DD 240 CASE STUDY

An example of a DD 240 fire safety engineering
approach to the design of a proposed three-level file
storage facility in a hospital

THE CHALLENGE

A Victorian period hall 30m long
by 14m wide by 10m high, used lor
file storage on the ground floor, is
to have its file storage capacity
greatly increased by the addition of
two upper level storage areas
without cutting out natural light-
ing or creating congestion. The
proposed new lile-support struc-
ture, which is of an unusual design
featuring unprotected steel masts,
beams and cable stays, incorpo-
rates open upper level walkways
and open stairways at either end.
Does it provide an acceptable level
of sufety for the occupants and
fire-fighters should fire pceur?

SCOPE

The writer wos contracted by a firm
of architects and project mansgers o
arovide advice on structural stability,
means of escape and fre-fighting
facilities so as to assist the architect
in getting building approval from the
Home Office Fire Inspectorate, The
safeguarding of medical records was
an additional consideration. Advice
was given which included a recom-
mendation to employ: smoke beam
detection, dnd building approval was
granted. but the project did not go
ahead because of lack of funds, The
project seemed an ideal basis to
demonstrate how a fire safety
engineered approach might be
followed using DD 240 Part | *Guide
to the application of fire safety
engineering principles'’, hence this
article. The DD 240 design process is
briefly described in the Appendix.

hy Dr Gordon Cooke, Internationn! Fire Salety
Consultant and Visiting Professor, Department
ol Civil Engineering, City University, London
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Figure 1. Plan showing file storage areq

OBJECTIVE OF
STUDY

The objective is {0
show that oeGupants
on  the uppermosi
Tevel would hive wde-
quate fihe to escape

before @ smoky
atmosphere  would
become  unienable.

DD 240 Punt | would
be gsed to caleulane
anil compare the time
available and time
required for escape
based on smioke fill
fiines using  severe
design  fires. By
idopting severe
design lires, the com-
phcationy of using

DD 240 Puet 2 nre aveided, Another purpose
of the amicle is to highlight the importance
of a girudtured wnd transparent approach
which DD 240 recomumends. Aspecis of pro-
fessional judgement are dlso highlighied,
Auention is confined 1o n consideration uf

means of escape.

Fignre 2. Section through hatl

QUALITATIVE DESIGN REVIEW
(QDR)

The QDR team

A meeting was held with representatives
of the local health authority, Home Office
Fire Inspeciorate, the architeer, und the
wriler



Figure 3. The floor punels and vpen areas

Fotpe notation:

Tension:
Compression; -

Uniformity distributed load:  —ovoeoemy

Figure 4, Foree systemy in steel siructure

Building and occupant charac-
terisation

The present design of the hilland
the proposed new facilities were
reviewed, and the building, 1ts
coments, and the occupants were
churnctensed.

Burlding characteriyation
The hall is & large. undivided
spuce 30m long by I4m wide by
1Thm high, with masonry walls-and
4 pitched timber roof. i his four
exits (une in the centre of each
wadl}y into surrounding rooms and
corrdars as shown in figure 1

The file-suppor struciure com-
prises eight equi-spaced Y-shaped
musts Titted with cantlevers at
hoth upper walkway levels. as
shown in figure 2. Cable stavs
attuched to the mast support Jut-
cral  and  longitudinal  beams
which, in wen, support the foo
panels and rolling filing cabinets.
A plan showing the floor panels
ishown shaded) and open arens
around them is shown in figure 3.
The Torce system is shown in
ligure 4

Diagonal bracing connecting
cuvh of the literal steel beams 1o
the musonry bullresses serves ta
ransmit dynamic loads associated
with the ralling cabinets back o
the robust hall: they dlso serve in @
severe fire condition 1o give lat-
eral und longitudinal stibility w
the Hle-suppurt stracture. Vertical
circtlation is achieved by an
unenclosed spiral accesslescape
stair located at each
end of the file sup-
port siructure giving
a 25m separation.
Cletestory windows
exist in all  four
wiills. There ure no
smoke ventilators,

Hose reels and
portable fire extin-
guishers are

provided  in accor-
dance with the BS
codes of practice.

Conrents chargeiori-
sation

Apart  from  the
timber beamed roof
and the paper files,
the rest of the hall,
including s finshes
antd cofitents, have
negligible fire load.
The medical records
COMPRSe pupers in
folders. The tolders
are densely packed
and rest on steel
shelves in enclosed
steel sheer rolling
filing cabinets 2.2m
high by 3m wille by

J0mm deep mounted on rails. Only the
fromu face of cach cabinet is open for tecess-
ing files, hence only the front face can be
attacked by fire in the eurly stages of u fire
The toral Tire load 1w igh (approximately
200 tonnes of paper) but much of it coukd he
regarded as protected Areload since many of
the cabinets would be in contact with cach
other — however this is unimportant in the
means-of escape analysis.

