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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 13387-7, 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:
O Part 1: Application of fire_performance concepts to design objectives

O  Part 2: Design fire-scenarios and design fires

O Part 3: Assessment and verification of mathematical fire models

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

O  Parts5: Movement of fire effluents

O Part 6: Structural response and fire spread beyond the enclosure of origin
O Part 7: Detection, activation and suppression
O Part 8: Life safety — Occupant behaviour, location and condition

Annexes A to C of this part of ISO 13387 are for information only.
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There are many important active measures that can be implemented to warn occupants and building management
about the existence of a fire, to change or modify the normal progress of a fire so that safety and loss reduction

criteria can be satisfied. These active protection measures, which constitute subsystem 4 in the fire
engineering design process, are described and discussed in detail in this document.

safety

Subsystem 4 provides guidance on the use of engineering methods for evaluation of the time to detect Sny
flames by a wide range of commercial devices, including the time required for heat sensitive celemg
suppressjon or other control devices to respond to the gas-flow generated by an incipient or growing f
accompligh this, subsystem 4 draws on subsystems 1 to 3 for characterizing the size of the fire\as well
temperatiire, species concentration and gas velocity fields generated by the design fire, ascdescribed fu
clause 5.| Subsystem 4 also draws on a description of sensor locations and characteristiecs_from building
parametdrs as well as information available from ISO/TC 21 (Equipment for fire protection and fire fi
standard$ on fire detection and alarm systems.

oke or
bnts in
re. To
as the
ther in
design
ghting)

Once detection has occurred, the subsystem also provides guidance on how.to)evaluate the time requ

ired to

from typital distribution devices. To accomplish this, subsystem 4 draws ©on information from the vendors and

activate the desired response to a fire, such as an alarm, a smoke damper or a‘specified flow of extinguishin%; agent

manufacturers of detection and suppression systems. The hydraulic design of suppression agent piping sys
considergd to be part of the activation process of bringing agent to the stage of interacting with the fire.

The effedt of various suppression strategies on the fire heat release rate is evaluated in subsystem 4 by ref
to installgtion guidelines, information obtained from ISO/TC 21 standards on fixed fire extinguishing systems 3
use of engineering judgement in the application of these guidelines and standards to design-fire scenarios.
suppressjon strategy (usually in terms of a required agent\flow rate) is assumed, there is considerable fe
required [between subsystem 4 and subsystem 2 to determine the resultant fire environment, as descr
clause 5.| Typically, the success of a strategy is judged from expected maximum gas or material temper
radiant heat to target locations, effluent/species “concentrations and/or the total amount of suppression
required gompared to design objectives.

discussion of how engineering: methods are used to evaluate or calculate the important subsy
carried out in clause 6, which.is'subdivided into subclauses on detection time, activation time and ¢
suppressjon strategies. Each of these subclauses contains a discussion of fire safety engineering desi
important physical and chemical proecesses to be considered, evaluation methods for specific classes of dev
well as an explicit list of required-input parameters needed to perform an engineering analysis and the outpu
such an gnalysis.

Clause 7|is a discussion-0of the engineering methods available to evaluate detection, activation and supp
design options. The, 'engineering method selected to solve the design problem should be assessed and

using thq principles’documented in ISO/TR 13387-3, Assessment and verification of mathematical fire n
Special dare should be taken when using input data published in the literature since this information and/
may be related to specific test conditions and/or specific commercial products; the application of information

ems is

erence
and the
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Further information and background material together with specific literature references that support the discussion
in the preceding clauses with details of the fundamental approach to fire safety engineering is available from the

sources listed in the bibliography.
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This part of ISO 13387 is not itself a ‘design guide or reference manual but can be used as a resource b
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hes to detect fire events, based on the design-fire environment and properties and/or location of
tection devices;

hes to activate automatic alarm systems and automatics systems designed to control fire growth or
b effects of fire, based on system design parameters,

p effectiveness of activated automatic suppression systems in limiting the potential consequences
sed on key system characteristics.

The effect of human intervention on detection, activation or suppression is considered beyond the scq
nt.

rations in the preparation aof such documents. This report also provides a framework for critically
tability of engineering methods, whether hand calculations or predictive computer models or cg
on empirical data, to predict detection, activation and the effect of fire suppression systems. Not¢
ngineering method’‘ysed in this document refers to any of the preceding techniques.

rmative references

lowing,hormative documents contain provisions which, through reference in this text, constitute pro
irt of 1SO/TR 13387. For dated references, subsequent amendments to, or revisions of, any

This part of ISO 13387 is intended to provide guidance to designers, regulators)and fire-safety professiongls on the
fundarfental engineering methods that should be included in design guides and reference manual

5 for the

hutomatic

to control

of a fire,

pe of this

national
reviewing
rrelations
e that the

visions of
of these

publicg

tions do not apply. However, parties to agreements based on this part of ISO/TR 13387 are enco

Liraged to

investigate the possibility of applying the most recent editions of the normative documents indicated below. For
undated references, the latest edition of the normative document referred to applies. Members of 1ISO and IEC
maintain registers of currently valid International Standards.

ISO 3009:1976, Fire-resistance tests — Glazed elements.

ISO 6182-1.—1), Fire protection — Automatic sprinkler systems — Part 1: Requirements and test methods for
sprinklers.

1) To be published. (Replaces ISO 6182-1:1993).
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ISO/TR 13387-1, Fire safety engineering — Part 1: Application of fire performance concepts to design objectives.
ISO/TR 13387-2, Fire safety engineering — Part 2: Design fire scenarios and design fires.

ISO/TR 13387-3, 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 13387-5, Fire safety engineering — Part 5: Movement of fire effluents.

ISO/TR 1’)’)0‘/ A w15 fatrs PRV T LAl Dot o COteintiipal o oo anclfic, o A bhaviand +h naloc f
(OIOU U, T ITC oaitly CIIyIiricTrirmg rart'v. Juautiurdr TCopuriot arrd 1 oproadu Ut yuriua e Tritru. Ure O

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

ISO 13943, Fire safety — Vocabulary.

3 Terms and definitions

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

3.1
activatior] time

time intenval from response by a sensing device until the suppression system, smoke control system, alarm gystem
or other flre safety system is fully operational

3.2
ADD

measured volumetric flow rate of water per unit area from ESFR sprinklers that is delivered near the base df a fire
plume for a specific fire heat release rate

3.3
agent ouflet
point in fiked extinguishing system at which a sprinkler, suppression or control device is located

3.4
control-mode sprinkler
sprinkler [for example, conventional or spray type) that limits fire propagation through wetting/soaking of unirjvolved
fuel

35
conventignal sprinkler
sprinkler type whieh.projects 40 % to 60 % of the total water flow initially downward

3.6
design dgnsity
sprinkler application rate in the absence of a fire

3.7
detection time

time interval from ignition of a fire until its detection by an automatic or manual system

3.8

engineering judgement

process exercised by a professional who is qualified, because of training, experience and recognized skills, to
complement, supplement, accept or reject elements of a quantitative analysis
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3.9
fire extinguishment
process by which agents eliminate all flaming combustion

3.10
HRR

heat release rate

3.11
method

abbreviation for one of the recommended engineering methods used to predict detection and activation times and
the effpct of fire suppression or fire control systems, whether by hand calculation, predictive computer, jhodels or
empiri¢al correlations

3.12
prewetting
process by which water from sprinkler sprays gradually, soaks or wets fuel surrounding,the fuel regioh actively
involved in fire, leading to a reduction in fire propagation

3.13
RDD

volumetric flow rate of water per unit area, applied uniformly to the top surfacé-ef'a fuel array, needed to ¢ause fire
HRR t¢ decay rapidly to a sufficiently low level

3.14
smokel management
the usg of compartmentation and buoyancy effects, in additionie flow control, dilution and pressurizatipn, to re-
direct $moke

3.15
spray $prinkler
sprinkler type which projects 80 % to 100 % of the total'water flow initially downward

3.16
sprinkler activation area
total h@rizontal area over which sprinklers. are designed to operate

3.17
sprinkler application rate
volumetric water flow rate applied per unit surface area from operating sprinklers (also called “sprinkler density” or
“dischdrge density” for horizental surfaces or, more generally, “surface density”)

3.18
supprgssion-mode Sprinkler
sprinkler (for example, ESFR type) that delivers water directly to burning fuel surfaces, thereby reducing the fire
HRR

3.19
suppressien-system

a system designed for active stabilization, reduction or elimination of fire propagation and heat/smoke release

3.20
water mist protection system
array of devices designed for fire extinguishment through the use of multiple water sprays
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4 Symbols and abbreviated terms

4.1 Symbols

C Conductivity factor, expressed in (m/s)1/2

dgn Geometric number-mean diameter of particles, expressed in mm

K Light extinction coefficient in smoke/effluent species, expressed in m—1

N Number concentration of particles, expressed in m—

Te Tlemperature of detector sensing element, expressed in K

Tea Nominal operating temperature of detector, expressed in K

Ty Actual gas temperature in test section of tunnel or near detector during fire, expressed-in K
T, Ambient air temperature during testing, expressed in K

tg Hesponse time of detector, expressed in s

u Actual gas velocity in test section of tunnel or near the detector during-fire, expressed in m/s
Ty Geometric standard deviation of particle diameter, expressed jnmm

4.2 Abfreviated terms

ADD  Actual delivered density, expressed in mm/s

CFD  Jomputational fluid dynamics

ESFR Harly suppression fast response (suppression-mode sprinkler type)
HRR Heat release rate, expressed in kKW

