with a given return perididcorresponds to the
expected value of the total loss, conditioned to a givéh=im:
E[LIIM =im].

The expected losof a set of earthquake scenario$his measure of the risk
provides the average lossr fa family of earthquake scenaridscan be used
to obtainthe variation of the average lossg¢sncreasing IMs.

The annual expected los3his measur@rovidesthe averagdéossproduced in
the building every year. Referring gogiven structural performancéailure)
and to the annual probability of failuri;, it is computed from the following
equation:

E[L]=E[L] failurd @ (2.4)

The measures described above, do not express any information about the dispersion of
the losses around average values, therefore, improved and more informative sneasure
of the loss can be:

T

1

1

The probability of exceeding apecificloss in a given earthquake scenario.
This measure provides information about the possibility of facing an economic
loss larger than a given amouptht in an earthquake with an intensiiy:
PIL>I[IM=im ].

The probability of exceeding apecificloss for a seearthquake scenario.lt

is the previous measure, repeated for different earthquake scenarios with
increasing IM.

The probability of having a loss equal to or larger than a given amodirtis
measure combines the probability of exceeding a given loss Snenario
earthquake, characterized by a spedcific with the annual probability of
exceeding a ground motion intensity equal to or larger itmaft can provide

the loss amount associated with a particular probability of being exceeded (e.g.
the totalloss that has the 2% of probability of being exceeded in 50 years).

The assessment of losses is not a specific purpose dh#iis nevertheless, some
measure of loss are considered, reflecting the approaches proposed at different scales.
In risk priaitization analysis (Chapter 4) a relative index accounting for potential
losses (in terms of monetary losses, business interruption and life losses) is considered,
therefore no explicit computation of earthquake losses is given. lprowedures
outlined in Chapters 5 and @wo possible ratrics of losses are considerdte
expected loss given an earthquake scenario and the annual expectBadsssnetrics

were adoptedalthough synthetichecause thewre believed to be useful to owners,
insurers omther stakeholders to quantitatively compare, for exanegigected annual
losses andnnual revenues.
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2.3.Computing individual Risk components

2.3.1.Seismic Hazard

Seismic hazard is the totality of physical effects, both direct and indirect, induced by
the earthgake and able to produce harmful consequences.

The intensity of the seismic ground moti(@®M) in a specific site depends mainly on

the following parameters: the input energy released by the seismic source (which is a
function of the source dimensions aftdcture mechanism}he seismic waves path
(which prevalentlydepends on the soursée distance); anthe local geotechnical
conditions (local seismic response of soil deposits at the site). The first two factors
affect the characteristics of seismic titoa at the bedrock, namely the -called
shakebility which is evaluated in ideal conditions of horizontal topographic surface
and free field. The third accounts for the modification of the seismic signal from the
bedrock to the surface due to the dymam@sponse and topography of soil deposits
(Lanzo and Silvestri, 1999; Vinale, 200® fact, site conditions can influence the
amplitude, frequency content, and duration of seismic ground motion.

Regarding the definition of seismic hazard for seistisic analysis purposes, it can be
defined through a probabilistic seismic hazard analysis (PSHA) or a deterministic
seismic hazard analysis (DSHA).

The PSHA, originally proposed in the landmark paper by Cornell (1968), takes into
consideration possibleaghquakes that could affect a site and its output isriban
annual frequency of exceeding a ground motion intensity measure threshold

/(im) =8 7 A Rma(immn {Xnm £(& dm d (2.5)
i=1 mr

In the previous equationf,, (m) and f(m) are, respectively, the probabiliiensity

functions (PDFs)of magnitude,M, and distanceR, (assuming that M and R are

independent)Gyw s is the conditional probability thafor givenM andR, a specific

value ofimis exceeded at the sifEhis probabilityis generally computed by means of

a Ground Motion Prediction Equation (GMPE). Finally,is the rate of a threshold
magnitude exceedance of thth source affecting the site.

The probability of exceedance of IM can be obtained, in most of the practical
applications, assuming that the occurrence of seismic events follows an homogeneous
Pd ssonds stochastic model

P[IM>im] 4 ¢™/& 1=¢™MT (2.6)
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whereTg is the return period, that is the reciprocal of the annual rate of exceedance of
the IM and T, is the considered time periodrrom theprevious formulation the
expression of the return period derives:

_ 1 _ T
Tr=——= = :
/(m)  In(1- P[IM >m])

2.7)

It has to be noticed that Eq. §¢represents the complementary cumulative distribution
(CCDF) of the intesity measure, therefore the probability distribution (PDF) of the
intensity measurean be obtained from Eq.@2.by simply differentiation

Regarding deterministic seismic hazard analysis (DSHA), it is based on the
development of earthquake scenariosingef by location and magnitude, which could
affect the site under consideration.

Deterministic approaches are not dealt in thesis for details the reader should refer

to Reiter (1990) and Kramer (1996). It seems worthwhile to enlighten that, besides
their differences, DSHA and PSHzan be consideretbmplementary analysis, chosen

as a function of available data and objectives of the seismic risk assessment (McGuire,
2001). Probabilistic methods can be viewed as inclusive of all deterministic events
with a finite probability of occurrence. This points out the complementary nature of
deterministic and probabilistic analyses: deterministic events can be checked with a
probabilistic analysis to ensure that the event is realistic (and that it has a finite
probability of occurrenceand probabilistic analyses can be checked with deterministic
events to see that rational, realistic hypotheses of concern have been included in the
analyses.Typical example of this complementarity is, in fact, the possibility of
selecting scenario earthquakes from deaggregation analysis (Bazzurro and Cornell,
1999) of the seismic hazard computed by a PSHA. A more comprehensive discussion
about differences and similarities of the two methods is contained in Bommer (2002).

2.3.2.Vulnerability

Seismic vulnerability represents the proneness of physical environment to suffer
damage under earthquakes. It can be evaluated according to different methodologies,
mainly dependent on the scale of the problem, ranging from the one of the single
strudure to the regional or national scale. The object of the analysis, in fact, determines
the quantity and quality of input data that can be gathered and the methods of analysis
that can be pursued. According to the classification proposed by Biodde (1994),
vulnerability assessment methods can be classified on the basis of the three quantities:
input, method and output.

