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Summary

Summary

A detailed investigation of most fires occurringtive greater London area has been underway
since 1994. The present study concerns reports3tnfires in non-residential buildings there
between 1994 and 1997. The cause of the fire, genmof discovery, the times to detection,
to arrival of the fire brigade and to extinguishitng fire, the size of fire and the process of
extinguishing it are reported.

The main conclusions drawn were as follows:

» Two-thirds of the fires were reported to be accideand the remaining third to be of
deliberate origin.

» Half of the fires were discovered by someone seeirgmelling smoke.

» The automatic fire alarm failed in one-fifth of thees in which such a system was present.

* No support was obtained for the hypothesis thattithe from ignition to when the fire
brigade intervened is correlated with the fire area

« At half of the fires, the final area of fire spreads equal to the area at discovery, and at
three-quarters of the fires, the final area of Yir@s equal to the area when the fire brigade
arrived.

» Both the water-flow rate for extinguishing a firedathe water application time was found
to be proportional to the square root of the freaaThe total water demand was proportional
to the area of the fire.

» Fires were contained or extinguished by an autanrsgrinkler system in 17 of 21 fires,
where such a system was present. Only 13 fires s@mn&ined by one or two sprinkler
heads, fires where the system was in order, cowubeeéire area and where no flammable
liquids were present.

e The data collected by the London Fire Brigade pdaweebe of great value in understanding
relations between the work of a fire brigade aradttireat due to the fire.

» The present study concerns only a part of the niahigrailable at the London Fire Brigade,
there being more parameters yet in the databdseitovestigated, such as fires in residential
premises or problems concerning the evacuatioregsoc
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Sammanfattning

Sedan 1994 gors en fordjupad brandorsaksutredndhger flesta bréander i London. Denna
studie bygger pa utredningar fran 307 av brandsona intraffat i byggnader utom bostader i
London under perioden 1994-1997. Bland annat redgvbrandorsak, upptéckssatt, tid for
upptéackt, insats, och slackning, brandens storbekstackforlopp.

| rapporten visas att:

En tredjedelar av branderna angavs vara anlagdpit¢k4)

Halften av branderna upptacktes genom att nagonr@aceller kande lukten av rok.
(kapitel 5)

Larmet fungerade inte som avsett vid en femtedeleabrander dar det fanns automatiskt
brandlarm i byggnaden. (kapitel 5)

Nagot samband mellan brandskadans storlek ochstitiat kunde inte hittas i materialet.
Det finns alltsa inga belagg i materialet for attléng insatstid skulle ge en stor skada.
(kapitel 6)

Vid héalften av branderna var brandens slutligalskdika med dess storlek vid upptackten.
Vid tre fjardedelar av branderna blev den totalandskadan lika stor som den var vid
brandkarens framkomst. | dessa fall hade alltsadsridningen begransats redan innan
brandkaren var pa plats, méjligen beroende pa mt@nmangd och fordelning. (kapitel 6)
Vid slackinsatserna véaxer bade det anvanda vaietfloch den effektiva slacktiden (den
tid som vatten sprutas) med roten ur brandytan. &tla vattenbehovet véxer med
brandytans storlek. (kapitel 7)

Branderna slacktes eller begransades av det austaatprinklersystemet i 17 av 21
brander, dar ett sadant fanns installerat. Endadtrander kontrollerades av ett eller tva
utlésta sprinklerhuvuden. Gemensamt for dessa brawar att systemet var inkopplat,
valdimensionerat, samt att inga brannbara vatskomblandade. (kapitel 7)

Den databas som finns vid Londons brandkar visagegs ett vardefullt bidrag till
forstaelsen for hur raddningstjanstens insats avdarandforloppet.

Den aktuella studien innefattar endast en del aenadet i databasen hos Londons brandkar
och det finns fler parametrar som vantar pa atstolilerade, exempelvis rorande brander i
bostéader, utrymning vid brand m.m.
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Chapter 1: Background

1 Background

The present study was carried out for exploringobesibility of using data from real fire
investigations as a basis for developing modelgréalict the outcome of fire-fighting
operations. Parameters of special interest for @xam the relationship between the
threat a fire poses and the capability of the liigade are the development of the fire,
the actions of the fire brigade and the performanitle active and passive fire protection
systems present.

There is a genuine lack of information regardirg fees. In the ambitious program for
the gathering of information on fires which the $gd Rescue Services Board conducts,
quantification is also lacking, the size of a fardy being assessed qualitatively, in terms
of whether the fire was limited to the object iguitfirst, to the room or to the fire
compartment of origin, or whether the fire spreadhfer., Thus, insufficient information
is available from Swedish sources for determinimgdapability of fire brigades.

Some years ago, the Home Office in England senaawdte on improving the work of
the London Fire Brigade. The background to this thagact that the most common cause
of fire listed was that of the cause being "unknbwkor this reason, the London Fire
Brigade has investigated major fires ever sincet199the material collected there, the
parameters whenever possible are quantified. Tidinfys obtained are stored in an
Access database.

The major aim in developing this database has begather information on the causes
of fires. The large amount of information the datsdn contains makes it possible to use
the database for other scientific aims as well. ohdimgly, there are many questions
regarding the performance of fire brigades whicé thaterial from the London Fire
Brigade is able to illuminate. One such questiaiad of how the time that elapses from
ignition to fire brigade intervention affects theesof the area that is damaged. There are
two major reasons for fires in buildings becomiaggk, one being the construction and
contents of the building, and the other the linttag present in the fire brigade’s fire-
fighting operations. Another question is that otevaneeds, or more specifically the water
flow required for extinguishing fires of differesize. Still another question is that of the
performance of different fire safety systems, saglsprinklers and automatic fire alarms.

The present study is concerned primarily with foain phases of a fire:

* The ignition phase or ignition process. The cadsefwe and the question of whether
it was accidental or deliberate are considered. here

* The discovery of the fire, the performance of awdbatire alarms being of particular
interest here.

* Fire growth, which is perhaps the most importargeas of a fire. Problems of
detection, response and extinguishing times arepfiowth rates, are dealt with here.

* The fire-extinguishing process. Problems relatedh® demand for extinguishing
media and for other resources, as well as the pe&ioce of automatic suppression
systems, such as sprinklers, are considered here.
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Chapter 2: The Real Fire Data Base

2 The Real Fire Data Base

At the time when the data analysis for the preseport was carried out, the Real Fire
Database at London Fire Brigade contained basarnmtion on 11405 fires that had
occurred during the period of January 1994 to Ju9@7. 2225 of these had been
investigated by a Fire Investigation Unit. For héiges, extensive material was available
concerning the fire itself, the scene of the finel #he fire-fighting operations. Although

most of the information is available digitally, serof it, such as drawings of the room of
origin are only available in paper format.

There are five Fire Investigation Units in the gezd.ondon area. Each consists of two
fire investigators with access to a specially epatp vehicle. The unit is alarmed
automatically of the occurrence of two types oégir

1. Four-pump fires and higher, i.e. fires to whichrfoumore fire engines are sent to the
scene.

2. "Persons reported” fires, i.e. fires for which,tla¢ time they are discovered, one or
more persons are reported to be inside the buildingiestion.

There are also situations in which the Fire Ingggton Unit is not alarmed automatically,
but in which the Incident Commander shall requbst Unit’s attendance. These are
situations in which any of the following personateld, operational or fire-safety-system
considerations or considerations concerning typg@semises are involved:

Person considerations Fire-safety-system considerations

+ fatalities, * buildings with automatic fire detection or
e serious injuries, fire suppression equipment

» rescues performed « failure of the fire safety system

» large numbers of persons evacuated, ¢ fire safety infringements are noted

Operational considerations Considerations concerning types of premises

« fire doubtful, suspicious or of unknown ¢ premises subjected to Section 20, London
origin Buildings act, 1939.

« of atype or frequency involving a particukar premises holding a Petroleum Licence
pattern « places of public entertainment

« hazardous materials involved e railway premises

« explosimeter employed « blocks of flats of three or more storeys

« water shortage experienced e commercial/industrial premises

« caused by faulty gas/electric appliances « HMOs
« alternative means of lighting, heating or ¢ hotels, hostels and boarding houses
cooking used due to disruption of the powerhospitals

supply « residential care homes
» possibility of the fire re-kindling (re- e children’s homes
ignition) » schools

The data used was retrieved using a number ofrdiffdorms, as shown in Table 1. Not
all the forms are used for all of the fires and @bbf them are included in the database.
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Table 1. The different forms used by the Fire Itigaion Team. Most of the forms are
presented in the figures on the following pages.

