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SUMMARY

Thie report describes a study of the value of sprinklers, detectors
and improved internal structural fire protection in reducing property
damage in buildings. The value is considered mainly from the point
of view of the naticnal eoonomy, amd the value is caloulated by
comparing the cost of providing the fire protection with the
expected future savings in fire losees.// The value of fire protection
from the firms' point of view is considered briefly.

The study has been undertaken as a statistical exeroise, using data
from brigade fire reports, and also the detailed information from a
speoial survey of fires, The value of the fire protection measures
is estimated for buildings in different ocoupancies and of different
Biges,
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THE VALUE OF FIRE PROTECTION MEASURES IN BUILDINGS

1.  INTRODUCTION

1.1 The objective of the study

The objective of this study is to produce an overall picture of the value
to the national economy of installing various fire protection measures

in buildings. The fire protection measures considered are sprinklers,
automatic detectors with local alarms, automatic detectors with direct
line alarms, and increased fire resistance in the internal structure of
a building.

In this study only the protection of property is considered. The value
of fire protection measures in protecting life is the subject of a separate

study.

The key words in the statement of the objective are the requirements to
produce an overall picture from the point of view of the national economy.

These two requirements have dictated the form of the study.

This study was undertaken for the Home Office Fire Department and it is the
responsibility of central govermment to consider the national economic
consequences of fire and of fire protection. The analysis is therefore

expressed in terms of the effects on the national economy. The fire losses

considered are the direct and consequential losses to the national economy.
Similarly, the costs of providing fire protection are considered from the
national economy point of view. These costs may be quite different to the

costs experienced by the owners or occupiers of the buildings.

While the primary objective of the study has been to consider the costs to the
national economy, it is also of some interest to consider the costs and
bvenefits from the firm's point of view. The value of fire protection to an
individual firm has therefore alsc been estimated and the two different points

of view are compared in this study.

The most difficult requirement to meet is that of providing an overall picture.
A conflict arises here. If all the factors which might determine the value

of the fire protection measures in a building are included then the final
results would be far too detailed to provide an overall and understandable
picture (and the time taken to do such a study would be beyond the allowable
time scale). On the other hand, if too many simplifications and
generalisations are made then the results may become oversimplified to the

point of being meaningless.



The conflict is between manageability and complexity. But as this study
is concerned with the broadlissues of fire protection strategy, we have
deliberately chosen an approach which is well towards the simple and
manageable end of the scale. In the simplifications and generalisations
we have made in presenting the results we have ignored the detailed
circumstances of individual buildings and have attempted to produce
results only for broadly defined classes of buildings. The results
therefore only apply to the buildings ms a class or to the typical or
average buildings within each class. Within each class of buildings there
may well be some buildings in which the circumstances are different from
the "typical" building and for which the general answer is not valid.
However, although the results are not sufficiently detailed to provide
reliable answers for individual buildings, this does not invalidate the

overall picture or the general conclusions.

1.2 The degree of detail considered in the study

The starting point for this study was a detailed examination of a large
number of individual fires. When the individual fires were examined

each fire was treated as a unique case, and the effect of fire protection
measures was assessed for that fire in that building, taking into account
all the relevant circumstances of the fire and building. The information
from the examination of the individual fires was then uaed to produce the
overall results, and at this stage some simplifications and generalisations
had to be made. A number of broad classes of buildings were specified and
the individual results were then aggregated and summarised to provide

estimates of the effect of fire protection in each class of buildings.

In this study results have been derived for classes of buildings defined

by the occupancy and the size of the building. The main occupancy groups
congidered are industrial, storage and shops. The industrial group is

further subdivided and different sectors of industry are considered separately.
Other occupancies, including offices, hospitals, schools and places of

public assembly have also been considered but only a limited amount of data
was available for these occupancies and the results are therefore less

reliable.

It is recognised that there are many other factors which will determine
the value of fire protection in a building. These additional factors
include the specific activity or process which takes place in the

building, the design and materials of construction of the building, the

i
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nature of the contents, the fire-fighting ability of the occupants, the
proximity of the public fire brigade, the standard of housekeeping and
the attitude of the management towards fire prevention. All these
additional factors are beyond the limits of detail which we have

congidered in presenting our results,

1.3 The form of the report
Part I of this report includes a general description of the method of

analysis and also an account of two topics (the probability of fire,
and the estimation of fire losses) which are common to the analysis of
both sprinklers and detectors. The analysis of sprinkler systems

is then described in Part II, the mnalysis of detectors in Part III,
and the evaluation of structural fire protection in Part IV. The final
part, Part V, contains the main results and the conclusions.

This report is intended to provide a complete account of the study and

therefore includes a large amount of technical detail. A summary account

of this study, with most of the technical detail omitted, is given in
Research Report 17/78.
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2. THE GENERAL APPROACH TO THE PROBLEM

2,1 The fire protection measures considered
In this mtudy four levels of fire protection are defined and each of the

four levels of protection are compared with a basic or minimum level of fire
protection, The levels of fire protection considered are:

Level A (Basic proteotion only). This is the minimum level of fire
protection required by the legislation relevant to the particular building.
There must be adequate means of escape, a manunally operated alarm system,
well maintained fire extingunishers or other first aid fire fighting equip-
ment and staff trained to use this egquipment., This is the level of
protection which is found in the majority of buildings.

Level B (Sprinkler protection). Thies level is defined as the basic level
of protection, plus a sprinkler system. The sprinkler system ie assumed
to comply with the 29th edition FOC rulesl, and to be well maintained. BNo
automatic alarm, other than that which is part of the sprinkler system, is
assumed to be installed and the sprinkler alarm scunds locally only.

Level C (Automatic detection with local alarn). This level is defined
as the basic level of protection, plus an appropriate form of automatic
detection (heat, smoke or some other form) with a local alarm only., The
detectors are assumed to oomply with llth oditiona FOC requirements and
Code of Prectice CP 1019 and to be well maintained. This study is only
ooncerned with the oconcept of early detection and not with the technical

differences between various types of detectors.

Level D (Automatic detection with a direot line alarm). This level is
defined as the basic level of proteotion, together with an appropriate form
of antomatic deteotion. If there is 24 hour marming on the site then the
alarm will sound at some manned point. If there is mot 24 hour manning
then it is assumed that the detectors are connected to a ocentral alare
station, Once again it is assumed that the deteotor system ocomplies with
FOC requirements and is well maintained,

level E (Improved fire resistance). This level is defined as the basic
level of fire protection, with no changes in the intsrmal structure of the
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buildings, but with all existing internal surfaces (walls, ceilings, floors,
doors, windows eto) upgraded to bave 30 mimutes fires resistance if they

do not already have this resistance., It is assumed that there are no fire
protection measures other than those provided in the basic level 'A°,

Only the four additional levels of fire protection dsfined above were
assessed in this study. It was beyond the scope of the study to consider
other means of fire protection suoh as oombinations of these basic measures,
or the installation of protection measures in only part of the building, or
specialist protection measures such as CO2 flooding, drenchers eto, If
particular expensive or hazardous machines or contents are protected by
special devices this may well change the value of any general protection

in the remainder of the building.

2,2 The occupancy groups considered
The occupancy group is defined according to the main purpose for which the

building is used. There is no preoise means of defining the usage of a
building and a oommon-sense judgement is made in each case, A building is
oftsn used for more than one purpose, for example a fastory may include a
storage area and offices, In these cases the whole of the building would
be olassified according to the major use of the building.

From the point of view of fire protectiom requirements the occupancy of the
building ie the single most important characteristic, The risk of fire,
the type of fire which may occur and the nature, ocombustibility and value
of the oontents will be strongly related to the usage of the building.

The oocupancy groups considered in this study are:

l, Industrial, These are the buildings in which the major
activity is manufacture, processing or repair. There will often be
storage areas and offices in these buildings. The industirial group
is further sub—divided acoording to the type of industry as defined
by the Standard Industrial Clusifiution‘,'. In this more detailed
classification only the ten largest industrial groups have been
oonaidered,

2, Storage. The storage group includes buildings in specific
industries where the principal use of the building is for storage.



The group also includes warehouses in wholesale and retail distribu-
tion and in the transport industiry. Indoor ocar parks, usually
classified as storage, have been excluded, Agricultural storage
buildings have also been excluded.

3., Shops. All shops are considered in a single group.
Laundrettes and fish and chip shops have been excluded,

4., Offices, Buildings used primarily as offioces,

5« Hotels, hostels, boarding houses, etc, residential oclubs,
and public houses with residential accommodation attached.

6. Hospitals, nursing homes, sanatoria, children's homes,
old peoples homes. '

Te Places of public assembly including public houses, non-
residential clubs, oinemas, restaurants, cafes, etc.

8. Schools, cclleges and other educational establishments.

2.3 The baamic cost-benefit equation

Each of the four levels of additional proteoiion are assessed by estimating
the fire damage which might occur in a building provided with the specified
level of protection, and comparing this with the fire damage which might
ocour in the same building if it had only the basic level cof protection,

If the probability of a fire occurring in a year isp, if L, is the (average)
loss inourred in a fire if only basic proteotion is provided, and if LB

is the (average) loss incurred in a fire if the fire protection is provided,
then the expected reduction in the average anmial fire loss due to the
additional fire protection will be p x (L, ~ LB).

This reduction in fire loss (including consequential losses) must be compared
with the cost of installing and maintaining the fire protection, or more
exactly, with the anmal equivalent cost of providing protection., If the
benefits (the reduction in fire losses) exceed the costs (the costs of
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providing proteotion) then the installation of additiomal fire protection
can be said to be justified in ocost effectiveness terms. The economic
interpretation of the results is discussed more fully in seotion 9.

Having established that the valus of fire protection (as defined in this
study) depends on the probability of fire, the likely fire damage and

the cost of installing fire proteotion, the further seotions of the
report desoribe how these separate elements of the problem are destermined,

2,4 Qur approach to the problem
If the effeot of, say, sprinklers is estimated by comparing the fire

losses in fires where sprinklers were installed with the fire losses in
fires where sprinklers were not inatalled, the results may be very mias-
leading, This is because sprinklers may tend to be installed in larger
buildings, or where the fire loading is high, or the contents are
particularly valuable. It is not wvalid to compare fires in these buildings
with fires in buildings where the oircumstances may be quite different.

A simple example can be used to illustirate the pitfalls of comparing
fires in sprinklered and non-sprinklered buildings. It is estimated that
the average damage in the fires which oocurred in sprinklered buildings
in 1973 was £9,000 and the estimated average fire damage in all
unsprinklered buildings in 1973 (exoluding domestic property) was £2,500.
It would be dangerous to draw any conclusions about the value of
sprinklers by oomparing these two figures)

The example given here is admittedly naive, and some of the differences
betweesn the sprinklered and non-sprinklered fires can be taken into account
in the analysis., However we have tried to use a different approach in this
study in order to avoid the pomsible bias which may result from comparing
iwo groups of fires which are not equivalent.

Ideally, in & scientific experiment the effect of a particular factor ocan
be determined by running a series of controlled experiments in which the
factor of interest can be varied at will. The experiments are firnt mm
without the factor presemt. The experiments are then repeated under
identiocal conditions, exoept that the factor is mow includsd. A comparison
of the two sets of results provides a wvalid like-with-likes comparison and
an unbiased measure of the effeot of the factor.
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This experimental approach obviously oammot be applied in this study of
fire proteotion measures. However we have attempted to follow this
general principle by considering a series of hypothetical experiments.

We have firat attempted to estimate the fire damage which would occur in

a class of buildings if all the buildings had only the besic level of

fire protection. We have then estimated the damage assuming that the

pane fires had ocourred in the same buildings under identical circumstances,
except that the buildings were now fitted wiih some fire protection

device., The difference between the two estimates of fire damage is a
measure of the effect of the fire proteotion.

A diagramatic representation of the two series of "experiments™ is shown
in Figure 1. The estimate of fire damage without sprinkler protection
for example, includes the following ocomponents:

i. The actual damage in those fires where the buildings were
not sprinklered,

ii. An estimate of the damage which would have cocurred in the
sprinklered fires reported to the brigades if these buildings had

not been sprinklered.

iii., An estimate of the damage which would have ocourred in the
sprinklered fires which were not reported to the brigades bed

these buildings not been BErinklered.

Similarly there are three componemnts to the estimate of fire damage with
sprinkler protection.

i. An estimate of the damage which would have ocourred in those
fires which were not sprinkiered if those buildings had been

sErinklered.

ii. The actual damage in the sprinklered fires reported to the
bn@dﬁo

4ii. The mctual damsge in the sprinklered fires mot reported to
the brigade.
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Although this concept may at first sight appear to be ocomplicated, a
rigorous application of this principle is necessary to provids a wvalid
like-arith-lils comparison.

In the analysis we have attempted wherever possible to produce a best
estimate for each parameter. However there are some aspeots of the
problem where no basis exists for any reliable estimate, In these cases
the figures used in the analysis amount to no more than an intelligent
guess. Where these guesses have had to be made we have deliberately
and oonsistently chosen {0 make an assumption which underestimates the
value of fire proteotion, The final estimate of the value of the various
fire protection measures may therefore be on the conservative sides, An
attempt has been made to estimmnte the effeots of these conservative
assumptions as well as the effects of inaccuracies in other

assumptions and estimates. An illustration of the sensitivity of the
resul{s to the assumptions made in the analysis is shown in section 9.

2,5 |[The data used in the study

A particular effort has been made to oross check and validate the various
paraneters used in the analysis in order tc male the results more reliable
and to avoid undue dependence on any single sources of data.

Data from a pumber of technical journals and published papers have been
used in this study. In additiom much valuable information has been
obtained from discuesions with people in the insurance and fire protectiom

industries.

The main sources of large scale statistical information on fires comes
from the K433 fire reports, the SAF 2 fire reports, a special fire survey,
a survey of large fires and a postal survey of manmufacturing industry.

i. The K433 Fire Reports A K433 report is completed for every
fire attended by the public fire brigade where there is some damage
to property. The reports include a doscripfion of the building
involved, the cause of the fire and the damage caused by the fire.

1"
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The fire reports are coded and stored on files for analysis by
ocomputer., The original forms are also kept and an exanination of
some of the individual forms proved necessary for this study.

