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SUMMARY

The previous two reports in this,series1’2 gave details of the general
scope of the pilot exeréise.and methods by which it was carried out. In
-addition the nature of the iﬁformation obtained was illustrated by preliminary
analyses of the'house'and.industrial fires surveyed. Some brief comments on
the-use of the information were made.
‘This repoft indicates .a method of assessing the nation wide effects of
applying conclusions drawn frdm.the_resul%s of limited numbers of surveys and

considers the use of the information for specific purposes.
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THE SURVEY OF FIRES IN BUILDINGS - THIRD REPORT
THE USE OF INFORMATION OBTAINED FROM FIRE SURVEYS

by
.  A. Silcock ,

1. Introduction

1,2 expounded the principles

The first two reports in this series
of fire surveying and illustrated the nature of the information
obtained By preliminary analyses of the house and industrisl fires
_surveyed during the pilot exercise;: Further analyses of fires surveyed
in other purpose groups will be.issded. In_the meantime suffieienf has
been accpmﬁlished to permit the following review of the role of fire.
surveys in fire research, the reievance of limited numbers of surveys

- to flre problems on the national scale and of the practical appllcatlon
and use of the information obtained for specific purposes.

2. gpe role of fire surveys in fire research

- The reports issued so far have- demonstrated that surveys at the

fire ground can prov1de. ) . )

(1) a data=-bank of technical information in which each fire is -
considered in the context of its environment and, ' h .

(2) ;-detalled 1nformat10n and assessments of behaviour for the study of -
almost any specific fire subject.
The data-bank on its own will have a dlrect appllcatlon to many
general research purposes but in add1t1on it-will form the-
essential bsckground for more specific studies}_.For'example, )
there may be little point in a detailed study of structural. damage
unless that study can be Telated to data-bank information regérding"
the nature and circumstances of fires in whiéh structural damage
4occurs and ~ perhaps equally important.- does not occur. Thus -
there are two primary methods of complllng 1nformat10n from actual
fires - by the fire brigade standard K433 report form-of all fires -
notified eand by detailed surveys at the fire ground by Fire
Research Station staff. The two methods are complimenfary and
their separate roles should not be confused. The former provides
simple basic facts about distribution and the general nature of

fires and the buildings in which they occur; the 1atter can provide. .
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detailed technical information and assessments of behaviour of
both fires and buildings for & representative sample or

selected number of fires in any chosen group.

The relevance of information obtained

Supveys of the nature contemplated require a works group/scientist
team working in close coll@boration with the fire brigade officer
concerned with the particular fire. Before completing reports the
'back-up' resources of the Research Station are necessary and close

lisison maintained with thé Building Regulations Division and other

,interesfed bodies. Variations in the composition and size of the

surveying team are possible to suit speciric needs and types of fire but
it is cleéar that only a small brOporticn of all fires could be surveyed
by such means. Thus the results from a relatively small number of
surveys must be related to the natlonal scale. One method by which this
may be achleved is by con81der1ng all available statistical information
in conjunction with the broad sub-groups into which buildings can be
formed. Thus: . '

Statistical information - Apart from K433 statistics, information

of a statistical nature can be obtained from such sources as:
D.0.E. o o '
H.M. Factory Inspectorate. . . -
Home Office. . |
Local Authorities.
Department for Trade and Industry.
Trade Associations.
Market Research Organlsatlons..
) Unlver31t1es.
The list is not exhaustive. Such bodies may not necessarily have
all the 1nformation requlred in a prec1se statistical form and some
deductlons and interpretations may -be necessary.
Building sub-groups = All buildings vary in some details but

broad groups can be formed within which fire hazards and general
firevproblems'will be similar. These groups are:

(a) Purpose group and sub-group (specific use).

(b) plan type including number of floors and height considerations.

(¢) form of construction



" Further sub-division may be necessary for specific purpéses.
Major differences in use and fire hazard which obviously oceur
LT in buildings within a group are largely-identifiable from -
exié%ing knowledge or sfatistics. In many cases the diffefencés
- relate to specific trades, industries or to customs associated
with particular geographical locations. Allowances.can be made
for such factors when designing a ‘survey programme. S
* With the aid of the fbregqing:information it fbllows that '
. . the essential preliminary steps to thé design of a survey
programme for a specific purpose will be to assess:-
v -2.._(1) The relative size and importance of the,broblem considered'-
| at the national level.- ‘
(2) The nature, location and extent of survéys considered
likely to provide sufficient evidence from which conclusions
‘might be drawn. ‘ '
And, on completlon of the survey programme and analy31s of the
results: LD A
(3) The national effect of implementing any proposed

recommendations.