Form |Types of fires Figure
FIT/1 |Fire brigade report to the police. -

FIT/2 |Fire investigation unit samples for -
laboratory examination.

FIT/3 |Fire investigation statistical report with 1-4
information of incident details, location of
fire, supposed cause, damage and
attending resources.

FIT/4 | Monthly totals. -

FIT/5 |[Notifiable fire report on fires of specific 5
interest.

FIT/6&7 | Report to coroner. -
FIT/8 |Witnesses for court or tribunal. -
FIT/9 |Inquest report. -

FIT/10 |Fire investigation unit call slip. -

FIT/11 |Summary of fire investigation. 6
FIT/12 |Fire scene details and diagram to show the 7
room/space of origin. Boundaries and
breaches.
FIT/13 |Fire spread analysis. 8
FIT/14 |Smoke spread analysis. 9
FIT/15 |[Initiation and development analysis. -
FIT/16 |Fire suppression analysis. 10-11
FIT/17 |Fire detection analysis. 12
FIT/18 |Fire-fighting facilities analysis. 13
FIT/19 |Occupant egress analysis. 14
FIT/20 |Performance assessment. 15

The data from most of the forms is stored in ane&scdatabase and is included on the
forms shown in Figures 1 - 15. The fires are reedrdsing a unique-incident number,
appearing at the upper right corner on the formsident 999999 is a dummy and is not
included in the statistics). To prevent the idecdifion of specific cases, the forms from
different incidents are shown.
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= Microsoft Access - [Form |5
=| File Edit View Records Window Help

mEEERE R EREEEEEEEEEEREE]
Form FIT 3 Date and Time of call: [IEEIZISNZNZ Incident Nu.L“.E@EI]T

For new record always |To record: 1274/94 12:35
enter Date and Time first |Enter: 1204941235

RED FIELD S ARE MANDATORY THROUGHOUT

-E Use This Combo Box To Select An Ezisting Incident Record

SECTIONI
Fire or Special Service: . Borough: _E Stn's Ground: -E

Address: [N Postcode: [N
1zt Investigators Initials: -E Watch: -E FI Unit: -E
To add a new investigator return Select Watch
to Main Menu and open on which fire which attended
Inveshtigator Update Form occurred the incident

Mo of pumps: - HNo of Room/Spaces involved: -

Mo of rescues: - Mo of injuries: - Mo of fatalities: - Photographs and Yideos

An entry other than zero in any of the three boxes
above should prompt the completion of Form FIT 19

Ak [4F

Did SA attend?: n Were samples taken to SA?: n

Record Havigation Section Navigation
[14] 4 | » [»1]r+] save Record | Show ANl Records | Print stn Report | Exitera | 1 [ n [ m ||
|1I1|Hecord:|1 |0f 11405 T e
Unda most recent change | [ MUK

Figure 1. The first section of four in FIT/3.

= Microsoft Access - [Form |85 |

=| File Edit Yiew Records Window Help
Dl BRI R EEEEED] EeElEEEE RN

Form FIT 3 Date and Time of call: _ Incident Humber: | 19 _

For new record always |To record: 12/4/94 12:35 ‘

Ap (4

enter Date and Time first |Enter: 1204941235

RED FIELDS ARE MANDATORY THROUGHOUT

SECTION I
Property Type Category Select Dccupancy: _E
I B

Property Type: Other Dccupancy: |

D Amend Froperty Tupe Mo of floors incl. basements: -

Mo of basements: -
Main Trade or Buginegs Category Selection:

I |i| Places of Origin:

Main Trade or Buziness in premizes where fire started: J Floors of Origin
— »

D Amend Main Trade or Business

el 11

ildi - HKMO
Buidingls ublEade: Cateqo Select from list or type in any other place of origin.
| gory THIS FIELD IS MANDATORY

Prompt

Record Havigation Section Navigation
[14] « | » [»1]r+] save Record | Show ANl Records | Print stn Report | Exitera | 1 [ n [ m | ]
|1I1|Hecord:|1 |0f 11405 T e
Form “iew | T [MOM [

Figure 2. The second section in FIT/3.
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=| File Edit View Records Window Help S
5 i
L
I:
- 1274794 12:35
enter Date and Time first |Enter: 1204941235
Most likely cause 52 Source of ignition
L e e e [a) Appliances/installation
B ST SR RS 5 RARer BB ticr or other source:
D drmend Applianeesnstallation (81 enty vegavding an appliance in this fleld also requives entries
i the green flelds in Section TITA on the neat screen poge)
EE 2]
Other Source of Ignilion:l
[b] Caused by:
H [b] Powered by [eqg. Gas. Elec_etc] : | lil
Details of Person: Entries marfied w.z'ih * i0 be amplified in
Further Informaton
2] [c] Make of li H
Other Details of person: £ axe 0 app !ance.
Model of appliance:
| S
(c] Defect Act or Dmission: 53 Material or item first ignited Damage to item first ignited [Z): I
s [a) Matenal first ignited (descnption]: |
| [b) Matenal first ignited [composition]: |
D dmend Defect Aot ov Ormission 5.4 Material or item mainly responsihle for development of fire
Other Defect Act or Dmission: [a] Matenal mainly responsible [desc._]: I
I [b] M aterial mainly respongible [comp.]: |
Further Information:
Record Havigation Section Navigation
[14] 4 | » [»1]r+] save Record | Show ANl Records | Print stn Report | Exitera | 1 [ n [ m ||
|1I1|Hecord:|1 |0f 11405 T e
Farm View [ C&P5 [NUM
Figure 3. The third section of four in FIT/3.
=| File Edit Yiew Records Window Help ¥

4, &
Form FIT 3 Date and Time of call: _ Incident Humber: | 19 _

For new record always |To record: 12/4/94 12:35
enter Date and Time first |Enter: 1204941235

SECTION IITA I RED FIELDS AREMANDATORY THROUGHOUT I

Items in thiz section to be completed when the incident involves a gas or electnical apphance [See 5.2 [c]]

Was appliance switched on. on standby or switched off?: E

Was the fire caused by a faulty appliance or usage: E Did the fire spread beyond the appliance: r
Appliance Age [in years. eg 1.5): ] Serial Humber:

Further Appliance information:

SECTIONTV ‘ Times to be entered in

multiples of 0.25 of an hour

Investigation Time: [JIIO0 If additional time is spent on the
5 ) incident after the initial entry it should
Total Travelling Time: - be entered uzing Time Update Form

Available through the Main Menu

Administration Time: -

Date Incident Investigation and

Total Time: | 0.00 Administration Completed: _

Record Havigation Section Navigation
[14] « | » [»1]r+] save Record | Show ANl Records | Print stn Report | Exitera | 1 [ n [ m | ]
|1I1|Hecord:|1 |0f 11405 T e
Select whether the appliance was switched on [ON), onstandby [STEY] or switched off (OFF). | CAPS [MUK

Figure 4. The last section of four in FIT/3.
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Microsoft Access - [Form FIT b Fires d|§§ |B?|%|@

aan|sx]

Slisle] |~

=| File Edit View Records Window Help

Ak [4F

ERBRORS

&

Form FIT 5 Notifiable Fires

Incident No: [ 54 [GEEE E|

Brief Description of Fire: |4 FATAL FIRE OCCURRED AT11.00 HOURS ON A SATURDAY MORMING IMN & SMALL GROUND
P et shoudid mor Y FLOOR CLOTHES SHOP IN THE BUSY STRAND AREA OF LONDON. THE MANAGER, AN ABLE
| idantiy names af I[vouUNG MaN OF 25 YEARS, WHO Was ALOME IN THE SHOP, FOUND HIMSELF TR&PPED IN THE
1 o 8.5 J|BASEMENT WHEN & FIRE OCCURRED IN THE GROUMD FLOOR SALES AND DISPLAY ROOM. AN
1 wﬂﬂmx ar | OPEN (UNPROTECTED) STAIRCASE LED FROM THE SHOP TO THE BASEMEMNT. IM DESPERATION
| companies i thay I.~’-‘«ND EMNCOURAGED BY & CROWD THAT HAD GATHERED OUTSIDE, THE MANAGER RaM THROUGH
may be responsible THE BURMING SHOP TO ESCAPE, SUSTAINING BURMS WHICH SUBSEQUENTLY CAUSED HIS
1 far an affanca and I|DEATH 50ME ELEVEN DAYS LATER. & RAFID SPREAD OF FIRE THROUGH-OUT THE SHOR WwWas
| 2o information 7= N|ENCOURAGED BY MATERIAL BEING HUNG [STAPLED) ON THE wialLS AND CEILLING FOR
| afa especied fo J|DECORATION.
| feave the Bugade |
b e Beport

[ Photographs Available

[ FIT 3A To Follow [ Structural Damage

[ Structural FS Precaution Failure

[ Serious Water Supply Problems

[ FPA Contraventions

" Did SFSOD Attend? If so. provide SFSO Name: |

Save Hecord

||4‘4 |D‘N|>*‘

Exit To Main Menu

Print Notifiable Fire Report

M I 4 |Hecord:|1 |0f 758 | » |H|

Form “iew

Figure 5. FIT/5, report on notifiable fires.