The 1970 and 1971 K433 fire reports for those brigades which took
part in the SAF2 survey were used in many parts of the analysis,
These fire reports were used in order to maintiain oconsistency with
other parts of the analysis where data from the SAF2 reports had to

be used. These 1970-71 K433 reoords provided a sample of 39,000
non-dwelling fires,

These K433 data and the SAF2 data are now T7-8 years old. However
there has not been a significant change in the pattern of fire
incidence over the years (see Appendix A) despite the change in the
meber of fires, As long as the 1970-71 data orn the type of fire is
used in conjunction with more recent data om the total number of fires
the final answer will still be walid,

ii, The SAF 2 Fire Reports 'The SAF 2 fire reports are additional
fire reports which were completed by about half the brigades in a
special data collection exercise run im 1970 and 1971. SAF 2 reports
were completed for all fires in buildings which were not out on
arrival and which had spread beyond the item of origin. The most
valuable information on the SAF 2 forms, from the point of view of
this study, is an estimate of the area damaged by fire and & record
of the location of people in the building at the time of the fire.

iii., The Fire Survey Some of the essential information for this
study oould only be obiained by a detailed physical examinatiorn of

fires. A speoial survey was therefore organised and about 400 non-
dwelling fires were examined,

About 100 of these fires were visited, the scene of the fire was
inspected and the oircumstances of the fire were discussed with the
brigades officers attending the fire and any other persons involved.
The visits to fires were undertaken hy a forensic scientist with many
years experience of fire investigations, acoompanied by a senior
fire prevention cfficer. An example of the report ocompleted on these
fire visits is shown in Appendix B,

12

| -

| W

|

i = B & S -E = e

i

Ld


http:orgazrl.ed
http:obtailt.ed

" EE- . EaE e

The remaining fires covered by the special survey were not visited
as the fires were small and the circumstances of the fire straight-
forward. For these fires the K433 fire report was examined and
supplementary questions were asked of the fire officer im charge of
the first attiendance at the fire.

The most valuable information obtained from this special survey was
an assessment of the effeot which various fire protection measures
would have had (or did have) in the particular oircumstances of the
fire. The behaviour of any people involved in the fire was also

recorded,

The fire survey took place in Weat Yorkshire, South Yorkshire and
Greater Manchester., This resulted in an over-representation of fires
in the textile and metal manufacturing industries compared with the
national ocourrence of such fires, However apart from this over—
representation, which has been allowed for in the analysis, the
results of the survey are in very good agreement with the natiomal
statistics with which they can be compared,

ive A Survey of large Fires There are few large fires but it is
the few large fires which account for the major part of the total

fire loss,

Due to the short time scale of the preject and other organisational
difficulties, it was not possible to waii for the large fires to
occur and then visit the fire scenes., The large fires could only
be assessed retrospectively by examining the very detailed fire
brigade records kept for these fires. The fires included in the
large fire survey were all those large fires which occurred in
West Yorkshire, South Yorkshire and Greater Manchester during the
period January 1976 to June 1977 and for which the brigades had
prepared a detailed research report at the time of the fire. The
fires whioh came into this category are the large loss fires for
which the brigades had antioipated there might be further enquiries.
These fires are not a truly representative sample of the large
fires, but include the largest of the large fires together with
other large fires of some particular interest,

These large fires were treated in a similar way to the fires in the
special fire survey. A fire survey report was oompleted with

13
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estimates of the effects which fire protection measures would have
bad (or did have), In some cases it was possible to contact the
officer who had attended the fire to ask for additional details,
A total of 85 fires were oovered in this survey.

The information obtained from theme fires may be less reliable in some
cases than the data from fires actually visited at the time of the
fire, KNevertheless it was oconsidered that the large fires are so
important that they require speoial attention,

Ve The Postal Survey of Manufacturing Indusiry

Amost all the available fire data is derived Yrom fire brigade records
and therefore covers only those fires to which the brigade were called.
A special survey was therefore oonducted to obtain information about
fires not reported to the brigade, as well as other items of informa-
tion required for the study. A separate report of the postal survey
has been prepared 4.

The survey questionnaires were designed to provide answers to the

following questionsi—

a. What is the risk of fire in buildings of different sizes
and in different industries?

b. To what extent are buildings in different industries
protected by sprinkler systems or automatic detectors?

c, How many fires are not reported to the brigade, and in

particular, how many fires in which sprinklers or detectors
operate are not reported to the brigade?
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3 THE RISK OF FIRE IN DIFFERENT OCCUPANCIES

The probability of a fire occurring is an important parameter in the
calculation of the value of fire protection. An estimate of the
probability of a fire occurring in a building of a given occupancy and

a given size is regquired.

A large number of minor fires occur which are extinguished promptly,
without difficulty or risk, and without the brigade being called. These
minor fires can be excluded from the analysis as their effect will not
only be =small, but more importantly, will be constant, ie the damage
caused by these fires will not change significantly if detectors or
sprinklers are installed.

This study is concerned with the change in fire damage which would occur
if detectors or sprinklers were installed. The fires which are considered

in this analysis are therefore:
a. A1l those fires to which the brigade are currently called.

b. Those fires to which the brigade have not been called because
detectors or sprinklers have operated and prevented the fire from

developing.

The probability of a fire occurring to which the brigade is called is
first estimated, and a correction can then be made for the unreported

fires.

2.1 The estimation of the probability of fire in manufacturing industry

The probability of a fire is calculated by dividing the number of fires
which occur by the total number of buildings at risk. The number of
fires, and the type of buildings in which they occur, is known from the
fire brigade statistics. The number of buildings of each type at risk
was estimated from a survey of manufacturing industry. The detailed
calculation is described in a separate report 4 and only a summary of
the results is given here,

The probability of a fire in buildings of different sizes is illustrated
in Figure 2 for the "all industry" group. There is clearly a non-linear
relationship between the probability and the building sige.

There are two possible explanations for the non-linearity of the

probability function.
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Firstly, there may be a scale effect. If a building is enlarged to double
its size, some of the services such as the electricity or gas supply, the
boiler, the kitchen and canteens etc would not double in size or in fire
risk. The risk of fire in the larger buildings would therefore be less
than twice that of the original buildings.

The second possible reason for the non-linearity is the sample composition
effect. The larger buildings in the sample from which the probabilities
were estimated may not just be larger scale versions of the smaller
buildings. The larger buildings may tend to have different processes or
different standards of fire prevention management or a different first-aid
fire fighting capability. Because of this difference in character the
larger buildings in the sample may have a proportionately lower fire risk
than the smaller buildings.

It is impossible to identify which of the two reasons is responsible for
the observed non-linearity in the probability function. But whatever the
reason the non-linearity muuf'be taken into account in the prediction
equation. The probability of a fire is therefore expressed in the form

a. B®, where B is the total floorspace of the building in square metres
and a and ¢ are estimated parameters for each industry. The parameters
a and ¢ were estimated using statistical regression analysis. The
nunbers of fires used in the calculation were the numbers of fires attended
by the brigades in 1973. Since 1973 there has been a slight reduction in
the fire incidence.

The estimated probabilities of a fire are shown in Table 1 for industrial
buildings in different sectors of industry. The power coefficient ¢ is
about 0.5 for the combined groups and for some of the individual
industries. This figure is in agreement with the findings of research
workers in other European countrioas. Bowever some of the coefficients
for the separate industries are markedly different. This difference may
be due to a different scale effect or a different sample composition
effect, and we have no explanation for these differences.

The data collected in the survey of manufacturing industry was also used
to estimate the probability of a fire in a storage building. However
this estimate is regarded as unreliable because of the problems of the
definition of a "storage'" building.
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The estimate of the probability of fire in all industrial buildings in

manufacturing industry is assumed to apply to all industrial buildings.

3.2 The probability of a fire in storage buildings, mhops, offices and hotels

The amount of property at risk in storage buildings, shops and offices

can be estimated from the Town and Country Planning Statisticss.

Estimates of the amount of hotel accommodation have also been published7..
These statistics, after some slight adjustments for differences of defini-
tion, provide estimates of the total floorspace in each of these occupancies
in England and Wales. There is also some information about the size
distribution of premises, but the size distribution is expressed in terms
of the sizes of the hereditaments or establishments, which are not
necessarily the same as buildings, and the data is only subdivided into 3
or 4 size groups. This information on the size distribution is not
sufficient to allow the probability of fire to be estimated for each size
of buildings as was done in the case of industrial buildings. A different
approach has therefore had to be used.

The probability of fire in buildings of size group i is defined as:-

p. = number of fires in buildings of size i = 3,

number of buildings of size i Ni

The probability function Py is assumed to be of the form p; = a. Bic
where Bi is the size of the bulldings in size group i. Rearranging these

two expressions, Ni =n =0 .

The total building floorspace is) N, B, = 1) o (1-c)
a i

Now, if the power coefficient, ¢ , is known, the multiplying coefficient a
can be calculated from the equation:

(1-¢)
a =:§:ni Bi
Total building floorspace.
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The probability function for storage, shops, offices and hotels was
therefore calculated by trying different values of the parameter ¢ and
calculating the corresponding values of the parameter a, using the known
numbers of fires n, and the known total building floorspace. It remains
then to decide on the "best" value of c. for each occupancy. The '"best"
value of c. was chosen by comparing the implied building size distribution

(The value of £0y B, (1-c) pummed over ranges of i.) with the distribution
of hereditament siges.

This is not a totally satisfactory way of estimating the coefficient c.
But in this anslysis we are concerned with the predicted probability of
fire, &a. Bc, and not with the parsmeter ¢ on its own, and the function

a. B is relatively insensitive to the value over a wide range of building
sizee. For example, for storage buildings the assumed values of c, the
corresponding values of a. and the predicted probability of a fire in
different size buildings are as follows:

Assumed value Calculated value Probability aB®
of ¢ of a in building sige:

500 a° 1500 m° 2500 m°

0.25 0.0076 0.036  0.047 0.054
0.35 0.0035 0.031  0.045 0.054
0.50 0.00113 0.025  0.04k 0.056
0.65 0.00040 0.023  0.046 0.064

It can be seen from the above figures that the predicted probability of
a fire does not change markedly if ¢ varies from 0.25 to 0.65.

In this analysis the most appropriate value of the power coefficient i
eppeared to be about 0.5 for storage buildings, higher for offices

(c = 0.9), and & linear function (c. = 1.0) appeared to be most appropriate
for shops and hotels.

The estimated probabilities of a fire are shown in Table 1. The estimated
probability of a fire in a shop is similar to that in an industrial
building of the msame size, and much higher than the probability of a fire
in a storage building or office. Hotels appear to have a higher
probability of fire, for buildings of the same floorspace.
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3.3 The probability of & fire in other occupancies

There is even less information available about the amount of property at
risk in hospitals and schools. Estimates of the total floorepace can be
obtained, but no information about the size distribution of the buildings
is readily available. The power coefficient ¢ had therefore to be set
arbitrarily.

It was arbitrarily assumed in this calculation that the power coefficients
for these occupancies are 0.75. This assumed value is intermediate between
the value for storage and industry (c.= 0.5) and offices, hotels and shops
(c.= 0.9, 1.0). Baving assumed a value for the coefficient ¢, the
remaining coefficient a can be calculated from a knowledge of the fire
incidence and the total floorspace at risk.

The estimated floorspace in these occupancies, and the source of the
information about floorspace is as follows:

Estimated floorspace Source of
Sccupericy England and Wales 1973 information
Hospitals and Hospitals - 427,000 beds - Annual Abstract of
residential Btatistics
institutions '
x 3 nz/bod - Btudy of plans of a
sample of hospitals
(Reference 8)
Residential 1nstitu§ions - Information
155,000 beds x 35 m /bed provided by DHSS
Schools Primary schools ) - Number of students
5,000,000 students ) is reported in the
x 3.7 .2 ) Annual Abstract of
* ) Statistics
Secondary schools ;
3,900,000 students )
x 7.2 uz )
)
Further, higher ) = Average floorspace
education 1,200,000 ) per student is
full-time equivalent ) based on figuree
atudents ) provided by DES
x 12.6 32 )

The probability function for hotels, hospitals and schools is shown in
Table 1. No information on the floorspace in places of assembly (pubs,
restaurants etc.) is available and for the purposes of this study it has
been assumed that the probability of a fire in these buildings is 0.00007
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B %0 This assumed figure was chosen as being intermediate between the

probability of a fire in hotels and in shops.

3.k The correction for unreported firees

The probabilities calculated so far apply only to the fires reported to

the brigades. It was estimated in the survey of manufacturing industry
that about 10% of the fires in which sprinklers operated were not reported
to the brigades. In manufacturing industry about 15¥ of the reported fires
are in sprinklered buildings, and 40% of the fires in sprinklered buildings
do not activate the sprinklers. The number of unreported fires which
activate sprinklers is therefore equal to only .10 x .15 x .6 = 0.9% of

the number of reported fires. The number of fires in buildings fitted with
detectors is even less than the number in sprinklered buildings. It is
therefore not worthwhile making thies emall correction to the estimated
probability of fire to take account of these unreported fires. (Although
in other parts of the analysis where the unreported fires have a greater

effect a correction has been made).
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4. THE REIATIONSHIP BEIWEEN FIRE LOSSES AND THE AREA OF FIRE DAMAGE

4.1 Direct losses

A1l the available information on fire damage ie in terms of the area of fire
damage. This information is obtained from the SAF2 fire reports and from
our own survey of fires. The estimates of the reduction in fire damage
when fire protection is installed must ultimately be converted to monetary
terms 50 that it can be used in the economic smalysis. A study has there-
fore been made of the relationship between the fire loss and the area
damaged by fire, and the full results of the study are reported separately.9

The study of fire losses was undertaken with the help of a firm of loss
adjusters who provided detailed information on the damsge and losses in a
sample of 200 fires. An analysis of these detailed fire loass data showed
that, if the smallest fires were excluded, the average fire loss per unit
area of fire damage did not depend on the size of the fire or the proportion
of the building damaged. As the small fires make a very small comtribution
to the total fire losses the fire losses can be predicted by assuming a
constent loss per unit area of fire damage for all fires in a given occupeancy.
These unit loss figures were then calculated from aggregate fire loss and
fire damage data so that the largest possible sample size could be used for
the estimation. The estimates of the unit losses for the different occupancy

groups &re shown in Table 2.

The losses shown in Table 2 are the direct losses to the national economy.
These losses represent the indemnity value of the property damaged (ie the
depreciated value of the buildings, plant and machinery) and exclude a few
losses in which assets are not replaced and are assumed to have no value to
the national economy. These losses are about 85% of the losses quoted in the
fire loss estimates published by the British Insurance Association (BIA).
The difference between the national economy losses and the BIA losses are

accounted for by three factors:

- some of the BIA losses are estimated at replacement value rather
than at the, lower, indemnity value.

- some of the BIA losses are not losses to the national economy.

- it is believed that there is a small degree of over-estimation in the
losses published by the BIA.
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It is possible that the losses in a sprinklered fire may be higher than
in a non-sprinklered fire of the same size due to the additional water
demage. There are certainly a number of individual, and spectacular,
ceses where this has occurred. The instances of serious water damage
have generally occurred in buildings which were not occupied at the time
of the fire and the sprinklers operated for many hours before the fire
was noticed and the sprinklers switched off.

However there is insufficient usable data available to provide a separate
estimate of unit loss for sprinklered fires and it is therefore assumed
that the estimated unit loss figure applies to both sprinklered and
non-sprinklered fires.

.2 Consequential losses

Direct losses occur at the time of the fire as the physical assets are
destroyed or damaged. There may also be consequential losses resulting
from the fire due to the loss of stocks or productive capacity and the
disruption of business.