4. The retrieval of information obtained from.surveys

The basis of a fire survey information retrieval system is thaf:
(1) there should be an individual report for each fire. .
(2) each report should contain a self-coding form comprising certain
basic information'bbtained from all fires surveyéd -and brovision
for incorporatlng addltlonal specific information associated w1th

a partlcular programme. To.

(3) the 1nformat10n on the coded report form should be transferred o
a punch—card 1ndex and. to magnetlc tape. - .
A system on the above basis will- enable the preparatlon of‘analy51s
sheets and tables for specific purposes. The individual report files
_permit the study in depth of a:particular subject by works group or
.s8cientific staff who can refer to a series of files of fires related
to the subject in question. Some of the p0531b111t1es have been

demonstrated in previous reports 142, 3

[




5. The use of the information for speciric purposes
The main purposes for which survey information can be used are
as follows:- :

- (1) The cost/effectiveness of fire protection measures.

(2) The verification and practical application of the results of
scientific research proérammes. | ' )

(3) The evaluation of the effectiveness of means of escape provisions.

(4) The evaluation of the effectiveness of Building Regulatlons.

(5) The construction of mathematical- models of fires.

1,2, gave brief discussions of some application of the

Former reports
results as indicated by the ‘analyses of houSe ‘and industrial fires.

In the following paragraphs the above asnects are considered in detall.

51 The cos;/effectiveness of flrggprotectlon measures

Little information is available to permit 'in depth' studies
of cost/effectiveness of fire protection measures. However, in
current research programmes the Station has carried out
statistical exercises to establish: .

(1) the probability of. large_fire lo§s}for various trades and

industries and, o ‘ o .
(2) the main factors influencing large losses such as size of

compartment, type:of construction, failure to provide

detectors and so forth. _

' This work is based upon K433 statistics and other statistical
information available from various»trades, official and sémi-
official sources. Such exercises day ultimately determine the
general manner ip-which'iosses in a particular trade or -industry
might be reduced by indicétihg features which are associatéd with
its large fires. However, the method is limited by the-igfbrﬁation
available to it: it does not follow that the identification of an
important feature affecting loss means it is possible to state
-precisely why the feature is important or what remedial measures
are required. Statistics alone may show a national trend dut will
not solve cost/effectlveness problems at the national or. individual
firm level. If, for example, a certain fofm of construction ﬁroved

to be a factor in the large fires of & particular trade the




questions then posed would be - Why is this so and what are the feesibieM“”“vj

remedies? The form of construction might be totally unsuited
to the use of the building but it may be that faults only occur
if certain details of construction are unsuitable or fhe standard
of workmanship or fire resistance is insufficient. Any proposed
recommendation to deal-with the problem must consider: |
(i) Is a modified form of the construction still suitable for
future building projects in that particular trade? If, so,
what should the modifications be? |
(ii) what steps should be taken to protect existing properties
: so constructed which must contlnue in use for some years° ‘
(iii)  What are the cost benefits to the nation and to the
individual firm of any proposed solutions under either (1)
or (ii)®?
As a further example - statistical analysis of K433 information
related to a particular trade may indicate the optimum size for a
'compertment' to reduce large financial fire losses in that trade. However,
the terms 'room of origin' and 'extent of fire' upon which the analysis
would be based are ill—defined. Thus before imblementation of the—optimum '
size rec0mmendat10n on an economic basis at the 1nd1v1dual firm level the
following steps will be required: : - —. ) ' : - B
(1) the definition.of the nature of the rooms, environment or dompariments.
in tybicai'buildings associated with the trade and, having simplified
the meaning, ,
(2) consideration of economic methods of reducing existing overlarge
areas to the optimum size bearing in mind the reasons for fire spread
in that type of building and trade and the standards of fire resistance
which surveys have shown to be adequate for proposed constructlon to
reduce the overlarge areas.- ) -l
(3) consideration of what other economlc measures are llkely to reduce )
‘fire spread in particular typee of bulldlng used 1n~the trade or
industry concerned if (2) does not provide a practical solutions
tIn_both the above quoted examples statistical analysis may provide
the Qriginal diagnosis regarding what appear to be major cost-factors: ‘the
task for a survey programme would be to elucidate the problem, answer the
type of question posed above and provide information upon which economically
viable solutions can be based. The reasons why fires become large (end
therefore costly) are unlikely to be due to some new and as yet undiscovered

factors but a question of assessing for particular trades and circumstances

-




the relative importance of already well known and often some&hat mundane
factors which can assist spread and the relationship.these bear to the
fuel disposition in the fire environment. Preliminary assessments of

some of the factors are shown in Tables 18, 19, 30 and 31 of TR Note 948.
The manner in which these assessments can be further refined by scientific
means is demonstrated by TheobaldB. .

