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Abstract

Fire Safety Engineering for Innovative and Sustainable Building
Solutions

Funktionsbaserade regler och standarder har lange visat sig vara ett effektivt satt for att
framja innovation. Men det &r flera saker som behdvs for att sakerstélla kreativa och
robusta miljoer. Kvaliteten maste sakerstdllas och det maste finnas tydliga
forutsattningar for byggandet i kombination med ett regelverk som ger utrymme for
nytankande. Nordiska ministrar har ocksa konstaterat att det finns det barridrer och
handelsproblem pa den nordiska byggmarknaden pa grund av skillnader i regler och
kontrollforfaranden. Av dessa skal ar det viktigt for byggsektorn i Norden att
vidareutveckla funktionsbaserade standarder inom det nordiska samarbetet.

Brandsakerhet ar ett komplext kompetensomrade som traditionellt har byggt pa
detaljerade regler. Detta beror bland annat pa att brandsakerhet ar svart att méata och
verifiera. Detta framgar av det faktum att de flesta nordiska landerna i manga
situationer fortfarande anvander sig av de foreskrivande bestammelserna som
innehaller specifika losningar, och som ofta skiljer mellan landerna. Detta
tillvagagangssatt kan resultera i alltfor konservativt och férdyrande brandskydd.
Schablonregler riskerar att 0Oka kostnaderna, hindra innovation och minska
hallbarheten genom att begransa anvandningen av vissa material.

Till skillnad fran foreskrivande foreskrifter anger inte funktionsbaserade krav hur man
ska uppna brandsakerhet. | stallet formuleras prestandakrav i regelverket och en
I6sning tillats som uppfyller dessa krav pa prestanda, vilket mojliggér en méangd olika
mojliga I6sningar. Dessa losningar kan optimeras for bade kostnad och hallbarhet.

Norden ar ledande i Europa inom funktionsbaserat brandskydd men saknar samtidigt
en gemensam plattform. Detta medfor att verifieringsprocedurer, resulterande
I6sningar och risknivaer varierar mellan landerna. Nya verifierings- och
kontrollprocesser finns och den senaste forskningen kan ge en gemensam grund for att
framja innovativt brandskydd. Nasta steg for de nordiska landerna ar att utveckla
gemensamma standarder som ar funktionsbaserade for att underlatta innovation,
handelsfrihet och hallbarhet.

Det nordiska brandséakerhetsprojektet for innovativa och hallbara byggnadsldsningar,
finansierat av Nordic Innovation, SBUF (Svenska Byggbranschens Utvecklingsfond)
och DIBK (Direktoratet for byggkvalitet), startade i juni 2014 och avslutades i augusti
2017.

Malet med detta projekt var att producera forslag pa tva praktiska specifikationer inom
tvd omraden inom brandteknik. Forslagen har lamnats Over till det nordiska
standardiseringssamarbetet, INSTA. Malet ar att standarderna ska ga ut pa remiss
under 2017 och publiceras under 2018. Forslagen ar:

. Standard for probabilistisk metod for att verifiera brandskydd i byggnader

. Standard for kontroll och granskning i byggprocessen
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Publikationerna har skraddarsytts for den nordiska byggregelmiljon och har
projektdeltagare fran samtliga fem nordiska lander. Projektet stodjer nordisk
harmonisering av brandsakerhet som i slutandan kan underlatta innovation, hallbart
byggande och 6kad handel med tjanster och produkter.
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Background

The construction sector faces many significant challenges while trying to introduce
innovative technology into a conservative industry that also faces increasing pressure to
reduce costs while focusing on sustainability. These challenges include providing
solutions and catering for an aging population, new energy requirements (which
motivate the focus for sustainable construction), coping with changing climate loads,
trade barriers due to national requirements, as well as ever more adventurous
expressions of architectural creativity.

The newly implemented Construction Products Regulation (CPR) addresses some of
the problems with barriers of trade but it is incomplete. While the CPR is a first step, it
only addresses specific construction products, and additional efforts will be needed
within the Nordic countries to remove barriers of trade for the construction sector in a
wider context. The Nordic countries have strong cultural ties and other similarities, and
are therefore in an ideal position to take the next step towards stronger cooperation.

All of the Nordic countries have introduced performance-based building codes.
However, the implementation of performance-based codes has been delayed and has
caused many conflicts because of the lack of standardized FSE-verification methods
(Fire Safety Engineering). Designers rely on the pre-accepted solutions to avoid
trouble, and local authorities are opposing performance-based codes because they
guestion whether or not the design is meeting the regulations.

Differences in regulations and practices are causing problems for the trade of products
and services. The problem for the trade barriers within the Nordic countries has been
identified by the Nordic ministries and one goal is to create a unified Nordic
construction market.

The challenge in this project is to create performance-based standards for fire safety
engineering that will facilitate the design processes and technical innovations in a
robust and sustainable way.
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Summary

Performance-based regulations and standards have long been proven and effective way
to facilitate innovation. However, several necessary elements are needed to ensure
creative yet robust environments. Also, Nordic ministers concluded that there are trade
problems in the Nordic construction market due to differences in building regulations
and verification and control procedures. It is important for the construction industry in
the Nordic countries that the further development of performance-based standards is
performed via Nordic collaboration.

Fire safety is a complex field of expertise that is traditionally prone to detailed
regulations. One important reason is that it is hard to measure and verify adequate fire
safety. This is demonstrated by the fact that most Nordic countries in many situations
still rely on the prescriptive regulations containing specific solutions. This approach
may often result in overlap of fire safety features and overly conservative design. These
regulations increase costs, hamper innovation and reduce sustainability by restricting
usage of some materials while demanding the use of the others.

Unlike prescriptive regulations, performance based regulations do not specify how to
achieve fire safety. Instead, performance-requirements are formulated in the
regulations and any solution is permitted which meets these requirements on
performance, thus allowing a variety of different possible solutions. These solutions
may be optimized for both cost and sustainability.

Nordic countries are European leaders in the introduction and use of performance-
based regulations but lack a common understanding, resulting in a variation in
verification procedures and resulting solutions and risk levels. New verification
methods exist and new research provides a common basis for the implementation of
innovative methods. The next step for the Nordic countries is to develop common
standards that are performance-based to facilitate innovation, freedom of trade, but
also consistency.

Aim of the project

The aim of the project is creating new verification methods from a practical perspective
to facilitate the implementation of performance-based regulations and thereby increase
the use of innovative design and technology in the industry, such as green/sustainable
buildings.

New innovative construction products may be used in the built environment, proven to
be fire safe yet able to meet the changing requirements of society.

Therefore, INSTA standards/specifications are produced, providing the methods to
facilitate innovative design by fire safety engineering methods and providing guidance
on the process that lead to safe and innovative fire safety design.
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1 Description of the Work Packages

Each Work Packages are described below. For each of them, a table shows the original
milestone plan and the possible deviations meet during the project.

1.1  WORK PACKAGE WP 1 - Identification and
Analysis of the Barriers to Innovation and Trade

To develop a specific technical method, for verification of innovative

Aim . .
and sustainable solutions

Start 01.06.2014

End 28.02.2015

Responsible|Bjorn Karlsson, Iceland Construction Authority

Problems and barriers to trade and innovation are addressed and a

Results . e .
technical verification is proposed

A status report on the current situation, with prioritized areas for

Deliverable further progress (in WP 2 and WP 3)

The work package contains a screening of the building regulations in the Nordic
countries to identify barriers.

WP1 was completed on schedule in February 2015 (as originally planned), under the
leadership of the Icelandic Construction Authority, with the publication of a report
entitled Report on WP1 - Identification and Analysis of the Barriers to Innovation and
Trade.

More precisely, the report provides brief background on fire safety engineering
methods in the Nordic and European countries. Also, it gives an overview of how such
methods are used in combination with performance-based codes, presenting a
discussion on how and why performance-based codes were developed, and how such
codes contributed towards enhancing fire safety engineering practices.

An overview of the building codes in the Nordic countries with emphasis on fire safety
engineering is given.

And finally, a discussion is conducted on the main problems and challenges related to
fire safety engineering, based on questionnaires distributed to fire safety engineers and
authorities and practical experience among fire safety engineers.

The report of the WPL1 is provided in Annex A.

1.2  WORK PACKAGE WP 2 — Development of
Probabilistic Verification Method
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Identification of the problems and prioritization of necessary actions,

Aim .
for use in the later work packages

Start 01.01.2015

End 31.03.2016

Responsible|John Utstrand, COWI

Problems and barriers to trade and innovation are addressed and a

Results . e . .
technical verification method is proposed

A preliminary technical verification method for use in fire safety

Deliverable engineering. Final version published in WP5.

WP2 started in January 2015 and completed in March 2016, under the leadership of
COWI, with the production of a preliminary specification document that provides
guidance on a basic probabilistic approach, supported by quantitative analysis,
suggested acceptance criteria, and a collation of relevant fire statistics and reliability
data. This document is entitled Fire Safety Engineering — Probabilistic Methods For
Verifying Fire Safety Design in Buildings.

Description of the document:

In fire safety engineering, compliance with fire safety regulations can be demonstrated,
either by the use of pre-accepted solutions that are defined by the building authorities,
or by using fire safety engineering methods.

Fire safety engineering methods can be used to demonstrate fire safety in two ways:

1. The use of fire safety engineering methods in order to compare a design to pre-
accepted solutions;

2. The use of fire safety engineering methods for the evaluation of a design against
absolute criteria.

A lack of absolute criteria has been a hinder to extensive use of the second approach,
and this Technical Specification aims to provide guidance also for analyses where pre-
accepted solutions are invalid or where a comparative approach is not considered
optimal. The execution of these methods requires input data which represent the
frequency of events and an absolute criterion which correspond to an acceptable level
of safety. In order to facilitate the implementation of performance-based regulations
for non-pre-accepted solutions, this Technical Specification provides performance
criteria, guidance on the use of fire safety engineering methods and guidance on the use
of input parameters, such as reliability data and statistics.

This Technical Specification is supplementary to the INSTA/TS 950 Technical
Specification, which describes comparative methods for assessments that use pre-
accepted solutions as a basis. As INSTA/TS 950 has a primary focus on deterministic
methods, this Technical Specification also provides guidance on a probabilistic
approach to comparative analysis.

The result of this Work Package is not presented in this current document as it was only
a work document being further developed in WP5.
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1.3  WORK PACKAGE WP 3 — Development of
Building Process Focusing on Review and Control of
Fire Safety Engineering

To develop a process to facilitate development and verification of

Aim . . . .
innovative and sustainable solutions

Start 01.01.2015

End 31.03.2016

Responsible|Johan Noren, Briab

This work package will address process oriented problems identified in

R | . ) L e .
esults WP 1 and will result in the development of a preliminary specification

A preliminary specification for the process leading to verification of

Deliverable innovative and sustainable design. Final version published in WP5.

WP3 started concurrently with WP2 in January 2015 and completed in March 2016,
under the leadership of Briab, with the production of a preliminary specification
document that provides a harmonized process for the review and control of fire safety
engineering designs, applicable for innovative and sustainable fire safety engineering
solutions. This document is entitled Fire Safety Engineering — Control in the Building
Process.

This Technical Report provides guidance about review and control of fire safety design
in the building process. It is based on previous Nordic work (NKB, 1994), work
conducted by ISO TC92/SC4 on fire safety engineering and SFPE Guidelines (SFPE,
2007 and 2009).

The result of this Work Package is not presented in this current document as it was only
awork document being further developed in WP5.

1.4  WORK PACKAGE 4 — Application of WP2 and
WP3 Methods on Practical Cases in the Nordic
Countries

Aim To use and test the products of WP 2 and WP 3 in practical
application, i.e. real buildings projects
Start 01.01.2016
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Aim

To use and test the products of WP 2 and WP 3 in practical
application, i.e. real buildings projects

End

31.12.2016

Responsible

Thomas Jarphag, NCC

Experience from the use of the products of WP 2 and WP 3 and

Results the application of the methods on actual cases for evaluation
purposes
Deliverable A report on the case study, using the products of WP 2 and WP

3

WP4 started in February 2016 and completed in December 2016, under the leadership
of RISE (as explain in the Progress Report of 2016, a change from the previous
nominated leader NCC).

The primary objective of WP4 is to use and test the outputs (preliminary specifications)
from WP2 and WP3 in practical applications. Seven case studies have been performed
in the case of the WP2, two case studies in the case of the WP3.

Also, both documents have been reviewed by an expert (Dr. Brian Meacham, Associate
Professor at Worcester Polytechnic Institute, USA).

The WP4 report, namely WP4 Report — Application of WP2 and WP3 Methods on
Practical Cases in the Nordic Countries is provided in Annex B.

1.5 WORK PACKAGE 5 —Recommendations and

Finalization

To finalize and produce two specifications or standards that

Aim facilitate sustainable and innovative solutions by fire safety
engineering

Start 01.08.2016

End 31.05.2017

Responsible

Michael Strémgren, RISE
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To finalize and produce two specifications or standards that

Aim facilitate sustainable and innovative solutions by fire safety
engineering
Revision of the delivered reports of WP 2 and WP 3 based on
Results

conclusions of WP 4

Deliverable

Final version of the two reports from WP 2 and WP 3, to be
published as technical specifications or standards

WP5 has started in August 2016 and completed in May 2017, under the leadership of

RISE.

The first version of the specification document of the WP2 and WP3 has been modified
according the outcomes of WP4. Both documents are now under the formatting process
for a publication as standard/guidance. The National Standardization Bodies (SFS from
Finland, SIS from Sweden, SN from Norway) have approved the proposals and their
willingness to participate actively in the work.

In Annex C and Annex D, the final versions of the specifications Fire Safety
Engineering — Probabilistic Methods For Verifying Fire Safety Design in Buildings,
and Control in the Building Process are presented.
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2 Future work after the project

The National Standardization Bodies (SFS from Finland, SIS from Sweden, SN from
Norway) will process the specifications from WP 2 and WP 3 into INSTA documents.
Indeed, those bodies have approved the proposals and their willingness to participate
actively in the work. In addition, IST (Iceland) approves the establishment of an INSTA
Technical Committee for Fire Safety Engineering (INSTA/TC FSE) but without direct
participation. Standard Norway will hold the secretariat of this INSTA Technical
Committee. In that sense, Vidar Stenstad (SN) has been nominated as chair of the
INSTA/TC FSE and Lisbet Landfald (SN), will be secretary.

Therefore, SIS, SFS, SN, IST and DS (Danish Standard body) have been invited to
nominate national delegates/experts to the new INSTA/TC, and the following are the
nominated members of INSTA/TC FSE:

For Finland: Esko Mikkola.
For Norway: Anne Steen-Hansen, RISE.

For Sweden: Michael Strémgren, RISE (now, BRIAB) and Karin Ekstréom, SIS (as
observer).

For Denmark: To be determined.
For Iceland: No active participation

A possible publications of the specifications from WP 2 and WP as standards will be in
the first quarter of 2018.
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3 Communication

Here the list of the communications activities during the project:

¢ InJune 2015 a presentation entitled Fire Safety Engineering for Innovative
and Sustainable Building Solutions was made at the 1st SFPE Europe
Conference on Fire Safety Engineering in Copenhagen.

¢ In May 2016, two presentations were made during the 11t Conference on
Performance-Based Codes and Fire Safety Design Methods, which took place
in Warsaw, Poland. The first relates to the work of WP2 and is entitled
Probabilistic Fire Risk Analysis in the Nordic Region. The second, relating to
WP3, is entitled Fire Safety Engineering for Innovative and Sustainable
Building Solutions — Development of Building Processes Focusing on Review
and Control of Fire Safety Engineering.

e A presentation entitled Fire Safety Engineering for Innovative and Sustainable
Building Solutions was made at the Nordic Fire and Safety Days, the 16" and
17t June 2016 in Copenhagen, Denmark.

e An article entitled Next Generation Nordic Fire Safety Engineering has been
published within the English version of Brandposten (number 55, 2017:
http://www.mypaper.se/show/sp/show.asp?pid=3553551157066694).

e Seminars has been organized during May 2017, one in Malmd, Sweden and one
in Oslo, Norway.

e A presentation entitled Fire Safety Engineering for Innovative and Sustainable
Building Solutions, Future Standard for control and review was made at the
Nordic Fire and Safety Days 2017, in Copenhagen, Denmark.

As requested by Nordic Innovation, the following paragraph consists on a press release

Press Release — Fire Safety Engineering For Innovative
and Sustainable Building Solutions

The Nordic fire safety engineering project (funded by Nordic Innovation, SBUF, DIBK
and own contributions by project participants) for innovative and sustainable building
solutions is now finalized. We produced practical specifications on two areas within fire
safety engineering:

e Standard on Probabilistic Method to Verify Fire Safety Design in Buildings

e Standard on Control in the Building Process
This project is important as it supports Nordic harmonization of fire safety which in the
end may facilitate trade of services and products. We all share challenges in our
societies as we introduce new technologies and aim for more sustainability, often
challenging traditional fire safety concepts. For example, some cases where traditional
fire safety regulations may hinder building design are:

e passive housing

e energy efficiency and use of combustible materials

e green facades or roofs

o tall buildings
So what is new in these standards? There are plenty of guidelines and standards on fire
safety engineering by British standards, SFPE, ISO and others. What we have
developed is however tailored for the Nordic context which is a region that has used fire
safety engineering for quite some time now. In some areas, the Nordic region is doing
pioneering work. Some things we are trying to achieve in this work are:
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e turning good knowledge into practice

e take recommendations one more level

¢ bridge the gap between probabilistic criteria, such as FN-curves and acceptance

criteria used in scenario based design

e quality control & review in the building process

We have come far enough to treat the new publications and review them for different

type of cases in the Nordic countries. During the winter 2017-2018, the INSTA process

will start in order to make specifications into INSTA documents.
The project is led by RISE and has the following partners:

Sweden Iceland Denmark Finland Norway
RISE Safety DiBK
- Iceland Construction
Briab Authority DBI RISE Fire Research
Boverket AS
KK Palokonsultti
Brandskyddslaget
i cowl
Lund University Iceland Fire Research Rambagll

NCC

Institute

Standards Norway

Photo 2: Meeting at DBI for the finalization of the WP 4.

From the right to left:

Esko Mikkola (KK Palokonsultti, Finland), Johan Noren and Fredrik Nystedt (BRIAB,
Sweden), Annemarie Poulsen (formerly Rambgll, Denmark), Bengt Gafvels (NN,
Sweden), Anne Sgnderskov Nielsen (If, Denmark), Pierrick Mindykowski (RISE,
Sweden), Anders Dragsted (DBI, Denmark).
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Not shown on the picture but present by skype: Anne Elise Steen-Hansen (RISE Fire
Research AS), Bjorn Karlsson (Iceland Construction Authority, Iceland).

Picture taken by Michael Stromgren (formerly RISE, Sweden).
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4 List of the appendices
4.1 Appendix A

Document name: WP1 — Identification and analysis of the barriers to innovation and
trade

4.2  Appendix B

Document name: WP4 — Application of WP2 and WP3 Methods on practical cases in
the Nordic countries

4.3  Appendix C

This document is part of the final outcome of the Work Package 5. It consists of the
implementation of the modifications of the specification document (Work Package 2)
found during the process of the Work Package 4.

Document name: Probabilistic method to verify fire safety design in buildings

4.4  Appendix D

This document is part of the final outcome of the Work Package 5. It consists of the
implementation of the modifications of the specification document (Work Package 3)
found during the process of the Work Package 4.

Document name: Control in the building process

4.5 Appendix E

Document name: Economic Report
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5 Appendix A: WP1 — Identification and
analysis of the barriers to innovation and
trade

Nordic Innovation Project Mo.: P-13083

Fire Safety Engineering
for Innovative and
Sustainable Building
Solutions

Report on WP1 - Identification and analysis of the
barriers to innovation and trade
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Project owner: SP Technical Research Institute of Sweden

Contributing authors: Bjgrn Karlsson, Michael Stromgren, Johan Noren, John Ustrand, David
Winberg, Vidar Stenstad, Esko Mikkola, Anders Johansson, Thomas Jarphag

February 2015
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1. Introduction

This document reports on the work camied out in Work Package 1 within the project “Fire
Safety Engineering for Inmovative and Sustainable Building Solutions®, financed by Mordic
Innowation and coordinated by SP Technical Research Institute of Sweden. This chapter
summarizes the project main objectives, discusses recent Mordic efforis to increase
hamenization of building regulations, discusses the state of the art in Europe and gives an
owerview of this report.

1.1 Summary of project main objectives

Performance-based codes, ie. regulations and standards, have long been proven an
effective way to facilitate innowation, and all of the Mordic couniries have introduced
performance-based building codes. However, the implementation of performance-based
codes for fire safety has not been overly successful due to the lack of standardized
verification methods and acceptance criteria and instruments to ensure high quality fire
safety design. As a resalt, fire safety design too often relies on prescriptive and detailed
regulations due to uncertainties and lack of acceptance of performance-based design.

Differences in regulations and practices in the Mordic countries are causing problems for the
trade of products and services. The problem of trade bamiers within the Mordic countries has
been identified by the Mordic minisiries and one goal is to create a unified MNordic
construction market. The Mordic countries have strong cultural ties and other similarities, and
are therefore in an ideal position to take the next step fowards stronger cooperation.

The challenge in this project is to create standards supporting fire safety engineering in a
performance-based regulatory regime that will facilitate the design processes and technical
innovations in a robust and sustainable way. The project will thereby continue the successful
MNordic cooperation that resulted in the recently published Mordic specification on fire safety
engineering — INSTA TS 850.

Aims of the project:

* Standardize werification methods and acceptance criteria based on a practical
perspective to facilitate the implementation of perfformance-based codes and thereby
increase the wuse of innovative design and technology in the industry, such as green
buildings and sustainable technology.

* Mew innovative construction products may be used in the built environment, proven to
be fire safe yet able to meet the changing requirements of society.

* Mordic standards (INSTA) will be produced, providing the methods to facilitate
inmovative design by fire safety engineering metheds and providing guidance on the
process that lead to safe and innovative fire safety design.

The project members in the consortium represent all Mordic countries and a broad range of
stakeholders such as:

* Standardization organizations - Norwegian Standardization,

* Regulatory agencies - The Swedish Mational Beard of Housing, Building and
Planning (Boverket), lceland Construction Awuthority, Morwegiam Building Authority
(DIBK)

Page 4 of 26
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* Research ocrganizations - The Danish Institute of Fire and Security Technology (DBI),
lceland Fire Research Institute, Lund University, SP Technical Research Institute of
Sweden and SP Fire Research AS

# Fire consultancy companies - Brandskyddslaget, Briab, COWI, KK-Palokonsultti,
Ramball

* Consiruction companies - NCC

1.2 Recent Nordic efforts to harmonize building regulations

The main objective of this section is to give a brief overview of efforts being made towards
greater harmonization of building regulations and building standards in the Nordic countries
and how this has links to some efforts being made on European level.

The Hordic Council of Ministers is especially interested in further harmonization of the Nordic
building regulations, in order to remowve border bamiers in the Mordic building market. Poul
Schiuter (the former Danish Prime Minister) wrote a report in 2005 for the Mordic Council of
Ministers on Mordic border bammiers (greensehinder) and recommended that the Mordic
countries should work actively towards further harmonisation of the building regulations and
standards [1]-

Here, we mainly concentrate on building regulations and standards, but it should be noted
that the building sector does not only follow the building regulations and standards in each
country, but also various advice and practices set forth by government agencies, research
bodies and associations as well as being heavily influenced by trade traditions in each

country.

Greater harmonization of the Nordic building regulations could be achieved in a number of
areas, such as energy efficiency, structural stability, material use, sustainability, noise,
stairways and ramps, daylight, accessibility and dimensions of habitable space and habitable
room. However, in this project we shall focus on aspects that have to do with fire safety in
buildings.

We shall in the following summarize some of the work which has been camied out towards
further harmonization and finally give recommendations on how the work can be enhanced
and followed up.

One of the aims of Mordic cooperation has been to make the Mordic couniries a well-
functioning market and an integrated region. In the building sector, various actors within the
MNordic countries have been cooperating with the aim of increasing the harmonization of
building regulations, thereby minimizing technical trade obstacles.

Im 2008, the Mordic Council of Ministers asked the relevant building authorties of each
Mordic country to designate one member each to a working group with the aim of
recommending ways to further harmonize the demands made in the building regulations in
the Nordic countries, as a result of the recommendations made in [1]. The working group
delivered recommendations to the group EK-ME/Msering within the Mordic Council of
Ministers [2].

Building laws and building regulations are wery complex and comprehensive. The MNordic
building regulations all hawe different foundations and it is not feasible to try to completely
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hameonize Mordic building regulations in the foreseeable future. Also, any senous changes
within the building regulations of one counftry can have a considerable impact on that
country’s industry andlor import business.

However, it can be relatively easy to harmonize certain given technical demands that are
made in the varnous Nordic building regulations. Several cooperation projects with this aim
have been ongoing in the last few years, a good example is the publication of an INSTA
standard on residential sprinkler systems [37]. Many of these have been conducted with
financial assistance from the Mordic Innovation or NICe. Some of the projects have been
concluded and final reports have been submitted, other projects are still ongoing. we shall
discuss these efforts.

The Mordic Council of Ministers funded a program called ‘Morthem Dimension — Increased
exchange in the Building and Construction Sector. Within this program sewveral wvery
extensive studies have been camied out. Within the project the building legislation in the five
Mordic couniries were compared in [3] (report in Morwegian). This study was extended to
include the Baltic States and Poland in [4] (report in English). These reports are very
valuable when considering how best to increase harmonization in the building sector in the
MNordic and Baltic region.

Further work was camied out [5], where suggestions were made to develop a cooperation
programme, to select themes and to establish networks for stakeholders in the building
sector from industry, governmental bodies and research for realization of R&D projects. Also,
in [G]. suggestions were made on how recognition of professional qualifications regarding the
building process could possibly be camied out in the Mordic Region and the Baltic States.

Several projects on the building sector have been ongoing with financial assistance from
NICe. The following two reports are an example of final reports, dealing with the Mordic
building sector, that have recently been submitted to MICe:

[7] Pousette, A., Gustafsson, A, "Harmonisering av de nordiska landernas trabyggregler —
Trahusindustrins problem och byggreglermas krav, 5P Rapport 2008:45, SP, Boras,
Sweden, 2008.

[8] Thureson, P.. Sundsitrom, B., Mikkola, E., Bluhme, D., Hansen, AS.. Karsson, B.,
“The use of Fire Classification in the Nordic Countries — Proposals for Harmonization™, 5P
REPORT 2008:29, 5P, Boras, Sweden, 20048.

The abowve reports describe in detail where technical demands in building regulations in the
Mordic counfries could be altered slightly, increasing harmonisation considerably.
A number of other projects backed by MICe are ongoing. for example:

Merdic Region Construction Technology Platform

Integrert energiplanlegging av bygg (IEP)

Room for humans: Innovativt Byggande Il

Project on the use of natural stone in construction (natursten)

The outcome from the above projects can be used to harmonize technical demands im Mordic
building regulations. Several other Mordic projects are ongoing, some without NICe backing,
an example is the Mordic project on fire safety design and sprinkler systems resulting in the
report “Werifying Fire Safety Design in Sprinklered Buildings® [38] financially backed
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nationally in each country. A further mapping of MICe projects, and other Mordic projects, that
can lead to further harmonization within the Mordic building industry may be needed.

It is also important o mention the Mordic National Annexes to the Eurocodes. The 10
Eurocodes are enforced in the following 10 areas: General design, Actions/Loads, Concrete,
Steel, Composite ConcretefSteel, Timber, Masonry, Geotechnical Design, Seismic design,
Aluminium. All Eurocodes for materials (no 2, 3, 4, 5, @ and 9) have one part on general
building design and one part on fire safety design. Each Mordic country thus has Mational
Annexes o the Eurocodes, used for designing buildings. For example, when designing a
timber-framed building. a number of different factors influence the design very much. Some
of these factors cam be chosem in each of the countries and picked from the Mational
document. t would be of great interest to harmonize the Mordic European Annexes. A
Mordic working group on harmonization of building regulations initiated work on a report on
how this could best be done [B].

Several other reports have been written recently on the need for harmonization of the Nordic
building regulations and standards, we shall mention a few:

[10] Krstina Landfors, "RAPPORT 'Harmonisering av byggregler inom Morden®, WSP, 5
Mars 2013

[11] Patrik Groth “Different Building Regulations in the Mordic Countries”, SKANSKA,
Skanska Sverige AB, 22 December 2010.

[12] Wikolaj Tolstoy, "Mordiska byggregler — granshinder for handel av entreprenader,
material och konstruktioner inom bygg och installation”, Regeringskansliet,
Socialdepartementet, 21 November 2011.

[13] NOTAT “Grensehindringer i Morden®™ Statens bygningstekniske etat, referens
11/88332, 18 November 2011.

1.3 Comparison of European building regulations and fire safety

We will conclude this section with a few words on European studies on building regulations
comparisons. A number of studies have been conducted on the Eurcpean level with the aim
of comparing demands for a minimum quality for houses, regulated in national sets of
technical building regulations. The most recent are the studies by Sherdan, Visscher and
Mejer [14]. [15]. Studies show that most West-European countries call their regulations
‘performance based’ and the goals and major subjects are quite similar. However, a more
detailed look at the terminclogy and content of the sets of requirements, show quite
fundamental differences. Research into the differences in terminclogy is a first and important
step towards better mutual understanding of national sets of building regulations which is
essential to start a discussion of the possibilities of further harmonization of the systems of
the various countries. The reports by Sheridan, Visscher and Meijer [14], [15]. present the
results and conclusions of a comparative study of the building regulations in Belgium,
Denmark, England, France, Germmany, the Metherlands, Morway and Sweden. The systems
and terminology of the requirements for houses have been compared in detail: stairways and
ramps, fire safety, noise, daylight, accessibility and dimensions of habitable space and
habitable room. They concluded that the broad spectrum of different systems forms a major
barier for further harmonization of building regulations in Europe and even so a bamer for
the realization of an intermal European market.
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Also, the national fire regulations in Europe and some other countries in relation to the use of
wood have been surveyed and results can be found in [39].

1.4 Owerview of this report

Havwving given a brief background on fire safety engineering methods in the Mordic and
Euwropean countries in Chapter 1, Chapter 2 gives an overview of how such methods are
used in combination with performance based codes. The chapter presents a discussion on
how and why performance based codes were developed, and how such codes contributed
towards enhancing fire safety engineering practices.

Chapter 3 gives an overview of the building codes in the Mordic countries with emphasis on
fire safety engineering. Chapter 4 discusses the focus areas for the current project and
Chapter 5 gives a list of the main goals, the time frame and the leaders of Work Packages 2,
Jand4.
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2. Performance-based Codes and Fire Safety Engineering methods

For some decades, there has been a development towards replacing the traditional
prescriptive approach to regulation, with perfformance based demands. This has had a very
important effect om Fire Safety Engineering design practices, allowing a great wvariety of
possible solutions to fire safety problems. This chaplter gives an overview of this
development and discusses the effect on FSE practice.

21 Bachkground on performance based codes and FSE

It has been angued that the main purpose of building regulations is to serve as a legal ool to
provide minimum social needs with regard to the built environment, without causing
excessive costs to society [17]. This objective can be achieved by regulations composed of a
mixture of prescriptive and performance requirements.

Dwring the last two decades there has been an effort in many parts of the word to mowve from
prescriptive demands in building regulations toward an increased use of performance-based
demands. A very wseful report on the transition from prescriptive to performance based
building codes in 14 different countries amound the globe was presented by the Inter-
jurisdictional Regulatory Collaboration Committee (IRCC) recently [18]. The Performance-
based Building Thematic Metwork (Pebbu) was set up, funded under the European
Commission’s Sth framework, where over 70 crganizations worldwide took part, resulting in
several reports on the issue [19, 200 The Society of Fire Protection Engineers has published
guidelines on performance based codes [21] and international entities such as the Conseil
Intemational du Batiment (CIB), the Intemational Standards Organization (150) and the
International Code Council (ICC) have produced guidelines, standards and codes on this
subject.

A number of decades ago, regulaiory agencies of all types, and in many paris of the world,
began i reconsider the traditional prescriptive approach to regulations, seeking ways o
clarify the intent of regulation, reduce regulatory burden, and encourage innovation without
compromising the level(s) of perfformance delivered. This gave rse fo consideration of
functional, cbjective-based or performance-based approaches to regulation. In the building
regulatory environment, the hierarchy outlined by the MNordic Committee on Building
Regulation (MKB) became a widely adopted model [22], [23]. [30]. Figure 1 shows an outline
of the MKB hierarchy of demands.