A study has been made of the consequential losses resulting from fire,
considered both from the point of view of the firm and of the national
economy.1o Consequential losses may be considerably different when
considered from the two different pointas of view. For example, if a firm
loses stocks in a fire they may lose sales to their competitors and hence
suffer a loss of profits. The firm's consequential loss will be equal to
their loss of profits. However if the lost sales are made up by a British
competitor (and this was found to occur in the majority of cases) then
there is no net loss to the national economy. In terms of the national
economy there is simply a transfer of profits from one firm to another.
Generally, therefore, the consequential losses to the national economy are
much less than the consequential losses experienced by individual firms.

The majority of fires involve no consequential losses to the national

economy, and consequential losses occur only rarely. The study of consequential
losses has shown, on average, that the consequential losses to the economy

are equal to about 60% of the direct losses for fires in manufacturing

industry and that, except in the case of electricity supply, there are

no significant consequential losses in other fires.
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The consequential losses to the firm are considerably higher and are
estimated to be equal to, on average, about 110% of the direct losses
in manufacturing industry and about 35% of the direct losses in other

f
i

cases.
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PART II
TEE VALUE OF SPRINKLERS



5. THE ESTIMATION OF THE FIRE DAMAGE IF ONLY MINIMUM PROTECTION IS
PROVIDED

5.1 Fires in sprinklered and non-sprinklered buildings

The requirement in this part of the analysis is to estimate the average
amount of damage which might occur if & fire broke out in a building of a
given occupancy, and that building had only the minimum level of fire
protection.

This average amount ¢of damage should be an overall average, reflecting the
conditions and circumstances in all the buildings in that occupancy. (This

concept is illustrated in Figure 1). It wae therefore coneidered unsatisfactory

to derive simply the required average from the fire records of those
buildings which actually had only the minimum level of protection. It was
suspected that the potential fire size in the protected buildings (ie the
fire size which might have occurred if the buildings did not have additional
protection) might be greater than the actual fire size in the unprotected
buildings.

The information on the potential fire size in sprinklered buildings (ie the
size of fire which might occur if the building were not sprinklered) comes

from the survey of fires. In the survey the expected fire size which might
result with each given level of fire protection was assessed for each fire.
This information can be generalised and used to provide an estimate of the

potential fire size for all the fires in sprinklered buildings in the K433

sample.

A number of attempts were made, using different models of fire growth, to
derive general estimates of the potential fire size for fires in sprinklered
buildings. BHowever it was not possible to prove conclusively that the
potential fire size in a sprinklered building is, on average, greater than
the actual fire size in a non-sprinklered building of the same occupancy and
the same floorspace. The failure to derive reliable estimates for the
potential eize of sprinklered fires is due to the scarcity of the data and
the difficulty of developing a descriptive model of fire spread. In the
absence of any reliable estimates of potential fire sizes in sprinklered
bulldings we are forced to use the assumption that the potentisl fire size
in protected .ildings is equal to the average fire size in unprotected
buildings. However the experience of having examined the potential fire
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sizes in the sprinklered buildings does give more confidence that no
serious biae is introduced by estimating the average fire size from the
unrepresentative sample of unprotected buildings.

5.2 Average fire sizes in buildings without additional protection

The average fire size for buildings without additional protection is derived
from the K433/8AF2 fire statistics, excluding those fires in buildings with
sprinkler protection or automatic detectors.

If a fire occurs in a emall building the spread of the fire may be limited
by the outside walls of the building, whereas in a large building there is
more room for the mevere fires to spread. The average or expected size of
a fire will therefore depend on the size of the building. In this analysis
different mathematical models were used to estimate the average fire size
but the most reliable model was found to be the simple model, average fire
Bize = d B’, where B is the total floorspace of the building and d and e are
constants. The parameters d and e were estimated by a log-log regression
on the KL33/SAF2 data.

The estimated average fire sizes for the different occupancy groups are
shown in Table 3. This table shows the sample size used in estimsting the
parameters, and also shows the predicted fire size in a 1500 '2 building.

In 2 classes of buildings = hospitals and offices = the average fire size
was found not to be a function of the building size. This seems intuitively
reasonable. In hospitals almost all fires are detected and extirguished
very promptly and therefore large hospitals do not have bigger fires than
emall hospitals. Office buildings are generally subdivided into a number
of emall compartments and the fire spread will'be limited by the interior
compartment walls rather than by the perimeter walls.

The estimates of fire sizes in a building of 1500 n° floorspace show that
storage buildings have the largest fires and hospitals and offices the
smallest fires. In industry the largest fires (for a fixed size of
building) occur in "Other Manufacturing Industries" (mainly plastics and
1. :ber), Timber and Furniture, and Paper, Printing and Publishing.

27


http:I!III8.ll

6. THE ESTIMATION OF THE FIRE DAMAGE IF SPRINKLERS ARE INSTALLED

6.1 The sub-division of the problem
The next step in the analysis is to estimate the average fire damage which

would occur if a fire occurred in a building which was provided with a
properly installed and well maintained sprinkler system. In order to
simplify the calculation and allow more insight into the problem, the
problem was sub=divided by considering a number of different types of fire.
The types of fire considered are:

1. Fires which would not activate sprinklers.
2. Fires in which sprinklers fail to operate.

3. Fires in which sprinklers operate satisfactorily and control or
extinguish the fire.

4. Fires in which sprinklers operate but are unable to control the
fire.

Each type of fire is considered in turn and the separate results are then

combined to provide an estimate of the expected fire damage in a sprinklered

building.

The estimate of damage which is required is an estimate of the average
damage which would occur if all buildings were sprinklered. The buildings
in which sprinklers are currently installed as well as the buildings which

are not sprinklered are therefore considered when deriving these estimates.

6.2 Fires which would not activate sprinklers

The fires which would not (and would not be expected to) activate sprinklers

are those fires in which the sprinkler heads are not exposed to the heat
of the fire (eg fires in ducts, fires in machinery, external fires, roof
fires etc) or fires which are discovered promptly and extinguished before
the sprinklers can operate. These fires are typically, small fires.

The results of the survey of the fires showed that there was no significant
difference between the proportion of fires in sprinklered buildings which
did not activate sprinklers and the proportion of fires in non-aprinklered
buildings in which it was judged that sprinklers would not have operated.
The survey results also showed that there was little difference between the
average fire .ize when sprinklers did not operate in sprinklered buildings
and the assumed size of the equivalent fires in non-sprinklered buildings.
The necessary estimates for this group of fires im all buildings can
therefore be derived from the statistics of fires in the sprinklered
buildings.
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The estimates of the performance of sprinkler systems were derived in a
separate study and the full results of the study of sprinklered fires are
reported elsewhersi', IKssentislly the study involved a detailed
examination of the original K433 fire reports, and the inforaation from the
detailed study was then used to reinterpret the summary statistics obtained
from a computer analysis of the K433 data. This study provided estimates
of the proportion of fires in which sprinklers should not operate as well
as the proportion of fires in which sprinklers failed to operate,

operated satisfactorily or operated but were unable to contairn the fire.

One modification must still be made to the statistics of fires in
sprinklered buildings = a correction for the unreported sprinklered fires.
It has been estimated that 10% of the fires in which sprinklers operate
are not reported to the fire brigade. Therefore if the =statistics of
reported fires show that in a proportion p of these fires the sprinkler
should not have operated, the corrected proportion p'for all the fires
which are considered in this analysis is p = p/(1.1-.1p). The estimated
proportions are shown in Table &,

The average size of the reported fires which do not activate sprinklers

was derived from the K433 and SAF2 fire reports for fires in sprinklered
buildings. The estimated average sizes are shown in Table 4., The average
size of these fires is of the order of a few square metres and the majority
of these fires are confined to the item of origin.

6.3 Fires in which sprinklers fail to operate
There are a number of fires in which there is sufficient heat bearing on the

sprinkler heads to operate the sprinkler but the sprinklers do not operate
either because the sprinkler system has been shut off or because there is
some mechanical defect (for example, a rusted valve). Kost of these failures
are caused by the system being shut off at the tiame of the fire. The system
may be shut off for repairs or maintenance or for other, unexplained, reasons.

The probability of a sprinkler system failing to operate has been estimated,
although it is not possible to derive an exact figure for the failure rate
because of the difficulty of dealing with the cases in which sprinklers fail
to operate but no reasons are given in the brigade fire report. It has
been estimated that the failure rate, expressed as a proportion of those
casvs in which the sprinkler should operate, is between 2.1%¥ and 3.1%, and
in this analysis an intermediate figure of 2.5¥% has been used. If the
figure is then corrected for the unreported sprinklered fires, the estimated
failure rate is 2.5 x .9 = 2.2%.
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If a sprinkler system is shut off before the fire or unable to operate due
to a mechanical defect, the situation is equivalent to that in which no
sprinkler system is installed. The average fire size in a building with

an inoperative sprinkler system is therefore the same as the average fire
size in a fire in an uneprinklered building. However, in this part of

the calculation we are considering only those fires which should have
operated sprinklers, and an allowance must be made for the small fires which
would not operate sprinklers, The calculation of the required average fire
size is illustrated below. The numbers used in this example are for all

industrial buildings,

Average fire size UNSPRINKLERED
- 2.25 3.45 m2 BUILDING

/ \ BUILDING WITH

INOPERATIVE
SPRINKLER SYSTEM

57% L3%
Average size Average size
=5m2 =Xm2
Fires which should Fires which should
not activate sprinkler activate sprinkler

The required estimate of the fire size is shown as X in the figure above.

As the 2 overall average fire sizes are equal, the quantity X can be calculated

from the equation:

(.57 x 5) + (43 x X) = 2.25 B'“s

Hence X = 5.233'k5 - 6.63

The estimated proportions and average fire sizes for the different
occupancies are shown in Table 4. For convenience the proportion of
failures is expressed as a failure rate times the proportion of fires

in which spr.in'tlers should have operated.
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Fire in which sprinklers fail to control the fire

There will be some fires which will activate the sprinkler system and will
still grow very large despite the operation of the sprinklers, These
fires may occur in conditions where a rapid fire starts in an area with a
very high fire loading (explosions are the extreme cases of rapidly
growing fires) or the fire may start in an inaccessible place such as a
roof and cause serious damage before the sprinklers are activated.

It is impossible to draw a precise line between large fires which are
controlled by the sprinkler system and large fires which can be regarded as
"out of control". There is a continuum of fire sizes and any demarcation
mst be arbitrary and subjective. However in this study it is necessary to
consider “out of control" fires as a separate group because these fires
spread to most or much of the building and the average fire size will
depend on the building size. In the came of fires which are contained by
the sprinklers the fire will be localised and the amount of fire damage
will be independent of the building size.

In the study we have considered an "out of control" fire to be a fire which
has grown very large even though sprinklers have been activated. The
estimation of the probability of these fires occurring is described in the
report of sprinkler performanco.ll This probability depends on the
occupancy and is, as would be expected, highest in the high risk industries
such as chemicals, plastics and rubbers and is higher in storage buildings
than in industrial buildings. In the fires which were judged as being

Yout of control™ the average size was assumed to be about one third of the
total building size. The estimates of the probabilities of “out of control"
fires and average fire sizes in such cases are shown in Table 4. The
probabilities have been corrected to take account of the unreported
sprinklered fires.

The probabilities of "out of control”™ fires are derived from a study of the
performance of sprinklers in buildings which are currently sprinklered. As
sprinklers tend to be installed in more hazardous situations this may
provide an overestimate of the probability of an "out of control"™ fire if
all buildings were sprinklered. The results of the survey of fires did
suggest that the probability of an "out of control® fire is lower in

the uansprinklered buildings but the sample sizes were too small to provide
reliable estimates. Therefore, in line with our policy of underestimating
the value of sprinklers when in doubt, the estimates derived from the
sprinklered buildings have been used in the analysis.
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As previously mentioned, there is a continuum of fire sizes in sprinklered
buildings. If the distribution of the number of heads opening in all
sprinklered fires is cu:uu:i.dered““'2 it can be seen that the 23% of sprinklered
fires which we have regarded as being “out of ocontrol" correspond
approximately to the fires which have activated more than 35 sprinkler
heads,

6.5 Fires in which sprinklers operate satisfactorily

After the fires in which sprinklers do not operate or fail to operate and
the fires in which sprinklers operate but do not control the fire have been
taken into account, the remaining fires are, by our definition, the fires
in which the sprinkler system operated satisfactorily. The proportion

of these fires was therefore found by difference. These proportions are
shown in Table 4,

Information on the average amount of fire damage when the sprinkler system
operates satisfactorily is available from the K43%3/SAF2 fire reports for
sprinklered fires, and from the fire survey for firea in both sprinklered
and (hypothetically) non-sprinklered buildings. The results of the fire
survey showed that the average size of these fires in sprinklered
buildings was no larger than the hypothesised size of these fires in
sprinklered buildings. The average fire size in the survey fires was
slightly smaller than in the fires reported on the K433/SAF2 reports. The
average fire size derived from the K433/SAF2 sample has been used in the
calculation, as these reports provide the largest and most representative
sample. The estimates of the fire sizes are shown in Table 4.

6.6 The average damage in all fires

The 4 groups of fires can now be combined and the average fire size calculated

from the data in Table 4 for sprinklered fires in any class of buildings.
For example, the expected fire size in an industrial building of 1500 na
floorspace if the building was fitted with sprinklers would be:

(.57 + 5) + (.022 x .43 x (5.23 x 1500° ™ - 6.63)) + (.956 x .43 x 18) +
(022 x 43 x l}ﬁ)g 16.2 n®
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7. THE COST OF A SPRIRKLER SYSTEM

Estimates of the obst of sprinkler systemc were obtained with the help of

two of the major compamies manufacturing and installing sprinklers. Estimates
were provided of the oost of supplying and fitting extira low ha.zu-d,ordinary
hazard and extra high hazard sprinkler systems into 3 simple buildings of
different sizes. The relationship between the quoted costs and building

size is linear and oam be expressed in the form:

FExtra Low Hazard: Cost (£) = 500 + 0.77 x size of building (mz)
Ordinary Hazard: Cost (£) = 500 + 1.87 x eize of building (u)
Fxtra High Hazard: Cost (£) = 500 + 2.53 x size of building (m2)
(A1l oosts are at 1977 prioces).

The constant term represents the ocost of the ocontrol valves and local alam
eto, and the varisble portion the cost of the pipework and sprinkler heads.
In a very large building more than one system will be required.

These costs do not include the cost of connecting the system to a suitable
water supply. The cost of the water supply will include the cost of laying
the pipes and making the oconnection to the mains. In some cases the mains
supply will not satiefy the oriteria laid down in the FOC rules and in these
oases a water storage tank and pumping arrangements would be required.

We have estimated the cosis of water supplies from figures made available to
ue of the costs of the water supplies for a number of new sprinkler
installations. Our estimate of the oost of water supplies if no pumps are
required is £(1500 4+ 1.3 x number of heads). This cost oan be oconverted to
a ocost per square metre of building floor space using the FOC standards

for sprinkler spacings.