Microsoft Access - [FIT || T2 |28 | B

| C&P5 [NUM

D8] B

= lible] |-

=| File Edit

¥iew Records Window Help

Ap (4

ERRELDEXE|

Form FIT 11

Date/Time last person left: | 04/01/95 22:.00 Actions of last person:

Date/Time of Dizscovery: | 05/01/95 07:59 How discovered:

Date/Time 1st F/f entry: | 05/01/35 08:05

Room of ongin [Selection]):

Actions of first firefighter:

Residential use of rooms Room of origin (Use):

Assembly and social areas

Sportz and Medical areas

Industnal Use

Commercial Use

Building Services rooms

Storage or emply areas

Common areas and other use rooms

oleleleleielele!

Detail: of Extinguizhing Media and Application:

Incident No: [34 am0[z]

/AT CHIMG TELEWISION

Saw/ SMOKE PHONED ERIGADE

EXTINGUISH &ND RESCUE

Smoke laper depth on
dizcovery [metres):

Smoke layer on amval
of FB [metres):

Smoke pattern
depth [metres):

Wwhao Applied the E stinguishing Where Was Estinguizhing What Type of Estinguizhing when was the Far haw long wasz
Media: Applied: Media'waz Applied: Estinguizhing Media the Extinguishing
Applied: Media spplied:
Fire Brigade * * | * 05/01.,/95 08:05 2
M4 [Record]1 [of 1 [
‘N ‘ 4 L d |P* ‘ Sawve Record | Exit To Main Menu ‘ FIT12 ‘
M I 4 |Hecord:|2 |0f 218 | » |H|
Farm View | C&P5 [NUM

Figure 6. FIT/11, summary of the fire investigation
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= Microsoft Access - [FIT 12|55 5|22 |28 B S a5 | Bl =1
=| File Edit View Records Window Help S
ERRBELanE| |
Forms FIT 12 and 12a Incident No: [55 [ 555355 [¢]
Room size [L): 2 Room size [W): 3 Room size [H): 2
Pt of ong [Lo): 1 Pt of ong [wo): 3 Pt of ong [Ho): 0
Radius of error [hor): [ All measurements in metres | Radius of error [vert):
Temperature Indicators |
Indicatar Mo, Description Locator 1| Locator 2 | Locator 2| Temperature [Celziug)
.4
I1|1 |F|ec:0rc:|'| |0f 1 | 3 |H|
| Compartment Boundaries |
Open Roof Label Construction External Thickness [m]| Boundary breached? 'L::'UW !3l||i(|:di:|'!]
Type Prompt E aterl? ode
N[« [Fecord]l [of 1 r[M] List

__ Compartment Openings

Boundary | Opening | Opening | Opening | Opening Locator | Locatar| DoordGlazs | Side One
Label Murnber Type Canst, Style 1 Im) 2 [m] [thicknesslmm): [rn)
il E 1 Hs  Jezlee =]z [zl 100 2.00 # = 1
Side Two | Door | Opening |Time of 1t | Opening | Feaszon for | Time of 2nd | Opening | Reason for
[mn) char [mm]|1st poz [%)|pos change|2nd pos (%]|  change | pos change |3rd pos (%])|  change
2 100 1230 80 CF | * *
M4 ]FRecord]1 [of 2 » [l
NOTE: (A closed opening will be recorded as 100%. If the opening is completely clear it

should be shown as 0%

‘H | 4 ‘ 1 4 r# | Save Record ‘ Exit To Main Menu ‘FIT13 ‘

R [Fecod[2257 [of 2257 M

Farm View | C&P5 [NUM
Figure 7. FIT/12, details of the fire scene.
= Microsoft Access - [FIT || T2 |28 | B

S Blie]

= lible] |-

=| File Edit Yiew Records Window Help

ERRELDEXE|

FO]’m FIT 13 Incident No: [57 133495'3 Multizeated fire: [
1st % Flaming (1): [0 2nd % Flaming [2): [50 3rd ; :
Stoge aming (1): [0 g aming (2): [50° g, %Flaming (3) (o
or or or
% Smouldering (1) [50° % Smouldering [2): [0 % Smouldering (3): [0
Times all entered as follows: Enter: 12/4/94 12:35
Did Hashover occur?: [ Ml VAIRRTZEE If flagzhover occurred at what time:
Did backdraft?: [ If backdraft occurred at what time:
Date/Time preheat Date/Time preheat
Date/Time preheat started: |24/06/97 15:30 start [1st Approx): start [2nd Approx]:
) ) D ate/Time fire D ate/Time fire
Date/Time fire started: |24/06/97 15:38 start [1st Approx): start [2nd Approx):
Date/Time fire discovery Date/Time discovery
Fire discovery date/time: |24/06/97 15:38 [1st Approx): [2nd Approx):
Date/Time Fire Brigade amval: |24/06/97 15:46
Initial make up no Date/Time of intial
Fire Brigade intervention: |24/06/97 15:47 of pumps: make up:

Time fire spread stopped: |24/06/97 15:47
Time flame out: |24/06/97 15:47
Time fire dead: |24/06/97 15:48

Enter Like: G.1.2,B1.B2 etc

Floors involved on discovery: |G

Area when first discovered: I_I— No of Further Floors involyed on amrival of FB: |G
eI oo (R 0 Floors Finally Involved: |G
Area when first F/f amived: | 1 :
Final area of fire spread: | 1 N N
‘ 4 > ‘ bl |He ‘ Save Record ‘ Exit To Main Menu ‘FIT14 ‘
HJ4[Record][2220 [of 2225 I3 ]
Farm View | C&P5 [NUM

Figure 8. FIT/13, fire spread analysis, with fireea and times for different events.
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= Microsoft Access - [FIT B 5k |2 |28 B |<n | a S0 | B | = 50 |l o) | =%
=| File Edit View Records Window Help S

ERRBENE| |

Incident Mo: | 97 26837
Form FIT 14 neldent No: [57 =]
Smoke zpread compartrment Mo:
Smezp Mame of Room\Space of origin: |STUDIEI |
Srndzp Reason far Entry: |Fire withir | * |
Sm/zp Method of venting: |roof
Smisp Minutes to become tenable:
|4|4 |F|ecord:|'| |0f 3 | b |H|
‘N | 4 ‘ > ‘ »l ‘H& ‘ Save Record ‘ Exit To Main Menu FIT 16 ‘
Iili |Hecord:|105 |0f 121 |) |H|
Brief dezcription of reazon for smoke entry. CAPS |MUKM

Figure 9. FIT/14, analysis of the smoke spread.