In the MK.B model the regulatory provisions are based on a set of broad societal goals, at the
top of the pyramid. Through increasing levels of detail, functional requirements (gqualitative)
and operational requirements (guantitative) for buildings are described. “Verification
methods™ are at the third level in the pyramid. Instead of presecribing a single set of design
specifications for compliance, the approach outlines the need for instructions or guidelines
for verification of compliance. This could include engineering analyses, test methods, ete,
and would be used to demonstrate compliance with the operative reguirements. Finally, at
the botton of the pyramid one finds "Examples of Acceptable Solutions™. These are
supplements to the regulations with examples of solutions deemed to satisfy the
requirements, which may be prescriptive.
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Figure 1. The MKB hierarchy of demands [22,23]

The MKB model is attractive because it places the focus on societal (policy-level) goals and
allows for a vanety of forms of regulatory provisions to provide the detail required to
demonsirate compliance.

Any regulatory regime must find a balance between how tight controls should be in
promoting consistency and accountability versus how much discretion should be granted in
promoting flexbility and innovation. The prescriptive approach emphasizes control and
accountability. The performance-based approach desires fto promote flexibility with
accountability for results [24].

Some of the potential benefits of moving toward a performance-based regulatory regime are
that this may lead to greater effectiveness in reaching specific regulatory objectives, greater
flexibility in means of adhering to the regulation and increased imcentive for innowvation,
resulting in buildings that are to a greater extent designed for the intended use. Some of the
potential drawbacks are uncertainties in how to interpret the regulation in practice, leading io
inconsistencies in application of rules and decreased predictability in regulatory exgpectations.
This may also lead to inconsistencies in the way that local building authorities enforce the
regulation. Therefore, a move toward a performance-based regulatory regime calls for a
considerable effort to produce supporting literature for designers, builders and inspectors,
such as instructions, guidance documents, inspection manuals and examples of accepted
solutions.

The wery comprehensive report recentty presented by the Inter-jurisdictional Regulatory
Collaboration Committee (IRCC) [18] gives a detsiled description of how 14 different
countries amund the globe made the fransition from prescriptive toward a performance-
based building code. Im many of these countries the shift was very gradual and careful. As an
example, Canadian officials decided that rapid comversion of the model Mational Code
Documents to a performance-based format would be extremely disruptive to the Canadian
construction industry and regulatory community. A more evolutionary approach was sought
and a decision made to retain the existing midure of performance and prescriptive code
provisions but fo tie each provision to at least one explicitly stated Code objective [18].

Chapter 3 gives an overview of the building regulations in the Mordic countries and gives a
summary of how they have embraced the perfformance based concept. Some countries, such
a Sweden, made a decisive move toward a performance based building code in 1884, while
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leelandic authorties sought a gradual transition from a prescriptive to a performance-based
building code. The reason for this might be that a small economy such as lceland has very
limited resources to produce guideline documents on technical demands regarding
construction.

In some of the Nordic countries there is an overall lack of instructions, textbooks, courses
and often expertize to provide engineering calculations as wverification methods for code
compliance.

Some of the Mordic countries have therefore made the choice to mowve gradually toward a
more performance-based building code. This is typically done by imserting performance
demands into all chapters and most sub-chapters of the code and simultaneously produce a
decisive effort o enhance guidance doecuments related to the building regulation.

22 Recent work on perfformance based standards and guidelines in FSE

Ablvares et al [25] wrote a comprehensive state-of-the-art review on how the performance-
based fire protection design process has developed in the last two decades and identified
several opportunities on how to enhance this process. CEN TC127/TG1 (now WG8) "Fire
Safety Engineering” published the resulis of a questionnaire on the state of the art in fire
safety engineering in Europe [35], showing how some European countries have implemented
performance based requirements into their building regulations.

Several standards, codes and guidelines on the subject have been published in recent years,
for example the SFPE Engineering guide to performance based fire protection [26].
Considerable work has been carmied out in the Mordic countries. The very recent publication
of the INSTA technical specification on fire safety engineering — comparative method to verify
fire safety design in buildings is ome of the hallmarks of this dewvelopment [27]. This
specification was prepared by a committee representing the Inter Mordic Standardization
Ciopoperation, and the standard has been given the status of a national technical specification
in Denmark, Finland, lceland, Norway and Sweden.

Further, several guideline documents linked to performance based fire safety engineering
design have been published in the Mordic countries in recent years. Some have to do with
design procedures and recommendations. Examples are INSTA TS 850 [27]. the BIV
guideline om BRO buildings [28] and the MNorwegian Stamdard om requirements for risk
assessment of fire in construction works [34]. Other guidelines have to do with advice on how
to use specific computer simulation models like the BIV document on CFD calculations [28],
or the Briab documents on smoke filing calculations [30] and evacuation calculations, [31]
and the "Best Practice Gruppens™ document on CFD calculations [32]. a Danish contribution.
Further, BIV published guidelines on how to control and inspect if the design and the building
works fulfil regulations [33].

2.3 Discussion on performance based codes

In a performance-based code, compliance with the fire safety regulations can be
demonsirated in two ways: either by constructing the building in accordance with pre-
accepted solutions (defined by national building authorities), or by means of analyses and/or
calculations which document that the fire safety is satisfactory. In some of the Mordic
countries, the pre-accepted solutions are also referred to as 'deemed to satisfy’ or
‘acceptable’ solutions, and are used to simplify the design process and construction of
buildings by eliminating the need for analyses, so that analytical tocls are hardly necessary
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for traditional buildings. The pre-accepted solutions are sometimes also published in
separate approved documents, and the building is considered safe if these solutions are
adopted. On the other hand, those who are in a position to perform analyses and calculations
are given a real freedomn of choice in establishing a particular fire safety design solution,
without having to resort fo exemptions or other departures from the requirements. A building
is considered safe, imespective of its design and construction, i it complies with the
performance-based building code. As long as the performance requirements are met, the
choice of design methed - i.e. whether using pre-accepted solutions or analytical tools to
result in buildings with satisfactory safety in case of fire - is immaterial.

Verification is a central element of a performance-based code. When pre-accepted solutions
are adopted, the designer verifies that the building actually has been buitt according to the
specifications of the pre-accepted solutions. The designer does not need to show that the
design is safe, as accepted safety levels are assumed to be reached with the use of pre-
accepted solutions. If analytical tools are used, verification becomes of utmost importance.
The designer must use tools to show that the proposed design solution results in a safety
level that is in ine with what is accepited by the society, ie. formulated in the performance
requirements of the building code. This process of demonstrating sufficient safety is
commaonly referred to as werification, and can be performed with a number of different
methods, ranging from qualitative screening techniques to extended gquantitative analyses.

Although most buildings are designed using pre-accepted solutions, a deviation from some of
these solutions may sometimes be in the interest of the builder. This process, when one pre-
accepted solution is replaced by another, is generally considered as a design alternative. Al
design altematives need to be wverified in order to show that the achieved safety level
complies with the regulatory requirements. This wverification is performed by gqualitative
assessment, scenaro analysis or gquantitative rsk analysis, and the result should be
documented and thoroughly reviewed.
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3. Comparizon of Nordic building codes

In this section there will be a brief description of the building codes in the Nordic countries.
The intention is to describe the principles which apply in the building procedures in each
country, what are the handling procedures for building permits and who are responsible for
the control and supervision. There will also be a bref discussion on what are the
requirements for fire safety. This section is largely based on a report published by the Mordic
Council of Ministers on Increased exchange in the Building Sector Comparison of Building
Legislation in the Morthern region [4]. Some updates have been introduced here, since
changes hawve been made in some of the Nordic countries after [4] was published.

31 Denmark

Administratively, Denmark is divided into 5§ regions and 88 local authorities (municipalities), in
addition fo the Famoe Islands and Greenland which have their own building codes based on
previous versions of the Danish Building Code. There is a stromg political will to delegate
power to the local community.

There are separate laws for planning and building. The Planning Act is administered by the
Mature Agency under the Ministry of the Environment, while the Building Act is administered
by the Energy Agency under the Ministry of Climate, Energy and Building.

Regarding buildings with high hazard storage or production, there is an extra “layer” of fire
safety legislation. This set of codes is administered by The Danish Emergency Management
Agency (DEMA) which is an agency under The Ministry of Defense and is exclusively
prescriptive. Building permits are handled by either the local fire authorty or DEMA
depending on the amount of hazardous stock.

In 2014 the Danish Gowemment published “Vejen til et styrket bygger | Danmark —
regeringens bypgepolitiske strategi™ (a political strategy to strenghten the constructed
environment). Initiative 2 in the sirategy may be translated to “Simplified fire regulation”.
Among other things, it states that the system where two different govemmental agencies are
responsible for the fire regulation is too inefficient and often causes an unnecessary
complicated process to achieve a building permit. Therefore, a reform of this system may be
expectad.

3.1.1 Handling procaedures

The focus on the importance of local democracy leads to a different practice between the
municipalities, regarding the administrative organization. Most often, the building applications
are issued by the Planning Office to secure compliance with the local plan, but not always.
And most often, the Planning Office and the Building Control Office are located in the same
building o secure good communication and flexibility, but not always. The basis for the
specific handling procedures are given in the Building Regulations, and the specification
given there to divide the constructions into categories: a) where applications are needed, and
b} smaller constructions where only notifications are needed.

The local authonty Planning Office handles building permit applications. They primarily look
for compliance with the approved local plan, but they also consider the architecture and the
technical solutions (not in detail). They often issue the building permits in stages; first a
principal accept for the concept, them for the foundations etc. Before issuing the building
permnit, there is a mandatory start meeting (early collaborating meeting) where the planning
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office, the applicant, the designers and some representatives from the Building Control Office
participate, to be informed about the project.

Affter the building permit is issued, the Building Control Office organizes a start-up meeting
with the applicant and his site manager (for all cases). Most often, the applicant requests the
meeting, but this is a duty for the BC Office, and mandatory for them to take minutes from the
meeting and these minutes are public property. At these meetings, they agree on which
subjects the applicant must keep documentation on, or supervise. Here, they also agree on
frequencies (and subjects) for inspections on the construction site. The cosis for such
meetings are covered by a fee.

3.1.2 The control systems

The applicant has complete responsibility fowards the authoriies, and he may fulfil his
obligations the way he finds suitable. There are no qualification requirements on the
applicant, or to his organization (except for safety reasons, construction calculations, gas
eta.).

The main principle is that the general internal quality control is performed by the applicant, on
his own terms and without public supervision of this. The public Building Control
concentrates on the issues of public interest. The officers perform the control based on
dialogue and consiruction site inspections including document control.

There are mo formal requirements for internal contrel performed by the applicant or his
organization. But they have some voluntary certification systems for companies, helping the
applicants’ quality checks.

3.1.3 Requirements for fire safety

The technical regulations are based on functional reguirements of fire safety conceming
load-bearing elements, generation and spread of fire and smoke and safety of occupants and
rescue teams. There are two ways to design a building that satisfies the requirements.

FPrescribed design - The building is designed and executed by applying the fire classes and
numernical criteria provided by the regulations and guidelines.

Performance based design — The building is designed and executed based on design fire
scenanos which cover conditions likely to cceur in the relevant building.

32 Finland

Finland has two tiers of govemance: State and Municipalities. There are 348 (2008)
municipalities, but the number is diminishing. In addition, there are some intermediate levels.
Municipalities co-operate in 74 sub regions and 20 regions, which are govemed by the
member municipalities, but have only limited powers.

Finland has a joint law; the Planning and Building Act (Land Use and Building Act),
administrated by the Ministry of the Environmemnt.
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3.2.1 Handling procedures

A Building Permit is the legal basis for all building activity, the projects must be compliant
with the local plan, and the Completion Cerificates werify that the building is built according
to the requirements.

The handling procedures for building permit applications aim on earlier dialegue between the
applicant and the authorities. A (woluntary) eardy meeting has the possibility to send early
applications to define the amount of needed documentation in the final application.

A Building Permit is the legal basis for all building activity, the projects must be compliant
with the local plan, and the Completion Certificates verify that the building is built according
to the requirements. In Finland, the significance of the Completion Certificate is focused and
demanded as a basis for connection of the new construction to the local public water and
SEWAGE SEenice.

The applicant has complete liability towards the authorities, and the building legislation does
mot mention any other mand atory roles with direct responsibility towards the authorities.

There are no formal requirements on the applicants. However, there are formal competence
requirements on two other actors: the Principal Designer, other designers and the Site
Manager (the requirements are personal, not on companies). The applicant must have hired
those before the handling of the building permit application, and competence wil be
approved, related to each project.

There is no central public register for qualification on actors, but there is a voluntary private
register, and the actors normally prefer to be listed.

3.2.2 The control system

Finland has formally placed the responsibility for sufficient control onto the applicant shared
with public authorities. The reason is to allow the authorities to take over the task if they
consider it necessary. In practice, nomal procedure is ‘delegation’ to the applicant, while
public control concentrates om the supervision process within the mandatory building
inspection report.

The BC Office handles the issuing of building permits, but the office is divided into two
sections — one for compliance with the local plan, and the ather for all other requirements set
by ceniral or local authorties, such as competence by the construction companies and
certificates on actors. This sector also performs the control tasks.

Approvals can be divided in stages im big or complicated projects, and the BC Office then
define the stages. The control work is regarded to start with the up-start meeting after issuing
of the building permit. and participants at this meeting are the BC Office, the site manager,
and the main actors for design and construction. The site manager shall present a control
plan, but this plan is not to be approved by the BC Office. This plan is used for defining
milestones where new meeting and site inspections will be camied out.

3.2.3 Requirements for fire safety

Requirements of the technical regulations are compulsory. They cannot be challenged
without an approval from the local building authorty. The technical regulations are based on
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functional requirements of fire safety conceming load-bearing elements, generation and
spread of fire and smoke, spread of fire to neighboring works and safety of coccupants and
rescue teams. There are two ways to design a building that satisfies the requirements
prescribed and performance based design. Prescribed design; the building is designed and
executed by applying the fire classes and numerical criteria provided by the regulations and
guidelines. Performance based design; the building is designed and executed based on
design fire scenarios which cover conditions likely to occur im the relevant buildimg.
Satisfaction of the requirements is checked in each case, by the local building authority,
taking into consideration the use of the building and its properties.

3.3 lceland

lceland has two tiers of governance: State and 75 municipalities. lceland has separate
Planning and Building Acts since 2010. The Planning and Building Acts are administrated by
the Ministry of Environment.

3.3.1 Handling procedures

The BC Office formally issues building permits, but the handling of the applications are
divided between the planning office (controlling compliance with the local plan). and the BC
Office for all other aspects — technical requirements and reguirements on actors. The two
sections have regularly meetings.

The procedures are the same for all kinds of projects. The control system has two main
elements: the applicant's supervision, and the public conirol, and they do not distinguish
between control and supervision.

A description of the case handling perfformed by the Building Control Office will comprise a
first check of all documentation on both project and actors, then a meeting with all public
authaorities (regular meetings once a month are stated in the law), followed by a meeting in a
political committee, and then the applicant must pay the fee to get the Building Permit
Dwring the construction pericd, the BC Office follows the project closely, and normmally
performs approcdmately 10 construction site inspections.

The Completion Certificate will be issued after a final site inspection and document control,
but the Cerificate has little significance, even i it has become more important in recent
years, especially for non-domestic buildings and for insurance purposes.

3.3.2 The control system

The applicant has the formal responsibility towards the authorities. But since there are
traditionally high numbers of non-skilled one-time applicants and ewven self-builders, the
system provides several tools to support the applicants.

First, there is a very sirong public control, working on a more detailed lewel than building
control offices in other countries where the intention is to support the applicant.

Secondly, the law requires a .Project Manager®, having professional skills, to be assigned to
the building project, responsible for the quality of the building works, both towards the
authorities and to the applicant The Project Manager must be insured against possible
faults, but it is the applicants responsibility to comect faults discovered by the public confrol
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31.3.3 Requirements for fire safety

There are two ways to design a building that satisfies the requirements of the lcelandic
building regulation; prescribed design or performance based design. In prescribed design,
the building is designed and constructed by applying the fire classes and numerical criteria
provided by the regulations and guidelines. In performance based design, the verification
with the functional requirements is needed and a fire safety report must be submitted which
will be reviewed by the local building authaority.

34 HNorway

Morway has three tiers of governance: State, county and municipality levels. The state also
exerts its mandate on two levels; central authorities and county offices, which represent a

‘regional state authority’.

Morway has a common Planning and Building Act that is administrated by the Ministry of
Local Government and Modernization. The Morwegian Building Authority is the main agency
for implementing building regulations and building policy.

3.4.1 Handling procaedures

The nomal procedure is in two steps; first a conmtextual approval, where the project is
evaluated in relation to the walid local plan, and subsequent a buwilding permit [Starting
permit) is issued, approved on the basis of technical requirements and the competence of
the actors responsible for different aspects of the design and construction. The two steps
may be combined in a one-step procedure by choice of the applicant, and this is normal for
simpler building projects.

In the mormal procedures, the first step of approval comprises handling of neighbour
complaints, classification of the project, requirements on aciors and to control systems. The
second step comprises approval of the design documentation according to the reguirements,
and approval of the competence of the actors. Mormally, the handling procedures are
initiated at the start of the design work, with a voluntary early meeting. The purpose of the
meeting is to establish a dialogue, and define the frames, classifications and requirements
for the project.

After receiving an application for a building permit, the Building Contrel Office has time limits
for all further steps in the case handling, and if they exceed the time limits, the applicant may

pay a lower fee. For small projects claiming to be according to plans and regulations,
exceeding the time limit (3 weeks) means that the project can be started.

342 The control system

The applicant has the formal responsibility towards the authorties. But according to the
legislation, all other actors in the building process have responsibility for the quality of their
own work, not only to the applicant, but also directly towards the authorities.

Compulsory third party control was introduced as of 1.1.2013. Regarding fire safety this
includes the control of the verfication of fire safety (the fire safety strategy) in all larger
building (project class 2 and 3).
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There are competence requirements on all actors (except the Applicant), related to their role
in the projects: designers, contractors, controllers of both design and construction works, and
of site managers. The competence requirements are also related to the complexity of the
projects.

The municipal building control was phased out in 1887, and was replaced by private control
and a municipal building inspection. The municipal Building Control Office is dealing with
approval of applications in terms of how the construction affects the adjacent buildings, the
technical quality, the competence of all actors inveolved, and their plan for conirolling
themselves.

3.4.3 Requirements for fire safety

Technical regulations mainly state functional requirements. These regulations are
compulsory. The guidelines fo the technical requirements describe the pre-accepted
solutions and the use of the guidelines is optional. The two ways to venfy compliance with
requirements of the technical regulations in Morway are prescribed design or performance
based design. Im prescribed design the guideline to the technical regulations describes
acceptable solutions or pre-accepted design which meets the functional requirements for
different building categores. In perfformance based design the designer is free to define
specific solutions for the actual building but then hefshe has to verfy compliance with the
functional reguirements. The regulations refer to NS3301.E:2012 Requiremenis for rih
azgessment of fire in construction works [34] which describes the principles of risk analyses
and comparative analyses.

315 Sweden

Sweden has two tiers of governance: State and municipality level. The state governs in two
tiers: the central authorities and the level of regional state authority (Lansstyrelsen).

There is one common law, the Planning and Building Act Implementation of the Act and
guidance of the municipalities are delegated to the Mational Board of Housing, Building and
Flanning (Boverket).

3.5.1 Building permit and notification

An approved building permit is mandatory for most building activities. For some construction
projects a notification to the building authority is sufficient.

The handling of applications for a building permit according to the Planning and Building Act
is initially assessed in relation to approved local plans. However, an approved building permit
s not sufficient to start construction works, you will also need a clearance (startbesked).

352 Clearance and ITP

A measure which requires a building permit, demoliion permit, land permit or notification
may not be commenced until the building committee has issued clearance. In order to obtain
clearance, the developer must be able to show that the measure can be considered to fulfil
the requirements laid down in the Planning and Building Act with associated regulations.
the building commitiee is to be able to decide whether the measure can be considered io
fulfil the requirements or not, the developer must submit a proposal for an inspection and test
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plan {ITP) and the technical documentation. The building committee establishes the ITP in
the clearance.

3153 Inspectors (KA)

The main rule is that there must be one or more inspectors when measures requiring a
building permit or notification are being camied out, though there are some exceptions to this.
Inspectors must be certified by an accredited certification body.

3.54 Technical consultation and worksite inspection

In most cases, technical consultation will be held at the building committee. The consultation
includes going through how the work should be planned and organized, the ITP proposal and
general documentation. Technical consultation is not required if an inspector is not required.

In most cases, the buiding committee shall visit the site where the measures are being
camied out at least once during the work. The need for the building committee to make a
worksite inspection is decided during the technical consultation.

3.5.5 Final consultation

Once the construction measures covered in the technical consultation are complete, a final
consultation is held, before a final approval is issued, unless this is clearly unnecessary. The
final consultation is nomally held at the site where the construction measures hawe been
camied out.

356 Final approval

A final approval is required for all measures covered by the clearance. To obtain a final
approval, the developer must show that all requirements that apply to the measure in
accordamce with the permit, the ITP, the clearance, or any decision concerning additional
terms, are met, and the building committee doesnt find reasons to intervene with an
inspection. If the requirements for final approval are mot met, the building committee may
under cerfain circumstances issue an interim approval pending a final approwal. For
construction measures, the developer is not nomally permitted to put the structure to use
before the building committee has issued a final approval. However, when issuing clearance,
the building commitiee has the option to decide that a structure can be fully or partly put to
use without a final approval or interim approval.

3.5.7 Requirements for fire safety

In the building regulations from Boverket (BBR) there is a focus on verification of fire design
solutions with well-defined occupanmcy classes and building classes. The building- and
occupancy classes are the basis for the need of different fire protection measurements. The
building regulation is based on performance reguirements which can be fulfilled either by
deemed-to-satisfy solutions or by analytical design (FSE). Guidance on accepted fire safety
design is included in the regulation_

General recommendations on how fo verfy your altiemative solution with analytic design
including acceptance criteria and design fires is available in a separate regulative document.
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4, Determination of focus areas for the current project

This chapter will give a brief discussion on the main focus areas of the project The main
problems and challenges related fire safety engineering are shortly summarized. The
information is partly based on earier questionnaires distributed to fire safety engineers and
authorities in 2008 and 2010 as well as on recent practical experience among fire safety
engineers. The results from the questionnaires are further discussed in [40]. This included
altogether about 80 detailed questions sent o 40 experts in 15 EU member state countries.

The recent publication of the IMSTA standard TS 950, “Fire Safety Engineering —
Comparative methed to verfy fire safety design in buildings” was a step forward in Mordic fire
safety engineering practice and will serve as a partial background for the work carred out in
this project.

Several other guidance documenis have beem published in some Nordic countries. For
example, in Finland, the first guidance on fire safety design for engineers was published in
2003 [41]. Later, another guidance concentrating on fire safety underground was published
[42]. In Finland, these documents are used as background information and they do not have
any official status. The same can be said about published guidance material in the other
Mordic countries, these documents have been discussed in previous chapters of this report
and will be used as background information for the work camied out in the project

4.1 Fire Safety Engineering in the Building Process

Based on a review of the comparison of Nordic countries’ Building codes in chapter 3, and
the guesticnnaires mentioned above, the following issues have been highlighted as bamers
for innovative and sustainable solutions when it comes to fire safety engineering, control and
quality assurance within the building process:

* There are differences to what extent the building process is formalized due to the
different legal systems.

# There are both national and local building codes in some countries. To what extent
depends on the country’s will to delegate power to the local communities.

* The responsibility for the quality control varies between the countries. In some
countries {(Sweden, Denmark & Nonway), the client has the full responsibility for the
control of the construction. While, in Finland and lceland, there is a shared
responsibility between the client and the authorities.

* The gualification requirements vary within the countries. In some countries (Finland)
there are no requirements on the client or it's organization while in the other Nordic
countries there are specific qualification requirements. The requirements vary in
magnitude and if they are on individual or company level

From a more specific fire safety engineering perspective the following barriers have been
identified:

* The level of perfformance based codes for fire safety varies between the countries.

# The role of the fire safety engineer within the building process is not always clearly
defined.

Page 20 of 26

© RISE Research Institutes of Sweden



* There is a lack of background information to the defined fire safety operative
requirements in the countries’ building codes

# There are lithe {or sometimes none) information about the purpose of some of
operative requirements that shall be fulfilled.

# There is to some extent a lack of verification methods for qualitative assessment and
for quantitative assessment with probabilistic analysis

# There are a lack of performance requirements within some areas of fire safety such
as the development and spread of fire and smoke within the building and the safety of
rescue personnel. Some issues that don’t have clearly defined reguirements are for
example prevention of ignition, control of fire growth within the fire compartment and
how to limit the fire spread within in a building.

#* There are to some extent challenges in the assessment of the overall safety levels

* There are limitations in the use of scientific/engineering methods due to lack of
design fire scenarios and input data. There is a need for applicable generic cases of
commaon building types and uses and better statistically founded input data.

# The link between the control of the design process to the control and inspection on-
site is not always clearly defined and the process varies between the Nordic
countries.

* Due fo lack of background information for the operative requirements in the building
codes for all Mordic countries, it is difficult to ensure the right level of validation and
comtrol

* There is lack of uniform practices in the design process and further guidance is
needed to harmonize the fire safety engineering process. In some countries there are
different acceptance criteria in different parts of the country and there is a need for
assessment of eligibility and suitability (including limits of validity) when using fire
safety engineering methods.

* Expertise about fire safety of local authorities is not always sufficient — guidance for
third body inspection are needed within the field

* Management of the whole planning process - communication between designers of
different planning sectors is essential

* Documentation and management of changes is partly inadequate - more attention
needs be put to documentation of boundary conditions of fire safety to enable
changes in the use of a building owver time

* Maintenance of fire safety equipment/systems need to be emphasized

42 WFP2: Development of a verification method

In 1984, NKB stated that standardization was yet not advanced to the point where one could
verify compliance with every operational requirement. As WFP2 has no mandate to alter
national building regulations, the aim is to provide guidance on verfication methods io
ensure a more reliable and predictable verification.

Fire safety engineering can be said to be a way to cope for a considerable number of
uncertain factors. In a prescriptive regime, the authority having jurisdiction dictates to what
extent one should manage these uncertain factors — the pre-accepted solutions will form a
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benchmark for the level of fire safety required. When dewviating from these pre-accepted
solutions, or if these pre-accepted solutions are not applicable, the designer is required o
prove an acceptable lewel of safety. Due to lack of verfication methods and data,
performance-based design tends to be based on over-conservative assumptions, leading to
non-optimal cost-efficiency. When third party review is applied, the uncertainties tend to lead
to even more conservativism. Unsafe designs may also be found acceptable when methods
and criteria are unavailable or unsuitable.

Over time, this development may lead o a decreased will to apply performance-based
design, both from authorities, clients and practitioners, and hence the intended room for
innovation, flexbility and cost-effectiveness from performance-based building regulations will
be lost.

One can argue, acknowledging the uncertainties in fire safety engineering, that the
established deterministic study of scenarios is unsuitable in many cases. As a counterpart to
deterministic analysis, there have been efforts made to implement probabilistic analysis.
Ewen though some guidance is given, shortage of data and acceptance criteria has restricted
the use of probabilistic analysis.

WP2 is to develop a preliminary specification that provides

* guidance on basic probabilistic approach, supported by qualitative analysis
* suggest acceptance criteria where possible
+ collation of relevant fire statistics and reliability data

As part of this work, WP2 will attempt to initiate work on developing a cooperation in the
collection and presentation of MNordic statistics regarding fire safety, to ensure an
improvement in data quality over time.

The work package will proceed from January 2015 until March 2018, led by John Uistrand,
COWL

4.3 WP3: Development of building process focusing on review & control of fire
safety engineering

Due to the identified bamiers a separate work package will be camied out during the project,
WF 3 - Dewelopment of building process focusing on review & conirol of fire safely
engineening.

The aim for the work package is to develop a process to facilitate development and
verification of innovative and sustainable solutions and to hamonize the process for review
and conirol within the field of fire safety engineering.

Some of the major challenges are the differences in the legal systems, both national and
local building codes in some countries and the different responsibility for the quality controls
in the building process. Due to this, the work packages will focus on the development of a
general process for review and control, independent of these matters, and primary focus on
technical issues within fire safety engineering. But the work will also, io some extent, give
guidance on how the fire safety engineering process can be a normal part of the overall
control and review of the building process and define eligibility criteria for the one’s doing the
comntrol.
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The work will result in a preliminary specification based on the process oriented problems
identified in in section 4.1 and clanfy:

* when to perform review and conirol within the building process and within the specific
fire safety engineering process

+* how to do the review and control

+ why the control should be done and the purpose of it

+ Recommend eligibility criteria for the one performing the control

The work package will proceed from January 2015 until March 2016, led by Johan Marén,
Briab.
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Introduction
This report presents the work camed out in Work Package 4 (WP) within the project
“Fure Safety Enmneermg for Innovatve and Sustainable Bumlding Solntons”, financed by
Mordic Innovation and coordinated by SP Technical Research Institute of Sweden.

1.1 Project objectives

Performiance-based codes, Le. regulations and standards, have long been proven an
effectrve way to facilifate innovation [1], and all of the Nordic countnes have mbtroduced
performance-based bulding codes. However, the mplementation of performance-based
codes for fire safety has not been overly successful due to the lack of standardized
venficabon methods and acceptance ciitena and instroments to ensure hogh quality fire
safety design. As a result, fire safety desipn often relies on prescriptive and detailed
regulations due to uncertambes and lack of acceptance of performancs-based design.
Dhfferences m regulations and practices in the Mordic countries are causmg problems for
the trade of products and services. The problem of trade bamers within the Nerdie
couniries has been 1dentified by the Mordic pmmistnies and one goal 1= to create a umfied
Hordic constiuction market. The Nordic countries have strong cultural ties and other
siomlarihes, and are therefore mn an 1deal posibon to take the next step towards stronger
cooperation.

The challenge in this project 15 to create standards supporting five safety engineenng m a
performance-based regulatory regime that will facilitate the design processes and
techmical innovations mn a robust and sustainable way. The project will thereby contimme
the successful Nordic cooperafion that resnlted mn the Mordic specification on five safety

enginesnng using a comparatrve approach, INSTA TS 950 [2], that was published 1
2014,

Arms of the project:

* Standardize venfication methods and acceptance cnitena based on a pracheal
perspective to facibitate the mmplementaton of performance-based codes and therebry
merease the use of mpovative desizn and technology in the industry, such as green
bmldings and sustanable technology.

*  New imnovative construction products may be used in the bmlt environment, proven
o be fire safe vet able to meet the changing requirements of society.

*  MNondie standards (INSTA) will be produced, providing the methods to facilitate
mnovative design by fire safety enpinesning methods and prowviding pmdance on the
process that lead o safe and innevative fire safety design.

The project members in the consortmm represent all Nordic countres and a broad range

of stakeholders such as:

* Standardizafion orgamizations - Norwegian Standardization

* Regulatory agencies - The Swedish Natonal Board of Housing, Bwlding and
Planming (Boverket), Iceland Construction Authonty, Norwegian Bulding Authonty
(IhBE)

* Research orgamzations - The Danish Institute of Fore and Secanity Technology (DBI),
Iceland Fre Research Institute, Lund Unmversity, SP Technical Research Institute of
Sweden and 5P Fire Research AS

* Foe consultancy compames - Brandskyddslaget, Bnab Brand & RiskinpenjGmerna
AB_COWI, EE -Palokonsulth, Ramboll

* Constructon companies - NCC
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1.2 Scope

The main objective of WP4 is to apply the methods of the WP?2 [3] and the WP3 [4]
specifications on practical cases in the Nordic countries.

The goal of WP2 [3] is to provide gnidance for a probabilistic approach for fire safesty
enginesnng. Gumdance 15 given for the use of fire safety engineering methods to evaluate
compliance to an absolute crterion. This guidance may to some degree be used m
combination wath INSTA/TS 950 [2] m order to evaluate compliance with a comparative
criterion. Acceptance criteria, relevant fire safety engineering methods and input data
(reliability data and fire stafistics) are within the scope of this report.

The aim of WP3 [4] 15 to facihitate verfication of bulding solutions including innovative
and sustainable sohitions and to harmomze the process for control within the field of fire
safety enmmesrmy within the Nordie countries.

The focus for WP3 1s on a general level for review and confrol, mdependent of national
legal matters 1 the Nordic countries, and primary focus on techmeal issues within five
safety engineermz. But the process will also, to some extent, grve puidance on how the
fire safety engineenng process can be a normal part of the overall control and review of
the building process and define ehigibility criteria for the ones doing the control.
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2 WP2 Case Studies

The WP2 [3] techmcal specification draft called “Fire Safety Engineering — Probabilistic
Methed to Venfy Fire Safety Design in Bmldings™ has been applied m several case
studies in order to evaluate the applicability of if. The case studies were selected m order
to evaluate the draft specification for mpovative and sustainable buildmes solution. ..
Based on the cazes studies, recommendzhions ame made how bummreﬂieqnahtjruf

the specification confents.