For buildings whioh do not require pumps or additional water supplies, the

estimated total cost of sprinklers and the associated water supplies is:
Extra low hazard:  Cost (£) = 2000 + 0.83 x size of building (m°)

Ordinary hagard: Cost (£) = 2000 + 1.98 x size of building (m2)
Extra high hazard: Cost (£) = 2000 + 2.67 x size of building (mz)
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Pumps may be required for Extra High Hasard systems or in very tall
buildings or other special cases and this inoreases the cost of water
supplied oonsiderably. Our estimate of the cost of water supplies in this
case is £(13,500 + 3.7 x number of heads).

For an Extra High Bazard system whioh requires pumps and additional water
supplies, the total oost will be:

Comt (L) = 14000+ 2.94 x size of building (=)

It should be noted that these oosis are for the installation of sprinklers
in buildings of a simple, open struocture. If the building is divided into
& humber of small ocomparitments or if the struoture of the bullding is such
that there are difficulties in placing the pipework them the costs will be
higher than shown here.

The annual maintenance ocost of sprinklers is relatively small, a figure of
£50 having been quoted to us. In the literature a figure of 1% of the capital
oost is quoted which is oonsistent with the above figure. Additional rates
and water oharges must be pald but these are small costs. Under the Plant

and Machinery Rating Order 1960, 5 per oent of the ocapital ocost of a sprinkler
ie liable for rates and a poundage of TOp in the pound has been assumed.

The increase in water rates works out at approximately £0.001 66/112 per annum.

The cost quoted here are the oosts which must be paid by the owner or
oocupier of the building. However, when calculating the ocosts to the
national economy it is the cost of the resources used which must be oconeidered.

The cost to the national eoconomy of providing and installing a sprinkler
system may be caloulated using oomplex apguments about the resources used in
providing the sprinkler system and the altemative use whioh might be made
of the resources if the eprinkler system had not been provided. In our
caloulations we have taken a simplified view of the eoonomio problems. We
have ignored the effects of suoh factors as importe and the existence of an
export market for sprinklers and have assumed that the employees in the
sprinkler .rdustry would be productively employed elsewhere in the economy
if they were not making and installing eprinklers. Under these simplifying
assumptions the capital oost of a sprinkler in national economic terms is
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equal to the prioce actually paid by the purchasing firm. %The maintenance
cost is also a true economic oost, but the additional rates are only transfer
payments and can be excluded. '
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8. A CHECK ON THE ESTIMATED PARAMETERS
Before using the estimated parameters to calculate the value of sprinklers
it is important to check these estimates and to consider their accuracy.

The individual parameters have been checked wherever possible either by
comparison with independent figures (for example, the parameters in the
equations representing the probability of fire have been compared with
published figures derived from European insurance company fire loss data),
or by comparing the relative values of the parameters against intuition

{for example, the estimated probability of an "out of control" fire is
highest in the Ghemicaliindustry, which is intuitively reasonable).

However it is not sufficient to check the individual parameters. It is also
important to check that the individuasl estimates produce reasonable answers
when combined in the final calculations. The estimates of the reduction in
fire damage due to sprinklers have been checked in & variety of ways, and
these checks are described here. '

8.1 The estimated reduction in fire damage due to sprinklers

The expected fire damage if a fire occurs in a building with, and without,
sprinklers can be calculated from the parameters given in Tables 3 and k4.
The expected reduction in fire damage for buildings of a fixed size

(1500 square metres, a typical size industrial building) has been calculated
for different occupancies, and the results are shown in Table 5.

The reduction in fire damage in the different occupancies varies between

60 per cent and 90 per cent. Among the industrial buildings the lowest
percentage reduction is shown in Chemicals and Textiles. This may be
accounted for by the fact that Chemicals have the highest probability of

an "out of control" fire in which sprinklers would have, by definition,
little or no effect. The relatively low figure for Textiles is accounted for
by the number of fires which occur in large machines and in which aprinklers
cannot reduce the fire size to less than that of the machine. It should be
noted that estimates of the reduction in fire damage shown in Table S5 have
deliberately been calculated on the conservative side.

These estimates of the reduction in fire damage can be compared with three
other sets of figures - the survey results, the examination of large fires
and insur.ace premium rebates.
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1. The survey results In the survey the damage with and without sprinkler
protection was observed (or assessed hypothetically) for every fire in either

sprinklered or non-sprinklered premises. The estimated reduction in fire
damage in the survey fires is as follows (after correction for the over-
representation of Textiles and Metal Manafacturing):

Industrial buildings - sprinklered 58n° — 17m°, 71% reduction

Industriel buildings - non-sprinklered 87m>—3 7a°, 93% reduction
(The difference in the percentage reduction between sprinklered and non-
sprinklered buildings is not statistically significant).

Storage 273m2-—9; ?n2 97% reduction

Shops thz-—9 hmz 85% reduction

These figures are in general agreement with the estimated figures in
Table 5. (It must be remembered that the survey figures are the average
figures for buildings of all sizes and some of the estimates are based on
fairly small samples. The figures in Table 5 apply to 1500 square metre
buildings, and have been derived directly or indirectly from much larger

samples. )

2. The examination of large fires The fire losses are dominated by the

large fires and if the fire losses can be reduced in the large firee then
this will result in a considerable reduction in the total losses. The large
fires have therefore been considered sepaerately. The reduction in fire
damage which could be achieved by sprinklers was estimated in the
retrospective survey of large fires. The estimated reductions in fire

damage are:

Industrial 80-90% reduction
(The range of values is due to uncertainty about the possible effect
of sprinklers in some of the fires.)

Storage 92% reduction
Shops 95% reduction
Other buildings 76% reduction

These figures are also in general agreement with estimated figures of
Table 5-

3. The premium reductions offered by insurance companies Insurance companies

keep separate records for the claims for fires in sprinklered and in non-
sprinklered premises. The premium reductions offered by insurance companies
for the installation of an approved sprinkler system should therefore reflect
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their claims experience and will be a measure of the reduction in fire
damage which can be achieved by sprinkler systems. The premium rates
are not published but it is believed that the premium reductions range
from 60 per cent to 90 per cent. These figures provide further support
for our estimates of fire damage.

8.2 The validity of the other parameters

The estimates of the reduction in fire damage are supported by other
fipures with which they can be compared. The other important parameters
in the final calculations are the probability of a fire, the fire losses
incurred in a fire of a given area of damage and the cost of a sprinkler
system. We could find no alternative figures with which to compare these
other estimates, but on the other hand there is no particular reason to
doubt their validity.

The sensitivity of the final results to the assumptions and to the
estimated parameters is examined in section 9.3.
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9. THE VALUE QF SPRINKLERS FROM THE NATIORAL ECONOMY POINT OF VIEW

9.1 The use of discounted cash flows

The cost of a sprinkler system is equal to the initial installation cost
plus the annual maintenance cost in subsequent years. The benefit of
sprinkler systems is the reduction in the likely fire loss which may occur
sometime in the future. At the planning stage, when considering the
benefita of installing a sprinkler system, the benefits can only be
expressed in probabilistic terms. In each and every future year there is

a probability of a fire and an expected reduction in fire loss.

When comparing the cost (which occurs mainly in the year of installation)
and the benefits (which occur, in expectation, in each future year) the
standard accounting technique of discounted cash flow is used. All the
cash sums are added together but the cash sums for future years are dis-
counted to take into account the time preference for money. A discount
rate of 10% is used and a sum of money which is paid, or received, in

t years time is discounted by a factor 1/1.1t. The life of a sprinkler
system is assumed to be 20 years, and the cash flows are summed over this

period.

If the cost of inatalling a sprinkler system is C and the maintenance cost
in future years is 1 per cent of the initial cost, then the total

diascounted cost ia:

C+C (.01 + 071 + 01 + cevcense .01 )
1.1 1.1°

= 1.094C

If the average fire loss (including consequential loses) in an unaprinklered
building is L,, the average fire loss (including consequential loss) in a
sprinklered building is LB‘ and the probability of fire per year is p, then
the expected reduction in fire losses per year is P(L‘ - Iy). The total
discounted coat of future reductions in fire loss is:

p(L - } (1 +_1_+ 4 + saeee 1 )
Ol I R 77

= 9.% P(LA - I‘B)
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The net discounted value of the sprinkler system, referred to as the net
present value (NFV) is:

NPV = 9.36p(L, = Ly) = 1.094C

If the net present value is positive (ie if the discounted benefits are
greater than the discounted costs) then the installation of a sprinkler
system can be said to be cost-effective.

9.2 The calculation of the value of sprinklers
The estimates of fire losses with, and without sprinklers, can be obtained

from the estimates of fire damage presented in Tables 3 and 4, the unit
loss figures in Table 2, and the consequential loss factor given in
section 4.2. The probability of a fire is shown in Table 1 and the costs
of sprinkler systems are given in section 3. This provides all the
information needed to estimate the net present value of sprinklers from
the national economy point of wview using the formulae given above.

The value of sprinklers was calculated for the different occupancies and

for different building sizes and the results are summarized in Figures 3
and &,

Figure 3 shows that in industrial buildings the benefits of aprinklers
outweigh the costs in buildings larger than about 800 square metres. The

buildings larger than 800 square metres are the middle and larger industrial

buildings, and account for approximately 50 per cent of all industrial
buildings in number and about 90 per cent of the total floor-space in
manufacturing industry.

Figure 3 also shows that aprinklers are of value only in the largest
shops (greater than about 2000 square metres) and are not of value (and
it should be remembered here that only property protection is being
considered) in hospitals, offices and schools.

Perhaps the most surprising result is that sprinklers do not appear to be
of value in storage buildings. This result is due to the fact that
although the fires are, on average, large in storage buildings and fire
sizes can be reduced considerably by sprinklers, the probability of a fire
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is very low. Thus when the costs of providing sprinklers are compared to
the relatively small probability of making a large saving in fire losses
the costs are still greater than the expected benefits.

The calculation of the value of sprinklers in storage buildings is
admittedly the weakest part of the analysis. This is because the conditions
and the fire risk in storage buildings can vary so much, and there are
insufficient data available to allow the different types of storage to be
identified and analysed separately. Section 9.3 deacribes an attempt to
assess the value of sprinklers in different types of storage.

Sprinklers appear to be of value in larger hotels (above about 1600 square
metres), but these calculations may overestimate the value of sprinklers.
On the cost side, the assumed sprinkler costs were eatimated for buildings
of open construction, and in hotels,buildings which are highly compart-
mented, the cost of installing the sprinkler pipework may be higher. Om
the benefit side, the figures shown in Table 4 may underestimate the amount
of fire damage which would occur im hotels if they were sprinklered. The
estimates relating to hotels in Table & were derived, because of the
sparsity of relevant data, from data on sprinklered fires in a miscel-
laneous group of buildings. If the individual bedrooms in a hotel were
not sprinklered, and they would probably not be in practice, the average
amount of damage in fires in sprinklered hotels might be larger than the
estimates shown in Table 4.

The calculations suggest that eprinklers are not of value in pubs and
restaurants. The estimated cost of ordinary harard sprinkler systems in
these buildings is greater than the estimated reduction in fire damage.

The value of sprinklers in different sectors of industry is shown in
Figure 4. The results for separate industries must be treated with more
caution, as the general assumptions may be less valid in the case of these
more specialised groups and the parameters have had to be estimated from
smaller samples. In particular, the curious results for the Chemical
Industry are due to the relatively high probability of a sprinkler system
failing to control a fire and the large amount of damage which it is
assumed may occur in a large building in these circumstances.
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The industries in which sprinklers appear to have the greatest value are
Other Manufacturing (which includes rubber and plastic products), Food,

Timber and Electrical Engineering.

9.3 The sensitivity of the results

The results for the two most important groups, industrial buildings and
storage buildings, have been examined in order to determime how sensitive
the results are to the assumptions made and the parameters used.

For industrial buildings the main assumptions used in the calculations

are listed in Table 6, together with alternative assumptions which might
be used. For most items the main assumptions are deliberately on the
conservative side (ie undervalued sprinklers), and the alternative assump-
tions provide a more favourable estimate of the value of sprinklers. The
estimated fire losses in an industrial building of size 1500 square metres
are shown below, firstly calculated using the main assumptions, then cal-
culated using all the assumptions which minimise the value of sprinklers,
and finally, using the set of assumptions which maximise the value of
sprinklers.

Estimated loss per fire Estimated loss per fire Reduction in

without sprinklers with sprinklers loss per fire
"Main"
Assumptions £13600 £3700 £9900 (73%)
"Minimum value" £13600 £4400 £9200 (68%)
Assumptions
"Maximum value' £14050  £2700 £11350 (81%)
Assumptions

These results show that the estimated fire losses are fairly insensitive
to the changes in assumptions. The reduction in fire losses per fire may
be £700 less or £1450 more than the "best conservative" estimate. When
the probability of a fire is considered the discounted value of the reduc-
tion in future fire loasses may be £500 less or £1100 more than the "best
conservative" estimate of £7600.

However when the other side of the picture, the cost of a sprinkler system
is considered, the results are extremely sensitive to the assumed cost of
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the sprinklers. For a 1500 square metre building it is estimated that

the cost of an ordinary hazard sprinkler system is about £5000. However
if additional water supplies and pumps are required the cost may be many
thousands of pounds more and this would completely change the net value of
the sprinkler system. '

It is recognised that the estimation of the value of fire protection in
storage buildings is the weakest part of this study. The contents of a
warehouse may vary from lowv hazard goods to high racked storage of highly
combustible products, and the case for fire protection is quite different
in these two different circumstances.. However the available fire statie-
tics are not sufficiently detailed to allow the nature of the goods and
their wrapping or packing materials and the form of storage to be identi-
fied. In the main analysis all storage buildings are considered as a
single group. In order to understand the differences between the different
types of storage the effect of subdividing the storage group into a low
hazard group, a high hazard group and an intermediate group has been
examined. The subdivision can only be arbitrary as no reliable data are
available for these sub-groups. (The parameter values assumed (and these
assuaptions are really no more than guesses) for the storage sub-groups
shown in Table 7.) |

The assumed parameters in Table 7 reflect the following characteristics of
different types of storage:

- the probability of a fire is assumed to be the same in all types of
storage

- the average fire size in an unprotected building is much greater
in the high risk storage than in the low risk storage

- the average size of a fire which is controlled or extinguished by
sprinklers is slightly larger in high risk storage than in low
risk storage

-~ the probability of a fire growing out of control in a sprinklered
building is such greater in high risk storage than in low risk
storage.

The calculated value of sprinklers in the different types of storage is

summarized in Table 5. The only type of storage in which sprinklers are
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of economic benefit is the high risk storage. If no pumps and additional
water supplies are required then sprinklers will show a benefit in all but
the emallest buildings. However if pumps and additional water supplies
are required this adds about £12000 to the cost and sprinklers can only be
Justified economically in the very largest buildings.

9.4 The existing provision of sprinklers

The survey of manufacturing induatryh provides estimates of the provision
of sprinklers in industrial buildings. The results of the survey show that
13 per cent of buildings have complete sprinkler systems and a further

4 per cent have partial sprinkler systems. Sprinklers tend to be installed
in larger buildings and sprinklers cover a total of about 35 per cent of
the floor-space in manufacturing industry.

