Toem prrwﬁwm~~'nui¥
: H .ih—i Eﬂﬁm-iwu

s

OF. AND FO. ]
"

MFIRE RESEARCH

MINISTRY OF TECHNOLOGY[ RE?&%ﬁ'éE‘tfé%’k‘n l

AND Hrqqﬁﬂr@@

FIRE OFFICES' COMMITTEE

JOINT FIRE RESEARCH ORGANIZATION

 FIRE RESEARCH NOTE

NO.566

MOVEMENT OF SMOKE IN ESCAPE ROUTES AND EFFECT
OF PRESSURIZATION

RESULTS OF SOME TESTS PERFORMED IN A
NEW DEPARTMENTAL STORE

by
H. L %ALBOTRA (FIRE RESEARCH STATION)

and
N. MILLBANK (BUILDING RESEARCH STATION)

This report has not been published and
should be considered as confidential
advance information. No reference should
be made to it in any publication
without the written consent of the
Director of Fire Research.

Fire Research Station.
. Boreham Wood.

_ ‘ Herts.
© BRE Trust (UK) Permission is granted for personal noncommercial

research use. Citation of the work is allowed and encouraged. ('phone ELStree 1341)




F.R. Note No. 566

DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL RESEARCH AND FIRE OFFICES' COMMITTEE
JOINT FIRE RESEARCH ORGANIZATION

MOVEMENT OF SMOKE IN ESCAPE ROUTES AND EFFECT
OF PRESSURIZATION

RESULTS OF SOME TESTS PERFORMED IN A
NEW DEPARTMENTAL STORE

by
H. L. MALHOTRA (FIRE RESEARCH STATION)
and

N, MILLBANK (BUILDING RESEARCH STATION)

SUMMARY

An invegtigation is being made of the feasibility of keeping escape routes
in buildings free of smoke in case of f&re by maintaining these areas at higher
pressures than the other parts of the building, thus reducing the risk of entry of
smoke through connecting doors.

This note describes the results of tests conducted in a 3-storey enclosed
staircase and provides some preliminary Qata for the design of a suitable system.
The pressurization system may be continuously in use ormsay.be brought into operation
in case of a fire either manually or automatically by smoke sensitive devices

The latter appears to offer advantages.



" MOVEMENT OF SMOKE IN ESCAFE ROUTES AND EFFECT
OF PRESSURIZATION

RESULTS. OF SOME TESTS PERFORMED IN A
NEW DEPARTMENTAL STORE.-

by

H. L. MALHOTRA (FIRE RESEARCH STATICN)
and B

N, MILLBANK (BUILDING RESEARCH STATION)

INTRODUCTI.ON

The escape of occupants from a building in case of a fire is dépendenf upon
the adequacy of the escape provisions which have.as one objective to keep thu
escape areas free uf smuke and other products of coubustion. This condeut is. 'of
particular 1mportance when deallng with high buildings 1ntended for occupancies
such as hotels, offices and flats. The exlstlng requlrements are based on‘
assumptiona whlch have not been proved by experlmental evidence and a research
programme is in hand to investigate various aspects of thls problem.

The usual arrangeuent for- means uf escaﬁe is the urovisibu of unclosed
staircases and lobbies, their exact design dependlng upon g, numher of factors
isolated from the accommodatlon by means of fire check doors i. a doors which
should be capable of preventing undue penetratlon of smoke through the normal
gaps between the door‘pgnel and its frame. In addltlon measures are adoPted
to prevenf'the Jobbies from becoming .smoke logged by providing fecilities for

evacuation of smoke. Permanent natural fentilation has been used for this purpose

