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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria neededfof
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Smoke and heat control systems (SHCS) create and maintain smoke free areas in construction works by
controlling smoke flow, and thus improving the conditions for the safe escape and/or rescue of people
and animals and the protection of property, and permit the fire to be fought while still in its early
stages. The use of smoke and heat exhaust ventilation systems (SHEVS) to create smoke-free areas
beneath a buoyant smoke layer has become widespread. Their value in assisting in the evacuation of
people from construction works, reducing fire damage and financial loss by preventing smoke logging,
fac111tat1ng firefighting, reducmg roof temperatures and retardmg the lateral spread of fire is firmly

emg
Co

Smq

Pre

rate fully and reliably whenever called upon to do so durmg their 1nstalled llfe A heat
ust ventilation system is a scheme of safety equipment intended to play a positive rg
rgency.

ponents for any smoke and heat control system are installed as part of a properly design
pke and heat control systems help to:

keep escape and access routes free from smoke;

facilitate firefighting operations;

delay and/or prevent flashover and thus full development®©f a fire;

protect equipment and furnishings;

reduce thermal effects on structural components @uring a fire;

reduce damage due to thermal decompositionproducts and hot gases.

csure differential systems are used eitherto positively pressurize spaces separated fron

to depressurize the space containing the fire‘in order to limit or prevent the flow of smoke ar

adjd
meg

Dep
smq

cent spaces. A typical use would be'to pressurize an escape stair well in order to prot
Ins of escape.

ending on the design of the system, natural or powered smoke and heat ventilators can &
ke and heat control systefmy

Control equipment is needed to control all components in a SHCS, such as:

natural ventilators;
powered ventilators;
smoke barriers;

snieke dampers;

ventilators
and smoke
le in a fire

ed system.

the fire or
d heatinto
bct vertical

eusedina

alr inlets,
duct sections;

dampers.

SHCS control equipment can also provide control for day-to-day ventilation and signals to other fire
safety equipment under fire conditions.

SHCS control equipment can be for extra-low-voltage or low-voltage electrical systems or pneumatic
systems or any combination thereof.

© ISO 2018 - All rights reserved
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INTERNATIONAL STANDARD
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Smoke and heat control systems —

Part 5:
Powered smoke exhaust systems — Requirements and

design

1 (Scope

This document applies to powered smoke exhaust systems in spaces with a large area gnd with a
ceiljng height of minimum 3 m, in which smoke protection is required. It includés tables and ralculation
methods for the design of clear layers in order to comply, inter alia, with the Pequirementg of various
profection objectives.

Thif document includes information and provisions concerning the requirements for powgred smoke
exhpust systems, their design and rules for their installation.

NOTE The requirements for testing the ventilators are dealt\with in ISO 21927-3. Other parts of the
IS0 21927 series of standards deal with the power supply (ISO 24927-10), control equipment (ISO 2[1927-9) and

SO

Des

2

Thd
con
und

ISO
ven

ke control ducts and smoke control dampers (ISO 21927-7 and ISO 21927-8 respectively).
ign, as specified in this document, does not apply t0;

spaces with fixed gas extinguishing systems;

storage facilities for hazardous materials;

spaces in which there is a risk of explosions;

corridors;

stairwells.

Normative references

following documents are referred to in the text in such a way that some or all of th
Stitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

21927-3, Smoke and heat control systems — Part 3: Specification for powered smoke and h
lilators

bir content
pplies. For
[s) applies.

bat exhaust

ISO
ISO

3

21927-6, Smoke and heat control systems — Part 6: Smoke control dampers

21927-9, Smoke and heat control systems — Part 9: Specification for control equipment

Terms and definitions

For the purposes of this document, the terms and definitions given in ISO 21927-3 and the following apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

IEC Electropedia: available at https://www.electropedia.org/

[SO Online browsing platform: available at https://www.iso.org/obp

© ISO 2018 - All rights reserved
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3.1

roof-mounted ventilator
smoke exhaust ventilator designed to be mounted on a roof above a smoke reservoir and having exterior
weather protection

3.2

wall-mounted ventilator
smoke exhaust ventilator designed to be mounted in the upper part of an external wall