The sectors of industry with the greatest sprinkler coverage are Other
Manufacturing (which includes rubber and plastic products), Textiles
(where very many of the sprinkler systems are partial rather than complete
systems), Paper, Timber, Chemicals, Clothing and Electrical Engineering.

9.5 Summary of the results
These calculations suggest that, from the national economy point of view,

the provision of sprinkler protection would be of considerable benefit in
most industrial buildings, in the larger shops, and in high risk areas,

high value storage buildings. If additional water supplies are required
this will add a very substantial amount to the cost of providing sprinklers,
and may change the economic value of the system. We do not have sufficient
information to be able to eastimate the benefits due to the greater effec-
tiveness of a sprinkler system which has additional water supplies.

Far fewer industrial buildings actually have sprinkler protection compared
to the number of buildings in which this protection would be of economic

value,
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10, THE VALDE OF SPRINKLERS FRON THE FIRN'S POINT OF VIEW

The main purpose of this study is to assess the value of fire proteoction
to the national eoonomy, However it is also of some interest to compare
the points of view of the firm and of the national economy amd 4o ooasider
the existing incentives to firms to install fire protection. We have
therefore examined the decision to insetall sprinklars as it might be seen
by the owner or occupier of the building, although we have taken a highly
simplified view of the problem,

1041 The basis of the caloulation

When the owmer or oocupier of a btunilding oonsiders installing sprinklers he
will examine the financial implicatioms, but his deoision will also be
influenced Yy bis awareness of the dangers of & fire and his atiitude
towards this risk, The only aspeot of this decision we can represent in our
emalysis is the strictly financial aspeot of the problem, In fact, muoch of
the fire prevention literature and fire prevention publicity also oomnsiders
the value of sprinklers from this financial point of view, A detailed
acoount of the calculation of the finanoial benefits of fire proteoction
gystem is given in a paper by Sobofield.13

We have based our oaloulations on the assumption that the firm is fully
insured against the direoct and oomsemential losses from fire. Under this
aspumption the deocisian to install fire protection oan be omsidered as an
investment decision. The firm will have to pay for the sprinkler system
(although this oost is partly offset by tax benefits and grants), but the
firm will benefit from a reduction in insuranoce premjiums, The value of
the sprinklers will be equal to the difference betweemn the oosts and the
benefits. The future oosts and bemefits will need to be disccunted to
present values and we have assumed a disoount rate of 154 and a time
horizon of 10 years for the discounted oash flow calculations., These
discounting values are different to those used for the national eocnomy
caloulations, and are more in line with the values whioh might be used by a
commercial oompany when making an investment deoision.

The value of sprinklers to a firm is assessed here for a "typioal”
industrial tuilding,.
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10,2 The oost of providing fire protectien

The purchase and installation oost for am ordinary hazard sprinkler system
is assumed to be £2,000 + 2 x Building size (see section 7). There will
also be an anrmal maintenance cost, additional rates and water rates, These
anmmal oocsts are assumed to be about 5 per cent of the initial ocost.

(The figare of 1 per cent used in section 9 is the ocost to the natieonal
econmmy, and inoludes only the maintenanoce oolt.)

The disoounted costs of providing a sprinkler system will therefore be:
£(2,000 + 2 x B)(1 + «05 + ...... ) =£(2,000 + 2 xB) x 1.29

1.15

All this expenditure is tax deductable, and if dbasio rate of tax is
52 per ocent, the net (dimoounted) oost after tax will be equal to
[ 4 0048 b 4 (2000 L 3 203) b 4 1.29

10.3 The benefits of providing fire protection

It is assumed here that the benefiis of providing fire protootiun are the
reductions in the premiums pald for direct loss and oonsequential loss
insurance, Insurance preamium rates are not publioly available and we have
therefore had to esctimate what these rates might be. We have estimated the
premium rates making the following assumptions:

1s The ratio of premiums/olaims is about 211, (This assumption is
based on figures published in the Momopolies Commission report on fire
insurence, Under thies assumption, our estimate of the premium payable
for a typioal industrial tuilding will be about 50p/£100.)

2 The premium reductiom for sprinklers is equal to the expected
reduotion in fire loss if sprinklers are installed (thie ascumes that
the insurance companies! loss ratios are the same for sprinklered and
non~sprinklered rieks).

3. 8. The total oonsequential loes premium is equal to the direct
lose premium, (It was estimated in our study of oonsequential
losses that, on average, the oonsequential losses to the firm
are, approximately equal to the direct losses, We have therefore
assumed that 4f the firm is fully insured for consequential losses
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4.

the consequential loss premium would be as much as the direct
loss premium, In practioe the basis of consequential loss
insurance is very much more complex.)

ae The peroentage rednotion on the comsequential loss premium
if sprinklers are installed is the same as the redunoctian on the
direct loss premium, (This assumes that the installatiom of
sprinklers will reduce oonsequential losses as much as it rednoes
direct losses, and that insurance companies therefore offer the
szme percentage reduction on the consequential loss premiums,)

Under these assumptions the premium reduction will be equal to 2 x 2 x
(expected reduotion in direct losses), The expected rednotion in direct
losses is known, and hence the amount of premium reduotion can be estimated.

Beomse of our unoertainty about the assumptions mads in these caloulatioms,
we have repeated the calculations with an alternative set of assumptioms.
The alternative assumptions to 3 and 4 adbove, are:

3.

be The total ocmsequential loss premium is equal to half the
direct loss premiume (This may imply that the firm are not fully
insured for oonsequential losses, tut it may be more in line with
the figures actually used Ly the firm in their assessment of the
sdvantages of installing sprinklers.)

be The percentage rednction om the consequential loss premium is
equal to half the reduction on the direct loss premium. (This
assumption is based on reasoning that the overhead ocosts of
providing insurance may not decrease proportionately with the
lower risk, and therefore in order to maintain an aoceptable
profit margin, the premiua ocannot be reduoced proportimately
with the lower risk,)

Using these alternative assumptions the premium reduoction will be equal to
(2 + 2 x 0.5) x (expected rednotiam in direot losses).

The value of the premium reduction after tax will be equal to 48 per oent
of the actual premium reduotion. The net (disocounted) cost after tax will
therefore be equal toi
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0.48 x 4 x L(1+ ) 4o ) = 11,08 L ()
1.15

or 0|4B x 2.5 x L (1 + 4 + ees ) - 6.9 L (b)
1.18

where L is the expected rednotion in fire loss,

10,4 The estimated value of sprinklers to the firm

Using the estimated costs and benefits givem above the caloulated value to
the firm of installing sprinklers in indastrial buildings of variocus sises,
and the comparative value to the national eoonomy, are as follows:

Building Sisze Estimated value to the firm Estimated value to the

o RV, £ national economy
Square metres  Assumption (a) Assunption (b) KV, &£
500 =100 800 ' =900
1000 1200 =150 700
1500 2600 500 2300
2500 5100 1600 5300

These results show that for the larger tuildings (above about 600 square metres
or 1100 square metres depending on the assumptions made in the oaloulations)
there is a finanoial advantage to & firm in installing sprinklers. (It must
be remembered that this is a generalisation. There will be some partionlar
cases where sprinklers are nmot suitable or appropriate,) The assessment from
the firm's point of view ie, in broad terms, in line with the national

economy point of view fe in those industrial bunildings in whioch sprinklers

are of national economio benefit, there are finanocial inocentives to the

firme to install this protectiom,

If the tnildings are in a development area the fim will be eligible for a
grant if sprinklers are installed, and this inoreases the financial inocentive
to the fim,

This essessment of the value of Eprinklers to a firm shows that there are a
very large mumber of tuildings in manmufacturing industry in whioch there are
financial inocentives to install sprinklers., And yet the survey of

mamf acturing industry has shown that relatively few buildings have
sprinkler protection, This raises the question of why so many firms have
not taken advantage of the inocentives whioch are being offered to thenm,
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PART III
TEE VALUE OF DETECTORS



11. THE ESTIMATION OF FIRE DAMAGE IF ONLY THE MINIMUM PROTECTIOR IS
PROVIDED

11.1 The Sub-division of the problem

The expected fire damage if only minimum protection is provided has already
been estimated for the sprinkler calculations. However, the assessment of
detectors is a different problem to that of assessing sprinklers and it is
convenient to re-estimate the minimum protection came, looking at the problem
from a different point of view.

Detectors reduce fire damage by giving warning of a fire and allowing people
to intervene earlier. The effectiveness of detectors will therefore depend
largely on where the nearest people are when a fire occurs and how quickly
they can tackle the fire. In this part of the analysis three separate
gituations are identified and each is then considered separately. The three
situations are:

1« FPeople are in the room of origin of the fire, or in the close
vicinity of the fire, when the fire occurs.

2. People are in the building, but not in the room of origin, when
the fire occurs.

3+ People are not in the building when the fire occurs. This group
of fires includes fires in which employees may be in an adjacent
building or where there is a frequent security patrol, through to the
other extreme where a fire occurs in a building in an isolated and
deserted area on & weekend night.

11.2 The average fire size in buildings without additional protection

The average fire size for each situation - people in room, people in
building, and people not in building - has been estimated from the

1970-71 K433/SA¥2 fire data. (The position of the nearest person is
recorded on the SAF2 fire report). These results have been checked against
the survey data where the location of the nearest people was recorded in
more detail.

Some difficulties were encountered in deriving a mathematical model which
could be used to predict the average fire size as a function of the building
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Bize for fires in the three subgroups. The problems arise because of the
inter-relationship between the variables. It appears that a higher
proportion of fires in small buildings occur when there are no people in
the building than is the case for larger buildings. (Perhaps because

there are more people about in large buildings, and there is more likely

to be night shift). However, considering the degree of accuracy required
in this study and the gross assumptions made in other parts of the analysis
it was not considered worthwhile developing a highly sophisticated model
for the average size of fire in relatiom to the position of the nearest
people. The estimated average fire sizes shown in Thble 8 are derived
using a simplified statistical model. This table shows the relative fire
sizes according to the location of nearest people, in buildings of different

sizes.

The figures in Table 8 show, as would be expected, that the fires which
occur when there are no people in the building are on average larger than
those fires which occur when people are in the building. These results also
show that there are more likely to be people in the room of origin when a
fire occurs in an industrial building compared to other occupancies. This

is intuitively correct.

51



12. THE ESTIMATION OF FIRE DAMAGE IF DETECTORS ARE INSTALLED

12.1 The basis of the assessment

Sprinklers are mechanical systems and their effect can be predicted using
theoretical and experimental results and the results of the analysis of fire
statistics. In contrast, detectors operate by warning people of the fire
and fhsir effectiveness depends on the reaction of people, and this is much
more difficult to predict.

Among the factors which determine the effectiveness of detectors are: where
the nearest people are when the alarm sounds; whether the people will respond
to the alarm and how long they take to respond; the rate at which the fire

is growing; and how capable the people are of controlling or extinguishing
the fire if they decide to tackle the fire. little of this information is
available, or can be deduced, from the brigade fire reports and we have had
to rely largely on information obtained in our own survey of fires in this
part of the analyeis.

The prediction of the effect of detectors is considered separately for fires
which occur when people are in the room, in the building or not in the
building when the fire occurs.

12.2 Fires which occur when people are in the room of origin
The asmumption has been made here that detectors will have no effact on the

final emount of fire damage for those fires which occur when people are in the

room (or close vicinity) when the fire occurs.

There will be some special cases where detectore will provide some benefit,
for example by summoning help when the sole occupant of the room is trapped
by the fire or is attempting to fight the fire. But these epecial and rare
cases have been ignored and it is assumed that the average fire sige if
detectors are installed will be equal to the fire size if no detectors had
been provided. The expected damage in this case is therefore equal to the
values shown in the first columns of Table 8.

In industrial buildings the majority of the fires which occur when people
are in the room are associated with, or caused by, the process. The second
most frequent cause of fires is welding, cutting or the use of blowlamps

(these activities may be part of the normal process activity in the building).
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The process fires include fires caused by sparks or static from machinery,
overheating of machinery, ovens and furnaces, the ignition of dust or waste
in the machine or in a duct, and electrical faults in machinery.

In storage, there were very few fires which occurred when people were in
the room, and the Ki433/SAF2 sample is too small to generalise about the
causes of these fires.

In shops the main causes of fires which occurred when people were in the
room of origin were overheating chokes on fluorescent lights (typically very
small fires) and fires caused by space heaters, smokers materials and
electrical faults.

"

12.3 Fires which occur when people are in the building

The first assumption made about the effect of detectors in fires which occur
when people are in the building, but not the room of origin, is that both
local alarm detectors and direct line detectors will have the same effect

on the likely fire damage. This assumption is based on the experience of our
survey of fires., Although this assumption is not strictly true (direct

line systems may result in a quicker brigade response) it is a reasonable
assumption to meke in relation to the degree of accuracy pertaining in this
part of the analysis.

The effect of detectors in reducing fire demage could be estimated from the
fire survey alone. However in this analysis we have attempted to generalise
the survey results and to make use of the very much larger sample of data
available from the K433 and S8AF2 fire reports.

It may be argued that the method of estimating the effect of detectors from
the K433/SAF2 data described here is so speculative that it adds little to
the validity of the answers which could be obtained if the survey data were
used alone. However, this general analyesis has been included because it
does provide some support for the survey data, but equally importantly, it
provides a clearer understanding of the predicted effects of detectors.

The most important single factor which determines the effect of direct line

detectors is the initial growth rate of the fire. If the fire has a slow
smouldering development initially, detectors may enable the fire to be
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detected and extinguished before much damage is caused, whereas if the fire
has a very rapid growth initially, detectors can have little effect on the
amount of damage. The most helpful clue on the fire report to the initial
growth rate of the fire is the source of ignition. In some cases the source
of ignition indicates the likely initial growth rate, although in other
cases the information is less easily interpreted. For example, the
experience of the fire survey shows that the majority of fires caused by
discarded smokers materials would, if detectors were installed, be detected
early and could be extinguished before much damage had been caused. Bowever
in the case of malicious fires some of the fires will have a rapid development
(for example, when petrol is spilled and set alight in an area containing
highly combustible material) while other malicious fires will have a
relatively slow initial growth (for example, when lighted pepers are pushed
through a broken window and this causes a fire in an area where the

contents are relatively incombustible).

The general estimation of the effect of detectors is based on the source of
ignition recorded on the K433/SAF2 fire report. The number of fires and the
average size of fires due to each cause can be estimated from the Ki33/SAF2
data and the effect of detectors on each group of fires can be estimated
based on the experience of the fire survey. The results of this analysis
for the "people in building" fires are summarised in Table 9.

The effect of detectors as estimated from the K4323/SAF2 data covers a range
of values, reflecting the uncertainty and variability associated with some
of the causes, and is generally less than the survey estimate, reflecting
the fact that the general estimates are on the conservative side.

