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Fire safety
engineering
-the UK approac

The draft code of practice for fire safety mgnm ring has
been mwrm’ with considerable intevest by the fire
community, Here Gordon Caoke, one of its authors,
outlines its underlying principles

< NTHIS aruicle Fire Safety

Engineering {FSE) is

assumed to have the
i"(ﬂluwing meaning:

The application of engineering
principles, rules and expen
judgement based on u know-
ledge of human behaviour and
ascienefic undcrsm.nding ol the
phenpmena of fire and it
effectsto:

» save life, protect propenty
and preserve the environ-
ment and herirage;

= guantity the hazards and
risks of fire and its: effects;
and

« cvaluare analydcally the
optimum protective and
Preveniative  MEasures
necessary o limie within
prescribed  levels  the
cotisequences of fire,

The challenge

The effects of fite in or near
butidings are mirigared by fire
precautions: required by national
regulations and codes of pracrice,
Owet the past twor decades building
regulstions in some European
eountrics. including the United
Kingdom, have moved from
comprehensive  prescriprive
regulations o funcuonal
regularions supported by derailed
technical guidance  which,
although less presenipuve, sill
constraing design oprions, It is

generally accepred thar presceriptive
guidance i ill-suited w wday's
large, less compartmented and
mare complex buildings which
sccommodate many people,

While the present combination of

regulations and puidance has
served well, and will continue
be appropriace for simple
buildings, there is a pressing need
for @ framewaork for FSE. This
should include performance-
based principles; sgceprance
criteria and calculation ools
which permir the use of time-
based calculations o address the
imporiant relanonship berween
the time required for escape and
the fime available for escape.

It is anticipated thae the next
detade wall see a major moveé w
mare performance-based codes
using risk-based quantfication
design processes. The guvernmens
has a commirtment to deregulate
in the field of building legistacion
and ullow building designers more
freedom o satisfy the funciional
requirements for fire safery in
buildings using & fire safery
engineering approach.

This has led the Dok
Consrruction  Sponsorship
Direcorate w wlentify, with the
assistance of the Fire Research
Stacion. the rescarch' needed o
cnable FSE to he applicd w the
design of buildings in the UK.
The importance of FSE and the
need tor further research has also
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been recognised in Lurope and has

led the European Group of

Official Laboratories for Fire
Testing (EGOLE) 1o prepare a

report on research needed”. A brief

review of FSE activities in several
internurional organisations, the
Burapéan Union (EU) and some
countries is given elsewhere’,

Meanwhile the fire safety design
of buildings in the UK will
compnse a mixture of FSE and
prescriptive methods.

Using the FSE approach is
daunung and exciring due o the
enany imponderables. Wil the fire
be scadental or malicious? Where
will it occur? Whar will be the jrem
fest ignired? Will doors be open
or clewed? Whar will be the rare of
fire growth? Will the fire reach

tlashovers Will the sprinklers
operate and will they control the
tire? How soun will occupants be
aware of the hre and how rational
will be their escape behaviour? Will
the life risk be cused by woxicity,
smoke obscuration or heatZ Some
of these questions cannort be
resolved by caleutation bur can be
accounted for by use of appropriate
staristics, i availuble. Tt is the
pauctey of such stacsnes whichis s
current liminng facrorn All
members of the design and
legislation enforcement team need
1o be educatediin nike-based design
methods.

A methodology based on sound
engineering principles, which
cmplovs caleitlation tools and
expert judgement, is needed - this
is called fire sufery engineering,
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Existing guidance
T dhernative toutes - rraditional
or FSE - ean be used ro seek
Building Repulation approval (see
Figure 1).