IR Infra-red

RDD Hequired delivered density; expressed in mm/s

RTI  Response time indéx, -expressed in (m-s)l/2

uv Ultra-violet

5 Subsystem4 of the total design system

5.1 General discussion

This clause describes the procedure by which this document is to be used together with other parts of ISO 13387.
5.2 Explanation and illustrations

To aid in the use of this document in a comprehensive fire safety design process, the information herein can be
considered to be part of a detection, activation and suppression subsystem 4 within the total fire safety design
system (see Figure 1). The first layer of the design system contains a set of global information, which contains data
either transferred among various subsystems or employed to make engineering decisions. These data include three
types of global information, which are described more fully in ISO/TR 13387-1:
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a)

b) intervention-effects—consisting-of
1)] alarm activation;
2)] heat and smoke control activation;
3)| suppression activation;
4)| fire brigade intervention;
c) simulation dynamics profiles versus time, consisting of
1)[ size of fire and/or smoke;
2)| thermal profile;
3)| pressure and/or velocity profile;
4)| effluent/species profile;
5)| occupant condition;
6)| occupant location;
7)| building condition;
8)| contents condition.
The next layer of the design system consists of a set of evaluations, which in the case of subsystem 4
three types of analysis results providing
a) dagtection time;
b) aqtivation time;
c) p8grformance of suppression systems.
Each df these threg“types of evaluations is discussed in detail in the three parts of clause 6.
The final layer af\the design system consists of processes that include
a) cgnvective heat detection;
b) efiluentSpecies detection;
c) radiant energy detection;
d) agent flow in suppression systems;
e) interactions between suppression systems and fires;
f)  interactions between smoke control and suppression systems.

prescribed and/or estimated parameters, consisting of

1) building parameters (includes location and/or specifications for all fire-related systems);
2) occupant parameters;

3) fire loads;

4) fire scenarios;

5) environmental parameters;

ISO/TR 13387-7:1999(E)

includes

These six different processes, plus other related processes, are part of calculation procedures that generate the
three types of evaluations required by subsystem 4 for use by the other subsystems in the total fire safety design
system.
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5.3 Information flow

To perform one of the three types of evaluations (detection, activation or suppression), a fire safety engineering
practitioner must make use of global information data as input parameters for the detailed process calculations.
These calculations allow the time for response of alarm, smoke and/or heat control and active suppression devices
to be output for use by life safety (and in the future, property, culture and environmental protection) subsystems. In
addition to outputting response times, the process calculations in this subsystem also evaluate the success of
strategies for active suppression of fire by providing empirical information on required flow rates of suppression
agents to reduce or eliminate flaming combustion. With information on the potential success of suppression
strategies, the fire growth, smoke movement and life safety subsystems can more readily evaluate the net effect on
the fire epvironment and on people. Finally, the process layer of design subsysitem 4 can determine the_detailed
charactefjistics of suppression agent delivery, thus allowing alternative, predictive field model calculationg to be
performefl in the fire growth and/or smoke movement subsystems.

ISO TC 92/SC 4 FIRE SAFETY ENGINEERING BUS SYSTEM

Subsystem 4 (SS4) — Detection, activation and suppression

SC4 GLOBAL INFORMATION BUS
Prescribed/Estimated deizgn parameters
Building

Environmental

Fire loads

Fire scenarios
Occupant

Simulation dynamics (Profile/Time)

Building condition [
Contents condition
Effluent/Species
QOccupant condition
1(J |Occupant location
11 [Pressure/Velocity
17 |Size of fire/Smoke
13 |Thermal

Al D oINY e

0101010/

Vel Fo'«1 1 Fe.N

ool 0101000

0101

Intervention effects
14 |Alarm activation

19 {Control activation

14 |Suppression activation

17 |Fire brigade intervention

01010
1010 oo

SS4 EVALUATIONS

Detection time
Activation time
Performance of suppression systems

01010 e

Ladind Lid

SS4,PROCESSES
Convective heat detection
Tefq - -
Radiant energy detection
Agent flow in suppression systems
Interactions between suppress. sys. and fire

Interaction between smoke/Heat control
and suppression systems

[YS N ey

DTG
4P
O

[« % L% 0 BN %)

—X XX

Bus connection key

® =Inputdata

Q =Output data

X = Subsystem buses data exchange

Figure 1 — lllustration of the global information, evaluation and process buses for SS4.
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6 Subsystem 4 evaluations

This clause discusses in detail the primary engineering evaluations related to fire detection times (see 6.1),
activation times (see 6.2) of alarms and heat and/or smoke control measures and the effectiveness of suppression
and other systems (see 6.3) for actively reducing fire consequences. The evaluation of operating characteristics of
fire suppression and control systems (for example, flow capacities, nozzle performance, exhaust capacities and
other parameters typically obtained from vendors) is discussed as part of the evaluation of activation times in 6.2
since system operating characteristics actually determine the time required for these systems to begin to interact
with the design fire. In 6.3, the system operating characteristics (for example, agent flow rates from nozzles)

required for successful fire suppression are evaluated. These requirements must be met by system performance
during :nfi\/ntir\h, as-calculated-in-6-2-

Associpted with each key subsystem output, recommended engineering methods for predicting unit,physical and
chemigal processes are discussed and all input information required by such methods is identified.” Guidance on
locating unit process input data is also provided, along with available literature references. Areas for which a lack of
knowlgdge and/or input data are known to exist are addressed.

6.1 Detection time

6.1.1 Role in fire safety engineering design

Because the response time of detectors plays such an important role in fire)safety, the selection of the proper
detector type and detector location for application to each type of occipancy must be consistent with clearly
established design objectives. Descriptions of the three major detector types, thermal, effluent/speci¢s (which
includgs obscuration and/or optical beam detectors) and radiant emission, along with references to recommmended
design| documents, are discussed in the following clauses. This information should be used to match [particular
design| objectives (for example, resistance to non-fire related alarms, shortest possible detection time or
compattibility with the building and/or contents environment) to the detector selection and location procesg. In very
generdl terms (see references [10], [11] and [19] in the bibliography for additional information), thermal pdint or line
detect@rs are best suited to situations where cost and reliability are overriding factors, for example, to trigger water
flow injJautomatic sprinkler systems or where there arédarge numbers of locations to be monitored or where there is
a high|particle count (for example, fine dust or droplets, fumes, insects, etc.) that can cause other detector types to
alarm without a fire. Effluent/species detectors are’generally best suited when high sensitivity is needed t¢ give the
shorte$t possible detection time, for example;when life safety or sensitive contents is the overriding concefn.

Point g¢letectors, whether thermal or effluent and/or species, often depend on fire-induced convectivel flows to
transport heat or smoke up to ceilinglevel in a plume and then radially outward in a ceiling-jet. This naturdl buoyant
motion, especially in the earliest stages of fire growth, may often:

a) bypass detectors improperly located outside of the plume or ceiling-jet flows (see reference [45] for information
or] ceiling-jet thickness);

b) repuire significant.transport times;
c) bgq disrupted by HVAC vent system flows; and

d) bq disrupted by ambient stratification of the air in the building, as discussed in 6.1.2.4 of subsysten} 2 and in
reference [19], pp. 4-15.

All of these phenomena can lead to significant detection delays. Radiant emission detectors and tubing networks of
sampling effluent/species detectors are often best suited for situations where such delays would result in detection
times that are inconsistent with design objectives (for example, very early detection of small fires).

Detection systems that are not properly designed because of incorrect detector type or location can result in large
numbers of alarms to non-fire signals, or “false alarms” being produced, especially when hundreds or thousands of
smoke detectors at a single location (for example, a hospital) can produce several false alarms per day. In some
instances false alarms can outnumber “real” alarms by ratios in excess of 20:1. Large numbers of false alarms can
lead to situations in which the alarm is ignored by many or all of the occupants or in which all detectors are disabled.
Careful location of detectors coupled with the correct choice of detector type and/or the use of detectors (see 6.1.6)
which incorporate multi-criteria detection, for example, can result in significantly fewer false alarms. With correct
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design, false alarm to fire ratios can be reduced to 3:1 or fewer. The importance of the ongoing maintenance of fire
detection and alarm systems as a means of minimizing false alarms should also not be overlooked.

The task of determining the response of detectors to a design fire that properly tests whether design objectives
have been achieved is complicated by the fact that most occupancies (except some single-family residential units)
contain detectors that are interconnected with a central control system. This central system can have a range of
capabilities from activation of an alarm when any detector in the network responds all the way to sophisticated
programmable or learned decisions as to the proper alarm level based on analysis of the history of previous
ambient conditions. With such sophisticated systems, which can be just one component of a much larger building
automation system, the calculation of “detection time” depends not only on information discussed in 6.1 but also on
activatioitimes associated with the complete control system. Just as non-fire signals can be minimized by, [careful
location @nd selection of individual detectors, false alarms produced by a centralized detection system™¢an be
minimizedl by selection of the proper logic and/or computer algorithms, by a higher level of integrity.for dgtection
functions|than for other building functions and by careful design to eliminate electrical interference, ‘system faults
and even malicious action by occupants or employees. Detection subsystems within a building’automation gystem
must havp directly measurable performance and reliability that is suitable for an emergency system.

There arg several reviews of engineering methods for evaluating the response of fire detectors in a variety of|design
situationg. For example, reference [25] contains a comprehensive literature review, reference [10] contains exXcellent
background information while references [11] and [36] describe specific predictive techniques and engineering
methods.| The selection and installation of detectors should be consistent with~national standards, such |as the
codes in feference [2].

