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B1. Techniques for eliciting view from

stakeholders and experts
— Brainstorming
— Delphi technique

— Nominal group technigue

— Structured or semi-structured interviews

— General

— Bayesian analysis

— Bayesian networks

— Business impact analysis (BIA)
— Event lree analysis (ETA)

B5. Techniques for understanding consequences, likelihood
and risk

— Human reliability analysis
(HRA)

— Markov analysis

— Monte Carlo simulation

— Toxicological risk assessment
— Value at Risk (VaR)

— Conditional value at risk (CVaR)
or expected shortfall (ES)

— Sunveys — Fault tree analysis (FTA)
‘ — Cause-Consequence Analysis
(GCA)
B8. Techniques for evaluating
the significance of risk I
— ALARP/SFAIRP RISK MANAGEMENT ,\
— Frequency-number (F-N) PROCESS \
diagrams

— Pareto charts

— Reliability centered
maintenance (RCM)

— Risk indices

— Consequence likelihood 4
matrix

— § curves

B7. Techniques for
selecting between options

— Gost benefit analysis
(CBA)

— Decision tree analysis

— Game theory

— Multi-criteria analysis
(MCA)

B9. Techniques for reporting

and recording risks

— Risk registers

— Consequence/likelihood
matrix (nsk matrix or heat
map)

— S curves

— Bow tie diagram

/

Scope, Context, Criteria

Risk Assessment

Risk
Identification

Risk
Analysis

Rigk
EvaIJaﬁon

Risk Tre atment

MONITORING & REVIEVV

B6. Techniques for analyzing dependencies
and interactions

— Causal mapping
— Cross impact analysis

B2. ldentification
techniques
— Checklists, classifications
and taxonomies
— Failure modes and effects
analysis (FMEA) and
Failure modes, effects and
»  crticality analysis
(FMECA)

— Hazard and operability
(HAZOP) studies

— Scenario Analysis

— Structured what if
technique (SWIFT)

B3. Analyzing sources
and drivers of risk

— Cindynic approach

— lIshikawa (fishbone)
method

— Fault tree analysis

B4. Techniques for
analyzing controls

— Bow tie analysis

— Hazard analysis and critical
control points (HACCP)

— Layers of protection
analysis (LOPA)

Risk analysis
ISO/EN 31010

Rizk Assessment
Compute Level of Risk
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RISK
ASSESSMENT

RISK IDENTIFICATION

This section presents some
methodologies generally used
in the preliminary
identification phase of
hazards while remaining their
applicability (more or less
recommended) to the other
phases of the "risk
assessment”.

RISK ANALYSIS

This section presents some
methodologies generally used in the
risk analysis phase while remaining
their applicability to the other phases
of the risk assessment. Since risk
analysis activities generally require a
"quantitative" approach, a number of
methods have been selected, which
allow for numerical insights, including,
possibly as a deepening of initial
qualitative studies such as HAZID and
HAZOP.

RISK EVALUATION

Thanks to "risk evaluation", the level of risk
obtained through the previous analysis phase is
translated into indices or values that can be
compared with the thresholds of acceptability and
tolerability defined at the preliminary stage
together with the objectives of the analysis and
the general objectives of the organization, in
order to determine whether the risk can be
accepted (and therefore be found in the context of
continuous improvement), tolerated (and therefore
falls into the so-called ALARP region) or whether
it should be treated further.



COMPARMENTS

TEMPERATURE

A fire in a confined space (e.g. a room or compartment)
can develop in a multitude of difterent ways, mainly
depending on the geometry of the compartment, the
type of ventilation and combustible material present
and the size and type of surface.

Flashover
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the geometry of the compartment, the type of ventilation
surface.

A fire in a confined space (e.g. a room or compartment) can
and combustible material present and the size and type of

develop in a multitude of different ways, mainly depending on

Heat release rate

In fase iniziale
RHR (t)=a-t2

ta =300 s (Medio)
ta = 150 s (Rapido)
ta =75 s (Ultra-rapido)

—
—
RHR A
Propagazione Incendio stazionario Decadimento
Lol B, _RHR(®)
Sonze sitemi sutomati
X RHR(t
RHR(t‘) """"""""""" - - e -‘ cmsw.:em(a)c:
HA controllo @ spegnimento
s ! WBdellincendio di tipo automatico
i % IRHR() .
<, | con sistema automatico .
‘._ i di completa estnzione L)
=: delNncondo Y
3 '
) '
H = ' 3
0 Lt t t




Mmﬂu\! Ilur:hllmm‘l'
_ a zone
Metodo di Thomas
fashover). metodo @ Fase pre-flashower
Heskestad e Hasern tsirato df gas cakd
pncend localizzat, superiore e shafo d ana
femperafura der gas S0t fresca nfenore)
pertie condizion) ) \ Es.: CFAST, Ozone y,

Modelli numerici
di campo

Fase pre @ post-fashover,
msohendy |e equazion d
Mawer-Stokes.

