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Introduction

ANWUZ

* Fire safety design aspects

= Verifying building safety

= Quantitative risk analysis

= Danish building fire risk

= Promoting Fire QRA

= Notes on probabilities and consequences
= |Interpreting the design fire
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AWU/Z

Fire regulations are developed by tradition
and "trial " n error”

Today” s architecture is not traditional
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Fire safety design aspects (cont.) ANAWU/Z

= Fire safety could be designed by...

— Prescriptive methods

— Analytical methods (prescribed for some buildings)
= Code compliance should be shown

— Comparative criteria
— Absolute criteria
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Verifying building fire safety ANAWU/Z

= When beyond normal limits...
— Treatment of reliability and uncertainty
— Risk analysis (e.g. QRA)

= Acceptable risk?

— Quantitative measures

— Qualitative measures
e Everything operates - no critical exposure
e Number of safety barriers

— Switch-over analysis
e What will cause consequence?
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WU/l

Unsatisfactory

A 4

Qualitative Quantitative ASSESSMent Reporting and
design review analysis of aoainst criteria presentation of
(QDR) design 9 results
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Quantitative risk analysis AR"2"AV V4

= First, a qualitative design review
— Characterize building & occupants
— Define safety objectives and trial design solutions
— ldentify fire hazards and design scenarios
= Then, a QRA
— Selection of events
— Event tree design
— Quantification of fire development
— Assessment of damage
— Calculation of risk measures and risk evaluation
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Quantitative risk analysis (cont.) AR"2"AV V4

= Construct the event tree

— Considered events relates to both human response and
performance of fire protection systems

= Fire development and evacuation calculations for each sub
scenario

— Computerized models like CFAST, FDS and Simulex could be used
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WU/

Sannolikhet Konsekvens

IA 80.0% Sprinkler
NEJI 10.0% ' 0.08 4
Brand Detektion
NEJ 20.0% Sprinkler

= 10.0% o 002 6
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WU/l
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Risk measures ANAWUuU/Z

Consequence Probability CDF CCDF
0 0 0 1.00
1 0.72 0.72 0.28
2 0.18 0.90 0.10
4 0.08 0.98 0.02
6 0.02 1.00 0.00
D 1
<
=
© 0.8 -
c
c
©
D 06 -
~
x
L o4 |
o

0.2 -

0 T T ‘\ T *
0 1 2 3 4 5 6

X, Konsekvens
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Quantifying the safety level in Bro5 AR"2"AV V4

= Analysing five code compliant buildings of different types
resulted in...

0.5

0.4 -

o
w

P(X>x)[fire
o
N

=

L | h ‘ —

0 20 40 60 80 100

o

X, Number of people exposed to untenable conditions
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AWU/Z

Building Fire safety measure Individual risk Average risk Maximum consequence
Elderly home Br 95 0,23 1,2 14
14 occupants No smoke alarm 0,34 2,0 14
Sprinkler system 0,08 0,5 14
Elderly home (dormitory)  Br95 0,9 12
82 occupants No sprinkler system 0,45 1,4 12
Hotel with restaurant Bro5s 0,20 9,1 236
647 occupants Smoke and escape alarm 0,17 5,8 128
Sprinkler system 0,16 5,6 236
School Bro5 0,20 4,3 83
365 occupants Manual escape alarm 0,18 2,8 83
Smoke and escape alarm 0,07 1,5 83
Sprinkler system 0,02 0,8 83
Office building Bros 35
160 occupants Manual escape alarm 0,44 13,8 35
Smoke and escape alarm 0,43 10,7 35
Sprinkler system 0,15 3,5 35

2006-12-14
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Promoting Fire QRA AR"2"AV V4

= QRA is a must in performance-based building design

= QRA is needed to show code compliance
— Treats reliability, variability and uncertainty
— Extensive information on fire safety gathered
— ldentifies strengths and weaknesses

= Risk-informed decision making
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Notes on probabilities AR"2"AV V4

= Analysis based on:
— Absolute measure of risk?
— Risk given that a growing fire occurs?