6.1.2 Thermal (point or line-type) detectors
6.1.2.1 PRrocesses considered in evaluating system designs

The resppnse of a thermal detector can be modelled by calectlating the heat transfer taking place by conyection
between [the gas and the detector, by conduction through“the detector body to the mounting structure and by
radiation [to/from the surroundings. During the initial stage-of fire growth, while temperatures and flame heights are
relatively [low, the effect of radiant heat transfer may be\less important than convection. When the sensitive glement
is thermally isolated sufficiently from the remainder,@fithe detector or when fire growth is rapid, conductive hgat loss
may also|be less important than convection. However, as maximum flame thickness increases and flames syrround
the detegtor element, radiant heat transfer may-no longer be negligible. Finally, conduction may not be nepligible
compared to convection for slowly growing\fires. See reference [2] for engineering guidance on the evalugtion of
thermal detector performance and response time.

6.1.2.1.1| Methods to evaluate response of fixed temperature detectors to heat transfer
A fixed t¢mperature detectorlis-a device which responds when its sensitive element is heated to a tempegrature
exceeding a predetermined-level, called the activation temperature or device temperature rating. For poipt type
detectors] by treating thé.sensitive element as a mass distinct from the rest of the detector, it is shown in reference
[30] that ¢lement temperature depends on:

a) thermal properties of the element (mass, specific heat, surface area);

b) conwvective heat transfer coefficient with the fire environment;

¢) conductive heat losses through connections to the rest of the detector or device.

As shown in reference [30] and annex B, a parameter called “response time index” (RTI), can be measured that
characterizes both the thermal properties of the element and the heat transfer coefficient for the local fire
environment. Similarly, a “conductivity factor” (C) can be measured that characterizes the heat loss from the
sensitive element in conjunction with the RTI (see annex B). The RTI is really just a measure of the thermal time
constant of the sensitive element for a given flow velocity. Both these parameters, which take values specific to the
detector of concern, allow the detector response time to be determined from a knowledge of mean gas velocity and
temperature near the detector. See reference [19] for information on the engineering evaluation of fixed temperature
detector performance and response time.
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Point type thermal detectors are normally tested, classified and installed consistent with national standards and
regulatory guidelines. Activation temperatures are chosen so as to be compatible with the normal ambient
temperature of the installation. Standard sensitivity tests on point type thermal detectors using a constant gas
velocity and prescribed gas temperatures yield detector response time, which with the equations in annex B, can be
used to estimate detector RTI (C factors tend to be insignificant for detectors). Alternatively, recommended spacing
for detectors in national standards can be converted to equivalent values of RTI for engineering evaluation. For
example, annex B of reference [2] contains tables where RTI values are listed explicitly along with recommended
spacing.

One common point type, fixed temperature detector is the sensitive element (for example, glass bulb or fusible link)

in an

utomatic sprinkler, which responds when the element is heated to its activation temperature, or ten

perature

rating.
tempe
referer
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See amnex B/of reference [2] and reference [19] for information on the engineering evaluation of the per

and re

The operation time of such sprinkler elements can be determined in the same manner asCfd
ces [12] and [48] for engineering design methods). However, once the first sprinkler operates; pre
pration of subsequent sprinklers for purposes of engineering design becomes very difficult, due to s
ergy absorption by sprinkler droplets due to sensible heating and evaporation;

bmentum addition to the flow field due to the thrust force of the spray;

hese effects can, in principle, be resolved by field modelling, as noted in 7.3.2.
Lire where it may not be practical to find suitable, discrete.locations for point detectors. Such enclog
vithin complex mechanical or electronic equipment. Line detectors can be activated by the melting
istivity of a rugged, thermistor type of cable, bytechanges in the air pressure of a pneumatic con

h of the fire along the line element.

.2 Methods to evaluate response(ofjrate of rise detectors to heat transfer

of-rise detector is a device which responds when the temperature rises at a rate exceeding a preds
t. The approach is to assume a single response time index (RTI) and a conductivity factor ((
e element (see annex-B), then the temperature variation history of the sensitive element can be cal
ne manner as described in 6.1.2.1.1. The response time can then be determined as the time at
rise of the calculated temperature exceeds that needed for operation.

ar approach_may also be taken with line-type detectors, using representative values for RTI and co
C) and average values for the gas temperature and velocity.

Sponse time of rate-of-rise thermal detectors.
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6.1.2.2 Required input information and/or data

The required input information and/or data are as follows.

a) Size of fire and/or smoke:

The flame position, or the distance and the direction relative to the detector must be known to assess the effect
of radiant heat transfer. For the purposes of this evaluation, design fire data appropriate for the occupancy
should be used.
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b) Thermal profile (includes HVAC effects):
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The instantaneous rate of convective heat transfer from the gas to the sensitive element is proportional to the
temperature difference between the gas and the element. Thus, the local gas temperature as a function of time
must be provided for solving the heat transfer equation to obtain the temperature of the heat sensitive element.

¢) Pressure and/or velocity profile (includes HVAC Effect):

Similar to the local gas temperature, the local velocity as a function of time must be provided to assess the rate
of convective heat transfer from the gas to the sensitive element, because the heat transfer coefficient

geng
d) Build
Allin

1)

2)

3)

6.1.2.3 (

The outp
objective
suitable fi

rally varies proportionally with the square-root of the local velocity.
ing parameters:

puts necessary to specify detector performance should be included in this group of parameters, incl

he temperature and the velocity are calculated from the flow field induced by a fire source under a
The vertical distance of the sensitive element from the ceiling is also required{to assess the effect
emperature and velocity more precisely. In the case of a line-type deteetor, the relative location
ensing line is required to be integrated to obtain the overall response of'the detector.

Device temperature rating — activation temperatures of detection {devices should be in accordan
he nominal temperature ratings prescribed by 1ISO 6182-1:—, Fahle 2, column 1.

RTI (response time index)/C (conductivity factor) or other ‘detector sensitivity parameters — values
bnd C (defined in 6.1.2.1.1) can be determined from ‘*standardized wind tunnel tests conducted
brescribed gas temperature and gas velocity conditions. Ranges of RTI and C are commonly availg
he sensitive elements used to activate sprinkler-type devices. However, for many thermal detectd
ime to respond to a maximum fire HRR, with;-a’ given installed spacing, may be used to clasg
Sensitivity level.

Dutputs from subsystem engineering analysis

it of the analysis is the time requifed*for detection or whether detection will occur at all. This, plus
5, environmental factors and false alarm considerations, will help determine if thermal detectq
br the application being analyzed.

6.1.3 E

6.1.3.1

Effluent/species include-the particles, aerosols and the gas species produced by chemical processes s
pyrolysis [and oxidation-of combustible materials. These combustion products are carried away from the fire
by the bpoyancy=driven flow field and/or pre-existing heating, ventilating and air conditioning (HVAC) fl
another gdart ofithe building.

See referenee [31] for a further discussion of the properties of the effluent/species from fires

luent/species(point or sampling) detectors

rocesses considered-in evaluating system designs

Lding:

Detector spacing or location (vertical distance and radial distance) relative to the fire-source is required, if
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6.1.3.1.1

Methods to evaluate response of ionization detectors to mass transfer of effluent and/or species.

An ionization smoke detector has a small radioactive source inside the detection chamber and the air inside the
chamber is continuously ionized, permitting a current flow between two charged electrodes. When smoke particles
enter the chamber, they attach themselves to the ions and reduce the ion's mobility, resulting in the reduction of
ionization current. The ionization detector responds when the ratio of the ionization current to an initial value
becomes lower than a predetermined level or when a central monitoring system determines that the ionization
current has dropped below a threshold dependent on ambient conditions (see 6.2.2 on activation of external

devices).
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The sensitivity of the ionization detector is strongly dependent on the size distribution of the smoke aerosol,
because the chance of a smoke particle meeting with an ion differs with the size of the particle. In general, the
number concentration rather than the mass concentration of smoke aerosol is important in the response of the
ionization detector. Such response characteristics make the ionization detector most sensitive to the high
concentration of small particles produced by flaming cellulosic (for example, wood, papers) fires, and least sensitive
to the low concentration of large particles produced by smouldering fires, as described in references [31] and [32].

See references [19] and [25] for information on the engineering evaluation of the performance and response time of
ionization detector systems.

6.1.3.1.2 Methods to evaluate response of sampling detectors to effluent and/or species

An effluent sampling detector consists of a pipe network connected from the detection unit and distribu]ed to the
area tq be protected. An air pump draws air from the protected area through the piping to the detection unjt and the
effluent/species contained in the air are analyzed at the detection unit. The detector, often a highly sengitive unit,
responds when the concentration of target species in the detection unit exceeds a user-established lgvel. The
concentration of the effluent/species at the detection unit is not generally equal to the coneentration sampjed at the
local sampling ports, because the effluent/species sampled at a sampling port is mixed)with the air sampled at
different sampling ports before it arrives at the detection unit. Also, the residence time of air from the samipling port
to the gletection unit should be considered to evaluate the response time of the effluent sampling detector.

See reference [19] for information on the engineering evaluation of the performance and response time of|sampling
detector systems.

6.1.3.1.3 Methods to evaluate response of light scattering (photoetegtric) detectors to mass transfer of
effluent and/or species

A photoelectric detector contains a light source and a photosensitive device in the detection chamber.|The light
sourcq is arranged not to directly illuminate the photosensifive device. When smoke particles enter the [detection
chambeer, the light is scattered onto the photosensitive device by the smoke particles. Photoelectric dete¢tors may
be completely self-contained, producing only an alarm.signal or an actual alarm when the amount of scattered light
received by the photosensitive device exceeds a\'predetermined level. Networked and/or zoned phqtoelectric
detectors may respond only when a central monitering system determines that the electrical signal from [scattered
light hIs exceeded a threshold dependent ontambient, non-fire conditions or when circuitry determines that other
types ¢f conditions are satisfied (see 6.2.2 on-activation of devices).