In general detectors are estimated to be very effective in reducing the fire
damage in those fires which occur when people are in the building, but not
the room of origin. This is because many of the fires, and particularly
fires caused by smokers materials, space heaters and wire and cable faults,
have a slow, smouldering growth initially. When people are present in the
building and are warned of the fire while it is still small the fires can
generally be extinguished before much damage is caused. The experience of
the survey showed how successful first-sid fire fighting could be in
extinguishing small fires or at least in limiting the spread of these fires.
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12.4 Fires which occur when there are no people in the building

The effect of detectors in the camse of fires which occur when there are no
people in the building has been estimated in the way described in section
12.3, and the results are summarised in Table 10.

For most occupancy groups the effect of detectors is eastimated to be less
than in the "people in building" fires. This is because most of the
deliberate fires (arson, "doubtful' fires and fires caused by children with
matches) are started when buildings are unoccupied, and detectors are less
effective in the case of these rapid growth fires. Nevertheless, there are
still many slow growth fires in unoccupied buildings and it is estimated that
direct line detectors could reduce damage considerably in these fires.

The effect of local alarm systems depends on the presence of neighbours or
security patrols and local alarm systems are therefore less effective than
direct line systems.

12.5 The effect of detectors in all fires
The information in Tables 8,9 and 10 can be cowbined to produce an estimate
of the overall effect of detectors. For example, for industrial buildings
it is estimated (see Table 8) that the average damage in an unprotected
building would be:

(0.55 x 1.5.8%7 4 .18 x 1.9.3° " + .27 x 3.9.5'") = 2.22.5°
Row if the damage in the "people in building" fires is reduced by 60% and
the damage in "people not in building" fires is reduced by 55% then the
estimated fire pize in a protected building would be: ‘

(0.55 x 1.5.3"" + .18 x .40 x 1.9.5™*% + .27 x .45 x 3.9.8"*) = 1.4 B
which is equivalent to a reduction of 35 per eent.
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The estimated reduction in fire damage in all fires is shown in Table 11.
Alpo shown in Table 11 is the estimated reduction in fire damage due to
detectors in the survey fires. The survey results show a greater
reduction than is obtained using the more conservative, general analysis.
The estimated reduction in damage due to detectors is greater in shops and
storage and least in industrial buildings.

The probability of a failure of the detector mystem has not been taken into
account in these calculations. A study of fire calls to premises in which

detectors are installed has been undertaken by the Fire Research Station.
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During the survey period there were 777 fires in premises in which
detectors were installed, and the system failed to give an alarm in 43 cames
because it was disconnected or because of a failure or defect in the mystem.
This is equivalent to a failure rate of 43/777 = .055.

If a 5 per cent failure rate is assumed in these calculations it would make
a difference of 2-3 per cent in our estimates of the reduction in fire
damage. Considering the accuracy of these calculations it was not
considered worthwhile making this small correction.
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13. THE COST OF A DETECTOR SYSTEM

The cost of providing and installing a detector system will depend on
the type of detector instélled. the number of heads required and the
sophistication of the control system. The cost will also depend on the
structure and geometry of the building as this will influence the amount
of wiring required and the size of the area which can be covered by a

detector.

Our information on the costs of detectors was provided by one of the major
firms in the Fire Protection industry who provided estimates of the costs of
the detector heads and the associated wiring for heat and smoke detectors.
Although the cost of smoke detectors is greater than the cost of heat
detectors, this is compensated for by the fact that amoke detectors will
cover a larger area. When the costs are calculated in terms of the cost
per square metre of building floor-space covered, both heat and smoke
detectors have similar costs of about £1.1/h2. Control equipment and an
annunciator will also be required and this may cost about £1500. If the
system is comnected to a central alarm station there will be connection
charges, and a figure of £250 has been assumed for these connection
charges.

The initial costs of detector systems are thus:

Local alarm system  £1500 + 1.1 x Building size (n2)
Direct line system £1750 + 1.1 x Building size (mz)

In future years there will be a maintenance cost for the detectors and a
rental charge for the GPO line and the connection to the central alarm
station. If the detectors are maintained and serviced by an outside
contractor there will be a fixed charge plus an additional charge related
to the number of heads to be checked. The maintenance cost is estimated
to be £50 + £1.50/head or approximately £50 x 0.025 x Building size (ma).
For a system connected to a central alarm station the annual rental charges
are assumed to be £200,.
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1%. A CHECK ON THE ESTIMATED PARAMETERS
Before proceeding with the economic assessment of detectors a check was
made on the estimated reduction in damage which could be achieved by

detector systems. (Shown in Table 11.)

1. The survey results The generalised estimate of the effect of

detectors is based largely on the experience of the fire survey,

and the survey results do not therefore provide an independent check
on the general estimates. However, as has already been stated,

the estimated reduction in the survey fires is greater than the
results produced in the general analysis and the general results
may therefore be regarded as a conservative estimate of the effect

of detectors.

2. The survey of large fires The retrospective survey of large

fires produced the following estimates of the effect of detectors:

Number of Reduction due Reduction due
Occu c fires to direct line to local alarm
systems szstems
Industry 37 -(48% to 58%) ~-(27% to L6%)
Storage 21 -(74% o 87%) - 69%
Shops 6 - -(45% to 55%) - 33%

The range of estimated values reflects the uncertainty about the

possible effect of detectors in some of the fires.

For the two larger samples, industry and storage, these results agree
closely with the results of the main survey.

3. The fire damage in premises protected by detectors Detectors are
generally installed in larger buildings and are more likely to be
installed in some sectors of industry than in others. The fire damage
occuring in protected buildings can therefore only be assessed if
compared with the fire damage in unprotected buildings of the same size
and the same industries.

A check has been made on the fire damage recorded in the K433/SAF2 fire
reports for buildings with detectors and for unprotected buildings.
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The results of this comparison are as follows:

Average fire damage in Average fire Estimated

Occupanc buildings in which damage in reduction
detectors are installed equivalent in fire
sample of damape
unprotected
builda
2 2
Industry 131 m L m - 97%
(40O fires)
2 2
Storage Il m 19 m - 65%
(18 fires)
2 2 ’
Shops 79 m 16 m - 80%
(50 fires)
Offices 15 ma 1 mz - 93%
(50 fires)

Because of difficulties of interpretation and problems of the consistency
of the data, this comparison is not sufficiently reliable to be used

on its own as evidence of the effectiveness of detectors. However it
does provide further support for the estimates of the effectiveness of

detectors.

L. Cerberus Fire Alarm Systems The only statistical evidence on
the effect of detectors we have been able to find is the information
published by Cerberus Limited - a Swiss manufacturer of fire alarm
systems. Their figures show that in the period 1960=-67 average fire

losses were as follows:

No of fires Average fire
loss in Swiss Francs

Fires in premises 749 3827
with Cerberus Systems

Fires in other 21226 11636
industrial, manufacturing,

commercial, transport and

administrative buildings
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This is not a strict like-with-like comparison but it provides a
further indication of the considerable reduction in fire losses which

can be achieved by detectors.

5. Other Buropean experience There is a hazard rating system known

as the Gretener System which is widely used in Switzerland in determining
insurance premium rates and in determining fire protection requirements.
Numerical factors are used in the fire hazard equation representing

the effect of different fire protection measures in reducing the fire
hazard. The addition of an automatic fire alerm system with a direct
line alarm reduces the calculated fire hazard by a factor of 0,57

(ie a reduction of 43 per cent). (The comparable figure for the

addition of a sprinkler system implies a reduction of between 4O per cent
and 70 per centJ

The basis of the fire hazard calculation is not known. but whether it

is based on fire statistics or subjective judgement or both, the factors
in the fire hazard equation must reflect in a quantitative way the
belief of the users of this scheme in the effectiveness of detectors.

Conclusion

There is no totally independent and reliable estimate of the effectiveness
of detectors which can be used to validate the results of our analysis.
However all the information which is available supports the main results

presented in Teble 11, and also suggests that the generalised estimates
of the reduction in damage may be on the conservative side.
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15. THE VALUE OF DETECTORS FROM THE NATIONAL ECONOMY POINT OF VIEW

15.1 The calculation of the value
The equation used in calculating the economic value of detectors is:=-

NPV = Total discounted costs - Total discounted benefits
The initial and future annual costs of providing detectors are given in
Section 13. The total discounted costs, discounting at 10 per cent over
20 years, will be equal to the initial cost plus 9.36 x future annual cost.

The total discounted benefits of the reduction in fire losses will be equal
to 9.36p x (Ly - Lg), where p is the probability of a fire (shown in Table 1),
L, is the average loss in an unprotected building (derived from Tables 2

and 3 and including consequential losses as described in section L) and Iy

is the average loss in a building provided with detectors (derived from the
proportionate reduction in fire loss shown in Table 11).

The value of detector systems has been calculated for buildings of different
occupancies and different sizes and the results are summarised in Figure 6,
for direct line systems, and Figure 7 for local alarm systems.

In Figures 6 and 7 a range of values is shown for industrial buildings. This
range reflects the range of alternative estimates of the reduction in fire
damage. Only a single estimate of the economic value of detectors is shown
for other occupancies in order to simplify the graphs. The single lines
shown for the other occupancies are the mid-points of the range of values.

Figure 6 shows that direct line detectors appear to be of economic¢ value in
industrial buildings larger than about 2000 square metres (22 per cent of
the buildings in manufacturing industry exceed this size). Figure 7 however
shows that local alarm detector systems appear to be of economic value in
industrial buildings largér than about 1300 square metres.

A comparison of the results for industrial buildinge shown in Figures 6 and

7, is somewhat surprising. These results suggest that in industrial buildings,
detection systems with local alarms are of equal or greater economic value
than systems with direct line alarms., This result reflects both the
characteristics of industriasl fires and the experience of the survey. It

is estimated that 73 per cent of the fires in industrial buildings occur

when people are in the room of origin or in the building, and

that these fires account for 52 per cent of the total fire damage
(see Table 8). Thus about half of the total fire damage occurs
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in circumstances in which direct line detectors will offer little or no
advantage over local alarm detectors. In the remaining fires which occur
when there are no people in the building (and which account for 48 per cent
of the total fire loss), it was estimated in the survey that local alarm
detectors would reduce damage by 63 per cent compared to the 73 per cent
reduction which would be achieved if there were direct line alarms. The
success of local alarm detectors is explained by the fact that in many of
the fires there were neighbours or security patrols or other employees
nearby and it was judged that these people would have responded to a local
alarm and would have been capable of extinguishing or at least containing
the slow growing fires which were detected in the early stages of development.
The effectiveness of local alarm detectors depends very much on the type of
people who might be in the vicinity of the building in which the fire
occurred and the survey results might possibly contain a regional bias.

(The survey took place in West Yorkshire, South Yorkshire and Greater
Manchester.)

Although direct line systems would achieve a slightly greater reduction in
fire damage in industrial buildings this additional benefit does not offset
the higher cost of providing a direct line system.

The only other occupancy in which detectors appear to be of economic value
is shops. In shops direct line detectors appear to be of greater economic
value than local alarm systems. This result reflects the fact that about

70 per cent of the fire damage in shops occurs in the fires which start when
people are not in the building, and in the fire survey it was judged that
local alarms would only reduce fire damage in these fires by 30 per cent
compared to a reduction of 80 per cent achieved by direct line alarms. The
relatively low effectiveness of local alarm detectors is due to the lesser
readiness of neighboﬁrs to respond, their lesser ability to deal with a
fire, and the rapid growth rates of some of the fires in shops.

15.2 The existing provision of detectors

The results of the survey of manufacturing industry show that about 4 per
cent of buildings are fitted with detector systems, and in terms of total
coverage, about 13 per cent of the floorspace in manufacturing industry is
protected by automatic fire detection systems.

The industries which have the highest degree of fire detection coverage are
Chemicals and Electrical and Instrument Engineering.
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The results of this study show that there are very many more buildings in
which automatic fire detection would be of benefit, compared to the number
of buildings in which detectors are currently installed. However, the
existing provision of detectors cannot be considered in isolation from the
provision of sprinkler protection. The choice of sprinkler or detector

protection is discussed in section 18.3.

15.3 The reliability of detectors

A serious problem associated with present automatic fire detection systems
is their reliability. A study of direct line detector ella.r'um“l+ has shown
that the ratio of false and accidental alarms to genuine alarms is about
11 : 1.

If there was more widespread use of direct line detector systems, and if the

reliability of these systems was not improved, thie high false alarm rate
could cause serious problems for the fire brigades.
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16. THE VALUE OF DETECTORS FROM THE FIRM'S POINT OF VIEW

As in the case of sprinklers, the value to the firm of installing detectors
is calculated by comparing the cost of installing detectors with the benefits
of reduced insurance premiums.

On the cost side, the cost of installing and maintaining an automatic fire
deteoction system is given in Section 13. After tax, assuming a tax rate of
52 per oent, the net cost to the firm will be 48 per cent of the sums paid

out.

On the benefit side the firm would benefit from a reduction in insuranoce
premiums and would also receive a ocapital grant if the buildings were in a
development area. Insurance companies offer premium reduyotions of up to
122 per oent, for the installation of approved, direct line fire detection
systems. Because of the way insurance premiums are calculated a premium
discount of 12% per cent may be equivalent to a reduction of more than

123 per cent on the premium actually payable. In this calculation of the
benefits to the firm it has been assumed that the premium payable is
reduced by 20 per ocent.

Assuming that the firm is fully insured for consequential losses; that the
consequential loss premium is equal to the direct loss premium, that the
insurance companies premium/loss retio is 2:1; and that both the direct loss
and consequential loss premiums are rediuiced by 20 per cent, then the annual
premium reduction will be:

0.2 x 4 x Expected annual direct fire loss, in an wnprotected building.
The expected annual fire loss can be ocalculated from the information in
Tables 1, 2 and 3. After tax the benefit tc the fimm will be equal to
A8 per cent of the gross saving. The annml premium savings can be

discounted at, say, 15 per ocent over 10 years.

The estimated values to the firm of installing direot line detectors in
"{ypical® industrial buildings of varying sizes are as follows:
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Building size Estimated value Estimated® value to
m2 to the firm the national economy
NPV £ NPV £
500 - 1280 - 3000
1500 - 870 - 1300
2500 - 470 Loo
3500 - 8 2060

*In calculating the value to the national economy, a 45 per cent
reduction in fire damage has been assumed.

These results suggest that only in the very largest industrial buildings is
there a financial incentive to firms to install detectors, and that there
are many industrial buildings in which there would be an economic benefit
to the national economy if detectors were installed, but there is no

financial incentive to the firm to do so.

If the buildings are in a development area a tax free grant of 20 per cent
of the capital cost of the detector system is payable. If this additional
tenefit is included in the calculation, there is a net benefit to the firm
in buildings larger than about 2000 square metres, bringing the value from
the firm's point of view in line with the national economic view.
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PART IV

THE EFFECT OF IMPROVED STRUCTURAL FIRE RESISTANCE
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17. THE ESTIMATION OF THE EFFECT OF IMPROVED STRUCTURAL FIRE RESISTANCE

The effect of improving the internal structural fire resistance could only
be estimated in the fire survey, where the detailed on the spot examination
enabled an assessment to be made of the effect the building structure had,
or may have had, on the development of the fire. For every fire examined
in the survey an assessment was made of the fire damage which might have
occurred if all the existing internai surfaces (walls, ceilings, doors,
floors etc) had had 30 minutes fire resistance, if they did not already have
this fire resistance.