= Successful operation of safety measures
— What does a 95% probability of sprinkler activation mean?
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Notes on consequences ANAWU/Z

= Today’s measure is in conflict with decision makers
risk aversion

= Which measure of consequence should be used?
— Untenable conditions
— Number of wounded or dead

= Zone models vs CFD-models

— A single measure from zone models
— Where to measure in a CFD-model
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AWU/Z

Flashover

—~ 1000 |-
O
E Incipient Growth Burning Decay
=
©
o 50
Q
5
=
Ignition
20 5 »
Time
Stage ~ Incipient _ Growth __ Burning _ Decay
S e Eahays : Fuel-controlled Ventilation Fuel-controlled
l__=|re: b_eihawour Heating of fuel burning -controlled burning

Human behaviour

Prevent fire

Extinguish by hand, escape

Death

Smoke detectors

Smoke control

: I:')étet%'tion : Smoke detectors ot HoleRtire External smoke and flame
. Extinguish by
Active control — sprinklers or Fire Service.

Control by Fire Service

Passive control

Control of
materials

Flammability, surface

spread of flame

Fire resistance, containment,
prevent collapse

WWWwW.wWuz.se



i
A Qhantrﬂed

o Frmich My

b e e b wadeds s
a3 b i
rededr Lyvee methods ex

wibmztliad g ol &
wrywd rachock, e gnkada,

A,
s

UL OF RS (AN
LTS

[ T T e e

awr s o e okt e artrar
repme i ® The o o e edimede.
e b ek moerd e
2 ke cucgn procus of ek b
rcnrehl A rEoegaTErL ol

S bl o e e
et b sy med G
i
P P
e i ks o o I
Ak e i b Ly g mnam
BT e N
Jri iy a—.
[T -
PRI T —
e o verifem b 2 b e
et o A rrk ke
TR

T== F2= TAFFTY NERG
LT

Jneaden ez e mm st gz

Tw e mead ceagr marod
il a5 4 gAY TURCERE ©

R T iy P O AT
ms-u e i < 0 win

2

g b el e i e pnir Fymn L
[P P ————

'

TR T M OIRT
FRE ATkn

o o s pe b e
e beep barleig 11 ndne by
B! The v v et o e s
cuvred dm kb fers rorberefod

™

[TRETETT RN WU E R

it o e 2 e
ene bmesg, e snokve, Famnm
B L
e nlghe. Tw w ore b The

Tk TORR LT bt e ey i rocase

Tolerable Fire Risk Criteria
for Hospitals

Fredrik Olsson

Departmaent of Fire Safety Engineering
Lund University, Swoden

Erandteknik
Lunds tekniska hogskola
Lunds universitet

Repost 3101, Lund 1988

Available at www.wuz.se

WWWwW.wWuz.se

Quantifying the Safety Level in the Danish Building Fire Regulations

Charlotte Micheelsen
By- og Boligministeriet
Slotholmsgade 1

IJ[\ 1216 !\ﬂh..nlu\ n

Fredrik Nystedt Tomas Rantatalo
Oresund Safety Advisers AB  Fire Safety Nordic AB
P.O. Box 82 Orkestergatan 55
SE-201 20 Malmd SE-371 49 Karlskrona
SWEDEN SWEDEN

frednkia

\,hm-_a bm.dk

fetv.se Lomas

ABSTRACT

The paper presents results from a Danish study were the safety level in case of fire f

number of buildings have been examined, The analyses were made with the aim of trying]
establish acceptance criteria to be used in risk-informed building design. An event tree bag
quantitative risk analysis method was used. It was not possible to give dations

national acceptance criteria. The main reason for this \.om.lumon is that the reliability and

risk analysis methodology could be questioned. Without dardized input data @
calibrated calculation methods it is most likely that the assessed safety level will be vary
with great iude bet different engi A comparison with acceptance critg
would there be unfair. Risk analysis is however recommended to be used as a decision t
when designing fire safety in high-risk buildings and in buildings were the traditional ¢
compliant solutions are not applicable.

INTRODUCING PERFORMANCE-BASED CODES IN DENMARK

In 1998, Denmark initiated a transition towards performance based building regulations in
field of fire safety. One of the main prerequisites for the work was that the transition sho
not result in a lowered safety level than what is accepted today. No matter if a prescript:
solution is adopted or analvtical methods are used. the society demands that the achie
safety level should be the same, It was suggested that risk analysis should be used to ident
the safety level. Risk analysis should also be used by engineers to show that the buildi

plies with the ptable safety level. Essential questions that arise early in the work
outlined below.

* [s there enough knowledge and experience with risk analysis in the field of building f
safety engineering?

*  Are the ted methods

sfactory comparable results?

e Whioh jg an pahle Level of go by and s gvailobles sorat dats gaticlnetaem:?

t enough to be used by different engineers and g
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