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Objective of Active Fire Suppression
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Figure 2 A commonly assumed heat release rate curve for
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How do we gauge performance?
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How do we gauge performance?
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Abstract

Introduction

Building fire safety design involves evaluation of the like-
lihood and consequences or risk of potential fire events
that may impact the fire safety objectives of the building.
Objectives are set by regulation andfor by the owner
and/or user and/or insurer of the building. These ohjec-
tives universally include an adequate (but wsually unguan-
tified} level of safety for the occupants of the building.
some facilitation of firefighting should a fire ocour in the
building, and some limitation of the physical damage that
wiould result from a fire in the building.

Systems are commonly installed in buildings to pro-
vide a cost-effective mitigation of the risk to life safety
and/or property destruction, etc. The contribution and
interactions of each of the systems towards achieving the
objectives should be known. This either requires histori-
cal data that directly addresses effectiveness or historical
data on the reliability of the system (the probability that
the system will operate as required at any time) and on the
effect of the correctly operating system (the efficacy) on
each of the objectives that it is intended to address. Some

A lack of informarion on the effectiveness of fire safery systems, including sprinklers, has boen noted as being a
limiting factor in the development of performance-based fire safety design. OF the fire safery systems available,
sprinkler operation has been studied most extansively. This paper reviews the informarion currently available on
sprinkler effectivenass in fires. Two approaches are generally ken for estimating sprinkler effectiveness:
component-based approaches wsing a fault trea or similar method and system-based approachas using fire incidant
dara where sprinklers were present. In this paper, sprinkler system compenent data and effectivenass estimares from
system-based studies have been compiled and tabulated, with 2 compariscn of the merits of the mwo approachas.
Recommendations for using the darta for design purposes are made, including considerations for uncartzinty and
using a hybrid system/component approach for specific sprinkler system comparisons. These recommendations
provide input an the reliability of systems in the development of performance-biasad fire safety design merthods.

Keywords: Sprinklers; Efecriveness; Belizbility; Supprassion

*Correspondence: Kfenk@gmailoom
Trivers ty of Canterbury, Christchunch, New Zealand
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systems, while positive in relation to some objectives, may
be negative in relation to other objectives.

In the move towards risk- and performance-based fire
safety design {Notananni and Fischbeck 1999) identi-
fied “7 major barriers to defermining and documenting
achieverment of agreed wpon levels of fire safety’, one
of which was that “mo standardized methods exist to
incorponate rellability of systems” At an October 2006
meeting in Wellington, Mew Zealand, the International
Forum of Fire Research Directors which includes mem-
bers from the Building Research Association of MNew
Zealand (BRANYZ), the Commonwesalth Scientific and
Industrizl Research Organisation {CSIR0), the National
Institute of Standards and Technology (NIST), FM Global,
the Mational Research Council of Canada (WRCC), and
the Socety of Fire Protection Engineers (SFPE) among
others, listed as 2 of their top 5 research priorities
{Grosshandler 2006):

» ‘to improve our ability to predict the impact of
active fire protection systems on the fire growth
and fate of combustion products; and

# ioestimate the various contributions to
uncertainty and to incorporate them into hazmrd
and risk analyses”

& 2013 Frank &t al; liosreee Springer. This b an Open Access article distributed undes the terms of the Creatve Commons

@ Springe r Atiribution Licerme {http/ creatvecommons.org/licenses/ i’ 2.0, which penmiks ureestricted use, distribution, and reproduction
—

In any medium, provided the ariginalwaork Is peoperty ciied.
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Figure 2 A commonly assumed heat release rate curve for
sprinkler fire control.
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Introduction

Building fire safety design involves evaluation of the like-
lihood and consequences or risk of potential fire events
that may impact the fire safety objectives of the building.
Objectives are set by regulation andfor by the owner
and/or user and/or insurer of the building. These objec-
tives universally include an adequate (but usually unquan-
tified) level of safety for the ocoupants of the building.
some facilitation of firefighting should a fire ocour in the
building, and some limitation of the physical damage that
wiould result from a fire in the building.

Systems are commonly installed in buildings to pro-
vide a cost-effective mitigation of the risk to life safety
and/or property destruction, etc. The contribution and
interactions of each of the systems towards achieving the
objectives should be known. This either requires histori-
cal data that directly addresses effectiveness or historical
data on the reliability of the system (the probability that
the system will operate as required at any time) and on the
effect of the correctly operating system ({the efficacy) on
each of the objectives that it is intended to address. Some

A lack of informarion on the effectiveness of fire safery systems, including sprinklers, has boen noted as being a
limiting factor in the development of performance-based fire safety design. Of the fire safery systems available.
sprinkler operation has been studied most extansively. This paper reviews the informarion currently available on
sprinkler effectivenass in fires. Two approaches are generally taken for estimaring sprinkler effectiveness:
component-based approaches wsing a fault rea or similar method and system-based approaches using fira incident
dara where sprinklers were present. In this paper, sprinkler sysiem component data and effectivenass estimares from
system-based studies have been compiled and tabulaned, with 2 compariscn of the merits of the nwo approachas.
Recommendations for using the darta for design purposes are made. including considerations for unceraint and
using a hybrid system/componeant approach for specific sprinkler system comparisons. These recommendartions
provide input on the reliability of systems in the developmant of performance-based fire safery design methods.
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systems, while positive in relation to some objectives, may
be negative in relation to other objectives.