., in certain buildings with a aingle'staircaae but this has led to objections.on

grcundS‘of:discomfbré' Heans of ventllatlon can also be pruv1ded.whlch are
brought into operatlon at the time of flre by manual operatlon of remov&ble
glazing or by shutters 0perated by smoks: detectors,  The effectlvenesa of these
measures has not yet been proved. | |
Recently a great deal of interest has beenrshOWn in another approach to
this problem, which is basgd on_genqrating higher‘pressure conditions in the
escape area than in the rest of the building which can either be a permanent

feature and would prevent the entry of smoke into these areas or which can ‘be



brought into use in case of a fire by smoke detectors qf By-manual operation,
PURPOSE OF THE INVESTIGATION |

As previously remarked an giéensiée'feéééréb ppaér$;mé‘6ﬁ the movement of
smoke in escape routes is in hand and one of the factors to be investigated is
the presauriiafion of escape routes. TpeseﬁtgstS'are bqing conducted in
specially built rooms attached to a four storey test building which can simulate
a small part of a building. Through the courtesy of_Hessrg. Marks and Spencer
a new store at Peterborough was made avﬁilable t6 supplemeﬁt the research with
full scale tests, It was decided that the opportunity should be taken fé
obtain preliminary data on the effect of preasurlzation of stalrcase enclosureé
on the movement of smoke under various condltlona of smoke logglng. '
DESCRIPTION OF THE TESTS |

The tests were conducted in a two storey staircﬁse'bdilt‘alohg éﬁe wall of
the store as shown in Pigures 1 and 2. The enolosed stairs led from the ground
floor to the firsttflbor“where a landing was formed by a‘partition having a |
double swing double leaf door leading to offlces at one end and a flush hinged
door at the rear connectlng to the stock roam. ' From the rear door the stairs
continued to the second floor canteen and ataff room and were-encloéed at the
top by a temporary partition with an éccess door. A temporary natural
ventilation duct, provided with a damper, had b;en installéd at this level.

Door No.4 at ground floor opened into the store and wés‘fitted into a‘
timber frame with -} in, rebates. The rear landing door (No.3) on the first
floor was similar. The double leaf double awing door (No.2) was 64 1n. wide
and was provided with a floor mounted self 01051ng device. The door clearances
wore measured betwsen door edge and frame and door face and stop (as in sketch over-
leaf). The effectlve net: gap is shown below calculated.f&nm.the 1esser of

these two clearances,

door face gap -

? \\\\\\\%

door edge gap
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Effective net drea of gap between door and frame

Upper half of -

door perimeter Total
. s 2 2
D__oor'm- 1 o :10_;15 in - 23001n
Door No. 2 - 40, 42,3 in?
Door No. 3 .. . 0 .im® . 6.0 in?

Smoke was produced by two smoke generators, specially developed for investigations
on the movement of smoke in which controlled combustion of known types and
quantitiea of cellulosic materisl produces smoke of the type experienced in

fires., The generators do not produce smoke-iﬁ a guantity or at a temperature .,
normally associated with fires, 'They do, however, provide a consistent source --
of warm smoke forming a useful tool for experiments and simulating smoke conditions
in the early stage of a fire, . Suitable enclosures were provided, both on the
ground floor and the first f;oor, to house the smoke generators so that the smoke
produced would tend to enter the staircase rather than.disperse into the store,

.The smoke density.was measured by special meters located at a height of -

63 in-from the floor in positions adjacent to'the doors as shoﬁn ineEiguggsi1 and.
2. L e

The pressurigation facilities were. provided by the Building:Research:Station.
who cooperated. in this investigation. -A centrifugal fan.-of 3000 c¢.f.m. capacity.
was located on-the second floor, feeding air into. the enclosure-near.the floor
level. The fan was fitted with a damper to .control the supply of air,-and hence
the pressure in the staircase. The pressure :differential across each door was
measured at about mid height by means of pressuré tubes connected to an electronic’
indicator through multiport valves.

Visual.records to supplement instrumental data were made by observers
stationed at various points inside the enclosure who were ableaté move out when the
smoke ‘conditions became unbearable.