= Microsoft Access - [Form: Fo‘|§§ |W|%|@ @@|“|@'| |ﬁ @’l |' >
=| File Edit View Records Window Help S
ERRBELaNE| |
Form FIT 16 Incident No: [87 [ 1i5%7[2]
FIXED INSTALLATIONS
Fixed Installation type: |Sprinkler E‘
Did 1ated alarm actuate: [~ Did System Dperate: X Number of heads actuated: |1
Fized Installation effectiveness: |Contain |E| If system failed give reason : |na
Use of Protected Area [Selection]: Room of ongin [Use]:
3 Residential use of rooms |Eanteen or restaurant Year fitted:
» Assembly and social areas
» Sports and Medical areas
> Industrial Use
> Commercial Use
% Building Services rooms
O Storage or emply areas
¢+ Common areas and other uze rooms
Installation installed throughout building: X Are Zone Or Floor Yalves Fitted: [
Were zone valves accessible and operational: [ If not, why not: |
Were crews aware of availibility: [ Did crews operate zone valves: [

When wasz the system reinstated:

4|4 | »|M |r+]| Save Record | Exit To Main Menu | Part1 | Part2 | FIT 16A

][4 [Recod[46 [of 45 M
Farm Yiew | CAPS [MUM

Figure 10. The first of two forms in FIT/16, fireppression systems.
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= Microsoft Access - [Form: Fo‘|ﬁ|w|%|@ @@|“|@'| | : |ﬁ @’l |' >
=| File Edit View Records Window Help S
EERREENEE) |
FOl'm FIT 1 6 Incident No:  [37 83202 2]
SPRINKLERS
Sprinkler Spstem type: [wWeat |E| Glass bulb or fusible ink: |GE Type of head: |Conventional pattern I|E|
Siting of head: |Ceiling |E| ‘Other’ head siting: |
Operating temperature of head[s): |Glasz Bulb |E| Height of head(s]: & Distance between head(z]: 5
Remarks: |
Single or Supenor supply: |TH |E| Duplicate or Secondary supply: E
Class of spstem: [OHIIS |E| Storage material category [for high piled storage):
Were sprinklers on Fire Certificate?: [x
GASEQUS AND POWDER SYSTEMS
Mode of operation: |E| Did HYALC shut down: [ Did gas/powder dizscharge: [
14 b | Ml | »# | Save Record | Exit To Main Menu | Part1 | Part2 | FIT 164
H I 4 |Hecord:|45 |0f 46 | 3 |H|
Farm View | C&P5 [NUM
Figure 11. The second of two forms in FIT/16, fitgpression systems.

= Microsoft Access - [Form ||ﬁ |W|%|@ @@|“|@'| | |ﬁ @4 |v e
=| File Edit View Records Window Help S

RRENEEERE

[21151]]8a] 2 (w2

&

Form FIT 17

AFD installed: [X

Incident No: [57 55728 #]

Did detection actuate: [X

Time detected: 10:25

Reason for non-actuation: |

Detection system: |Single Point detectors |E|
System power: |Indspendent Batten, El
Time of alarm: 127

How was initial alarm raised:

Secondary means of alarm:

Meang of discovery

Method of calling FB

B

Detection actuated by: |Smoke |E|

Did alarm sound: [¥

: [Automatic Fire Alam

: [Person [vaice)

: [Neighbour

- |Exchange Telephone

Hhere detectars can be used to track smokefire spread complete the following lable

L] L] L] Le]

Detection
FEqUENCE NO:

Detector
Type:

Location:

Tirne:

Comment:

3

[« [Record]i

[of 1

I3 I

Where were these readings taken from: |

‘H » ‘N ‘P*‘ Save Record | Exit To Main Menu | FIT 18 ‘

][4 [Recad 351 [of 401

[»Im]

Form “igw

Figure 12. FIT/17, fire detection systems.

14

CAPS [NUM



Chapter 2: The Real Fire Data Base

= Microsoft Access - [Form [BEI| 7% |27 |28 | B =0 B 60 | B | = |50 i i) | =13
=| File Edit View Records Window Help S
ERENEEEREEEEERRDANE] |
Form FIT 18 Incident No: [96° 182406 2]
Delay in
ACCESS TO BUILDING minutes
Was access to building impaired: [ IF access impaired why: ‘ 0
Did evacuation delay entry into If evacuation 0
building: [ delayed entry why:
Was entry into building delayed How did security doors or ‘PﬁDLUCKS, SwIPE CARD 5YSTEM 2
by security doors or obstruction: [X obstruction delay entry:
FIREFIGHTING PROVISIONS
Fire fighting | Number | Humber Comments:
provision bpe: | Installed: | used:
N 5 2
|1|4|F!ecord:‘l |0f 3 |b|>l|
VENTILATION/SMORKE CONTROL PROVISIONS
F/Ftg Shaft ar Type of ¥entilation | Fited |Operated| Operated
Elzewhers of zmoke contral | YAM: AN bw:
* * | *
HI{ |F|ecold:|1 |0f 1 |>|bl|
‘I( ‘ 4 ‘ » | [ ]| ‘H& Save Record Exit To Main Menu ‘ FIT19 ‘
M I 4 |Hecord:|45 |0f 75 | » |H|
Select the firefighting provision Type CAPS |MUKM

Figure 13. FIT/18, on-scene fire-fighting facilgie

= Microsoft Access - [Form |55 Tk | 222 |28 B0 S oA S | Al E
=| File Edit View Records Window Help S
ERENEEEREEREEERRDANE] |
Form FIT 19 Incident No: [57 [ 131342 [=]
Phased [Y/N}): [ Phaze Number: ’1_ Evacuation Phaze Commencement Time: 11:.06
Ewacuation: |Occupant/Evacues Mo of Mo of Stairz Mo of Staire | Mo of Duration of Ewvac.
Location: Occupantz | Awailable: | Protected: |Evacuees:| or Phase [mins]:
AFoO Iz 12 1 i 12 10
|4|4 |F|ec:0rd:|'| |0f 1 | b |H|

Assistance: |4ssistant| Assistee | MNoof  [Time Assistance |Duration of
Location: | Assistess: | Commenced: | Assistance:

BDE|! AFoD'! 12 1108 10
W[4 Fecord]i [of 1 [+
Rescues: |Fescusrs |Fescuse | Moof Time Rescue  [Duration of ‘N | 4 ‘ » ‘ [ ] ‘H& ‘ Save Record ‘
Location: |Rescuses:| Commenced: Fescue:
2 2 Exit To Main Menu ‘ FIT 20
Iili |F|ec:0rd:|'| |0f 1 |} IP |

Injuries: | Location (Mo Injured [ Mo Injured [Molsjured By | Mo of
of Injured: | By Heat: | By Smoke: [ Other Means: |Fatalaties:
*

M4 [Record]1 [of 1 [ ]

Briefly describe |G via tuntable ladder from 4th floor, 5 via 135 ladders from 2nd and 3d floors, 1 via intemal staircase assisted by b.a
Ezcape by Abnormal |crew from 3rd floo

Means:
Total Injuries: |Occupants |Mo Injured (Mo Injured (Mo Injured by Describe Injuries by Other Means: Ma Mo [Ma Died
or Brigade; | by Heat: |by Smoke; | Other Means Hozpitalized:| D0&; | in Hogp:
L
W[4 [Fecord]i [of 1 [+
]« [Record 1003 [of 1013 M
Describe EscapeBysbnomaltd eans CAPS [MUM

Figure 14. FIT/19, egress analysis.
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[ [ e [2]

[ [
NONE

AFS SYSTEM WITH ONE HEAD IN ROOFTOP PLANT ROOM AND BREAK GLASS
POINTS OM ALL FLOORS. HEAD ACTUATED.

ExTINGUISHERS FRESENT.

ALL OCCURPSMTS LEFT BUILDING S&FELY
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Figure 15. FIT/20, assessment on overall perfornganc
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Chapter 3: Limitations

3 Limitations

Although data from all types of fires in London weavailable, the study is limited to
fires in certain types of premises. In the datapdmepremises are classified in terms of
six main categories:

Mobile premises

Public and commercial premises
Schools and hospitals
Residential premises

Industrial premises

o 00k w0 N PR

Outdoor premises

Included in this study are (2) Public and commémmiamises, (3) Schools and hospitals,
(5) Industrial premises, and one subgroup fromRd3idential premises, namely Hotels
and boarding houses. Mobile (1) and Outdoor (6)nses are not included. This resulted
in the selection of 307 fires in non-residentiaildings. In some parts of the study, an
additional selection was made, e.g. of fires inclha sprinkler or an automatic fire

detection system was present or for which the m®0é extinguishing the fire had been
analysed.

All the fires have been decoded, making it impdssib identify individual fires in the
material.

The study is limited to one-parameter correlatioms,between the time for detection or
intervention and the final area of the fire spreadhetween the water-flow rate and the
area of the fire. The report describes only tha d&am the fires selected, no comparison
being made with other sources.

The study concerns mainly fire-fighting, rather rthaearch and rescue. Domestic
premises, which are those premises in which theatho life is greatest, are excluded.
Thus, more information is available than used hame,the material allows other aspects
than those examined to be studied.