The 'effectiveness' of fire protection may be assessed'on the lines
indicated but- the 'cost' element still remains. Little information is
available regarding details of fire loss in individual fires and the
resources of the survey group did not permit pursuit of this aspect during
the pilot exercise. Nevertheless the individual report files of each fire
aﬂd some éo—operation from the firms concerned in the losses offer scope
for very comprehensive assessments of cost and the influencing factors. Thus,
by a combination of statistical data, fire survéy information and costing
details the relevant factorspwould be available for exercises in fhe cost
éffectiveness'of fire protection methods. The benefits to the nétion and
‘to the individual firm could both be shown. '

52 The verification ahd practical application of the results of -

scientific research programme -

The two main aspects of research into building fires afe:
(1)- Laboratory experimental fire programmes. -
(2) statistical analysis of all fires based mainly upon information
~ obtained by the fire brigade K433 report form. )
. Both these aspects are hampered by lack of knowledge of the precise
. conditions appertaining in actual fires which survey programmes could
remedy. This can be demonstrated as follows:" |

“(1) Laboratory experimental prqgrammes - In ahy research.programmeb

the bfobIEm posed must be first defined and a series of experiments

: plénne@ which are calcuiate& to take éccount of as many as possible
-of the known factors - or at least those considered to be most

" important. However, due to a scarcity of information regarding

. both actﬁal fires and buildingé the facts required to define the
problem are not aiwajs fully appreciated - nor are the conditions
uﬁder.wﬁich actual fires occur. Furfhérmore, there are practical
limitations to the amount of experimentation which can be under- -,
taken. Thus survey information may be required to assist the
initial assessment of the nature of the problem; and following the
experimentaivpfogramme‘the effectiveness of any‘measures

.recommended can be assessed by surveying fires in buildings where




the recommendations have been implemented. . The recent work
on pressurization of escape routes and the current work on
smoke movement in buildings are two cases where co-operation
between research and fire survey activity is desirable.

An example of the correlation of laborztory experimental
results 'with information from actual fires ‘is given by
T'neobéld3 who compared the burning rates of some experimental
fires in compartmenﬁé using wood cribs as fuel with the
assessed burning rates achieved in acfual fires in'single
storey buildings: in addition he considere& the part played by
‘various forms of roof cladding in venting or failing to vent
" the fires and the general effects these had upon ultimate fire
size'’. A further note under preparation compares fire spread
-in laboratory experimental fifes with the experience of actual

fires.

(2) sStatistical analysis of fires - Research by statistical analysis
of fires is based upon the K433 form which gives some Sasic facts
regardiqg firés and the buildings concerned. Hoﬁever, apart from
some generalisations in Sections 6 and 7, the form does not give
asséssments of fire and building behaviour. Lack of such asséss-

* meénts seriously hampers the present scope of statistical research
as the following‘tﬁo exampleé demongtrate: ) .

Melinek, Baldwin and.Thomas¢ conclude that the probability
of a fire becoming large .increases rapidly with the probability of
spreéd beyond the room of origin and that small reductions in the
chance of spread beyond the room of origin could result in
félativelj large reductions in fhe chance of a large fire.
Théy-fﬁrther conclude that @he chance of spread can be reduced

.'bj providing more adequate walls and floors separating -
“-compartments, by.protecting the compartments with sprinklers or
othéf'devices which will ensure early detection or control'.
‘Statistical information is not available - or iikely to be
available - to enaBle:the authors to_take the suggested remedies
muéh béybnd‘these general terms to the‘point of practical

. application. No doubt a provision or a general increase in
standards of the factors mentioned might reduce some spread from.
the rooms of origin but the expense incurred is unlikely to be
prOpoftional to any savings in fire losses. A better approach