2.1 Large assemhbly hall

Thus case study 1s based on a real bulding in Sweden where a2 mumber of deviations from
the prescrphive regulation was requested. A comparative analysis was performed m
accordance with INSTATS 950 [2]. A spmilar analysis was then performed with the
WP2-draft specification [1] method and acceptance critenia, which 15 further desenibed
below.

The case study and this subchapter was performed and wmitten by Brand=kyddslaget, see
Appendix

211 Scope

The scope of the case study was to evaluate the methods and cniferia described in the
WE2 techmical specification [3]. Primanly, the method outhne presented (chapters 4 and
6 i the WP2 specification [3]) was tested together with the absolute acceptance cnfenia

for loss of Life {section 5.3.1 of [1]). However, an uncertamty/sensitivtty analysis (chapter
T of 3]} was alsunmldnetedmim‘tajnrﬂiabiﬁndm(m(:}n&ai

The selected bunlding was a large, one-story market hall The bmlding had a very simple
geometry and had no other uses.

The case study 15 summarized below. First a presentation of the bulding 15 made, and
then the comparative approach and 1ts results ave descnibed followed by the results using
the WF2 specification [3]. As a final step the two approaches are compared.

212 Building description

The bmlding studied has a very simpls peometry and 1t 15 basically a box with the
dimensions 33 mx 58 mx 95 m (L x W x H). It has emerpency exits in every direction
of the bunlding and a total egress exit wadth of 9 meters. According to the prescnptive
regulation this et width gives a resinchion m bulding occupants of 1350 persons.
However, the bulding owner wanted the buldmg to be able to hold a total number of
2150 persoms.

Also, because of the size of the bulding, the egress travel distances are longer in the

the nlding 1s 37 meters compared to 30 meters accepted m the prescriptrve regulation.
In addihion to this, the desired wall inings i the bnlding does not fully comply with the
prescopive regulation as if was tested to B-53.d0, mmstead of B-s1.d0. This translates to a
simnilar fire development as the preseriptive material but with 2 worse smoke produchon.

A exira protective measures the building was installed with 6§ m® (2erodynamic free area)
automatic smoke ventlation (not a requirernent), automatic fire and evacuation alarm (the
system 15 mamually actvated) and also 3 large celling height (9.5 meters).

213 Comparative approach according to INSTA/TS 950

To accommodate for the deviances histed above, a comparative study was performed. The
reference building chosen had the same occupancy and the same momber of ocoupants but
acceptable egress capacity (Le. 14.3 meters egress width), acceptable egress travel
distances (1. maximum 30 meters) and a “normal” ceiling height of 4 meters. Also the
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reference building had the protection requred in the presenphive code and was thus not
equpped with any smeoke ventilation and had only a manually actrvated evacuation alamm.
After establishing a reference building, an ASET/RSET' analysis was performed for both
buldings. The ASET analy=is was performed usmg the hand caleulation methods m [5]
The ESET analysis was performed using hand caleulations as specified in the Boverkets
general recommendations [7] on analyhical design of a bulding s fire protechon
(BEEAD). Thas 15 a simple hand ealeulation expression where travel times are caleulated
Pre-movement fimes were based on the same recommendations.

The calculated ASET times are shown i

Time to untenable conditions
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Figure 1. The untenable conditions i this case was regarded as when the smoke layer
height reached 1.6 + 0.1 H, where H 15 the cealing height 12 the proposed design and the
reference building had different acceptance levels because of the difference in ceiling
height, as shown below. This criterion 15 hsted in BBRAT [7] but according to the
recommendation, this should not be used m 1solation as evacuation through smoke could
be aceeptable in some cases. However, as this 1s a comparative analysis, this eriterion
alone has been used to define untenzble conditions.

Time to untenable conditions
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Figure 1. Calculated time to untenable conditions.

! ASET: Availshle Safe Epress Time / RSET: Required Safe Egress Time
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The probability of different fire simes was caleulated using the data mm PD) 7974-7 [8] and
55-EN 1991-1-2 annex E [9], as proposed in the WP2 report [3]. The maxirmim heat
release rate possible dunmg evacuaton was set to 50 MW, The result of thes 1= shown

the Table 3.

Table 3. Fire sizes and heat release rate probabilities.

m’ Number of fires EW k] Acc b
1 ar less 4197 250 51.1% 51.1%
24 1087 750 242% T54%
5-0 414 1750 1.5% B1.0%
10-19 463 3750 5.6% BE.5%
| 20-40 430 B750 5 2% 23 8%
5090 1 18750 1T 96.5%
1040-190 127 37500 1.5% Q8 .0°%
200-490 10 50000 1.2% 90.2%
S00-090 20 50000 0.4% 20 6%
10400 or more Ee 50000 04% 100.0%

The data abowve shows that the probability of a fire being below 750 kW 15 approximately
75 %o and the probability of a fire being larger than 25 (00 kW 1s approximately 3 %a.

Also, the probabibity of the smoke venhlation working was then set to %0 % m accordance
with PD} 7974-7 [B]. This data can be combined in the event tree shown below. The
purpose of this event tree was to establish the probalibity of scenanos where untenable
conditions were possible, which 15 represented by outcome A2 and A4 that 15 nghhighted
below. In outcome A2 the smoke ventilation 15 working, but the fire size 15 larger than 25
MW, meaning that the smoke ventilafion is not effective enough to handle all the smoke.
In outcome A4 the smoke ventilation i= not working and the five size 1= larger than 750
EW.

Using the probabiliies above, the probabilities of these different outcomes can be
calculated. The probability of cutcome A2 is caleulated fo 0.00345 fires per vear and the
probability of outcome A4 1s calculated to 000375 fives per year. This grves a sum of
0.0072 fires per vear where untenable conditions can ocewr. Together this represents
approximately 5 %o of the outcomes, meaning that m 95% of all fires m the buldng
untenable condrfions wll not occur for the socupants.
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Hre ip=illd g

Fz. it —{ =

Figure 2. Event tree showing the events where untenable conditions could ocouwr.

A separate ASET/RSET analy=is was performed for the fives in the bulding where
untenable condifions can occur (Le. case A2 and A4 m Figure 2 representing 5% of the
total pumber of fires), To be able to caleulate the ASET and ESET as probabality
functions, expressions presented by Olszon & Frantzieh [10] was used. These expressions
areqlnl:enmple]]amicalculammmmsdﬁnﬂmg regression analysis over a
mumber of parameters. For example, the ASET (based on a smoke layer height of 1.6+
0.1 H, radiation of 2 maximmm 2 5 kW/m® and a smoke temparature of masxinmm 80°C)
can be caleulated using the following equation:

tyriey = 3.07a 02 gRET 1008

In this equations, fye 15 the ASET, ais the fire prowth rate, H is the bumlding beight and
A 15 the bulding area. Note that this ASET is calenlated based on the assumption that the
smsoke ventilation 15 not working.

Using this equation and assessing @ in accordance with the recommendations given m the
WE2 draft specification [3] for Swedish assembly buldings (a lopnormal distnbutien) a
probability fimetion for the ASET time can be derived. This was then simulated with a

Monte Carlo analysis with 50 000 iterations wsing (@Fisk. The result of this calculation is
shown in the Figure 3.

© 5P Sveniges Teknicka Forskninesinstitot AB

© RISE Research Institutes of Sweden



© RISE Research Institutes of Sweden



© RISE Research Institutes of Sweden



15

being so when they are queneing to an exaf 1t 1s probable that they wall shll evacuate
regardless of these condifions. The amount of tme spent m unfenable condrions would
most probably not generate any fatalibes amongst the persons exposed.

In the same study as the ASET caleulation is refrieved from, another simple hand
calculation gves the fime to 100°C at 15 meter If this 15 used as untenable condiions
instead, the probability of being subjected fo it is lowered to 2. 78x10°, the risk profile iz
lowered and the maximum mumber of persons being exposed 15 lower than 8. However,
the risk 1= shll deemed mtolerable compared to the set critena.

It o ght be worth noting that according to the SFPE handbook [14], temperatures of
=100"C can be tolerated m 10-15 mmutes without cansing mwry or death In the
calenlations, the longest exposure time for 100°C 1s caleulated to approxmately 80
seconds. Also, the evacuees exposed are most hikely fo be quemng to an exit. Hence, the
conclusion that there 15 a low n=k for evacuees gethiing caught inside the buildmg and
because of this, also the nsk of fatality in the bnlding because of a fire 1s low.

¥ mecrporating the same calculahons made for the reference bumlding specified mn the
section on comparative analy=is above, the caleulated sk of persons bemng subjected to
crrtical conditions 15 igher than in the proposed design and consequently higher than the
acceptance criteria. Thas 15 lhistrated in the Figure 7.

F/N curve

1.00E-04 1

1.00E-05

IM-% | e CA5E Study
1 Reference building

1.00E-07 o
—— RN

1.0DE-0E

Probahbility of N being subjected to
untenmable conditions [ year

1.0DE-09

= s

Figure 7. FiN curve showing probability of being subjected to untenable conditions
in the building compared to the reference building and the criteria in WP2.

If comparmg the caleulated nsks above, with Swedich stahistics in the period 2004-2015
[15], 1t 1z obwvious that the ri=k profiles presented mives an overeshimation. The Swedizh
statistics [15] show that m these years three people bave been killed in three different
fires in assembly halls. This can be translated to a risk of 8.1x107, which is illustrated
with a red star in the illnstation above. The deviation between the caleulated risk in the
reference bulding, which represent the statistical nisk for the given time peniod. However,
1t should be noted that there are large uncertainfies regarding these statishics s rare events
with a larger number of casualfies are not reflected given the short time period. Such
events may skew the statishes agnificantly. Shll, one possible explanation to the
difference may be the difference 1n measwrements of fire fatahfies and people exposed to
critical conditions.
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215 Discussion
In the case study above, the method m the WP2 draft specification [3] has been used and
was deemed fimecfional However, there are a couple of observations made:

# Becanse of houted tme, existmg models have been used. These have shown good
conforrmty with more complex models (1e. hand calmlations vs CFD m smoke
filling) but the possibility of changing vital parameters has been limmted. This is why
untenzble conditons have been studied and not lethal condibions. However, with the
work in WP2 published the meentive to create more and better models i the Nordic
regron might increase and ths ought solve the problem at hand .

* The pmdance on design fires and fire parameters are quite wseful but there 1= a lack of
the same pmdance In evacuation parameters. Here, a lot of assumphions are made
wihich have great effects on the resulis.

¢ In comparmg the results from the comparatmre approach with the PRA approach, both
show that the proposed design zives lower nsk of persons bemg subjected fo
untenable condrions. However, when companng to the set acceptance enfena, both
are deemed unzcceptable. This 1= probably due to the framslafion of untenable
conditions to fataliies, which gives an overestimation of the nsk in the bmlding.

2.1.6 Recommendations

Based on the work presented above, the recommendations for finture work withn the

project are:

*  (ave more puidance on evacuaton parameters.

¢ Frven though quite inhutive, 1t might be good to specify that if untenable conditons
are used, this gives an overestmation of the nsk, compared to the fatality rate that the
acceptance critena 15 based on.

2.2 Timber buildings and high rise evacuation
Th.eﬁnﬂ:erhdldingcasesmd}'ishasedmtwuhﬁﬁingsplmdinﬁwedm_
Riskinpenjorerma AB, see Appendix.

221 Scope

The case study 1= based on two bmldings planned to be built in Sweden. The two
buldings have two different areas of diffieulties, 1.6 a tall timber bmlding with a focus on
fire load, and a hugh nse bulding with forus on evacuation.

The method used for evaluzting the two problems are the method defined i the WE2
specification [3].

The scope of the case study has been to evaluate if the method 15 u=able for bmldmg=
taller than 16 floors due to the lack of presenptive codes for these kinds of bnlding in
Sweden The scope has thereby been to mvestigate 1f, and how the new method wall add
value to the futwre five safety design process. Result from the analysis has been secondary
due to business confidentiality. Furthermore, no companson with other verification
methods has been conducted due to the lack of venfication methods and deamed to
sati=fy solutions for these kinds of bmldmes.

The object in scenano 1 —a tall imber bmlding, 15 2 mmlb-story bolding with 22 floors
designed 1 wood. It 1s planned fo be bumlt in the urban area of a Swedish town and the
main activities to be conducted in the bulding are apartments. Each floor 1s designed with
4-5 apartments formeed 10 vanous sizes. The gross area of each floor 15 350430 square
meters and the height of the buildmg will be approsamately 70 meter. The 1dea 15 to

fire scenano consists m a fire that 1zmtes in one of the apartments and toms mmfo a fully
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developed fire but remains within the crigmal fire compartment Smee the bnlding is
dfsiglmdinﬁmhﬂ there are many wncertainties concerning the five load, whoch has a
major impact as a design crnterion for the fire safety design process. The mierest mm this
specific scenano 15 to evahiate the possibility to use the proposed method to caleulate the
fire load from a probabahistic nsk approach.

To evaluate the fire load within the tall ttmber bulding, the used method was based upon
the Swedish guidance about fire load [15]. Both permanent and variable fire loads were
taken info consideration for the evaluation as well as protected and un-protected fire load.
The design fire load was defined by a probabilistic approach where the varable and
permanent fire load was defined as disinbutions. For the vanable fire load a Gumbel
d:shlbnhnn:hﬁ.nadwnhanzhmwlu.euf?mhﬂﬁnganﬂtheﬂﬂ% frachle of 348
MI/m® [17]. The permanent fire load, Le. the fire load from the building (construction
elements, inings and fimshing) was also defined as a distnbuhon based upon different
mtcahtiﬁ:ﬁhﬁ&ruumhusﬁblematﬂialﬁmnmnshmﬁmdmhlhm&d
distribution was a tiangular distribution with min: 18 MI/m?, average: 20 MTI/m® and max
30 MI/m® [15].
In the evaluation, the probablity for protected and unprotected fire load was also
analyzed by defimng an umform distribuhon for the unprotected fire load with min value
of 0 and a maxinmm vahie of 0,9,
To caleulzte the design fire load the followmg formmla was wsed together with Monte
Carlo simmlations.

G4 = Eg fi'n\"'qu#‘p: [Hf.-'rf"z]
Whera:
g4- design fire load
qyy- varizble fire load and permanent fire load {defined as distmbuhions)
i optional factor for assessing variable and permanent fire loads (1,0 for both
permanent and variable fire loads as statored m [15].
g optional factor for assessing protected fire loads (defined as a distribution).

Dhe to the probabulistic nsk based approach the 80 % - percentile was used as a critenion
to define the design five load.

The object in seenano 2 — high rise uilding, is also a multi-story building with 78 floors.
The main activities m this bumlding are restaurants, offices and apartments. The floor to be
mvestigated contains of 10 apartments with elevators and stawrwells. One of the diffic-
ulties with fire safety design in a multi-stary bulding is to venfy that the building is
designed with the possibility of satisfactory evacuation in case of fire. Therefore, an
evahmtion of this scenano is conducted with the aim to imvestigate the probability that a
person that 15 located mside an apariment will not be able to evacuate the buldmg
through the defined escape routes.

The basis for the analysis is to calculate the safety margin which defines that evacuation
can take place before crifical conditions, defined by the Mahional Board of Housing,
Building and Planning in Sweden anse m the event of fire.

To analyze time to critical condihons, a simplified hand caleulabon model was used and
different fire scenarnios where analyzed. The estmated fimes are then compared with the
meludes humian behavior in the event of evacuation. This 15 to determine whether the
bulding’s evacuation routes {(mumber, width and location) are sufficient to generate an
accepiable escape ophion m case of fire.

To calculate the safety margin, due to the numerous uncertainties surroundmg the
particular fire location, heat release rate, reliability for different technical fire safety
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systems, oumbers of visitors and loman behaviors, a probabihstic approach based on
event tree methodology and common mathematical term for escape were used.

Dhe to the usage of 3 probabalistic approach and Monte Carlo siomlations to caleulate the
safety margin, a so called f-mdex method as used for defimng the acceptance critenia for
the model. For the evaluation a B-index simmlar to 2 33 was used

2.2.2 Evaluation and recommendations
method the following chservations were made.

112121 Scenario 1 — Tall timber building and fire load

The specification would be easier to use 1f 1t was structured so that the amms of 2 specific
apphcation could be more clearly defined in the specification. For example, one chapter
on how to obtain the fire load, one chapter to obtamn the evacnation and so on. It would be
more user-friendly and less tme conswmng 1f it was divided mito clearer chapters with a
clear focus 1 the fire safety objectrves. As in scenano 1 — analy=is of fire load, 1t was
difficult to zet an understandmg how to proceed and to get the overall picture on how to
solve the problem using the proposed method.

To obtam the distnbubion of fire loads to be able to vahdate the caleulated vahies, the
specification refers to Eurocode EN 1991-1-2 [9] for the relevant type of occupancy. The
part of EN 1991-1-2 that handles fire load in different types of occupancies 1s Annex E
[9]. whach 15 not allowed to use m Sweden according to the Swedish regulation

As a conclusion regarding fire load, the proposed method 1s diffieult to use to evaluate the
fire load of a tall tmber bmlding. The specification did not mve mmch podance or added
value to the futwre design process. The calculated result was not based on probabality bat
of combustible material. The 1dea of thi= specification was to use a probababistic method
to get a result, which was not possible with existing background knowledze and given
mformation.

11212 Scenario 2 — Evacuation from a high rise building

In scenano 2, the specification and proposed method was of more use than m scenano 1
due to the scope of the task. Stll, there are some difficulties in understanding how to get a
hohstie view over the process and how to use the mformation 1n an accurate way.
Furthermore, defimitions and ferms are generally difficult fo understand.

Chapter 5.3 of [3] with focus on acceptance oriteria 1s helpful to be able to venfy the
posaility for evaluation of the evacuabion. From previously expenences, it 1s uncommeon
to hawve such a specific pumber as acceptance enferion as 15 provided in this report, which

15 appreciated

Fu‘mstepﬁamdumﬁedmﬂmmbahd:sh:rﬁkmalyﬂs@l@;}mss for fire safety
engineenng. The first step 1= described 1n chapter 6.1 of [3] and thes 1s where the aims and
different fire scenarios are identified. The chapter 15 good and grves some sudance about
how to work with design fires. Though, the tables and equations m chapter 621 of [3] are
qute hard to understand. More explanations and defimtions of vanables will sopmphify the
usage. Some probabilifies are presented in Annex C of [3], but they do not give the
needed mformation to be able to analyse the evacuation sination in the case stody.

Az a conclusion repardmg the possibility to anabyse the evacuation situzhon from a hagh-
nse bulding, the proposed method will add value, but due to the lack of input data and
probabilibes it mav be difficult to use the method and process on an everyday bamis. It
may also be too ime-consuming 1n compared to the added value the method and process
will give us.
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The probabilistic method (with the background of earlier expenence)) worked well for the
parametnic fires. And it helped in finding out that in this case copceming the design fire,
from the expenmental results (from literature) which were too few for thas purpose. On
the other hand, the expenmental results were very necessary to confim the fire exposure
development when the structural elements are contmbuting to fire.

2341 General comments (some valid also for this case):

It 1= reasonably easy to get detailed encuph information on planned stuchwes, peometries
of the spaces of concern and mumber ocoupants.

Raliabality of passive and actve measures of fire safefy: Reliability data given m WE2 [1]
are on quite general level and some are based on expert opinions’. Also some gaidance
would be needed how to deal with different time dependences for passne and actve
system fahores: Probability of the fire parithon to achieve at laast 75 % of the designed
fire resistance can mean e.z. 45 mimites for pariiions rated EI 60 which means that the
farlure occurs only after about 45 muinutes. This 15 different from the case where spnnkler
system reliability 15 95 %, but m the 5 %% of the cases the fathre consequences are
Sensitivity analysis may often be wsed just to please reviewers/authonties. An
experienced fire engineer learns to know quite many physical facts for whach fire and fire
development are not sensitive. And also which parameters ave very mmportant.

Use of FN curves m amalysing safety of evacuation: This needs a lot of efforts compared
to benefits m case by case studies. It 1s more wseful in analy=ing & g concept solutions
and relevance of specific regulations.

235 Recommendations

The following recommendafions are made concermmg WP2 - Section 6.2.1.4 Post-

flashewer fires:

* The statement “The design load 15 in this case charactenzed by a temperature-time
curve assumed for the folly developed fire stage™ would need some actual gindance,
ep:

o Parametric fire curves can be used for cases ... ( pmdance’condihions from
EN 1991-1-2 [17])

o HC fire curve can used when no sprinklers are assumed and all or major parts
of fire compartment walls and ceiling are made of massive wood without
protection.

*  Rehahility data {(Annex C [1]} would need to be reviewed m the sense of malking a
difference between statistical data and ‘expert opimons’. Also some of the tables
should be more specmific when defimng rehability values, eg for the sprmkler
systems there are no references fo Euwropean standards of the systems, neither
performance levels of the systems.

. . . 2
24 Fire section exceeding 10.000 m
The case study 1= based on a real bulding in Norway, where the chent wanted to expand
his building from 10.000 m® o 20000 m* without installing fire section walls.
The case study and this subchapter was performed and written by Kamboll, see Appendix.
241 Scope
The case study 1= based on a real bwlding in Nerway, where the chent wanted to expand
his building from 100000 m* to 20.000 m* without installing fire section walls. In Moraray
there 15 2 prescriptive demand to divide the bmldmg inte compartments of masammm
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10.000 m* with a REI-120 wall. A EFI-120 wall is defined by a standard [23]. Brefly,
such a wall is capable to maimtam 1ts ability to support the test load and 1fs separating
finction (without cansmg the 1znihion of a cotton pad and without increasing 1t=
unexposed side temperature by more than 140 C) for 120 mumates.

The standard to venfy funchonal requirements i code (TEE10 [24]), and its document
deviations (VTEE LD [24]) are emploved. Both the WP2 specification [1], and NS 3901
[25]-

The following chapters from the WP2 have been used in detail in the anakysis:

Chapter 7.2 - Sensiinaty analysis

Arnnex D 1 — Event trees

Amnnex C 2 — Fire parfitions

Annex C 3 — Fire suppression and extmzuishing systems
Annex C 4 — Fire detection, alarm and inferachons
Annex C 5 — Fire service mtervention

Annex C 6 — Other installations and systems

Annex B - Validation of data for analysis.

The following chapters from the WP2 have been tested in other work or reviewed:

Chapter 5.
Chapter 6.3.2
Chapter 6.3.3
Chapter 6.3.4
Chapter £.4.7
Amnex D 4.1
Amnex D 42

The following relevant deviation from gimdance to code was documented:

* Size of fire-section exceeding pre accepted solution of 10 000 m® i a sprinkled
buildinz.

24.2 Summary

At one of Norwemans iggest ndusinal factones the management wanted to expand the
current prodoction ball with 10 000 m®, to a total of approximately 20 000 m*. Twice
what 15 described as a pre accepted solufion m the code gmidance for sprinkled buildmgs.
The WF2 report [3] was used to document that nsk for loss of life counld be minmuzed.
and that a fire conld not cause unreasonably large economic or matenial losses at the
factory by division of the section in smaller fire cells. The latter being the foeus of the
probabilistic anabysis.

The nzk level was documented by using a comparative probabilistic approach using
methods m both N5 3901 and the WP2. In the analysis, imxfial five frequencies for both
the analysis bmldmg and a comparative pre-accepted nlding was retreved from Nordic
stafistical data and from the company as well.

Event trees for both building= were then developed and compared, using a qualitative
evalmation of the dismbution functions and cutcome ranges for all barriers. The result
proved that nisk for material losses in the whole fire-section could be reduced 2.55 %,
compared fo a prescoptive building.
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5. Some research of self-sustaimable fives within fagade systems has been camed out
but the knowledge 15 limmted. A lot of parameters have mfluence on the result.
Some of them are e.z.:
a. Size of cavity gap between insulation and the wall (typically outer wall).
k. The size of contributing fire.
. Foe performance of used msulation material in a specific setup.
d  Supply of oxygen through leaks in the fagade struchure.
Proballisheally, bullet point a. and b. could be reasonably determmed with their
e tord deviati

Bullet point ¢ 15 much more complicated as the fire performance of a specific insulation
material 15 dependent on a great number of sub-categones. E g heat of combuston,
flashpoint, smoke potential ete. It should be noted that the reachion to fire classification 15
bazed on a reference scenano and does not say anything about the fire properties in the
specific sefup.

Bullet point d is also very complicated to estimate. It seems reasonable to assume that the
supply of oxygen 15 unlimited (worst case scenario) but in realify a large standard
deviahon 15 expected mince 1t 15 poverned by fagade design, matenal quality,
workman=hip atc.

173 Discussion

The case study has shown that there 15 2 sum of nknown parameters which 1s needed m
order to conduct a fully probabilishe anahy=is. The draft specification “Foe Safety
Engmineenng — Probabalistic Method to Venfy Foe Safety Design m Buldings" [3] is
considered applicable to this case study but only when the wnknown parameters discussed
above (as a minimmm)) have been identified. Thus the lack of knowledge 15 the reason
why the draft specification cannet be used to demonstrate an adequate fire safety level.

It can be concluded that a probabihistic approach 15 pot appheable without all parameters
known Estimating conservative values for the missmg probabilities would lead to
mtolerable nsks.

Mevertheless, the draft specification “Fire Safety Engineerng — Probabilistic Method to
Verify Fire Safety Design in Buildings" [3] 15 deemed to be applicable for the type of
F5E analy=sis aimed at in the cwnrent case study.

2.74 Recommendations
The main challenge for this case study 15 the lack of product specific data. The coment

European reaction to fire classification system serves its purpose 1n a prescriptive
methodology but smee the reaction to fire classifications are discrete levels without divect

bk to real fires, the clas=ifications — or the test data belund — are not appheable to fire
Thevefore, 1f 15 recommended to establizh a frameweork that supports the pubhication of
“real” data for fire properties of building products. At best, the data are delivered by the
bmlding product manufacturers as a supplement to the reaction to fire clasaficaton
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3 WP3 Case Studies

The WP3 technical specification draft, called “Fire Safety Enpimeermg — Control in the
Buwlding Process" [4] has been apphed 1o several case studies, m order to judge the
appheability of 1it. After baving used the pindance, pariners propose recommendations m
order to improve quality of the specification contents.

i1 National review of control process

Thas 15 a summary of a study whach dealt wath the use of performance-based fire safisty
design and fire safety engmeenng in Finland and proposed ways to develop the
acceptance process.

The case study was camed out m Savoma Unmrersity of Apphed Sciences and 1t was part
of a larger project coordinated by Aalto Umiversity School of Ensineering where EE-
Palokonsulth was one of the project participants. In the summary, discussion and
recommendations parts also expenence on the control process of the EE-Palokon=uliti
Oy employees are uhlized

This subchapter was wmitten by EE -Palokonsultt, see Appendrc

3ll Scope

This summary 15 based on study made at Savoma Unmversity of Applied Sciences
(Euomao) [32]. Research matenal for this project was collected by interviewing rescus
departments in Fmnland and alse some private sector companies (fire safety engineening).

3la2 Co-operation and stakeholders
Concerming firve safety 1ssues, 1n Finland the key stakeholders are the local anthonties
L'I:lm.].dmgpa:lmt mvnﬂrﬁm sernﬂﬁ},paruesmgagmgm a.i:unstmch.mpm]ect
ngmsmmmﬁMp(e.g_mmmE:mﬂudﬁim,
ete.) are imvolved. The bmlding permat suthorty has the legal power. Rescue services and
fire enFmesrs mive thewr opimons and statements.

The study shows that especially in small momicipalities bualding permit autherities follow
the opinion of rescue services. Concerning performance based fire safety design
praciically in all mumeipalities rescue services have an important role in acceptng design
fires, acceptance critenia and final results of the analysis.

313 Why performance based fire design

Most often the reason to use performance based fire safety design 15 becanse the hulding
hn&ngm&mh:geﬁ:e:mam:mhmdw:ﬂﬂngemmbaufm

Examples are shopping malls, sports arenas, etc.

314 Third party review

The use of third party review 1= decided case by case. This 15 the principls. However, in

any larger project third party review 15 a practice. Agam bwmlding permut authority is the

decision maker whether to nse or not (often based on the recommendation by rescne

servica).
There are two ways of nsing the third party-
* Third party statement 13 requred when the fire safety design documents have
been prepared, or
* Third party reviewer has been inwvolved in the process from the time when fire
harard design fire and acceptance criteria proposals are available
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In the mterviews the second option has been mentioned many times to be the desirable
way of working in more demanding cases as it will reduce the pumber of mistakes and
oosts.

315 Objectives

The objectives are not always explicitly set. However, 1t 1s always clear for everyone that
hife safety is the dominating subject.

3.1.6 Fire hazards, design fires and acceptance criteria

rescue services and thurd party (if applicable). Bumlding peromt authority gives the final
acceptance.

31.7 Problems reported

There are no standardized or commonly accepted sats of desizn fives which could be used
m many ‘normal” and wsually quite spmilar cases. There are great differences e g m heat
release rates of design fires and how sprinkler systems are taken mto account. There 15
not enough published information on acceptance critena for typical situations mehiding
ther validity limats.

In the design phase, 1f 15 somefimes very important to Inveshigate the end-use needs to
avold confradicting or unswtable solutions. To get end-user commutment early m the
project and at a detailed encugh level may be challengmg.

Local interpretaiion of building regulations and puidance seems to contimme despite the
318 Conclusions of the interviews

The vanations m the acceptance processes were not as significant as expected, but there
were some differences between regional rescue department areas. The suggestions made
m thas project are to create a database for acceptance enteria and design fire scenarios,

give examples on how the acceptance process should be performed, how to use a thurd
party inspection m the acceptance process and o propose a model for education of those

who work m the area of fire safety enginesring

3.1.9 Discussion

The extent of assigned and used rescurces for infernal or m-house peer reviewmg 15 m
many cases underrated This would be of added value as pracas early on, before problems
arise.

Early involvement of the fire safety desigm and possible thard-party reviewer in the
project is always very mportant for quality and continmty of the design_
Commumcation with the approving body before actual approval nepotiations and with the
essential composition of stake holders, even with the end-user sometimes, 15 of zreat
mmportance

3110 Recommendations

Om a general level (not concerming the W3 specificabion m particular) it 1s recommended
to estabhish a data/knowledge bank for typical fire hazards, design fires and acceptance
criteria. The information should include short descriptions of these measures together
32 Review of control in the building process

This 15 a case study of the buildmg control process in Iceland, for a design of 2 new

school and gymnast bnlding. The propesed review process m WF3 15 used to analyze the
design process.
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The case study and this subchapter was performed and written by Iceland Fire Research
Institute, see Appendix.

32l Scope

This case study is based on 2 desizn review case of a school building in Teeland The
process was reviewed using WF3 [4] methodology, in connection to Ieelandic review
process and requrements. The scope was also to review responsibilihes and roles in the
desipn process.

A special focus 15 on the external review and the role of different stakeholdars.

322 Building process and review
The control process in Iceland mmvelves both the desizner and the local bmlding
commttee. The local bulding committes wsually consult the local fire ngade, which
takes over the responsibality of the review.
The bumlding regulation of Ieeland [34] require fire engineering design of certain
requirements as an alfernative.
In some cases there 15 an external reviewer, but there is no general requirements dictating
when an external reviewer needs to be a part of the project.
The bmlding muthorities in Ieeland have 13=ued an Inspection Manual wath a checkhst for
construction design. Before 1ssuing a bulding permut, an inspection of the desipn plans
mmst be camed out, by an aceredited mspechion firm or bmlding authonty, in accordance
with the manual. The Inspection Manma) also descnibes the fonction of a possible external
reviewer. This 1s applicable for more complex design, and mvolves checking if basic
elements of desipn are adhered to and fully descnbed m the desizn documents. The
Inspection Mamal for Design sets smular demands on external reviewing as 1s done
the EN 1590 EUROCODE - Basis of Structaral Design [33].
The reasons for an external peer reviewer in Iceland are mainly the followmg:

*  Toensure quality of desizn. The reviewer 15 hired by the chent.

* Due to complexity and need for thorough review of design. The reviewer 1=

requested by authoribies but lured by the chient.

323 Responsibilities in design process
The design process 1s to some extent mfluenced by the responsiilities as defined m the
bwlding regulation. The regulation does however, not define the review process mn amy
detail.
In this study, a separate external reviewer was hired by the mam client, to review the fire
process.
The external reviewer role was twofiold; 1. Review the design parameters for fire desizn

that were put forward by the chient (made by another external desizner) and 2. Eeview the
fire safety design documentation, before handed to the authonties.
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given on performing an external quality check and reference 1= made to the methodology
and requirements made in EN 1990 EURCCODE — Basis of Structural Design
However, since the Inspection Mamals on construction design are relatively recenthy
produced, there 15 54l an uncertainty in the local bulding and fire authonties on when
external review 1s relevant. There is a lack of knowledge by some local authonties on
when there 1= a need for a more fire techmcal approach to the design and the quality level
of related calculations.