TEST RESULTS -

Four tests were made, two with the smokeAgegerators~on;the ground floor and
two with'fhe generators sited on ihe,first'floor; In each situation one éest was
performed without pressurization of the stairs as a control and one test with

pressurization,



The logs of the tests are given in Appendix A and the. smoke conditions as
measured by various smoke density metgrs are gthg in Figures 3 to 6 together
with the pressure differential measurements acf;;s the appropriate door,

Test No, 1. In this tesf“fhb smoke generafbis were at ground floor and by

) minutes light density smoke was visible near door No. 1. There® was very
little smoke on the first floor landing until 12 minutes, though by this time
the lower stairs were nearly filled with dense smole. - The movement of smoke

up the stairs was slow,: there were no signs of stratification, and the smoke

was moving up as a solid plug. As the building was new and had not been
completely dried it is probable that the smoke lost heat to the walls and
quickly cooled to ambient conditions thus preventing any appreciable
stratification. When the ground flcor door was opened at 20 minutes the. inrush
of smoke quickly filled the landing and the upper stairs with appreciable
amounts of smoke penetrating the door No. 2 (Meter No.- 3 Fig. 3). The oﬁening
of the vent at the ‘top of the stairs at 28 minutes did not appear to have -any .
significant effect on the clearance of smoke, At 40 miguteé the staircase was
still smoke logged and could be cleared only by opening of doors 4 and 1 at the
top and bottom of stairs.

Test No. 2. The smoke generators were placed in position asishown in Figure 1
near the door No. 2 on the first floor. The gectional aréa of. the landing was
twice that of the ground floor staircase and this wag partly responsible’ for- .
the slower rate at which it filled with smoke.. By 30 minutes the conditions on .
the landing were becoming unbearable and it was only possifle to move -acrosgs it
from door No. 3 to the dcor No. 2 with great difficulty;, The smoke conditions
on the first floor étajrs were slightly worse at all times than on'the landing
itself at corresponding times. It is interesting to note that gt;allutimes
very little smoke percoiated down the stairs to ground'floor.-

Test No. 3. The smcke generators were on the ground floor and after 4 minutes
the fan was switched on at full flow. The light smoke near the ceiling ‘on.the
landing and in ‘the ground floor staircase was quickly.cleared; . When the flow
was reduced at 10 minutes the smoke began to penetrate £hr0ugh'the‘grpund filoor
door No, 1. The pressure differential across this door: was -then increased in .

steps; a value of 0,020 in,wg. was found to be sufficient to prevent the:
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penetreulon of smoke.

The double swing doors on flrst floor were opened five times to s1mulste
the passage of people and thlB had no: 31gn1flcant effect on the smoke conditions
in the stair- case nor d1d holding of one leaf et h5 for one minute."

The opening of the ground flocr docr et 25 minutes resulted 1d s‘sudden in-rush
of smoke up the stairs at high level w1th the fresh air from the fan floW1ng at
low level in the Opp031te direction. When the door was. egaln closed after two
minutes elthough there was medlum density smoke: et high 1eve1 epprox1mately
L to 5 feet frcm the floor the air was comperatively cleer enabling one to WLk
along the steirs end the first floor 1and1ng in a sllghtly crouched pcsltion.

The clearance of smoke after the closlng of the ground floor door was not rapid
-until the flow. was 1ncreesed to the maximum when within five mlnutes the whole
ares was. effectively cleared ’ h

Openlng the grouﬂd floor w1th the maximum flow conditions in “the staircese did
not prevent the entry of large quantities of smoke, Stopplng the fen resulted in
the almost complete smoke logging of the staircase in 30 seconds. Switching the
fan on, with the ground floor door open, resulted in greduel clearence of smoke
- first starting at. floor level so that within 8 minutes a space h to 5 feet above
the floor on the 1and1ng was relatlvely clear of smoke. ' The smoke at ‘high level
was being pushed‘back more slowly in a wedge shepe by the fresh air stream., |
. Closing the bottom door resulted in a more rapid clearance of smoke et all levels.
Test No. 4. In this test the smoke generetors were placed on the first floor and
as noted in test No.lz,the.emission'of smoke into the_landing was at a slcw rate.
After the fan was switched on st 10 minutes with reduced flow giving a pressure of
only Q. 003 in. wg. there. WAS no reduction 1n the rlow of smoke through ‘the gaps of
door No. 2.. The pressure was 1ncreesed in steps to determine the minimum value
which would stcp the flos of smoke through the door;‘ this occurred with a pressure
of 0.027 in. wg.. .Wheh.the pressure was increased to 0.084 in, wg: the light
smoke in theé lobby was rapidly pushed down the stairs and through the ground floox
‘door. - o - - - S