In view of the huge amount of data stored, the oetice of certain errors is more than
likely. All obvious errors in the data have beemreoted, such as a fire which occurred
in January having its time of occurrence specifigdbeing in October (recorded as month
10 rather than month 01). Only a small number skesahave been discarded, namely
those in which the data does not make sense. Afsoshould bear in mind that all the
data have been filtered through the fire investigatThis explains why the area of the
fire as given for the time of arrival of the fireidade is always larger than, or similar in
size to that listed for the time of discovery o€ thre, despite the area having been
estimated by different persons. Normally, personsld/tend to differ somewhat in their
estimates.

Commonly, it is smoke that produces the greatestag®, both to humans and to
property. Nevertheless, the damage is only giveéhardatabase as the area of fire-spread.
Other types of damage, such as damage due to sintkavater are thus not included in
the study.
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The material concerns only fires that occurred ondon. Thus, the results do not
necessarily apply to other places. There may bsiderable differences, for example,
between London and elsewhere in England, as welbesween England and other
countries, in the construction and content of bodd. There may also be differences
between the London Fire Brigade and other brigadésigland and elsewhere. Although
this poses interesting questions, these cannobh®&exed until comparable statistics are
available from other places as well.
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Chapter 4: Ignition

4 Ignition

One of the main reasons for the database beindplisbied was that previously, the
designation "not known” was that most commonly gias the cause of ignition. Due to
the nature of fire, evidence regarding the causeisfoften not to be found afterwards.
There are examples in the history of fires in whigh competent fire investigators have
reached quite different conclusions regarding tiese of one and the same fire.

Therefore, it can only be stated that the ignisonrce and the cause of fire as registered
in the database are the most likely appearing dhas.investigator comes up with more
than one possible ignition source, he selects omehnappears the most likely. This
means that some of the causes are probably wraigthgse taken can be seen as
representing the best assessment available, duece are fires in which there is no
possibility of determining the cause with any degpécertainty. In the study, the number
of fires of unknown cause is small and most of tlséem from the initial period of using
the database.

4.1 Accidental or deliberate

Caused byn the fire investigation form can mean eitAecidentalor Deliberate A third
option isNot known Of the 307 fires selected, 200 or 65% of themberieeved to be
accidental and 100 or 32% of them to be delibefidte.cause was unknown in only 7 of
the fires.

250 3 0.8
200 A
%) T 0.6 0
o L
< 150 - -
(@] (@]
o T 04 g
O pr=1
g 100 §
z 1oo i
50 1 '
0 - 77722 0

Accidental Deliberate Not known

Figure 16. Two-thirds of the fires in the database believed to be accidental and one-
third deliberate.

Whether a fire is deliberate or accidental hasnapact on the final size of the fire, as
shown in Figure 17. Although the distribution oéthreas involved appear to be about
the same for the two, the average size is largdrarcase of the deliberate fires. It is not
clear, however, whether this is due to a numbeacofdental fires that are of small to
medium size being included. Since the number gjeldires (e.g. with a burned area of
larger than 50 m?2) is quite small, for this type fok, no statistically significant
conclusions can be drawn.
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i e .

Accidental

08T N Deliberate

06T

CCDF

04T

02T

0.01 0.1 1 10 100 1000

Final area of fire spread [m?]

Figure 17. The size of the accidental and the éeéite fires seems to have the same basic
type of distribution, but the deliberate ones témbe larger.

4.2 Causes of ignition

The defect, act or omission leading to fire is nallynreferred to as the cause of the fire
or the cause of ignition. In the present matetid,three most common causes of ignition
comprise nearly half of the 307 fires. The ten niteuent causes represent two-thirds
of the fires. Thedeliberate application of naked flajme.g. through someone’s
deliberately setting a fire, is the most frequerdalbignition sources, as shown in Figure
18. Being the cause at 76 of the 307 cases, ord3bese, it is twice as common as any
other source. It is followed lyareless disposasuch as throwing cigarette butts in paper
bins, involving 39 fires or 13% of the fires andfaylt/defect within the applianceuch

as a TV set starting to smoulder while in operattbrs involving 32 or 10% of the fires.

Each of the other sources is in the order of mabynten fires each, that is less than 4%
of the cases.

All the causes (defined as the defect, act or aomdgading to fire) of ignition found in
the material are listed in Table 2. The actual neinb 42 of the 105 possible causes as
defined in the database. In the present mateoagXample there were no chimney fires,
suicides or vehicle crashes which led to fire.
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Figure 18. The ten most commonly specified caufedt, act or omission) of fire.
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Table 2. The causes (defect, act or omission |lgatlinfire) of the fires that were

investigated.
Code | Description No | Fract 391 | Other misuse of 7 0.023
001 |Unknown 12 [0.039 appliance
034 |Faulty power supply 2 10.007 413 | Playing with fire 3 |0.010
in building 421 | Careless handling of 1 |[0.003
037 |Leak from gas 1 |0.003 heat,unconsciousness
supply system 431 | Careless handling of 4 (0.013
041 |Faulty lead to 2 |0.007 heat - other cause
appliance 433 | Careless disposal 39 |0.127
111 |Defect causing 1 (0.003 434 | Careless disposal of 3 ]0.010
sparks from vehicle match
defect 436 | Lighted material lit 1 |0.003
113 | Fault/defect within 32 |0.104 flammable vapour/
appliance liquid
114 | Mechanical heat/ 3 |0.010 437 | Lighted material 2 0.007
spark, appliance ignited flammable
defect material
121 |Lack of maintenance | 5 |0.016 451 | Article(s)/heat source 12 |0.039
or worn out too close
135 | Arc from faulty 7 10.023 711 |Heat source used/ 7 0.023
electrical contact placed near com-
141 |Other appliance 6 |0.020 bustibles
fault/defect 721 | Accumulation of 4 |0.013
210 | Chip pan left 5 |0.016 flammable material
unattended 771 | Burning embers blown 1 0.003
220 | Chip pan ignited 1 (0.003 b_y wind (from primary
while attended fire)
311 |Power supply un- 1 |0.003 821 Self heating dqe to 1 0.003
intentionally turned incomplete drying
on 823 | Self heating due to 3 ]0.010
312 | Power supply lefton | 3 [0.010 contamination by oils
321 |Appliance used care-| 8 |0.026 paints etc.
lessly or incorrectly 826 | Thermal degradation 2 0.007
341 |Spillage or splashing | 2 |0.007 852 Overheaftfln% (cause 10 10.032
of flammable liquid not specified)
351 | Penetration of cable 3 |0.010 971 |Item left to cause fire 2 0.007
by misuse later
362 | Sparks arising from 1 |0.003 981 | Item put through letter 2 10.007
misuse of appliance box
370 |Article(s) fell onto 3 0010 982 | Deliberate application 76 10.248
heat source ' of naked flame
371 | Heat source fell on 3 0010 991 | Other deliberate 13 |0.042
articles action
373 | Fire or heat source 1 l0.003 993 | Other known cause 12 |0.039
dropped on articles Total 307 |1.002
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5 Discovery

5.1 Means of discovery

The means of discovery was noted for most of thefB6s. The seeing of smoke (79 or
26% of the fires) or the smelling of it (69 or 22%othe fires) is the most common way
of discovering a fire, found in nearly half of tbe@ses. The seeing of flames or of fire was
the initial means of discovering the fire in 5211% of the cases.

There is no information in the data regarding eithieo alarmed the fire brigade or of the
time that elapsed until the fire brigade was called

In 59 or 19% of the fires, it was an automatic &itarm and in one case a security system
was that first in detecting the fire. In the datdahe terndiscoveryis used when it is a
person who discovers a fire adétectionwhen the fire is detected by an automatic
system.
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8 | p 3
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é4o g Z é T015 8
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Saw smoke
Smelt smoke
Automatic Fire
Alarm
Saw flames
Saw fire
Informed by
other
Heard fire R
Saw ignition R
Unknown R
Found remains |5
of fire

Heard explosion R
Sprinkler system RN

Figure 19. The means of discovery of the fireswet analysed, showing that the seeing
or smelling of smoke is the most common way obdising a fire.

5.2 Automatic fire alarm

In the database there were 82 or 27% of the 363 iir which there was an automatic fire
detection system installed in the premises.

The automatic fire alarms worked properly in onbyd the 82 fires, or 80% of them. For
13 or 16% of the fires, the system failed to dethetfire, and in 3 cases the fire was
detected but the alarm did not sound. The oveadlire rate is thus as high as 20%.

