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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—1SO,—also—take i e—wWork—ISO collaborates ¢ vith—the Internations ectrotechnical
Commjssion (IEC) on all matters of electrotechnical standardization.

The main task of ISO technical committees is to prepare International Standards, but in exceptional  circumptances a
technigal committee may propose the publication of a Technical Report of one of the following types:

O type 1, when the required support cannot be obtained for the publication of an International Standargl, despite
repeated efforts;

O type 2, when the subject is still under technical development or where for any“other reason there is the future
byt not immediate possibility of an agreement on an International Standard;

O type 3, when a technical committee has collected data of a different kifid from that which is normally published
aq an International Standard (“state of the art”, for example).

Technical Reports of types 1 and 2 are subject to review within_three years of publication, to decide whether they
can be¢ transformed into International Standards. Technical, Reports of type 3 do not necessarily hgve to be
reviewpd until the data they provide are considered to be no lenger valid or useful.

ISO/TR 13387-5, which is a Technical Report of type 2, was prepared by Technical Committee ISO/TC 92, Fire
safety,|Subcommittee SC 4, Fire safety engineering.

It is oe of eight parts which outlines importantiaspects which need to be considered in making a furJdamental
approdch to the provision of fire safety in buildings. The approach ignores any constraints which might apply as a
consequence of regulations or codes; following the approach will not, therefore, necessarily mean complipnce with
national regulations.

ISO/TR 13387 consists of the following parts, under the general title Fire safety engineering:
0 Part 1: Application of fire_performance concepts to design objectives

Part 2: Design fire-scenarios and design fires

Part 3: Assessment and verification of mathematical fire models

PIrt 4: Initiation and development of fire and generation of fire effluents

PartB5: Movement of fire effluents

Part 6: Structural response and fire spread beyond the enclosure of origin

Part 7: Detection, activation and suppression

O O o o o o O

Part 8: Life safety — Occupant behaviour, location and condition
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Introduction

©1SO

Fire effluent, i.e. smoke and gaseous species, cause a substantial threat to life and property. One of the fire safety
objectives when designing a building is to ensure that the occupants are ultimately able to leave the building without
being subject to hazardous or untenable conditions. In premises with significant flnanC|aI or cultural value one of
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Fire safety engineering —

Part 5:
Movement of fire effluents

1 Scppe

the use of engineering methods for the prediction of movement of fire effluents within and outside of a building. It is

This pfrt of ISO/TR 13387 is intended to provide guidance to designers, regulators and fire safety profesdionals on
not int¢nded as a detailed design guide, but could be used as the basisforthe development of such a guidg.

This part of ISO/TR 13387 also provides a framework for critically reviewing the suitability of an engineering method
for asgessing the potential for movement of fire effluent duringsthe course of fire. The document also| provides
guidanice on the means to assess the effectiveness of fire safety’ measures meant to reduce the adverse [effects of
movenpent of fire effluents. The methods for calculatingcthe effects of design fires for use in the dgsign and
assesgment of fire safety of a building are also addressed.

2 Normative references

The following normative documents contain\provisions which, through reference in this text, constitute proyisions of
this part of ISO/TR 13387. For dated references, subsequent amendments to, or revisions of, any|of these
publicgtions do not apply. Howeversparties to agreements based on this part of ISO/TR 13387 are encopraged to
investigate the possibility of applying the most recent editions of the normative documents indicated below. For
undatgd references, the latest edition of the normative document referred to applies. Members of ISO| and IEC
maintajin registers of currently valid International Standards.

ISO/TR 13387-1, Firesdfety engineering — Part 1: Application of fire performance concepts to design objgctives.
ISO/TR 13387-2, Rire safety engineering — Part 2: Design fire scenarios and design fires.

ISO/TR 133873, Fire safety engineering — Part 3: Assessment and verification of mathematical fire models.

ISO/TR 13387-4, Fire safety engineering — Part 4: Initiation and development of fire and generation of fire|effluents.

ISO/TR 13387-6, Fire safety engineering — Part 6: Structural response and fire spread beyond the enclosure of
origin.

ISO/TR 13387-7, Fire safety engineering — Part 7: Detection, activation and suppression.
ISO/TR 13387-8, Fire safety engineering — Part 8: Life safety — Occupant behaviour, location and condition.

ISO 13943, Fire safety — Vocabulary.
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3 Terms and definitions

For the purposes of this part of ISO/TR 13387, the definitions given in 1SO 13943, ISO/TR 13387-1 and the
following apply.