3.3
centrally i

nstalled ventilator

smoke exh
connected

3.5
area of sm
Aa

area within a large space enclosed or bounded by smoke barriers or wall elements

3.6
design grq

auxiliary design value that is used in the design of powered smoke exhaust'systems and takes accc

of the assu

3.7
smoke cor
duct throu

3.8

single co
smoke co
single com

3.9
multi-com
fire-resist4
several sm

4 Desig

4.1 Gen

The design
release rat
clear layer

Irrltpartment smoke control damper

aust ventilator to which smoke control ducts (3.7) from several smoke reservoirs eaf

oke reservoir

up

med duration of fire growth and the fire propagation rate

itrol duct
bh which smoke and heat are exhausted

rol damper that is designed for use in_a-single smoke reservoir and can be connecte
bartment smoke control ducts (3.7)

partment smoke control damper

pbke reservoirs, or in separating structural elements
n principles
bral

b, theitheoretical fire area of a building or the resulting design group, the target height of
and\the height of the space. Possible locations and designs of smoke exhaust ventilators

nt smoke control damper designed for use in or on smoke control ducts (3.7) connect

be

unt

1 to

—

ng

of powered smoke exhaust systems (see example in Figure 1) depends, inter alia, on the eat

the
are

described

n 180 21927-3
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1 | possible fire compartment
2 smoke layer in smoke reservoir
3 air inlet
4 | smoke barrier (ISO 21927-1)
5 smoke exhaust ventilator (ISO 21927-3)
6 | single compartment smoke control damper (ISO-21927-8)
7 | smoke control duct for which there are no requirements for the duration of fire resistance (ISO 21927-7)
8 | smoke control duct for which requirements-for the duration of fire resistance apply (ISO 21927-7|
9 | multi-compartment smoke control damper, installed in a wall or floor (ISO 21927-8)

Juny
o

multi-compartment smoke controldamper, installed in a smoke control duct (ISO 21927-8)

_
—_

electric cables

Figure 1 —Diagram showing possible powered smoke exhaust systems
The values to be used to determine the above parameters are auxiliary design values and they only
apply to designs/in‘daccordance with this document.

Desdlign is based on the following:

— |the{powered smoke exhaust system is activated at an early stage, e.g. by an automatid fire alarm
system with smoke detectors, or immediately by trained personnel that are in attendahce around
the clock;

— the mean fire propagation rate for an assumed duration of fire growth is around 10 min;

— there is a sufficiently large and evenly distributed air supply through inlets close to floor level;
the air supply needs to be effective from the time the powered smoke exhaust system is switched
on to avoid turbulence in the smoke (flow rate not greater than 1 m/s at the point at which the
replacement air enters the smoke reservoir; this can be achieved by using deflectors, for example);

— large spaces are divided into smoke reservoirs by means of smoke barriers;
— the fires are solid materials fires;

— the fire area does not exceed 80 mZ2 up to the time at which extinguishing measures commence;

© ISO 2018 - All rights reserved 3
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— the smoke layer temperatures are below flash-over level.

4.2 Height of space

The height, h, of the space to be protected (as shown in Figure 2), shall be the distance from the floor
to the lower surface of the roof/floor in the case of horizontal roofs/floors. For pitched roofs or sloping
floors, it shall be the mean distance from the floor to the lower surface of the roof/floor. Floors with
smoke outlets are not regarded as floors in this context.

In the case of sawtooth roofs, the space height to be used for design purposes is the mean height of the

extraction

noint of the nowered smaoke exhaust sustem abaove flaoor level
13 T o4

4.3 Targ

The clear

purposes and the lower surface of the smoke layer.

Clear layer

the oc
the em

firest

damag
The target

Design sho
used (e.g. s
between t}

For clear 14
the clear 19
of the smol

4.4 Arec

To enable
either have
of 1 600 m
wall and s
smoke rese

q

J

NOTE
the minimu

et height of the clear layer, d, in a smoke reservoir, A

ayer, d, is defined as the distance between the surface of the floor assumed’ for de

5 enable:
upants of a building to escape to safety,
ergency services to rescue people, animals and property,
be fought effectively, and
e due to fire gases and products of thermal decompaesition to be reduced.
height of the clear layer d (see Figure 2) should bénot less than 2,50 m.

uld be based on higher values of d if so requited by the purpose for which the space is t
paces containing objects sensitive to smeke or flammable warehouse stock). The dist3
e objects to be protected and the smokélayer should not be less than 0,5 m.

yers with a height d < 4 m, the height of the smoke barrier shall protrude at least 0,5 m
yer. For clear layers with a height d > 4 m the smoke barrier shall at least equal to the he
ke layer, z, but not less than 150 m in all cases.