Note the difference between the 66 fires in whiod dlarm worked properly and the 59
fires, referred to in the previous chapter, in viahilce automatic fire alarm was the initial
means of detection. The difference is due to tlsases in which someone discovered the
fire before it was detected by a technical system.

23



Real Fire Data

Note: |
"No detection"| 4+ 0.8
60 T is included in
" "No alarm" "
() T 062
S 40T ks
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and alarm detection

Figure 20. The activation and sounding of autométe alarms.

In 16% of the fires, the automatic fire alarm duat activate properly and in 20% of the
fires it did not lead to the sounding of the alafirhe different types of causes of failure
contained in the database and the number of cased/éd are shown in Table 3.
Although the number of cases here is small, thetfoning of the automatic fire alarm
was not always checked on. Nevertheless, botrathed of equipment and management
failures clearly occurred.

Table 3. Reasons for failure of the automatic fietection system.

Code | Type of failure Number

2 Faulty equipment 4

System turned off

6
7 Power supply failed
9 Other, not specified

W(h|R |~

- Not recorded

Since the type of premises is known in the caseach fire, it was be of interest to see
whether it affected the failure rate. The datatfmrse types of premises for which there
were more than five fires involving an automatie falarm, are plotted in Figure 21.
Despite the number being so low that a singledie affect the result, the various types
of premises seem to be fairly similar in failuréera
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Figure 21. Distribution of failures of the autoritafire alarm on different types of
premises.
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6 Fire growth

The time aspect is often said to be crucial inethent of fire. It is thus worthy of a closer
study as a main factor in determining the outcorh¢he fire. Surprisingly enough,
however, there are few studies concerning howithe ftactor affects the results of the
operations launched by the fire brigade.

6.1 Time intervals

The times taken for various events are noted ferfites described in the database.
Whenever known, the times taken for the prehedtirggart, for ignition to occur, for the
fire to be discovered or detected, for the firgade to arrive, for intervention or "water
on the fire”, for the spread of fire to be stoppfed,the flames to go out, and finally, for
the fire to be dead are noted.

In the following, a time scale is used to illustrdhe logical relations between these
different times.

Preheating Ignition Dis- FB Inter- Spread Flames Fire
starts covery arrival vention stopped out dead

Not all these times appear in every fire. It is abways possible, for example, to
determine the time when preheating starts or te for ignition to occur. Each time
interval that was available is included.

The size of the fire is measured in terms of thezbatal floor area (in m?) involved.
Measurements of the size of the fire are availablbree separate times: at discovery of
the fire, at the arrival of the fire brigade, ande time when spread of the fire is stopped.
The area at which the spread of fire is stoppedjisl to the final area of fire spread and
Is thus a measure of the total area burned byrénerhis area is used to plot the different
time intervals against. The area of the fire aitign is also known, since it by definition
is equal to zero.

The fraction of the room of origin burned is caltteld by dividing the final area of the
fire spread by the product of the length and waiftthe room.

27



Real Fire Data

Preheating - Ignition

Preheating Ignition Dis- FB Inter- Spread Flames Fire
starts covery arrival vention stopped out dead

The first time interval is from when preheat stanpsto the point of ignition. This time
period is only known in a comparatively small numbkcases, in 50 of the 307 fires. As
shown in Figure 22, this parameter seems to haveak correlation with the final area
of fire spread. The correlation between this tirmeiqe and the fraction of the room of
origin which is burned is also weak. However, thappears to be a tendency for fires
with a long period of preheating to result in oalgmall fraction of the room of origin
burned.

1000 3 |
E . - = Preheating - Ignition |
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Figure 22. There appears to be a weak correlatietween the preheating time and the
final area of fire spread. Note that informationoisly available for 50 of the 307 fires.
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Figure 23. There is a tendency for fires with aggreheating time to remain small, yet
the correlation is weak. Note the small sample.
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Ignition - Discovery

Preheating Ignition Dis- FB Inter- Spread Flames Fire
starts covery arrival vention stopped out dead

The time from ignition to discovery is sometimegida be crucial and to explain why

some fires grow to be large. As can be seen inr€i@d4, however, the data does not
support this. The pattern here seems rather totbtally random one. There are large
fires with a very short time for detection, andréhare others having quite long times.
However, the present sample is limited, particylaihce the time to detection is known
for only 116 of the 307 fires.
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Figure 24. There appears to not be any correlatimtween the time from ignition to
discovery and the final area of the fire.
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Figure 25. There appears to not be any correlatimtween the time from ignition to
discovery and the fraction of the room where the driginated which is burned.
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Discovery - Fire brigade arrival

Preheating Ignition Dis- FB Inter- Spread Flames Fire
starts covery arrival vention stopped out dead

The time from discovery of the fire to arrival dketfire brigade is the next time interval
available in the database, known for 271 of the f&@8. It includes the decision time,

the time to sound the alarm, the alarm-handlingtiamd the stand-by and travel time for
the fire brigade. The call time itself is not sthiexplicitly in the database. The time

interval from discovery to arrival is generallytime order of 5 to 10 minutes. The data
seems to not support the hypothesis that a shroralatime results in a small fire.

A small number of the fires have an arrival timesofme two hours. This is not due to a
lazy alarm operator or a lazy fire brigade. Thesosafor this occurring is simply that of
the first who discovered the fire not recognisingsi a fire and thus not bothering to alarm
the fire brigade.

1000 3 — |

- = Discovery - Arrival |

100 §

107

17

Final area of fire spread [m?]
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0.01 — =
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Figure 26. Large fires do not appear to have a shione for arrival. The correlation
between is weak.
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Figure 27. The correlation between the time foriat and the fraction of the room of

origin burned is weak.
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The time for the fire brigade to attack the firegsnerally short, which comes as no
surprise. The longest times to intervention, uf tm 10 minutes, are for the small or
medium-sized fires. This makes sense since large dire often obvious and easy to find.
Small fires may not be detectable from the outside building on arrival at the scene.
Even if smoke is present, without a guide, in a glex building or at night, it may be

difficult to localise a fire.

The methods employed may also play a role heraydue brigade having its own
standard operation procedures, which certainlycafferformance.
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Figure 28. The time from arrival to interventionusually one to two minutes. The longest
times are found for medium-sized fires.
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Figure 29. The time between arrival and intervemtappears to not be correlated with
the fraction of the room burned.

32



Chapter 6: Fire growth

Intervention - Spread stopped

Preheating Ignition Dis- FB Inter- Spread Flames Fire
starts covery arrival vention stopped out dead

Although the data does not support there beingcamnselation between the times from
when preheating started to the fire brigade intetioa, the times following this seem to
be correlated. All the time intervals from the fimegade intervention and onwards show
basically the same pattern. The larger a firehs, longer it takes to fight it. The first
interval is the time from intervention to the smgtea the fire being stopped, which is
known in 152 of the 307 fires. The time increasealmost a linear way with the final
area of the fire spread. However, the dispersigdh®fiata is large, giving a factor of 100
for the final area of the fire spread.
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Figure 30. The time from when intervention stactsvhen the fire spread is stopped is
the first time period that is correlated with thiedl area of fire spread. The larger the
fire, the longer time is needed to bring it undentrol.
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Figure 31. The fraction of the room of origin budnghown as a function of the time from
intervention to spread of fire being stopped.

Spread stopped - Flames out

Preheating Ignition Dis- FB Inter- Spread Flames Fire
starts covery arrival vention stopped out dead

As at the previous time step, the time from theagrof fire being stopped to the flames
being out is correlated with the area damaged.\itdrthy of note that all fires contained
to the room of origin have a time from the spreffire being stopped to the flames being
out of less than forty minutes. This time interisaknown for most of the fires, for 238

cases in all.
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Figure 32. The time from the fire spread being ptapto the fire being out correlates
with the final area of the fire.
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Figure 33. Fires contained within the room of oridgiave a time from the spread of fire
being stopped to the flames being out of less thidy minutes.

Flames out - Fire dead

Preheating Ignition Dis- FB Inter- Spread Flames Fire
starts covery arrival vention stopped out dead

The last time interval, that from the time untiéthames are out until the fire is dead, is
known for 236 of the 307 fires. There appears ta errelation between the two in the
material, although the dispersion of the datangda
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Figure 34. As for the two previous time intervdle time from flames being out to the
fire being dead correlates with the area of the fir
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Figure 35. The correlation between the time whenfthmes are out to the fire is dead
and the fraction of the room of origin burned.