3.1
ceiling jet
horizontal gas stream under a ceiling

3.2
extinctior] coefficient

a constarjt determining the decay of light intensity in smoke per unit path length, given by K = (/1) In(l,/1)

It is exprgssed in m1,

3.3
fire efflugnt

all gaseols, particulate or aerosol effluent from combustion or pyrolysis

3.4
opening factor

A, () 12fAr
It is exprgssed in m1/2,

3.5
plume
buoyant gas stream above a localized fire

3.6
vent

an opening for passage of fire effluent out of an enclesure

3.7
ventilation factor

Av (hv)llz

It is exprgssed in m>/2,

4 Symbols and abbreyiated terms

Awel  Surface areasoffuel, expressed in m2

Ar Jztal area-of bounding surfaces in an enclosure, expressed in m2

A, drea’of-an-opening-expressed-in-m2

G concentration of species i, expressed in kg/m3

Ci concentration of species i in a flow into an enclosure, expressed in kg/m3
c specific heat capacity, expressed in J/(kg-K)

fy yield of species X, where X = CO, CO,, ...

g acceleration due to gravity, expressed in m/s2
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h, height of an opening or height of a shaft, expressed in m

I intensity of light after passing through smoke, expressed in W/m?
Iy intensity of light in clean air, expressed in W/m?2

K extinction coefficient, expressed in m-1

k thermal conductivity, expressed in W/(m-K)

myel | Mass loss rate of fuel, expressed in kg/s

my generation rate of species X, where X = CO, CO,, ..., expressed in kg/s
Q heat release rate, expressed in W

P pressure, expressed in Pa

Ty gas temperature or outside ambient temperature, expressed in K

Ty initial surface temperature or inside temperature, expressed in K

t time, expressed in s

Venel | volume of enclosure, expressed in m3

p density, expressed in kg/m3

A difference (as in AP or Ap)

5 Supsystem 2 of the total design system

The approach adopted in the work-0fJISO/TC 92/SC 4 is to consider the global objective of fire safety dejsign. The
global |[design, described in more detail in the framework document ISO/TR 13387-1, is sub-divided into|what are
called pubsystems of the totat~deSign. The key principles of the global design approach are that interdepgndencies
among the subsystems are’evaluated and that pertinent considerations for each subsystem are identified.

In the framework doctiment, the total fire safety design is illustrated by an information bus analogy (see Figure 1).
The information bus_ has three layers: global information, evaluation and process buses. The informftion bus
analogy of Subsystem 2 (SS1), movement of fire effluents, is illustrated in Figure 1. SS2 draws [on other
subsygtems fer-a’prescription or characterization of fire. SS2 provides information on movement of fire effluents for
the othHer subsystems to be employed.

SS1, forexampte; provides mformation o feat, SMoke and Species generation, which thermr s apptied by SS2 for
the calculation of smoke movement out of the room and in the building. The information may then be used by SS5
to assess evacuation and rescue provisions. The prediction of activation of fire detectors, sprinklers or smoke vent
opening devices is provided by SS4. The prediction of spread through barriers or openings beyond the room of fire
origin is provided by SS3.

The evaluations and the processes needed to do the evaluations are discussed in detail in clause 6.
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ISO TC 92/SC 4 FIRE SAFETY ENGINEERING BUS SYSTEM

Subsystem 2 (SS2) — Movement of fire effluents

SC4 GLOBAL INFORMATION BUS

Prescribed/Estimated design parameters

Building

O

Environmental

Fire loads

o

Fire scenarios

O

Occupant

Simulation dynamics (Profile/Time)

Building condition

Contents condition

Effluent/Species

Qccupant condition

Occupant location

Pressure/Velocity

 |Size of fire/Smoke

Thermal

0101
1010

o B B

Intervention effects

N

Alarm activation

Control activation

Suppression activation

Fire brigade intervention

SS2 EVALUATIONS

e

Movement of fire effluents

i

Nonthermal damage

1o l—OIO010

ad

SS2 PROCESSES

Radiative heat transfer

Convective heat transfer

Conductive heat transfer

Plume dynamics

Ceiling jet dynamics

Vent flow

Leakage (pressure driven)

a3 Ead Lol Eadlad Kol it

Smoke maturation

Settling

-
-

Deposition

LILIE

Bus|connection key:

XOe

¥ Input data
3 Output data
F Subsystent buses data exchange

For explanations of terms used in conjunction with the global information bus, see ISO/TR 13387-1.

Figure 1 — lllustration of the global information, evaluation and process buses for SS2

© ISO
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6 Subsystem 2 evaluations

In this clause various processes of movement of fire effluents and the threat to life, property and environment shall
be discussed. The required input information and the possible output information shall be identified. Areas for which
shortages in engineering methods and lack of knowledge are known to exist will be addressed. The text will make
reference to existing acknowledged literature, whenever such is available.