The intensity of the scattered light by a single particle (in the direction of the photosensitive element), or the
response function of the photoeleettic' detector, is directly affected by the intensity and the wavelength of the light
source], the scattering angle, and,the size of the smoke particle. The dependence on particle size resylts in the
photoglectric detector being most sensitive to large particles produced by smouldering fires, and least sgnsitive to
small garticles produced byflaming fires (just the opposite of the ionization detector).
The overall response. time of point type smoke detectors may be calculated from:

a) the time to reach a given smoke density at the location of the detector;

b) the possible time lag due to the delay in smoke entering into the detector; and

th HAN '+ ] ol o tlo £ £l + 1 H A +lo Aot +
C C PUSOSIVIT UITIC Tay UUT U U1C TCTOPUTIOT UT UTC STTISUT TU SITIURT TTTSTUT UTC UTITULUT.

The calculation of the detector sensitivity or sensor response can be replaced by data from tests in which the critical
smoke density to trigger the detector has been determined. The value of this critical smoke density depends on the
type of fuel and the type of fire (smouldering or flaming), as well as on the wavelength of the light used to make the
measurement and the units in which smoke density is expressed, all of which vary in different standard tests. Given
information on the critical smoke density for a particular detector and a particular fuel and type of fire, estimates or
calculations of the fire smoke density at the detector provides the detection time. However, if smoke density is not
known, then a rough estimate of detection time can be obtained by assuming detector response at a “small” gas
temperature rise above ambient at the detector (see references [25], pp. 30-32, and [19] for a more complete
discussion of this thermal model of a smoke detector and reference [2] for graphs based on this rough
approximation).

11
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See references [19] and [25] for information on the engineering evaluation of the performance and response time of
light scattering detector systems.

6.1.3.2 Required input information and/or data

The required input information and/or data are as follows.

a)

b)

c)

d)

e)

Fire loads (fuel type involved):

This information is required for making a good estimate of mass concentration of effluent/species and the size

distr
parti
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Pres

The
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ttion 01 SIMOKEe aerosol, because the production rate ol eruenyspecies and the size distip
Cles that are produced generally differs with the fuel type and the combustion mode.

cenarios (smouldering or flaming).

sure and/or velocity profile (includes HVAC effects).

local velocity may not directly affect the smoke or effluent/species detector's\response. Hows
pustion-induced velocities are very small, as observed during the smouldering stage, there g

ficant delays in detection time due to flow transit times to the detector, the\effect of ambient temp
fication in confining smoke to levels well below the ceiling and delays-in-smoke entry into the de

chamber, all of which should be taken into account.

Efflu

The
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bnt/species profile (includes HVAC effects)

ocal mass concentration of smoke (or target gas species).is a basic parameter required for estimat
bnse of a smoke (or other combustion product) detectar. Other useful information concerning the
50l is the extinction coefficient K, the number concentration N, the geometric mean number diamg

and the geometric standard deviation Sy

Build
All in
1)
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3)

6.1.3.3 (

ing parameters;
puts necessary to specify detector performance should be included in this group of parameters, incl
Hetector spacing or location (verticat distance and radial distance) relative to the fire source is requir

Hetector sensitivity or responseynideally as a function of particle size, should be given. If not availabl
he value of a coefficient which'relates the detector's response to a measurable or predictable propd
bxample, gas temperature.or particle concentration) is required;

Hetector time lag dueo smoke entry, or “characteristic length”. Following references [33] and [34], t
ag of the detector_due to smoke entry can be represented by the ratio of a characteristic length
Ceiling-jet orcother flow velocity just outside the detector. Hence, the characteristic length ¢
nterpreted_as-the distance the smoke would travel at the local flow velocity before the smoke
nside the\detector approaches that outside (typical values are in the range of 2 m to 5 m). In most
his lag.time is negligible, but for smouldering fires, it may have to be considered.

Dutputs from subsystem engineering analysis
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The output of the analysis is the time required for detection or whether detection will occur at all. This, plus design
objectives, environmental factors and false alarm considerations, will help determine if effluent/species detectors
are suitable for the application being analyzed.

6.1.4 Light obscuration (optical beam) detectors

6.1.4.1 Processes considered in evaluating system designs

Methods to evaluate response of light obscuration (optical beam) detectors:

12
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An optical beam detector is a line-type effluent/species detector which operates on a light obscuration principle. It
consists of a light source and a photosensitive unit facing each other across the area to be protected. Smoke
particles between the light source and the photosensitive unit attenuate the transmitted light reaching the
photosensitive element. The optical beam detector responds when the transmitted light falls below a predetermined
level or when a central monitoring system determines that the electrical signal from the optical beam has dropped
below a threshold dependent on ambient conditions (see 6.2.2 on activation of external devices).

See references [19] and [25] for information on the engineering evaluation of the performance and response time of
light obscuration detector systems. Information on the response of optical beam detectors to levels of smoke
density is provided by national test methods.
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luent/species profile (includes smoke patrticle sizes);
ilding parameters (beam geometry).

optical beam detector, information on the beam geometry (beam length and height from the flg

er the detector should be available from the manufacturer.
Outputs from subsystem engineering analysis

tput of the analysis is the time required for detection or whether,détection will occur at all. This, pl
ves, environmental factors and false alarm considerations~Will help determine the suitability
ation detectors for the application being analyzed.

Radiant emission point detectors
Processes considered in evaluating system designs
Is to evaluate response of UV/Visible/IR sensordetectors to radiant emission from fires:

on of the proper radiant emission detectordepends on a proper balance between sensitivity and re
b (false-alarm) response frequency far;those situations where incipient flaming must be detected
e from the fire source or over a(wjde area but with a very short detection time. If detectors ar|
y, there should be an unobstructed view of the flame zone or its reflection. To reduce false alarm f
isible sensor can be selected-to eliminate sensitivity to IR radiation from any ambient heat source
and, a combination UV/Visible/IR sensor may be required if maximum sensitivity is the top priority

teristic fire output signature. The radiant emission detector responds when the emission signal is grg
etermined level or-whéen a central monitoring system determines that the signal is greater than a
lent on ambient conditions (see 6.2.2 on activation of external devices).

ferences [2]vand [19] for information on the engineering evaluation of the performance and respon
emission detectors for both flames and glowing char.
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a) Fire scenarios (smouldering or flaming);

b) fire loads (fuel type involved);

c) size of fire and/or smoke;

d) building parameters.
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6.1.5.3 Outputs from subsystem engineering analysis

The output of the analysis is the time required for detection or whether detection will occur at all. This, plus design
objectives, environmental factors and false alarm considerations, will help determine the suitability of received
radiation for fire detection.

6.1.6 Multi-sensor or multi-criteria detectors

A newly developed category of detectors involves the use of more than one type of sensor in a single point detector
in order to increase overall sensitivity while reducing the incidence of false alarms. For example, a detector can
combine g SeNsor that responds t0 SMOKe particulates with a sensor that responds 10 one or more other gffluent
and/or sgecies. Such detectors can make use of sophisticated cross-correlation techniques to insure that-there is
an outpuf only for a fire event and not for a normal environmental change.

6.2 Activation time
6.2.1 Rdle in fire safety engineering design

The intent of this subclause is to give guidance on the basic principles for assessingactivation times for aujomatic
fire alarm systems, automatic smoke and/or heat control systems and automatic fire-Suppression systems.

The activiation time is the time interval from response by a sensing device wntil’ the suppression system, [smoke
control system or the alarm system is fully operational. From this definition, it follows that the activation time cpnsists
of both a|possible delay time after detection and the actual time it takes to-activate the devices (i.e. time to open fire
vents, time before air is displaced).

As part of the activation process of fire suppression, the agent delivery system is calculated, or a pre-engineered
system ig selected, to give the required agent flow (for example, sprinkler application rate) through the delivery
device ol nozzle. For this calculation, the flow capacity versus pressure relationship of each nozzle wduld be
needed fo determine if the required flow from the nezzle can be attained with the assumed agent [supply
capabiliti¢s. Any delays due to agent transit times in a_piping system would be included in such a calculation.

6.2.2 Activation of external devices by detection systems

The activption time of a detection system includes any time delays between the response of individual detectgrs and
the final putput of the complete system_in terms of triggering alarms as well as other types of safety devicgs. For
detectors|which produce a continuous electrical signal that is monitored at some frequency by a central contrpl point
with fixed or programmable or other logic, detection results from the “activation time” of the central control lopic (for
example,|in defining the threshold separating a fire event from ambient, non-fire conditions) and not from a gpecific
response| of individual detecters./Note that there may be a significant time delay for acquiring the electrical signal
from any] one detector if there are large numbers of detectors in the system. For self-contained, stand-alone
detectors| as well as complex systems of multiple detectors, activation time can include possible and deljberate
built-in fided or variablé«delays and even a manual over-ride to further change the delay time.

6.2.2.1 Processes‘considered in evaluating system designs

Activation of a.centralized detectlon system may include the process of keeplng a hlstorlcal record of ambierjt, non-
fire conditi
process is performed using analogue circuitry with fixed logic or digital C|rcwtry with programmed logic, the reliability
of the system is an important consideration.

6.2.2.1.1 Methods to evaluate the response of multiple detector systems with fixed logic

The activation time for a two detector-dependent, or coincidence detection, alarm system can be calculated as the
time difference between detection time for the first and the second detector. Generally, the second detector must be
in a different “zone” from the first detector in order to generate an output signal that is less susceptible to false
alarms.
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6.2.2.1.2 Methods to evaluate the response of multiple detector systems with programmed logic

Generally, building automation networks must process information from a large number of different detectors. It is
important to determine from the equipment vendor or operator what delay time may be expected between the time
of response of an arbitrary fire detector and computer activation of alarms and telecommunications messages under
worst-case conditions. System and/or network reliability is an important factor to consider in the engineering design
process, as discussed near the end of 6.1.1.