Es - CF), FDS, Fluent

/" Model di
simulazione
dell'esodo

Stremeati avanzati,

intzmazonzlmenats

ricanoscil, B oa
vabdamane @ pen futbera

pogetio di studio da parte

| MODELLI.. QUALE
SCELGO?

" Modelii di calcolo |

Andisi qual-quantitzing degh efeth
gellmcendio in rzlazens agh ekisttia
assurti, corrontando i nisultas
ottemuts com I! sqgile d prestamone
N S J

Utilizzo dei metodi awvanzati
della Fire SafetyEngineering
per la progettazions dedla sicurezza antincendio
G. Gai, E. Cartapati
SapverceUnversnti o Fome
P. Cancelliers, F A Pomerani, M. Mazz o, L De Bartolomeo
Conpo Nazeoakedei Wigih oef Fuoco

II.Ld-ela pomenitd soiemlifica

' "
Mcdelli di mowimento
I meko degh occupanti
seque sostanziziments le
legy delldravica

”

( Model i semi- N

pompomamentali
(FDS+Evac)

Il comportamero wene
msenio indinstamerde per
i singoll sccupant
ffunziom di probabilita,
fempl di reazane

famdiartd con ke vie di

\_ k)

Maodelli comportamentali
(MizssMotion)
P complassi nela
defininone del moto
amate dagli utent:

Modelli fine network
(FD5+Evac, Pathfinder,
Building Exodus)

Il domimio w2l quale si
muevora gl ukesti & una
mesh bidmensionzle

- [mara o inclnats)

I'f;nielinu-le merwark
(Bwilding [Exod ws)

Lo spazo & suddwiso in
aree (stanze, comdol) che
contergons gi utent
ma 1 o moeameato
@l'miernz dedl'area non &
simulan drettameste
[aree connesse tra i lon

l.,.L da archi)

rllndal di analisi
termostrutturale

Consemono di studiars
levoluzione dello stato
tenss-deformstive dela
strutteea con le fas
delllimcandio, oon analesi di
tipo non Enesn in grandi
spostament:

La resistenza al funco @
walitata conteshuaimente
dla modalita di collasso
(mplosions o esplosione
ellz stmeftura)
iGenemimente siutlizzano
curve di incendio matueal
imece dele cune
romindi monotone
crescent [ad es la 130
3340, monostants sk
ancorz in parte dibatiuto il
comportaments del
maztengli terants 2 fase d
decadimeme

Es - codicidi cacool
Abamus Adea, Ansyps,

" Modelli continui
(Legion, Masshotion)
I domino & contmun e 5
simulz dirsttaments il
monmentn desgh vtz

\ nelo spazo di cakcolo

Chana, Saie
o




BRITISH STANDARDS (BS) - UK

MANAGEMENT
AND SYSTEM

MANDATORY OBJECTIVES RISK A0 BUILDING

OCCUPANT PRACTICAL

HAZARD

FRAMEWORK SETTING ASSESSMENT

CHARACTERISTICS

CHARACTERISTICS ISSUES

The British Standards Institute (BSI) is the body recognised by the il

Government of Great Britain as the 'National Standards Body' (NSB).
In this capacity, the BSI actively collaborates with government
agencies, companies, universities and public and private research
institutes, as well as with end-user groups in order to promote the
development, adoption and dissemination of standards,
guidelines and norms of good practice.

The BSI develops guidelines, national standards and reference
publications aimed at both industrial and civil sectors; many of the
institute's proposals often become the basis for international standards.
[t is important to remember that Great Britain was the first to
officially adopt the BSI standards relating to performance-based fire
engineering, which, pending the promulgation of ISO standards,
currently represent the most authoritative international benchmark.
The BSI is one of the founders of ISO (dating back to 1946), of
the two European standardisation bodies CEN and CENELEC
(founded in 1964) and has been involved in the IEC since its early days
(1906).