6.1 Movement of fire effluents

6.1.1
The flg
the rog
fire eff
6.1.1.1
The e\
O bu
0 ern
te
O si
O th
O  pr
O ef
6.1.1.2
The e\
O si
O th
O  pr
O ef

ole in fire safety engineering design

w chart in Figure 2 outlines the main stages of evaluating the movement of fire effluents within/an

m of origin. In using the flow chart it is assumed that all the source terms needed for evaluating’mo

uents shall be given by SS1 (ISO/TR 13387-4) or as design fires described in ISO/TR 13387-2.
Input

aluation of movement of fire effluents (see Figure 1) may require as input information the following:

ilding parameters (for example, thermal properties, geometry, location of openings, etc.);

vironmental parameters (for example, velocities and prevailing diréction of wind, outside ten
mperature distribution in the building, internal air movements caused-by mechanical ventilation systg

brmal profile (for example, temperature distribution in the\pfume);

bssure/velocity profile (for example, pressure profilein the room of origin);

luent species profile (for example, species generation rate, mass flow of species in the plume).
Output

aluation of movement of fire efflueqts'(see Figure 1) provides information about the following:

e of fire and/or smoke (for example, smoke density distribution in the building);

brmal profile (temperature and heat flux distribution in the building);

luent speciesprofile (for example, gaseous species concentration distribution in the building);

d beyond
ement of

perature,
ms);

re of fire/smoke (for example, rate of heat release of the fire,plume mass flow, smoke generation rafe);

bssure/velocity prefile(for example, pressure at smoke vents, flow through vents, velocity in the cortlidor jet);
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QDR Detector location
QDR Occupant location

QDR Geometry of enclosure

QDR Design fire scenario

1
’—D

-

Set location of interest

Is time greater

TEDS

thamractvation
time of smoke
control

v

Determine the fire affluent flow
into location of interest, taking
account of control measures

Determine the fire effluent flow
into location of interest

v

Determine smoke flow out of
location of interest, taking account
of control measures

SS 1 Rate of heat release —I

SS 1 Smoke generation rate
‘ SS 1 Effluent generation rate
SS 4 Smoke control activation
‘ SS 4 Activation of barriers
QDR Environmental effects

v

Determine the fire effluent flow out
of location of intérest

v

Calculate smoke density in
location of interest

!

Calculate pressurefire effluent
temperature and-velocity at
location of interest

v

Caleulate species concentration
at location of interest

v

Output smoke density

v

Output fire effluent temperature

¢

Output species concentration

¥

NO

Is time > maximum

]
— ’ SS 5 Life safety ‘

—

of interest?

YES

The dark arrows indicate interaction with the global information in Figure 1.

QDR = Qualitative design review has been discussed in ISO/TR 13387-1.

Figure 2 — Flow chart for movement of fire effluents

©1SO
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6.1.2 Processes of movement of fire effluents
6.1.2.1 General

The spread of a fire effluent is caused, primarily, by its buoyancy and the increase in volume resulting from the
entrainment of air. Its spread can be controlled by means of smoke barriers, smoke extraction and opposing flows
(pressure differentials). The techniques most commonly used to limit the extent of smoke spread are summarized in
clause 8.

The temperature of a fire effluent, and hence its buoyancy, depends on the rate of heat release of the fire and the
icles and

The effluent plume from a fire within an enclosure will rise to ceiling level and then spread harizontally o form a
layer beneath the ceiling. Generally, the mass flow of the burnt fuel is so small compared with\ the mass flow of the
entrained air that for practical purposes it may be ignored. For smooth ceilings or ceilings) of limited gxtent the
entrainment is small during horizontal flow and can usually be ignored. However, whefi-the smoke flows around
obstac]es (for example, beams) or through apertures (for example, a doorway), the rate of entrainment incleases.

Smoul@ering fires typically have low buoyancy and the smoke may never form-an upper layer due to higher initial
tempefature close to the ceiling or forced flow in the enclosure.

6.1.2.4 Plumes

The byoyant gas stream above a localized burning area is called a/fifeplume. The fire plume is characteriged by its
tempefature and velocity distribution, which can be transformed, into mass and energy flows at various heights
above the source.

Plume[models have been a subject of active research especially in the early 1980's. By simplifying appro)ximations
to basjc laws and fits to experimental data, a number of semi-empirical plume models have been dgveloped.
Genergl discussions on fire plumes have been presented, for example, in detail in reference [2] pnd in a
summarized form in references [3] and [4]. Usefulreading to the user of plume models is also the review paperf®! in
which [various expressions describing plume; and ceiling flows are compared and discussed. Several papers
comparing the results obtained by plume. models have been published in journals or presented in conferences
duringthe last ten years; one of the mostirecent and useful ones is reference [6].

Many ¢f the plume models used infire-safety engineering describe the fire as a point source. The effect of the finite
diameter of the fire is taken into- aecount by assuming the fire is a virtual source below or above the gctual fuel
surface depending on the diameter and the rate of heat release of the fire, i.e., the ratio of the buoyancy and the
momentum of the gas stream:” Expressions can be found, however, also for sources of other geometries. At one
extreme a fire source can,be regarded as a two-dimensional line source. Non-circular flat fuel sources, yhich are
almost|square, can he\treated as circular sources with an effective diameter resulting in the same area as in the real
sourcel. For some hutning objects like rack storage the depth of the fire source cannot be neglected. Semitempirical
equatipns are deriyed for these special cases.