Regardingnput data required for the analysis, they are strongly dependent on the size
of the object of the analysis and on the chossethodology. As a matter of fact,
vulnerability assessment for a single structure requires an amount of information and a
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level of detailing in modelling that are unfeasible at larger scales. Input data required
for a vulnerability analysis can vary frotihe damage observed in past earthquakes to
gualitative or quantitative characteristics about the structure, hazard studies for the
specific site and geological and geotechnical information.
The output of vulnerability assessment can be expressed in tefing) absolute
vulnerability; (ii) relative vulnerability.Absolute vulnerability represents an actual
measure of the damage suffered by structures during earthquakes relhilee
vulnerability is represented by indicators for which no direct corogld@gb the actual
damage is available. Therefore, the latter is suitable for vulnerability ranking and
prioritization analyses, rather than the assessment of the actual structural vulnerability.
Regarding possiblmethodgor computing vulnerability, thegan be classified into:

9 empirical methods;
analytical methods;
expert judgmenbased methods;
hybrid methods;
codebased methods.
The use of one of the above is strictly related to the methodology employed for
computing hazard. In the following, a briedview of main vulnerability approaches
available in literature, subdivided according to the employed methodology, is
presented. Much more comprehensive reviews can be found in (Poles&2002t
al., 2006 Ricci, 2010).

= =4 =4 =4

2.3.2.1 Empirical methods

Empirical mehods represent the first approaches pursued for seismic vulnerability
assessment, dated the early 191@sed on thebservation of the damage suffered in
past earthquakesThe observed damage is measured by means of Macroseismic
intensity scales.

Theseapproaches present the advantage of giving a realistic representatios of
damage (they represent the real effect of earthquakes on physical environment),
provided they are applied to a building stock with the same characteristics as the one
damaged in past earthquakes. Notwithstanding, they present thiéowing
shortcomingsthey accountfor vulnerability and hazard in a namdependent wagnd

are calibrated on a particular territorial area, therefore they are not, in principle,
exportable to otheretritories because of differences in seismological context,
structural typologies, building practice and damage distributions.

Moreover they do not allow to model any mitigation strategy which employs the
reduction of seismic vulnerability (e.g. a rettaff a building) andhey can be affected
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by shortcomings related to availability of data or errors in filling {eedhquake
assessment form€o6lombiet al, 2008).
Different empirical methods are:

1 damage probability matrices (DPMs);

1 empirical damageuinctions;

1 wvulnerability Index method;

i screening methods.
A Damage Probability Matrix(DPM) represents, in discrete form, the conditional
probability P[D|I,T] of reaching a damage levBl, given a ground motion intensity
expressed by a macroseismic scidea given structural typologV. Its use was firstly
proposed by Witmaret al. (1973),after the San Fernando earthquake of 1971. Other
examples of DMPs are those proposed by Breal. (1982; Di Pasqualeet al.
(2005; Dolce et al. (2003); Giovinazz and Lagomarsina(2004). Relationships
between seismic intensity and expected damage based on empirical data can also be
derived in a continuous form. In fact, empirical damage function (or curves) can be
defined as the continuous form a DPM (e.g. Spened, 1991; Orsini,1999 Shinghal
and Kiremidjian, 1997, Sabettat al, 1998 Rossetto and Elnasha003
The Vulnerability Index Methodvas proposed by Benedetti and Petrini @)98nd
subsequently employed in (GNBTtolmeakpur
vulnerability because a relationship between the seismic action and the response is
established through a vulnerability index, defined on the basis of the scores assigned,
after a field survey, to eleven parameters believed to be coddat¢he actual
vulnerability of the building. This methodology, largely adopted both for national and
international research proj ectesal, (1999;9. ir
Facciolii and PesWBEM,a, MRWr0du xa iy pfesdhteSIEB r u n
advantage of allowing the vulnerability characteristics of the building stock under
consideration to be determined; notwithstanding, it requires expert judgembast t
applied in assessing the buildings, and in defining coefficients aights (Calviet
al., 2006).
Finally, Screening methodare aimed at providing an approximate evaluation of
vulnerability employing visual survey&ulver et al, 1975; JBDPA, 1990) Their
output is, in met cases, an fAindirecydepresented byr e o
descriptive ratings or vulnerability indices.
The forms employed in these methods for the visual survey are, in general, quite
si mil ar -e & ot hfigpuoaskte 0 survey f or ms empl oye
following an earthquake in ordep tguide decision on continued occupancy (e.g.
Anagnostopoulo®t al, 1989; Baggioet al, 2000. These methods, are in general
aimed at the definition of eelative measure of the vulnerability of structures in large
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portfolios and they are usually empéal for prioritization analyses. For this reason,
they will be dealt more in detail in Chapter 4.

2.3.2.2 Analytical methods

In analytical methods, the relationship between seismic intensity and expected damage
is provided by a structural model with direct phykicaeaning. The analytical
approach to vulnerability, allows to separate structural analysis from site hazard
modelling. Furthermore, it allows to deal with structures characterised by different
construction practices and to consider the effect of vulridyahbiitigation strategies
(Ricci, 2010). However, analytical approaches require, in general, an high level of
knowledge about structural characteristics and detailing, as well as high computational
burden. Moreover, some critical issues related to thssrauggesting that the results
provided by this kind of approaches should be, somehow, checked with real damage,
exist. Examples are: the reliability of numerical modelling, the correlation of the
chosendemand parametergith the actual structural perfmance and the influence of
constructive errors and deficiencies, that usually are not considered in the analytical
model (Verderamet al, 2011 or investigated with a sufficient degree of accuracy
(Petruzzelliet al,, 2010).
Several analytical methodsorf vulnerability assessment have been developed in
literature. It is important to underline that the procedure for evaluation of the seismic
vulnerability is closely dependent on the scale of the problem, since the size of the
sample to be analysed aclyaletermines the quality and quantity of data that can be
retrieved (level of knowledge that is possible to achieve) and, therefore, the mechanical
modelling. As a matter of fact, the more the sample size grows, the more it is necessary
to renounce to aettain degree of accuracy and detail in mechanical modelling and to
adopt approximated methods, which require a lower amount of input data.
For this reason, hereinafter, both methods that are suitable to the scale of the single
building (for example, thanalytical evaluation of fragility curves) and methods that
have been conceived and developed to be applied to large samples will be briefly
discussed. Depending on the mechanical model employed and on the structural
analysis performed, they can be clisdias follows:

1 analytical fragility curves (or DPMs);

9 collapse mechanisfbased methods;

9 capacity spectrurbased methods;

9 displacemenbased methods.
Analytical fragility curves and analytical DPMs express, respectively in continuous or
discrete form, té probability of observing a given level of daraagonditioned to a
value of IM. Several methodologies can be pursued for their computation both based
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on static and dynamic analyses and reflecting uncertainties in the seismic demand
(record to record vaability) and in the capacity (e.g. Singhal and Kiremidjian, 1996;
DumovaJovanoska 2004; Rossetto and Elnashai 2005). These methods will be dealt in
presented more in detarl Chapter 5 and the analytical evaluation of fragility curves
for existing steestructures is the specific object of Chapter 6.