The shift from when a preseribed solution 15 not sufficient to when performance based
process. If a complex problem 15 approached wath a sumple presenbed solotion, the nsk 15
that the problems are ot seen in context. This could also result in a more simplistic
review, than necessary for the actual problem

The mtermnal processes for review are often not clearly defined The different complexaty
of the project sometime make it diffieunlt to define, although there are many commen
elements.

There have been a tendency to simphify internal review and documentation of design
checks. There 15 a need to follow up on requirensents for mtemnal review and for
authonties to demand necessary documentation.

Without clearer requivernents for review, there might be reluctance of the client to pay for
external reviewer.

The designer mught resist an attempt to call m an external reviewer, as it could mean
crthicism of his work and possible changes to the desipn. In most cases this leads to
mereased cost of (lus) design

3.2.6 Recommendations
The main conclusions and recommendations are the followmga:
* Tt 15 very important to clearly define the responsibilibes m the review process.
* There 1= a need to mform designers and local authorties on the mimmom
requirements / critena set in EN 1990 EUROCODE — Basis of Structural Design
on when to add an external reviewer in the process.
* New standard on Control mn the Building Process will be helpful pudance m the
ProCess.
*  There should be clear responsibibties for all designers imvolved in the design
PrOCess.
* There 15 a need to follow up on requirements for mnternal review and for
authonties to demand necessary documentaton.

The standard on review of the control process should address all of the above.
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4 Recommendations

from WP2 and WP3.

4.1 WP2 - Case studies

For the WF2 - “Fire Safety Enpineenng — Probabilistic Method to Verify Fire Safety
Desizn m Buldimgs™ [3], the following recommendations have been done.

Omne of the moam recommendations concems the evacuation parameters. More pmdance
and explanations should be done for these, m order to simplify their usage, partcularly
the table and equations in the § 6.4.2.1 of the specificabion. Also, it omght be good to
specify that if unfenable condifions are used, if leads to an overestimation of the nsk,
compared to the fatality rate that the acceptance critenia 1s based on

The second main recommendation 15 done about the specific fire parameters (§ 6.2.1 of
the WF2 specification). More pmdance 15 requred for this paragraph. For instance, some
cases could be grven for the use of the parametric cwves (pumdance’condifions from EN
1991-1-2 [91). Also, it seems difficult to evaluate the fire load in the case of a tall timber
building due to the lack of input data and probabilities.

Ancther recommendation 15 the establishment of a framework that supports the
publication of “real” data for fire properties of bulding products.

Fmally, reliabihty data (Anmex C [1]) would need to be reviewed m the sense of making a
difference between statistical data and “expert opimons’. Alse some of the tables should
be more specific when defiming rehability values, e.z. for the sprinkler systems there are
no references to European standards of the systems, netther performance levels of the
systems.

4.2 WP 2 - Expert elicitation

D Brian Meacham Associate Professor at Worcester Polytechnic Institate, has
performed a review of the draft specification “Fire Safety Enginesring — Probakalishie
Methed to Venfy Fire Safety Design in Buldings™ [3].

A short summary followes.

The scope and title of the document mplies that a singular approach is provided, whereas.
chapter 4, & and the worked examples shows that thus i1s pot the case. Reference to other
sources 1= miven for framework of probabhstic risk assessment.

D Meacham comments thoroughly on acceptance critenia, stressing the need for being
precise. The orterion for mdividnal risk of 107 is questioned, and is considered by the
reviewer as bard to acleeve. A comment on how the critena should be perceived across
the population 15 alse asked for — addressing vulnerable groups such as elderly and
mfants. To ensure a comect acceptance critenia for comparative analyses, more puidance
on 1dentifying and selecting the reference buldings should be prosaded.

More detanled sindance 15 considered useful for several sechions of the document
421 WP2 - Student thesis

Az part of this project a student thesis by David Ronstad 4 Comparizon banween two
different Methods to Ferify Fire Safaty Design in Buildings was supervized by Greg
Baker and Michas] Strémgren in order to review the draft WP2 specficaton

The following recommendations for further development were suggested in the thesas:
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*  Treatment of critieal levels for evacuation scenanos
* Form a common Nordie stafistical database

* Improved suidance of how to complete the validation anabysis

4.3 WP 3 - Case studies
For the WFP3 - “Fire Safety Enpineenng — Control in the Bulding Process, the following
recommendations have been dons.
The main conclusions and recommendations are the followmg:
& i 15 very important to clearly define the responsibiliies m the review process.
* There 1= a need to inform desigmers and local auwthonties on the mampvm
requirements / criferia set in EN 1990 EUROCODE — Basis of Structural Design
[33] on when to add an external reviewer in the process.
*  New standard on Control m the Bulding Process will be helpful sumdance in the
PIOCESS.
* There should be clear responsibilifies for all desigmers mvolved n the design
ProCess.
* There is a need to follow up on requrements for mbernal review and for
authonties to demand necessary documentaton.

The standard on review of the control process should address all of the above.

On general level (not concemning exclusavely WF3 report) 1t i1s recommended to establish
a data'knowledge bank for typical fire hazards, design fires and acceptance criteria. The
mformation should include short desenptions of these measures together with thew
Vidity lim

4.4 WP 3- Expert elicitation

The draft standard “Fire Safaty Engineering: Control in the Building Process” produced
within WP3 has been subjected to review by Dr Brian Meacham Associate Professor at
Waorcaster Polytechnie Instifute. Dr Meacham™s comments are summanzed below.

WF3 uses the “peer review” to describe both mmternal quality assurance work as well as
review carried cut by a third party and establizhes the followng levels of control:

1. The mdmidual in charge of the fire safety desizn and venfication controls his'her
own work;

2. In-house peer review;

3. Thurd-party peer review

D Meacham points ouf a necessity to clanfy the different roles related to the control
process and suggests modifications to the defimtions and terminclogy used m the draft
standard Dy Meacham proposes that “in-house pesr review™ 15 replaced by “Internal
quakity control reviewer” in crder to 1solate peer review to a process kept only for
external review. Dr Meacham also suggests that WP3 separates techmical peer review
from regulatory peer review. The first term focuses on analysis and engineering and the
latter on regulatory compliance.

Details on the mdependence of the third-party reviewer ought to be clanfied Dr.
Meacham states that an internal reviewer never can be assumed to be independent.
could also be questioned bow mndependence could be zranted reparding the third-party
reviewer depending who assigns the reviewer and who pays for the service. An external
reviewer could be assigned as a part of the infernal quality control scheme and it 1=
necessary to separate reviews that are camed out on an voluntary basis by the contractor
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and a review that 15 mandatory due to national repulations. Commmmication betwesn the
engineer and the reviewer mmust be regulated in order to ensure independence when such a
Fmally, Dr. Meacham proposes a few references that could be imvestigated 1n order to
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s Conclusions

This document reports on the work done for the Work Packapge 4 wathim the project
named “Fire Safety Engmeenng for Innovative and Sustainable Bulding Solations™,
financed by Mordic Innovation and coordinated by SP Technical Research Institute of
Sweden.

The challenge in this project 15 to create two standards supporing fire safety enpineenng
m a performance-based regulatory regmme that will facilitate the design processes and
techmical innovations in a robust and sustainable way.

The first standard (1e. the document from WP2 [3]) provides gudance for a probabihstic
approzch for fire safety enmineering and the aim of the document from the WP3 [4] 1s to
facilitate verification of building solutions including immovative and sustainable solutions
and to harmomize the process for control wnthm the field of fire safety engineering within
the Nordie countries.

The results of the application of the WP2 and WP3 specification in several case studies as
well as by external reviews has vielded the followmg mam recommendafions for further
Improvement:

* Apphication of the probabalistic method according to WP2 requires statistical data
and recommendafion on design parameters. & databank with such mformation 15
thus needed not least concerning evacnation parameters, acceptance critena and
fire hazards.

* There 15 a pap between acceptance critenia used I comparative analysis, scenano
analysis and the enferia uwsed m probabilistic method that may lead to foo tough
requirements. Development of new methods and crnteria for WP2 15 encouraged
to bndge this gap.

* Roles and responsibalibies need to be more clearly defined m WP3 fo ensure a
more streamlined review and contrel process.

a5 the final revision in WP3 commences. At the end of the project, two proposed
specification will follow the INSTA procedure in crder to establish a Mordic common
approach to fire safety enpineering to facilitate immovative and sustamable bulding
solutions.
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Appendix — Participant Descriptions

Brandskyddslaget

Brandskyddslaget is an independent Swedish consuliing company offering services in fire
safety design, risk management and design of sprnkler systems. Brand=kvdds=lapet was
founded in 1989 and has about 60 employees at offices m Stockholm, Karlstad, Fahon,
Orebro, Gavle and Malmé. The company has been employee-owned since 2003,

Brandskyddslaget has broad expenence and expertize in all aspects of fire safety and has
been imvolved in many of the largest bunldmg projects in Sweden  Fxamples of major
projects where Brandskvdds=laget has been responmble for the fire protection are: Friends
Avena Mall of Scandinavia and Victona Tower.

Briab Brand & Riskingenjorerna AB

Bnab brand & Riskingenjdrerna AB has approxomately 90 employvess. Briab was founded
2012 and has offices in Stockholm Uppsala, Gavle, Falun, Nonkapmg and in the
Oresund repion with basis in Malma.

Enab 1z working within all fields of fire safety and have experts within management
mspections.

On an everyday basis Bnab 1= workmg 1n a broad spectrum of projects, ranging from
apartment buldings to ligh-nses as well as complex mfrastructure.

DBI

DEI 15 Denmark’s leading knowledge centre m the field of secunity and fire safety. DEI
actvities and services that are offered to private and public enterprises, institufions and
authoniies. DBI also participate i efforts to set norms and standards at national and
mternational levels within ther key fields of actrity.

DEI has worked within safety for almost 100 years and 15 an independent, private, non-
profit enterprize. DEBI 15 part of a national network called GTS — Advanced Technology
Group.

DEBI services include fire safety engineering, testing, certification, consultancy, research
and development, fire inspections, fire inveshgations, investigations related to corporate
fraud, publicafions and trainmg

Iceland Fire Research Institute

Iceland fire research institute is an umbrella for fire research in Ieeland

The following study was conducted by Ieeland Fire Research Inshitute. EFLA Consulfing
Engsineers also contributed with actual case on whoch the study 15 buld.

KK-Palokonsultti Oy

EE-Palckonsuliti Oy 15 apmate Finmsh consulimg company offering services i fire
safety design, fire nisk analysis and research projects for industry and national authonties,
EE-Palokonsulth O was founded in 2006 and has 14 employees at offices in Espoo,

In addition to fire safety consultation many of the employees have earlier expenence on
Eremch{espauaﬂyﬁnmm Techniral Research Centre of Finland) or from rescue
services. The company has experience in planning new facilities and m renovation
projects, as well as in underground construction, ships and other means of transport. Also
research projects providing background for revision of fire regulations and pmdance are
mmportant topies.
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Ramball

Eambé&ll 1= a leading enpinesring, desipn and consultancy company foumded m Denmark
m 1945 We employ 13,000 experts and have a strong presence i the Nordics, North
Amenca, the UK, Continental Furope, Middle East and India_ supplemented by a
sigmificant representation in Asia, Australia, South America and Sub-Saharan Afinea.
Rambill has about 100 fire engineers. Ramball Morway has about 1500 employees,
where 40-45 are fire engmeers. The company has been imvolved m many of the largest
projects n MNorway. An example 15 the new National musewm of art, archatecture and
desipn in Norway.

Research Institutes of Sweden (RISE)

5P 15 a leading mternational research institute belonging to the RISE group (Research
Institutes of Sweden), which is owned by the Swedish povermment. SP Safety - Fire
EResearch a technical umt within SP, conducts research, testing and certfication related to
different aspects of fire safety through natonally and internahonally financed projects in
the fields of fire resistance, reaction to fire and fire suppression. It has large testing
facilites mn all three areas and is aceredited for numercus mbernational and Furopean
standards. It participates n and coordmates several projects for the European
Commission and 15 heavily involved in European and infernafional standardization. SP
Frre Research al=o cames out bespoke traming for consultants and other parties in
Sweden and the other Nordic counines. The expertize covers several application areas
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Introduction

In fire safety engineering, compliance with fire safety requlations can be demonstrated,
either by the use of pre-accepted solutions that are defined by the building authorities, or
by using fire safety engineening methods.

Fire safety engineering methods can be used to demonstrate fire safety in two ways:

1. The use of fire safety engineering methods in order to compare a design to pre-
accepted solutions;

2. The use of fire safety engineering methods for the evaluation of a design against abso-
lute criteria.

A lack of absolute criteria has been a hinder to extensive use of the second approach, and
this Technical Specification aims to provide guidance also for analyses where pre-
accepted solutions are invalid or where a comparative approach is not considered optimal.
The execution of these methods requires input data which represent the frequency of
events and an absolute criterion which comespond to an acceptable level of safety. In or-
der to facilitate the implementation of performance-based regulations for non-pre-accepted
solutions, this Technical Specification provides performance criteria, guidance on the use
of fire safety engineering methods and guidance on the use of input parameters, such as
reliability data and statistics.

This Technical Specification is supplementary to the INSTA/TS 950 Technical Specifica-
tion, which describes comparative methods for assessments that use pre-accepted solu-
fions as a basis. As INSTA/TS 950 has a primary focus on deterministic methods, this
Technical Specification also provides guidance on a probabilistic approach to comparative
analysis.
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1 Scope

This Technical Specification provides guidance for a probabilistic approach for fire safety
engineering. Guidance is given for the use of fire safety engineering methods to evaluate
compliance with an absolute criterion. This guidance can also he used in combination with
INSTATS 950 in order to evaluate compliance with a comparative criterion. Performance
criteria (acceptance criteria), relevant fire safety engineering methods and input data (reli-
ability data and fire statistics) are within the scope of this report.

This document s intended to be used as a reference for building authorities and for use in
verifying compliance with regulations by fire safety designers, local authorities and others
in the building industry.

The information given within this Technical Specification should not be seen as require-
ments, but guidance on vernfying compliance with functional requirements in a perfor-
mance-based regime — e.g. performance criteria on property loss do not apply in regions
or nations where only life safety is govemed by the authority having jurisdiction. In these
cases, a voulentary performance criteria for property safety must be set in in a process
involving the relevant stakeholders.

{1} MWOTE: Limitatons regarding the use of this specification may be set in the Naional Annex.

The user of this Technical Specification must verify that applied models are valid for the
relevant design situation and that national requirements are met.
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2 MNormative references

The following references are required for the application of the methods described in this
report. For dated references, only the cited edition applies. For undated references, the
|atest edition of the reference document, including any amendments, applies.

EM 1990, Eurocode — Basis of structural design

EM 1991-1-2, Eurocode 1: Actions on structures — Part 1-2: General actions — Actions on
structures exposed to fire

EN-ISO 13943, Fire safety — Vocabulary

INSTAIMS 950, Fire Safety Engineering — Comparative method to verify fire safety design
in buildings

ISOITR 13387-2, Fire safety engineering — Part 2: Design fire scenarnios and design fires

ISO 13571, Life-threatening components of fire — Guidelines for the estimation of time to
compromised tenability in fires

IS0 16730, Fire safety engineering — Assessment, venfication and validation of calculation
methods

ISO 16732-1, Fire safety engineerning — Fire risk assessment — Part 1: General

ISOITS 16733, Fire safety engineering — Selection of design fire scenarios and design
fires

ISOITR 16738, Fire safety engineering — Technical information on methods for evaluating
behaviour and movement of people

IS0 22301, Societal security — Business continuity management systems — Requirements

PD7T974-1, Application of fire safety engineering principles to the design of buildings — Part
1: Initiation and development of fire within the enclosure of ongin

PDT974-7, Application of fire safety engineering principles to the design of buildings — Part
T Probabilistic risk assessment
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3 Terms and definitions

31 Acceptance criteria
criteria that form the basis for assessing the acceptability of the safety of a design of a built
environment

{1} MWOTE: May be qualitative or quantitative — absolute or relative.
[SOURCE: EN-1S0 13843]

3.2 As Low As Reasonably Practicable - ALARP
an upper limit of acceptable risks, comesponding to reasonable costs and effort

3.3 Available Safe Escape Time — ASET

time available for escape for an individual occupant, the calculated time interval between
the time of ignition and the time at which conditions become such that the occupant is es-
timated to be incapacitated, i.e. unable to take effective action to escape to a safe refuge
or place of safety

[SOURCE: EN-1S0 13843]

34 Comparative analysis
a comparison between the fire safety level within a trial fire safety design and a reference
building that is designed in accordance with pre-accepted solution(s)

3.5 Design fire scenario
specific fire scenario that is analysed with fire safety engineering methods

3.6 Design prerequisites
set of conditions and properties assumed and required for the building

3.7 Design fire
quantitative description of assumed fire characteristics within the design fire scenarnio

{1} MOTE: This is, typically, an idealised description of the wariation with time of important fire vanables such as:
heat release rate, flame spread rate, smoke production rate, foxic gas yields and temperature.
3.8 Deterministic model

fire model that uses science-based mathematical expressions to produce the same result
each time the method is used with the same set of input data values

[SOURCE: EN-1S0 13845]

3.9 Deterministic approach

use of deterministic models to assess the concequences of fire, where uncertainties are
addressed by utilizing safety factors/ safety margins and concervative input parameters.
310 Fire safety engineering

application of engineering methods based on scientific principles for the development or

assessment of designs in the built environment through the analysis of specific fire scenar-
ios, or through the quantification of risk for a group of fire scenarios

[SOURCE: EN-1S0 13943]
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311 Fire scenano
qualitative description of the course of a fire with time, identifying key events that charac-
terise the fire and differentiate it from other possible fires

{1) NOTE: This typically defines the ignition and fire growth process, the fully developed fire stage, the fire decay
stage, and the environment and systems that will mpact on the cowrse of the fire.

[SOURCE: EN-1SO 13943]

312 FHN-curve
a representation of a relationship between the frequency and number of casualties

313 Hazard
Situation with a potential for human injury

[SOURCE: PD 7974-T]

314 Hazard identification

the process of determining the level of impact the identified risks and hazards have on the
fire safety level and to define what objectives in the pre-accepted solutions that the analy-
sis shall focus on

[SOURCE: INSTA/TS 950]

315 Initial design review

a qualitative process to identify possible ways in which a fire hazard might occur in relation
to the fire safety objectives which are not fulfilled by pre-accepted solutions, and establish
one or mare trial fire safety designs to maintain the risk at an acceptable level

[SOURCE: modified from INSTA/TS 950]

316 Performance criteria
quantitative criteria which form an acceptable basis for assessing the safety of a design for
a built environment

[SOURCE: EN-1SO 13943]

317 Performance-based design

application of engineering methods in order to design the fire safety (or other objectives) of
a built environment. Performance-based design may include simple qualitative verification
methods or more complex methods such as deterministic or probabilistic verification meth-
ods. Perfformance-based design of fire safety is referred to as fire safety engineering

[SOURCE: modified from INSTA/TS 950]

318 Performance-based regulation (Code)

a document that expresses requirements for a building or building system, in terms of so-
cietal goals, functional objectives and performance reguirements, without specifying a sin-
gle means for complying with the requirements.

[SOURCE: IRCC — Inter-Jurisdictional Requlatory Collaboration Committee]
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313 Pre-accepted solution(s)
a solution that has been determined by the authority having jurisdiction (AHJ) to comply

with the objectives set in the fire safety requirements

{1} NOTE: The definiion may vary between different countries. Oher terms include, for example deemed-to-satisfy

[SOURCE: INSTAITS 950]

320 Probabilistic model
methodology to determine statistically the probability and outcome of events

[SOURCE: PD 7974-T]

321 Probabilistic approach
use of probabilistic or deterministic models to assess the concequences of fire, where un-
certainties are addressed by treating all or some parameters as random.

3272 Quantitative risk analysis
the analysis of specific scenarios where probabilities and conseguences are quantified for
each scenario. Advanced probabilistic analysis may include probability distributions of var-
iables

323 Reference building

building designed by pre-accepted solutions, i.e. fulfilling the national requirements. The
reference building may then be used in a comparative analysis where the risk level or per-
formance of a frial fire safety design is compared to the reference building

324 [Fire] Risk
Combination of the probability of a fire and a quantified measure of its consequence

[SOURCE: EN-150 13943]
{1} NOTE: The quanification of sk will, as described in this document, also include a quantification of uncertainty.

125 Robustness
the ability of a design to cope with the stress of failing fire safety systems or changes in
prerequisites due to events that may occur in the building

328 Required Safe Escape Time — RSET
time required for escape, calculated time period required for an individual occupant to
travel from their location at the time of ignition (to a safe refuge or place of safety)

[SOURCE: EN-1S0O 13943]

327 Safety margin
additive adjustment applied to calculated values to compensate for uncertainty in methods,
calculations, input data and assumptions

{1} NOTE: Also used as the difference bebtween calculated available safie egress time (ASET) and calculated re-
quired safe iegress time (RSET)
328 Sensitivity
sensitivity is the measure of how much a variable affects the final output or resulis of a
model
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{1) NOTE: vanriables that may be sensitive in an analysis inchude: fire growth rate, location of a fire when calculating
fire and smoke spread. the wind direction when simulating smoke ventllation or occupants’ travelling pattems
when calculating egress times.

329 Sensitivity analysis
an analysis performed to determine the degree to which a predicted output will vary given
a specified change in an input parameter, usually in relation to models

[SOURCE: NFPA 101]

330 Trial fire safety design
design chosen for the purpose of making a fire safety engineering analysis and evaluation

[SOURCE: 150 23932 (DIS]]

331 Uncertainty
quantification of the systematic and random error in data, variables, parameters or math-
ematical relationships, or of a failure to include a relevant element.

(1) NOTE: Uncertainbes may be related to the reliabiity and validity of a model, accuracy in estimating the effect of
exposure, randomness in the attributes of a populaion or mndomness in the possible events that may occur.

[SOURCE: IS0 23932 (DIS)]

332 Verification methods
different methods that prescribe one way to comply with the building requirements.

{1) NOTE: Verification methods may include: calculation methods, using recognized analytical methods and math-
ematical models; |aboratory tests, using tests (sometimes o destruction) on profotype components and sys-
tems; tests-in-situ, which may involve examination of plans and verification by test, where compliance with
specified numbers, dimensions or locations is required (non-destnective tests, such as pipe pressure tests, ae
also induded)

[SOURCE: IRCC — Inter-Jurisdictional Regqulatory Collaboration Committee].
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4 Procedure

4.1 General

Werifying fire safety in buildings may be performed using a variety of different methods.
While this Technical Specification focuses on a probabilistic approach, this chapter will
address matters that may be used for the process of fire safety verification in general.

Initially, one shall decide what main verification method(s) shall be used, see Figure 1, ac-
cording to the defined problem and scope. For most buildings, it will be possible to use
pre-accepted solution(s). Fire safety engineering methods will not be needed in that case.
If deviations are made from the pre-accepted solution(s), verification by fire safety engi-
neering methods is normally needed as stated in national building regulations.

One way to do this, if pre-accepted solutions are valid, is using comparative analysis,
which is described further in INSTA/MS 950. In the following sections, other approaches
such as using performance criteria (or acceptance criteria) determined by absolute values
are further elaborated. Where the pre-accepted solutions are valid for the building in ques-
tion, these two documents can also, to some degree, be used in combination when a
probabilistic, comparative approach is used.

The general fire safety engineering process adopted when using a probabilistic approach
is described in Figure 2. The process is intended to be used as guidance from the problem
definition, through the fire safety engineering process to the final step of verifying that the
fire safety design is acceptable. Each step in the process will be described in detail in the
ensuing chapters. While the process is described as a step-by-step procedure, the pro-
cess may in reality be iterative.

BTN R DR S TR RS I RS
B LR BB LR CE A

hx athor
thescal e n PELA TR

A BT sz 4 | seslaty s s 0 T
ol ok, Tl ! LR Y PR
— =

Figure 1 - Flowchart describing how the choice of verification method may be de-
cided. Where pre-accepted solutions are applicable for the building, the user may
choose freely between different approaches.
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Figure 2 - The fire safety engineering process with a focus on a probabilistic ap-
proach.

The abowve procedure is meant as a general guidance and the bullets are explained further
helow. However, depending on the approach chosen, more detailed guidance on the pro-
cedure can be found in other documents and standards, e.g. IS0 23932

4.2 Problem definition and scope

This is the initial step in the fire safety engineering process where the problem is defined
and addressad. By briefly identifying any deviations from the pre-accepted solution(s) the
scope of the process will be defined.

Typically, preliminary architectural drawings or design concepts may be analysed. Possi-
hle verification methods may then be considered, see Figure 2 above and Figure 1.1t is
also important to limit the scope of the fire safety analysis as part of the building design.

Changes made to the scope of the problem during the process, may necessitate a restart
of the fire safety engineering process.

4.3 ldentify fire safety objectives and functional requirements

This step is closely linked to the previous step and is hased on the defined problem. The
relevant fire safety objectives affected by deviations from pre-accepted solutions (if appli-
cable) shall be determined, and relevant functional requirements idenfified. Often, building
regulations will play a significant part here as they may set functional requirements andfor
fire safety objectives that shall be met.

This chapter gives guidance on how to determine which fire safety objectives are affected
by defined deviations from pre-accepted solution(s). In this sense, vernfying fire safety en-
sures that certain objectives are fulfilled, thus giving a reasonable level of safety. Verifica-
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tion may be done on different levels, i.e., as individual objectives, a set of objectives or
even for all fire safety objectives.

{1} NOTE: Specification of fire safety objectives and verfication thereof may be set in the Mational Annex. It is rec-
ommended that method 1 is used if pre-accepted solution{s) are inked directly to fire safety objectives in the
regulaions. Otherwise, method 2 is recommended.

431 Method 1 — Objectives linked to pre-accepted solutions

This method is applicable if the pre-accepted solutions are clearly connected to specific
fire safety objectives. This may be the case when a performance-based regulatory system
specifically points out the fire safety objectives with pre-accepted solution(s) connected to
each of these objectives. Deviations from pre-accepted solution(s) may then be clearly
linked to these objectives, revealing which objectives need to be verfied - see Table 1.
Mote that this is an example and that the objectives may vary depending on the scope of
the project or structure of the building code in the country in question.

Table 1 - Example of a tool to identify added and removed fire safety measures for
different fire safety objectives

Deviations from pre-accepted solu-
Fire safety objective (this table tions

may have to be divided into sub-
objectives)

Removed meas-

Added measure ure

Means of egress

Stability and load-bearing capacity in
case of fire

Protection against the spread of fire
and smoke within the building

Protection against the spread of fire
between buildings

Sernvices and safety for rescue opera-
fions

Tahle 1 is not in itself enough to verfy deviations. Verification must be performed in ac-
cordance with the relevant verification method.

432 Method 2 Deriving objectives

If national requirements do not specify the fire safety objectives that pre-accepted solu-
tion(s) are deemed to satisfy, the affected objectives must be derived. Deviations from one
pre-accepted solution may affect other fire safety objectives. This verification shall be em-
phasized in cases where multiple deviations occur.
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Table 2 gives an example of interaction between different aspects of fire safety. When ap-
plying deviations from pre-accepted solution(s), one must identity whether one or more fire
safety objective(s) are affected. When deviating from pre-accepted solutions with respect
to means of egress, verification against the means of egress objective is obvious, while
verification against the stability and load-bearing objectives is less critical (assuming pre-
accepted solution(s) for fire resistance). If the design allows for namow stairs or greater
distances to exits, the verification shall include an assessment of how the proposed design
may affect the fire service operations. Each of the affected fire safety objectives needs to
be addressed.

Table 2 - Interaction between deviations from pre-accepted solutions and affected
fire safety objectives

& .
&:gb <@ b Q:.d"\
f{%’\fﬁi\ & &°

Check against — &ﬁ-’&%ﬁ %&&

Q.
Deviation from P T Comments
Stahility and load-bearing structures [l =
Fire spread between buildings ||
Fire compartments (cells) || =
Fire compartments (sections) B Societal risks
Linings/ finishes H =
Technical installations B
Means of egress B
Facilitating fire senice operations ||

Prirnary focus of verification
Secundary focus of verification
ertiary focus of verification

{1) NOTE: Examples of how these tools may be used can be found in (Nysied, 2012) and (Nystedt and Ostman,
2012).

4.4 Initial design review: fire safety concept and trial fire safety designs

The inifial design review is a qualitative process to identify the need for verification (e.g.
deviations from the pre-accepted solutions) and possible ways in which a fire hazard might
arise connected to the fire safety objectives that are not fulfilled by pre-accepted solutions.
To enable further studies to be cammied out, one or more trial fire safety designs (fire protec-
tion strategies) shall be defined. Key information is also gathered to enable evaluation of
the design solutions in the further analysis.

The trial fire safety design may then be evaluated against relevant functional requirements
and be evaluated in a systematic way to ensure that no objectives or functional require-
ments identified in earlier steps are omitted.

10
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4.5 Choice of verification approach

The evaluation of the trial fire safety designs can be made using either an absolute or
comparative approach. Verfication using the absolute approach is only possible if there
are quantifiable performance critenia. In other cases a comparative approach may be the
only altermative.

Guidance on venfication approaches using probabilistic methods is given in chapter 6.
Guidance on venfication approaches with comparative methods is given in INSTATS 950.

There may be situations in the building codes where neither one of the approaches seems
applicable. The user must ensure applicability in each individual case.

4.6 Choice of performance criteria (acceptance criteria)

As mentioned above, one or several performance criterias need o be established. These
will vary depending on the verification approach, but will in most cases be a quantification
of a qualitative functional requirement.

Recommendations on performance criteria for different applications are given in chapter 5.

4.T Verification of each defined safety objective

The verification must ensure that each affected fire safety objective is met. However, dif-
ferent verification approaches may be used for different fire safety objectives.

4.8 Uncertainty management

Uncertainties in methods, input data, criteria and other variables that are relevant to the
fire safety design must be taken into account during the entire analysis process.

Strategies to manage uncertainties in the fire safety design may include using conserva-
tive input data or criteria. In addition, the robusiness of the design, i.e., making the fire
safety level less dependent on individual system malfunctions, may be used strategically.

Guidance on uncertainty and sensitivity management is given in chapter 7.

4.9 Documentation

The final analysis shall be documented to ensure fransparency and to permit the perfor-
mance of review and control procedures - this is described further in chapter 8.

1
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5% Performance criteria (acceptance criteria)

5.1 General guidance

General statistical principles also apply to probabilistic methods in fire safety engineerning.
However, the uncertainty and the number of unknown parameters may result in "wide" dis-
tributions. Furthermore, relevant and reliable statistical data can be difficult to obtain.

The objective of this chapter is to provide guidance on performance criteria, so the use
and acceptance of probabilistic methods in fire safety engineering can progress in a trans-
parent and controlled manner.

Performance criteria can be either absolute or relative.

Absolute (also known as explicit) criteria consist of some form of passffail fire safety target,
eq., a certain number of fire fatalities per unit of time. Relative (also known as implicit)
criteria describe a relative fire safety level relative to some reference, e.g., an equivalent
reference building that complies with pre-accepted solutions.

Generally, the guidance of this chapter applies to analyses where there is reasonable cer-
tainty conceming the validation/verfication of models/sub-models, statistical data and oth-
er input parameters. The user is responsible for considerations of uncertainty according to
chapter 7.

511 Statistical data

Due to lack of stated performance criteria, stafistical data of loss of lives and property
damage have historically been used as performance criteria. These stafistical data may be
based on fires in buildings or sites not complying with relevant regulations, and most coun-
tries would have ambitions to reduce the loss for future buildings — hence the statistical
data do not necessarily represent the accepted nisk.

If the recorded losses are consistent over an extended period of time, and where one can
see regulators or stakeholders not taking action to reduce the losses, one could argue,
after a study of the material, that the risk is tolerable. Most nations have howewver in-
creased their expectations with respect to the level of fire safety over the years. Statistical
data should not be used as performance criteria unless there is a statement from the rele-
vant regulators that these levels of risk are acceptable, or if the analyst can show a con-
siderable improvement from the level of risk indicated by the relevant statistical data.

5.2 Relative criteria

521 Pre-accepted solutions

Comparative analysis is covered in INSTAIMTS 950, which also provides some guidance on
probabilistic methods.

The methodology is based on describing a reference building which fully complies with
pre-accepted solutions, and thus creating a comparative criterion by quantifying the pre-

accepted risk. The reference building should be as similar to the trial design as possible,
whilst still being within pre-accepted solutions.