6.2.2.2 Required input information and/or data

To calculate the activation time of system operation the following information is required for building parameters —
all par@meters necessary to characterize system performance are included here, such as:

1)[ delay times from vendor specifications;

2)| fixed built in system logic as part of the design;

3)| input parameters required by application software on building automation networks:
6.2.2.3 Outputs from subsystem engineering analysis

The oytput of the analysis is the time required for a detection system, once triggered by a response from(the initial
sensot, to activate external devices, or whether such devices are activated at\all.

6.2.3 Belection and activation of visual or audible alarms
6.2.3.1 Processes considered in evaluating designs

Engindering design information on the selection of alarms for life safety or property protection can be found in
references [2], [19] and [39]. The type of visual and/or adgdible alarm selected should be consistent with design
objectiyes, as discussed below. Alarm delays may be dug to signal transmission times from central station services
or to flxed and/or selectable delay times built into -the alarm system, rather than due to delays in the |[detection
systen itself, as calculated in 6.2.2.

6.2.3.1.1 Life safety

Automatic fire alarms installed for life protection must be clearly audible by the occupants in all parts of thg building
and the sound or voice message should be sufficiently distinctive for the occupants to be able to distinguish the
warning from any other warning sounds which may also be used within the building. However, it is possible in noisy
enviromments, or where the occupants have impaired hearing for fire alarm sounders to be ineffective. Upder such
circumptances, visual signal$ should be used to supplement the audible signals and should result in a significant
reduction in reaction time-0f the trained occupants. It is essential that the type of alarm and contenf of voice
messapes take into accaunt the use of the building, the likely nature of the occupants involved and the fire safety
management systemssin place. Further guidance on these issues is given in ISO/TR 13387-8, Life Bafety —
Occupgnt behaviourlocation and condition.

When ppecifying the location and sound level output of alarms, it is important to avoid high sound pressure levels in
relativgly Small spaces (for example, 110 dB in a corridor), as this can result in the occupant becoming djsoriented
when tyying to escape.

6.2.3.1.2 Property protection

The primary purpose of automatic fire alarm systems installed for property protection is to summon fire fighting
assistance. The number, characteristics and location of alarm sounders within the building should be sufficient to
summon local, trained staff fire fighters, such as a plant emergency organization or a works fire brigade. The alarm
will normally be heard by staff who are trained to recognize and respond to the sound and any delays in taking the
required action should be minimal. In addition the alarm may automatically be relayed to fire service personnel,
either directly or via a supervised alarm centre or central station which should comply with national standards for
such operations. The alarm will not necessarily give any information concerning the location and extent of the fire.
This information may be made available in either text or diagrammatic and/or pictorial form at the fire alarm panel or
on visual display units near the fire alarm panel or at suitable locations within the premises. Any such additional
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positional information can significantly reduce delays in manually suppressing the fire and also help improve fire
service utilization and efficiency through prior knowledge of the situation.

6.2.4 Activation of fire suppression systems

Time for activation of fire suppression systems is the time from detection system response until fire suppressant
actually is released into the occupancy.

6.2.4.1 Processes considered in evaluating system designs

Predictio
characte
Commergial and institutional software that takes these processes into account is readily available to help v
engineering of complex suppression systems that minimize activation time and meet design objectives,

Methods fo evaluate activation time for design agent flow are:

a)

b)

<)

d)

e)

f)

)

istics between the supply reservoir and distribution nozzles and on properties of the suppression

watef-filled sprinkler systems: water-filled and pressurized conventionally-activated ‘sprinkler systems
fully pctivated at the same time the sprinkler system detects fire. Thus, activation‘time can be neglecte
system has been designed to provide the water flow required to the most remote sprinkler device. De
how |to design such systems, including proper sizing of pipes and pumps¢can be found in several te
example, references [12] and [13]);

dry pipe sprinkler and/or suppression device systems: activation time is equal to the time it takes td
system air. The activation time should be set equal to the longest time for suppression agent to ex
throygh the agent outlet at the furthest point from the system centrol valve;

deluge (for example, water mist systems) and pre-action_systems: activation time is equal to the time i
for spppression agent to expel air in system pipework ‘through the agent outlet at the furthest point fr
system control valve;
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gasepous flooding systems: activation time for fleoding systems (for example inert gasses) is the time it takes to

establish the specified concentration of suppression agents in the volume in question. This time

calcylated on the basis of bottle pressut€ and the design of the delivery system (pipes and nozzle
detalled information on the engineering design of such systems to minimize activation times, see refe
[14],][15] and [17];

foar] and wet chemical extinguishing systems: activation time is equal to the time it takes for suppression]
to eXpel free air in system pipework through the agent outlet at the furthest point from the system contrg
plus [the time taken to generate the required concentration of foam or wet chemical agent. The foam
musi be properly designedto produce the flow of agent required with a minimum activation time. Details
desiIn process can$e found in several texts (for example, references [16] and [21]);

dry powder: activation time is equal to the time it takes for suppression agent to expel air in the
pipeyvork through the agent outlet at the furthest point from the agent container, which can be calculated
on the operating pressure of the agent container and on the system pipework design;
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6.2.4.2 Required input information and/or data

a)

b)

16

building parameters (includes detailed description of suppression system hardware, such as specificat

ions of

nozzle performance, pipe-flow characteristics and suppression agent properties, for example, density,

viscosity, boiling point, vapour pressure);

required (design) agent flow rate from agent outlets or other distribution devices (for example, “design density”

for sprinklers) from 6.3.
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6.2.4.3 Outputs from subsystem engineering analysis

The output of the analysis is the time, from the onset of detection, for agent to flow from distribution nozzles at the
rate required for suppression or to meet design objectives.

6.2.5 Activation of smoke control or smoke management systems
6.2.5.1 Processes considered in evaluating system designs

Smoke control systems implement the opening or closing of vent dampers and other flow-control devices within a
building to allow control of smoke in a fire situation for life safety and manual fire fighting to protect contents in high
value [ it TesT ' teristics.
See rgference [38] for detailed information on the evaluation and design of systems involving the~ac
pressurization, flow control and fresh air dilution and the use of compartmentation and buoyancy to managie smoke
movenpent in a variety of building enclosures. Note that all these systems can be manually operated.

Methogls to evaluate activation time for design flow capacity or resistance:

a) cdllapsible smoke vents, for example, thermoplastic roof lights, can be modelled~as a heat detecfor with a
tenperature and RTI value. The activation time is thus negligible;

b) smoke vents: the activation time is the time from detection to reach design-flow capacity;

c) pdwered smoke exhaust system: the activation time is time from detection until the system has reach¢d design
flgw capacity;

d) smoke control door: activation time is time from detection to door being closed (see ISO 3009 for such|{doors);

e) smoke dampers: the activation time is the time from detection until the damper is closed to meet the design
repistance.

Information on the evaluation of smoke vent performance and activation time can be found in referencgs [1] and
[18].

6.2.5.2 Required input information and/or data
The refjuired input information and/or data-are as follows:
a) bdilding parameters (including detailed description of smoke control system hardware and its location)

b) information from HVAC 6r mechanical services engineer and/or vendor specifications on system characteristics
(far example type of activation plus fixed activation times) and suitability to applications;

c) repuired (design) flow capacity or flow resistance from subsystem 2.
6.2.5.3 Outputs from subsystem engineering analysis

The oltput 'of the analysis is the time required, from the onset of detection, for smoke control ¢r smoke
management to achieve required levels of performance.

6.2.6 Activation of heat control systems

6.2.6.1 Processes considered in evaluating designs

Heat control systems implement the opening or closing of sections within a designed enclosure to allow control of
temperatures for protection of property in a fire situation. Predictions of heat control performance require information
on system characteristics. Note that these systems can be manually operated.

Methods to evaluate activation time for design flow capacity or fire resistance:

a) heat vents: activation time is the time required from detection to reach design flow capacity;

17
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b) collapsible heat vents, for example, thermoplastic roof lights, can be modelled as a heat detector with a

temp

erature and RTI value. The activation time is thus negligible;

c) heat control doors and dampers: activation time is time from detection until the system has been closed to meet
design resistance.

Information on the evaluation of heat vent performance and activation time can be found in references [1] and [18].

6.2.6.2 Required input information and/or data

The requ
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6.2.7.2 H

Fed Input Information anad/or data are as 1ollows:
ng parameters (including detailed description of heat control system hardware and its location);

or specifications of system characteristics (for example, type of activation plus fixed aetivation timg
bility to applications;

red system performance (design heat flow capacity or heat flow capacity) from subsystem 2;
red fire resistance from subsystem 3.
Dutputs from subsystem engineering analysis

ut of the analysis is the time required, from the onset of detection, for heat control systems to g
evels of performance.

fivation of safety control valves, agent flow alarms and interlocks
Processes considered in evaluating designs
ving are the processes to be considered when evaluating designs.

y control valves control the opening or clgsing of a fluid supply within or to a designed enclosure i
tion. Prediction of safety control valve ‘gperation is dependent on system characteristics. Note tha
s can be manually operated.

t flow alarms are devices that\provide an external alarm based on activation of a suppression S
devices are required by national codes because there may be no independent detection device

those (for example, fusible links or glass bulbs) built into the suppression system.

ocks include devices-that provide a means for escape by unlocking doors, etc., or that prevent the

ving power frofm, devices, such as equipment, once fire is detected.

ods to evaluate activation time: for all types of safety devices, the activation time is the time takg
Ctor response to the safety device being opened and/or closed and/or switched, as required

s) and

chieve

h a fire
[ these

ystem.
5 other

spread
ces by

n from

Required input information and/or data

The required input information and/or data are as follows:

a) build

ing parameters (including detailed description of control valve hardware and location);

b) vendor specifications -vendor specification of system characteristics (for example type of activation plus fixed
activation times), and suitability to applications.