Ignition - Intervention

Preheating Ignition Dis- FB Inter- Spread Flames Fire
starts covery arrival vention stopped out dead

The study of the different time intervals during fire-fighting operation reveals that the
time from ignition to fire-fighting does not exptawhy some fires grow to be larger than
others. The explanation in terms of the respomse being too long is not supported.

In Figures 36 and 37, the time steps from ignitionintervention are summed. No

correlation with the final area of fire spread tenfound. Neither can any correlation be
found with the fraction of the room of fire oridgimat is burned. Unfortunately, the number
of cases for which both the time for ignition ahe time for intervention are known is

small.
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Figure 36. The time from ignition to interventioppeears to not explain the size of a fire.
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Figure 37. The time from ignition to interventi@niot correlated with the fraction of the
room of origin burned.
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Intervention - Flames out

Preheating Ignition Dis- FB Inter- Spread Flames Fire
starts covery arrival vention stopped out dead

The entire procéss of extihguishing'the fire is med in Figures 38 and 39.

1000

E

= 100

]

o

& 10

o

©

put 1

4

‘U .

‘_é 0.1 = Intervention -

T Flames out
0.0ll L) L) llllll: L) L) llllll: L) L) LU N B B B N

1 10 100 1000
Time [min]

Figure 38. The final area of fire spread is corred with the time to extinguish the fire
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Figure 39. The fraction of the room of origin bucheshown as a function of the time to
extinguish the fire.
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6.2 Fire area

Contain first, then extinguisis a golden rule for every Incident Commander. Eosv,

it seems that in most cases, the fire has alreadg bontained by itself upon the arrival
of the fire brigade. Figure 40 shows the relatietween the area burned at the arrival of
the fire brigade and at discovery to the final arkfire, i.e. the fraction of the fire spread
that occurred before either discovery of the firamival of the fire brigade. CCDF stands
for the Complementary Cumulative Distribution Fuoctand gives the probability of a
fraction occurring that is larger than that indechbn the x-axis. The diagram is based on
the 258 fires, of the 307, for which the area atavery was known. The area at the fire
brigade arrival was known for 289 of the fires.

Half of the fires did not spread further after digery, and three-quarters did not spread
after the arrival of the fire brigade. Obviouslkyistis not due to any fire-fighting operation
but rather to the construction of the building émds contents. Here it is the amount and
layout of fuel that is the important factor, ratllean the way in which the fire-fighting
operation is carried out.
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02T Fire brigade arrival

------ First discovered
0 ’ : | |
0 0.2 0.4 0.6 0.8 1

Fraction burned of the final area of fire spread

Figure 40. Half of the fires do not grow largeraftdiscovery and three-quarters of the
fires do not grow further after arrival of the fitgigade.

In Figure 41, the relation between the area offitlieeat discovery and the final area of
the fire spread is indicated and in Figure 42 tHation of the latter to the area at arrival
of the fire brigade. The lines in the figures reyar® a twofold and a tenfold increase,
respectively, in fire size from discovery to firigie size in the one case and from arrival
to final fire size in the other case.
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Figure 41. The relation between the area of the it discovery and the final area of the
fire.
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Figure 42. The relation between the area of the it arrival of the fire brigade and the
final area of the fire.

In the figures, three categories of fire can batidied:

The first type of fire is an incident of the sartwhich there is a single, small object that
is burning. The incident ends up with a burned arfeless than 1 m2, the fire in most

cases having the same area at the time of discageaythe arrival of the fire brigade and
as the final area of fire spread. This means thatfire has contained itself prior to

discovery. Although there is certain possibilityfmé spread, a large number of fires of
this category can be expected to extinguish themasedue to lack of fuel. For fires of

this type, overhaul so as to minimise damage eig.td smoke with ventilation, is the

most important task for the fire brigade.
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The second type of fire has a final size rangingifabout 1 m2 up to about 40 to 80 m2.
This category includes the majority of fires. Théses can easily grow by a factor of ten
or more after discovery, but are generally conthinkeady at the arrival of the fire

brigade. In most cases the change in fire size tiféefire brigade arrives remains within

a factor of two. The tactical approach is offendmeee, commonly involving a fast and

aggressive interior attack.

The third type consists of the largest fires, lathan 40 to 80 m2. These tend to be larger
than 1 m2 in size at discovery and 10 m2 or mom@nugrival of the fire brigade. Here,
the fire normally continues to spread even aftavalrof the fire brigade. A tenfold fire
growth after arrival of the fire brigade is not onamon. In many cases, the same tactics
are used for this type of fire as for the previaume. However, the situation itself is
different. The fire is either impossible to reaghhas grown so large that it cannot be
extinguished by means of an offensive strategyealdine strategy should best involve
an initial defensive operation to secure the botiedaf the fire and then an offensive
attack to extinguish it.

In Figures 43 and 44, the area upon discovery guah @rrival of the fire brigade is
plotted as a function of the fraction of the roohoogin that has been burned. Although
this increases the dispersion in the material agrdmmed, the correlative relationship
present are still evident.
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Figure 43. The area at discovery as a functiorhefftaction of the room of origin burned.
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Figure 44. The area of the fire at arrival of theefbrigade as a function of the fraction
of room of origin burned.

6.3 Statistical description

Since the parameters described in this chapter bearused in different types of
engineering relations, they are presented hereguairComplementary Cumulative
Distribution Function, CCDF, together with calca@dtmeans and standard deviations.
Note that log-linear-scales are used.
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Figure 45. The CCDFs of the different time intesvatior to fire brigade intervention.
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Figure 46. The CCDFs of the different time intesvafter fire brigade intervention. The
intervals appear to be similar in the type of distition function involved.

In these figures, all the times available are idellt Thus, 50 cases are available for the
time from when preheating started on to ignitiohgveas 238 cases are available for the
time from spread of the fire being stopped to tamés being out. It can be argued that
to compare the different distributions, all mustvdéebeen collected from the same
population. For most of the fires, some of the 8rage missing, most commonly the time
to the start of preheating or to ignition. Howevier,27 of the 307 fires, all the time
intervals are available. In the following figurdeetdistribution functions obtained are
compared with those for the 27 fires.
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Figure 47. The distribution
function for all the time intervals
available as compared with the 27
cases in which the all time steps
are available. The distribution
function appears to be reasonably
similar for all the intervals.
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The CCDF of the fire area at each of the threescbfiit times is shown in Figure 48. The
final area of fire spread, together with the arethe fire when the fire brigade arrived
and the area when the fire was first discoveredretaded in the diagram. Note, as was
previously shown, that for half of the fires theais of the same size in each of the three
cases.
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Figure 48. The CCDFs of the area of fire spreathate different times.

Figure 49 shows the CCDF of the fraction of themaaf origin that is burned as found
at three different times: final state, when the brigade arrived and when the fire was
first discovered. Note the drop in all three limggen the fraction equals one, i.e. when
the fire spreads from the room of origin to thetmexm.
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Figure 49. The CCDF of the fraction burned, defimacthe relation between the area of
fire spread found at three different times and ibvem area. Note that the lines do not
cross each other at 1.

Table 4 gives the mean, standard deviation and euwofifires for all time intervals and
fire areas in the material. Note the high standkdation for many of the parameters,
reflecting the large dispersion in the material.

Table 4. The mean and standard deviation of thampaters and the number of fires on
which they are based.

Parameter Mean | St. dev. | Cases
Time Preheating - Ignition [min] 44.9 118.3 50
Time Ignition - Discovery [min] 9.1 15.0 116
Time Discovery - Arrival [min] 8.4 13.0 271
Time Arrival - Intervention [min] 2.0 2.8 153

Time Intervention - Spread stopped [min] 7.4 25.1 152
Time Spread stopped - Flames out [min] 13.3 87.8 238

Time Flames out - Fire dead [min] 40.3 203.5 236
Area when first discovered [m?] 3.2 7.3 269
Area when first f/f arrived [m?] 10.0 47.3 299
Final area of fire spread [m?] 24.0 113.4 300
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7 Extinction
7.1 Water flow rates
Fire area

The fire area when the extinguishing medium is igplpis not specifically given in the
database. Three other areas are available, howdwefirst is the area when the fire was
discovered. This area is used in attempts to exishing the fire (mainly by use of hand
extinguishers) prior to the arrival of the firedmde. The second, the area at the time the
fire brigade arrives, is not considered in thisptba The last area, the final area of fire
spread, is used for the time when the fire brigattlck begins.