Oeeupant characterivation

The file storage ares would be in use 24
hours a day and would only be decessible 1o
hospital stalt. Not more than 20 staff would
be present at any one time, and for most of
the time snly foor o st sl would be pre-
senl. None of the staff would be disabled
The staff would have their own desks and
chairs i a separate office ourside the hall.
Thete would be a non-smoking palicy.

FIRE SAFETY OBJECTIVES

The predomibant abjective was safety of life
for the acoupunrs and fire-fighiers. A sec-
ondary  objective was  safeguarding the
medical records, As noted shove, this exim- =
ple is confined 1o means of escape for the

ecupunts.

ACCEPTANCE CRITERIA

A dererministic study was mdicated which
shouldishow, for same reasonable worst case
life seenurios, that the fire saféty objective
wias nttained. Safety of the occupnnts would
be assured if the time reguired for escape
from an elevated walloway was less than the
nme available for escape dictated by unten-
able condindns of smuke.

HAZARD ANALYSIS

The primary Tire load inthe hall comprises
the puper files. Secondary fire loads are the
cgz-crate lighting diffusers used benearh the
steel plate Moor panels of the file groups, and
the floor coverings which comprise tubber-
studded sheet flooring on the ground Dowr
and elevated walkways. Possible sotrces of
ignition include clectric light fittings and if
electmmes assocuted  with  the  cenvral™
hydrsulie lift

FIRE SCENARIOS

An examination ol all possible accidantal
lire hazurd scenanos sugegests that the worst
combinution of location of fire and location
of occupant i a five in o filing cabmer on the
ground flomr near one of the spiral staircases
and a person on the uppermost walkway near
that stgirway. The occupantis) would then
have to wavel the full 25m distinee between
the stmrways before moving downwards, It
shaould be noted that for all positions of fire
and occupunt there is always at leust one
escape route availuble where the person can
twrn his or her back on the fire to escipe
sufely, thusthe important prineiple embodied
it fire precautions codes of practice (such as
the BS 5588 series Tor instanue) 15 satisfied
in this project.

Assuming that a fire occurred fy ignition
of papers m o cabinet on the ground Mowvr,
the smoke plime will rise up the front of the
cabine!l and will be deflected by the imperfio-



1. Ignition, (Small fire; smoke plume rises
and s deflected laterally, smoke beam
deteclors cperate, alarm sounded,
oceupants escape).

il

3. Plume reaches ceiling.

Figure 3, Likely smoke flow pattorn for fire in files

te steel plate forming the floor of the walk-
way above, It will then nise vertically,
expunding i v=shaped plumes as it does so,
until it meets the underside of the ceiling of
the hall [0m above Noor level, asin fgure S,
Indeed it should be noted that an incipient
fire anywhere (whether it be anywhere on
plun und anywhere verucally, such as ground
floor level or first or second elevated levels)

11 prowduce & smoke plume which will rise
until itcontacts the hall ceilmg. Here, it will
spread laterally/longitudinglly untl it meets
the walls and will then begm building down-
wards, The time taken for smoke to build
down 1o 4 level sullicient w pliace people on
the second level walkway at misk (a distance
of 3m from ceiling to head level) is greater
than ior conventional single storey office
office sccommodation where the Corre-
sponding distance 15 often approximately
[m, and the smoke reservorr is comespaond-
ingly smaller. Despite this qualitative-bused
conclusion showing adequaey, it was decided
to guantify (wo severe (worst case) fire sce-
narios.

Scenaro A pssumes that a fire occurs ipa
filing cabinet nt ground Aonr level as shown
in fgure 5.

Scenario B assumes that. against all fhe
fire sdlety management rules, paper waste m
a bagis) hax been placed or temporarily
stored at ground floor level and has been
ignited aceidentully or maliciously.

For both scenarios it is assumed that: (4)
there s person on the highest level wulk-

2 Small fire. (Smoke plume reaches
second level and actuates beam
delectors al that level).

4. Smoke begins to build downwards
fram celling.

wiay vertically above the fire source who s
to walk the 25m length of the walkway
hefore the smoke builds down to impare his
or her escape, thereafier it 15 assumed that
the vecupant can walk down the siair and
exit through a doorway faster than the smoke
can build down; and (b) smoke detection is
not provided or is ineffective. [Mote: Smoke
heam detection formed purt of the final
design on which building approval’ was
given.)