Opening the ground fleor door fur a period of 1 minute had no effect on the

smoke conditions in the lobby. However the 0pening of one leaf of door Nb. 2 with
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the fan on resulted in a sidden rush of smoke into the lobby at high level, with
3 to LIfeet from the floor which ﬁas beiow:the level of ﬁhe éﬁoke'ﬁeters,
reasonably clear of sﬁ@ké. When the fan was st0pped the whole of the lobby and
the upper stairs were sm&ﬁe logged but the ground floor stalrs remalned almost
clear., . |

At L0 minutes the aoor Na. 2‘was closéd and the fan‘started at full.flow.
There was immediate cleérﬁnce of smoke staffing frbﬁ tﬂe top stairs down and
within 2 minutes it was-poasible tO'enfer thg first floér landihg through the
back door and as before a'cleﬁr zone neaf‘the fléor was observed, | It took
only five minutes to clear the lobby.of most of smoke which ﬁas pushed down the
ground floor.atairs resulting in very light smoke conditions ﬁear door No. 1.

In enother 10 minutes'the-enfire stairway was completelj cleared,

The pressure was gradually decreased until it wms founﬂ thaf 6.028 in. wg.
was just sufficient to prevent the péasage-of émoke thrnuéh the gaps in door
No. 2. | | L
DISCUSSION OF RESULTS

The series of tests conducted on the 2 storey gtair enclosﬁre in the
Marks and Spencer store has provided an oPPortunitf to ébtain useful déta-on
the value of pressurization of enclosures as a means of keeping them smoke free.
Although the arrangement of stairs and the laﬁding wae not reﬁresénta%iﬁe of
sither a block 6f flats or an office type of building the tests have been of
value in indieating the relative imﬁbrtaﬁce of various factors ﬁhich shbuld
form & basis for future work on this subject, ‘

The tests without pressurization have shown that with normal fypeé of smoke
stop doors in the closed position sufficient quantities of smoke can pénetfate
through the gaps to render thé escape area untenaﬁle in anything ﬁp to 20
minutes from the start of a fire. It is‘ﬁat.unknoﬁn for—firesfto'rémain'“
updiscovered for this lenéth of fiﬁe; on fhe other hand.if éhe doors are
partially or fully open the smoke penetration is at a greatly incfeasedlrate;

With a pressurization system as used in these gxperiments the passage of |
smoke through the door gapg was prevented. ﬁhép hdﬁevef,.fhe door leading to

the fire area was open the maximum air flow rates which were used in this
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investigation were- unable' to-Completely prevent the infTow: of smoke,.although a‘
sufficiently clear zone close to the floor was maintained to permit movement along -
the -staircase in a crouchédipbéition;'-'

The‘opehing'of doo;s; other: than that leading to thé fire, for short periods:
for the paésagg'df people did not appear-to have any significant effect on the - -
;overalI effectiveness. of the”pressurization'system;

There are.two possible ways 6f'pressurization‘thht ﬁay be used in practice;-
both pressurite-the'escapeuroutes,ﬁy'fhe supply of fresh air, one on a continuous
basis -and the other:as required if ‘a fire occurs.. Considering the first method
the pressure differentials of the order of 0.028 in.wg..seemed adequate t0'prévent

the entry:of smoke through the normal,door-gaps;  - To counteract any deterioration .-

in the perférmance of doors due- to buckling under heat conditions or-to cope with

‘doors not. fitted.to s high standard it wuld seem desirable- that pressures of. the
order. of. 0,050 in,.wg.: should be employed.