would be to assess by surveys the relative importance of the factors




which assist, retard or prevent spread or further épreéd for
specific types of buildihgs and circumgtancés and élarify the
meaning of the term 'room of origin' in any particular context.
A more gpecific enlérgement of the above argumeﬁt can be
indicated by reference to an examination of the statistics of
- - fire damage to buildings by Baldwin and Allen?. They note that
o » ‘the failure of a door is not reported by brigades and comments
that 'since this is likely to be an important factor .in the .
spread of fire, allowing fire to pass through a fire resistiné
construction, this is a serious oqiséion}. AA number of '
observations are pertinent. If the failuré of a door was noted
on the K433‘form some ambiguity could arise since the relation-
ship between fire spread and a door iﬁvolves the following
questions: .
(1) where was the door in relation to the fire?
(2) what was the construction of the door and frame éssembiy‘
.and the nature of the 'fit'?
(3) In which direction were the aif currents acting around the
edges of the- doors? 3 '
(4) What was the nature of the fire attack upon the door?
(5) At what stage in the fire did the door fail?
(6) Did such failure, in fact, cause spread to occur or was
Spread due to some less obv1ous reason? . ' '_
(7) Wes the door definitely closed at the time of the fire or
when spread occurred? ) T ' )
(8) Did the door perform better or worse than to be expected?
Survej information and -assessments on the above lines.can establish
the role of a door in fire spread for specific types dﬁ buildinga
‘and circumstances. The relative importance of doors amongst other --
factors which. can cause- fire sprééd»is likely to vary v%ry-much
with the purpose group. Evidence from all the sgrve&a céffied out -
so far confirms tﬂﬁt the importance of the door in house fires is
~ 1ikely to be much greéter than it will prove in industrial_fires-:
(although this is‘not.to say that it ha;gno significancé in the
iattér). It is likely that the form of construction of the
building may also influence the role of the door.
The above arguments indicate the type of information which is
necessary if the scope of statistical analysis of fires is to be
enlarged. Such information 'is unlikely to be obtainable on a

statistical basis and the method by which information from a

-8 =



limited number of surveys can be related to the national scale has
been referred to in Section 3 (page 2).

53 The evaluation of the effectiveness of Building Regulations

The effectiveness of the Building Regulations might be evaluated
by two methods ) '
(1) by comparing fire statistics before and aftér the present
Regulations came- into force. '
(2) by assessing how effective are the present individual provisions
of the Regulations - or certaln combinations of them -
in performing their 1ntended function.
The former building bye-laws were fundamentally different
"..from the present Regulations which supercede them thus direct
comparisons of effectiveness by the .first method are not easy
and could only take the fofm.of general codparisoné between the
. two sysfems. Recent changes in living habits and in the contents
of buildings would be a further complication although some
allowances could be made for these.
The :second method will prove more rewardlng. In the past
- two decades many changes have occurred in both building aesign
" and constructional techniques: as the sophistication of these
changes inc;easeé so does the need to rationalise the regulations.
a requirement of this process is information and assessments from
~actual fires regarding the follow1ng
:(1) The fire hazards due to new de51gn and plannlng concepts.
(ii) "The fire behaviour of new materlals and forms of
. construction and the effect these have on fire sp:ead,
fire severity and sfandards of fire resistance.
(iii) .The effect upon -tire resistance of bad workmanship and
alterations on site to agreed details of modern construction
.upon which the fire re51stance standard depends. B
(iv)" The effect upon fire behaviour due-to changes in the contents
of buildings, new methods of storage and the- effectiveness of
_active and passive measures to prevent fire spread.
(v) © The effectiveness of particular provisions of the Building
Regulations in relation to the above and the general
effectiveness of the fire clauses as a whole to cope with

fire problems in modern buildings.




5.4

The technical assessments and information required can only be

- obtained by means of surveys at the fire ground.

The evaluation of the effectiveness of means of escape provisions.

"It has been shown that means of escape provisions can form the

most expensive single item in fire protection costs to a building6.

* Whether cost should in any way'influence such provisions is beyond

" the scope of this paper. However, where a choice of method of

protecting escape routes is available it is difficult to undertake
cost/effectiveness exercises since there is little evidence from

which comparisohs’of effectiveness cen'be made. The present principles
of means of escape are largely traditional in origin and were designed
to meet the needs of comparatlvely low bulldlngs of simple plan and with
uncomplicated services. lNodern- developments show a trend towards taller,
larger buiidings and building complexes with more hazardous contentse.

Such buildings usually have sophisticated services and air handling

- systems and on this account are pomentially more dangerous firewiee: a

further hazard is.created since most buildings in this category could

not be rapidly evacuated durlng a fire, whezeas from the former bulldlngs
last resource ladder rescue was at least a- p0531b111ty. Thus 'means of
escape' may refer to provisions for .the complete evacuation of the ‘
building or to escape from the immediate fire area only. 'In the latter
case it will® form but one facet of a series of complex provisions for -
life safety which must be thoroughly reliable since the bulldlng must
remain in partial occupatlon during the fire. Nany recommendatlons in
the current codes of practice relatlng to means of escape are not
sclentlflcally proven and their effectiveness is a matter of Oplnlon.