) of smoke reservoir,'4r

pbowered smoke exliaust systems to be designed according to this document, spaces s
a maximum area’of 1 600 m?2 or be divided into smoke reservoirs with a maximum area
2 by means of smoke barriers. The maximum distance between smoke barriers or betw
moke barrier'shall not exceed 60 m. Any further subdivisions (e.g. closed joists) within
rvoir will nhot affect the design.

mokereservoirs are created by placing separating elements around the perimeter of a space g
by placing continuous smoke barriers along the open inner sides of a space. A “space” is define

bign

be
nce

nto
ght

hall
A,
een
the

r, at
d as

an area enc

0sed Dy separating elements on all SIdes.

4.5 Air supply

4.5.1 Ge

neral

A sufficient replacement air supply close to floor level shall be available immediately (e.g. initiated
automatically, by the works fire service or as a result of operational or organizational measures) after
activation of the powered smoke exhaust system.

The distance between the upper edge of the replacement air inflow and the bottom of the layer of smoke
gases shall be not less than 1 m. The distance may be reduced to 0,5 m in the vicinity of replacement air
inlets with widths not greater than 1,25 m.

4 © ISO 2018 - All rights reserved
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In the case of replacement air inflows resulting in an upward air flow (e.g. those with protective gratings
facing upwards), the distance between the upper edge of the replacement air inlet and the bottom of the
layer of smoke gases should be not less than 1,5 m.

The air supply can be replenished via openings in the external walls, with the replacement air either
being allowed to flow freely into the building, or being conveyed by fans. Powered smoke exhaust
systems may operate with a combination of powered and a natural air replacement.

The air replacement rate should not exceed 1 m/s at the point at which the air enters the smoke
reservoir.

Thgair velocity in the replacement air inlet may be greater if appropriate measures.(8.g. baffles,
deflectors, redirection of air flow at the air inlets) ensure that the horizontal air replacésnjent rate is
redficed to 1 m/s at the point at which air enters the smoke reservoir.

4.5]2 Natural air replacement
The following are considered as air inlets:
— |separate supply air devices;

— |doors or windows provided they are labelled as “air inlets for powered smoke exhaust systems” on
the inside and outside and can be opened from outside without being destroyed in the pfocess (e.g.
window panes shall not need to be smashed or walls or doors broken down).

4.5/3 Powered air replacement

For|the purposes of this document, the volume flow of the replacement air shall be assymed to be
equfivalent to that of the smoke gases to be exhausted in the case of powered air replacement.

Theg powered air replacement should be activated either shortly before or at the same time as
the|powered smoke exhaust system in 6rder to prevent negative pressures occurring [in the fire
conjpartment. An automatic control system is therefore preferable.

4.6 Duration of fire growth to be assumed in the design

The duration of fire growth to'be assumed for the purposes of this document includes the¢ time that
elagses between the outbreak of a fire and the start of firefighting measures. The time elapsifg between
thejoutbreak of a fire and-the fire alarm being raised is not taken into account as it can either je assumed
that the powered smoké& exhaust system will be activated at an early stage by a fire detection system or
it isfensured that €hefire services will be notified promptly and the powered smoke exhaudt system is
swikched on by trained staff that are in attendance around the clock.

An averagetime of 10 min shall be assumed for the duration of fire growth. In favourable circhmstances,
such as where there are on-site firefighters, this time may be reduced to 5 min. It shall b¢ increased
to I5-min if the circumstances are unfavourable and to 20 min if the circumstances are exfgeptionally

unf\vvnllwr\l‘\ln
avottaort:

Powered smoke exhaust systems will need to be combined with an automatic extinguishing system if
the assumed duration of fire growth is greater than 20 min and the fire propagation rate exceeds even
average values.

4.7 Design group

The design group according to Table 1 corresponds to a theoretical fire area. It is obtained from the
assumed duration of fire growth and the fire propagation rate.

The fire propagation rates given in Table 2 are mean values that may be used without further
verification. Generally speaking, the values given in line 2 of Table 1 shall be taken as the assumed
duration of fire growth. The relevant line and column are highlighted in bold type in Table 1.

© IS0 2018 - All rights reserved 5
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The values given in column 2 of Table 1 shall apply if particularly low fire propagation rates (e.g. for
combustible materials in non-combustible packaging) can be assumed. The values given in column 4 of
Table 1 shall apply in cases where particularly high fire propagation rates can be expected (e.g. storage
of materials with a high fire propagation rate).

The design group obtained from Table 1 may be reduced by one level without further verification in
cases where an automatic sprinkler system is installed.

The design group obtained from Table 1 shall be increased by one level if the height of stored materials
exceeds 1,5 m. The height of the stored materials shall be limited to 1,5 m in cases where design group
5 has already been reached.