Collapse mechanistibased procedures employ collapse multipliers and mechanical
concepts to ascertain whether a mechanism will form and thus damage will occur.
Among these procedures, originally developednfiasonry buildings, it is to recall the
VULNUS method (Bernardingt al, 1990), the Failure Mechanism Identification and
Vulnerability Evd uati on ( FaMI VE) met hod (DO6Ayal a
procedure proposed by Coserzal.(2005), for the ealuation of the seismic capacity

of reinforced concrete (RC) building classes.

Capacity spectrurbased methods employ rdinear static procedures (NSPs) and
Capacity Spectrum Method (CSM) by Freensral. (1975) for rapid assessment of

the seismic rislof building classes. According to it, the seismic capacity obtained from

a NSP can be compared to the demand in a plane hiénd@rgpectral displacement on

the abscisse axis and the spectral acceleration on the ordinates axis. The main scope is
to assessessmic demand through a spectral representation oflinear response,
which is made possible byi) (the idealisation of the actualulti-degreeof-freedom
(MDOF) structure as an equivalent elaplastic singledegreeof-freedom SDOR
system; andii() the transformation of the elastic demand in the inelastic demand by
increasing structural damping or, alternatively, defining a global displacement
ductility.

Among capacity spectrumased methodologies for the analytical evaluation of
vulnerability it is possible to count the HAZUS (HAZard in United States) method
(FEMA, 2001; Kircheret al, 1997a, Kircheet al, 1997b; Whitmaret al, 1997). This

is an earthquake loss estimation methodology including many components, among
which a building fragility nedule based on capacity spectrum method.

Giovinazzi (2005) defined a methodology for the vulnerability assessment of RC and
unreinforced masonry (URM) building classes employing a @ided approach, in
which the capacity curve was defined on the bafstode prescriptions enforced at the
time of design.

Finally, the method by lervolinet al. (2007), representing a complete seismic risk
assessment framework for RC building classes and the one by Ricci (2010), for the
seismic vulnerability assessmerit existing bare, partially infilled and infilled RC
buildings, has to be mentioned too.

Calvi (1999) first proposed an approach for the evaluation of the vulnerability of
building classes based on the DisplacerBaged method (Priestley, 1997). According
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to this method, seismic demands are computed by means of displacement spectrum and
displacements are employed as damage indicatbesmethodology was subsequently
developed (Pinhet al, 2002; Glaister and Pinho, 2003; Crowkyal, 2004; Crowley

et d., 2006) leading to the Displacemddsised Earthquake Loss Assessment
(DBELA) procedire. The extension of the approach to masonry buildings was
performed by Restrepdélez and Magenes (2004), Restrafidez (2005), Modenat

al. (2005) leading to the MeEs® (Mechanical Based Procedure for the Seismic Risk
Estimation of UnreinforcetMasonry Buildings) Procedure.

The Simplified PushoveBased Earthquake Loss AssessmentBEPA) by Borzi et

al. (2008a) combines the class approach of DBELA with the defindafosimplified
static pushover curves in a way similar to Cosegizal. (2005) and lervolincet al.
(2007).

2.3.2.3.Codebased methods

In Codebased methods the seismic capacity is derived from the seismic code
prescriptions enforced at the time of desighe ktter can be used either to define a
simplified capacity curve, as in method by Giovinazzi (2005) previously discussed,
either to defhreasoal | ed fAnominal 6 capacity to be
demand, as in the New Zealand Society for EartkguBngineering guidelines
(NZSEE, 2003) and Grast al.(2007).

Such methods are based be strong assumption that the design was performed in full
compliance with the code and that, therefore, the demand to capacity ratio was, at the
time of design, gual to one. For this reason, these methods are usually employed only
for prioritization analysis of large building portfolioshis family of methods will be

dealt in Chapter 4.

2.3.2.4 Expert Judgmenrbased methods

According to these methods an expert (or greedpanel) expresses, on the basis of his
engineering judgement and experience, a qualitative judgment on the vulnerability of a
structure or a class of structurds.general, they require dtbc damage functions in
order to translate vulnerability inditors into damage and, subsequently, into
economic losses.

An example of Damage Probability Matrices, derived from the expert judgement of
more than 50 senior earthquake engineering experts, can be found #a3A[RTC,

1985). Examples of the use oDPMs based on the ATC3 approach for the
assessment of risk and loss include the city of Basel @tahal, 2001), Bogota
(Cardona and Yamin, 1997) and New Madrid (Venezetral, 2002).
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2.3.2.5.Hybrid methods

Hybrid methods consider empirical and analyticabr@aches as complementary,
rather than mutually exclusive options for the vulnerability assessment.

They allow to produce fragility curves and damage probability matrices combining
analytical modelling and observations of damage of past earthquakesctin f
mechanical modelling can be used in order to provide for the lack in damage data at a
given intensity level or, on the contrary, damage can be used in order to calibrate
mechanical models. Examples are given in Kapgtas. (1995, 1998) and Barbatal.

(1996).

2.3.3.Exposure

Exposure can be defined as the economic losses due to seismic awentiseir
associated probabilitieFherefore, it represents the term allowing to translate hazard
and vulnerability concepts into risks definition depends on ¢hobject of the risk
assessment and it may include a single structure with its occupants, a portfolio of
buildings, a urbanised area or a whole regiGenerally speakinglossescan be
classified as

9 directlosses;

1 indirectlosses.
Direct losses are thosgbserved for a specific site as a direct result of the physical
damage. They are expressed, in general, as the cost of repair or replacement, that is to
say they represent the losses caused by an earthgtiak® from the repair effort
needed to retura damaged building to its undamaged state. In industrial and insurance
field they are referred to as "Property damage".
Indirect losses, on the contrary, are those resulting from the temporary loss of function
of the facility, or downtime. The downtime cde defined as the period of time
between the occurrence of a seismic event and the completion of the building repair
effort and the restoring of the full functionality (Come2006).
In Industry these losses are referred to as "Business Interrupbn‘afdressing all
the possible consequences of a given downtime.aFamgle industrial facility these
consequences can be: loss of production, loss of profit and of market shares, costs for
the restart of the production activities, damage to image, Wten dealing with
portfolios of industrial structures or plantsesidesthe above mentioned damages,
observed for one specific structure of the portfolio, also logdated to the disruption
of the supply chain must be taken into account. These atdo@nsequences can
represent the large part of the losses due to seismic events in Industry and can
propagate themselves both upstream and downstream.
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Strictly speaking, hman casualtiesepresent a direct loss, generally related to the
collapse of the sticture. Nevertheless theye in general considered separately from
economic impacts, since equating or converting human lives to a monetary amount is
considered problematic or involving social equality isSues
This suggests another possible classificabf losses due to seismic events into:

1 dollars,

i downtime,

1 deaths;
thatisthese al | ed A3 DO approach, generally ado

2.4.Management and nitigation of seismic risk

ARi sk assessment is all/l a b outoamasssedsmema n a g
is because somebody has to make amiskn a g e me n t (Sniite, 200% Thisn 0
sentence well summarizes the main functiothefseismic risk assessmanhich is to
provide rational estimates to guide the decision making process and the
implementation of mitigation strategies. The risk management cycle is represented in
Figure (24). Once the analysis of seismic risk has provided the probability of
exceeding a given loss in a reference period, or any other useful metric to express the
loss (see Section 2.2.1), according to the risk management framework illustrated in
Figure (2.4) the stakeholder has elements to judge if the risk level is acceptable or not.
If acceptable, monitoring risks and identifying any new potential risk are thetiastivi
the decision maker should continue to pursue. If the risk level is deemed unacceptable,
risk mitigation strategies have to be implemented.
In the obvious inability to reduce the hazard component of the seismicpissible
strategies for risk mitigtion can be aimed at the reduction of seismic vulnerability,
exposure or economic consequences.
Vulnerability reduction strategies could be:

9 the retrofitting of existing structures;

1 the development and continuous updating of seismic codes according to

research advances.