QUANTITATIVE ANALYSIS

This comprises wi stages

® calenlation of time required tor escape
from fime of ignition (me = zem) which,
foor this Case, is the time for in occupant L
reach one of the spiral stnircases. assum-

ing the other siircase 1s unnsahle:

@ calculution of time available for escupe
from tme of ignihien which, Tor this case,
15 the time 1t takes for smoke to build
down 1o Head height for a person on the
uppermost walkway, Le. 3m below the
ceiling,

Assumptions
I.The Heat Release Rarés (HRR) for an
open-fronted filing cabinet 3m wide by
2:2m high filled with paper iles is not
known to the author, 1t is nssurped 10 be
far less than for a 1.2m high stack of
timber pallets which is known from
calorimeter wsts w produce HRRs of 300
and 3000kW at 200 and 330 seconds
fespectively ufter ignition, A burning bag
of paper refuse 1s adopted as a design fire
caused by malice,

A rough approximation ol smoke fill tmmes
vin be obtiined using the smoke fll pro-
gram in ASKFRS @ sune  of
micro-compiiter programs for fire caleuli
tion prepured by Fire Research Station,
BRE). Although sub-system 2 of DID 240
provides spme plume equations, it gives,
at present, no gmdance on the caleulistion!
of smoke fill imes, and most prctitioners
resort 10 the use of computzr programs
designed forahe purpose. The smoke [l
progrum dssymes an undisturbed axi-sym-
metric plume but the plume rising from a
filing cabinet would be bifurcated (see
figure S), leading to greater entramment of
arr and shorter smoke fill nmes. The
chuice of severe design fires s axsumed (o
compensate [Ur this effect

. The trapezodally shaped roof can be rep-
resented by a reclangular shapoed smoke
reservoir having a length of 30m amd an
cguivitlent width of 10m

[

s

Time required for escape

The components of cseape lime are shown in

figure 6.

The time required for escape comprises
the Tollowing times abtnined by considera-
tion of factors in siub-sysiem 6 of DD 240:

@ detection time, Assomied 1o be, at mos
one minute ufter iguition. Detegtion by
pecupant vin sight, smell or hearing. Notwe
that detection and nlarm are comedant;

® recogmition time. Assumed that occapant
carfies on working for 18 seconds {e.g.
corries on filing)

® response time. Assumed that occupant
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Figure 9. HRR's for bags of paper refuse
. ) 2
investigites (Inoks over handrail) 1o see  paper refuse: respectively,
where smoke is coming from and this  figure 10,
tukes 15 secconds before beginning o 1=
move along the escape route; Assessment of wxic hazard
® travel tme. Assumed that occupunt willks  aned visihiliy : A !
the full length of the walkway (25miata  The temperature of the 0 : . _
speed of Im/s w reach the spiral stairway,  smoke for the design fires 0 100 200 300
re: Iravel time 1s 23 seconds. The small  considered wis very low — Time (s&c)
number of occupants present means that  still only 3°C above ambi-
yuening does not oceur, ent for fire seenario A at Figure 10, Clear air laver depth, bags of paper refuse

Time required for the eritical part of the
excape 15 tierzlore nominally two minutes,

Time available for ¢scape

Design fire seenario A

The HRR versus time for the 1.2m high

stack of timber pallets is shown in figure 7.
Figuwre 8 shows thut for a smoke layer

thivkness:of 3m (e & clesr air layer of Tmy,

ASKFRS gives a fill ime of 235 seconds.

Design fire seenario B
The HRR versus time for one and 1wo bags
of paper refuse are shown in figure 9.

Aguin, for a smoke layer thickness of 3m.
ASKFRS gives fill times of 100 and 126 sec-
onds for the burning of one and two bags of

235 seconds. and even less

for the other fire scenurios —which is indica-
tve of o high tevel of dilution and low
huoyancy.

To check i the smoke produced would
impair escape the method of toxic haznrd
assessment given in DD IR is used. In the
following  simplified calealuwion of the
huzard associated with the partial bumning of
one [ Tkg bag of paper refuse it is assumed
thitt: the smoke layer i1s 3m thick giving a
smoke volume of 30 % 10 % 3 = 900m™, the
products of combuston are uniformly dis-
persed i the smoke volume, paper is the
only material burming so that the (oxic
puteney foctor is 1.0, und thut paper is o
mtiterial of “usual toxicity” which it is. Since

the total muss Loss is proportionil to the area
under thie HRR-time curve, it cin be seen
from figure 8 that at two minutes after 1gm-
tion approximately kg paper will have been
burnt.

The toxic potential concentratiog is 1K)
=900=1_11g.m. The exposure dose is 200
and 50g.m . min~! for escape impuirment
fe.g. asphyxiation) and death respectively
and it is therefore clear thar un vecupant
could remain unimpdired. for 180 minutes in
the smoke dssuming that the concentration
remamed constant. In our exumple, an occu-
pant would have reached the top ot the
starrcase two rinutes after ignition whin the
smoke teached head level %0 the necupant
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Lirm P the three consid-

et ARG A st e ered s the buming:
Lissger wiimghiciaiit single bag of paper
AQTUAL GMTiON refuse since, in the

SHCAPIE Was approx-
imately 1200 see-
onds pssuming o
presmovement tme
o 95 segonds.