Designs for powered smoke exhaust systems intended to maintain a stable clear layer shall be bgsed
on a fire sdenario of 300 kW/m?2 in accordance with ISO 21927-4. Components with a resistance'to high
temperatufes shall therefore be used, the choice depending on the volume flows determined?If higher
heat releage rates are likely to occur, an additional check should be carried out to establish wWhether{the
intended pfotection objective can be achieved with the expected fire scenario.

Higher tenjperatures than those given in Table 4 can occur in the smoke gases if the volume flow$ do
not reach the values required in accordance with this standard.

Table 1 — Determination of the design group of a powered snmoke exhaust system

Column 1 2 3 4
Line Assumed duration of fire growth Fire propagation ratea
(see 4.6)
min
particularly meana particularly
low high
1 <5 1 2 3
2 <102 Y 2 3a 4
3 <15 3 4 5
4 <20 4 5 —
a  See 4.7 for the meaning of the values highlighted in bold type and given in the boxes with grey shading.

Table'2 — Averaged fire propagation rates

Fire propagation rate m/min
particularly low 0,15
mean 0,25
particularly high 0,45

5 Calculating the volume flow of the smoke gases to be exhausted

5.1 Basis of the calculation

The values given in the tables are based on a specific heat release rate of 300 kW/m?2.

5.2 Using the tables

The volume flow of smoke gases to be exhausted by a powered smoke exhaust system shall be obtained
from Table 3 for each smoke reservoir.

Conventional designs for smoke exhaust systems shall be based on the values for the volume flow of
smoke gases highlighted in bold type.

6 © ISO 2018 - All rights reserved
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Table 3 — Volume flow of smoke gases to be exhausted, vis, in m3/h per smoke reservoir

Line Height of clear layer Design group
m 1 2 3a 4 5

1 2,5 29000 46 000 75000 128 000 223000

2 3 34000 55000 88000 145 000 248 000

3 4 43000 72 000 115000 184 000 303 000

4 5 50 000 85000 143 000 229000 366 000

5 6 59 000 96 000 165 000 276 000 436 000

6 7 73000 105 000 183 000 311 000 512 000

7 8 88000 121 000 197 000 342 000 580000

8 9 105 000 143 000 206 000 368,000 633000

9 10 123 000 166 000 231000 3871000 681 000
a  |Volume flow of smoke gases to be assumed for conventional designs.

Table 4 — Mean temperatures of the smoke layef, 6rs, in °C
Line Height of clear layer Design group
m 1 2 3a 4 5

1 2,5 160 210 290 400 560

2 3 130 170 230 310 430

3 4 100 120 150 210 290

4 5 80 100 120 160 210

5 6 70 90 100 120 170

6 7 60 80 90 110 140

7 8 50 70 920 100 120

8 9 50 60 80 90 110

9 10 40 60 70 90 100
a  |Volume flow of smoke gases to be @ssumed for conventional designs.
The temperatures shown in,Table 4 are mean temperatures in the smoke layer. Higher [smoke gas
temperatures, 6, can ogcur locally at the point at which the smoke gases enter the smoke layer.
Owi|ng to the test conditions specified in ISO 21927-3, temperature class F200 or higher shall be
selgcted for smoke “exhaust ventilators. The smoke exhaust ventilators have been aspigned the
temperature classes given in Table 5 to ensure that they also function properly at higher lpcal smoke
gas|temperatures.

the smoke

exhpust ventilators are tested, as shown in Table 6 (see Clause 6).

OthFr components shall be selected on the basis of the lowest temperature class for which

© ISO 2018 - All rights reserved
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Table 5 — Temperature classes for smoke exhaust ventilators, taking account of local smoke
gas temperatures, 0y, in °C at the point at which the smoke gases enter the smoke layer

Line Height of clear layer Design group
m 1 2 3a 4 5

1 2,5 F300 F600 F600 F842b —c

2 3 F300 F400 F600 F842b —c

3 4 F200 F300 F300 F400 F600

4 5 F200 F200 F300 F300 F600

5 [§) FZ00 FZ00 ¥Z00 F500 F400

6 7 F200 F200 F200 F200 E300

7 8 F200 F200 F200 F200 F300

8 9 F200 F200 F200 F200 F200

9 10 F200 F200 F200 F200 F200
a  Volume flow to be assumed for conventional designs.
b Aflashover can be expected to occur in this case; a clear layer is unlikely.
¢ Not cov¢red by the scope of this document.
NOTE To ¢nsure that smoke exhaust ventilators function properly, the required témiperature class was determined
either from fhe local temperature of the smoke gases at the point at which they entér the smoke layer or from the mean
temperaturg of the smoke layer at an energy release rate of 600 KW/m?2 whichevey'was the higher.
6 Component temperature classes
Smoke exhlaust ventilators used to remove smoke shall satisfy the requirements given in Table 5. [The

resulting t

the other ¢

bmperature classes shall be used as input values when determining the temperature clags of
pmponents in accordance with Table 6.