It would be difficult to promote this method in buildings.with mechanical
ventilation systems because comfort requirements demand the introduction of the
conditioned air-firstly to the occupied: regicns.. The general aiyfIOW‘direction
‘in these bulldings ia towards the corridors and stairfways which is the reveérse of
that required.tofkeep'thssé areas clear of smoke. -~ For this reason the altermate
method will be the more attractive for office and flat buildings pmviéed with .
Iventilation systems.,.

With the second method higher pressures would be required as it is not only
necessary to prevent the entry of smoke but also to clear the smoke already.in-the
enclosure.. Air-flows providing a pressuré of the order of 0,075 in. wg. appears
to be necessary to cléar the smoke which may have percolated into the -enclosure and
to safeguarﬁ againat slight buckling orrdeformation of doors, - --

The sizing of such a system is-discussed in Appendix B, which shows'that for
mulﬁistorey-buildings,;bonsisting of 30 or more unmits, the smoke cléarance.
éarameter:fbr.thbﬂsfairways~will'be numerically about 4 or-5, . This means that
when the air. volume flow per minute is the same as the volumse of the stairway, the .
élearance time 18 4 to 5 minutes. For different flow rates on a given stairway-

‘the smoke clearance times are pro reta..’

Syl



In the present tests on a stairway which can be divided into three sections,
the fan capacity was 3000 c.f.m. and the steirway volume was approximately
" 6000 ft3 and the curve in Figure 7 gives a smoke clearance time of about 4
minuteé; In practice effective smoke clearance was achieved in_abogt 6 minutes
in test 3 and 7 minutes in test L. The difference between the predicted and
the test values is believed to be due to the excessive leakage which occurred
through the temporary partitioning adjacent to the fan installation on the
2nd floor. _

The important pdint to note from the analysis is the rapid.reduction in
smoke clearance parameters when the stairway consists of very few sections.
in the extreme, when only one seotion appears the smoke would clear in {1 minute
for a flow rate of one section volume per minute; alternatively clearance in
5 minutea could be achieved with only 1/5 of this air flow., - This suggests
that considerable reductions can be achieved in the size of fans for tall
blocks if the air is introduced at each section, rather than one end of the
stairway,

It 1s important to note that upon pressurigation of an enclosure the
smoke produced in a fire would travel to other parts of the building which are
under lower pressure conditions and it may be necessary to channel its flow
into safe zones to prevent entry into parts of the building where its presence
would be objectionable. It was noticed in the tests that wheh the staircase
wae effectively pressurized, the smoke from the generator was able to enter-
other parts of the building through all available gapsiand gpenings; it was
even able to get behind the suspended ceiling in large quantities.

- Further tests are necessary to determine the necessary air flow rates to
establish the pressure conditions for different arrangements of stairs, in
particular for high buildings. There is still lack of .information on the air
flow conditiona in vertical staircase enclosures in tall buildings and the
compatability of normal ventilation requirements with those necessary under
conditions of a fire at various levels in the buildings..

CONCLUSTIONS

The series of tests on the movement of smoke and the effect of
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pressuriszation conducted in the two storey stair enclosure as described in this
report enable the following tentative conclusions to be drawn,
1. A properly designed system to pressurize the stair enclosures either
continuously or as required is capable of keeping the area clear of smoke
if the doors are kept ologzed.
2. With continuous pressurigation air flows to produce pressure conditions
of the order of 6.050 in, wg. are capable of preventing entry of smoke
through the normal door gaps.
3. TWith pressurization systems coming into operation on demand air flows
of the order of stairwell volume pér minuteIwoild be required to cleéar the
existing smoke in about 5 minutes, Introduction of fresh air at more
than one point is likely to result :!.n a reduction of this time.
4. Short duration opening of doors for the passage of people has no
adverse effect on the smoke conditions in the enclosure, _
5. If the door leading to the fire is fully or partially open even the air
flowa spsoified may not be able to p:"e;rent the entry of smoke, but esocape
nay 5t1ll be posaible in the early stages as & olear zone may exist close to
the floor.
6. To minimige the loss of pressure the escape routes utilizing the
pressurisation system should be well sealed partioularly when demountable
partitions and oceilings are used.
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APPENDIX A
LOG OF TESTS