12
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{1} NOTE: Mot all buildings are covered by pre-accepied solutions. For the reference buillding to be a representa-
tion of acceptable lewel of risk, the analyst must justfy that the pre-accepted solutions are applicable.

{2} NOTE: Pre-accepted solutions are intended to cover a wide range of buildings and occupancies, so the identi-
fied level of safety s deemed to vary, and may not meet the suggested risk criteria of this chapter.

5.3 Absolute criteria

531 Loss of lives

Absolute risk criteria are a controversial topic, as it involves the acceptance of the loss of
human lives. The probability of loss of lives will not be zero, whether one defines a criteri-
on or not. Furthermore, prescriptive requirements are deemed to set levels of safety less
than 100 %. Hence the use of risk criteria should not be seen as more controversial than
the use of pre-accepted solutions.

In this chapter, loss of lives is assumed to be the number of occupants exposed to fatal
conditions. Tenability criteria as given in INSTA/TS 950 may be used as conservative ap-
proximation of fatal conditions, where other quantifications of fatal conditions are unavaila-
ble.

If reliable estimates for FED are available, one can assume a relation between FED and
probability of incapacitation described as a log-normal distribution with a standard devia-
tion of 1.0 and an mean of 0.0. E.g. 90 % of the population are assumed to be incapacited
when exposed to FED of 3.6. Calculated FED exposure and probability of incapacitation
can be addressed with the bivariate approach described in Annex D.

Incapacitation per FED

100
050
L)
070
060
050
040
030
020
oo
000

POF

FED

Figure 3 Probability of incapacitation as a function of FED

The intent of providing absolute criteria in this document is to increase the use of probabil-
istic methods. Restiction of use or development of altemative criteria is not intended. The
criteria may be adjusted through national annexes.

13
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5311 Individual risk

Generally, an individual risk criterion of 10% per year is recommended, meaning an indi-
vidual may be subject to fatal conditions due to fire every 1 000 000 years. The individual
risk criterion represents approximately a tenth of the recorded loss of lives (all occupan-
cies) in the Nordic countries.

The acceptable or tolerable risk can be influenced by several factors, e.g. to what degree
the person is benefiting from the activity, if the activity is voluntary, if the risk is known, etc.
Alternative criteria can also be assessed through ALARP analyses — refer to chapter 5.3.3.

5312  Societal risk

One generally assumes a lower acceptance for a low number of incidents with high num-
ber of casualties, than a high number of incidents with lower consequences per incident.
The suggested societal risk criteria contain two curves to address this (risk aversion);

N, Fatalities F, Frequency
- 1
1-10 F(N) = 1u“’E
10-100 1
F(N) = m‘ﬁﬁ
10E-05
2
£ 10E-06
2
|
= 10607
5
g
Z 10E-08
g
10E-09
1 10 100
Fatalities [N)

Figure 4 - Suggested FN-curve, as criteria for societal risk

Buildings with high numbers of occupants (e.q., stadia, concert halls) may have the poten-
fial for more than 100 casualties — meaning the probability of more than 100 casualiies is
greater than 0. The intention of Figure 4 is not to state that such venues are unacceptable,
but that the societal risk criterion (including risk aversion) should be set by the analyst
Furthermore, one would expect an ALARP-approach, mitigating risks with very high con-
SeqUENCes.

14
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532 Absolute criteria for other objectives

Absolute criteria for objectives other than life safety have not been identified. Objectives
like spread of fire and smoke within and between fire compariments, are however covered
indirectly by the criteria for loss of lives.

When analysing other objectives, refer to section Error! Reference source not found.
Relative criteria or section 5.5 for guidance on acceptable unceriainty, i.e., how to draw
conclusions when applying a deterministic methodology approach with probability distribu-
tions as input parameters.

533 Factors supporting alternatives to the absolute criteria

5331 ALARP analysis

This clause gives an overview of a methodology within risk assessment, where risk levels
between negligible and intolerable risk are being mitigated to the point where further risk
reduction is not possible or proportionate to the disadvantages.

The methodology was introduced in the UK Health and Safety Act of 1974, which reguired
safety "So Far as is Reasonably Practicable”, SFAIRP. This has since been adapted in
several sectors (e.g., offshore) under the acronym ALARP — As Low As Reasonably Prac-

ticable.

Intalerable risk

1,0E-05 10°

1,0E-06 10°
Target level Risk tolerable if:

a) ALARP, or
b} below target level
1,0E-07 —--107

1,0E-08 10"
Megligible risk v

Figure 5 - Visualization of the ALARP principle for individual risk (Trbojevic, 2005).
Risk is deemed tolerable if it is below target{lrevel of 10 or ALARP — still not more
than 10™.
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Figure & - Visualization of the ALARP principle for societal risk

Figure 5 and Figure 6 are examples of how the methodology can apply to life safety: Cer-
fain levels of risk are simply deemed intolerable, no matter the efforts made to mitigate.
Other levels are deemed negligible, without stringent requirements to introduce risk miti-
gating measures. Between these extremes, there is a region called the ALARP-zone.

For risk levels in the ALARP-zone, one shall mitigate the risk to the point where further risk
reduction is impossible or will lead to cost or other disadvantages becoming disproportion-
ate to the risk reduction. This process shall be documented.

Further guidance can be found in 1ISO 16732-1.

5332 Self-control, volition and benefit versus risk of loss of lives
Several sources point out that tolerable risk will vary depending on a set of conditions:

» Towhat degree is the individual at risk aware of the risk and in control of the risk?

» Towhat degree is the risk voluntary?

» Towhat degree is the individual at risk benefitting from the activity?
When justiied and documented, the analyst can deviate from absolute criteria in sub-
section 5.3.1, based on the above mentioned factors. The justification may be based on

statistical data, literature, expert judgement or criteria given for comparable industries.

Wolski (2000) describes the mechanisms of risk perception, and provides methods of
quantifying it.

16
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Risk factors

Volition

Severity

Effect mani-
festation

Familiarity
Controllability
Benefit
Mecessity
Exposure pat-

tern
Origin

Table 3 Risk concersion factors

Scale

Voluntary -
involuntary
Ordinary -
catastrophic

Immediate -
delayed
Common
(old) - dread
(new)
Controllable —
uncontrollable
Clear - un-
clear
Mecessary -
Juxury
Continuous -
occasional
Matural -
man-made

Risk conver-
sion factors
(RCF)
100

30

30

10

5-10

Note

20

Comment

NFPA has suggested that a catastrophic
fire is one that causes
- & or more deaths in residential proper-

fies or

- 3 or more deaths in non-residential
properties.

Risk is roughly proportional to the third
power of its benefit

For example risk factors for an assumed risk to life from fire in an office building can be
described as: uncontrollable, catastrophic, immediate, man-made, voluntary and familiar.
From the table, the mean-acceptable-risk-level for this type of risk is 10°%. When assessing
the acceptability of fire risk that is not easily identifiable for the occupants (unfamiliar), one
should concidere a criterion 10 times more stringent, 107 If the subject of the risk is in
direct control of the risk, one could argue that a 5-10 times higher crierion could be used.

Table 4 The mean-acceptable-risk-of-death per person per year

Contrallabile risk Uncontroliable risk
Ordinary Catastrophic Ordinary Cotastrophic
Hazzard  Voluntary Familiar | immediate | Delayed | Immediate | Delayed | Immediate | Delayed | iImmediate | Delayed
Man-made No Ves 13606 | 40E0S | 50608 | 15606 | 30607 | 10605 | 10608 | 10E07
Man-made No Mo 13607 | 40606 | 50600 | 15607 | 30608 | 10606 | 10e0e | 30608
Man-made  Yes Ves 13604 | 40603 | 50606 | 45604 | 30605 | 10603 | 1L0E06 | 30605
Man-made  Ves Mo 13605 |40E04 | 50607 | 15606 | 30606 | 10604 | 10607 | 30606
Natural No Vs 13605 | 10603 | 10603 NfA 6006 | 20604 | zoEwo7 7Y
17
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5333  Criteria from comparable industries

After consideration from the analyst, criteria from other indusfries may be utilized. The
analyst shall justify and document the use of altemative criteria. This justification may in-
clude risk conversion factors, as described in 5.3.3.2.

5.4 Property Protection and Business Continuity

The ambitions for protection of property and business continuity should be determined in
close dialogue with the client. Depending on the propertyfbusiness at hand (e.q., cultural
heritage, critical infrastructure, and the environment) the involvement of authorities having
jurisdiction may be required to define the accepiance criteria.

The expected loss of inventory, production time, etc., may form the basis for cost-benefit
analyses or dialogue with the insurer. Comparative analysis may be applicable where na-
tional regulations require protection against loss of property.

For buildings and functions identified as European Critical Infrastructure, refer to EU
Council Directive 20081 14/EC of & December 2008 (The European Parliament and Coun-
cil, 2008}

Guidance on continuity management can be found in IS0 22301.

An ALARP-approach may be beneficial for buildings or sites containing cultural heritage
antefacts, as some fire safety measures may themselves reduce the conservation value.

5.5 Probability of failure

551 General

The required confidence level (or acceptable uncertainty) is strongly linked to how the in-
put parameters are defined, the consequences of failure, etc (described further in chapter
7). Assuming well-defined input parameters, and verified and validated verfication models,
one can generally draw conclusions based on 95 % confidence intervalsflevels. The prin-
ciples of chapter 5.5 should not be seen as critenia for risk acceptance, but guidance on
drawing conclusions under uncertainty.

For events with high consequences, focus on probability alone will not be sufficient. Alt-
hough "high consequences” cannot be defined and quantified on a general basis, the ana-
lyst shall assess the consequences of failure. Estimates should be made to compare the
results with relevant criteria in relevant sections 5.1 through 5.4.

The probability of failure, P{ASET=RSET) is deemed acceptable when demonstrating
compliance with absolute criteria for individual and societal risk, clauses 5.3.1.1 and
5.3.1.2. FN curves can be produced with the basis of the number of casualfies in the sce-
narios yielding a negative safety margin, and their respective probability.

552 Safety index (beta)

The safety index (beta) method is described in clause 6.4.2.1. The following criteria may
he used when assessing the probability of failure, given a fire.
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Table 5 - Criteria for probability of failure and g value

Probability of failure | B (normal distribu-
fion)
General 0,05 1,6449
High consequence scenarios Risk assessment, including uncertainty
management

{1} MWOTE: The analyst is bo inclede uncertainty management in the calculaion of probability of failure
{2) MWOTE: High consequence scenarios should be assessed with an ALARP-approach

{3) MOTE: The abowe is not meant as criteria for risk acceptability. When the fire risk (including the fire frequency)
is analyzed. citeria given in section 5.3 should be used.

Guidance on estimating distributions is given in 6.3. Guidance on defining design fires is
given in section 6.2.

553 Proving compliance with deterministic statements

When conducting a probabilistic analysis, cne may have to relate to requirements or ex-
pectations stated in deterministic manner. When applying probabilistic principles to a com-
parative analysis, one will have to determine on what confidence level the trial fire safety
design is considered to surpases the pre-accepted level of safety. The applicable building
code may also contain requirements that are stated with a deterministic wording, for ex-
ample:

* Main load bearing systems shall be designed to maintain adequate load bearing
capacity and stability for the complete duration of a fire, as this can be modelled.

#  Structures shall be a minimum distance of 8.0 m from other structures, unless the
structure is constructed to ensure fire will be prevented from spreading for the full
duration of a fire.

* During the time a fire cell or escape route shall be used by people escaping, no
temperatures, concentrations of smoke gases or other circumstances shall occur
that hinder escape.
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Figure 7 - Visualization of deterministic and probabilistic approach to load v.s. ca-
pacity (left), and the safety margin for a bivariate probabilistic approach (right)

Figure 7 is a comparison between a probabilistic and a deterministic approach — indicating
the degree to which the current deterministic practice is concervative.

Mote that fire frequency is not taken into account. The probability of failure is linked to de-
terministically formulated requirements, and not the absolute criteria of section 5.3.

There may be several sources of uncertainty, and these will have to be addressed
through, safety margin, safety factors, concervative assumtions, a combination of these or
as introducing random parameters in the calculation.

When uncertainty management is an integral part of the analysis, a confidence level of 95
% is generally assumed sufficient.
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6 Probabilistic Tools and Methods

This chapter provides details on a probabilistic approach to verifying fire safety design in
buildings (refer to fire safety engineering process Figure 2). The term “probabilistic ap-
proach’ is intended to include all methodologies that involve some form of probabilistic
quantification of the uncertainty involved in fire safety engineering.

In fire safety engineering, risk is treated as being a function of both probability and conse-
quence.

As a component of the risk assessment process, risk analysis quantifies hoth the probabil-
ity of an event occurring, and the consequence of the event. This gives rise to the term
probabilistic risk analysis (PRA) which is also known as quantitafive risk analysis.

The term frequency is often used in relation to probabilfity, but the two concepts are not
identical. While probability is the likelihood of an event occurring, freguency is the probabil-
ify of the event gver a period of time.

One feature to note with generic PRA is that an event of high frequency and low conse-
quence is treated as being of similar importance to an event of low frequency but high
Consequence.

Design fire scenarios are at the core of fire safety engineering. Design fire scenarios are
analysed and the adequacy of the fire safety systems in a building evaluated to determine
if the specified performance criteria have been met and hence if the fire safety perfor-
mance objectives achieved.
A design fire scenano is characterised by various factors, including:

= The type of fire, its initiation, and development

= Species production

Ventilation conditions

= Performance (including reliability) of fire safety systems

Fuel type, distribution and fire load density

In this chapter, four steps are described in the PRA process for fire safety engineering
Step 1 Selection of Design Fire Scenarios (section 6.1)

Step 2 Defining Design Fires (section 6.2)

Step 3 Estimate Distributions (section 6.3 and Annex E)

Step 4 Verification (section 6.4)
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6.1 Selection of Design Fire Scenarios

The number of possible fire scenarios in a building is nearly infinite. To achieve a success-
ful PRA a systematic and comprehensive approach should be taken in the identification of
design fire scenarios. The design fire scenarios shall be representative for the possible fire
outcomes in the building. To achieve a manageable number of scenarios the fires in a
building can be treated as fire scenario clusters. A fire scenario cluster is a group of fire
scenarios having similar characteristics. For each fire scenario cluster one fire scenario is
identified to represent all the fires within the cluster.

When using the probabilistic approach both the probability and the consequence of all the
fire clusters identified in the building are to be quantified. When estimating probabilities, it
is important to ensure that the sum of all the related probabilities equals one. Rather than
using the worst credible case, a probabilistic approach is to describe the uncertainty con-
nected to the different input variables in the design fire scenarios. In this way a more risk-
informed design procedure can be achieved.

In both cases above, the methodology described in ISOITS 16733 and ISOITS 16732 may
he used. This methodology for defining design fire scenarios is outlined in Figure 8.
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Figure & - Description of the methodology for selecting design fires (Fig. 1, p. 4in
ISQITS 16733)

Each design fire scenario shall be linked to one or several of the fire safety objects stud-
ied. The fire scenarios are to be representative for the possible fires in the building and the
probabhilities for different scenarios to occur is to be based on relevant statistical data. It is
important that the chosen design fire scenarios also represent the scenarios not chosen to
study. Justification for the selection and definition of the design fire scenarios, as well as
those not selected for further investigation, shall be formally documented, along with rele-
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vant references where appropriate. Note that both high consequence and high probability
events can produce a significant risk contribution. Also note that even if a fire scenario
cluster is concluded fo have nearly insignificant risk contribution in itself, this might not be
the case when studying combination of scenarios.

The number of design fire scenarios will be a function of both the building complexity and
the amount of deviation from the relevant prescribed solution(s).

Mote that each design fire scenario will be linked to one or several evacuation scenarios.
The probability for different factors regarding the evacuation scenarios, e.g., behaviour,
availability of escape routes, people types, efc_, can be linked to the probabhilities given by
the design fire scenanos. Hence, the possible evacuation scenarnios depend on the design
fire scenarios. Further guidance on evacuation scenarios is given in IS0 16738 and
ISOITS 16733,

6.2 Defining Design Fires

For each design fire scenario, one or more design fires shall be defined, s0 as to be able
to evaluate the effects of the design fire scenario. Preferably each design fire scenario is
described by a range of design fires, for which the important parameters are represented
by distributions describing the possible range of values each of the parameters can as-
sume. More information on how to estimate distributions can be found in section 6.3.

The specific details of each design fire will vary depending on the nature of the design fire
scenario and the linked fire safety objective. For example, for a life safety objective, the
design fire will generally include a HRR curve that covers all potential stages of the fire
development and in particular the pre-flashover stage, whereas for a structural stability
objective, the design fire will generally include post-flashover time-temperature infor-
mation.

The probability for a specific location for a design fire can be hard to predict. Hence, the
location of the design fire(s) shall be selected to give a reprecentative picture of the fire
risk. Muliiple locations for the design fire within the design fire scenario shall be investigat-
ed. Where locations are excluded from the analysis, the reasoning shall be formally docu-
mented. Concervative simplifications may be needed in order to limit complexity and com-
putation time i.e. clusters and descrete distributions can be treated concervatively by as-
suming the entire cluster/ group shares the most onerous properties.

ISOTS 16733 and ISQMR 13387-2 may be usad to identify relevant design fires. If na-
tional statistics do not have relevant information on potential sources of ignition, the data in
PD 7974-1 can be applied. The most relevant sources are always to be used. Difference in
building tradition, culture and many other things can affect the probability of different igni-
tion sources and fires, hence national statistic shall be priortized when possible.

621 Specific fire parameters

When assuming specific fire parameters relevant distributions are to be selected. These
should be based on stafistical data and fire tests, or well-based engineering judgement. All
relevant parameters and their distibutions should be described and, where possible, ref-
erenced.
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6211 Fire growth rate

To calculate the fire growth rate in a building an approach like the one given by Nilsson et
al. (Nilsson, Johansson & Yan Hees 2014), may be used. This approach is based on sta-
tistical data and fire tests. If large data sets are available approximation using distributions
of these data sets are to be preferred. An example for Swedish commercial buildings is
shown in Table 6. Here the distribution of fire growth rate follows a lognommal distribution.
If not accounting for arson fires the fast fire growth rate (0,047 kWis®) represents the 97™
percentile of growth rates. When arson fires are accounted for the fast fire growth rate rep-
resents the 91™ percentile.

Table 6 - Parameters for lognormal distributions and percentile values of fire growth
rate, commercial buildings

Uz Oy E(a) s Oms | Percentile
(Std.Err.) (Sid.Ermr.) (KWF | (W | (KWWY fora=
57) 57 57) 0.047
kWi s=
Accidental fires (arson -5,081 1,100 0011 | 0,038 | 0,105 a7 %
excl.) {0,023130) | (D,016361
1)
All fires {arson incl.) 4 727 1,246 0,019 | 0,069 | 0,219 91 %
{0,024032) | (D,016997
g8)

The probability density function for the data above is shown below. Here the different al-
pha values creating the distribution are also presented.
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Figure 9 - Fire growth rate for accidental fires {(arson excluded) in commercial buildings.
(a) Histogram and PDF for estimated lognormal distribution; (b) CDF for the estimated
lognormal distribution. (Fig. 2, p. 522, Nilsson, Johansson & Van Hees, 2014)
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6212 Peak heat release rate

For fire scenarnios in a single room or in a room with no opening to adjacent rooms, the
peak heat release rate, Qpeqr, is detemmined by calculating heat release rates for ventila-
tion-controlled and fuel-controlled fires and choosing the lower value of those two.

To establish peak HRR for a ventilation controlled fire the following equation can be used:

Qpeak = 1500 A4,/H,

Where Ag,/H, is the ventilation factor, which is calculated using the compariments opening
areas and their specific heights. For further guidance on ventilation controlled fire calcula-
tions see Karisson and Quintiere (2000).

For fire scenarios where significant buming in adjacent room can be expected, the peak
heat release rate should be based on the fuel-controlled heat release rate. To establish the
peak HRR in these cases statistical data can be used in similar ways as for the fire growth
rates above. For example the peak HRR can be simplified using the probable fire damage
area in a fire and an estimated HRR per unit area (HRRPUA). The same technigue can be
used to model fires that do not grow to flashover. This is expressad below.

Qpeak = HRRPUA X Afp
Statistical data on these parameters can be found in PD 7974-7 and in EN 1991-1-2 annex
E. Using this approach with the statistical data from PD 7974-7 and the HRRPUA values

given in EN 1891-1-2 annex E one could establish the following probabilities for the peak
HRR in an office with sprinkler protection:
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Table 7 — Example of probabilities for different peak HRR in a sprinkler protected
office, using data from PD 7974-7 and EN 1991-1-2 annex E.

Peak HRR Probability | Cumulative proba-
bility

250 KW and |72 % T2 %

lower

500 - 1000 kW | 17 % 80 %

1 250 - 2 250 |- 89 %

kw

2 500 - 4 750 | 11 % 100 %

kw

This approach gives an overestimation in peak HRR since all of the fire area is assumed to
bum at once. However, this gives a simple and usable estimation of peak HRR. Other
methods can be used, preferably together with relevant statistical data.

6213  Other fire parameters

Other fire parameters like yields, smoke production rates, mass buming rates, species
production rates and similar shall, as far as possible, be similarly represented as the pa-
rameters above. This means that distributions should be formed from relevant statistical
data based on fire testing. For examples on data for these kinds of parameters the SFPE
Handbook (2015) can be used.

For parameters that cannot be represented with a statistical distribution because of re-
strictions in computational models or lack of data a conservative value is to be chosen.

6214 Post-flas howver fires

When the objective of the fire safety design is to ensure structural stability, compartmenta-
tion and safety for fire fighters, the post-flashover fire is to be examined. The design load is
in this case characterized by a temperature-time curve assumed for the fully developed fire

stage.

Different probabilities of flashover are given in PD 7974-7 where guidance on calculation
of comparimentation is also given.

622 |Reliability of technical systems

The reliability of technical systems that can affect the design fire scenario or the linked
evacuation scenarios shall be described, preferably using relevant distributions. The relia-
hility should be based on statistical data and fire tests, or on well-based engineering
judgement.
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To estimate relevant probabilities for different outcomes connected to the interven-
tionfactivation of technical systems event trees are a useful tool. More guidance on event
trees are given in sub-clause 6.4.1.2.1

Data on reliability for different technical systems can be found in Annex C.

6.3 Estimating Distributions

Where required and possible, the PRA should make use of probability distributions to rep-
resent the relevant input variables to the analysis. When probability distributions are not
readily available in the literature, distributions will need to be estimated. There are general-
Iy two sources of information for estimating distributions; available data and expert opinion.
This section deals with some techniques to interpret data in order to derive a distribution
that realistically represents the varnability and uncertainty involved.

Interpreting data requires some assumptions to be made. The main assumption is that the
data being interpreted is considered to be a random sample from some probability distribu-
tion that is being denved.

The data can come from a vanety of sources, such as experiments and testing, surveys,
research findings, literature searches, computer modelling, etc. The user needs to be sat-
isfied that the data is both reliable and representative, and that anomalies in the data have
been checked, and where required, unreliable data discarded. Consideration should also
be given to possible biases in the data, such as biases introduced by the collection meth-
od, or the independence of the organisation providing the data.

Two general approaches to estimate distributions are described in this section; non-
parametric (empirical) distributions, and parametric (theoretical or mathematical) distribu-
tions.

Guidance on use of statistical data is given in Annex B.

631 Data and Distribution Properties

Before estimating a distribution for a set of data, the properties of the parameter (variahle)
need to be considered so that the properties of the distribution, that is chosen to fit the da-
ta, match the properties of the parameter.

The following is a non-exhaustive list of considerations:

1. Is the parameter discrete or continuous? A discrete variable only has certain specif-
ic values and is usually, but not always, fitted to a discrete distribution. A continuous
varable is always fitted to a continuous distribution. Error! Reference source not
found. shows examples of discrete and continuous distributions;

2. Is it necessary to fit a parametric distribution? It is often sufficient to use the data
points directly to define a non-parametric distribution without fitting a parametric dis-
tribution;

3. Does the theoretical range of the variable match that of the fitted distribution? If the

range of the fitted distribution extends beyond that of the variable, unrealistic or im-
possible scenarios can be produced. Conversely, if the range of the fitted distribu-

2

© RISE Research Institutes of Sweden



tion does not extend over the possible range of the variable, then the true uncertain-
ty will not be represented in the calculations. A distribution that has been fitted cor-
rectly will generally cover a range that is greater than the range indicated by the da-
ta, since by definition, data is rarely observed at the theoretical extremes of the var-
iable's distribution;

4. |s the variable independent of other variables being considered? A varable may be
comelated with, or a function of, another variable in the calculations, and hence
needs to be treated accordingly;

5. Does a parametric distribution exist that fits the mathematics of the variable? If so, it
is simply a case of determining the appropriate parameters to define the distribu-
tion;

6. Does a parametric distribution exist that is known to fit this type of variable? As with
itern 5, it is simply a case of finding the appropriate parameters to define the distri-
bution.

6.4 Analysis methods

In probabilistic fire safety design verification, either standard or complex analysis methods
can be used. It should be noted that methods that do not involve some form of probabilistic
quantification of uncertainty are not deemed to qualify for inclusion in this section.

641 Standard Analysis Methods

Standard (also known as simple or non-complex) analysis methods are the most common-
Iy used in PRA.

6411 Simple statistical analysis

The analysis of statistics is the basis for most PRA. Data from actual building fires are col-
lected and converted into information that can be used to predict the likelihood of future
events. Data are often averaged, so the underlying assumptions are that historical data
can be used to predict fulure events and that average data can be applied to a specific
building. It is generally considered that this approach is less uncertain than taking no ac-
count of system failure in an analysis (the general approach to deterministic fire safety en-
gineering calculations).

One major limitation of simple statistical analysis is that there are often insufficient data
available to be able to predict high consequence/low frequency events with confidence.
This class of probabilistic analysis method is best suited to high frequencyflow conse-
quence events where sufficient data are available. Further guidance on the use of statis-
tics is given in Annex B.

Such information can then be used to predict the frequency of future events by using other
probabilistic analysis methods.

28

© RISE Research Institutes of Sweden



6412 Logic tree methods

In most cases it is sufficient to carmy out a PRA based on the use of one or more logic
trees. This is a simple method for estimating the probability of occurrence of an undesira-
ble event, such as flashover, fire spread beyond the room of fire origin, or smoke causing
untenable escape routes.

Two types of logic trees are explained in the following sub-sections.

64.1.21 Event tree method

Event trees are most useful when there is little data available about the frequency of the
outcome of concem, e.g., high consequenceflow frequency events such as multiple fatality
fires incidents. As such, event trees can be used to predict the frequency of infrequent
events by connecting a series of much more frequent sub-events, where data are availa-
ble.

Event trees work forwand from an initiating event (often ignition) to generate branches
which define a range of outcomes resulting from secondary sub-events. Figure 10 shows a
generic event tree which has a range of outcomes based on an initiating event followed by
three nodal sub-events.
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Figure 10 - Generic event tree, where eight different outcomes are identified from
one initial event, through three sub-events.
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Each possible outcome in the event tree consists of a chain of events which start with the
initiating event.

It is very important that the event tree reflects the actual order of events, and that all the
sub-events of importance are included.

The frequency (or probability) for each branchfoutcome is calculated by multiplying the
frequency (or probability) of the initiating event by the conditional success/Tailure probabili-
ties of the subsequent sub-events.

For example, referring to Figure 10, the frequency of outcome 3 is calculated as F; = Fip -
Py - Pga - Pz, While the probability of outcome 2 is calculated as Ps = P - Pgy - Pen - P

It is also important to ensure that the probabilities at each branch in the event tree sum to
one.

Refer to Annex D for an example of the event tree method.

64122 Fault tree method

A fault tree is a graphical representation of various parallel and sequential combinations of
faults that will result in a pre-defined failure occurring.

The basic components of a fault tree are events and gafes. In the fault tree diagram, a
lower input event (sub-event) is connected to higher output event by a gate.

The most commonly used gates are AND and OR gates.

Consider two input events that lead to an output event. If the occumence of either input
event causes the output event then the input events are connected to the output event by
an OR gate (parallel). If both input events must occur in order for the output event o occur,
the input events are connected to the output event with an AND gate (sequential).

A fault tree depicts the logical interrelationships of basic events that lead fo the undesired
event (failure). A fault tree is constructed logically by working backwards from a top event
to specify the event’s causes, faults or conditions that would lead to the occurrence of the
event. These causes, faults or conditions in tum become a secondary event, for which the
same process is progressively applied, until ultimately a final set of base (or root) causes,
faults or conditions, is established.
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Figure 11 - Generic fault tree with three root events leading to one top event (Fig. 8,
p. 25 in PD T974-7)

T

The process is qualitative up until this point, but is quantified by the assignment of proba-
hilities to the root events which are then propagated through the fault tree to derive a con-
ditional probability for the top event.

For the case of two sub-events A and B, the probability for an AND gate is calculated by
multiplying the root probabilities, i.e., Pyyn = Ps4Ps.

The probability for an OR gate is calculated by adding the root probabilities together and
then subtracting their muliiplied value, ie., Pog = (Py + Pg) — Py - Ps.

The probabilities for top events can often be used as the conditional probabilities for event
trees.

Refer to Annex D for an example of the fault tree method.

64123 Bow-tie

Event tree and fault free diagrams can be combined in one bow-tie diagram. Although
bow-tie analysis will have its limitations when it comes to quantifying risks, it may serve as
a useful tool for giving an overview or communicating risks.

Ky |
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642 Complex Analysis Methods

In some cases the simple analysis methods presented above are not suitable because of
the simplifying assumptions associated with them. For the cases requiring a more complex
approach the methods in this sub-section can be applied.

The use of a complex analysis method does not exclude that parts of the analysis are per-
formed using one or more of the simple methods presented above.

Several complex analysis methods are available and the designer is not bound to use the
ones listed in this sub-section.

6421 Safety index () method

The safety index method, or the beta method, is based on the principle that the unwanted
event can be expressed as a safety index, p. The safety index, B, is basically an expres-
sion of the probability of failure. Fundamentally, the probability of failure is expressed as a
limit function where failure does not occur if g = 0 and failure occurs ifg= 0, ie Pr=
Probi{g = 0). If g is the function of successful evacuation in the fire case, then g would be
expressed as:

g = ASET — RSET

where, g, ASET and RSET are stochastic variables. If g is normally distributed, the safety

index can be expressed as:
|.l.g
p=—=
O
where,
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iy is the average value of g, and
gy is the standard deviation of g.

In this case, the relationship between the probability of failure, Py, and the safety index, B,
is shown in the table below.

Table 8 - Relationship between Py and @, from EN 1990, annex C.
P [ 107 | 10" | 107 [ 10° | 107 | 107 | 107

g 128 | 232 | 309 | 3,72 | 427 | 475 | 520

If g is not normally distributed, the safety index cannot be derived by these simplified equa-
tions.

In structural analysis, benchmark values for B can be found in EN 1930, annex C. The use
of these values might be subject to national regulations. For loss of life in the fire case, the
absolute acceptance criteria given in section 5.3 could be franslated to a B value of 4,75, in
accordance with Table 8 abowve, if the probability function is nomally distributed. However,
this is im relation to the risk of one individual being subjected to lethal conditions, i.e., the
magnitude of failure needs to be ohserved as well. If more individuals are subjected to le-
thal conditions, the probability of failure needs to be adjusted in accordance with the socie-
tal risk levels provided in 5.3.1.2.

If an absolute acceptance criterion is not known, a possible approach is to derive the safe-
ty index, B, by using the First Order Second Moment (FOSM). In this approach the limit
state equation is approximated by a first order Taylor expansion and the method uses the
first and second moments, i.e. the mean and the standard deviation. One of the benefits of
using this approach is that it provides a design point, at which the probability of failure (P;)
for a certain system is the highest. Further guidance is given in Frantzich (1998).

When using the safety index method, different approaches of the analysis can be applied.
The different approaches are defined by the statistical data available for the analysis. The
univariate and the bivariate approach are commonly used. The difference between these
approaches is how the variables are treated, as discussed below. Further guidance is giv-
en in EM 1990, PD 7974-7 and in Ramachandran and Charters (2011).

Uinivariate approach
In the univariate approach, only one of the variables is treated as being random, while the
other is freated as a constant value. An example of this could be if the failure of a fire proof

construction was to be studied and the failure limit of the construction could be regarded
as a constant value. An illustration of the univariate approach is shown below.
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6422  Bayesian networks method

The Bayesian network model is a tool to manage uncertainty using probability. A Bayesian
network is a graphical model that combines graph theory and Bayesian probability theory.
Bayesian probability theory deals with the problem of reasoning under uncertainty.