2 In order to overcome these problems, measof¢he loss related to casualties algmto the
assessment of humarieliwere proposed ititerature, (e.g. the disability adjusted life years,
World Bank, 1993; or Economic Adjusted Life years, Scawthorn, 2011).

% For completeness, it is to mention the possibility of relocating the builirigtly speaking
this solution, feasible only in the design of a new structimgechanging the building location,
actually changes the hazard.
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Implementing vulnerability reduction strategies for existing buildings is a rather
complex issue, especially for large portfolios of structure or for civil protection

purposes. Two different approaches to seismic rehabilitation ofrexistiildings are

possible: a

Apassiveo

one

and

an

fact.i

vV e

rehabilitation are required only in case the building owner applies for an alteration or
change in use. Active programmes are, on the contrary, thaseetiuire owners to

rehabilitate their buildings to a specific rehabilitation objective in a certain timeframe

or, in the case of government or other owners of large inventories, tingete
objectives and deadlines.

Issues regarding passive seismgkneduction were addressed by Hoover (1992) and

an example of active seismic risk reduction programme is contained in (NZSEE, 2003).
Passive programmes reduce risk more slowly than active programmes but, on the other
hand, they generally require much legforts to be implemented. In both cases they

are more rapid than modifications of seismic codes that, applying only to new
constructions, produce a reduction of vulnerability delayed in time.

y

‘ Hazard

l

‘ Vulnerability

|

\ Exposure

Seismic Risk Assessment

YES
Acceptable

NO

Mitig

ation

Risk Reduction

Monitor

Figure 2.4 Risk management cycle.

Among the strategies acting on exposure it is possible to recall:

T
1

the change of occupancy;

the development of an effective civil protection system, both in theyaet
phase, through knowledge dissemination, promotion of seisskiawareness,
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etc., and in the postvent phase by means of emergency management
planning, providing prelefinedemergencyrocedures and plans.
9 the developmeraf early warning systems (lervoliret al, 201J)
Regarding economic loss reduction straegt is to mention thadoptionof insurance
policies such as in Turkegfter the 1% August 1999 Kocaekarthquakeor in Japan,
where a national reinsurance scheme is enforced since 1966.
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Chapter 3 THE CASE-STUDY BUILDING PORTFOLIO

3.1.Description of the casestudy

The procedures for the largealeprioritization and for the seismic risk assessment
presented in thighesis (Chapter 4 to 6have been applied to a real case study,
consistingin a subset of the Italian plandf one of the most importamternatonal
partnes of AXA Matrix Risk ConsultantsBecause of privacy agreement with the
stakeholderthe names and geographical locations of these facilities are hidden in this
thesis Each plant wilbe, therefore, identified by a serial number.

The plant pdfolio under investigation is composed I plants forthe production of
partsfor the automotive sectospreadhroughout the Italian territory, as can be sieen
Figure(3.1).

10°E 15'E
Figure 3.1 Casestudy pants represented over the map of PGA with 475 years return period on
rock (Stucchet al, 201J).

For each of the plastcomposing the cassudy portfoliq two kinds of knowledge
forms wer e Eaanpfornde d:deasrcr i bed i KnowSdge t .

3

form for industrial manufacturing plards, descri bed i n Sect. 3.

Principal aim of theHazard Formis thecharacterizatiorof the seismicity of the site,
by means of the macroseismic intensity and/or seismic hazard studies with the
maximum level ofdetail available in the Countrydazard form can be compiled
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N

fof flineo, t hat is to say without any v
studies for hazard and macroseismic interditgracterizatiomre both provided in the

fiSl1 60 p rfundled hy titalian National Institute for Geophysics and Volcanology
(Istituto Nazionale di Geofisica e Vulcanologia, INJ33hd Seismic Risk Office of the

Italian Department of Civil Protection (DPC).

Hazard estimatewith areturn period of 475 years are givieath in terms of PGA on

rock (Meletti and Montaldo, 20Q7andin terms of macroseismic intensifGomez

Capereet al, 2007 Albarelloet al, 2007). The work by Albarelloet al. (2007, used

in this thesis provides the maximurnmtensity felt in the past, for the whole Italian

territory, and macroseismic intensigstimatesvith an exceedance probability of 10%
in50yearsaccording to a fAsite approgdaddo (Al
assumingwo different GMPE (i, assuming a binomial GMPHg assuming a and a
Gaussian one)Table (3.1) reports a ranking of the caswdy plants by decreasing

PGA with a return period of 475 years on rock, and the macroseismic estimates by
Albarelloet al.(2007).

Table 3.1 Case study plants: PGA on rock and return period of 475 years; macroseismic
intensity with return period of 475 years, expressed in terrsarfdl,,; maximum seismic
intensity felt at the sitd.

PGA lg | bin lo
Pt g 1 AT
PLANT-01| 0.256 9 9 9
PLANT-02| 0.242 9 9 8.5
PLANT-03| 0.240 10 10 10
PLANT-04| 0.240 8 8 8.5
PLANT-05| 0.198 8 8 8
PLANT-06| 0.198 8 8 8
PLANT-07| 0.191 8 9 9.5
PLANT-08| 0.165 7 7 7.5
PLANT-09| 0.157 7 7 5
PLANT-10| 0.147 7 8 6
PLANT-11| 0.143 8 8 7.5
PLANT-12| 0.108 7 8 7
PLANT-13| 0.082 6 7 6
PLANT-14| 0.081 6 7 6
PLANT-15| 0.076 7 7 6.5
PLANT-16| 0.058 6 6 6
PLANT-17| 0.056 6 6 6
PLANT-18| 0.046 6 6 5
PLANT-19| 0.040 6 7 0
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Main objective of theknowledge form for industriamanufacturing plantss the
reconstruction of the plaayout and the characterization, among the others, of the
following parametersnumber ofstructures main geometric dimensions, structural
types, construction materials and exposHiking theseformsrequiresat least a visual
survey.
During the three years agreement between Department of Structures for the
Engineering and Architecturef the University of Naples Fedeucll, Italy, and the
AXA Matrix Risk Consultantall the plantdave beewisually inspectedby the author
or by field engineers of AXA Matrix.
One of the main difficulty that has emerged from this actig@tycertainly,related to
the extreme variability of structural types, activities and costehteach structure
belongirg to differentplants. A first classification of the structures that it is possible to
encounter in Industry is in:

9 buildinglike structures;

1 nonbuilding-like structures
Building-like structuresare typically used asoffices or management buildings
workshops,warehousesor storagestructures nonbuilding-like structures (pipelines,
storage silos or tanks, racksement kilns cooling towers, chimneysetc.) are
characterized biayout, structural dimensions and desdjotated by the needs of the
production, over any other issue.
It is also possible to classify the structureshie manufacturingndustry according to
their occupancyi.e. distinguishing:

1 production structures;

9 utilities;

1 storage structures

1 offices.
Production structuresre workshoys, or any type of structure (buildidike or non
building-like) where large part of the production talgace. They can be considered
therefore the core of the plant since the functionality of the whole plant depends on
them and most of the expakegalues(human lives, contents, activities) are typically
locatedin, or related to, them
With the termutilities all the machineries and apparatuseslved in theproduction
or safegy of the plant are, in generaladdressed. Typical examples ar@, i
manufacturing industry, energy transforsief pums for the fire protection system.
The structures (typically buildinike) built to host such equipments are, therefore,
called themselves fdAutilitieso.
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Storage structuresire all those structurghle function of which is to thestock raw
materials, finished or sedfinished products or anything useful for the production or

for the useof utilities.

Officesare all those structures not used for the production but for administaaiil/e
managemenpurposs.

Other kinds of structuréhat is possible to observe manufacturingndustry are not
consideredo be strictly related to production or characterised bignificantexposure

(such as recreational facilities, dining areas, locker rooms, parking);attea®fore

they are not considered in this study, unless they are part of structures with another use,
among those described above.

From the above,he first objectiveof the knowledge phasis the identification of
structures composing the ait for wha concerns theioccupancyand their main
geometrical characteristics.

It is very frequentthat industrial structures are characterised lhyge plan
developmentsandor that have beerconstructed indifferent yearswith or without
structural jointshetween differenfparts of the structurén fact they oftenassume the

shape ofbtructural aggregasde.g. a largavorkshop). Thereforepne main issue ithe
knowledge process is thdentificationof theindividuali st r uct ur al ani t s
structurd aggregatethat is to say thaingle structuralentities separated from the
others by structural joints. This is possible by identifyihg gaps between the
structures quantifying their size and tracing back the constructive evolution of the
building aggregateThis information, in fact, can be used to assoc@teeference
design coddo each structural uniand, inthe view of a code approach to seismic
vulnerability, to obtain informatiorabout the nominal seismic capacity of each
structure (see Chagpter 4). In thef ol | owi ng, t h,eif not @ifferentlyi s t r u «
speci fied, wildl be used as a synonym of
Particular effort was dedicatedto the characterization ofubsoil geotechnical
conditions. h 15 of the 19 plants it was posBle to gather information about shear
wave velocity in the top 30 meters of subsoil untieffoundation layerand associate

to each plant the subsoil class according=tmocode 8 EC8) (CEN, 2004. In the

other casegrudentialassumptionsvere made othe basis of geological information.

In Table (3.2 the number of structural aggregates andndividual structural units,

with specification of their use (for building like structurasd silos/tankonly) are
reported for each plant of the cestedyportfolio. From the previous emerges that the
portfolio is made of 58 building aggregates, composed of 140 individual structural
units, of which 83 are workshops for production, 29 are offices, 17 are utilities and 11
are storage buildings (Fig. 3.3).is worth noting that, when storage areas or utilities
were included in a structure in which production took place, the structure was
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classified as a production one. Besides, in 4 cases silos or tanks for liquid or granular
content were part of the planytut.

Table 3.2 Soil category and structural composition of the estsely portfolio.Regarding
storage structures, the first number indicates buildings employed for storage, while the number
in parentheseindicatesurveyechon-building-like storage structures (tanks, silos).

ear of .| Num.of | Num. of
Plant ID yfirst P[S]A Cs:gil structural | structural P_rtci)(;i#c offices | utilities | storage
costruct. aggregates  units

PLANT-01| 1971 | 0.256| B 3 8 4 2 2 0@
PLANT-02| 1988 | 0.242| C 1 3 2 1 0 0
PLANT-03| 1988 | 0.240| C 2 2 1 1 0 0
PLANT-04| 1977 | 0.240| C 3 14 10 1 0 3(1)
PLANT-05| 1993 | 0.198| C 6 14 8 2 4 0(1)
PLANT-06| 1993 | 0.198| C 2 2 1 1 0 0
PLANT-07| 1987 | 0.191| B 3 5 5 0 0 0
PLANT-08| 1934 | 0.165| C 5 15 6 4 5 0
PLANT-09| 1973 | 0.157| D 3 8 4 1 2 1(1)
PLANT-10| 1974 | 0.147| B 2 6 4 2 0 0
PLANT-11| 1988 | 0.143| B 4 4 3 0 0 1
PLANT-12| 2001 | 0.108| C 1 2 1 1 0 0
PLANT-13| 1963 | 0.082| C 2 7 2 5 0 0
PLANT-14| 1968 | 0.081| B 4 5 2 1 0 2
PLANT-15| 1969 | 0.076| A 7 14 6 2 3 3
PLANT-16| 1962 | 0.058| B 4 14 12 2 0 0
PLANT-17| 1919 | 0.056| B 1 4 4 0 0 0
PLANT-18| 1976 | 0.046| B 3 7 4 1 1 1
PLANT-19| 1968 | 0.040| B 2 6 4 2 0 0

TOTAL: 58 140 83 29 17 11

Use of structures of case-study portfolio

®Procuction
m Offices
Utilities

u Storage

Figure 3.2 Percentages relative the wse of structureof the casestudy portfolio
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Referring to the structures used for productias it can be observad Figure (3.3),

the most part is contributed byrecastreinforced concret¢PRC) structure$60% of

the total) and the remainingart is composed aiteel structure§10%). However, teel

structures present, in general, bigger plan dimensions than PRC structiiaes the

58% of the whole covered area used for production is relative to steel structures, while
the42% is relativeto PRC structures.

Regarding the year of construction, mo r €
were built in the 660s and more than the
1980(Fig. 3.3).

Construction material Year of construction
2001-2010

1910-1920
5%

s T~ 1931-1940
m Steel 3%
1951-1960
® Precast RC 1991-2000 1
18%
1981-1990
17%

1971-1980
18%

Figure 3.3 Composition of thecase study portfolio for what concerns construction material
(left) and year of desigfright).