In the move towards risk- and performance-based fire
safety design {Notananmi and Fischbeck 1999) identi-
fied “7 mgjor barrievs to determining and docimenting
achievement of agreed wpon levels of fire safety’, one
of which was that “wo standardized methods exist to
incorponate rellability of systems” At an October 2006
meeting in Wellington, New Zealand, the International
Forum of Fire Research Directors which includes mem-
bers from the Building Research Association of MNew
Zealand (BRANZ), the Commonwealth Scientific and
Industrial Research Organisation (CSIR0O), the National
Institute of Standards and Technology (NIST), FM Global,
the Mational Research Council of Canada (NRCC), and
the Socety of Fire Protection Engineers (SFPE) among
others, listed as 2 of their top 5 research priorities
{Grosshandler 2006):

& ‘to improve our ability to predict the impact of
active fire protection systems on the fire growth
and fate of combustion products; and

& inestimate the variows contributions to
uncertzinty and to incorporate them into hamrd
and risk analyses”
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'a "100% effective” sprinkler system
would not equate to a 100%
reduction In 1oss, because a fire must
e present and reach sufficient size to
activate the sprinkler system’
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An appraisal of the ODPM

NISTIR 6941

Review of Residential Sprinkler Systems:
Research and Standards

— "The research showed that a more

Building and Fire Research Laboratory
Wational Institute of Standards and Technology
Gaithersburg, MD

S sensitive sprinkler was needed to

Wational Fire Sprinkler Association
Patterson, NY

T e respond faster to both smouldering
. and fast-developing residential fires’

.5, Department o f Commerce Federal Emergenc;'.llanng eeeee
Donald L. Evans, Secretary Administration
Technology Adminiztration Joe M. Allbaugh, Dirscror

Phullip J. Bond, Under Secretary for Techmology .5, Fire Adminiztration
Natounal Inztitute of Standards and Techuology E. Danid Paulizon, Adminiztrater
Arden L. Bement, Jr., Director
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An appraisal of the ODPM

"The house fires used in these tests

An appraisal

were all of a slow-growing type that

ODPM - BRE Report

produced a lot of smoke but
imited heat’

“Effectiveness of sprinklers in

residential premises”
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Examining fire service data

ome Office
Fire and rescue incident statistics,

156 injuries and 5 deaths that
England, year ending December 2020 ° M ° °
This release contains statistics about incidents attended by fire and rescue services (FRSs) O C C U r r e | n S p r | n e r e C U | | n g S
in England for the year ending December 2020. The statistics are sourced from the Home

Office's online Incident Recording System (IRS) and include statistics on all incidents, fire-
related fatalities and casualties from fires, with long term comparisons.

e | R between 2013 and 2018

ending December 2020. This was a five per cent
decrease compared with the previous year

Firesattended ..........................3

2
(557,073). Of these incidents, there were 153,278 3
fires. This was a three per cent decrease compared with /
the previous year (157,563). 4 Non-fire incidents attended -......7
5

W Pren [ Pow taie slamrn ] Non-Sew mccents Fire-related fataliti and
[ 7T | AN R 10

Firefalsealarms........................ 5

6 Summary of changes over time 13

7 Further information................... 14

I|||||"“ All of which were outside the life

Quarterly

Forthcoming releases:
Home Office statistics release calendar

° °
; Yaur ancig Decerder : A e g o
There were 221 fire-related fatalities in the year Home Office responsible statistician:
endnng December 2020 compared with 248 in the Deborah Lader

previous year. Press enquiries:

B Dweiirg fres [ Omer tres T Gearted Tower Fire

[]
[ |

Yeur endeg C'o ertbe

pressoffice@homeoffice.qov.uk
0300 123 3535
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Electronic cost as % of total car cost

Automotive Efficacy
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IS electronic’

-lectronic

Inject

Active- Passive Safet

Green Powertral

Airbag
ABS / ESP

Body Electronics

e

on

Multiplexing

Rac

ar / \V

In)

SI10

‘otainr

ner

1950 1960 1970 1980 1990 2000 2005 2010

2030

Plumis



Automotive Reliability

. Qil change every 1,500 miles » Service interval of 15,000+ miles
* Solely mechanical components * Networked electronic and
. Visual inspection mechatronic systems
« Repair of failures * Diagnostics
« Exchange of components

1950 1960 1970 1980 1990 2000 2005 2010 2022
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Increasing data volume & complexity