If A is an event, P{a) represents the probability that A is true, and P{d) denotes the proba-
bility that event A is not frue. Some basic axioms can be expressed as follows:

0<PA)<1
P(a) + P(&) = 1

If event A and event B are mutually exclusive, the probability of the union of events A and
Bis

P(AU B) = P(4) + P(B)

If events A and B are not exclusive
P(AUB)=P(A)+ P(B)—P{AnB)

Where P(An B) is called the joint probability of events A and B. The joint probability
P{4A n B) can be derived by

P(An B) = P(B|4) - P(4)

Where P(E|4) is called the conditional probability, which is the probability that event B oc-
curs given that event A has already occurred.
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Aand B

P{A n B) can also be written as
P{An B) = P(A|B) - P(B) = P(B|4) - P(4)
Rearranging the above equations leads to Bayes theorem

P(B|4) -P(4)

P(A|B) = )

The Bayesian network (BN) is based on a fundamental assumption — the probability distri-
butions in BN are subjected to the Markov condition. A Bayesian network consists of two
components:

1. A graphical structure, called a directed acyclic graph G (DAG), G=(V E) where V are
the set of nodes representing random variables on which the Bayesian network is
defined, and E are the set of directed edges representing relations among the vari-
ables. In a DAG, the family notation is often used to express the relationships be-
tween vanables. For example, the parents of A are the set of variables from which
there is an armow going to Node A. The ancestors of A are the set of variables who
are the parents of A, its parent’s parents and so on. The descendants of A are the
set of variables who are the children of A, it's child’s children and so on. The nodes
without parents are called root nodes. The nodes without children are called leaf
nodes. In Figure 15, Modes A and B are root nodes and Node E is a leaf node. The
nodes C, D are the children of Node A, and Nodes A and B are called the parents of
Mode D. Node A, B, C, D are the ancestors of Node E, and Node E is called the de-
scendant of Nodes A, B, C, D. Node C is a non-descendant of Node B.
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P(a) = P(b) =07
P(cla) P(d|a,b) =0,8P(d|a.b) =05
P(c|a) o.o P(d|d b) =0,3P(d|d.B) = 0.1

P{e|c d)=0,6P(elc.d) =03
P{e|c d) =0,3P(e|é.d) =01

Figure 15 — Bayesian network direct acrylic graph and associated conditional prob-
ability tables.

2. A set of probabilities P, each of which is associated with a node of the DAG. Each
root node possesses a prior probability distribution table. Each of the other nodes
possesses a conditional probability table (CPT)

Ir
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T Uncertainty and sensitivity management
7.4 General

It is necessary to manage uncerainties in the fire safety design process in order to make
sure that the required fire safety levels are met. A probabilistic analysis can be said to be a
way of treating uncertainties. Hence the management of uncertainty should be an integral
component of a probabilistic analysis.

The analyst must consider uncertainty in models and data.

7.2 Sensitivity analysis

Sensitivity analysis (SA) is an important aspect of any fire safety engineering design pro-
cess, including PRA. This chapter provides guidance on how to perform a sensitivity anal-

ysis for the parameters not freated as random in the probabilistic approach. These limita-
tions may be necessary due to restrictions in computational capacity.

Essentially, SA is a process whereby the impact of variation in input parameters on the
results of an analysis is quantified.

SA can also be a useful way of doing an initial screening of options and to determine
where more focus is required in the design process.

The need for doing SA will often be determined by confidence in the adequacy of the de-
sign. If, for example, the results of the PRA are well within the acceptance critera, then the
need for a SA is low. If, however, the results of the PRA are close to the acceptance crite-
ria, then a SA is essential.

The first step in a SA is to identify the parameters that will have the biggest impact on the
results of the analysis. The impact on the results of the analysis will generally stem from:

1. The mathematical formulation;

2. Significant uncertainty in the value of the input parameter.
With regard to the mathematical formulation, the impact of varahility in a parameter to the
fourth power is much greater than the impact of a parameter to the %% power. If an equation
only has one parameter, then the impact of any variability in that parameter is more direct

on the result. Similarly, where a parameter is used muliiple times in an analysis, the impact
of variability on the result may be higher.

There are generally three ways to conduct SA:

1. A single parameter analysis where one altemative value for the parameter is
trialled;

2. A single parameter analysis where a range of values is trialled;
3. Muliiple parameters analysis.
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Whatever method of analysis is chosen, the purpose of doing SA is to identify what pa-
rameters the results are sensitive to. Whenever possible, uncertain parameters should be
included in the probabilistic approach as random parameters reflecting the uncertainty.

7.3 Uncertainty analysis

The sensitivity analysis may be supplemented by an uncertainty analysis to specifically
quantify the uncertainties in variables, criteria and outcomes. It may also be possible to
quantify uncertainties that are related to lack of knowledge, e.g., missing phenomena,
misapplication of data or validity, and reliability of methods.

7.31 Data uncertainty

With accurate data on the distribution of varables it may be possible to perform more pre-
cise estimates. When data is scarce or not directly applicable, it is recommended that the
uncertainty is reflected in how the parameters are specified (see section 6.3 Estimating
Distributions and Annex E). In this way the uncertainty is documented and justified sys-
tematically, increasing the credibility of the results.

When one or more aspects of the analysis are described as random values, the analyst
must consider the sample size or number of iterations needed for valid results.

The adequacy of the sample size for any calculation depends on several factors; sensitivi-
ty of the parameter, the number of random variables involved, the variance of the random
variables and the mathematical equations in which the random varnahles are used.

min max Pyverage  —— Median

Figure 16 - lllustration of the impact of different sample sizes. Minimuwm, maximum,
average and median values for 500 random samples (horizontal axis) from standard
normal distribution (p=0,0=1)

Figure 16 shows how minimum and maximum values, average and median can change
throughout the simulation.
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The analyst should consider how the uncertain parameters are used in the analysis, to
account for the uncertainty’s effect on the end result; if the accuracy of the temperature
estimation is £ 20 %, the uncertainty would affect the calculation of radiative heat transfer
(T*) more than it would affect the calculation of conductive heat fransfer (T'). Although it is
possible in simple equations to compensate for this uncertainty by adding safety factors in
the end result, it is recommended to reflect the uncertainty when defining input parame-
ters.

732 Model uncertainty

Model uncertainty should be specified by the supplier of the software, or available through
the literature in which one finds relevant equations. Generally one should allow for a con-
siderable margin of ermor for empirical equations.

More information on uncertainty analysis can be found in ISO 16730 and IS0 16732-1.

7.4 Robustness analysis

The purpose of robustness analysis is to verify that the trial fire safety design is at least as
robust as the equivalent reference building. Assessment of the designs robustness shall
he an integral part of a probabilistic analysis. The robustness of a design is a measure of
how the design is affected by:

+ Failure of installed fire safety systems and passive fire safety measures;

« Non-compliance with prerequisites and constraints of use (e.g., fire load, occupant
load, occupancy type).

The effects of non-compliance with prerequisites, and failure of fire safefty measures are
the respective probabilities of failure (the reliability, Annex C) which shall be quantified
through defining design fire scenarios and design fires - see section 6.1 and 6.2.

For comparative analyses, attention should be drawn to components of the design which
differ from pre-accepted solutions. Systems and measures given equal weight in the tnal
design and in the reference building can be omitted or simplified.
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8 Documentation

The fire safety design and the fire safety strategy shall be documented to ensure transpar-
ency for review and control procedures. It is important that vital input parameters and pre-
requisites are documented to an extent which makes the calculations reproducible.

Any results supporting or forming a basis for conclusions shall be presented. The sensitivi-
ty analysis and, the management of uncertainties shall also be included.

All assumptions and simplifications shall be described and justified, and it shall be verified
that these factors do not alter the conclusions of the analysis.

{1} NOTE: This chapter cowers documentation regarding analysis and verificaion, which is only part of what is
needed and required for documentation of fire safety in buildings.

{2} NOTE: Reguirements for documentaion may be set in the Mational Annex.

It is recommended the documentation, at a minimum, contains the following information,
depending on the nature and scope of the fire safety engineering methods that were ap-
plied:

— Objectives of the fire safety enginearing methods applied,;

A description of the building;

Clualitative analysis:
o Results of the risk identification
o Trial fire safety design
o |dentified affected fire safety objectives and functional requirements.
o Performance criteria
o Fire scenarios for analysis
o Choice of verification method

— Quantitative analysis:

o Assumptions

o Engineering judgements.

o Calculation procedures

o Validation of methodologies

o Sensitivity analyses

o Uncertainty analyses
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o Robusiness analysis

— Results of analysis;

— Conclusions:
o [Fire protection requirements
o Management requirements

a Any limitations on future use
— References:
o Drawings
o Design documentation
o Technical literature
The documentation shall be transparent and draw a clear distinction between mandatory
and voluntary fire safety objectives. This distinction may underine how safety of life, prop-

ernty protection and environmental protection are managed, so that the building owner,

management and approvals body cleary understand the purpose of the proposed
measures.
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Annex A
(Informative)

Nationally determined parameters

Table A1 Template for the choice of nationally determined parameters to be decided

by each national standardization body

Clause

Nﬂﬁﬂl‘lﬂﬁy" determined parameter

Table A2 — Example of how nationally determined parameters may be expressed

Clause

Mationally determined parameter

422(1)

Fire safety uhjen::l'ives are in country XY.Z determined by
checking what performance requirement the relevant pre-
accepted solutions are connected to. For example, devi-
ating from a 30 m walking distance to escape routes (ac-
cording to XYZ pre-accepted solution) are only connected
to fire safety objectives connected to evacuation. Fire
safety objectives such as prevention of fire and smoke
spread or fire brigade intervention are not deemed to be
affected in this case and may be left out of the analysis.
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Annex B
(Informative)

Validation of fire statistics

B1 General

Fire statistics are important in order to perform a proper quantitative risk assessment. The
need for statistics is related to the type of risk assessment in question and may include:

— frequencies of a fire occurming for different types of occupancies;
— distributions of fire loads for different types of occupancies;

— probability of a fire starting in a certain object;

— probability of a fire staring in different room types;

— probability of a fire spreading beyond the room of fire origin;

— fire losses.

This annex will not give specific data but provide information on how to find suitable statis-
tics elsewhere. Some issues that should be considered when using fire statistics are dis-
cussed.

Generally there are no fire statistics available that are fully accepted within the fire com-
munity and as such stafistics should be used with proper consideration in mind. Aspects
that need to be considered are:

— the significance of the data;

— the locations of the data collection and applicability for the country of the assessed
building;

— the age and the representativeness of the data.
In relation to this, at least the following should be considered:

{1) Buildings are generally categorised for the presentation of fire statistics. It is important
to consider whether the building category commesponding to the statistics, is representative
for the assessed building or building design;

{2) Fire statistics potentially show high comelation with building features such as the floor
area of a room or building. In order to avoid the use of unsafe statistics, a comparative
study between statistics to search and evaluate significant features of the assessed build-
ing is recommended;
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(3) Fire statistics are dependent on culiure and location. It is recommended o use fire sta-
tistics that are collected in or close to the country of the assessed building or building de-

Sign;

(4) The applicability of old fire statistics partly depends on the conventionality of the as-
sessed building. Fire statistics based on conventional buildings are not directly applicable
for unconventional buildings (Thureson et al., 2008);

(5) Changes of regulations and developments in fire safety strategies have an influence on
fire statistics. Therefore, it is recommended to use the most recently collected data that are
available;

{6) It should be noted that small fires are not always reported. For probabilistic analyses
using these statistics, it is required to account for the probability that fires are not reported;

{7) Wherever possible statistics should be obtained from Nordic Countries, preferably from
the country of the assessed building.

The following sections discuss some of the most commonly required data and relevant
aspects fo consider.

B2 Frequencies of ignition for different types of occupancy

B2.1 The significance of the data

(1) The type of occupancy and described boundary conditions of the data should be appli-
cable for the assessed building.

{2) Frequency of ignition per floor area should preferably be given as a function of the total
floor area of the building. Floor area dependent fire statistics on ignition frequencies in Fin-

land are for example given by Tillander (2004) and Rahikainen and Keski-Rahkonen
(2004).

B2.2 The age and the representativeness of the data

The frequency of fires significantly changed in the past decades. Therefore, it is recom-
mended that the most recent relevant fire statistics available are used. Dated fire statistics
regarding ignition frequency are often, but not always, conservative.

B3 Fire losses

B3.1 The significance of the data

(1) Statistical data on financial losses are often quite subjective. Therefore, fire losses
should, preferably, be expressed as a function of damaged areas or volumes.

(2) If applicable, an exchange rate between relevant currencies comesponding to the time
of data collection should be applied.
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{3) If possible, a distinction should be made between sprinklered buildings and unsprin-
klered buildings.

(4) If relevant, a distinction can be made comesponding to the main matenal of the load
hearing structure.

(5) It should be noted that statistical data comesponding to low consequences and high
frequencies are more reliable than data comesponding to low frequencies and high conse-
quUences.

B3.2 The age and the reprezsentativeness of the data

{1) Fire losses should, preferably, be expressed as a function of damaged areas or vol-
umes in order to minimise the probability of using outdated statistics.

{2) It should be noted that data of financial fire losses, expressed in a certain curency, are
significantly dependent on the local prices of buildings. Therefore, these data should not

he used unless the fire statistics were obtained recently (within the last decade) and were
determined in a location with representative building prices.

B4 Probability of a fire spreading beyond the room of fire origin

B4.1 The significance of the data

(1) Regarding the possibility of fire spread beyond the room of ornigin, a distinction should
be made between sprinklered buildings and unsprinklered buildings.

(2) The statistics should be applicable for the specific room dividing members (walls,
doors, etc.).

B5 Distributions of fire loads for different types of occupancy

Fire load densities should be chosen according to EN 1991-1-2 for the relevant type of
occupancy.

B6 Relevant databases

Relevant national resources of Nordic countries regarding fire stafistics are available
through Mordstat. See also:

Denmark Danish Emergency Management Agency, BRS
Danish Institute of Fire and Security Technology, DBI
Finland Ministry of the Interior
Pronto
Iceland Iceland Construction Authority, MVS
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Morway Directorate for Civil Protection and Emergency Planning, DSB
Sweden  Swedish Civil Contingencies Agency, MSB

Due to lack of generally applicable data that cormespond to the conditions in the Nordic
countries, data from PD 7974-7 can be used.
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Annex C
(Informative)

Reliability data

Fires are relatively rare, and when they occur, not all data are recorded for use in fire safe-
ty engineering. As a result, the available reliability data will vary in terms of relevance and
age, but there may also be differences in terms and definitions. It is therefore imperative
that the analyst exercises caution when gathering reliability data, and that the parameters’
sensitivity is reflected in the analysis.

The probability of 2 component of the fire safety strategy functioning as intended in case of
fire (reliability) will be affected by a number of variables. Although this annex presents sin-
gle-value data for reliability, these parameters can preferably be treated as distributions —
either as part of an uncertainty analysis or as par of the analysis itself. Reliability can be
shown as a distribution over timefage, as a function of maintenance frequency or one
could utilize triangular or other distributions to quantify the uncertainty in the reliability data.
The user may skew or modify the distribution to address project-specific factors.

The reliability data presented in this annex are meant as guidance in defining design pa-
rameters, rather than a representation of the cument state of fire safety systems in the
Mordic countries.

{1) NOTE: One can generally expect conservative results when underestimating reliability. When performing com-
parative analyses, reductions in refiability conceming the reference building only, may lead to an underestima-
tion of the risk.

Unless stated otherwise, this annex collates parameters for system reliability, as these are
assumed to be most relevant for fire safety engineering in buildings. If one is, e.g., fo as-
sess the effects of upgrading sprinkler pumps or other specific components of a fire safety
system, component reliability may be needed. Please refer to "further reading” and the
introduction to reliability analysis.

Unless stated otherwise, this annex gives general estimations for operational reliability,
meaning the fire safety measures ability to perform as intended on demand. The analyst is
however responsible for adjusting the reliability data based on case or scenario specific
factors. The provided reliability data for, e.qg., sprinkler system for life safety will not be rel-
evant for smouldering fires or for very high ceiling areas.
Reliability data is given with reference to the following sources:

[1]1 PD 7974-F

[2] NFPA 1720 (2014)

[3] Effectiveness of Fire Safety Systems for Use in Quantitative Risk Assessments,
(NZFSC, 2008)

[4] Methods for determining and processing probabilities, (WVROM, 20058)
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C1 Intended use

Reliability data in this annex is meant as a common starting-point for assessment of sys-
tems and components affecting the fire risk. The analyst shall consider the need for adjust-
ing the data to cope with uncertainty, vanation or project-specific factors. An introduction to
reliability analysis is given in C8.

For crucial componentsfsystems, or scenarios where reliability data is imperative, a relia-
bility analysis should be conducted.

The purpose of this annex is not to preclude the use of other sources of reliability data.
When more relevant or recent data is available, these should be used.
C2 Fire partitions

The following table gives examples of reliability data; probability of fire separations per-
forming as intended on demand.

Type Note Mini- Mean Mai- Ref
mum mum

Masonry walls (1) 0,75 [1]

Partition walls (1) 0,65 1

Glazing (1) 04 1

Door not being blocked open o7 [1]

Self-closing door closes comectly {2) 0.8 [1]

{1} MWOTE: Probabdity of the fire partition will achiewe at least 75 % of the designed fire resistance (e.g. 45 minutes
fior paritions rated EI 80)

{2} NOTE: Excluding those blocked open

C3 Fire suppression and extinguishing systems

Considerable data is available for sprinkler system performance and reliahility. The analyst
should however be aware of the differences in how the data has heen gathered and cate-
gorized. For example, data available through fire statistics may indicate sprinkler failure
when sprinklers do not control a smouldering fire — although sprinklers are not expected to
do s0.

Several factors may affect the reliability and performance of suppression and extinguishing
systems.
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Type MNote Minimum | Mean Maximum | Ref
General 0,75 0,95 1
Sprinkler system for property protec- 0,9 [1]
tion

Sprinkler system for life safety 0.8 [1]

Frank, et al. (2012) conducted a study suggesting normally distributed reliability for sprin-
klers with a mean of 86 % and a standard deviation of 4,6 %.
C4 Fire detection, alarm and interactions

The following reliability data should be perceived as component reliability. Calculation of
conditional probability of failure or operation may be necessary.

Type Note Minimum | Mean Maximum | Ref
Reliabﬁrty of alarm box, wiring and 08 1,0 [1]
sounders

Reliability of commercial smoke de- 0.9 [1]
tector

Reliability of domestic smoke detec- 0,75 [1]
tor

Reliability of aspirating smoke de- 0.9 [1]
tector

Reliability of heat detector 0.9 [1]
Reliability of flame detector 0.5 [1]

C5 Fire service intervention

The performance of the fire service may be governed nationally and regionally, and will
vary throughout the Nordic counfries. The degree to which one can take fire service inter-
vention into account in design of new buildings may also vary. Fire service intervention will
however play a significant role in several fire safety objectives — hence the performance
and reliahility could be included in the analysis of fire nisk.

Refer to national or local regulations to find a description of the expected response time,
personnel and material with which the fire semvice can intervene.
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C6 Other installations and systems

Type Note Mini- Mean Maxi- Re
mum mum f
Pmbahiﬁy of successful operation of | (1) 09 [1]

natural smoke ventilation or mechan-
ical smoke exitraction systems

Stairwell pressurisation system (2) 05 [3]

{1} NOTE: Excluding integraiion with fire detection and alarm system

{2} NOTE: Appromamation of 1) Fixed speed fan and barometric dampers (0,52), 2) Variable speed dive sysbem
{0.47) and 3) Variable speed drive and motonsed damper system (0,48)

C7 Human response

Human behaviour in case of emergency is a complex topic, outside the scope of this doc-
ument. Human response may however affect the outcomes of fires, and the probability of
humans responding as intended should in these cases be assessed. The following data
may be used when estimation of the probability of operators at control rooms, staff or
members of the general public acting as intended:

Type Note Mini- Mean Mani- Re
mum mum T

Totally unfamiliar, performed at 0,03 0,45 0,65 4]

speed with no real idea of likely con-

SeqUENCEes.

Routine, highly-practiced, rapid task 0,955 0,98 0,993 4

invalving relatively ow level of skill

Respond to audible alarm im busy 09 [4]
control room within 10 minutes

C8 Introduction to reliability analysis
As reliability data is vital input in probabilistic analysis, the analyst must consider the ap-
plicability of the data in each analysis. In a probabilistic analysis the investigation of partial

or complete failure of fire safety measures may be used in event trees, as a basis for de-
sign fire, etc.
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C8.1 Definition of reliability

Reliability can be defined as the ability of an item to operate under a given set of operating
conditions, for a specific given period of time. As such, reliability can be expressed as a
probability of erther failure, Pr, or success, Po. Since a system always will be in a state of
either failure or success, the sum of their probability will be 1. Thus, probability of failure or
success can be expressed by knowing just one variable. This can be expressed mathe-
matically as:

EXP( M’]
Pj = —E

Atg
Ppr=1—PF;=1—EXP(——)
Atg

where Atz is the time interval in which success is required and Azg is the mean time be-
tween failures.

C8.1 System versus component reliability

While the reliability of a single component can be simplified to a small set of varables, sys-
tem reliability can be a lot more complex. The system reliability is the sum of reliability of
its components, but there are also a number of other important factors to consider. Factors
like suitability of the components for the particular application and test and maintenance
procedures for the system can have a large impact on the resulting system reliability_ It is
therefore important to know the background of a given system reliability value before using
it in a probabilistic analysis.

For some systems it might not be readily apparent if a give value includes all needed con-
ponents if this is not explicitly given. For example, if a reliability value for a gas extin-
guishment system is given, does it include the reliability of all needed components for suc-
cess like both detection of fire and the gas delivery system, or is it just the gas delivery
system? Such dependencies can be very important, and will influence the resulting system
reliability greathy.

If a system is comprised of many different components, and also has dependencies on
other systems, then it is recommended to use, for example, reliability block diagram meth-
ods, fault tree methods or event three methods - see section 6.4.1.2.

C8.3 Models for analysis of reliability

System reliability can be assessed by describing all components or events through logic
trees as described in clause 6.4.1.2. Logic trees may be useful for addressing case-
specific properties. or condifions that can advocate for adjusting data provided in this an-
nex. This method may also serve to estimate the reliability of systems not covered by this
document, by analysis of the known or estimated reliability of the system’s components.

While age and maintenance rate are obvious parameters affecting a fire safety measure's
reliahbility, there are numerous other parameters in a fire scenario that can lead to a much
earlier failure of the whole system or a component of the system. There are parameters
like: high temperature, high concentrations of combustion products, radiative heat and vol-
ume flows, etc. For these phenomena a stress-strength interference model could be ap-

b4
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plied to better account for the different stresses that a fire-scenario inflicts. This model and
others are further explained in sub-section 6.4 2.

C8.4 Failure and hazard rate

Failure in an item can be expressed as a function called instantaneous failure rate or haz-
ard rate, hit). Hazard rate can be interpreted as the probability of the first and only failure
of an item, meaning failure only happens once and thus leads to a hazard, since it is not
repairable. For repairable items the term failure rate, or rate of occurmence of failure is the
most appropriate term. The rate function is obtained via life test data of the item.

The instantaneous hazardfailure rate can be expressed as follows:
h(t) = f(t)/R(T)

where f(r) represents the time to failure probability distribution function of a component,
while R(T) is its reliability function.

This rate is an important function in reliability analysis as it shows the changes in probabil-
ity of failure over the lifetime of a component. It will often produce a bathtub like curve with
failure rate as a function of ime, as shown in Figure 18:

filf) f 7

Burn-in i \Wear-out

Clance failure

fatilurs 1ailure

Timea

Figure 18 - Typical bathtub curve, showing raised hazard rate shortly after construc-
tion/ installation and towards the end of the lifespan of the system/ component (Fig.
5-3.3, p. 5-27, SFPE Handbook (2002))

C8.5 Probability distributions
Failure probabilities as a function of time should be expressed as probability distribution
functions rather than just using single-point values. Using only single-point values can at

best lead to a less cost-effective (conservative) design, but may also lead to underestimat-
ing the risk, and thus result in insufficient safety of life or property.

Guidance on creating probability distributions is given in section 6.3.

55

© RISE Research Institutes of Sweden



Annex D
(Informative)

Worked examples

D1 Event tree method

Figure 19 shows an example of PRA being used to assess the nskicost benefit of fire safe-

ty systems for the design objective of property protection.

The client for this exercise was concemed about the risk to business continuity of a fire in
their vehicle garage, and whether it was cost-effective to invest in the installation of a fire
sprinkler system in the facility. Because of the considerable cost for a fire sprinkler system,

a study was undertaken to quantify the costs and benefits involved.

The details of the scenario for this worked example are as follows:

+ The event of concem is a fire that randomly starts in one bus resulting in fire spread
to adjacent buses in the parking garage, thus causing significant property damage

and disrupting the transport operator's business;

+ The initiating event is a seat fire that is assumed to start at three separate locations
on a double-deck bus that is parked amongst other double-deck buses in a garage;

+« The risk parameter selected is “cost of fires per calendar year”, with two value
thresholds being established of “damage less than €200 000 and “damage greater

than €500 0007,

+ The following series of Yes/No events is used, with a probability for each estimated
from a combination of historical data, expert judgement, modeliing and experimental

testing:
* “|s the fire noticed at an early stage?”
« s the fire extinguished using extinguishers?”
+« “Does the fire spread to neighbouring buses?
« “Do sprinklers control the fire?
+* “Does the fire brigade control the fire?”
+ “|s the damage less than €200 0007

+ “|s the damage more than €500 000?"
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Once the PRA illustrated in the event tree diagram is completed, a frequency for fires has
to be determined, and then this parameter, in conjunction with a detailed cost'benefit anal-
ysis, is the basis for informing a decision on whether to invest in a sprinkler system for the
bus garage facility in question.

D2 Fault tree method

Figure 20 shows a qualitative example of a fault tree diagram which relates to a hypothet-
ical case where the “top” event is “failure to detect a fire within & minutes of ignition”. The
causes of the top event can be followed through to four root causes, namely; A. “no auto-
matic detector present”, B. “failure to detect fire” (i.e_, failure of the detector), C. “area not
observed by staff”, and D. “failure to detect fire” (i.e., by staff that were present).
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Figure 20 - Qualitative fault tree diagram (Fig. 9, p. 26 in PD 7974-T)

For the purposes of the worked example hypothetical probabilities are assumed for each
of the root cause “events” in Figure 20. For the building in question, the following assump-
tions are made:

A. T5% of the floor area has fire detector coverage, ie., Py = 0,25 and P; = 0,75;
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B. The fire detectors are 95% reliable, i.e., Py = 0,05;

C. Staff are present in the building 8 out of 24 hours per day, ie, P, = 0,67 and
Pz =0.33;

D. Staff fail to detect a fire in 25% of cases, i.e., P, = 0,25.

The next step is to calculate the probabilities at each gate in the fault tree diagram, using
the simple AND and OR gate formulae given in sub-clause 6.4.1.2.2.

Pzs = P;- Py = 0,75 X 0,05 = 0,0375
Pagisy = (Pa+Paz) — (Ps- Pz) = (0.25 + 0,0375) — (0,25 X 0,0375) = 0,278125
Ppp = Pp-Pp = 0,33 X 0,25 = 0,0825

Peepy = (P + Pep) — (Pc - Pep) = (0,67 + 0,0825) — (0,67 X 0,0825) = 0,697225
Pagscieny = Pagas) - Pejeny = 0,278125 X 0,697225 = 0,193916

Based on the hypothetical probabilities for each of the root cause events, the probabhility of
failure Ff 1o detect a fire within 5 minutes of ignition is estimated to be Py 7 0,2.

D3 Bayesian network model

There are different methods to protect against fire and smoke spread via the HVAC-
system:

i. Separate systems for each fire compartment;
ii. Fire- and smoke dampers in fire compariment penetrations;

iii. Smoke is allowed to enter the HYAC-system, but the smoke is extracted by exhaust
fans.

In a building using method iii, there are many variables that will affect the outcome of a fire
scenario. However, in this scenario only four variables are chosen:

1. The function of an automatic sprinkler system (function / no function)

2. The function of the smoke detection system in the HVAC ducts (function / no func-
tion)

3. The flow of the exhaust fan (normal flow / increased flow  no function)
4. The fire growth rate (slow / medium / fast)

Other important variables, e.g., if windows are open or closed, or if kitchen hoods are in
use or not, could also be included in the model, but is left out for the sake of simplicity. Al-
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50, the assumed failure rates are not based on actual data and should only be seen as
examples. An influence diagram for the simplified case is shown in Figure 21.
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Figure 21 - Influence diagram for HVAC smoke spread

The following assumptions are made:
1. The sprinkler system is assumed to have a reliability of 95 %;
2. The smoke detection system is assumed to have a reliability of 95 %;

3. The exhaust fan can be controlled to increase its flow either by a signal from smoke
detection activation or sprinkler activation. It is assumed that the fan has a failure
rate of 1 % when it comes to increase its flow if it gets a signal from either system,
or from bath. It is also assumed that there is a general failure rate of 1 % for the fan,
which is independent of the function of the sprinkler system and the smoke detec-
tion system, i.e., the fan is completely shut off.

4. The fire growth rate is assumed be slow (25 %), medium (50 %) or fast (25 %).

Mode tables for the influence diagram are shown in Table 9 through Table 12. In the utility
line for HYAC smoke spread,

Tabhle 13, 0 means that smoke does not spread between fire compartments and 1 means
that there is smoke spread. This needs to be calculated separately for each of the 18 sce-
narios, e.g., by hand calculations or by flow simulations in appropriate softiware. In this ex-
ample, smoke will not spread if the sprinklers activate and the fan increases its flow. How-
ever, if the sprinklers do not activate, the increased flow is only effective for a small or me-
dium fire growth. If the fire has a fast growth rate, there will be smoke spread to other fire
compartments.

The total probability of smoke spread can be calculated by hand, using Bayes theorem.
This is described further by Raiffa (1997). There are also many software programs that
can be used to simplify this process. In this example, the total probability of smoke spread
is 2,4-10%in case of fire. The importance of different safety systems can easily be evaluat-
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ed by, e.q., changing the probability of sprinkler failure to 100 %, which increases the risk
of smoke spread to 2,91 o Doing the same for the smoke detection system only increas-
es the risk of smoke spread to 4,?-11]'2.

Table 9 - Input for fire growth rate

Growth_Rate

Slow 0,25
Medium 05
Fast 0,25

Table 10 - Input for sprinkler

Sprinkler

Yes | 0,95

Mo

0,05

Table 11 - Input for smoke detection

[Smoke_Detection

Yes

0,05

Mo

0,05

Table 12 - Input for fan operability

Fan

Smoke_Detection

Yes Mo

Sprinkler ¥es | Mo | Yes | No
Normalflow | 0,01 | 0,01 | 0,01 [ 0,99
Increased flow | 0,08 | 0,98 | 0,98

No function | 0,01 | 0,01 | 0,01 | 0,01

Table 13 - Utility line for HVAC smoke spread (1) or not (0)

HVAC_Smoke_ Spread

Fan

Mormal flow

Increased flow

Mo function

Sprinkler

Yes | Mo

Yes | Mo
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One could perform the same analysis using an event tree. However, this would reguire a
tree with 36 outcomes. Also, it is more difficult to get a clear view of the conditional proba-
hilities using an event tree, especially if more variables are added to the scenario.

D4 Safety index (B) method

Below are short examples of how to apply the safety index method, for both the univanate
and the bivariate approach.

D4.1 Univariate approach

The univaniate approach can be useful when studying the probability of failure where the
load is represented by a known probabilistic distribution and the criteria can be treated as
a constant value. For example, if the expected fire load in a compartment can be repre-
sented by a nomal distribution with a mean of 250 MJ/im? and a standard deviation of 50
MJ/m® then the equivalent time of fire exposure can be calculated using the following
equation from annex F in EN 1991-1-2:

Tog = Gf* kp * LY;
Where
qy is the fire load,
ky, is representing material properties, can be chosen to 0,07 min mZ,

W is the ventilation factor, according fo CIB (1986), 1.5 is a conservative value if this is not
known.

Using this formula, the equivalent time of fire exposure can be calculated for each value of
the expected fire load. This gives a nomal distribution of the equivalent time of fire expo-
sure with a mean of 26,25 minutes and a standard deviation of 5,25 minutes.

This equivalent time of fire exposure can be used to assess the resistance of an EI 30 fire
compartment. Assuming no variation in the resistance, i.e., the resistance is treated as a

constant, and that El 30 gives exactly 30 minutes of resistance for the equivalent fire time,
then the probability of failure of the comparimentation can be calculated using:

Prgiture = P(tgg > 30)

This gives a probability of failure of 23,8 %.

"5, M and F represent fine growth rates slow, medium and fast respectively
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The probability of failure is above the criteria set in section 5.5, so the design must be re-
considered, or more detailed analysis is needed.