Test No. 1. - Smoke generators on

ground floor - No pressurigation

Time Ohsgrvation
00 Smoke generators in operation
01 Vislble emission of smoke round dﬁor No. 1-.
04 nght smoke- in the v101n1ty of smoke meter Nb; 1°
12 Smoke density in ground floor stairs medlum light
smoke on 1st floor landlng.
16 Smoke on the stairs becoming dense.
20 Door No. 1 opened -~ stairs and landing filling very
qulckly w1th dense smoke,
28 Vent opened at top - smoke clearance negligible.
30 ‘Door to smoke chamber oh ground floor bpened to c¢clear smoke,
End of test,
L0 Stairs still smoke logged.
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Test Nos 2. = Smoke generator on
1st.:floor on corrider Sidelof:doublé doors -

No pressurization.

Time Log of test

Q0 Smoke generators in.erratioﬁ;

02 Whiffs gf.smoke fron the top edge of No.2. door
.04 Sméka.emission from the yertical'gaPSA . -
05 Smoke collecting neéé therceiling of thellanéing,

emission of smoke from the gapé in the ﬁﬁper part of the
daor continues. o |

10 Smoke density on the ianding still.liéht,ipreﬁﬁmably
because of the large area to be filled

21 Rear aoor of‘the smaye chamber adjusted ﬁé %pcrease
ventilation, emission of sﬁoke'into tﬁé lobby slightly
.increased. |

30 More smoke in the 1obﬁy -~ it is just possibi; to walk

down from the 2nd to the 1st floor.

36 " Just poasible to walk from door No.3 to door Ne. 2 in
the landing.
Ly Vent in the duct at the top of the stair opened -

smoke emission small.

57 End of test.
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Test No. 3. - Smoke generators.on ground floor

Time Observation
- 00 Smoke generators in operation.

02 " Light whiffs'of smoke from the edges of the ground floor door.

03 . Slight .smoke in the wholé of the staircase.

ay - Fan switched On - full pressure, |

06 First floor lending completely cleared of smoke.

07" Only light smoke near the bottom of the staircase.

10 Pressure reduced to 0;009"'Wg,fsmokefpenetrafing through
the ‘gaps_' in door No.1s

13 Smoke continues to come through the doof-in sinall amounts. .

14 Presiure increased to 0.015" wg, = some smoke still
penetrating.

15 ‘Pre&sure increased to 0,020 = noticeable decrease in smoke
penetration,

2Q Double swing door Neo.2. on 1st floor opened 5 times to
similate passage of people { 4O second operation) no noticeable
effect on smoke conditions. |

21% Orie leaf of thé double swing door opened 45° slight pressure
drop across door Nos1. Door No.2 closed at.23} min.

25 Door No.1 opened, the air in the staircase tending to push
the smoke back but smoke density increasing rapidly, 4-5 feet
height from the floor level. clear and dense layer along the ceiling.

27 Door Nos..1 closed. Some turbulent mixing of smoke with
¢lear air.

30 Smoke conditions on the landing not bearable.

31 Pressure increased to full. (0.084" wg.)

33 Top stairs clear of smoke, light smoke on 1st floor landing. .

3#% Bottom steira nearly clear.

36 Poor No. 1 opened agein.

37 Pan output reduced.

- 12 -



Test No. 3. continued

-Time Observation

38 Fan stopped - staircase filling with smoke very quickly.

39 fan switched on, door No. 1. open.

L2 Top stairs completely clear, 1st floor landing half clear,
bottom stair still smoke logged - visible movement of smoke
down the stairs.