It should be noted that the survey assessments assumed improvements in the
fire resistance of the existing structure, and did not consider the effect
of putting in additional fire partitioning or separation.

The fires in which the amount of fire damage might have been reduced are
those fires which spread beyond the room of origin, although some of these
spreading fires could not have been affected by improved fire resistance.

For example, in some of the spreading fires, doors had been left open, or a
severe fire had burned for a very long time, and the survey assessments took
into account those circumstances in which improved fire resistance would have
made no difference.

There were also a few fires identified in the survey in which it was judged
that improved structural fire resistance would have resulted in an increase
in the amount of fire damage, because the improved partitioning would have
delayed the diascovery of the fire.

Overall, it was estimated for the survey fires that the upgrading of the
internal structural fire resistance would have reduced the amount of fire
damage by 45 per cent in industrial buildings, 50 per cent in storage
buildings and 55 per cent in shops.

No estimate was made of the cost of upgrading the internal fire resistance,
although it was clear that in many cases the cost would be substantial.
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18, DISCUSSION OF THE RESULTS

18,1 The method of analysis

At the outset of the study it was planned to use elaborate statistioal
mothods and detalled models of fire growth in the analysis in order to
produce results which were as accurate and reliable as possibles In
particular the evaluation of sprinklers was to be based on a comparison of
two strictly like-with=like (although artificial) samples of fires, In the
evaluation of deteotors it was intended to use detailed models of fire
growth, which differentiated betwean fires confined to the item of origin,
epread to the room and spread beyond the room, and between fires of
different growth rates,

These more sophisticated methods and models have been examined and have been
tried in the analysis, but the final resulis have been derived using very
mich simpler methods. The method finally used to determine the effectiveness
of eprinkiers is equivalent to a comparison of the fire damage in
sprinklered and non-sprinklered btuildings, though with the differences in

the size and occupancies of the two samples taken into account, The final
estimates of the effectiveness of deteclors are not very different from the
sample averages derived directly from the fire survey.

However, even though the more sophisticated methods have not been used in
producing the final answers, the experience of having tried these elaborate
methods has led to the development of the simpler methods, and has given us
more confidence in the reliability and robustness of the final estimates

of the reduction in fire demage dune to sprinklers and detectors.

18,2 The limitations of the results
Before summarising the results of this study, the limitatione of the results
should be reiterated, to avoid any misunderstandings or misuse of the results,

1s The value of the fire proteoction measures has been determined only in
relation to property protection, and the protection of life has been
excluded, In occupancies suoch as hospitals, hotels and perhaps pubs and

restenrants fire protection measures may be installed principally to protect
life,

2« Thisanalysis is concerned mainly with the value of sprinklers compared
with having no fire protection and, as a separate question, the value of
deteoctors again compared with having no fire protection, The value of other
fire proteoction equipment or arrangements has not been assessed. There may
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be other fire protection arrangements which offer better value. Among the
arrangements not oansidered here are mixed systems (part of the building
protected by sprinklers and part by detectors); partial systems
(protecting mnly those parts of the building which are most vulnerable,

or most valuable, or the highest risks); and other forms of fire proteotiom
such as smoke venting, (X)2 flooding etc.

3« A broad view of the problem has deliberately been teken and the value
of fire proteotion has only been determined for various occupancies, each
considered as a single group. These results will be applicable to the
typical or average buildings within the group, but there may be many
individunal tuildings in which the circumstances are different from the
"iyplcal" and for whioh the general results do not hold. Nevertheless, we
believe that although the resulis are not detailed enough to apply to all
the individnal buildings, this should not invalidate the overall picture
or the general results,

1843 The choioce of sprinklers cor detectors

The survey of mamufacturing industry shows that about 23 per cent of
tuildings have sprinkler or detector protection, and that a total of about
48 per cent of the floorspace in mamnufacturing industry is protected.

The estimates of the value cf sprinklers and detectors show that, from the
national economy point of view, sprinklers are of greater economic value
than detectors in industrial buildings of any given size, As sprinklers
are of value in about 50 per cent of industrial tuildings, the conclusion
still holds that the mumber of tuildings in industry which would benefit
from the installation of fire protection is far greater than the rumber
which actually have sprinklers or detectors installed.

The result shown in the study, that sprinklers are of greater value than
detectors in industrial buildings, is a general result and may hide the
fact that there may be meny individual buildings in which the
circumstances are such that detectors are better value or are more
appropriate, The circunstances in whioh detectors may be of more value
would be where there are staff constantly about, ready to respond quickly
to a fire call, and able to deal with a small fire; where the fire is
likely to be small and slow burning in its early stages; and where contents
may be badly damaged by the water from a sprinkler system.
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18.4 Summary of the results

The principal objective of this study was to derive an overall picture of
the value of fire protection from the national economy point of view,
This overall picture is preseanted in Figures 1=3, whioh show the economic

value of sprinklers and detectors in buildings of different occupanocies and
different sizes,

[ -

[ ]

The main findings of the study can be summarised as follows:

1. Sprinklers are very effective in reducing fire damage, and

will reduce the average fire damage by 70-90 per ocent, (the

different figures apply to buildings of different occupancies and
different sizes). When the oost of providing sprinklers is

compared with the savings in fire losses, it appears that sprinklers
are of value (to the national economy) in medium and large industrial
tuildings, in large shops and in high value, high risk storage
buildings.

2+ From the firm's point of view, the premium rednctions offered
by the insurance companies provide a strong finanoial incentive to
install sprinklers. Broadly speeking, in those buildings in which
sprinklers offer a national economic benefit, there is a financial
incentive to install sprinklers. However, far fewer firms in
manufacturing industry have actually taken advantage of these

inoentives than would benefit from doing so. This raises the questiion

of why firmms should not have taken advantage of these financial
incentives,

3. It is estimated that automatio fire detection would reduce fire
damage by about 50 per cent on average in industrial buildings, and
even more in other occupanoies, When these savings in fire losses are
compared with the oost of providing detectors it appears that

automatic fire detection is of value in the larger industrial uildings
and the larger shops. However the present high false alarm rate could

cause serious problems for the fire brigades.
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4¢ The insurance companies offer relatively small discounts for
detectors, and thus, in general, thers is little finmmcial incentive
for firms to instell detectors. The incentive is greater in
development areas, where capital grants are payable. In development
areas, there is some financial benefit for the installation of
detectors in industrial tuildings in which detectors offer a net
economic benefit.

5S¢ It is estimated that improved intermal structural fire

resiptance ooculd reduoe fire losses by about 50 per oent. XNo estimate

has been made of the cost of these structural improvements.
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TABIE 1 THE PROBABILITY OF A FIRE IN DIFFERENT OCCUPANCIES
PROBABRILITY OF FIRE
c PROBABILITY OF FIRE
OCCUPANCY (SIC ORDER) PER YEAR a. B IN 1500 ;EUILDING
a-. c.
INDUSTRIAL BUILDINGS:
Food, drink and tobacco 0.0011 0.60 0.086
(I11)
Chemicals and allied (V) 0.0069 0.46 0.21
* Mechanical engineering 0.00011 0.75 0.027
(VII)
Electrical engineering 0.00061 0.59 0.046
(Ix) ;
Vehicles (XI) 0.00012 0.86 0.062
* Metal goods not else- 0.00158 0.54 0.082
where specified (XII)
Textiles (XIII) 0.0075 0.35 0.097
Timber, furniture (XVII) 0.00037 0.77 0.10
Paper, printing and 0.000069 0.91 0.054
publishing (XVIII)
Other manufacturing 0.0084 0.41 0.17
(XIX)
A1l manufacturing 0.0017 0.53 0.082
industry (III-XIX)
OTHER OCCUPANCIES:
Storage 0.00067 0.5 0.026
Shops 0.000066 1.0 0.099
Offices 0.000059 0.9 0.043
Hotels etc 0.00008 1.0 0.12
Hospitals etc 0.0007 0.75 0.17
** Pubs, restaurants etc (0.00007) (1.0) (0.1)
Schools 0.0002 0.75 0.048

*Note: Some of the fires which should be included in the Mechanical engineering
sector may have been classified as '"Metal goods n.e.s." This would result in an
underestimate of the probability of fire for Mechanical engineering and an
overestimate for Metal goods. Igﬁthe two groups are combined the estimated
probability of fire is 0.00086 B”® .

**Values for Assembly are assumed, There was insufficient information available to
estimate the probability of fire in this occupancy group.
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TABLE 2

THE AVERAGE DIRECT LOSS PER UNIT AREA OF FIRE DAMAGE

OCCUPANCY (SIC ORDER)

UNIT LOSS (£/sq.m)

INDUSTRIAL BUILDINGS:
All industry

Food, drink & tobacco
(111)

Chemicals & allied (V)

Mechanical engineering
(VII)

Electrical engineering
(IX)

Vehicles (XI)

Metal goods not else-
where specified (XII)

Textiles (XIII)
Timber, furniture (XVII)

Paper, printing &
publishing (XVIII)

Other manufacturing
(xIX)
OTHER OCCUPANCIES:
Storage
Shops
Offices
Hotels etc
Hospitals etc
Pubs, restaurants etc

Schools

140

270

290

320

150

240

210
130
90

120

120
160
120
120
160
100

110
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PROTECTION IS PROVIDED

TABLE 3 THE ESTIMATED FIRE DAMAGE IF ONLY THE MINIMUM LEVEL OF

AVERAGE FIRE SIZE

AVERAGE FIRE SIZE

OCCUPANCY (SIC ORDER) AS A FUNCTION OF Sg?gEE igogﬁfgiggéggAgg
BUILDING SIZE(m?)
INDUSTRIAL BUILDINGS:
A1l industry 2.25 6496 60
Food, drink & tobacco 2.7 Bk 213, 73
(II11)
Chemicals & allied (V) 11.8 B"% 516 28
Mechanical engineering 0.17 B76 248 Ly
(VII)
Electrical engineering 8.5 B 174 6l
(1X)
Vehicles (XI) 0.80 g% 181 56
Metal goods not else- 6.4 B® 561 3k
where specified (XII)
Textiles (XIII) 2.6 B” 399 45
Timber, furniture (XVII) 24,2 B2 393 112
Paper, printing & 6.7 ﬁjﬁ 198 93
publishing (XVIII)
.38
Other manufacturing 8.7 B 228 140
(XIX)
OTHER OCCUPANCIES:
Storage 3.5 B 1398 157
50
Shops 0.95 B 2662 37
Offices 15.0 622 15
o2
Hotels etc 5.4 B 973 27
Hospitals 5.0 926 >
820
Pubs, restaurants etc 7.6 B 2908 23
74
Schools etc 2.8 B 906 L2
17




THHLE 4 THE ESTIMATED AVFERAGE AREA OF FIRE DAMAQE IF SPRINKILRS ARE INSTALLED

EPRINKLERS ROT

SPRINKLERS FATLED

BPRINKLERS OPFRATED

SPRINK[}RS

ACTIVATED SATISFACTORILY “COULD NOT COPE"
OCCUPANCY (SIC ORDER)
Propn. | Av.damage(m?) Propn. Av.damsge(s?) | Propnm. Av.damage(=?) | Propa. Av.domage(a? )
INDUSTRIAL BUILDINGS:
ALl industry .57 5 o22x. 43 [ s23p® | Lo56x.43 % 022x,43 B/3
«6.63
Food, drink &k tobacco .69 3 .022%.34 8.78 B "¢ «968x, 31 2 .0%0x. 31 /3
(111) 6.7
Cl(-en)!icale & allied .60 2 022x.40 | 29.5 B2 | [gkax.bo 9 032240 3
v -3.0
Mechanical engineoring A2 1 022x.58 | 0.29 57 | ,968x.58 1 .010%.58 B3
(VII) 0,72
Electrical engineoring 47 1 .022x.53 [ .9 B-Y +968x.53 | 3.5 .01x.53 B/3
(1X) -0,89
Vehicles (XI) .87 1 022x.13 | 6.2 B*® | L966x.13 9 L01x. 13 3
6.7
Ketal roods not else- b2 1 .022x.58 | 1.0 B2 .968x.58 6 .01x.58 B/3
wvhore specified (XII) -0.72
Textiles (XIII) .53 7 022247 | 5.5 B°® | L960x.47 25 .018x.47 33
7.9 .
Timber, furaiture (XIVII) 50 2 022360 | s0.3 B*¥ .963x.60 % .01x.60 B3
-1.3
Paper, printing & 40 1 .022x.60 | 11,2 B*® .956x.60 15 .019x.60 B/3
publishing (XVIII) =0.7
Other manufacturing .70 4 .0222.%0 | 29.0 B*® .915x.30 30 .065x,30 B3
{x1X) -9.3
OTHER OCCUPANCIES
Storage 2h 2 220,76 | 4.6 BR[| L92Bx.76 1% 05x.76 B3
-0.63 .
Shops .55 1 022w 45 [ 2,11 B°° | .958x.45 1 02,45 />
-1.2
Officea ( ) ( M 27.5 ( ) ( )
( )« ) | )| )
Hotels etc ( ) ( y 0.6 BT ( ) { )
( ) ( ) -1.9 ( ) ( )
( ) { ) . 1¢ ) ( )
Hompitals eatc ( ) ( ) 7.9 { ) ( )
( .h9 2 ) (.022x.51) 2o | L973x.51 2 ) Coosx.51 B5 )
Puba, reataurants ste ( ) ( )| .9 B ( ) ( )
( ) ( } =19 ( ) ( )
( ) ( ) { ) { )
Schools ete ( ) ( ) 55 BN ( ) ( )
( ) ( ) -1.9 ( ) ( )
78
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TABLE S5 THE ESTIMATED REDUCTION IN FIRE DAMAGE IF SPRINKLERS ARE INSTALLED

Occupancy

Average fire eize in 1500 m?