D4.2 Bivariate approach

In the bivariate approach, both of the studied variables are represented by probabilistic
distribution. An example of this would be the case with and ASET/RSET analysis if both
the times could be expressed as reliable distributions. An example of this case is given in
clause 6.4.2 1, but is also briefly given below.

Assuming that both the ASET and the RSET times are reliable distributions, the resulting
probability of failure can be found by:

P{Faﬂure] = P{ASET — RSET = 0)
Symmetrical distributions (normal distributions)

If ASET and RSET are independent random varables, normally distributed, the difference
will be nomally distributed with mean piser_peer = Maser — UgseT. Vaﬁﬂmﬂm_mgrz =

Gaser” + Ogser®, and hence standard deviation gz pser = Oaser® + Ogser®
Hence the probability of a failure can be found by the cumulative distribution function:

)|

P(Failure) = [1+ [{( a2 )] 1ll+ rf( Oaser—msery'2

{1} MOTE: Functions for cumulative distribution are available for a number of distributions in spreadsheet software.

For this example, the characteristics of the distributions are paser = 600, pgser = 400,
dyser = 60 and ogsgr = 60. Hence, the probability of failure is:

P(Failure) = [1 + ﬂ(w)] 0,92 %

B0 F 60% - 42
pser 600 — 400
B = HaseT % 2,36

TASET-RSET -n.l'ﬁﬂ! + 607

Assuming the analysis is made for a fire compartment with a limited number of people, one
could conclude that ASET is greater than RSET, as that is the outcome of 95 % of the as-
sessed scenarios.

Asymmetrical distributions

For asymmetrical distributions of ASET and RSET, P(Failure) may be a more complex cal-
culation. If no applicable formulas can be found, one can apply the same principles shown
above using Monte Carlo simulations. Refer to section 6.3 Estimating Distributions (para-
metric).
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Figure 22 - Example of two asymmetrically probability density functions for ASET
and RSET. Lognormal (p=6,36, 0=0,15) and Weibull {a=6,0, B=400) respectively.

The example in Figure 22 shows two probability density functions, where ASET is as-
sumed Lognormal distributed and RSET is assumed Weibull distributed. The resulting
P(Failure) can be found through Monte Carlo simulations, where the safety margin is cal-
culated by

Safety margin = ASET — RSET = f(ASET; o) — f(RSET; a, )
And hence

P(Failure) = P(Safety margin < 0)

—RizkLagnormdi B3 ;BA)

A B C
1 NSET RSET
2 |Dislribwlicrn LDEMCRM  WEIBULL
3| p 6,35 -
4 4] 0,13 -
3| n - 5
& B - 00
T |Saimple 3?1.08??33
g Salely margin 13, 700621

Figure 23 - Screen dump from spread sheet

Figure 23 shows how the calculation may be done in a spreadsheet based Monte Carlo
simulation. Cells B7 and C7 are set as random parameters (lognormal and Weibull distrib-
uted, respectively), whilst cell C8 is defined as output (=B7-C7).
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Figure 24 - Results from 10 000 iterations of Monte Carlo simulations showing prob-
ability distribution for the safety margin, ASET-RSET.

Figure 24 indicates acceptable probability of failure (P = 0,05) for the probability density
functions, yielding safety margin greater than zero for 98,1 % of the assessed cases. The
example also shows that there are scenanos yielding a negative safety margin of almost 2
minutes. These should be assessed by the designer, as to determine mitigating measures
for the high consequence scenarios, or if the combined probability renders the scenarios
neqligible. Estimates of number of casualties in each scenario with negative safety mangin
and their respective probabilities should be held against criteria in dause 5.3.1.2 or, if ap-
plicable, 5.2 1.

D5 Probability of Incapacitation, based on FED

Assuming the following FED values are calculated for 10 individuals, although the same
procedure could be used if the calculated FED values were probability distribution func-
tions:

Individusal A B C D E F & H 1 1
FED 044 074 033 011 01 011 036 09 074 055

SO 13571:2012 states that the uncertainty in FED calculations are + 35 %.

In a concenvative, deterministic approach one would add 35 % to the calculated FED val-
ues, and compare to a single tenability criteria of FED 0.3 (refer to the static values in Fi-
gure 26). FED 0.3 is suggested as tenability criterion in many handbooks (Nysted 2011),
and comesponds to a probability of incapacitation of 11.4 %. This approach yields a total
number of 7 individuals exposed to untenable criteria. A less concervative tenability criteria

u_f FED 1.0 would however yield a total number of 4 individuals exposed to untenable crite-
fa.
In a probabilistic approach, the uncertainty is implemented by friangular distributions,

where min is 65 %, mode is 100 % and max is 135 % of the calculated FED values, and
the log-normal distribution provided in chapter 5.3.1 is used as tenability criterion.
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Montecarlo simulations are conducted, where each individual's tolerance is defined as a
log-normal distribution, with a mean of 0.0 and a standard deviation of 1.0 (as per 5.3.1).
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Figure 25 - Comparison between tolerance (log-normal) and exposure (triangular
0,44 + 35 %) for individual A

As shown in Figure 25, the calculated exposure of individual A falls into the lower region of
the tolerance curve: Most individuals will have a tolerance higher than the calculated ex-
posure. P{exposure=tolerance) is found to be 7,1 % for individual A.

The above described procedure is repeated for all individuals in a spread sheet, introduc-
ing a formula, assuming casualties where exposure = folerance.

- e || koo e, cossaluce! PsumIfE LML)

1] E F = H 1 1 L L ki il
4 [imideslusl oo Lo | oo |
wliin M oM | o LT I T TR T 1L | ohs
AfUEE . ave LB 60 s 10 s 10 14 1ol 6M
=
Cilalence 000 000 G0 LHE ILHE LN LA L I 6
REYICHEHETETRIRCH R | 1 1 ol o ol 1 1 1 1
"
] (TepmereTe Iy |

Figure 26 - Screen dump from spread sheet

Row 15 contains IF-formulas yielding "1" when values in row 11 are exceeding values in
row 13. Cell E17 sums the number of casualties for each iteration.
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Figure 27 — Probability distribution of number of casualties

As shown in Figure 27, the probabilistic approach reveals a more neuanced picture than
the deterministic approach. A outcome of 7 casualties (as assumed where FED 0.3 was
used as tenability criteria) has a probability of 0.002 %.

Assuming a fire frequency of 1 fire per 100 years, and that the previously studied fires are
representative for the occupancy, the following FM-curve may be produced, to compare
the fire risk with the criteria given in chapter 53.1.2.

1. 00E-+DD
1.00E-01
1.00E-02
1.00E-03
1.00E-04

Frequency

1.006-05
1.006-06
1.006-07 _‘_‘_‘_‘_‘_‘_‘_‘_‘_'_'_'_‘_‘—'—-—-—
1.006-08

Number of casualties

—— Criteria Caloulated FM-curve

Figure 28 - FN-curve

Figure 28 reveals an unacceptable fire risk, which requires redesign or a more detailed
analysis.

T}
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Annex E
(Informative)

Basic Concepts of Statistics

E1 Probability Density Function and Probability Mass Function

The probability density function (PDF), or density of a continuous random variable, is a
function that describes the relative likelihood of the random variable having a given value,
represented mathematically as:

f{y} = F{I = J.I']

The PDF is non-negative everywhere and the integral over the entire range is one, i.e.:

J fl)dx =1

Two examples of a PDF for a continuous variable are shown in Error! Reference source
not found.(a).

The probability of a continuous random variable taking on a specific value is actually zero,
whereas the probability of the continuous random variable falling within a particular range
is given by the integral of the variable's density over that range. For example, the probahil-
ity of a continuous random variable taking on the hypothetical value 3,5000000... is effec-
tively zero, while the probability of the variable lying in the range 3,49 to 3,51 will have
some value between zero and one, determined by evaluating the integral of the associated
PDF over that range.

The probability mass function (PMF) is a function that gives the probability that a discrete
random varable is exactly equal to some value. All values of a PMF must be non-zero and

sum to ong, i.e.:
> fm=1
all x

The PMF is often the primary means to define a discrete probability distribution.
An example of a PMF is shown in Error! Reference source not found.(b).

A PDF differs from a PMF in that a PDF is associated with a continuous, rather than dis-
crete, random variable.
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Figure 29 - Distribution types: (a) Continuous; (b) Discrete.

E1.1 Cumulative Distribution Function

The cumulative distribution function (CDF) is a mathematical function that gives the proba-
bility, at that value of x, that the random variable will take on that or a lesser value than x.
For a discrete distribution, this is the sum of the PMF up to x, while for a continuous distri-
bution, this is the area under the PDF up to x, i.e., for a discrete distribution:

Fiy) =P <y)= ) f(x)
xzy

and for a continuous distribution:

F@y) = jf(xndx
xEy

Examples of CDF's are shown in Error! Reference source not found. for both discrete
and continuous distributions.

The CDF (whether in mathematical or graphical form) can be used to determine percentile
values, i.e., what percentage of the sample lies below (or above) a certain threshold value
of x. For example, if one has a COF plot of fire load densities for an occupancy of interest,
then the COF plot can be used to determing, say, an 80-percentile value for the fire load
density for a fire safety engineering calculation or modelling exercise.
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Figure 30 - Distribution types: (a) Continuous; (b) Discrete.

E1.2 Sample Mean and Sample Standard Deviation

It is assumed that the data is a sample from a larger population. When each value has the
same probability, the mean of the sample is calculated as:

Where the values have different probabilities of occurring, then the sample mean is calcu-
lated as:

X = Pixi
=1

The comesponding sample standard deviation is calculated as:

E2 Estimating Non-Parametric Distributions

In this subsection techniques for fitting non-parametric distributions to data are described.
A first order fitting is when only the variability is estimated, while a second order fitting also
includes an estimate of the uncertainty.

To
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E2.1 Continuous Random Variables

Where the data set is not too large, it is often sufficient to use a cumulative frequency plot
of data points to define the data’s probability distribution. The process is as follows:

1. Rank the data in ascending order between the minimum and maximum values;

2. Subjectively determine a minimum and maximum for the non-parametric distribu-
tion, noting that these two values will generally be beyond the range of the actual
data;

3. Calculate the cumulative probability for each sequential data point as:

i
P =

Where i is the rank of the ascending data points and n is the number of data points.

i X, Fix,)

o o .00

1 21 nos |

4 73 021 g a_; ] ——
e Lo lox] 3 g —
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Figure 31 - Fitting a continuous non-parametric distribution to data using a CDF
(based on data from Fig. 10.3, p. 270 in Vose (2008))

It can be seen in Error! Reference source not found. that a minimum value of x; =0
and a maximum value of x,,, — 45 have been added at each end of the range of the
n = 18 sequential data points. The mean of the sample is calculated as ¥ = 15.6 and the
sample standard deviation as s = 10.1.

k|
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If the dataset is large, the procedure described above can be impractical. In the latter
case, the data are batched into *hins®, which correspond to bars in a histogram.

Data
H'*;“ﬂ?;“'" Midpoint | No. | fx) | Fixy
(1] 20 0 a i} [1]
20 40 30 4 0, 000505 00181
40 (1] 50 25 0, 0056561 01312
B0 al T 45 0010181 0,.3348
BO 100 o0 44 0, 0099545 0,5339
100 120 110 22 0, 0072358 oe7ar
120 140 130 26 0, 0058824 0, 759654
140 160 150 11 0, 0024587 08462
160 160 170 10 0, 0022524 0,8914
180 200 190 10 0, 0022524 09357
200 a0 210 5 00011312 0,9593
230 240 230 7] 0,001357TS 09564
2410 260 250 2 0, 0004 525 09955
260 2B0 270 1 0, 0002262 10000
280 300 290 a a 10000
E e |

p .
£ o.oos
E so0a /l’— 0.8 {
B J_,f i CIPrab.
n.ooa I ; — Cumul. prob

A — - - ]

= | M |,

1 2 3 4 8§ 8T8 8 101112131418
Bin ramiser (x230)

Figure 32 - Fitting a continuous non-parametric distribution to data using a CDF
(based on data from Fig. 10.4, p. 271 in Vose (2008))

In the example shown in Emror! Reference source not found., there are 221 data points
which are allocated into 15 “hins™ covering the range from 0 to 300, i.e_, a range in value of
20 per bin or histogram bar. It can be seen from the tabulated data in Ermror! Reference
source not found. that the actual values are between 20 and 280. The frequency for each
hin is simply the number of values per bin divided by the total sample size, n. It should al-
s0 be noted that the data in Error! Reference source not found. have been plotted using
the midpoint of each bin/bar.

For the data sample presented in Error! Reference source not found., the sample mean
is estimated to be ¥ = 107.8 and the sample standard deviation, s = 49,1. These statistics

T2
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are described as being “estimated” since they are not based on the actual 221 data val-
ues, hut rather the simplifying assumption is made that the average value of each bin is
the midpoint value of the bin.

E3J Estimating Parametric Distributions

In this subsection technigues for fitting parametric distributions to data are described. Par-
ametric distributions are required, for example, as input for Monte Carlo simulations, where
each simulation will sample randomly from each applicable input distribution. The most
common way of estimating parametric distiibutions is to use one of the readily available
software packages that are designed for this purpose.

E3.1 Triangular Distribution

The triangular distribution is a parametric distribution that is widely used by risk analysts,
due to its simplicity, its flexibility, and its ease of use. It is used as a rough modelling tool
where It is possible to estimate the range and most likely value. The distribution consists of
a triangular shape that is defined by three input parameters; the minimum value, the mode,
and the maximum value.

The statistical properties of the tiangular distribution are derived from its geometry, as fol-

lows:
— 2(x — min) -
ﬂx}_(mﬂd@_miﬂ}{mx—mgﬂ] if min < x < mode
_ 2(max — x) .
f[x}_{m—miﬂ][m_mdﬂ} if mode < x < max
F(x)=0 ifx <min
- (x —min)? o
Flx)= (mde — min)(max — min) lfmm < x < mode
— (max — x)? .
F(x}—l_(m—miﬂ](m_m} Ifmﬂdg{x:_:m
F(x)=1 ifmax<x
__miﬂ+rnodg+m
s 3
mrim:m_rrlmﬂ+mud¢3+max2_m-mde—mn-m_m@_m

18

In Error! Reference source not found. the data from Error! Referemce source mot
found. has been plotted as a non-parametric POF (dashed line) and then a friangular par-
ametric distribution has also been overlaid, as an approximation of the non-parametric dis-
tribution that had been previously fitted to the data, with the three input parameters of
min = 10, mode = 70, and max = 290.

[
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Introduction

Using a performance based approach in fire safety engineering, compliance with fire safety regulations can be
demonstrated, either by the wuse of pre-accepted solutions that are selected by the local building authorities, or
by using fire safety engineering methods.

Fire safety engineering methods can be used to demonstrate fire safety in two ways:

1. The use of comparative fire safety engineering methods in order to compare a design to pre-accepted
solutions;

2. The use of fire safety engineering methods for the evaluation of a design against absolute criteria.
This Technical Report provides guidance about review and control of fire safety design in the building process.

Itis based on previous Mordic work (MEB, 1884), work conducted by 130 TC82/5C4 on fire safety engineering
and SFPE Guidelines (SFFPE. 2007 and 2008).
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Fire Safety Engineering - Control in the Building Process

1 Scope

This Technical Report provides guidance for when and how to conduct review and control within the field of
performance based fire safety design as a part of the owerall building process.

The aim of the process that has been developed is to facilitate werfication of building solutions including
innovative and sustainable solutions and to harmonize the process for control within the field of fire safety
engineering in the Nordic countries.
The focus for the process is on a general level for review and conirol, independent of national legal matters in
the Mordic countries, with a primary focus on technical issues within fire safety engineering. But the process
will also, o some extent, give guidance on how the fire safety design process, including engineering
approaches, can be a nomal part of the overall control and review of the building process and define eligibility
criteria for those doing the control.
This specification includes:

= when fo perform controls within the building process and within the specific fire safety design process;

# how to perform the controls;

=  why the controls should be performed and their purpose.

This specification is intended to be used as a reference document for building authorities and for use in
connection with regulations by consultants, local authornities and stakeholders in the building industry.

(1) MOTE: Limitations regarding the use of this specification may be set in the Mational Annex.
The user of this specification must verify that the described processes are valid fo the relevant design situation

and that national requirements are met. It does not detail all the engineering knowledge required for the
building fire safety design.
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2 Normative references

The following referenced documents are recommended for application of this document. For dated references,
only the cited edition applies. For undated references, the latest edition of the reference document, including
any amendments, applies.

EM-IS0 13843, Fire safety — Vocabulary

INSTATS 850 Fire safety engineering — Comparative method to verify fire safety design in buildings

150 18730, Fire safety engineering — Assessment, werification and validation of calculation methods
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3 Terms and definitions
Far the purpose of this document, the following terms and applicant definitions apply.

31
Acceptance criteria
defined criteria or defined level of safety to fulfil when designing the fire safety independent of used method.

[SOURCE: EN-ISO 13843]

3z

Approving body

the individual or institution that is authorised to approve the design of a building. Depending on the national
legislation, the approving body may be local or national authorities or privately held third party consultants with
the necessary notification. Altematively, the consulting companies responsible for designing the building may
be authorised to “approve” their own work.

33

Authority having Jurisdiction (AH.J)

an organization, office, or individual responsible for approving designs. equipment, installations, materials
andior procedures.

[SOURCE: SFPE Engineering Guide to Performance-Based Fire Protection, 2™ edition]

34

Building materialiproduct supplier

manufacturers or distributors who provide raw materials, semi-manufactures or entire building components for
the construction of the building. Usually, they provide the documentation for the various physical properties.

35

Building owner

the building owner is an individual, a company or an institution that initiates the design and construction of a
building. The objective may be to use the building for their own use, to let it out or o sell it upon construction
completion. Usually, the building cwner owns the building site. When the building is let out, the responsibility
for maintenance of the fire safety measures in the building may stay with the building cwner or it may be
assigned fo the tenant (building user).

36

Building user

the building user is one or several individuals, companies or institutions that use the building for its intended
use. The building user may be responsible for maintenance of the fire safety measures in the building.

3T

Concept design

generally takes place after feasibility studies and options appraisals have been camed out and a project brief
has been prepared. The concept design represents the design team's initial response io the project brief.

38

Coniractor

the company that is responsible for the physical construction of a building. A twmkey confractor is also
responsible for the design of the building. The confractor compamny may hire sub-confracfors for execution of
tasks where they do not themselwves hold the necessary resources or competencies. Usually, the coniractor or
sub-contractor is obliged to procure all technical documentation for building products and on-site control and
hand it over to the building owner.

kR
Design fire scenario
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specific fire scenario on which a fire safety engineering analysis is conducted.
(1) MOTE: Amended from EM-150 13834

310
Design fire
quantitative description of assumed fire characterstics within the design fire scenario.
(2} NOTE: It is, typically, an idealized description of the variation with time of important fire vanables such
as heat release rate, flame spread rate, smoke production rate, toxic gas yields and temperature.

[SOURCE: EN-I1S0 13034]

an

Design objective

description of the performance benchmark against which the predicted performance of a design is evaluated.
[SOURCE: SFPE Engineering Guide to Performance-Based Fire Protection, 2™ edition]

312
Design review
owerall review process during the design. See also "Peer review”
(3} NOTE: Amended from SFPE Guidelines for Peer Review in the Fire Protection Design Process.

313
Detailed design
process of taking on and developing the approved concept design.

314

Fire Scenario

set of conditions that defines the development of fire and the spread of combustion products throughout a
building or portion of a building, the reaction of people to fire, and the effects of combustion products.

[SOURCE: SFPE Engineering Guide to Performance-Based Fire Protection, 2™ edition]

315
Fire safety design
design of fire safety selected for implementation from the successful trial design.

(4} NOTE: Amended from SFPE Engineering Guide to Performance-Based Fire Protection, 2™ edition.

316

Fire safety engineer

part of the design team and is engaged either as a sub-consultant or directly by the contractor or building
CWTIET.

(8} NOTE: The individual responsibility fo ensure a sufficient level of fire safety may be set in the National
Annex.

37

Fire safety engineering

application of engineering methods based on scientific principles to the development or assessment of
designs in the built environment through the analysis of specific fire scenanios, or thrmough the guantification of
risk for a group of fire scenanios.

[SOURCE: EN-IS0 13843]
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318

Fire safety design brief

summarizing the agreed upon performance criteria and methods that will be used to as a basis for the fire
safety design.

(8) NOTE: Amended from SFPE Engineering Guide to Performance-Based Fire Protection, 2™ adition.

319

Fire safety design documentation

describing the fire safety strategy and includes both the fire safety design brief and the complete verification of
sufficient safety due to what level of fire safety engineering aspects been verified.

(7} MOTE: Amended from SFPE Engineering Guide to Performance-Based Fire Protection, 2" edition.

320

In-house peer-reviewer

an individual from the same company as the fire safety engineer who is responsible for the intermal review
(quality assurance) of the fire safety strategy and the detailed design before communicating the result to other
stakeholders.

an

Other technical consultants

the individuals or companies who are responsible for the design disciplines other than fire safety, e.g. HVAC,
electrical, structural, architectural, acoustics ete. Often, there is a high degree of interdependency with the
work performed by the fire safety engineer.

3z
PEer review
the evaluation of the conceptual and technical soundness of a design.

[EOURCE: SFPE Guidelines for Peer Review in the Fire Protection Design Process]

323
Performance-based design
design that is engineered to achieve specified objectives and acceptance criteria.

[BOURCE: EN-ISO 13534]

(8) MOTE: Performance-based design may include simple qualitative verification methods or more
complex methods such as deterministic or risk-based verification methods. Performance-based
design of fire safety is referred to as fire safety engineering.

324

Performance based regulation [Code)

a document that expresses requirements for a building or building system, in terms of societal goals,
functional objectives and performance requirements, without specifying a single means for complying with the
requirements. Pre-accepted sclutions and werfication methods for demonstrating compliance with code
reqguirements shall be referenced by the code.

[SOURCE: IRCC — Inter-Jurnisdictional Regulatory Collaboration Committes]
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325

Performance criteria

criteria that are stated in engineering terms, against which the adeguacy of any developed trial designs will be
judged.

[SOURCE: SFPE Engineering Guide to Performance-Based Fire Protection, 2™ edition]

326

Pre-accepted solution(s)

a solution that has been determined by the authority having jurisdiction (AHJ) to comply with the objectives set
in the fire safety requirements.

(8} MOTE: The definition may vary between different countries. Other terms are for example deemed-to-
satisfy solutions, acceptable solutions, prescriptive solutions._

[SOURCE: INSTA/TS 950]

aar

Prescriptive-Based Design Option

option within a code whereby compliance is achieved by demonstrating adherence o specified construction
characteristics, limits on dimension, protection systems, or other features.

[SOURCE: SFPE Engineering Guide to Performance-Based Fire Protection, 2™ edition]

328

Project Scope

identification of the range of extent of the design matter being addressed, including any specific limits of a
performance-based design.

[SOURCE: SFPE Engineering Guide to Performance-Based Fire Protection, 2™ edition]

329
Cuality assurance
process o ensure right quality during an internal quality confrol review.

330

Cuality design review

first step in the fire safety design process with focus to conduct an initial risk sereening to identify possible
ways in which a fire hazard might arise within the fire safety objectives.

M
Stakeholder
who has a share or an interest, as in an enterprise.

{10} NOTE: Example stakeholders are as follows:

Building owner
Building manager
Design team
Authorties having jurisdiction (AH.Js)
- Fire
- Building
- Imsurance
Accreditation agencies
Construction team
-  Construction manager
- General contractor
-  Subcontractors
» Temants
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#*  Building operations and maintenance
= Emergency responders
* Peer reviewer

[SOURCE: SFPE Engineering Guide to Performance-Based Fire Protection, 2™ edition]

3.32

Third party peer reviewer

an individual who is independent of the fire safety consultant and the building project and conducts the peer
TEVIEW.

333

Trial Design

fire safety system design Intended to achieve the stated fire safety goal and expressed in terms that make it
possible to assess whether the fire safety goals have been achieved.

[EOURCE: SFPE Engineering Guide to Performance-Based Fire Protection, 2™ edition]

334

Verification methods

different methods that prescribe one way to comply with the building requiremenis.
(11} WOTE: Verfication methods may imclude: gualitative arguments, calculation methods, using
recognized analytical methods and mathematical models; laboratory tests, using tests (sometimes o
destruction) on prototype components and systems; tests-in-situ, which may involve examination of plans

and verification by test, where compliance with specified numbers, dimensions or locations is required
(non- destructive tests, such as pipe pressure tests, are also included).

[SOURCE: IRCC — Inter-Jurisdictional Regulatory Collaboration Committee]

(12} NOTE: Verfication of computer models is defined differently and is considered as process of
determining that a calculation method implementation accurately represents the conceptual description of
the calculation method and the solution to the calculation method.

[SOURCE: 150 13034]
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needs and demands into consideration. But also, other stakeholders when it comes to fire issues it is
impaortant for the fire safety designer to be involved in the process as early as possible. The main issues im this
stage are:

= What is the general purpose and use of the building? Are there any restrictions in the buildings use,
number of persons, type of activities, fire load, etc.?;

#» What are the main features, or main restrictions of the building, main areas for movement of people,
are there any open spaces and atriums, efc.?;

= What are the building design parameters that affect fire safety design (e.g.. structural materials)?;

* Whether the building should be designed with fire safety engineering methods of any kind or mainly
pre-accepted solutions.

After these questions are answered a general fire safety design brief can be produced (see section 5.3).

422 Detailed design

In this step the actual design process and detailed solutions are chosen. In this phase the key players are not
only the owner of the building and the architect but also the entire consultant team, such as electrical,
structural and water and heating consultants.

It is important to create a strong team and to explain the main features of the fire safety strategy to the team
as clearly as possible. Since the drawings and documents produced by the other technical consultants are the
ones that are used for construction, it is essential to make sure that the fire safety solutions from the fire safety
design documentation are incorporated into these drawings and documents.

423 Building permit

In order to start the actual building aclivities a permit from the local authority is nomally required. This could
differ between different countries. In some couniries you would need a special building permit and then
another permit to start the actual construction activities. These two permits could also be in the same decision

from the building authority.
If the permits are divided into two steps the building permit controls compliance with general plans for the local

area, height and architectural issues such as facade color and so on. The starting permit is then required to
control the technical requirements and the builder’s control and inspection scheme.

Whether the building authority checks the specific design, or just the building organization’s competence and
control system, varies in different couniries. In some countries, the fire depariment could also check the fire
safety design documentation as a separate decision from the building authority.

4.3 Construction phase

431 Building and construction

In the actual construction phase it should be noted that the fire safety design specifications are integrated in
design documents of other technical disciplines. The documents and drawings from other technical disciplines
are used as a basis to do the actual construction works. However during the construction phase it is common
that alterations are made in the building's layout, in technical solutions or in details of technical systems. In
that case it's important to be able to go back o the fire safety design documentation and redesign a solution
that fulfills the fire safety concept.

432 Approval

In order for the building be occupied and used, some kind of decision from the local building authority is
normally required. This could be based on checking if the builder’s inspection scheme has been followed and
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5 Fire safety design within the building process

51 General

Two principal methods are available when designing fire safety in a building within the Mordic countries:
# Prescriptive-based design based on pre-accepted solutions;
s Design based on fire safety engineering methods, i.e. analytical design.

Prescriptive-based design uses general recommendations and approved documents to establish the fire
safety design. The design method does not allow for deviations from these recommendations and documents,
and the need for verification is limited. The designer must ensure that the proposed building and its intended
use fits in the regulaiory system for prescripiive design by considering architectural design, occcupant
characteristics and relevant fire safety objectives. A number of design akematives are usually allowed within
the scope of prescriptive-based design and these are well described in the general recommendations in the
building regulations.

If there is a need for deviations from the prescribed solutions, the engineer needs to show that the proposed
design meets all relevant performance criteria by verification methods, which can be fire safety engineering
methods. The objective for the designer is now to verify that the building meets the performance criteria. The
key point is o show that the regulatory requirements are met

The fire safety features of a building are commonly designed by a mixiure of pre-accepted solutions and those
verified by the use of fire safety engineering methods. Due to this, there is a need for an overall understanding
af the fire safety design process and the relationship between the pre-accepied solutions and the fire safety
engineening design approach(i.e. analytical design). through the planning and design phase within the owerall
building process.

5.2 The fire safety design process

A number of publications such as NKB (1924), BS 7874 (2001), and SFPE (2007) provide information about
the fire safety design process. These guidelines are primarily focusing on fire safety engineering principles.
The guidelines do not describe the relationship between the pre-accepted solutions and fire safiety

engineering approach. Due to this, the process described by Mystedt (2012) is a more realistic way of
describing the process within the Mordic countries, as outlined in Figure 3.

11
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522 Verification with fire safety engineering methods

There are a number of verfication methods available to be wused when evaluating a trial design and the
selection of a method is dependent on which deviations from the prescribed sclutions are proposed during the
fire safety engineering procedure. Most of the methods are based on the use of risk equivalency. Maturally, all
relevant performance requirements must be met in order to show sufficient safety and it is the roll of the
designer to wverify that the proposed design solution has eguivalent safety. Mystedt (2011) ouilines the
following methods:

»  Qualitative risk assessment;

» Quantitative assessment with deterministic analysis;

» (Quantitative assessment with probabilistic analysis.
The selection of the verification method is mainly influenced by the following varables:

=  Voluntarily or mandatory use of a fire safety engineering approach;

#  The number of design altemnatives compared to a pre-accepted design solution;

»  The complexity and robustness of the trial fire safety design solution.

*  Unceriainty analysis

(11} NOTE: Limitations regarding which methods to use for verification may be set in the Mational Anmex.
523 Design review
Fire safety engineering design has a need for a more extensive design review than a design based entirely on
pre-accepted solutions. Design reviews should be camied out throughout the whole design process and the
demand for reviews should be established at an early stage in the process.
In order to ensure an effective design process, there is a meed for a review of the design brief before the
verification of the trial design is conducted (i.e., before performing the verification). A review at this early stage
minimizes potential surprises (and major changes to the design) in a later stage of the process.
The degree of design review depends on the complexity of the proposed solutions and ranges from an in-
house peer review check to the use of a third party peer-review. A proposed process for the design review is
presented in chapter 6.
53 Documentation and communications
There is a need to document the verification as the process moves forward to a final fire safety design solution
that will be communicated to other stakeholders within a project. The first document to be produced is the fire
safety design brief, which could be finalized after the initial qualitative design review. The second document,
often referred to as the fire safety design documentation, which describes the fire safety strategy and includes
both the design brief and the complete verification of sufficient safety due to the level of fire safety engineering
aspects that have been verfied. Usually the requirements on the documentation follow the degree of fire
safety design complexity and the choice of verification methiod.
Proper documentation of the fire safety design is crtical to give a record of the whole process and highlight
important aspects for the owverall fire safety strategy, including both pre-accepted solutions and design based
on fire safety engineering methods. Proper fire safety design documentation will also ensure that the different
stakeholders. imvolved understand what is necessary for the fire safety design implementation. It will also

ensure that the design is implemented in the other design disciplines” construction documents, and ensure
appropriate maintenance, and hence the continuity of the fire safety during a building s service life.

13
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(12} NOTE: specific content in the fire safety design brief andfor fire safety design documentation may be
sat in the Mational Anmex.

531 Fire safety drawings and models

Fire safety drawings or fire safety models (such as BlM-models) represent the results of the fire safiety design
from a graphically point of view. Detailed drawings or models should be a part of the fire safety documentation
and at least include evacuation routes, construction features of fire safety measwres (such as fire
compartmentation and fire protection of load bearing construction), and locations of different fire safety
devices such as emergency lightning. sprinklered areas and areas with fire alarm. If needed, specific aspects
resulting from the fire safety engineering should also be highlighted on the fire safety drawings or model.

(13) NOTE: specific content on fire safety drawings or models or specific standards to follow may be set in
the Mational Annex.

532 Communication with other stakeholders

The fire safety design documentation and drawings are useful toocls for communication fo better ensure
understanding of the fire safety process for different stakeholders...

(14) NOTE: the role that different stakeholders have in the building process and the fire safety design
process may be set in the Mational Annex.

14
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6 Review and confrol in the planning and design phase
6.1 General

This chapter addresses the process for review and control in the planning and design phase of a fire safety
design. The chapier addresses issues such as when o use a peer reviewer, the choice of reviewer, the scope
af the review, the agreemenis needed, the documentation of the peer review, and other related details. It also
describes the decisions that a stakeholder should make in establishing and conducting a peer review.

Peer review is a iool that can be used o help a stakeholder make decisions regarding the suitability of a
design. Typically, a peer review is sought to provide a second opinion regarding the design’s likelihood of
achieving the stated objectives. However, other situations may also necessitate a peer review.