With specific reference to the steel structures used for the production,uire E3g)

the composition for dég year is reported. Except for one structure that is
characterized by bracings in one plan dimension, all the structureshn@rent
resisting frameg$MRFs), characterized in the 94% of cases by a rectangular shape (the
3% is T-shaped and the 3%ghaped)

The typologies of the main beaie( the beanmn the direction of the moment resistant
frame or, when the structure has frames in both the plan directibasone with the
larger span) and of the secondary bedhe (onein the orthogonal directioror
characterized by the smaller span) are shown iar€i@.5). In most of the cases the
beamsareplanarlatticetrussesin boththe plan directions.
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Steel structures for the production: design year

# structural units
=
o

N D D AN D
v ) > S o
& 3 \'\q '\'\C) \'\q \;\q \’\q \'\ \;\ =
N NN (SN S 9
O N SRR S R

Figure 3.4 Age of design of steel structures used fooguction

N ® N ®
F & &

Main beam type Secondary beam type

m Shed truss
= Planar truss
m Planar truss
m Pitched truss
Polonceau truss
= Arch truss
Planar truss with

3D truss shed element

Figure 3.5 Tyb_oiogy of mén (left) and secondary (rigﬁﬁééns of surveyed steel structures
used for production

Columnstypesobserved in surveyed structures summarized in Figur@.6) were
classified distinguishing: battenedcolumns composite columns created by wedd
members or platesingle membeelementsand trussed columns.

Column type

= Battened
= Composite welded
= Single member

Trussed

Figure 3.6 Typology of column of surveyed steelsttures used for production
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RegardingPRC structures two structural typologies were observedbrkshop with
prismatic beams (planar or pitched, with several cross section geometries) and trussed
structuresThe first is generally used for spans up3t meters, while the second is
more suitable for spans from 15 to 40 m or moarhis latter category of PRC
structures was largely used in Italy uid@Ds while today steel or aluminium structures

are preferred for large span€apozzi, 200R The aboveis reflected by the
composition of PRC surveyed structures in termag# ofconstruction, reported in
Figure (3.7). Figure (3.8) summarises the type of beam and of roofing elements
observed in the investigated structures. It can be noticed that thef@Beostructures
belong to the class oforkshop with prismatic beams and the 32% to the one of
trussed structurefRegarding columns, all the surveyed structures are characterised by
rectangular cross sectiorie dmensionsof whichare summarised inigure (3.9).

RC structures for the production: design year

B PRC - compact beam cross sect.
PRC - trussed beam
0 |

—
=

—
2

—
=

= @ w

# structural units

-

S O R S PSS Q0
o o e & & N N\
SN \'\’ e \’\ N \S‘Q &
™ 0 b o £\ o S
MU A S R ARG AU

Figure 3.7 Design year of PRC structures used for production

5% Type of main beam Roofelements
\ 2%

B Omega
u TTtiles

9%
\ m Shed elements

= Alveolar slab

3%

mRectangular

o ™ T-shaped
‘ mDouble T (plane)
mDouble T (pitched)

Reticular - planar

semicurcular
prestressed el.

Reticular - shed

n.c.

Figure 3.8 Types of main beams and roofing elements of surveyed PREGwses
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Cross section of columns

3%

3°D

35x70 75x65

- 60X60  m80X80

6%
& u50x60  m80x50
" m50x50 = 70x70
Figure 3.9 Column cross section dimensions of surveyed PRC structures.

The exposuref the production structures of the portfoban beexpresseckitherin

terms of number of occupants anmionetiry loss(see Sect. 3.3). Regarding the
former, the exposure of each production structwessassumed equal to the maximum
number of occupants in a work shift; regarding the latiter Property Damage (PDj

each production structure was summed toBbsiness Interruption (BIpf the whole

plant, assuming that the interruption of activityoneproduction structure imjas the
interruption of any plant operatiofhe Blwascomputed considering both the plant Bl
(pBl), that is to say the losses undeng by the individual plant in case of a seismic
event and the group BI (gBl), that is to say the losses induced to other plants of the
portfolio. These values are function of the typology, cope capacity and resilience of the
supply chain of the specifindustrial group and, in this case studsere provided by

the portfolio managein the procedure outlined in Chaptertde economic los&lirect

and indirect)and the potential for casualties are both expressed normalized by their
maximum values. The @apancy Loss Ratio (OLR) is, therefore, defined as the ratio
of the number of occupantsf the structureN,.. and the maximum number of
occupantsover the portfolio under consideration (Eg. 3.1). Similarly, the Economic
Loss Ratio (ELR) isgiven by the tail economic loss of the plant divided by the
maximum total economic loss in the portfolio (Eg. 3.2).

Nocc,i
_ PD +BI
ELR = max{ PD, + Bl } (32)

These ratios are similar to the Loss Ratio employed in Jeiswal and Wald (2013
computing eonomic losses worldwide, on the basis of macroeconomic indicators such
as the gross domestic product and real earthquakes losses in the past.

The vdues of OLR and ELRor the production structures of the portfodiceshownin

Table (3.3. From Figure (3.10 it can be observed that the most exposed plants in
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terms of number of occupants are characterised gvaragemonetary loss and are
located inthe less hazardous sites.

Table 3.3 Number of production structures of castedy plantsELR and OLR*computed
considering theumulativeoccupants of all the structures of the pJant

Num. of
Plant ID production OLR* ELR
structures
PLANT-01 4 0.50 0.48
PLANT-02 2 0.22 0.43
PLANT-03 1 0.06 0.43
PLANT-04 10 0.67 0.14
PLANT-05 8 0.27 0.43
PLANT-06 1 0.11 0.43
PLANT-07 5 0.11 0.14
PLANT-08 6 0.58 1.00
PLANT-09 4 0.58 0.43
PLANT-10 4 0.44 0.43
PLANT-11 3 0.21 0.43
PLANT-12 1 0.18 0.43
PLANT-13 2 0.18 0.26
PLANT-14 2 0.26 0.43
PLANT-15 6 0.89 0.35
PLANT-16 12 0.78 0.23
PLANT-17 4 0.78 0.42
PLANT-18 4 0.28 0.43
PLANT-19 4 1.00 0.58
1.000
0.900 PGA 475years,rock
0.800 EOLR
0.700 BELR

0.600 -
0.500 -
0.400
0.300 1
0.200 -
0.100 -
0.000 -

\\\ \\\”\"’Qb'\

$§¢¢$$$$§¢§$$$$§¢

Figure 3. 10 Case study plant rankénbm Ieft to rrghtrn order of decreasrn@LR and
respectivevaluesof ELR andof PGAwith 475 year return period on rack
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3.2.Hazard form for industrial plants

As stated in the previous Section, principal aim of thezath forms is the
characterizatiorf the seismicity of the site where a plant is located, according to the
best macroseismic intensity and hazard estimates avail@bé.hazard form was
developed specifically for the analysis of the estsely portfolio, thereforespecific
reference i sSlomapdreo jteoc td phd@ihg Hutke maardseisenic and
hazard estimate®Notwithstanding, the structure of the form seems to be suitable also
for the application in Countries where studies with a lower degree ofaagcare
available.The hazard formrepresented ifrigures(3.11) and @.12), are subdivided

into different sectionsdescribed in the following.