If the gferred by
using & virtual source extendrng as a mirror |mage on the other side of the wall. The simple imaging methpd results
in temperature ' the wall

surfaces on the turbulence are neglected. For finite sources adjacent to the wall, the plume expressions are scarce,
and considerable engineering judgement is needed when analysing such fire scenarios, for example, by zone
models (see 7.3).

When selecting a fire plume one should pay attention to the assumptions made when developing the plume
expression. Usually, the heat release rate in the plume property expressions equals the convective fraction of heat
release rate. The convective heat release rate is typically assumed to be 70 % of the total heat release rate.
However, the commonly used McCaffrey plume expressions use the total heat release ratel’l. The expressions are
always fitted to a limited set of experimental data and therefore the empirical coefficients may not be applicable to
the scenario under consideration. The most commonly used plume models have been originally calibrated against
small fire (heat release rates < 1 MW). It is necessary to be particularly careful when extending the application to a
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larger scale, because extrapolation may lead to systematic errors. There are, however, a large number of examples
in which the plume models implemented in zone models have been able to produce results which compare
favourably with experimental data.

The plume expressions have usually been derived from steady-state fires under quiescent ambient conditions. In
real buildings significant cross winds can be present either due to air flows existing before the fire or generated by
the fire itself. These usually cause better entrainment and therefore lower temperatures but bigger mass flows in the
plume. Whether this is can be considered safe or unsafe will depend on the purpose of the calculation.

In engineering applications, if no information of the exact fire location exists, it should be assumed that the fire
source is|directly below the object of interest.

Expressigns are also available for plumes emerging from windows with or without balconies.
6.1.2.2.1| Input

The inpuf information in plume flow expressions are:

O rate pf heat release (total and convective fraction);

0 diameter of the base of the fire;

O ambient temperature.

6.1.2.2.2| Output

The outpuits of plume expressions are:

O avergage temperature and velocity at various positions inthe plume;

O mas$ flow in the plume at various heights.

6.1.2.3 Ceiling jets

When the plume hits the ceiling, a ceiling jet is*formed carrying the combustion products away from the ling of fire

axis. Thel|ceiling jet is characterized by the same quantities as the vertical plume. However, considerably legs work
has been|done to develop semi-empiricalrexpressions for ceiling jet flows than for plume flows.

The most commonly used ceiling-jet expressions were published in the early 1970's[8l[9. Reference [9] also
contains pxpressions for maximum temperatures and velocities in t2-fires under an unconfined ceiling and in [steady
fires undgr confined ceilings,

Transien{ flow of a ceiling jet is especially important in corridors, because it may produce the first cue of the fire at a
remote Idcation and.determine when hazardous conditions begin to be formed. Reference [9] includes also|a brief
discussion on the_phenomena and appropriate references to scientific literature.

Friction between the ceiling jet and the celllng slows the veIOC|ty near the ce|I|ng surface The reduced veloc ty may
be significa 3 eliist for
the flow profile in the ceiling jet, but as a crude estlmate the maximum occurs at a dlstance of 2 % of the distance
from the fire source to the ceiling.

6.1.2.3.1 Input

The input information in plume flow expressions are:
O heat release rate (total and convective fraction);
O diameter of the base of the fire;

O ambient temperature.
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6.1.2.3.2 Output

The outputs of plume expressions are:

O averaged temperature and velocity at various positions in the ceiling jet;

O mass and energy flux in the ceiling jet at various radial distances.

6.1.2.4 Hot upper layer formation

Due t
comm
tempe
heat |
out of

The ag
the plu
plume
layer

homog
fire so
enclos
signifig
establi

A usef
[10] an

When
may h
entrain
tempe
upper
stratifig
active

The lik

ambient ceiling-level tempefatures at the location of interestl!2l (13 The maximum ambient ce

tempe
interiof
examp
with ¢
referer

If the
tempe

nly assumed that the upper layer is sufficiently homogeneous so that it can be characterized by
ature. The depth and the temperature of the layer depend on the mass and energy flow inte/the
sses to the bounding walls and the lower part of the room as well as the mass and conyective en
he room. The formation of a homogeneous upper layer is usually assumed by zone models:

sumption of a homogeneous upper layer may not be valid if the fire grows rapidlyyi-e. if the temp
me as it enters the layer is always considerably higher than the average temperature of the laye
penetrates the layer and the warmer combustion products modified by turbulént mixing always fo
Close to the ceiling. Therefore, there may be a continuous temperature gradient in the Ig
eneous layer concept may not hold true if the floor area of the enclosure.is’small compared to the a
irce or the width of the plume before it hits the upper layer. At the other extreme, if the floor af
re is large, the temperature in the ceiling jet may decrease considerably close to the walls re
ant temperature differences at different radial positions. Unfertunately, no quantitative limits h
hed to determine when the homogeneous layer assumptionds to be applicable.