6.2.7.3 Outputs from subsystem engineering analysis

The output of the analysis is the time required, from the onset of detection, for activation of the safety device.

18


https://standardsiso.com/api/?name=613ddea2705d8b880844d097b13b4771

©1SO

ISO/TR 13387-7:

6.3 Performance of suppression systems

6.3.1 Role in fire safety engineering design

1999(E)

The evaluation of suppression systems generally is based on relating the design occupancy to relevant fire loss
statistics, empirical correlations of full-scale fire test data, engineering interpretations of generic (full-scale,
intermediate-scale or bench-scale) test data or to results from a validated mathematical model. Generally, the
design objective is for reliable suppression of a particular stage of fire growth by limiting heat or smoke
(effluent/species) release rates or by limiting the total quantity of smoke or heat produced. With some suppression
devices, this objective can be satisfied, in part, by specification of a required agent flow rate or total quantity of
agent to be injected within a certain time, consistent with installation standards and relevant regulatory guidelines.
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b) water availability (pressure, flow, capacity);

lied above, a high level of suppression (and the prerequisite detection) reliability is usually.includ
objective, so the evaluation of any suppression system should address long term systemTeliability.

Water-spray systems
Processes considered in evaluating system designs

ppression by water sprays involves physical processes that are discussed in annex A. These p

at absorption by water droplets in the spray;
s phase inerting due to water vapour generated from the spray;
ust force effects on fire gases due to spray momentum.

5e physical processes are at work to some degree when water sprays are activated for fire sup
lly leading to a reduction in fire heat release raté& or the extent of fuel involvement. Even when wa
ssion is not effective in reducing fire growth, there may be significant reductions in gas temperat
oling of surfaces subjected to direct impingement of water spray droplets. An example is thg
ral steel, which may be protected by spray-droplet impingement during the types of fires that are not
uppressed by such sprays.

.1 Methods to evaluate fire suppression by automatic sprinkler sprays

bral, automatic sprinkler fire_protection systems control fire spread and the growth of heat release
bd to water mist protection-systems (see 6.3.2.1.2), which are intended to eliminate flaming combu
ed that a fire service-will be notified and will be on site to bring about final fire extinguishment by g
inkler output with-hose streams. The decision as to what type of sprinkler to use in any given b
should depend@n-an assessment of factors including:

cupancy and/or fuels (from building parameters and fire loads);

her suppression devices, the design objective is partially satisfied by specification of a required~application
agent, with or without a fire, again consistent with installation standards and relevant regulatory guidelines.

ed in the

focesses,

pression,
iter spray
ire levels
case of
intended

e rate, as
stion. It is
ombining
uilding or

c) al

tamatic connections and/or fire service support;

d) design and/or commissioning skills;

e) maintenance.

Although there are thousands of automatic sprinkler models commercially available, these can be grouped into just
two distinct types: control-mode sprinklers and suppression-mode sprinklers.
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6.3.2.1.1.1 Control-mode sprinklers

Control-mode sprinklers control fire growth by “prewetting” of the fuel surrounding the active fuel-burning region, so
as to limit the fire to a particular area. For recommendations on what type of building occupancies require protection
by automatic control-mode sprinklers, see reference [20].

For design purposes, it is often possible to assume that the heat release rate (HRR) and maximum quantity of fuel
involved is limited by the operation of control-mode sprinklers to values not measurably greater than those existing
at the time of activation of the sprinklers most remote from the fire. Thereafter, the HRR is assumed a constant
value until burn-out of the fuel that was involved at sprinkler activation (as discussed, for example, in reference [1],
clause SI.Z.l). However, if tests with the assumed design fire flame height and height of installed ceiling spfinklers

show tha} fire in the combustible material of interest will be suppressed, then a reduction in HRR can berassumed
starting af the time of sprinkler activation ( see reference [1]).
An example of such suppression testing may be found in reference [35], where large-scale’\experiments were
performefl to determine the HRR of eight unshielded office fuel packages with and without sprinklers opgrating.
Results ffom these experiments were used to develop a time-dependent HRR reduction’ factor, which then was
used to develop a complete HRR time history before and after sprinkler activation. The, fire suppression algorithm
developefl in reference [35] is limited to the specific fuel arrays and sprinkler positions and/or characteristics that
were actually tested, although the authors attempt to gain somewhat more generalapplicability by treating the HRR
time histqry as an upper bound for a range of real office occupancies.

Limitatior] of HRR by control-mode sprinklers (as described above) assumes that the minimum design depsity is
achieved| within the specified sprinkler activation area required by the“relevant national installation standard or
regulatory guideline (see, for example, references [3] or [44]) for the’ particular occupancy type being praotected.
Note thaf the occupancy classification system in national installation standards, and hence this limiting HRR
assumptipn, may not apply to situations involving processing or storage of materials having unusual composjtion or
height, ceiling clearances (above contents) that are unusually-farge or sprinklers installed with sensitive el¢ments
below the ceiling-jet (see reference [45] for information on ceiling-jet thickness) that would be produced by a fire.
High ceiling clearances and sprinklers installed too far. below a ceiling can be especially dangerous since fire size
and HRR]at sprinkler activation may be so large that centrol of radiant fire spread by sprinklers is not possiblg.

6.3.2.1.1f2 Suppression-mode sprinklers

Suppresdion-mode sprinklers, such as the\ESFR type (early suppression fast response), deliver water droplets
directly tp the burning fuel surfaces through any intervening flames. Typical installation standards and relevant
regulatory guidelines (see, for exampleyreference [3]) for ESFR sprinklers are based on the assumed activation of
no more [than two concentric ringS of ESFR devices (for example, a total of 12 activated devices, if ignjtion is
centred Under 4 agent outlets™ef a square grid) surrounding the design fire to achieve a low fire HRR for
extinguishment by hose streams. These standards and engineering guidelines relate ESFR sprinkler perfofmance
directly tg¢ the fire challenge-and the characteristics of the sprinkler spray, which involves the requirement that the
required @lelivered density (RDD) of water be less than the actual delivered density (ADD).

RDD, determined €xperimentally in a special facility, is the volumetric flow rate of water, applied uniformly to the top
surface of a defined fuel array, that is needed to cause the HRR of the burning fuel to decay rapidly to a suffjciently
low level|Water application in the RDD apparatus is initiated at a time that simulates the activation of a real, ¢eiling-
mounted [ESFR sprinkler. The greater the HRR when water application is initiated, the greater will be thg RDD.
Hence, fast response, from sensing elements having low RTI and being properly placed within the ceiling-jet, is
important for minimizing the HRR at sprinkler activation and the RDD.

ADD, determined in a special facility that simulates a range of fire HRR, is the measured water flux delivered near
the base of the fire plume for specific ESFR sprinklers being evaluated. As the HRR of the simulated fire plume
increases, the ADD will decrease due to droplets being deflected by the significant plume gas velocities (note that
ADD can also be reduced if there is any significant interference with an ESFR spray envelope, for example, due to
improper installation close to ceiling fixtures or structural elements). Hence, ADD is maximized by fast response,
when HRR is still low, from sensing elements having low RTI and being properly placed within the ceiling-jet.

A knowledge of RDD and ADD allows a determination of whether suppression will be effective or not. For
successful suppression, ADD (for the specific ESFR sprinkler system chosen) must exceed RDD (for the specific
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fuel array being considered) at the maximum HRR expected when ESFR sprinklers are activated. This
performance-based design approach has been completed for challenging occupancies and fire scenarios listed in
national installation standards (see, for example, reference [3]).

6.3.2.1.2 Methods to evaluate fire suppression by water mist sprays

In general, water mist fire protection systems are intended to eliminate flaming combustion (i.e., produce

extinguishment) through the use of water droplets in the 50 um to 1000 um diameter range. Mechanisms for this
extinguishment process are discussed in reference [41]. Extinguishment may not always be the only protection
objective, with control-mode operation possible in some circumstances. A significant feature of water mist sprays is
that, for_certain applications, reduced total water flow rates and guantities may be sufficient, and that for certain
applicgtions (for example, fires involving flammable liquid pools and sprays), water mist sprays may|be more
efficient than a typical sprinkler system. In general, the range and limits of application for these systemsst|ll have to
be determined. Water mist systems are inherently more complex than sprinkler systems, usuallysrequijing some
type of| zoned, deluge operation of multiple mist sprays to be successful.

Water |mist sprays can most easily extinguish large fires within enclosed spaces where the thermal energy
generdted by the fire can lead to rapid vaporization of the water mist spray droplets inte.copious amounts| of steam
that thpn causes a sufficient thermal ballast effect to eliminate flaming combustion/2Small fires that have not yet
heated an enclosure or are in large open areas cannot be easily extinguished by water mist sprays unless|the fire is
literally within the droplet envelope (or boundary) of the spray. For further infarmation on the physical grocessed
involvgd in water mist fire suppression, see reference [40].