Whilst the existing guidance (the
Approved Documents and' the
supporting Brirsh Sandards) is
intended to represent just one
way in which the funcrional
regulations may be met, it is often
used a9 if it s the only way. The
main advantage of this approach
is the knowledge that if the
guidance is followed the desigrier
can feel confidenc thar building
approval will be granted. The
disigner and the building cantenl
and Are authotities are fumiliar
with the approach - and hisrory
has shown that rhe implicie level
of safety is acceprable,

However, theapproach, throngh ics
piccemeal nature, does nat
encourage the deagner o get an
averview of the whole fire safery

design process: it does not gcrlr:rall_\'
permit rade-off of active and
passive fire defénce meacires, and
does not sequire the designer 1o
think abaut ohjccthm. hazards, fine
and people béhaviour, and
scceptance criteriy which are
fundamental in risk assessment
studies made b}' engineersin other
felds. The risk assessment
approach has been accepred within
the UK by the safety authorities
responsible tor off-shore oil and A8
installationy, and special risks
associated wath indusoral, nuclear
and transporation projects,

Benefits of FSE

Fire sifery engineering can have
many benefits. Ivcan:

* o the basis of design for fire
safery of construction projecis,
including huildings wehich, by
virtue of their complexity.
cannot be designed easily using
present wechnicl guidance;
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through improved under-

standing of events in 4 fire;

provide the designer with a
disciplined approach o fire
sufety design;

allow satery  levels  for
alwernative building designs 1o
hi.'l;()mp:lmd:

crable regulations and codes
to be improved and justify the
amendment or removal ofoug-
dited maditonal measures;

provige 2 busis for ‘trade-offs’
between active and passive fire
precautions;

overcome the restraints on
disigy imposed by prescriptive.
regalations/codes and allow
innovation for construction
products and butlding design;

enable the basis of deciding
insurdnce premiums tw he
rationalised;

* assist the management of
fire safety for the building
during its whole life cycle,
including construction and
changes of use.

Development of the BSI
document

Work begun in 1991 by a small
group of fire engineens (which
included the author), and funded
by the Depariment of Trade and
Industry, has resulied in a draft
Bridish Standard code of pracrice
The application of fire sufety
engineering principles to fire safety in
buildings'. This draft has been
considered by BST Commitree
FSH/24 and s five sub-
comminees. It seems likely, avthe
ame of writing this aruicle, thar ir
will be a Draft for Developmenr,
but here w is referred o as the
Standard,

[n peeparing the Standard ir
was recognised thar existing
prescriprive rechaical guidance
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Bas

accompanying the functional
regulations would continue
be used for cthe majority of
buildings and that FSE would be
used mainly for large, complex
buildings where the benefirs were
sutficienr ro justty the cost of the

FSE studly,

The Smndard is principally aimed
ar fire engineers who. it switalily
qualitied and experienced. should
b uble 10 undertake the tequired
analytical work. It s also imporeant
that members of the design,
construchon and bailding approval
team should be able wo cxamine,
understand and challenge the
underlying assumprions-and the
bases of censitivity analyses so that

the fire safery design can be assessed.
The Quantitative Design Review

The FSE design procedure s in
four stages, as shown in Figure 2.
The Qualiearive Design Review
{QI}R} is the Firse Srage: The
abjective of the QDR is ta review
the architectural design, identfy
potential fire hazards and define
the problem in gualiratve erms
suitable for detailed analysis and
quantification.

Another important function of
the QDR 15 to establish ane or
more fire prorection schemes (erial
designs) thar are conaidered likely
to satisfy the fire safery eriteria. On
major projects the QDR should
be aarried our by a group thar
includes members of the design

team and one or mose fire salety
engineers. Iemay dlso be desirable
for a represenvative of the
appropriaie approvals body and
aperational management 1o be
ivolved m the QIR

The purpase of adopting a team
approach is 1o ensure thar all
aspects of the design can be
considered in the context of the
fire wfery objectives and criteria,
It is recognised chav roals for
compuration and data for
quannfication will not always be
availuble and in such cases the
applicarion of engineering
iudgement during the QDR can
play an important part,

Some of the steps inthe QDR are
listed below together with an
indication of the namre of some
af the information collecred/
acavings performed,