Il discussion on the processes relevant to hot upper layerformation can be found, for example, in r¢
d [11].

pvaluating the formation of the upper gas layer,-it'is important to consider any enclosure character
hve an effect on the plume. In high-ceiling and-large-volume enclosures with temperature stratific
ment of cool air into the plume may cause the plume temperature to become so low (relative to the
ature) that the relative buoyancy will be insufficient for the plume to reach the ceiling. In such ¢
ayer will stratify at some level below;the ceiling until additional thermal energy is added to the plum
ation occur, it is unlikely that fire signatures will reach ceiling-mounted fire detection devices, and in

ire protection measures may be_significantly delayedI(11].

elihood of stratification can be evaluated by comparing the maximum plume temperatures and the

ature is highly depéndent on the height and volume of the enclosure, on the building constructio
finish materials,‘and the building location (i.e., exterior environmental conditions). It has been rep
e, that the difference in ambient temperature from floor to ceiling can be of the order of 50 °C in s
lazed ceilifigsi!ll. A useful discussion relevant to stratification and fire detection can be
ce [11].
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blume ‘temperature is high enough, the plume may hit the ceiling and a radial ceiling jet is for
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ature of this primary flow may be considerably higher than the average upper zone temperature. For thermal

detectors and sprinklers this means a faster response but for structures the higher local temperatures may cause
critical conditions (ignition, collapse) to occur much faster than if estimated based on average upper layer
temperatures.

In structural design, the possibility of localized higher temperatures should always be considered. If no location
specific information is available, one should assume the fire source to be right below the structural component of

interes

t.

In the case of smoke vents in the ceiling, a fire directly under the vent may cause the vent to open and the majority
of the hot plume to be exhausted. Under these conditions, detectors or sprinklers at a distance from the vent may
not respond as early as expected because the ceiling jet may remain too weak. Under some circumstances, the fire


https://standardsiso.com/api/?name=793ddecf101ac3709a81f2c449d22f55

ISO/TR 13387-5:1999(E)

©1SO

may be able to grow beyond the capacity of protective systems. However, this problem is far from being fully
understood and no unanimous opinion exists about the significance of the potential of this type of hazard.

6.1.2.4.1 Input

The input information to describe the upper layer formation includes:

O

0

O

0

O

6.1.2.4.2

The outp

6.1.2.5

Openingy
vents als
is relativ
temperat
vertical v

Little qual
enters th
commonl

6.1.25.1

The input

O

0

O

0

6.1.2.5.2

mass and convective energy flow of the fire plume;

vent

flows in and out of the compartment;

heat
initia

size

temg

build

envitonmental parameters (external wind and temperature);

thern

pres

loss characteristics of the bounding surfaces;

temperature and flow profile in the building;

pf compartment.

Output

It of the hot upper layer formation is:

erature and thickness of the hot upper layer.

ent flows

like doors and windows allow fire and the combustion products to spread outside the room of orig
b allow air to reach the combustion zone and thus influencethe size of the fire. Flow through verticg
bly well understood and analytical expressions are, available to estimate the mass flow wh
ire (under one-zone or two-zone assumptions) in the'‘room is known. Further discussion on flows t
bnts can be found in reference [14].

ntitative information on flows through horizontal vents is available, particularly for the scenario wherg
ough the same opening as the combustion products are exhausted. Horizontal vent flows with a
y used in two-zone fire models have beén discussed in reference [15].

Input

data needed to calculate thie flow through an opening include:

ng parameters (size and orifice coefficient of the vents and other openings);

nal profile inithe enclosure;

sure and/or velocity profile in the enclosure.

n. The
| vents
cn the
hrough

b all air
model

Output

The output of the vent flow calculation is:

the mass, volume and energy flow through the opening.

6.1.2.6 Powered ventilators

Powered ventilators may exist in a building both to generate a comfortable indoor climate during normal use and to
extract smoke out of the building in the event of fire. Because of wide differences in mechanical ventilation system
design, analysis of the potential for smoke spread by the subject system requires detailed knowledge of the design
criteria and accurate information about the "as-built" performance of the system. It is important to note that the
method of designing ventilation capacity in terms of the number of air exchanges per hour — common practice

10


https://standardsiso.com/api/?name=793ddecf101ac3709a81f2c449d22f55

©1SO

ISO/TR 13387-5

:1999(E)

when designing air conditioning systems — cannot be readily applied to the design of powered smoke-venting
systems, because the pressure gradients created by fire may significantly affect the performance of the system.

Various techniques of control of the movement of fire effluents by powered ventilators are specified in clause 8.
Further information on the design of smoke control systems can be found, for example, in references [12], [16] and

[17].