Run to failure
o High trouble
shooting

1900

Aerospace Maintenance

Integrated Health Management
o Optimisation of system reliability

Avoid
Calendar based unngcessary
. * Diagnostics &

* Machines Drogno;

repaired when

there are no

fau

199.99999999995% reliability”
1 1n 20 million fatal accident
1950 2000 2022
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First principal thinking

Fffectiveness

Reliability | X Efficacy
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Objective of Active Fire Suppression

Adequate level of safety for
the occupants

Some |limitation of the
physical damage to the
building

Some facilitation
of firefighting
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Objective of Active Fire Suppression

Adequate level of safety for
the occupants

Some |limitation of the
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Figure 2 A commonly assumed heat release rate curve for
sprinkler fire control.
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Fire: Zafery Joisrmal 130 (2021) 103592

Comtents Hsts available at Sciencelarect
Fire Safety Journal

joumal hommepaga: www. o lsmvisr.oomdoca mfiresaf

L
Replicating the activation time of electronically controlled watermist =
system nozzles in B-RISK

M. Spearpoint ™, C. Hopldn ®, ¥. Muhammad *, W. Makant ©

* O Corsnlins, Maoschoier, UE
¥ kv Foe, Moncdesde, LK
* s (|, London, LK

ABETRACT

This paper presents two series of enclosure fire crpefiments o which the sctivation time of dectronically controlled watermist system noezles and concealed
sprinklers have besm obtained. The first serie experinents wese aligned 1o the procedure given in the BS B458 standard whiness the seeond series wiene configuned o
give shower growing fires than in the standard test.

The activation of the Dwo fystems hove been seailated in che B-RISE 2ome e model. Activation chiracterimies for e conealed sprinklers hove been talosn Brom
edpewhise bn the | pere. Representative activathon charecterisrizs for the cacronically controdled watermist fysiem nodzles hove been detemmined. The selarton
of these charseteristics has requined a halance berwes the results from the two experimental serbes. By using an effective response dme ndexy of 20m s and an

effertive conduetivity fector of 0L25 m™ ™" the peedicted setvation tinwes are on avemge 14% sower peross ol of the enelosure fres.

1. Introduction
L1, Background

& report om a recent a sudy on the cneses of fire fatalities and serious
fire mjuries in Scotland and potential solutions o reduce them [1]
suggested that “More nesds (o be done i terms of relinble sory dersction
and sinteble inferemehion, o ather delay the dasdopment of the fire or o
notfy people - rzsing techrology - so they can moke armble acion o the sy
simges of the fire.” Antomatic water fire suppression systems (AWFSS),
such as sprinklers and watermist, provide a means to protect lves and
property by both detecting a fire and then controlling or extinguishing it.

Shielded fire scenarios present a challenge tn suppresion systems
when comparsd o cases in which the fire is open o the suppression
medivm. [n the repart by BRE [2] @t was noded that “Sprinkier protection
wats not forend fo be @ complere parace, slow-growing ond sigedad fires car
be a problen. ” Similarly, previous work by Grosshandler et al. [7] on
using water mist to protect compater cabinsts found thal suppressing
thess fires in obstructsd lncations is challenging.

This paper reparts on fwo series of endosure experiments in which
the activation of a watermist system with electromically controlled
nazzles has been measured. Series A conststed of IS 8458 [4] Are test
configurations and Series B were ad-hoc enclosurs experiments in which
the fire source was configared to give a longsr development Hme in

* Coresponding sothoe.
E-ml gudressr micliael spearpodntffolrcondulianis com (M. Gpeiapeoint).

hitpaz /ol g, 100101 &/ Aresal 2022103592
Reedved 24 Janunary 2027 Received in sevised form 14 March 2023 Accepled 10 Apsil 002
Availabde ondine 22 Apeil 2022

0375711250 02T Eeevier Lod. All Aghts seterved.

comparison with those in Series A, as well as considering the impact of
shielding the fire. In addition to the watermist system, the Series B ex
periments also induded measuring the activation time of concealed
residential sprinkler heads.

[n this paper the measured activation times of the watermist system
and the concealed sprinklers have been compared. The B-RISE zone
mndel [5] has then been nsed o reprodoce the experiments as clossly as
possible, comparing simdlation oatpats toodata for system activation
time. As part of this, representative thermal sensitivity properties for the
walermist sysem have been identified through a parametric anal ysis,
assuming that the system can be represented as an squivalent sprinkler
he=ad. For the concealed sprinkler heads, the activation properties have
been taken from the previous work of Hopkin and Spearpoint [£], with
the aim to verify whether their recommended design parameters for
conceled heads align with the experiments.

1.2, Hectromically controlled mozies

The concept of nsing an electronic means of activating a AWFSS
rather than nsing the traditional thermally responsive elements bas been
discusmsed in the literatare, Magnone ef al. [7] consider the challenges
posed by modemn warshouss stormge requirements and how ceiling-only
mmanted sprinklers that are slectromically activated by detection and
cantral system can provide a viable suppression splution. Eopylow et al.

Peer-reviewed fire
engineering research
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