3 Review thie architecrural design

The fire safery engineer obraing
from the building designer
information on: the relation of the
building to orher buildings or the
site bounddry; fire service access;
how the building functions in
normal use and when fire ocours;
construction and geometry of the
butlding/reoms and escape roures;
installed fire safery systems;
CONTENTS; OCEUPANTS: ManIEement
TEgimiLs; €rc,
O Perform a building, occupans
and ¢nvironmental character-
isation study

Assumptions may have to be made
abour environmental conditions
[such aswind speed and directon,
temperature. and internal air
movertent) as they may affecr the
response of, for example, heat
devectors and nutural smoke
ventilarion systems. Some
occupant parameters may need ro
be charactenised, such as familiariey;
muobility. number, distriburion and
pre-movement times {interval
between warning and  first
mpvement rowdrds an exir).

O Esaablish the fire safety

objeciives

Is the primary abjective safery of
life or protection of property,
‘environment or heritage? 17 the
answer is life safety, is ir the
occupants of the building,
firefighters or peaple hiear the
buitding who need o be kepr safe?

0 Esubhch evacuaton suategy

This may invelve: total evacuation
by simultancous or phased
procedures; evacuarion o g/place
af safety within the building and,
if necessary, complete evacuation
as part of 3 managed system; or
remaining i a place of safery
where evacuarion would nor
normally be conremplated, eg an
aperaring theatre.

3 Idenrify fire hazasds and
possible consequences

Euch space and its contents are
cansidered w determine potential

and prohable ignition sources and
thie likelihood of mpid develop-
ment of fire, as well av the paths
of fire effluent and the possible
locations of people at risk. A shar-
lise of important sites of fires and
fire seenarios is prepared for
quannicanve analysis laer.

U Establich trial fire safery design
2 Specify seenanios for analysis

Characterisation of ininartion,
srowth and exdncrion must be
acrempted as well ag possible
farlures 1n protection systems.
and management procedures.
Judgement is needed o avoid
including scenatios which have a
very |uw_pmbnbiii|:_v ofocourrence.

Q lndicare appropriate methads
of analysis.

O Prepace a fire safety manual

when acceprable design is
achieved

This should reflect the general
management and operational
procedures ol thie orzanisation
concernid and include: fire safety
P(?I i(.lv statement; ﬁrl.' Iilfct}'
specification for the building; safery
MANAZEMent SEruetue cotrinuing
contruil i audic procedures; action
to be tken in a fire emergency; fire
drills; housckeeping: planned
mainfénance procedures; staff
Lraining; security; contngency plase
for salvage and damage conerol and
recordd keeping,

The systems analysis

(stages 2 and 3)

The QDR is followed by a
quantificd analysis (stage 2 using
one or more of six subesystems
(555):
581 - nination and development
of fire in enclosure of origin;
S82 < spread of smoke and woxic
gases within and beyond the
enclosure of nrgin:
$83 - fire spread beyond the
enclosure of origing
554 - tlececrion and activation:
§55 - fire service intervention: and.
S56 - evacuntion.
The subrsystems are intended o
give the general principles and
appraprise procedure, and provide
antidance an the type of ciloulations
thut may be carried out.




28

Fire Prevention 288 April 1996

Fhe sub-sysrems require inpur
data for the clculanons and these
come trom the tial design daga,
chamacrerisation dara; and OUTpus
of other sub-systems. The
propased procedures outlined in
the sub-systeme are based on
physical. chemical, thermo-
dynamic relationships derived
from scientific, theoretical and
empirical relarionships, and
human behavioural reladonships.