6.1.2.6.1 Input

The input data needed to calculate the flow through powered ventilators include:

O bd

ch
0 ern
O th
0 pr
6.1.2.6
The od

th
6.1.2.7

ilding parameters (duct network to which the ventilators have been connected, openings;
aracteristics, capacity-versus-pressure-difference curves of fans; dimensions of structures);

vironmental parameters (external wind and temperature);
brmal profile in the enclosure;

essure/velocity profile in the enclosure.

.2 Output

tput of the vent flow calculation is:

b mass, volume and energy flow through the vents.

Stack effects

The stack effect induces an upward movement of air or fire‘effluents in building shafts, such as stairwells 0

shafts,
differe

where

The vd

the temperature of the outside ambient air is less than the temperature within the shaft. If the tern
ce is reversed, the air movement is downwards> The movement is caused by a pressure difference

1 14
D:Apxgxhv:poxToxgth%T—O—T—%
g

is the difference of gasdensities between the inside and the outside;

is the inside temperature;
is the outside gas temperature;

is the.height of the shaft.

tightness

r elevator
nperature

1)

lume flow rate depends on the size of the openings at both ends of the shaft.

Further discussion about stack effects in relation to smoke control can be found in reference [10].

6.1.2.7.1 Input

The input data needed to evaluate the stack effect are:

O building parameters (height and width of the shaft, size of the openings);

O thermal profile (temperature distribution inside and outside of the shaft).

11
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6.1.2.7.2

Output

The outputis:

volume and mass flow rate in the shaft.

6.1.2.8 Movement of effluents through ventilation duct

©1SO

The ventilation system is often designed to operate under specified pressure and temperature conditions. The fire
environment will upset the balance between air source and exhaust both within the enclosure of origin and in

adjacent
ventilatio

In enclos
affected.
can be cq

The flow
created i
dampers
noted, ho

The performance of heating, ventilating and air conditioning systems unden fire exposure have been dis

briefly in
6.1.2.8.1
The input

O  build

O envijonmental conditions (external temperature and wind direction);

O thern
O pres
6.1.2.8.2

The outp

6.1.3 S

Fire efflu
species.
available

volur:[we and mass flow-of fire effluents in through the ventilation ducts.

ENCIoSUreS, 1f Served— by the same SyStenT. TS mpatance witt beparticutarty acute where
h paths do not exist or are inhibited.

Lres where power ventilators are the sole source of air supply, the stratification of fire effluents r
Consequently, the two-zone model may not be applicable since thermal gradients and_ species dist
mpletely different from those produced by natural ventilation.

of fire effluents through ventilation ducts can be evaluated by considering the pressure distri
n fire. This should be done even if the strategy were to shut down the ventilation in case of fif

may be installed in the ducts to close the path to smoke and hot gases.in the event of fire. It shq
wever, that dampers are seldom tight enough to prevent all flow of effluents:.

eference [18].
Input

data needed to evaluate the flow through ventilation ducts include:

ng parameters (location and size of ventilation ducts, properties of powered ventilators);

nal profile in the enclosure of fire origin-and in the rest of the building;
sure and/or velocity profile in the enclosure and in the rest of the building.
Output

It is:

oke and species profiles

bnts may*contain substantial amounts of particulate causing loss of visibility or gaseous, possibly
The _generation of these has been discussed in ISO/TR 13387-4 (SS1). In this clause the m

\atural

hay be
ibution

butions
e. Fire
uld be

cussed

toxic,
ethods

fer) assessing the smoke density or species concentration at a location far from the fire ori

jin are

discussed. In one- and two-zone models, a well-stirred volume is assumed, i.e. the particulates or the species
concentrations are assumed to be fully mixed within the volume in which the temperature is constant, too. In field
models, more detailed smoke and species profiles can be obtained. The effects of smoke and the gaseous species
on people are discussed in ISO/TR 13387-8 (SS5).

In case of a smouldering fire or if the location of interest is far from the point of fire origin, the temperature of the fire
effluent may not be high enough for stratification to occur. Smoke density and species profiles can then be
estimated by assuming the space to be well-stirred. If we assume no gases leak out from the room, the
concentration C, of species i can be obtained by integration

12
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Ci

where

m

ISO/TR 13387-5:1999(E)
. !
t)= riy(t)dt (2)
Vencl!
is the rate at which the species “i” is introduced in volume Vg

If the volume flow rate V into and out of the enclosure and the concentration C,,, in the incoming flow are known,

the cofcentration in the enclosure can be obtained by integration

Ci

The sgme principle can be used to estimate the smoke density, because as a first appreximation the optig

density

The tw
input,

relatiopship can be derived for the mass fraction of a species and the adiabatic temperature rise.