45 On the first floor landing smoke seen t¢ be coming up
at high level and going down at low level, the flow reversal
occurring near the rear landing door No.3.

- W7 Door No. 1. closed — smoke flow in one direction now on
first floor landing at the rate of gpg;oximatély 1 ft/sec
towards ground floor stairs. The wedge of smoke being
gradually pushed down the stairs,

50 End of test.
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Test No. 4. — Smoke generators first floor

Time (bservetion

00 Smoke'gangratora iﬁ operétion.

03 | Light.whiffs-of smoke from the door gaps.

06 Only'liéht amoke in the lobby.

10 Fan started, light smoke in the lobby.’

11 Preasure across door No. 2, .QO} in.wg, no viaible effectroﬁ;‘

13' Slight increase iﬁ %he density of smoke.

16 More smoke in the lobby =~ pressuré increased to 0,01" no
pronamnced effect.

18% Pressure increased tQAQ;OQBF-; smoke emission from double
doors stopped ~ There has been nc smoke on ist floor stairs
for last 5 mimtes.

20 Clearance of smoke from thé lobhy, some of the smoke being
puwshed down towards No.1,

2}, Pressure increased to max. (0.084" wg.), lobby cleared of smoke
in 30 seconds no smoke on ground floor stairs either.

30 Door No. 1. opened, nc emission of smoke fiam door Nos 2.

31 No« 1 door closed.

35 Door No. 2. one leaf opened, layer of dense smoke near the
ceiling.

37 Top of lobby filled with smokeé, fresh air flow at low level,

3 =4 ft from floor reasonably clear. fan stopped.

38 Lobby and top stairs gradually filling with dense smoke, smoke
density less at low level.

LO Door Ko..2 closed, fan started when the lobby is filled with
smokes

L1 Top stairs getting cleared of smoke, Door No. 3. near landing

reasonably clear, other parts of landing still filled with

dense smoke,.
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Test Nos 4. continued.

Time Observations
L2 Yisible mov-ent of smoke in the lobby toward the ground floor
stairs, smeke still dense in ground floor s;tairs, no emission
of smoke from door No.Z2.
L5 Only very light smoke in the lobby and ground floor staircase.
50 " Lobby stays clear of smoke.
53 Pressure adjusted to determine the minimum necessary to
prevent penetration of smoké through the door gaps.
56% With pressure at 0.028" wg. no emission of smoke from the .door
88PS.
60 End of test.
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Appéndix B
Smoke Clearandé:from a -Multi-level Stairway - ..
& simple analysis for“systemg using presurrisation techniques

In general, continuous stairwa;}s in 'tall-buildi‘ngs can be divided into two
groups:

(1) Those with the cenﬁr; of -the well sealed from floor to floor.

(2) Those with the well completely open, with the stairs end landings in a

spiral round the edge.

Considering the first group, the deaign ensures that air can only pass from
floor to floor via theé stair space, maklng the air passage simllar to & helically
coiled tube. To examine the air flow it is convenient to unwind this coil so
that we have one long corridor. In thls analysis the following assumptlons have
been mede:

(1) The ‘doors are,uniformiy spaced: in a :corz_;idor of uniform cross sections

‘ (2) Th_é-- leakage areas and pressure. differentials across each door are
identical. | |

The fresh air supplied does not mix with thé smoke‘aiready in the stairway.

If thelstairﬁgyiis-mmde up of n units, each qopsisting-of one deoor with
leakage area A, and a length of corrldor, 1 , of cross sectional ares, 2 then:-

Total volume of stalrwell, C = 1. a{-ﬁ. | | ‘

Tota.l area. of‘ lea.kage i | ‘= n.A -

Fan air flow - v c.f;ﬁn
With the fan 1nstalled at one end of the corrider
the time t; clear the smﬂke to the 1st door is determlned by'—. .