A gengral desigh method is not yet recognized for water mist protection’,systems. Because of this, water mist spray
systen)s are designed and installed in accordance with their listing by those product certification organizgtions that
are acgeptable to the authority having jurisdiction or to relevant regulatory officials. See reference [9] for|guidance
on the|design and installation of such listed systems.
6.3.2.4 Required input information and/or data

The refuired input information and/or data are as follows:

a) fi

re loads (includes type of occupancy);

b) fi

re scenarios;
c) size of fire and/or smoke;

d) bdilding parameters — all inputs necessary to specify suppression system performance should be irlcluded in
thls group of parameters;such as:

1)[ position of spray-devices;
2)| characteristics of spray devices;

e) relevant regulatory guidelines for maximum/minimum water pressure, maximum/minimum device spacing and
total water flow requirement (or sprinkler activation area versus sprinkler application rate) as a fynction of
byilding occupancy classification; alternatively, empirical information from loss experience or full-scgle testing
orTequired sprinkier appiication rate—and-sprinkier activationm area versus the type of fire, and-fire tieat release
rate at activation, can be provided.

6.3.2.3 Outputs from subsystem engineering analysis
The outputs from subsystem engineering analysis are the following.
a) Required water flow rate from each agent outlet, the maximum/minimum agent outlet spacing and the total

number of agent outlets that must be designed for activation to suppress successfully a design fire in a given
occupancy.
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b) Impact on heat and smoke release:
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Sprinklers and water mist sprays, are not only used to limit fire propagation, thereby preventing thermal
damage to a building and burns to occupants, but are also used to limit nonthermal damage and threat to life
due to effluent and/or species. While it is recognized that sprinklers can prevent flashover and its associated
large volumes of smoke, sprinkler systems that are properly designed to match the occupancy can also
suppress fires to limit the total area subject to immediate or delayed (due to corrosive effects) smoke damage.

¢) Impact on thermal and effluent/species profiles:
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kler sprays have a very significant effect in reducing hot gas layer temperatures away from the fue
Ng jets, hot layers and combustion gases far from the fire source can be cooled significantly{_lea
ctions in fire damage and in the number of operating sprinklers too distant from the fire to be effectiv
t of sprinkler sprays, which is amenable to calculation by CFD modelling (see 7.3.2), is implicitly tak
unt by sprinkler installation standards and regulatory guidelines. See subsystem 2, ISO/TR 13387-
ssion of how to evaluate cooling and smoke movement by water sprays.

her suppression systems
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ent.

Processes considered in evaluating designs

Methods to evaluate fire suppression by inert gaseous flooding agents
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The successful implementation of inert gaseous systems (see reference [15] for information on the engineering
design of carbon dioxide systems) depends upon achieving and maintaining a design concentration for flame
extinguishment, which requires:

a) proper design calculations (software is available);

b) appropriate approved hardware (containers, piping, valves, nozzles) and agent;

c) careful commissioning and installation consistent with regulatory guidelines;

d) control of doors, dampers, etc. to avoid leakage.
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Inert gases will not extinguish fires where the following materials are actively involved in the combustion process:

a) chemicals containing their own oxygen supply, such as cellulose nitrate;

b) reactive metals such as sodium, potassium, magnesium, titanium, and zirconium; and

c) metal hydrides.

6.3.3.1.2 Methods to evaluate fire suppression by chemically active, gaseous flooding agents

Chemically active, gaseous suppression agents (for example, halocarbons or halogenated agents) exting

uish fires
ect noted

in 6.3.2.1). The concentration of agent required is in the range of 5 % to 15 % of room volume and agent'discharge

to reath this concentration takes 10s to 20 s, with perhaps a further minute to ensure complete” m

xing and

extingdishment. There is usually a time period between activation of alarms after detection and thé.comméncement
of agent discharge to allow for evacuation of personnel in an occupied area. See Aeference [43] for a
compreéhensive review of performance and references [14], [17] and [46] for information on'the engineering design

and pgrformance of systems using halocarbon suppression agents.

Many ¢f the halocarbons have a propensity to leak out of the protected area because their discharged g3
is mugh different from that of air. Fan pressurization leakage testing should therefore be part of the i

s density
stallation

Times ffor agent discharge and fire extinguishment must be minimized to prevent the generation of damagipg and/or
toxic breakdown products, such as acid gases, from the agent and/er fire interaction. In practice, this means that
agent flelivery must be accomplished while the fire is still very small,"through well-designed detection an¢l delivery

subsygtems.
6.3.3.1.3 Methods to evaluate fire suppression by low-expansion foam and other water-additive systems

6.3.3.1.3.1 Low expansion foam and aqueous film-forming foam (AFFF)

Fire-fighting foam is an aggregate of air-filled bupblés formed from aqueous solutions and is lower in depsity than
flammable liquids. It is used principally to form~a cohesive floating blanket that prevents or extinguishes fire by

excludjng air and cooling the burning fuelClt also prevents re-ignition by suppressing formation of f
vapours. It has the property of adhering to surfaces, which provides a degree of exposure protection from

ammable
adjacent

fires. AFFF is a type of low expansion foam that produces a highly stable aqueous film that spreads rapigly over a

liquid hydrocarbon surface (see reference [16]).

Foam may be used as a fire prevention, control or extinguishing agent for many flammable liquid hazards

but is not

suitable for flowing liquid fuelMires or for gas fires. See references [5], [16] and [21] for additional informatipn on the
engineering design of foam-systems and reference [6] for information on systems required to meet both foam and

water gpray design criteria.

6.3.3.1.3.2 Wet.chémical extinguishing systems

Wet chemical-solutions in extinguishing systems are generally potassium carbonate based, potassium acetate
based,| or asxcombination thereof mixed with water to form an alkaline solution capable of being dischargef through
piping.LThe effect of such solutions applied to flammable liquid fires is to create a rapidly spreading vapour-

suppressing foam on the fuel surface that extinguishes the flame by forming a barrier between the liquid fuel and

oxygen and by cooling the flammable fuel.

See references [7] and [24] for information on the engineering design of water additive, or wet chemical systems.

6.3.3.1.4 Methods to evaluate fire suppression by medium- and high-expansion foam agents

High-expansion foam is an agent for control and extinguishment of solid-fuel and flammable liquid fires and is
particularly suited as a flooding agent for use in confined spaces. Medium-expansion foam was developed to meet
the need for a foam that was more wind resistant than high-expansion foam for outdoor applications. See [8], [16]

and [21] for detailed information on the engineering design of medium and high expansion foam systems.
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Medium- and high-expansion foams are mechanically generated by the passage of air or other gases through a net,
screen or other porous medium that is wetted by an aqueous solution of surface active foaming agents. (Note that
gases for foam generation should not be taken from the fire area as smoke can contaminate the foam, causing it to
break down). Under proper conditions, fire-fighting foams of expansion ratios from 20:1 to 1000:1 can be
generated. These foams provide a unique agent for transporting water to inaccessible places; for total flooding of
confined spaces; and for volumetric displacement of vapour, heat and smoke.

Medium- and high-expansion foam have the following effects on fires:

where generated in sufficient volume, foam can prevent movement of air to the fire;

I in the foam is converted to steam, inerting the flame and cooling the environment;

solujon from the foams that is not converted to steam will tend to penetrate solid fuel materials’because

vely low surface tension;

wherle accumulated in depth, foam can provide an insulating barrier for protection 6fyexposed mate

tures not involved in a fire and can thus prevent fire spread;

fuel fires are controlled when the foam completely covers the fire and-burning material. If the f
iently wet and is maintained long enough, the fire can be extinguished;

flammable liquid fires involving high flash point liquids can be extinguished when the surface is cooled

ash point. Liquid fuel fires involving low flash point liquids can be extinguished when a foam bla
ient depth is established over the liquid surface.

Methods to evaluate fire suppression by dry-chemical agents

Informatipn on the engineering design of dry-chemical systems can be found in reference [22]. See anne

hd information on new types of aerosol agents that'may be used in specialized applications.
Required input information and/or data
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6.3.3.3 Outputs from subsystem engineering analysis

a)

b)
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Required agent flow rate from each nozzle, the maximum/minimum nozzle spacing and the total number of

nozz

les that must be designed for activation to successfully suppress a design fire in a given occupancy.

Impact on heat and effluent/species release:

Clean, gaseous agents are not only used to limit fire propagation, thereby preventing threat to life due to burns
and thermal damage to a building and its contents, but are also used to limit nonthermal damage and the more
common threat to life due to effluent and/or species. Systems combining such agents with fast response
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detectors can extinguish fires while they are still small. This may be a requirement for occupancies containing
equipment and/or product that can well be much more sensitive to fire products than people, such as clean
rooms in the semiconductor, biotechnology and pharmaceutical industries, where rapid detection and
suppression can prevent catastrophic damage from smoke.

¢) Impact on thermal and smoke profiles — evaluated in ISO/TR 13387-5.

6.3.4

Interactions of smoke and/or heat control and suppression systems

6.3.4.1 Interactions of sprinklers with smoke control systems
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dditional variable into the exceedingly complex fire suppression problem. A survey of the present st

aking such predictions is given in reference [48]. In general, there are three types of interaetions
brs and natural or powered ventilation systems designed to exhaust or vent smoke during.a fire and
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t fire products, this is normally done in conjunction with draft or smoke curtains*that divide the c
nes serviced by automatic or manual opening roof vents. Care must be_taken in locating sprin
spect to these curtains, which may extend about one meter below theceiling or more. This is ¢
portant for suppression-mode (ESFR) sprinklers since the draft curtains’ean easily distort the spray
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essures below acceptable levels or increasing the amountof water damage. Similar effects may re
rinklers are located near power vent openings (see 6.1:2:6 of subsystem 2). These types of intera
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erations expected when the system is operating,properly that any distortion in the opening sequ
ve major consequences.
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ample, manual instead (ofy"automatic activation of vents or automatic vents with a delayed
mpared to that of the sprinklers. Alternatively, smoke venting to improve visibility for manual fire fig
initiated automatically well before sprinklers, thereby decreasing the total number of sprinklers a
hnual fire fighting is)successful (see references [55] and [56]).
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extraction system, which removes a nearly fixed volume of smoke irrespective of temperature, may also be
under-designed if sprinkler cooling is overestimated since fire gases would then occupy a larger volume than
expected. For a relatively cool gas layer or at a high water discharge rate, smoke may be pulled down from the
hot layer, causing a loss of visibility at lower levels. Data on heat loss from fire effluent gases to sprinkler
sprays, suitable for design application, are not yet available (see, for example, reference [27]).