Equati
the vol

The us

The ar
are sin
includg
assum

CFD 1
subseq

6.1.3.1

The in

includg:

0 g¢g
O cqg

O vg

1
Vencl

t
(t) = I[Cin(t) —GO]Vv(tdt

0

(extinction coefficient) is proportional to the mass concentration.
0-zone models usually conserve mass of chemical species. Once the species or smoke yields are
the models can trace the concentration at any location. If the consérvation of mass is not in
bn (3) can be applied also in the case of the two-zone approach by replacing the volume of the enclq
ume of the upper hot zone.

e of two-zone models with their limitations are discussed‘in clause 7.

alytical expressions for plumes and ceiling jets, and-the field models based on computational fluid

3)

al smoke

given as
Cluded, a

sure with

dynamics

hilar in the way that they both give as output the,temperature and flow velocity profiles. If the modg¢ls do not

conservation of species, the concentrations-can be estimated in the same way as for zone mode
ng a known relationship between temperature rise and species concentration.

nodels with a combustion submodelhmake it possible to calculate the species generation ratg
uent concentrations as part of the 'selution of the conservation equations.

Input

s, i.e., by

and the

but information needed™for the assessment of smoke density and visibility at any location far frofn the fire

neration rate efwisible smoke and gaseous species;
ncentrationyof smoke and gaseous species in the inflow;

lumé flow rate into the enclosure.

6.1.3.

Output

The output information is:

O concentration of species in the enclosure as a function of time;

O smoke density (extinction coefficient) as a function of time.

6.2 N

on-thermal fire damage

The production of acid gases in fire effluent may cause corrosion of steel used to reinforce concrete in buildings
which can lead to weakened structural performance and the need for replacement. The deposition of soot from a
wide range of materials (halogenated and nonhalogen; organic and inorganic) may cause shorting in electrical

13
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switches and conductive bridging on electronic microcircuits in control panels, computers and telephone exchanges.
The deposition of super-toxicants on surfaces can also be regarded as non-thermal damage.

Non-thermal damage to property can include surface corrosion, structural damage, electrical malfunctions,
discoloration, odours. Non-thermal damage depends on the chemical nature, physical characteristics, transport, and
deposition of fire products on the building surfaces, structures, furnishings and equipment. The severity of non-

thermal damage often increases with time and humidity[1°].

NOTE 1 For corrosion protection, galvanized zinc or zinc chromated finishes represent a major portion of the structural
components of telecommunication and computer equipment as well as HVAC duct work. Consequently, all zinc surfaces are
sensitive tpattack by acit gases. O exposure (o acit gases, ZinT forms Zinc chioride, whith s very hygroscopic and absorbs
moisture ffom air at humidities as low as 10 % RH to form an electrically conductive solution. The solution flows on the)surface,
drips down or runs onto equipment, resulting in very serious electrical shorting problems. In some major difre’lopses at
telephone|central offices, zinc chloride has played a key role in both the rate of restoration as well as the ability to falvage
equipmenfl20l: [21],

NOTE 2 | Non-thermal fire damage assessment is not logically part of SS2: Movement of fire effluents, Due to the signjficance
of the subject, a decision has been made to discuss it in connection with SS2, although it mat be transferred later to a possible
subsystenp on property protection.

6.2.1 Inpgut

The inpuf information needed to estimate the non-thermal damage include:
O concgentration of corrosive fire effluents as a function of time;

O propgrties of the deposition surfaces.

6.2.2 Odtput

At present state of knowledge no accurate predictions of the ‘magnitude of non-thermal damage can be made. The
principle |nformation obtained is:

potential for non-thermal damage (contents response, including loss of equipment functionality).

7 Engineering methods
7.1 General

A large vpriety of engineering.methods of different levels of complexity are available to evaluate the moverment of
fire efflugnts[tL20], Like for\ether evaluation tasks, the engineering methods may be divided into estjmation
formulae| computer programmes simulating the phenomena in more detail, and experimental methods. Yarious
types of methods will beg*discussed in 7.2 to 7.5.

Before uging any ‘method, make sure the model treats the fundamental processes delineated in the bus of Figure 1.
In the cgse ofsmovement of fire effluents, make sure the model treats the following phenomena in a manner
approprigte-tothe application:

O heat release rate from the fire;

O mass loss rate;

O flame spread over the burning object(s), horizontal and vertical,
O heat transfer due to flame radiation;

O entrainment of air into plume;

O mixing between gas layers;

14
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O pressure distribution in the room(s);

0 radiative and convective heat transfer between zones, plumes, objects and building components;

O optical smoke density;

0 generation and transport of toxic products;

O

material data k, p and c.