The major problems are concerned w1th the control of smoke movement and

.8 number of Research Statlon programmes are related to smoke and its

control. The physics of smoke movement are comparatively simpile but the

complexity of buildings’is such that a large number ofAféctors in

addition to various human agencies can influence behaviour and smoke

‘patterns: the .effects of these are not clearly appreciated. . The main

_ task for survey activity in support of: the research programmes would

be to make assessments of behaviour related to problems such as those
listed below. In each case the assessment of the influencing factors
will be important.

(1) The extent, speed and direction of smoke spread in bulldlngs.

(2) The resistance of various types of doors to flre and smoke

penetration and the effect of the position of the door relative



6.

to the fire.

(3) The effectiveness of various means of érotecting;and
ventilating vertical and horizontal escape routes.'

(4) Thg effectiveness bf mechanical means of smoke control.

The list is by no means exhaustive and the experience of the

_pilot exercise confirms that much useful information can be obtained

by surveys. The need is highlighted by the new Fire Precautions
Act 1971. This Act empowers the Secretary of State to require fire
certification for premises he ﬁay designate. Already hotels ‘and
boarding houses have been S0 designated and in the future other
classes of buildings may be included.. If a uniform standard of

requirements for life safety is to be maintained new codes of practice

may be required and existing codes will require periodic revision.

Conclusions . ’ S .

6.1 The need to rationalise the presgnt system of fire protection

and the role of fire survey.

Improvements in living standards and working conditions have
brought many changes in the contenté of buildings and in methods
~of storage. Similarly fundamental changes have occurred in the
planning-of buildings,-constructional techﬁiques and gaterials_

-. used.. The latest design process calls for the cohplete _
integration of planning, services and construction at.the initial
sketch plan stage rather than their previous treatment as some- -
what-separate entities. Such basic changes raise many fire
protection problems and the need to rationalise our complefe
sysfem_ofﬂfife protection becomes more urgent as the modernisation

. process brocéeds. hationalisation calls for-the total
integrafion.of the major_fire'protébtion aspecfs of means of -
escape provisions, strﬁﬁtgral fire protectidn as controlled bf the
Building Regulations and active and passivé bfbtection measures.

In addition complete integration should take'into_éccount-cost/

effectiveness. '

The main research effort required to achieve rationalisation
will be in the fields of statistical analysis and experimental
laboratory fire programmes. However, as this paper indicates, a
point is reached when further progress becbmeé either very difficult
or impossible without detailed knowledge of the behaviour of actual

fires and of buildings in fires. This detailed knowledge cannot



be obtained statistically by means of the fire brigade K433
report or any revision thereof since it requires tecinical
information and assessments associated with the iiorks Group
and Scientific disciplines plus close liaison with the fire
brigades and the specialist back-up resources of the xesearch
Station and the other departments and organisations. ‘The
Survey Group has been-formed to both serve and éo-ordinate the
" need and this report has indicated the broad application of the

information it can provide. °

6.2 The results obtained from the.pilot exercise so far

-The pﬁrpdse-qf the pilot exercise was to test the 'field'
and for this purpose building fires in all eight Building
Regulatlons purpose groups were 1ncluded Obviously a limited
exerclse with such a wide scope w111 not nroduce results whlch
have a practical appllcatlon to fire protection problems at thlS
stage. Nevertheless the information obtained forms tne nucleus
of a data bank to which the results of future surveys can be
added. Besides what has beeﬁ indicated in the three FR Notes
1,253 issued so far information-on’the following aspects is

- "accumulating from all the fires surveyed: .

(1) Thé behaviour of modern forms of house qonsfruction in
fires. ) '

(2) The effect upon the fire resistance of modern constructions
due to bad workmanship and the alteration on site of .
éccepted,details.uﬁon which the fire‘resistance stgndard

f.depended.'

(3) Smoke moverent in buildings.

" (4) ‘tThe earl& stages of fires and growth of actual fires.
(5) Factors influencing fire spread and the extent of spread.
" (6) The nature of fireieﬁéironments.'

(7) -The influence of natural air currents upon the fire
and smoke resisting propéfties of timber door assemblies.

(8) The resistance of éctual'structures to fires of varying
.ééverity. ] :

Thé'aﬁoie and other information will form part of the date-~bank for
future programmes and further analyses of the results will be issued as
the work.procéeds.

000-
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