Sectionl- Plant location

In this section, data for the identification of the plargreported, consisting: name

of the plant, complete address, Latitude and Longitude in decimal degrees and year of
first construction of the plant.his information, if available, has to match the one
included in the knowledge formgresented itsection(3.3).

Section2 Proximity to individual seimogenic sources

Typically, near fault (or near sourds)the area surrounding an active source in a range
approximately equal to the linear dimensions of the source. In the near source, both the
shape andthe type of seismic wawe are considerably affected by the source
characteristics, and hence by the faulting mechanism. The presence of near sources can
lead to effects, in the case of an earthquake, including, inter alia, forward directivity
which can be identified as velocifulses in recorded ground motion tihistories.
GMPEsand current probabilistic seismic hazard analgsés not ale to capture such

effect well, so thastructureswith dynamic behaviar in a range of periods related to

the pulse period may be subjectedinderestimateseismic deman@Chioccarelli and
lervolino, 2010).

Thereforeif specific studies are available, seismogenic sources in the proximity of the
site should be identified. In the section 2 of the hazard form this issue is addressed and
the icentification of individual seismogenic sources (hame, distance from the site and
rate, if any) is requiredrigures of the site location and of near seismogenic sources, if
any, can be attached in the form.

For the casstudy the INGV Database of Individu&eismogenic Sources (DISS)
(Basili et al, 2009) were usedrhe latter, in its latest release (v. 3.1.1) includes 100
individual seismogenic sources, over 100 composite seismogenic sources, and almost
30 debated seismogenic sources, based on geologimaltgsical data and covering

the whole Italian territory and some conterminous regions (Fid).3.
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S VORI
ual Seismogenic Source:

[

Lo Googleearth

Figure 3.11 Individual seismogenic sources according to DISS v.3.1.1 (Basili, 20(®), on
Googlearth view, 41A070 1949 atA&INN47HMACR26I2018.. 8 6 6 0

Section3 Macroseismic Intensity

In this section the available data regarding macroseismic intensity at the site are
reported. If macroseismic intensity is available at a sliferent from the one under
consideration (but reasonably close to it), the location can be specified in the field
ARef erence Sit e o-studytberwork by dlbasefioet al.i(200) avasc a s e
used as a reference for the estimates of macroseistaisity. As already stated, this
study provides macroseismic intensity with an exceedance probability of 10% in 50
years assuming two different GMPHg &ssuming a and a Gaussian GMPE bkpd
assuming a binomiabMPE), as reported in Fig. (3.12yhe same study also provides

the number of events felt at the site and the maximum macroseismic intensity felt at
the site.This section is completed by the MuniBe zonation. This is a macroseismic
scale elaborated by Munich Reinsurance Company (Muncheinkv&sicherungs
Gesellschaft)representing the reference scale in insurance and reinsurance world.
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Figure 3.12 Macroseismic Intensity with 10% of probability of exceedance in 50 years
employinga GaussianGMPE (left) anda binomialGMPE (right) (Albarelloet al., 2007)

Section 4 Seismic hazard

In this sectionhazard data are reported according to the most detailedatadsble.

In particular it is required as a mandatory data the PGA on rihlkaweturn period of

475 years obtained from GSHAP proje@Qidrdini et al, 1999. This value can be
computed automatically from the tqmlesented in Chaptér

If other values of PGA, relative to different return periods or different studies, are
avalable, they cameinserted in the form as optional data.

Hazard curves, if available, can be reported in this seding care to specify the
type of curve (rate or probabilignd the reference time perjpdthe adopted IM, the
units, the subsoilategory.

For the Italian casstudy, the following data wenesed the PGA corresponding t8
return periods (from 30 to 2475 years) on rock (Meletti and Montaldo, 280F)
hazard curves on rock for 11 oscillation periods (Montaldo and Meletti, 2007)
Uniform hazard spectra (UHS) for all the given return periods aisgcomputed.

In this section alsothe current code for seismic design has to be indicated. This
information, common to all the plants of the case study portfolio, assumes particular
significance in the case of portfolios with structures distributed in different Countries.
Finally, the Codebased elastic spectrum is also given.

Section 5 Disaggregation of seismic hazard
In this section hazard disaggregation at the site is reportadaiitible. In the case of
the plant portfolio under consideration the study by Spallarossa and Barani (2007) was
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used for the characterizationof the major contribution to the hazard in terms of
Magnitude and Distance. This can be useful in the case HAOS& individuating the
reference scenario earthquake(s).

Section6 1 Geotechnical data

In this section the soil category according to BEE€&lefined forthe subsoil in the
facility area. The assumption that this latter is the same for alttbeturesof the
facility is implicitly done, nevertheless, in the case of large plan developrasdt
different subsoil categories in different plaagfsthe plant areathe worst category
should be indicated herein. This is the reason whycttagacterizatiorof subsoil is

also contained in the Knowledge forms of each individual structure (see naghpect
Different kinds of informatiorcan be used for the assessméoin the less correlated

to seismic wave propagatioio the nost; stratigraphy with indicatiorof the soil
gualitative typology; penetrometric field tests (e.g. cone penetration test, standard
penetration test, etc.); laboratory tests (e.g. oedometric test, triaxial cell, etc.); shear
wave propagation velocity measurements (e.g. cross hole, dogjrebm).