Vblume flow in corrldor' =Y

Volump of corridor'to 1st door= 1. &

-

+ & Clearance time ' = la 8sa = lo 2en. = C
R - Veloo. - Vs

Similarly to-clear from' 1st to 2nd doori=.: -

Volume flow “1st to end door = v—%_ = V'(1._-%.) = V(Eﬁl).
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Volume from 1st to 2md door = - .a.
* . o ' T
« « Clearance time. 1st to 2nd door.. = ?(%1)
o
la.ne O C
=¥(n1) T TV(o=1)
« o Total time to clear to 2nd floor
C

_._C c
“vn YT V(n=1)

=ef1 1
vin *o

Volume fléw = V—-%—v—: : =.V(_n%2.)

Similarly from 2nd to 3rd door

and the total ti;tje to clear to 3rd door

RN (T U B
=V n toa Y o

For the 'nt}1 d,'oo[r,,.' by extension, the total time

c.{+ 1 ?;E + %._? +---—+% *9';"‘_‘"1)

R AN D e
= -%“—(11--;- +% 4 ;1:5 + :1—_7 + i—)
or rearranging:
T_V S TS S S a——!—‘ . L
v} 2 3 2 n-1 n -
v

_' This smoke clearance parameter,’ T relatiﬁg clearance fime , Steirway

volume air supply rate, is seen fo' ﬁa' a function only of the numbéra of
sections in the stairway. This function is shown in Fig.7 wheré ﬁp‘to 40
sections are conaidered. o o

For stairways of 3Q or more units it is seen fhat th.e Sm.okél clearance
parémeter tends to g valﬁe i:et.ween L a.nd.5. - In fact, thié means that when
the air supply rate is equal ®e-the volume of the staiz;waj'pe'r' ﬁinute, the .
clearance time is'k to 5 minutes. For a given stairway this time is
inversely proﬁortionél t;: the air :sﬁpfaly rate. ' | |

The graph also indicates that when the air from one inlet supplies only |

one or two doors the smoke clearance parameter is much reduced. .The

-7 -~




advantage of this is that either the smoke can be cleared much more rapidly than
on multi-sectioned stairways or a reduced quantity of air will suffice to clear
the space in the same time, ' It follows that it may be .preferable on a tall block
to introduce that air at many points along the stairway and se reduce the size of
fan required. ~ This-will entail the installation of ducting which .would need to
be designed to ensure 'an éven-‘distribution of--air'in the stairway; . these -
distribution points should be sited midway between the doors to prevent the
formation of smoké pookets.in-these regions.. -

This théory is not applicable to open stalrways because thermal bucyancy
effects cannot be controlled andﬂtheserwill-cause-mixiﬁg‘Qf“the;fpesh air and the
smoke. - However, once the stairway has beenqpressﬁriaed there will.be no.further
entry of smoke; any particularly warm pockets of gas will rise towards the top of
the stairway. The solution given for this condition assumes complete mixing of
the fresh air supplied and the smoke already present.

Consider a stairway of total volume C at time T, let the proportion of
sﬁoke be x &and let the fresh air supply rate be V

Then in time. dT,

Volume of smoke discharged = x V 4T
.. ax . -xVar

C
+ dx = =-VvaT

« . > 4 C

Integration; gives:

log x = = VT _ 4+ K
C

where K 1is a constant

. rearranging: . x.=e"vé + K

The limits of the problem are:
at T = 0, x = 1, i,e, the staircase is initially fully

smoke logged

X = e

and the proportion of smoke clearance
-ve
(1 =x) = 1 -e C
- 18 -




* This curve is plotted in Fig. 8 and is seen to have an exponential form,
Visibility in a staircase would be unimpaired for escape purposes with a
95 per cent clearance and this figure indicates a spoke clearance parameter .
value of 3,. This figure is independent of the .number of sections on the
stairway. -
It is'interesting to note the similarity between the values obtained-in,l'
these .theories for both open and sealed stairways. For both designs it is
shown, that the introduction of fresh air at rates of the order of stairway.

volume per minute should ensure clearance of smoke in less than 5 minutes, . -

T
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