© ISO 2018 - All rights reserved
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Table 6 — Assigning temperature classes to meet the requirements for equipment

*

the
Sing
Mul

Smoke
exhaust
ventlla(tior Ventilator including elastic con- Smoke control duct Smoke control dampers
accord- ; .

Line| “ingto necting elements; according to EN 12101-7 | according to EN 12101-8

EN 12101- location of ventilator or EN 13501-4 or EN 13501-4

3or
EN 13501-4
Outside fire | Out-
Tempera- |In fire com- co;lng):trt- stll:l: Single com- | Multi-com- | Single com-+ Multi-com-
ture class | partment within t'he build- | Partment | partment | partment" partment
building ing
1 | |F200 E30030*S |EIxxS 5(3)203 E30030*S |EIxxS E300 30*S  |Ef xx S
2 | |F300 E30030*S |EIxxS 53208 E30030%S |EIxxS E30030%S |Efxx$
3 | 740000 e sors [Rrxxs B600  |Egp030%S | Elxks E60030*S |ElxxS
600 600 600

F400 (120) 30*S
4 | |F600 E60030*S |EIxxS 58205 Eg00 30* S )IEIxx S Eg0030*S |E[xx S
5 F842 — Elxx S — N ElxxS — Ell xx S
xX [The minimum fire resistance requirement is specified in building regulations.

For operating times exceeding 30 min, the duration should be specified in accordance with the fire safetly concept or
construction permit.

le compartment: The construction products may only“be used in the compartment from which smoke is to|be removed.

ti-compartment: Applies where the constructiofi products connect discrete fire compartments.

7

Rules for installation

Venftilators can be installed on¥oofs or in walls or centrally installed.

Ad

stinction needs to be.made between the following types of ventilator:

individual wall-mounted ventilators that remove smoke from the smoke reservoir vig
extraction pojnt,without a duct;

individualtroof-mounted ventilators that remove smoke from the smoke reservoir via
extraction point, without a duct;

their own

their own

individual ventilators installed in smoke reservoirs and connected to a duct to enable smoke to be
éxtracted from the reservoir;

centrally installed ventilators that are connected to ducts and ensure that smoke is removed from
one or several smoke reservoirs via single compartment or multi-compartment smoke control

dampers.

Collector ducts fitted with smoke control dampers may be used. Single compartment smoke control
ducts shall normally be closed. Multi-compartment smoke control ducts can normally be open or closed,
depending on the type of technical system used.

Smoke control ducts shall satisfy the requirements of ISO 21927-8.

Smoke reservoirs shall be connected to the smoke exhaust ventilator via smoke control ducts by
opening the relevant smoke control dampers, thus enabling smoke to be removed.
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Extraction points in fire ducts and directly acting smoke exhaust ventilators (single ventilators) shall
be spaced as evenly as possible in accordance with Figure 2. Wall-mounted ventilators (acting as single
ventilators) shall also be spaced as evenly as possible.

The minimum number of extraction points or single ventilators required will depend on the thickness,
Ads, of the smoke layer below the extraction point and the mean temperature, Ogs, in the smoke layer.

B
AEX AEX
T \ i
N &
3 R
=
Ads ¢ Ads b -
© ] 2 Ads a
I Ain 1
Key
Aex extrhction point z  height of spioke layer (h - d), in m
Ain size|of air inlet, in m2 1  clear layer
d height of clear layer, in m 2 plume
h height of space to be protected, in m 3 smdKe layer
Hsp height of smoke barrier, in m B \clear width of extraction point, in m
Adsa  Ads for downward facing exhaust openings, in m
Adsb  Ads ffor horizontal exhaust openings, in m
Adsc  Adsfor upward facing exhaust openings, in m
Figure 2 |— Position of the extraction points in the smoke layer with the assumed thickness|of

the smoke layer Ads

In the design process, the maximum volume flow that can be exhausted through a single extraction

point, V; .,
proceed is

The numbyg

N = volumg

civen in Figure 4.

1, N, of extraction points is thus calculated as follows:

flowtobe exhausted /permitted volume flow per extraction point.

L » shall first be détermined with the aid of the nomogram in Figure 3. An example of hoy to

The minimum’/distance between the outer edges of two extraction points, Smin, in metres is calculdted
as follows:

based on Vjin m3/h.
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gure 3 — Nomogram for determining the maximum volume flow of smoke gases, V;
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