ENGINEERING
JUDGEMENT
The chaice  of
design Mire 15 usu-
ally a contentinus

issue. The author
_ that the:
oSt approprdie of

believes

Figure [, Plume conditions — desiga versus actual

would not be exposei w any smoke. Even if
an oeeypant hud been exposed o smoke, itis
elear that the burning of one bag of paper
refuse is nor i thed ahthough e concentra-
tions over 1 0 2gim ™ <tinging in the eves
and irritation to the throat may vecur. It is.
thesefore concluded that the time availuble
for escape would be considerably greater
than the smoke fill times caleuluied by
ASKFRS.

Erom DD 240 the visibality distance (miis.

given byt
S=V =D, )
Wheie'V = vislume of smake ().
= 900 for a smiwke layer depth
of 3m
D, = mass optical depsity (m/kg)
=400 (o Maming cellulvse
material ( Table 15 of DD 240)
£y, = miass of fuel bt (kg)
= 1.0 afier two mnutes from
gnitian for one bag of papes
relise,
Therefone § = 2.25m
This value seems intbitively to be fur too
small und 1vthrows doubt on the BST quoted
value of smoke optical density (400m/kg).

Buabrauskas, who has done much work on
rate of heal release. smoke and soot produc-
tion using the cone calorimerer. believes
that the valug of 1) = -m(]mzﬁ.g 15 Incorrect
by an order of magnitude® andd this confirms
the suthor’s suspicion, A value of 4004s con-
sidered more appropriate ansd would give o
visthility of 22m in the example given
nhove.

This visibility caleulation assumes that the
smoke particulates are uniformly disiributed
in the smoke volume. In practice the smoke
ubscuration will be higher rnear the ceiling i
the plume is buoyant. n the example scenar-
ios the smoke temperature is low so that a
cobierent laver cannol be assumed und the
visihility would be expected 1o vary from
POINL 1O point.

Assessment of results against criteria

Thie acceprance eriterion was thit ume avail-
able for escape should be greater than the
time required for escape. The calculated tme
available for escupe wus n the range of 9610
210 seconds for highly diluted smoke and
wounldibie gredter before the smoke reached
‘untenable conditions. The time required for

eurly stuge of o fAre
spreadimg upwards

on a 2.2m vertical face of paper files. a peak.

HRR of more than 140KW withis one minute
is difficult 1o imagine — pilot flame 1gniion
of paper refuse generally leads 1o very fast
HRR because the Tuel is porous, unlike papes
in files. As noted however. a sensitivity
analysis has been made For the burning of

two bags of paper refuse which also allows

far arsan or deeident.

Another matter o judgement is the deci-
ston toouse a smoke fill program based on an
asiesymmetric plume. The  comparison
between the gewul conditien and the design
condition is shown in figure 1. A rigorous
anilysis should srguably be based on line
plumes. bot this is more complicated and
caiinol be justified for a project where it is
almost sell evidem from a gualitative assess-
ment that the destgn is sife. The author his
deliberately chosen severe design lires
which fenture initinl high heat release rates
to countesbalunce the use of a conical plume
and wogvoid the use of safety margins
imphied in Part 2 of DD 240,

The use of pre-movement imes in i
British Standard fire precautions document

“is a0 new idea, There s us yet linde infarn-

ton on presmovement umes and this is
unclerstindable when considering the range
of factors aflecting them, The recognition
and response times u(ﬁ:plmﬁ by the author i

(this paper were therefore cHosen simply on

the husis of whin he considered 10 be reasorn-
able and not on any scientific data, The siime
may be suid of the detection time chosen.
This 1s an illustration of the transparent hon-
esty which the document encouriges.

CONCLUSIONS

There is adetuate time for escape of oceti-
punts  lor the severe fire  scenanios
considered.

It should be recalled thar the otiginal
design ingluded eight automatic smoke heam
detectors, viewing Trom one end of the hall
to the other, Imked to un alurm, Bach detec-
tor would be sited to "beam” through aligned
holes in'the webs of the Interal steel beams
which support the elevated floor panels. Iu
this way. the smoke from & fine on the face of
a filing cabinet would nise until it contucted
the underside of the floor panel immediately
above then spread laterally 1o interrupt the
detector beam: thus the fire alarm would be

given in the shortest possible nme which
wollld fupthor fediice the pre-mevement time’
and provide more time for escape.

The example caleulations have indicated
areas of aneertiiny and the need for turther
appphivation-led: research which, it 15 hoped.
will be undertaken as part of the review nf
DD 240 over the next two 1o three years. The
author has indicated elsewhere® the kind off
changes needed,