Several rechniques are available for
evaludting the development and
clfec of fire, and the namure and
Lse ull these tc:,'hl‘miur\ Are gi\'cn
in the Standard.

he procedure for a sysrems life
safery analysis is shown in Figure
5. The procedure beging at time
L'(Il!:llh zero when ignitian is
assumed o occur. The calcularion
methods in SSs |, 2 and 3 enable
prediciions 1o be made, at repeated
time steps, af the locations of
smoke and hear in the building,

[f acrive systems such as .*.pm'-kl:::'s
and smnke vents are installed) their
ume of activarton & calculated in
S84 with their effect considered in
§51, 582 andl 553 as appropriace.
$8535 does notfeature ina life safety
analysis a the design should nor
be dependent on fire brigade
TCSOLITCLS,

§56 1s wsed to predict, ar repeared
time steps, the locations of all the
occupants in the building. Finally
the locartions of fire effluent and
lncation  of wccupants are
continuausly compared as rime
proceeds 1o see if occupants ire
subjected o untenable conditions.

Figure 3 represents the author’s
simplificazion of sub-system
interaction: Tor instance, it doess not
shiow any Interaction of fire and
people which rakes place in practice
such as changss in the scape oure
ovcupants choow w riavel along
because of threat of fire near an
alternarive, more cirect, cscpe mtte.

A concept called the ‘information
bus' hae been developed w help
visualise the flow of information
i and out of the sub-systems.and
their interactions. This s
illustrated. again simplified, in
Figure 4, Basic inpur-data is put
on the informarion bus (the
ourcome of the QDR); diese dara
are taken for input to each
‘processar’ (sub-system) which is
plugg:d into the information bus

AS PART of the consultadon process following the
publication of the BSI fire safery engineering draft

code (BS 94/340340 DC!), the Home Office
commissioned a worked example?, with
commentary®. An innovative bujlding design’ was
chasen for the worked sxample. It contained an
atrium and shop sales floors that were large and
linked by the acrium. The hypathetical building.
TEDS (The Examplé Department Stoie), usedin this
study was based on a department stare located in
outer London, This store provided the basic
structural design, the architact’s vision and the
client’s preferred layour, writes Dr Louise fockman.

The alm of this study was to rigorously test all
aspects of the draft code by carrying outa fire safety
assessmentona planned building. Procedures defined
in the draft code were followed and appraised. Five
key stepstook place; these were: (i) a clear defininon
of the objectivas of the depariment store design
from the viewpoint of all potentally interested
parties; (i) a hazard assessment of the departmeant
store; (iif) selection of the appropriate fire protection
measures; (iv) 2 test of the design by calculating the
impact of potential fire scenarios; and (v) reporting
the fire safety engineering undertaken.

The study attempred to use the entire contentof the
draft code in a coherant exercise. Many difficulties
were encounterad in this process, so soluticns had
o be found. For example, when it came to step (iv),
test of the design by calcuiation, the task beame
enormously complicated, All the equations given in
the draft code were used, togethar with additonal
ones found o be necessary'. In excess of 350
variibles were required and were linked together
with an information bus. The values of some of these
variables continuously change as time progresses,

To make the caleulations managesble a unigue
spreadsheet was set up. It allowed the changing
characzeristics of a design fire and evolution of
smoke and fire gases to befound at consecutive ime

Thiese sub-sysnems can begin work
on the data, und any other dura
thar may subsequently be ourput
from other sub-systems o the
information bus,

I'le informartion bus ensures that
the same data are being used by
all sub-systems and thar there is
no duplication of dara. All sub-
SySTems are runming against a
common time base, and by taking
a complere ser of data off the
information bus at any poine in
time a complere snapshot of the
sitgation 1s obmined.

On complerion of the systems
analysis the results are compared
in (stage 3) againse thie accoprance
crireria. Finally a repore is

prepared (stage 4) 0

References

FSE worked example

steps. The Impact of the developing fire scenario on
the bullding, occupants and property for the period
of the fire could readily be assessed

Possible failures of the design and poorassumpitions
were also tested in the spreadsheet by selecting
differentinpuc values, The calculations were repeated
with slower response sprinlders and with sprinklers
wirned off. The slower response sprinklers resulted
mn a greater production of smoke and heat bur
still met the design abjectives. However, without
sprinklers, sroke layer radiation was found to make
the store untenable before the occupants had startad
o leave the bullding J
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