THE FIRE STRATEGY

Fire strategy Monag.ement Evacuation
of fire
statement strategy
strategy

Fire and smoke Fire fighting

Fire protection
control strategy strategy strategy

SPECIFICATION, ARRANGEMENT AND DESIGN OF:

« Building layaut and construction
« Internal sub-divisions and compartments
« Internal linings, fixtures and fittings

« Fire exit routes and designation of places
of safety and relative safety

« Vertical escape arrangements

« Smoke reservoir and containment systems
« Fire\smoke doors and shutters

« Fire\smoke dampers

« Smoke control, pressurization and ventilation
systems

« Fire detection systems

« Fire warning and alerting systems
« Fire suppression systems

« Fire inerting systems

« First aid fire fighting systems

« Fire service intervention facilities
« Emergency lighting systems

« Fire signage

POLICIES AND PROCEDURES FOR:
« Managing fire safety

« Responsabilities and authorities
« Liaising with external parties

« Maintaining compliance

« Fire risk assessments

« Maintenance of fire systems

« Audits of active and passive fire systems
« Controlling works (e.g. hot works)
« Smoking

« Procuring materials

« Linings, fixtures and fittings

« Training

« Fire drills

« Monitoring of fire system performance

NOTE:
The above lists are not exhaustive and each

item may not be relevant to every specific case.
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SFPE-USA (SOCIETY OF
FIRE PROTECTION
ENGINEERS)

The Society of Fire Protection Engineers (SFPE) is a scientific
assoclation representing those working within the fire protection
engineering sector, counting more than 4000 members worldwide.

The purpose of the association is to disseminate the science and practice
of fire engineering with the aim of maintaining a high professional and
ethical standard among its members and to encourage learning about the
subject. In Italy, the objectives of the SFPE are pursued by the Italian Section
founded in 1983 as AIIA-Associazione Italiana di Ingegneria Antincendio, now
SFPE-Italy.

One of the association's most important worksn is the 'SFPE Engineering
Guide to Application of Risk Assessment in Fire Protection Design', currently
one of the most significant and useful documents available internationally, that
provides guidelines to be considered for the selection and use of fire risk
analysis methodologies that should be adopted when designing fire satety or
evaluating existing fire safety measures, based on the fire risks identified.

An up-to-date and highly significant summary of the association's work in this
field is the technical publication 'SFPE Engineering Guide to Performance-
Based Fire Protection’. It represents one of the main points of reference for
any safety expert interested in the search for useful criteria for the
implementation of a workflow for the management of the fire performance
engineering aspects of a building.
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ITALIAN FIRE CODE

The Italian National Fire Rescue and Service, in charge of fire safety in
[taly, in August 2015, issued a new Fire Safety Code whose design approach
is more oriented to fire performance-based design rather than
prescriptive fire codes. The flexibility of this novel fire design
methodology offers a very completed tool for experts in order to design
fire safety measures for buildings and activities subjected to fire inspection.

On 20th of August 2015, the Italian Home Office released the Ministerial
Decree 3rd August 2015 that contains a new approach to the fire safety
design of  activities subjected to fire inspection. The technical Ministerial
Decree is titled “Approval of fire prevention technical standards, pursuant
to Article 15 of Legislative Decree 139 of 8 March 2006” but is

commonly recognized among Italian fire officers and practitioners as the
[talian Fire Prevention Code (IFC).

The fundamental assumptions of the IFFC are:

» in ordinary conditions (no arson, no catastrophic situations), a
breakout of a fire in an activity could happen only in one point
of ignition;

» 1n any safety design, the risk of fire cannot be reduced to zero; the
fire-safety prevention, protection and management measures provided
applying the IFC fire design process ensure a proper selection of the
measure that minimize the risk of fire in terms both of occurrence
and damages, at a level that could be considered as an acceptable level
of safety.

FIRE SAFETY
OBJECTIVES

LIFE SAFETY
GOODS
PROTECTION

ENVIRONMENTAL
PROTECTION
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RISK PROFILES

PEOPLE, PROPERTY, ENVIRONMENT

PEOPLE

Risk protile concerning human life
safety.

The Ry risk profile is assigned in
relation to the following factors:

& :prevailing characteristics of
the

occe

occupants

8y prevailing rate of the growth of
fire characteristic, referring to the time
ta in seconds, used by the thermal
potential to reach 1000 kW.

PROPERTY

Risk profile concerning the protection
of property.

The assignment of the R, risk
profile is performed according to the
strategic nature of the entire activity
or of the settings (areas) that
constitute the activity, and of any
historic, cultural, architectonic or

artistic value it or its contents may have.

unibz
ENVIRONMENT

Risk profile concerning the protection
of the environment.