Water flow rate

The extinguishing process is described in the @des@lby means of three parameters: the
type of extinguisher (i.e. the type of hose or m@gzhe time when the extinguishing
medium was applied and the duration of its beingia@. Such a description is given for
each part of the extinguishing process.

The different attacks are of two types. Attackd @@ completed, but are followed by
another (stronger) attack, such as failures imgite to extinguish the fire, are handled
separately. Attacks in which the time for fire sgdoeing stopped is during the period of
extinguishing the fire are treated as involving aka sufficient amount of extinguishing

agent. This is a simple way to differentiate betwe®re attempts to extinguish the fire
and successful operations.

The extinguishing process is described for at Z8the307 fires. There are also 87 cases
of unsuccessful attempts that had to be followedrnther (stronger) attack.

Table 5. The codes and descriptions as used inddtabase, together with the
corresponding water flow involved [C].

Code | Description as used in the database Water flow
[I/min-nozzle]

34 Water extinguisher 8.0

51 LP hose reel -tank supply 114
52 LP hose reel - augmented supply 114
53 HP hose reel - tank supply 114
54 HP hose reel - augmented supply 114
55 Main branch - Jet 870
56 Main branch - Fog/spray 350
64 Monitor, ground or aerial type 1800
71 Fixed installation (Sprinkler) 70
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In order to calculate the water flows, it was assditinat the water flow rate from a nozzle
is as shown in Table 5. A normal water extinguighees about 8 I/min and the common
hose reel about 112 I/min. At phases of the firesvhich several nozzles were in

operation, the water flows from the various nozzese added, giving the total flow of

extinguishing agent for this phase of the fire.Uf&@50 shows the flow rate of the water
to be roughly proportional to the square root ef élnea of the fire.

The water flow rates in the table represent theimam value when the discharge valve
is fully opened. For smaller fires it is not centdéinat this is the case, an over-estimating
of the water flow being possible. It is also assdrtieat the nozzle pressure is 5 bar.
Variations in the flow rate depending on differemd@e pump pressure or on pressure
losses in hoses or other equipment are not takeragtount.
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Figure 50. The water flow rate in extinguishingefr
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Figure 51. The water flow rate in attempts that hadbe followed by another (stronger)
extinguishing attack.
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Water application time

The duration of each extinguishing phase, sometifesred to as the control time, is
available in the database. The time proves to begstional to the square root of the area
of fire, as given in figure 52. At extinguishingtehpts, there appears not to be any
correlation between the water application time #edfinal area of fire spread.
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Figure 52. The water application time for fires theere extinguished.
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Figure 53. The water application time in attemptatthad to be followed by another
(stronger) extinguishing attack.
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Total water demand

In a previous section, the water flow rate was meitged. The flow rate can be used to
determine the volume of water that was actuallyduséne water application time

multiplied by the flow rate gives the total amowftwater, as given in Figure 54. The
total volume of water is shown roughly proportiot@the area of the fire, giving a flow

rate of about 100 - 200 I/m?2.
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Figure 54. The total amount of water used for fittegt were extinguished.
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Figure 55. The total amount of water used for fitest required an additional (stronger)
attack.
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7.2 Attending pumps

Another way of describing the fire-extinguishingopess is in terms of the resources
needed for the operation rather than of the flovexiinguishing medium. In London,
with its 113 fire stations, a lack of resourcesas generally any appreciable problem - as
long as the fire does not occur during a time @&f day when traffic can cause long
response times. In none of the fires that wereiastlidas the need of resources greater
than those that were achievable.

Due to the British time-weight system, the respdosees are highly standardised. A fire
station in London normally consists of one or twonps or pump-ladders. The crew
commonly consists of 5 men on each pump. Theréearspecial vehicles. For example,
there are only 14 turntable ladders and hydraukdfgrms in the brigade. Officers
(station officers and above) travel to fires invpte cars equipped with lights and a siren.

Figure 56 shows the number of appliances as aiumof the final area of the fire. The

upper limit of what it is possible to handle seeims$e about 50 m2 for a two-pump

incident and over 100 m?2 for a four-pump inciddfdr all operations up to a six-pump
fire, the lower limit is less than 1 m2. This indies the size of the fire to only be one of
the parameters to be taken into account in deténgihe required resources.
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Figure 56. The total number of pumps (appliancé®raling in relation to the final area
of the fire.

The number of appliances (pumps) used in the oslab the fraction of the room of
origin that was burned is shown in Figure 57. Ircases in which the fire was contained
in the room of origin were more than six applianesgployed.
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Figure 57. The number of appliances on the scena famction of the fraction of the
room of origin burned.

7.3 Automatic sprinkler

Only 23 of the fires analysed occurred on prem@®dected by automatic sprinkler
systems. Although the number of such cases is sthallperformance of the systems
generally seems to be satisfactory if the springystem covers the area of the fire and is
in order. In 7 cases the fire was extinguished @ndO cases the sprinkler system
contained the fire. In 2 cases, the sprinkler systal not play any appreciable role in the
fire.

However, in 4 of the fires the sprinkler systenief@dito contain the fire. In two of these
cases, the sprinkler system did not cover the afdize (the fire was either above the
sprinkler heads or inside a duct), in one casesyiséeem having been turned off the day
before the fire and in the other case the sprirtkd@ds was having been manually broken
off.

Some of the fires resulted in a large number osgirekler heads operating. All of these
fires were shown to involve flammable liquids.

Although the number of sprinkler systems studieshmall, the conclusion drawn is that
a sprinkler system can normally put out a fire gsinsmall number of heads (1-3 of
them). This is true for 15 of the 23 fires analys€tree conditions need to be met,
however:

» The system has to be in order. If the system has bwanipulated or shut off, it will
certainly not function properly. This was the cas@ of the fires.

» The system has to cover the fire area. If theidirbove the sprinkler heads, in a duct
or in another part of the building, it is not of auuse. This was the case in 3 of the
fires.

52



Chapter 7: Extinction

» Since the presence of flammable liquids will leadtfire which is larger than a
fire in a "one head area” would be, a large nunadféreads needs to operate then,
as was the case in the remaining 3 fires.

It is worthy of note that the number of fires intrgated that involved sprinkler systems
is small, due to the fact that automatic sprinklestems are traditionally not particularly
common in Britain. Thus, the failure rate cannotdeé&rmined with any high degree of
confidence. The data seems to support the gertra) however, that most fires can be
put out by use of only a small number of sprinkieads, often only one.

In most of the fires, it was noted how many spinkieads were operating. More than
half of the fires, 10 of 17, were controlled orieguished with only one head operating,
as shown in Figure 58. In fact, 15 of 17 fires weoetrolled or extinguished with four
heads or less.

12 Data from 17 fires
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Figure 58. Number of heads operating in fires corgd or extinguished by the sprinkler
system.

A very interesting finding is that all the fireswhich the system was functioning properly
and which operated more than three heads involamanfiable hydrocarbons: ethylene
glycol monomethyl ether (27 heads), hydrocarboplfttza) solvent (11), or thinner and
lacquer vapour (4). None of the other fires invdhMammable liquids. Instead they
involved solid materials, commonly having a non-mnegl behaviour in case of fire.
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8 General discussion

The information collected by the Fire Investigationits of the London Fire Brigade
proves to be of great value in understanding thaioa between fire development and
fire-fighting actions, and in starting to quantiiye-fighting operations. The database
would be of even greater value if additional partrsewere included. Examples of
parameters not yet included are estimates of e @maged due to smoke and that due
to water, estimates of the direct and indirect dgeras expressed in economic terms, and
fire compartmentation (rather than number of flaokolved in the fire). At present, the
development of fire is not yet quantified. The @grs most important task for improving
the database is to describe the amount and coafigarof the fuel and the room layout,
in such a way that the development of a fire cagusmtified.

A problem in describing fires, especially if thereaapproach is to be used in the case of
small incidents as of huge fires, is to quantifg #vents and actions involved, so that
fires can be compared statistically.

The database was not fully investigated in thighgt'wo large areas that the present
report does not cover are matters of residentiatlanestic fires and the problems
concerned with the evacuation and search and repooeess. There are further
parameters to be studied. The number of fires aoedain the database is growing
constantly. As the size of the database increasedpes the statistical confidence one
can place in the material.

No comparison with other countries has been mattesmeport. This is certainly a matter
worthy of closer study: Are the data and the cosiolus drawn in this report valid for
other countries and for other cities as well?
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