The i
ISO/TH

7.2 H

Many
approx
checki
model

Some
handb
origing

73 Z
7.3.1

Zone I
geomsg

In zon
divided
the firg
as a h
each |
compul
severg

The zd
time. |
consid

7.3.2

The nsg

Mitations of models proposed for design use should be identified in terms of criteria s4
R 13387-3.

stimation formulae

formulae are available for estimation of the movement of fire effluents. These)xfermulae are
imations based on empirical equations and rule of thumb, that can be used for Simple estimate
ng more advanced methods. The user should, however, be aware of the limiis of the use of eac
and input parameter, as use beyond limitations may lead to incorrect results:

pf the phenomena that can be treated with simple formulae have been.discussed in clause 6. Text 1

pboks such as references [20], [22], [23] include a large number of additional formulae and refereng
publications. User-friendly computer programs with collections of analytical equations are also avai

pne models

(General

nodels are used to predict the development of a fire‘in an enclosure by considering the actual fire
try of the enclosure, the effect of openings, and-the thermal feedback from the enclosing structures.

b models, the enclosure is divided into a {imited number of compartmental volumes. Normally th
into two compartmental volumes withvan upper hot layer and a lower cold layer during the develq
. When the fire becomes fully developed, the model usually will change into one zone. Each zone

pomogeneous volume, meaning that/all variables, for example, the temperature, reflect the mean
olume. As the number of zones are limited, the equations of the zone models can be solved by

ters, but note that use of theyresults is limited. For more precise results, the volume should be di
compartments where each compartment is considered on its own.

ne models are base€d-on solving equations of conservation of mass, energy and momentum as a f
f there are openings in the room to other rooms or the surroundings, interchanges with these
ered. The theory behind the models is described in literature, for example, in references [10] and [24

nput

eded input data varies among zone models. They will, at minimum, require a description of:

bt out in

normally
5 and for
h specific

ooks and
es to the
able.

load, the

b room is
pment of
is treated
value for
personal
ided into

inction of
are also

.

O th

c-buitding geometry, T.e. ffoor area, ceitingarea, ToonT eight, positionm and-Size of openings teadim

compartments or to the surroundings;

to other

O the building materials used, i.e. specific heat capacity, density and heat conductivity for each material. In
addition surface characteristics, such as heat transfer coefficients and effective emissivity are often required;

O the design fire given as the heat release rate (HRR) and the locations of the fire. HRR can be defined in many
ways. The simplest being the definition of HRR as a function of time based on mathematical formulae, for
example, t2 fire growth. Many models also allow the user to specify a range of data points for the HRR based
on full-scale experiments.
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Some models also allow the user to specify heat detectors, smoke detectors, installation of smoke ventilation,
installation of mechanical ventilation, etc..

Input data should generally be chosen in agreement to ISO/TR 13387-2.

7.3.3 Output

Based on the input data given by the user, the zone model will then be able to predict:

O compartment smoke filling as a function of time, i.e. the depth of the hot smoke layer;

g aver
O velo
Some md
7.3.4 Ap
Zone mo
to flasho

used for
model to

often obtgined.

For struc

the gas femperature is derived and if it is appropriate to use this temperature on the given structural el

Because
temperat

The zonsg
example,

7.3.5 Lin

Designer
situation.
important
air is no

fire suppression causes significant mixing in the enclosure.
These effects may be expressed as limitations on zone models related to:
O enclgsure lengthiwidth/height ratios;

O enclgsureteight and floor area considerations;

hge smoke layer temperatures as a function of time;

ity, mass and heat flow out of openings.

dels also calculate average smoke densities and oxygen depletion.

plication of results

lels are suitable for predictions of smoke filling and the development of a fire in an enclosure includi
Hetection and activation (SS4), but one should check which values are‘being used as this can diff
model. If only the values from the upper zone of a single room are*used, very conservative resy
ural responses (SS3) the results from zone models can be used but the designer must be aware

the upper layer temperature is an average temperaturg;in the whole upper part of the room, the mag
Ires and the consequent thermal exposures may be.much higher locally.

models publicly available today do not include“validated algorithms for predictions of reaction to
spread of flame on lining materials.

hitations of zone models

5 need to carefully examine whether a zone model's assumptions are appropriate for a particular
The use of zone models may- not be appropriate for applications where the flow field is cons
. For example, if the fire plume is close to a wall, the model must account for the fact that entrainr
onger axisymmetric. Furthermore, the two zone assumption may not be appropriate for situations

0 heat

release rate relative to the dimensions of the enclosure.

g time

er. This means that the results are directly applicable for rescue models_(SS5). The results can also be

br from
Its are

of how
ement.
Ximum

ire, for

design
sidered
hent of
where

7.4 Field models

7.4.1 General

Field modelling is the term used for the application of computational fluid dynamics (CFD) to the simulation of the
growth and spread of fire. In CFD codes the fundamental equations of conservation of the mass, momentum and
energy are solved subject to the boundary and initial conditions that represent the particular fire scenario under
consideration[24]. [25], [26],

Field models make fewer a priori simplifications than zone models about the heat and mass transfer processes that
occur during a fire. However, some assumptions are necessary to deal with phenomena not directly covered in the
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