Reduction in
damage due
to sprinklers

All industry

Food, drink and
tobacco

Chemicals and
allied

Mech eng
Elec eng
Vehicles
Metal goods
Textiles
Timber
Paper

Other mnfr

OTHER OCCUPANCIES

Storage

Shops

Offices
Hotels ete
Hospitals ete
Pubs ete
Schools

building. (m2)
Without sprinklers With sprinklers

60 16
73 6
28 12
bl 5
64 6
56 Iy
34 7
45 20
112 14
93 17
140 2
157 23
37 6
15 3
27 3
5 3
33 3
L2 3

73%
92%

57%

88%
91%
93%
79%
56%
87%
82%
83%

85%
8L%

8%

91%
93%

19



TABLE 6 AITERNATIVE ASSUMPTIONS WHICH MIGHT BE USED IN ESTIMATING THE
VALUE OF SPRINKLERS IN INDUSTRIAL BUILDINGS

Effect of alternative

Cost = £2,000 + 2.B

Ttem Assumption used in Alternative assumption on
the analysis Asgpumption estimated value of
sprinklers
1. Potential sirze Equal to the average | Fires in sprinklered | Better walue
of fires in size in non- buildings are,
buildings sprinklered buildings| potentially, 20%
actually larger than fires
sprinklered. in non-sprinklered
buildings
2. Sprinkler 2.2% 1,5% Better value
failure rate
3, Probability of 2.2% 1.5% Better wvalue
sprinklers
allowing fire
to get "out
of control"
k. Average size B/3 n? B/S m? Better value
of "out of
contrel” fire
. 2 2
5. Average mize 18 =n 15 m Better wvalue
of fire when
sprinklers
operate
satisfactorily
€. TFire losses Equal to fire losses | 20% greater than Worse wvalue
in in non-sprinklered in non-sprinklered
sprinklered fires fires
fires (= £140/m2 ) (= £168/df )
7. Cost of Pumps not required Additional water VWorse value
sprinkler in ordinary hazard supplies and pumps
system system required
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TABLE 7 THE ASSUMED PARAMETER VALUES FOR THE CALCULATION OF THE

VALUE OF SPRINKLERS IN DIFFERENT TYPES OF STORAGE

Estimated value

Assumed parameter values

Item for all storage
buildings Iow hazard | Intermediate | High Hazard
Probability of a fire o .5 y: .5
per year 0.00067 B 0.00067 B 0.00067 B 0.00067 B
Average fire size .52 o 52 .52 .52
without sprinklers 3.5 B 2.0 B 3.5 B 7.0 B
Probability of
sprinklers not 0.24 0.24 0.24 0.24
activating
Probability of
eprinkler failure 0.022 0.022 0.022 0.022
Probability of "out
of control" fire -05 02 .05 .07
Average fire size
when sprinklers:
do not operate 2 2 2 2
operate successfully 16 12 16 20
"cannot cope" B/3 B/4 B/3 B/2
Direct loss per
unit area of fire 120 115 115 180
damage (high piled
storage)
Cost of sprinkler 2000 + 2.B 2000 + 2.B 2000 + 2.67B
system
(ordinary (ordinary (extra high
hazard) hazard) hazard)
14000 + 2.94B
(extra high
hazard,
with
additional
water
supplies)
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TABLE 8 THE ESTIMATED FIRE DAMAGE IF ONLY THE MINIMUM LEVEL OF FIRE PROTECTION IS
PROVIDED - ANALYSED ACCORDING TO THE LOCATION OF THE NEAREST PERSON,

. Peopl
People in room People in building igoguh:ﬁs
Average Average Average
Occupancy fire |Proportion | fire [Proportion| fire [Proportion
po
sige of fires aisq | of fires pige of fires
Storege 2.8 2|  20% 2,8 B*2 | 15% 3.9 B°2 | 65%
Shops 0.7 B2°| 20% 0.7 B°P | 2% 1.2 P | 55
Offices 10 20% 10 50% 28 30%
Hotels b7 22| 0% 3.6 B°2 | 6o 18. 322 | 0%
Fospitals 5.0 bs% 5.0 5% 6.0 10%
Pubs, restaurents | 3.0 B°2°|  30% 5.0 B*%° | 30% 13.0 B*%° | uo¥
etc
Schools 2.2 87| o0 2.5 B° %7 | =g 3.2 807 | s0%
82
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TABIE 9 THE ESTIMATED REDUCTIONR IN FIRE DAMAGE DUE O DETECTORS ~

YPEOPLE IN BUILDING" FIRES

Reduction in fire damage

-

Ob SiihEE Causes of
Ry larger fires With direct line alarm With local alarm
Estimated from| Estimated |Estimated From | Estimated
K433/SAF2 in survey KL433/SAF? in survey

Industry Process fires -(65%-85%) -95% -(65%-85%) -95%
Smokers materials
Space heaters
¥Wire and cable
Welding
Malicious

Storage Smokers materials - (70%-85%) small -(70%-85%) small
Space heaters sample sample
Malicious
Wire and cable
Welding

Shops Smokers materials ~-(90%-95%) -93% ~(90%-95%) -93%
Wire and cable
Space heaters
Appliances (ircluding
lighting)

Offices Misc. appliances -(80%-95%) small - small
Wire and cable sample sample
Space heaters

Hotels Wire and cable -(80%-90%) small - small
Cockers sample asmple
Space heaters
Smokers materials

Pubs and Malicious fires - (65%-80%) small - soall

restaurants| Space heaters sample sample
Smokers materials

Schools Cookers -(70%-85%) small - small
Melicious fires sample sample
Smokers materials
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TABLE 10 THE ESTIMATED REDUCTION IN FIRE DAMAGE DUE TO DETECTORS - "PEOPLE NOT IN
BUTLDING" FIRES
Reduction in fire damage
With direct line alarm With local alarm
Begupancy Causes of
larger fires Pstimated from | Estimated | Estimated from | Estimated
Kb433/sAF2 in survey K433/8AF2 in survey
Industry Malicious fires =(65%=85%) -73% -(55%-75%) =63%
Process fires
Space heaters
Smokers materials
Welding
Wire and cable
Storage Malicious fires - (70%-85%) -83% ~(50%-60%) -60%
Smokers materials
Space heaters
Wire and cable
Shops Malicious fires ~(70%-85%) -80% -(25%-30%) -30%
Smokers materials
Appliances (including
lighting)
Wire and cable
Space heaters
Offices Malicious fires - (50%-70%) small not estimated asmall
Smokers materials sample sample
Wire and cable
Hotels Misc. appliances - (70%-90%) amall not estimated small
Melicious fires sample sample
Space heaters
Pubs and Malicious fires -(70%-85%) small not estimated emall
restaurants Smokers materials sample sample
Wire and cable
Schools Malicious fires -(60%-80%) small not estimated small
Space heaters sample sample
Smokers materials
84
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TABLE 11 THE ESTIMATED REDUCTION IN FIRE DAMAGE DUE TO DETECTORS - ALL FIRES

Reduction in fire damage

p 0 Survey With direct line alarm With local alarm
CERPRRSY sample size
Estimated from | Estimated | Estimated from | Estimated
' K423 /SAF2 in Survey K423 /SAF2 in Survey
' Industry 210 -(4O5=55%) -55% ~(35%-50%) =50%
| storage 30 ~ (60%-70%) -80% - (45%-55%) ~60%
' Shops 50 ~(65%-75%) -85% -(35%-40%) =4xs
Offices 17 -(55%-70%) -45% not estimated -40%
‘i Hotels 12 -(55%-65%) -85% not estimated -85%
Pubs, restaurants 36 - (60%-75%) -55% not estimated -40%
! Schools 26 -(55%-70%) -90% not estimated -85%
.
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FIGURE 1. THE ESTIMATION OF FIRE DAMAGE WITH AND WITBHOUT
SPRINKLER PROTECTION

DAMAGE WITH MINIMUM DAMAGE WITH
PROTECTION ONLY SPRINKLER PROTECTION
g ' T T
FIRES IN 1 b .
UNSPRINKLERED ACTUAL . ASSUMED
BUILDINGS DAMAGE ' DAMAGE |
. | - - {
. T o 1
REPORTED 2 , 5 '
FIRES IN ’ ASSIMED | g aoTuAL |
SPRINKLERED : DAMAGE | | DAMAGE
BUILDINGS i . .
— - - T T -
UNREPORTED FIRES 3 6
IN WHICH SPRINKLERS : ASSUMED L( | ) ACTUAL
OPERATE . DAMAGE | f
|

Damage with minimum protection only = 1+ 2 + 3

Damage with sprinkler protection = h+e5+6
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Figure 3
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Figure 4 THE VALUE OF SPRINKLERS IN DIFFERENT SECTORS OF INDUSTRY
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Figure 5 THE ESTIMATED VALUE OF SPRINKLERS
IN DIFFERENT TYPES OF STORAGE
9000
8000 High risk storage
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Figure & THE VALUE OF DIRECT LINE DETECTORS IN
DIFFERENT OCCUPANCIES
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APPENDIX A CHANGES IN THE PATTERN OF FIRES 1970-76

In this study the data used relates to different years. It has been
assumed that as the characteristics of fires has not changed much over
recent years, the data from separate years can be combined.

Table A1 shows some of the characteristics of fires, as given in the
published fire statistics for the period 1970-76. Although there has
been a change in the number of fires, the characteristics of the fires

do not appear to have changed, at least within the limits of the accuracy
of the calculations in the study.
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TABLE A1,

TEE PATTERN OF FIRES OVER THE YEARS

1970

1971

1972

1973

1974

1976

Number of fires

- Total
= Industrial
= Shops

Average fire loss
(at constant 1976
prices)

= Industrial
= Transport and
distributive trades

Method of extinction

- Proportion of fires
extinguished with
hosereels only

- Proportion of fires
extinguished using
main jets

Spread of fire **

~ Proportion of fires
confined to room of
origin and involving
contents only

- Proportion of fires
confined to room of
origin, involving
structure

~ Proportion of fires
spread beyond build-
ing

90412
12277
k556

£8800
£5300

b2.o%

17.0%

25.8%

26.1%

3.3%

89310
11022
4225

£10700
£ 7100

b1.0%

16.9%

28.2%

25.8%

2.8%

100081
11241

LEh1

£35050
£5200

b1,6%

16.9%

36.5%

13.5%

2.4%

105328
12322
k536

£1130
£6600

4a.7%

16.8%

35.9%

13.2%

2.6%

101522
11384
4322

£9090

4o.6%

16.4%

2.b%

95795
10042

3952

16.7%

3.,1%

* Detailed fire statistics were not published for 1975.

1972 and again in 1974,
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APPENDIX B. AN EXAMPLE OF THE DATA COLLECTED IN TEE SPECIAL FIRE SURVEY

The fire survey form shows the degree of detail recorded in the aspecial fire
survey. This form also shows the assessment (page 3) of the effect of

different fire protection measures, and illustrates the reasoning behind
these estimates.

The fire brigade K433 fire report for the same fire is also included here.
The data from the larger sample of K433 fimreports was used in generalising
and validating the detailed survey results.
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BECAJSE OF DOORS/HATCHES OPEN, ETC
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ACTUAL DAMAGT(5) CONTLNTS BTRUCTURE
FIRE ~ 1000 =" ~ 780 wm
REAT IS00 m* -
BHOKE 4 -
WATER 1000 m" -
ASSMED DAYAGE {FIRZ OMLY)
F.P. PACKAOF AREA REASOKS
MEANS OF BESCAPE WITH
(&) 3 : 20 FIRE = ) )

CRECK DOCR, 1000 m™ AdBal. s\ruahon
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. MANUAL ALARM
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- -

(C} 48 (B) PLUS
DIRECT LINE OR AFA £ 1en —_— e
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REPORT OF FIRE No. K433 (7th Revision—3rd Impression)

Part 1

X *Fire Brigade/Fire service

Date and Day of Call . X .
Additional particulars to follow on form K434.%

Division, etc.

Call No.
* No additional part.lcuhr: to follow.®
Sation ... ... »

For Counties (E. & W ) only—-Coumy District (l.e., Non County Borough, U.D.C. or R.D.C)
For Scotfand and N. Ireland—Administrative Area In which Fire occurred

Part I1—Call

1. Address of Fire ... X

4. Method of Calling: (a) W.F.B,

(b) F.B..

5. Discovered by ... M“\h

6. Weather ... ’DF}_*,G'\A d-lh.l'

7. Roadcondition. _. . .. Py

8. Wind : B YANC

9. Time of Discovery B0
10. Time to Call o W.FB.. ... .. —_—

11. Time of Arrival of W.F.B.

12. TimeofCalltoF.B. ...
13. Time of Arrival of F.B.
14. Time under control ... . !

150

Part I1l—Particulars of Fire

Where fire spread B0 it e AR5 (a) Date o s s s
_________________ Wrele 15" Plooe (b) Time . J2R6 3 _
......................................................... 16. Risk Category .~ .. B . ..
1. SUPPOSED CAUSE:
dwscamed Sm\wl wadmalt \3@3 ________ Popw N J\'-rngﬂ. e

2. PARTICULARS OF PROPERTY INVOLVED: Type No.

DESCRIPTION:
By

_AS hodedn) by P@pe;r and.. ﬂ‘"‘h}ﬂ% 1 o o

Approximate date of buflding construction or
manufacture 190

I s brck walla 3 JE¥ ‘lr,“},.u- Q"D\J-‘“\A‘b"(hnccdl hc&\
Pﬂ’c...-s.!ah- c?mt am pmt crr «,Fmi?;am )‘0“’ “’3

aPpr-ac, 170" x Qo'

4. EXTENT OF FIRE
(i) Fires in Buildings.

roomoforigin . ... ... ..
CONFINED TO [ﬂoor oforigin ...

bullding of origin

roof or roof space

(li) Fires other than those in buildings.

CONFINED to hazard in which fire started

5. DESCRIPTION OF DAMAGE:

adjoining buildings . __ ... .
EXTENDED TO < tseparate bulldings ... __
other hazards ...  __._ .

EXTENDED TO ftbuildings

other hazards

.%mwl ) = N ST =g — NG o .
6. DEVELOPMENT OF FIRE: Assisted by combustible floor, wall, ceiling, roof lining®
7. SPRINKLERS:
0] : d { Yo pidii (1) Falled to operate because ..
*Not installed arsestion 5 et my s 3 G wmes we s
(i) Operated, .. . ... . Wendebeinglactuatedand—{a)—2Controtted—firer—(b)=Extinguished—fire.
(c) *Bid-not-econteolfire because ... ... .. . SRR SRl s w

*Delete as necessary.



8. FIRE PROTECTION APPLIANCES OR DEVICES OTHER THAN SPRINKLERS OR PORTABLE HAND OPERATED

APPLIANCES:

9. METHOD OF EXTINGUISHING THE FIRE:
(1) If tackied before the arrival of F.B. give detalls (including methods used by Works Fire Brigade):

(i) Method used by F.8.:

e
Name(s) Sex | (years) Method of rescue or escape Person effecting rescue
Age If injuries prove
tName(s) Sex | (years) Address{es) Nature of injury fatal, cause of death

>E-Other than those requlrlng Flrst Ald treatment only  tFor F.B. personnel add (F B) after hame

Part Vi—-Attendance

Part Vil—-Remarks I

1. F.B. APPLIANCES:

{Give Fire Brigade {name sultably abbreviated), Division {if agplicable.) and Station {number or name suitably abbreviated)

from which the appliances attended, followed by the total num
appliances are not to be Included.)

P.E.. WRT s e e S sy e
T T I
................................................... T/L. (Mech.) L

....... T/L. (60 H/O.)

er of appliances In brackets, e.g., “L.C.C. B. 26 (2)." Relief

3. FB. PERSONNEL above rank of Station Officert ll:tendlr:?1 before receipt of “stop™ message (staﬁ' visiting and relief

officers need not be shown). tNote—When the officer in ¢
should be entered,

arge of the fire Is of Station Officer rank, or below, his name

Designation of Station or Headquarters to which
attached Rank Name

4. TOTAL NO. OF PERSONNEL ATTENDING: (s)Whole-time:— ) Parttime—

Signature

Officer in charge of Station
Date

04244 Do 15056 1M 4/74 GF '