6.3.4.2 Interactions of flooding agents with smoke control systems

Suppression systems that depend on volumetric flooding effects, such as water mist sprays and various gaseous
agents (for example, carbon dioxide), often cannot be used in conjunction with smoke exhaust or control systems
unless tests or calculations are performed to confirm that the suppression system is still effective. Generally,
additional agent flow must be provided to counteract the influence of agent depletion by the smoke exhaust system.
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For example, if clean gaseous agents are used, as is often the case, to protect the interior spaces of production
equipment from incipient fire or gas and/or dust explosions, then any fume ventilation-control built into such
equipment must be take into account in evaluating the suppression system performance. Similarly, it is noted in
reference [38] (introduction-suppression systems), that for rooms and/or enclosures protected by gaseous agents,
the activation of the suppression system should take precedence over activation of any smoke control and/or
management system.

7 Engineering methods

7.1 General applications to subsystem 4

Different |practical engineering methods exist to solve engineering problems. The purpose of this, subclauge is to
give guidhnce on how to select proper methods or how to become confident that proper engineering methods have
been apglied by addressing the advantages and limitations of each method. The following types. of methods have
been identified:

7.2 Estimation formulae

Estimation formulae are typically derived through analysis of highly simplified real physical situations or through
correlations of empirical data (or combinations of both) and may involve the use_ef pre-calculated look-up taples or
graphs ahd/or nomographs. Such formulae can be used to indicate approximately (see, for example, refefrences
[11], [25] fand [36]):

a) the time when a smoke detector will activate for a given design firé.scenario;
b) the fire size when a heat detector or the first sprinkler will agtivate.

Such techniques will only produce acceptable results when used within applicable parameter ranges and when
used by ipdividuals having an understanding of the relevant physical processes.

7.3 Computer models

More accaurate results can be obtained from/the solution of sets of differential equations describing, to some level of
approximption, the complex and interacting mechanisms involved in the detection or suppression processes$ being
modelled| Computer models or computersimulations are simply computer software solutions to these apprgximate
mathematical formulations of the real physical and chemical phenomena.

7.3.1 Zone models

Computef zone models invalve the solution of a simplified set of differential equations within a small number |of flow
“zones” Tat have been ‘identified from experimental studies (for example, the plume, the hot ceiling layer, the
outflow flom an enclosure opening, etc.). Because the hot ceiling layer in typical two-zone models is ggnerally
assumed|to be hgmogeneous, the average hot layer flow properties that are calculated do not reflect acdurately
conditiong near.ceiling level detectors and suppression devices. One method for correcting this model defeft is to
introduce| a ceiling-jet (see reference [47]) “zone” to predict the time at which a fire will be detected or sprinklers will
be triggefed, based on appropriate threshold and detector response parameters (see 6.1). Use of a zone| model
specialized for such predictions is described in annex B of reference [2].

Currently, zone models are not readily available to handle the general interaction of fires with suppression systems
since empirical data correlations are still being developed. One strategy that has been used with several models is
to assume arbitrarily a restricted interaction between sprinkler water sprays and the fire. In one case, only changes
in the fire burning rate are considered by using the specialized suppression algorithm in reference [35]. In other
cases, only effects of the spray on the flow field or only effects of the flow field on the spray are considered (see, for
example, references [55] and [56]).
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7.3.2 CFD field models

:1999(E)

Field models use computational fluid dynamics (CFD) to subdivide the compartment or room into a large number of
sub-volumes and to apply mass, momentum and energy conservation to each sub-volume. The technique is very
demanding on both computer memory and processor speed and requires considerable skill to establish boundary
and initial conditions properly.

Field models have been used successfully to calculate the movement of smoke in enclosures. This type of
calculation is capable of simulating smoke movement under the influence of pre-existing temperature profiles
characteristic of many complex enclosure situations. Although smoke concentration near detector locations is being
modelled, the actual detector response is not being modelled. Currently, correlations of detector response with
smoke|characteristics are used in the calculation but there is a lack of detailed experimental validation ofth
calculdtions when applied to the design of detection systems.

ese CFD

As disgussed in reference [42], field models employing CFD and particle tracking can also be uSed to evaluate the
interagtion of sprinkler sprays with fires, leading to a prediction of the ADD (the water application rat
reachi
to the
near the sprinkler) that are not easily obtained. As a result of this and the largeyamount of computi
require
isolate

7.4 H

g the burning fuel) as well as the cooling effect on the fire-induced flow. This technigte requires as
calculation details about sprinkler spray conditions (initial droplet size distributions, velocity vector d

d, such calculations have not been performed routinely and have not been, validated except in a
H cases (see reference [42]).

Xperimental methods

Genergl aspects of experimental methods, the design of experiments: and ignition sources for experin
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The latter requirement is particularly important because fire propagation is extremely sensitive to the flame
cooling (thermal ballast effect) caused by dilution with, for example, the carbon dioxide in fire products, which
will cause complete extinguishment when the oxygen concentration is only reduced to 15 % (see 6.3.3.1.1).

When selecting an ignition source or fire initiation scenario for experimental evaluation of suppression
performance, it is important to simulate the most challenging source that might occur in the actual protection
situation. The goal of the experiment is to determine if well established fire propagation can be stopped or
limited by the suppression system before a significant fraction of the fuel load is consumed (see the discussion

of

design fire scenarios in ISO/TR 13387-2).
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Experimental methods involving the use of full-scale tests are used for areas other than fire suppression. Standards
for detector placement and spacing have been derived from this type of testing (for example, see reference [2]) in
the past and such testing will be needed in the future to validate and confirm new analytical or computer models of
detector response.

7.5 Reliability analysis

This part of ISO 13387 on detection, activation and suppression is solely concerned with “active” systems, such as
automatic fire detectors, automatic sprinkler systems and automatic compartmentation systems. Reliability must be
considered to be a crucial parameter in the evaluation of such systems for life or property protection in the context
of an ovirall fire safety engineering sensitivity analysis. Information on reliability is also needed for any prohabilistic
analysis ¢f risk (see ISO/TR 13387-1).

Much investigative and predictive work on the lifetime of components, failure rates and system refiability has been
undertaken in the nuclear power industry. Data are available detailing reliability of components,.mean time between
failures, gystem reliability and system availability (combination of reliability and time to repair)-but much off this is
only applicable to systems which are built to high specifications and are to be used in demanding situations quch as
nuclear ppwer, military or aerospace applications.

Most detgction, activation and suppression systems are installed to handle very rare events, such as fife, and
typically ppend extended periods in quiescent rather than activated states.. lt”is difficult to test such systems
thoroughly without causing significant disruption to the occupants of the premises, although these systems may
incorporgte self-monitoring circuitry that allows some degree of functionality, testing to be ongoing.

References [49], [50], [52] and [54] contain limited information or' the reliability of detection systemg while
referencgs [51] and [53] address the reliability of automatic sprinklersystems. See reference [57] for information on
specific r¢liability methodologies applicable to fire safety engineering.
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Annex A
(informative)

Physical mechanisms of suppression by water sprays

1999(E)

The fire suppressmn effect of water is due to the simultaneous effects of liquid-phase heat absorpuon (cooling),
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age of the fire, which will be achieved by a small value of the response time index, RTI, a small ¢
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pbsorption by liquid droplets can result in fire suppression through the following mechanisms:
oling of flame by extinguishing water distributed and vaporized inside the flame;

ewetting of the non-burning fuels around the source of the fire, whereby thethermal decomposition
delayed and decreased,;

sturbance of the burning reaction sequence by cooling of the burping surface and elimination of
Hicals, assuming that water can reach the burning fuel surfaces.

vater vapour is produced [see a) above], the following gas-phase inerting mechanisms can lead tq

flame heat transfer or even extinguishment:
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crease in the flame temperature toward or below the cCritical flame temperature for extinguishmen
sociated decrease in oxygen concentration (refer to references [28] and [29]) due to the diluent

water vapour,

pckage of air supply in flue spaces due tothe large volume of water vapour generated,;

pckage and reduction of flame radiant heat transfer by water vapour due to radiant absorption ang
ot particle production.

r is applied to the fire in the form of a spray, there may be the following effects of spray momentu
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crease in the oxygen concentration associated with dilution of air supply into the flame premixing
dition.of smoke cooled and forced down by the water discharge.

zone by

ting [item b) under liquid cooling, above] of the fuels around the source of fire is achieved if the water sprays

of the activated sprinklers can enclose the fire propagation zone and can wet the non-burning fuels. This process is
too complex to be predicted in detail because it depends on the total area over which sprinklers are activated as
well as the degree to which water runs off or soaks the fuel array. If sprinkler activation over a given non-burning
area is known and if the radiant exposure from a spreading fire is known, then the minimum sprinkler application
rate (water flux) needed to absorb this radiant exposure can be calculated. In practice, a safety factor (of 2 or more)
is needed due to water runoff from vertical surfaces.
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