A peer review may be conducted on any or all components of a design, such as the conceptual approaches
(trial design). application or interpretation of code requirements, the fire safety design brief and the fire safety
verification. A peer review is to be performed by appropriately qualified individuals based upon a scope of
work agreed upon by the stakeholders.

In the Mordic countries, the third-party peer review may be called third-party contrel or independent conirol.
The in-house peer review may also be called intermal design review.

This chapter is based on the SFPE Guidelines for Peer Review in the Fire Protection Design Process (2009)
and the Guidelines for Independent Control from Direkioratet for byggkvalitet (2012), and is adjusted to fit the
process in the Mordic Countries.

6.2 Purpose

The scope of the review is applicable for an in-house peer review as well as a third-party review. In addition, it
can be used by the designer to assess his own work before it undergoes a peer review._ It can also be used as
a basis for surveillance performed by the local building authorities (or AHJs). The given guidance intends to
work both from a regulatory peer-review (compliance with regulations), as well as from a technical peer review
point of view.

(15) NOTE: specific content on of the peer review process may be set in the Mational Annex.
6.3 Scope of a peer review

The scope of the peer review may be a complete review of the entire fire safety design documentation,
including compliance with applicable codes and standards and the appropriateness of the assumptions,
engineering methods and input data used to support the design. Altematively, the scope of the peer review
may be limited to specific aspects of the design decumentation, such as specific models or methods and their
associated imput data and conclusions drawn from the output data.

Agreement on the scope of the peer review should be achieved between the contracting stakeholder and the
peer reviewer. The scope should be explicitly identified at the time of execution of the agreement to undertake
the peer review. Any changes to the scope must be agreed to by both the confracting stakeholder and the
PEEr reviewer.

The peer review should be imited to only the technical aspects of the design documentation. The peer review
should not evaluate the education, experence or other personal aspecis of the person or company that
prepared the design.

The peer review should examine both the intemal and external appropriateness of the design. External
appropriateness considers whether the comect problems are being solved. Intemal appropriateness considers
whether the problems are solved comectly.

(18) NOTE: specific content regarding the scope of a peer review may be set in the National Annex.
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» Assumptions made by the designer (e.g.. design fire scenanos, material properties wsed in
comelations or models. );

#» Technical approach used by the designer;

# Choice of verfication method;

* Appropriateness of models and methods used to solve the design problem and their verification and
validation

= Applicable codes, standards and guidelines;

*  Input data to the design problem and to the models and methods used;

= Appropriateness of recommendations or conclusions with respect to the results of design calculations;

*  Uncertainty analysis

= Comectness of the execution of the design approach (e.g.. no mathematical emmors or emors in
interpretation of input or output data).

(18) NOTE: specific content regarding the confent of a peer review may be set in the Mational Annex.

(19)NOTE: for guidance regarding uncertainty analysis, see INSTAMS 850 Fire safely engineering —
Comparative methed to verify fire safety design in buildings

Far peer-review of specific technical disciplines (e.g.. CFD-simulations, design of structural fire resistance or
active fire safety systems) the reviewer is encouraged to seek specialised literature on agreed best practice
for the relevant discipline, preferably, as product-specific as possible. See the chapter Further reading for
further guidance on external reports.

6.4.1 |Initiation of a peer review

The decision to initiate a peer review is typically made by a project stakeholder, whose interest may be based
on safety, financial, environmental or cultural aspects. A peer review is ofien commissioned by am
enforcement official; however, other stakeholders may also commission such a review. This decision usually
follows the design development of a project and is occasionally a prescribed part of the design review and
approval. A determination to initiate a peer review may be made by a stakeholder during a preliminary project
meeting, when presented with a fire safety design brief.

Given that the use of a peer review may add time to the critical path of the design process, a stakeholder who
wishes the advice of a peer reviewer should begin the process of identifying and contracting for the peer
review as early as possible, but no later than at the design review and approval stage.

(20} MOTE: how to initiate a peer review may be set in the Mational Annex.
642 When to conduct a peer review
The decision as to whether or not to conduct a peer review is up to individual stakeholders or AHJ. The
motivation may be a desire to have a better understanding of the quality, completeness or the scientific bases
of the design. The decision to conduct a peer review may also be made by a stakeholder who has resource
limitations and/or lack of competencies and wishes fo bring in outside assistance to evaluate the fire safety
features of the design. Another possible reason to initiate a peer review may be to provide additional quality
assurance for the design.

(21) NOTE: when to conduct a peer review may be set in the Mational Annex.

It is recommended that a peer reviewer is involved at four different steps (intermal design review) of the fire
safety design process - see Figure 4. The scope of each review is described in Figure 5.
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wAre all spplicable codes and standards identified?

wAre all applicable fire safety objectives identified?

=fire there pre-accepted solutions for all parts of the building?
=fire all deviations from presoiptive design identified?

#ls the s=lerted design method sppropriate?

=fire all verification reguirements identified?

=[5 the selected verification method|{s) appropriate?

*What are the limitations of the selected verification method(s)?
=Have 3ll relevant performance oriteriz been identified and decided?

=fre caloulations and simulations performed in 3 comect manner?
=How are uncertzinties managed?

=fre all fire safety objectives fulfilled?
=|s the desizn robust?

=ls each step of the design process described?
=|s the analysis transparent, i.e., are 3l prerequisites and assumptions dearty described?

Figure 5 - scope of each review step.
More detail of the aspects that a full review should include, are presented in Annex B.

(22} NOTE: the scope of a peer review may be set in the National Anmex_

(23) NOTE: the acceptance of approval body can include third-party peer review and may be set in the
Mational Anmex_

6.5 Choice of a peer reviewer

Amy peer reviewer should hawe the necessary knowledge and fire safety engineering experience or fire
soience expertise to understand and evaluate the design that is being reviewed. For example, a peer reviewer
should at least have the necessary knowledge and fire safety engineering experience fo prepare am
acceptable design that is similar in scope to the design being reviewed. Any specialized expertise that will be
necessary to undertake the peer review, for example in using specific fools or models, should be identified.
(24) NOTE: required competence for a peer reviewer may be set in the Mational Annesx.
The peer reviewer should be objective and hawve no personal or corporate conflict of interest in the pmject
Amy candidate being considered as a third-party peer reviewer should disclose to the contracting stakeholder
any conflict of interest. If a third party peer reviewer discovers deficiencies that fall outside of the scope of the
review, those deficiencies should be brought to the attention of the contracting stakeholder.

(25) NOTE: how to choose third-party reviewer may be set in the Mational Annex.
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651 Identification of agreement to perform a peer review

Prior o commencing a third-party review, the peer reviewer should execute an appropriate agreement with the
ordering stakeholder. Once this agreement has been formalized, the contracting stakeholder should notify the
design engineer of record, and other appropriate parties, of the initiation of a peer review as required by
applicable ordinances, engineering practice acts, canons of ethics, etc.

(28) NOTE: the process for contracting a third-party review may be sat in the Mational Annex.
652 Responsibility
Unless otherwise agreed, the fire safety designer is always responsible for the final fire safety design. The in-
house or third-party reviewer is only responsible for performing a proper control.
(27} NOTE: the responsibility of a peer reviewer review may be set in the National Annex.
6.6 Conduct of a third-party peer review
66.1 Communications between a peer reviewer and designer

Technical discussions between the designer and the peer reviewer can be a part of the review process, as
long as the stakeholders are aware of the communication.

(28) NOTE: when, how and on what subjects communicated between a peer reviewer and a designer
during the review process may be setin the Mational Annex.

662 Standard of reasonableness

Peer reviewers should not be influenced by matters of their own design preference_. Instead, any available

accepted codes, guidelines and best practice (formal as well as informal) should be used as a
benchmark. Technical issues that the peer reviewer would not expect to have a significant effect on the
performance of the design should be identified as observations or findings rather than as deficiencies. When
the peer reviewer finds any significant deviations from codes, guidelines or best practice the reviewer should
ask on what basis the choice was made rather than report it as a discrepancy. This may cause several loops
of review but the process will be more constructive.

If there are issues where the designer and peer reviewer cannot agree upon a solution it is up to the building
owner/designer to present a design that fulfils the requirements, and the authorty will decides if they approve
it or not.

(28) NOTE: the process to address disagreements between a peer reviewer and designer may be set in
the Mational Annex.

66.3 Tools required for review

Peer reviewers should have sufficient documentation of the validity of the tools and data that were used in the
development of the design. A full evaluation of a design may reguire that the designer provide the peer
reviewer with access to the tools and input data used to develop the design. In such cases, the peer reviewer
should respect any confidentiality issues associated with the tools, and should use the tools only for
conducting the specified peer review. In some peer reviews, it may be necessary to use additional or
alternative tools and data to perform checks on the results that were obtained during the development of the
onginal design.

6.7 Report of a peer review
671 Documentation

At the conclusion of a review, the peer reviewer should prepare a written record that identifies the scope of the
review and the findings. The report should identify whether, in the peer reviewer's opinion, the design meets
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the design objectives. The items shown in section 0 should be addressed in the repart. Peer reviewers should
substantiate any comments on appropriateness by references to published technical decumentation.

(30} NOTE: mandatory aspects to document during a peer review may be set in the National Annex.
6.7.2 Supplemental information
Resolution of differences in the conclusions between the design feam and the peer reviewer may require
supplemental technical documentation. 1t is not unusual for these differences to take several iberations

between the peer reviewer and the designer to resolve. It is important for the designer and the peer reviewer
to have in mind that peer review is only a tool o make an informed decision.

6.8 Review and control of other disciplines” documentation

Due to the fire safety designer's overall influence on the entire design team., it is important that the fire safety
designer, as a part of the builders” control and inspection scheme, also controls the requirements in the fire
safety design document that have been incorporated in other disciplines drawings models and decuments.

It is essential to verify that each discipline) have understood and implemented the requirements that hawve an
impact on their work. When designing the fire safety by fire safety engineering methods, the transformation of
the concept design into a construction document or models is of crtical importance. . This can be done by,
e.g.. participating in joint review meetings or by crash control of models.

Important aspects to consider when reviewing other disciplines” construction documenis are presented in
annex C.

(31) NOTE: a specific process and aspects to consider during the review of other discipline’s document
may be set im the Mational Annex.
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T Construction phase
7.1 General
This chapter addresses the process for venfication of compliance of fire safety during the construction phase.

The chapter is based on the SFPE Enginesring Guide to Performance-Based Fire Protection (2008) and the
guidelines for venfication of fire safety within the building process by the Swedish Chapier of SFPE, BIV
(2013) and is adjusted to fit the process in the Nordic Countries.

7.2 Inzpection and testing plan (ITP)

As a part of the documentation of the fire safety design and the outcome of the design process, an inspection
and testing plan (ITP) needs to be defined. The ITP need o focus on what aspects to conirol and inspect for
different fire safety systemns installed in building when finalizing a building after construction. The ITP is the
link between the fire safety design and the construction phase and it is important to ensure that all affected
stakeholders understand and the inspection and testing plan. Within some Mordic counfries, the ITP may be a
part of the builder's control and inspection scheme, and will then also need to be approved by the AH..

The ITP should specify the required inspection procedure, measurement technigues and required results for
the validation and also acceptable tolerances for the performance metric. In the ITP, division of responsibility
for different inspections and tests should be clarified to ensure that all who participate are aware of the
required actions and the given time schedule for different actions. (SFPE , 2007)

Special inspections due to fire safety engineering design should be highlighted and especially considered due
their impact it may have on the fire safety strategy. With regards io the inter-dependency of several fire safety
design systems and to ensure the defined fire safety strategy, an integrated system testing and a coordinated
inspection protocol need to be defined, coordinated, and communicated before the final controls.

Example of aspects to consider when deweloping an inspection and testing plan are presented im Annex D and
further information about integrated system testing are presented in chapter 7.4.

(32) NOTE: specific content in the inspection and testing plan may be set in the National Annex_
7.3 Procedure
The general process for venfication of compliance in the construction phase is described in Figure 6. The
process is intended o be used as guidance during the construction of the building and to ensure that all
needed fire safety measures are buit as described in the fire safety documentation and construction

documents. Each step in the process will be described in detail in the ensuing sections. While the process is
described as a step-by-step procedure, the process may in reality be iterative.
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Consultation with Verification of .
; . As-built
the builder and Compliance I -
local authority Certification '

Start-up meeting
with construction Final control
management

Normative Field changes and
controls deviations (loop)

Figure & — Process for verification of compliance within the construction phase.

7.31 Consultation with builder and local authority
The one doing the control should parficipate in the consultation with the builder and the local authority.
The following should be determined during the consultation:

=  Which documenis should be used for the control and inspection of the fire safety measures;

#  |m which phases should the fire safety measures be controlled and inspected:

o At a minimum an early control (before load bearing structures and shafts are enclosed) and a
final control;

o I paris of the building are taken into use in multiple stages, more controls are needed;
o [f the construction affects existing cccupancies more controls may be needed;
= Which controls each contractor should perform and when they should be performed.

Dwring the joint consultation the procedure within the project for identifying and documenting field changes
and deviations from the defined fire safety concept should be defined.

(33) NOTE: the procedure for joint consultation and how to document field changes and deviations may
be set in the National Annesx.
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732 Start-up meeting with construction management
When the building management has been chosen, a startup meeting between the controller and a
representative from the building management should be held. The following should at keast be handled at the
mieeting:

= All fire safety documents should be reviewed and uncertainties sorted out;

= Controls and inspections should be planned and uncertainties sorted out;

» The construction project organization should be clarified for the controller.
If new building management is appointed, a new start-up meeting may be needed.

(34) NOTE: the procedure for start-up meetings may be set in the National Anmex.

733 Momative controls

It is important that the controls include parts of the execution where experience shows that emmors often occur.
Examples are among others the installation of fire doors, glass structures, wentilation.

If the design has deviations from the pre-accepied solutions, execution of the performance-based measures
should be the focus of special controls.

Control of the execution includes conftrol of the documentation for construction preducts to ensure that the
intended use of the product comesponds with the documentation.

Unless it is shown clearly as unnecessary continuous confrols are required during the construction phase. The
conditions should be made clear during the consultation with builder and local authority. As a minimum, an
early control before load bearing structures and shafts are enclosed should be perfformed in order to be able
to inspect parts that will be unavailable for inspection at later stages.
The following general procedure for the controls should be used:

# The control is performed together with a representative from the construction management;

# The contractor's controls and the routines for these controls are reviewed;

# The control is made according to the document agreed on during the consultation with the builder and
local authaority;

= Special consideration of the fire safelty measures during the building phase should be taken if
adjacent cccupancies could be influenced in case of fire;

= The controls should be documented by dated and signed check lists or inspection reports and
photographs should be used wherever appropriate.

(35) NOTE: the procedure for normative controls and when to perfiorm these may be set in the Mational
Annex.
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T34 Field changes and deviations

When deviations from the fire safety design documents amd construction documents occur during the
construction phase, the fire safety designer responsible for the design should to be notified. Ewvaluation,
assessment and reporting of the deviations need to be camed out to evaluate the magnitude of the deviation.

If the fire safety design is based on fire safety engineering methods, all deviations that exceed the
predetermined design tolerances must be evaluated in the context of the owerall design to ensure that the
defined level of safety is met. (SFPE, 2007)

The evaluation and assessment may be qualitative such as comparing properties and performance of specific
preducts to those actually provided. The assessment should cccur in the context of the overall design and
should evaluate the effects of the deviations on other systems. If the assessment reveals major deviations, the
fire safety designer will be required to revisit the fire safety design and revise key assumptions andior
calculations. (SFPE, 2007).

All deviations should be reported and documented a Any impact that may occur on the control and testing
procedures. as defined in the ITP, should be incorporated in a revised version of the ITP. The changes should
be communicated to stakeholders such as AHJ if it approves the fire safety design. Upon evaluation, approval
and documentation of field changes and dewviations, the fire safety designer should naotify all inspectors and
provide direction to the construction team members of the proposed resolutions of the deviations.

735 Final control

A final control is always required before the building, or a part of the building, is occupied and used, as
follows:

# The control is performed together with a representative from the construction management;
= The contracior's controls and routines should be documented ;

# The control is made according to the document agreed on during the consultation with the builder and
local authority;

#»  The final control should be documented.

(38) NOTE: the procedure for final control may be set in the Mational Annex.
74 Integrated system testing
Dwring the final control, imtegrated testing of fire safety and life safety systems should be conducted.
The scope of integrated system testing is the verfication of the completeness and integrity of the building
construction, ensuring that individual system function, operation and acceptance as reguired in applicable
installation standard tests, and to ensure the completion of pre-functional tests of integrated systems (MFPA,
2015)
Imtegrated testing should focus on that the final system installation complies with the specific design objectives
and the aspects defined in the fire safety design document and constructions documents.. Documentation of
the festing and inspection should be provided.

Further guidance on integrated system testing cam be found in MFPA 4: Standard for integrated Fire
Protection and Life Safety system testing, (MFPA, 2015)

(37) NOTE: the procedure for integrating system testing may be set in the Mational Annex.
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7.5 VWVerification of compliance statement

The Verification of Compliance statement certifies that all performance and prescriptive code provisions
have been met regarding inspections and commissioning reports, as well as first hand observations
throughout the construction process.

(38) NOTE: the procedure for normative controls and when to perform these may be set in the National
Annex.

7.6 As-built documentation

In preparation of the Verifications of Compliance documentation, the fire safety engineer should identify any
field changes made during construction. The fire safety engineer should ensure that they have been reviewed
as described in chapter 8, in some case being approved by the AHJ, and properly included in the as-built
documentation.

As-built drawings or fire design models should be updated upon any change to accurately describe the curmment
conditions in the building of the finalization of the construction. These documents will serve as a basis for
future operation of the building...

To ensure continued compliance with the constructed fire safety throughout a building's service life, the fire
safety designer should address critical input data,bounding conditions and limitations on design due to fire
safety engineering solutions and include information about which the facility may be assessed and monitored
for change and a procedure for addressing those changes to ensure continual compliance with the fire safety
SCOpE.

(38) NOTE: the needed documentation for the as-built documentation may be set in the National Annex.
7.F Fire prevention on construction sites
Dwring the construction phase it is also important to reduce the risk of fire on the construction site. This aspect
is not included in the scope of this report, but it is recommended that the CFPA Guideline Fire Prevention on

Construction Sites (2009) is taken in consideration fo reduce risk and the severity of fires that occur on the
construction site.
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8 Operation and maintenance
8.1 General

This chapter addresses the process for review and control of the fire safety throughout a facility's service life.

The chapter is based on the SFPE Engineering Guide to Perfformance-Based Fire Protection (2009) and is
adjusted to fit the process in the Mordic Countries.

8.2 Procedure

The success of a fire safety design requires adherence to the design aspects throughout the service life of the
facility. The service life involves operation and maintenance as well as changes in a facility. The changes can
invohee changes in individual stakeholders; such as owners, facility tenants and maintenance staff, as well as
changes in the facility configurations, use and its occupancy. It is crtical that these changes are managed to
facility maintenance manuals and established procedures for the approval and documentation of facility
changes. The general process for managing the fire safety duning operation and facility changes is described
in Figure 7.

Facility changes
Small devintions from
. thve oriminal desi
Fire satety design |::|?:s.u
Lorger desiations from
the original design
|sectiom 2.42)

Figure T - The fire safety process during operation and facility changes.
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8.3 Operations and maintenance

Ta ensure the intended level of fire safety during a building’s (or facility's) service life, a building operator is
required to ensure that the fire safety measurements are in place and operating property.

As part of the as-built documentation, Operation and Maintenance Manuals should be defined. An Operation
and Maintenance Manual describes the commissioning requirements and the imteraction of the different
systems interfaces. (SFPE, 2007).

831 Operations and maintenance manuals

Im the Operations & Maintenance Manuals (O & M manuals), all subsystems and associated inspections and
testing regimes and schedules are presented and acceptable results are identified. While some systemns can
be tested and inspected individually, the interconnection between systems should be pericdically tested.
(SFPE, 2007).

The O&M manuals should include a procedure for inspections and checklists for documentation of the
performance and results of system testing. The manual should also give instructions to the building operator
on important boundary conditions and restrictions placed on building ocperation due to the fire safety design
and especially if the design is based upon fire safety engineering methods_ Critical aspects could be fire load,
sprinkler design, building use and occupancy within different parts of a building. The manual can also be used
to communicate, to tenants and occupants, boundary conditions and limitations as well as detail the tenants”
responsibilities to operate the facility.

The design components that are critical to the achievement of the fire safety must be maintained and a
maintenance plan for those components must be developed and documented. A quality control checklist is an
example of a useful tool that an inspection team could use to identify changes in facility safety systems, facility
usage and tenamt characteristics and operation, (SFPE. 2007). An example of aspects o consider when
developing a quality control checklist is presented in annex E.

(40) NOTE: the scope and content operation and maintenance manuals may be set in the Mational
Annesx.

8.4 Facility changes

The ability to ensure that facility modifications meet the original fire safety design objectives relies directly on
the amount and accuracy of existing design and construction documentation as well as facility commissioning,
inspections and maintenance reports, (SFPE, 2007)..

All changes to the building must be addressed. However, the manner in which the changes are addressed
and the amount and type of documentation needed for the chamges vary depending on the amount of
deviation from the original fire safety design.

841 Minor deviations from the initial fire safety design

If the deviations from the initial design are small in connection to the original fire safety design documentation,
changes may be made without need for new analysis or recommissioning of the fire safety systems.

If the changes or removations are small and fall within the latitude and within the boundary conditions of the
onginal design, these changes should be presented o the AHJ as part of the notification or permitting process
within each country. The deviations should be recorded and included in the facility fire safely documentation in
order to monitor changes over time within the facility.

(41) NOTE: what changes that are defined as minor may be set in the National Annesx.
Ome should have in mind that although the individual changes may not affect the defined fire safety level or
the original design, the cumulative effects of multiple changes, even if all are conceded minor, might result in a

reduced iotal fire safety level within the facility. This is of major importance if the fire safety design is based
upon fire safety methods.
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842 Major deviations from the initial fire safety design

Major deviations or renovations that fall cuiside the latitude and boundary conditions of the initial design
require a new fire safety design process. The process should follow the steps used to design a new fire safety
strategy within the facility.

The mew amalysis and design process should address the specific changes, whether it affects the total
building. a system within the building. or a subsystem im the building. Based on the analysis and design
process, the fire safety consultant should propose the modifications needed to be incorporated to maintain the
defined level of safety (defined by the AHJ or other stakeholders).

After the fire safety engineer has determined the modification that is needed to be implemented, the fire safety
design may be a part of a new building permit given by the AHJ. The change should be documented and
include the orginal design intent, the scope of the change and necessary modifications to provide a facility
that complies with the building regulation or other stakeholder-defined lewel of safety (SFPE, 2007).

If a renovation is major and requires new goals and objectives, a completely new fire safety design concept
should be produced, following the process described in section 4.5.

(42) NOTE: the procedure and requirements regarding remowvation and major changes may be set in the
Mational Annex.
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Annex A
(Informative)

Nationally determined parameters

Table A1 Template for the choice of nationally determined parameters to be decided by each national

standardization body
Clause Nationally determined parameter
(1) The recommendation is used.
Table A2 — Example of how nationally determined parameters may be expressed

Clause Mationally determined parameter

B.(18) The recommendation is not used due to the national building

) regulation.
30
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Annex B
(Informative)

Details of full control of the fire safety design documentation

(fire safety strategy)

1. Control of the fire safety design briefildocumentation

Pre-
accepted
design

Design
werified
by FSE

Is it described who has performed the design (company and consultants)?

Is the scope of the project defined?
- Design of a new building, reconstruction of existing building, etc.

Is the building clearly defined and described?
- Building classes, risk classes, fire classes (depending on applicable code)

Are the fire safety related conditions and limitations for the building described?
- Occupant load
- Fire load density
- Local fire rescue service capacity
- In case of partial reconstruction or comeersion of an existing building. the
extent and boundaries for the project

Is the choice of design model described, i.e., pre-accepted solutions or fire safety
engineering analysis?

When pre-accepted solutions are used, is it confirmed that the guidance for the
applicable building code ("deemed-io-satisfy”) is followed?

Is the main design of the building and all required installations cleardy described and
sufficient for detail design?

This mormally includes the following main points:

- Stability and load-bearing capacity in case of fire

-  Protection against the spread of fire between buildings

- Fire compartmentation, including protection of HVAC systems

-  Requirements for materials used in insulation, cladding and surfaces

- Means of egress: number of escape routes, capacity, travel distances,
signage and consideration for disabled people

-  Fire detection and alarm systems

- Extinguishing systems

- Smoke ventilation and smoke control systems

- Manual fire extinguishing equipment

-  Services and safety for rescue operations

Are there fire safety drawings showing fire compartmentations, fire safety
installations, escape routes and access routes for fire rescue services?
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Pre- Design
2. Control of the fire safety verification accepted verified
design by FSE

Basis and assumplions:

- Are the fire safety objectives identified?

- #re the deviations from pre-accepted solutions identified, and are the
affected fire safety objectives derived?

- Is the choice of verfication method (gualitative analysis. comparative
analysis or probabilistic risk analysis) assessed and justified?

- Is the choice of methods of analysis (calculation/'simulation methods) and
acceptance critenia assessed and justified, including the prerequisites and
limitations of the methods?

- Are assumptions, simplifications and input values for calculations described
in a tfransparent manner?

- Is the choice of fire scenarios for analysis assessed and justified?

Special considerations for qualitative analysis:
- Is the choice of a purely qualitative analysis evaluated and justified?
- Is the analysis substantiated by statistics, experience, studies, fire tests,
ete., with specific references?

Special considerations for probabilistic risk analysis:
- Are the acceptance criteria evaluated and justified?
- Are the referenced stafistics relevant and applicable for the building?

Special considerations for comparative analysis:
- Is the reference building sufficiently described?
- Is the reference building realistic and suitable for the analysis?
- Is there an owerview of the deviations from the pre-accepied solutions?
- Are all deviations treated in the analysis?

Implementation and results:

- #re consequence analyzes performed for the chosen fire scenanios?

- Are sensitivity analyses performed?

- Is there an assessment of uncertainties?

- Is there a clear summary of the results provided (referring to the purpose
and objective of the analysis)?

- #re the results assessed in relation to the acceptance critena?

- Are the results sensible and reasonable in relation to the basis and
assumptions of the analysis?

- Is there a description of fire safety measures to include in the fire safety
concept, e.g., what standards to use for the proposed installations?

- #re important aspects to consider and communicate during the detail
design phase described cleady?

- #re important aspects to consider and communicate during the on-site
tests and controls, e.g., coordinated tests and controls, described cleardy?

- #re important aspects to consider and communicate during the operational
phase of the building described clearly?
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Annex E
(Informative)
Example of a quality checklist for operation and maintenance

Description Intervals
Escape routes

Door handles Each month
Escape mutes, doors and windows. Each month
Escape mutes, staircase Each maonth
Evacuation plans Each year

Guiding Lightning

Functiom and location Cument

Test of the back-up electric function Each year

Emergency lighting

Functiom and location Each month

Test of the back-up electric function Each year

Fire alarm system

Revision and Inspections Each year

Evacuation alarm

Function test by facility manager Every three month

Smoke detectors

Function and location Each month
Fire sprinkler system

Revisiom and inspections Each year
Secreening by facility manager Cument
Elevators

Elevator function at point of signal from the fire alarm system is in accordance | Each year
with to the requirements in the fire protection documentation

Fire Extinguisher System

Fire extinguisher Each month
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Description Intervals
Function test of fire extinguisher Each year
Screening of standpipe Every three months
Test pump and pressurized standpipes Each year
Smoke ventilation system

Smoke extraction fans in cellar or garage Each year
Smoke extraction fans in stainwells Each year
Smoke extraction fans in stairwells can be staried from the ground floor Each year
Fire compartmentation

Doors: Each month
Door closers manual,

door closers automatic function test (push-batton),

coordinator

Sealed fire comparmentation - no holes Each month
Load bearing structures

Load bearing structures are propery marked Each year
Ventilation system

Secreening of the fire protection functions of the ventilation system Each year
Screening of flue Ewvery second year
Rescue service routes and assembly points

Accessibility Cumrent
Smow removal current
Free from obstructing wegetation Each year
Guiding signs Each year
Joint Commission

Joint commission of interrelated fire protection systemsfunctions Each year
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Annex F
(Informative)
The control systems within the Nordic countries

Im this annex the different control systems during the building process in the Mordic Countries are briefly
described.

Denmark

The applicant has complete responsibility towards the authorities, and he may fulfill his obligations the way he
finds suitable. There are no qualification requirements on the applicant, or to his organization (except for
safety reasons, construction calculations, gas, ete.).

The main principle is that the general intemal quality control is performed by the applicant, on his own terms
and without public supervision of this. The public building control concentrates on the issues of public interest.
The officers perform the control based on dialogue and construction site inspections including document
control

There are no formal requirements for intemal control performed by the applicant or his organization. But they
have some voluntary cerdification systems for companies, helping the applicants’ quality checks.

Finland

Finland has formally placed the responsibility for sufficient control onto the applicant shared with public
authorities. The reascn is to allow the authorities to take over the task if they consider it necessary. In
practice, normal procedure is "delegation” to the applicant, while public control concentrates on the supervision
process within the mandatory building inspection report.

The Building Control (BC) Office handles the issuing of building permits, but the office is divided into two
sections — one for compliance with the local plan, and the other for all other requirements set by central or
local authorities, such as competence by the construction companies and certification of actors. This sector
also performs the control tashks.

Approvals can be divided in stages in large or complicated projects, and the BC Office then defines the
stages. The control work is regarded as starting with the start-up meeting afier issuing of the building permit,
and participants at this meeting are the BC Office, the site manager, and the main actors for design and
construction. The site manager shall present a control plan, but this plan is not to be approved by the BC
Office. This plan is used for defining milesiones where new meeting and site inspections will be camied out

leeland

The applicant has the formal responsibility towards the authorities. But since there are traditionally a high
numbers of non-skilled one-time applicants and even self-builders, the system provides several tools to
support the applicants.

First, there is a wery strong public control, working on @ more detailed level than building control offices in
ather countries where the intention is to support the applicant.

Secondly, the law requires a “project manager”. having professional skills, o be assigned to the building
project, respansible for the quality of the building works, both towards the authorities and to the applicant. The
project manager must be insured against possible faults, but it is the applicant’s responsibility to comect faults
discovered by the public control.
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Morway

The applicant has the formal responsibility towards the authorties. But according to the legislation, all other
actors in the building process have responsibility for the quality of their own work, not only to the applicant, but
also directly towards the authorities.

Municipal building control was phased out in 1997, and was replaced by private control and a municipal
surveillance. Compulsory third party control was introduced in January 2013. Regarding fire safety this
includes the control of the werification of fire safety (the fire safety strategy) in all larger building (project class
2 and 2).

There are competence requirements on all actors (except the Applicant), related to their role in the projects:
designers, contractors, controllers of both design amd construction works, and of site managers. The
competence requirements are also related to the complexity of the projects.

Sweden
An approved building permit is mandatory for most building activities. For some minor construction projects a
notification to the building authornty is sufficient.

The handling of applications for a building permit according i the Planning and Building Act is initially
assessed in relation to approved local plamns. However, an approved building permit is not sufficient to start
construction works; you will also need a clearance from the building committes.

Work which requires a building permit, demolition permit, land permit or notification may not be commenced
unitil the building committee has issued clearance. In order to cbtain clearance, the developer must be able to
show that the measure can be considered to fulfill the requirements defined in the Planning and Building Act
with associated regulations. If the building committee is o be able io decide whether the measure can be
considered to fulfill the requirements or not, the deweloper must submit a proposal for an inspection and test

plan (ITP) and necessary technical documentation. The building commitiee establishes the ITP in the
clearance.

The main rule in the Planning and Building Act is that there must be one or more inspeciors when work
requiring a building permit or notification is being camed out, though there are some exceptions o this.
Inspectors must be certified by an accredited certification body.

Im most cases, technical consultation will be held at the building committee. The consultation includes going
through how the work will be planned and organized, the ITP proposal and general documentation. Technical
consultation is not required if an inspecior is not required.

Im most cases, the building committee shall visit the site where the works are being camied out at least once
during the process. The need for the building commitiee to make a worksite inspection is defined during the

Once the construction work covered in the technical consultation is complete, a final consultation is held,
before a final approval is issued.

A final approval is required for all work covered by the clearance. To obtain a final approval, the developer
must show that all requirements that apply to the measure in accordance with the permit. the ITP, the
clearance, or any decision conceming additional terms, are met, and the building committee doesn’t find
reasons fo intervene with an inspection. If the requirements for final approval are mot mei, the building
committee may, under certain circumstances, issue an interim approval pending a final approval.

4
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