In the case of plants located in different countrmsbsoil would be characterised
according to different classificatienin this casest is possible to obtain the required
ECS8 classification on the basis of shear wave velocity using coomegich as the
onereported in Table (3.4)

Table 3.4 Comparison of soil classification in modern seismic codes worldwide (Pitéakis

al., 2004)

V.30 (M/sec) 180 360 760 1500
UBC/97 Se Sp Sc Sg Sa
1BC/2000
GREEK SEISMIC D-C C B A A
CODE EAK2000
EC8 (ENV1998) C C B A A
EC8 (prEN1998) D C B A
(Draft4, 2001)
New Zealand, 2000 D C B A
(Draft) (T>0.6s (T<0.6s

=>V, 30<200) =>V; 30>200)
Japan, 1998 1 ] o I
(Highway Bridges) (T>0.65->Vs30<200) | (T=0.2-0.6 s -> V30=200-600) | (T<0.2s ->V;3,>600)
Turkey/98 Z4 - 23 Z3 - Zz 23—22— Z, Z1
AFPS/90 S;-S, S;-S-S4 S-S, So
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) UniversiTa orcus STuoron Narou Feoerico Il

DEPT. OF STRUCTURES FOR ENGINEERING AND ARCHITECTURE

MATRIX
gAY RISK CONSULTANTS

< redefining / services

HAZARD FORM

Form number | 1

Section 1 - Plant Location

Name hidden
Address hidden
ZIP code hidden
Municipality hidden
State hidden
Latitude [*deg] hidden
Longitude [*deg] hidden
Plant contruction year hidden

A

{
.

hidden

Section 2 - Proximity to individual seismogenic sources

(for Italy: DISS v.3, 2009)

Sources in the range of 50 km Name distance Rate
hidden hidden hidden hidden
Section 3 - Macroseismic Intensity (for italy: Progetto 51, 2004)
Reference site: hidden Lat [°deg]: hidden Long [°deg]: hidden
Macroseismic Intensity with return period 475 years: IX (Binomial GMPE) IX (Gaussian GMPE)

Number of events felt at the site: 35
Maximum macroseismic intensity observed at the site: IX-X
Munich-Re zone: 3

Section 4 - Seismic Hazard

(for Italy: Progetto 51, 2004)

Accelerazione Spettrale (g]

Reference site: hidden I Lat [°deg]: hidden I Long [°deg]: hidden
Peak ground Acceleration [g] su suolo A 16°perc. ] 50°perc. 84°perc.[]
Tx [years] Exceedance probability in 50 yrs. PGA [g] on rock
30 81% 0.0772
50 63% 0.1014
72 50% 0.1199
101 39% 0.1397
140 30% 0.1611
201 22% 0.1875
475 10% 0.2562
975 5% 0.3280
2475 2% 0.4449
Hazard Curves (so"' percentile) — soil A (rock) UHS (50“" percentile) — soil A (rock)
€0
PGA bt | ——P=81% NS0 arm
SA010 P=63% inS0 arm
= SAD15 12t . P=50% in0 arm
£ ——SA00 | ~P = 3% in&0 arni
=7 SA0%0 = 30% in50 arni
& SAD40 P=22% in0 srni
2 SA050 3 P=10% inf0 arme
c SA075 3 | P= 5% in 30 anx
8 —SA100 8 f P= 2%ini0 anv
Z ——sA150 Zost |
% SA200 é /
% é ue.‘f‘
2 & 1/~ e
- b 024/
z =
D TS - f
A : r R L z 4 i 3
1] 02 04 06 08 1 12 14 0 0

Figure 3.13 Hazard form (1/2)
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) UniversiTa oecas STuoror Narou Feoerico Il

DEPT. OF STRUCTURES FOR ENGINEERING AND ARCHITECTURE

MATRIX
g. 88 RISK CONSULTANTS

redefining / services

Current Code for seismic action definition:

DM 14(01/2008 “Norme tecniche per le costruzioni”

Design Spectra according to current code

Soil A [ va 50 |, 1

S.iw) 4

-

L

N

. \ N

N/ARN .

ERNSI T
—\é\ S——

[ sections - Disaggregation of seismic hazard

(for Italy: Progetto 51, 2004) I

Disaggregation of PGA Major contribution
# Magnitude Distance [km]
1 4.5-5.0 0-10
I 1 5.0-55 0-10
3 5.5-6.0 0-10

[ section 5 - Geotechnical Data

Available data Description Site classification
(CEN, 2004)
None L[] A (]
Stratigraphy ] B ]
Penetrometric in situ tests  [] C [l
Laboratory tests O D (]
Shar wave velocity test (] 3 O |
other [l s1 (ml
S2 ]

Figure 3.14 Hazard form (2/2)
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3.3.Knowledge Forms for industrial manufacturing plants

Knowledge forms were developeal order to investigate thstructuresof the case
study porfolio and, more in generako provide tools forachievingthe level of
knowledgeaboutindustrial plants necessary to perform the procedures discussed in
this thesis More specifically, three kinds of knowledge forms were developed:

1 plantlayout knowledgdorm,

9 building-like structures knowledge form

1 tankgsilosknowledge form
These forms are aimed at investigating the more typical structures in manufacturing
industry; tereforetheyare not intendeébr those industrial sectors in which the main
structual typology is norbuilding-like.
For each plant a singldant layout knowledge forrhas to be compiled firsallowing
to identify the structural units composing the plant and their designSealsequently,
for each buildingike structure a building-like structures knowledge forim compiled
and for each tank or silostankdgsilos knowledge fornis filled as well All the above
mentioned knowledge forms requirat least a visual survey of the structures
composing the plant and they were develojgede used by an wexpert subject (e.g.
the stakeholder of the plant).

3.3.1.Plant layout knowledge form

The principal objectives dhe plant layout knowledge form are:
1 theidentification of structural aggregates
1 the characterizationof each structural uniin terms of main geometrical
dimensions and age of design;
1 the identification of foundation soil characteristics;
9 the characterizatiorof the exposed value in terms of monetary loss for the
whole plant;
9 thecharacterizatiomf occupancy andxposure foeach structureexpressed in
terms ofnumber of occupants
This form, depicted in Figurdg8.16) to (3.17), is composed by the following sections:

Section I General information about the plant

In this section the information needed for the identifaratf the plant in the portfolio

is reported i.e. the plant name, address and geographical coordinates (in decimal
degrees). The number of the corresponding Hazard Form (Sect. 3.2) is also reported.
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Section 2 Information about the compiler
In this sction the name, qualification, contacts and signature of the compiler are
reported as well as the date of the survey.

Section 3 Plant Layout

In this section theplant layout is sketched and each building aggregat&nk/silo
structure isdentified by a progressive number or letteamely ID(Fig. 315) . This
ID can ke, as an example, composed as foltows

buildiD = PL_ OCC# (3.3)

where #APLO i ndi c aQCeélis an lalbreviatiom ofie aggregate ; i
occupanci#yd ainsd afi pr o g ineFgaré (3el5) anuexdmple of
identification of buildings, aggregates or tank/silo structures is reported. The
abbrevi &, ofM®F MV , AUO and ATO were useo-
workshops, offices, utilities and tanks or silos.

a structure fotoadingunloading finished product®ot beloming to those under investigation
that is thereforeneglectel.

Section 4 Building aggregate characteristics

In this section each building aggregate or tank/silo strucideatified in the previous
step is characterizedn terms of occupancgproduction, offices, utilities or storage)
activities carried out in it, number of occupapés shift and number of shifts per day.

Section 5 Topographic and Geotechnickidformation

In this section information about topography of the site (plantédcat plane, slope or
ridge), altitude and geotechnical data are reported. The objective of this latter
information is the classification of subsoil according to EC8. The same discussed in
Hazard Forms applies in this section.
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