The designer assesses the R, risk profile
in the event of fire, distinguishing the
settings (areas) of activity in which this
risk profile is significant, from those where
it is not significant.

The assessment of the R, risk profile
shall take into account the location of the
activity, including the presence of sensitive
receptors in outdoor areas, the type and
quantities of combustible materials
present and combustion products developed
by them in the event of fire, and the fire
prevention and protection measures
adopted.
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FIRE STRATEGIES

RISK MITIGATION

Prevention measures help prevent
accidents and are largely attributable
to organisational and procedural
factors, as well as compliance with the
relevant regulations in the design and
construction of works and facilities.

FIRE REACTION

Reaction to fire constitutes a kind of
prerequisite that is inserted in a
transversal manner throughout the
design and management phase of a
work, identifying inputs with respect
to the choice of room finishes,
including furnishings, and the
definition of the materials with
which to realise installations.

FIRE RESISTANCE

The fire resistance of an element is defined as its
ability to guarantee a given performance under the
action of fire, quantified The main performances
considered are the load-bearing capacity, thermal
insulation capacity and capacity to combat the
propagation of fumes and hot gases of structural
or non-structural construction elements; other
performances are also the subject of attention,
such as, for example, the capacity to limit thermal
radiation or the propagation of fumes and cold
gases, and the capacity to guarantee the
transmission of electrical energy and data signals
in the event of fire.
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FIRE STRATEGIES

FIRE COMPARTMENTS

One of the fundamental principles
on which fire design is based is the
containment, within predetermined
limits, of the effects of a fire
through the construction of
independent units, suitably spaced or
constructed in such a way that each
unit constitutes a fire compartment.
the objective is to counteract the
spread of a fire to adjacent
structural units or from one portion
of a building to another.

EVEQUESTIONS AND
ESCAPE ROUTES

As 1s well known, the main cause of
death in fires is not linked to the high
temperatures reached or direct contact
with the flames, but rather to the time
of exposure to the toxicity of the
fumes; it follows that the sizing of
escape routes cannot disregard the
'time' factor, especially since the
evacuation process takes place at the
same time as the fire develops and must
be completed, except in special cases
that we will discuss later, within a few
minutes after the fire is detected.

EMERGENCY MANAGEMENT

Emergency management planning is an essential
organisational measure to contribute to the
achievement of adequate safety standards; it is
implemented by the person in charge of the
activity to cope with accidental events, in addition
to the technical solutions indicated by the designer
to compensate for the fire risk and is closely
related to them. It is a responsibility linked to
management and cannot and must not be
delegated to the intervention of external helpers.
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FIRE STRATEGIES

ACTIVE FIRE PROTECTION
MEASURES

Extinguishing systems constitute
active protection measures aimed at
extinguishing or controlling a fire.
These measures are divided into two
main groups, manual and automatic.

FIRE DETECTION

Early detection of a fire is
undoubtedly the best weapon of
defence against its effects. Depending
on the assessment of the risk - and in
particular in consideration of the
strategic nature

of the activity with respect to the type
of users or the protection of the asset
- it can be delegated to manned
detection or to a system dedicated to
the purpose.

SMOKE CONTROL

The evacuation of combustion products represents
a strategic node in fire-fighting design, which
unfortunately in many cases still receives little
attention. The possibility of disposing of the
smoke and heat of the fire slows down its
development and mitigates its effects, favouring in
particular the evacuation of users - improving
living conditions increases the time available for
ASET evacuation - and the intervention of
rescuers, as well as contributing to the
containment of damage to the building.
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FIRE STRATEGIES

FIRE FIGHTING AND RESCUE TECHNOLOGICAL

OPERATIONS SYSTEMS

The design of a safe structure The technological and plant engineering component, both in
cannot disregard the way in which civil construction and production sites, has progressively
external rescuers intervene; the safer grown over the years to the point of absorbing a significant
the structure, the more the designer technical and construction etfort as well as a conspicuous
has taken measures to facilitate their part of the costs of realisation of the works.

Intervention.

The main aspects on which attention
should be focused concern:

* the access of rescuers to the
activity and the area on which it
stands;

* the modalities of intervention.




ROME BUILDING
FIRE (COLLI ANIENE)

The fire spread durigng the
refurbishment operation ( and lasted
for approximately 4 h) , before the
fire brigade from the National Fire
Corps could extinguish it.
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ISO 16732-1:2012 Fire safety engineering — fire risk assesment
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Safety village
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