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Summary 

This report is concerned with the relationship between the number of jets used by 
brieades to extinguish a fire and the size and other characteristics of the fire. 
Some published "ark on this relationship is discussed and compB.rable resttlts have 
been obtained from analysis of fire reports completed by United Kingdom brigades 
in 1970. 

These results consist of a set of equations describing the median number of jets 
used at fires of a given size and a statement of the variation about the median. 
The random variation is high and is not adequately explained by factors included 
in the 1970 fire reports. 

The equations are needed for fire cover studies in which the probability that a 
given attendance will be able to extingUish a fire of given size must be estimated. 
The equations represent a summary of bri~ade practice in 1970 and are not intended 
ae n recommendation for action at any particular fire. 
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Introduction 

The relationship between fire size and the force required to control it is of 
obvious practical importance. The officer in charge of the first attendance at a 
fire must make a rapid estimate of the force (in pumps, men, vater supplies and 
equipment) requirad to control and f)xtinguish that fire. This estimate is based on 
hie a8SeBBlllent of the situation on arrival at the fire ground and his previoua 
experience. The penalty for a wrong 8.Oses8lllent in terms of increased final. da:Dage 
can be very high. In fire cover studies such as the calculation of the optimum 
number of fire appliances for a fire station, we require estimates of the size of 
fire that can be controlled by a given fire brigade attendance. This information 
coupled with a mathematical model of fire growth would permit calculations of the 
most effective use of fire brigade resources in a given area. 

The present work is based on statistical analysis of data obtained frolll fire 
reports completed by a aample of fire brigados in 1970 • . Some previous papers based 
on experimental results and direct obsenationa of firee are discussed in the next 
section. 

Review of the Litera~~e 

All fires, apart from very emall fires and Bpecial hazards, are extinguished by the 
application of liater, either by the fire brigade or by automatic devices. ~ater ern 
damage buUdin;S and their c~~1ents and so it i.s impori:ant to uoe the minimum 
quantity necessary. ~'holDBB showed that the relationship between the rate of 
application of water used and the area of the fire could be expr8seed in the form: 

J .. 0.1 ,.fA •••••••• 1 

were J is the nUlllber of jets in use at the control tima and A the area of the fire 
damage (in eq ft) at extinction. This reeul.t was obtained from a emall sample of 
largo tires. It VIl8 slso MOwn that the control time T ~3B proportiOnal. to the 
square root of the area of fire d:l!'"..llg9 and eo the total rullount ot water uaed 
(pro;>oriional to J x T) was directly proportional to the area of tire. llthougil 
there WOB a large amount ot randolll scatter in the data, reflecting the different 
proble~ uncountered at the different fires, attempts to relate the number of jete 
UGed to the quantity ot combuatiblea involved auggeeted that the area of fir~ ~ 
far 1II0re important than the fire loading in determining the neceeeary force. \ 1) 

Two poeaible interpretations were suggested for these results. Fires are fought 
frOll the perimeter: thus one mi3ht e;tp9ct the number of jets to be pro!,ortional to 
the perimeter ai::e I(hich would be correlated with the square root of fir"9 aI'9a. Th' 
ob~ervod relationship augg8sto that one jet can control about 30 tt of t he perimete: 
of the tire. Alternatively it could 1Je assumed that jete are able to extinguiBh th, 
fire at a standard rate, rllown to be about 17 sq ft per minute. 

A eet of simUar re(!ults have been published by the IllinoUs Institute of Teclmolog 
Rosearch Institute (2). This survey Mowed that for a sl!U!Iple of 134 large firs. 
attended by American brigades the rate of water application used to control tha 
fire was given by: 

V ~ 1.24 A 0.664 •••••••• 2 

where A is the area of fire in square metres and V the rate of application of water 
in litres per second. This reeult can be compared with the Thomas equation (1): 
aesuming an average rate of 10 ~S for the discharge of one jet we get: 

V =}.} ~ .•....•. } 
which has been 8hovn not to be statistically difforent from equation 2. 
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Comparison of the observed rate of water appli<;ation for real fires with !'nbliahed 
data for the extinction of experimental fires 9~o""s that the rate of application iB 
between 3 and 4 times as great for real fires \;». The published data for the 
extinction of experimental fires has been summarised by IITRI and have been shown to 
fit the expression: 

V = 0.33 A 0.64 •••••••• 4 

with considerable scstter. 

Source of data 

The data used for the current wori!: was obtained fr01ll K433 and SA:F2 fire reports 
for 1970. 

The R'!port of Fire, Form K433, is completed by all brigades for all fires attended 
except those confined to rubbish, grassland and other rrinor hazarde. The report 
contains detailed information on the occupancy and conotruction of the building of 
origin, the t imes of dia covery, call, arrival and control aa Ifell as a brief 
description of brigade involvement. The information from those reports has been 
coded, punched onto cards and copied to magnetic .tape for computer analysis. 

In the SAF2 project a nucber of brigades agreed to complete an additio~~ report for 
all K433 fires, apart from late calls, fires out on arrival and fires confined to 
the exterior of a construction or a single'item of contents of a construction. The 
SAF2 report contains information on the size and extent of fire at the arrival of 
the brigade, the arrival times of appliances and the force brought to bear on the 
fire. The SAF2 records for 1970 were matched with the relevant K433 records giving 
a sample of 22027 records of fires in buildinga for that year. 

The Wleful sample size is reduced by incompleto and incol;lBistent recordG and by 
excluding categories of fires that would give misleading r esults - for exasple, 
fires in derelict buildings , sheda, garages a.:'.i building contractors huts are 
co:.:oon and s ho\/ high r ates of fire apread: however life risk and loecss from such 
fires are cOlllpa1'atively low and the penalty for allowing the fire to burn out ia 
correspondingly aall. Single compartment buildings DlUGt be considered sa a 60paro.t 
category since ri.,cs in this type of building will be extremely unlikely to apren 
beyond the room of origin. The effective sample size is reduced considerably when 
these categories of fire are excluded. 

Models 

The brigades participating in the SAF2 project were asked to record the caximum 
number of jete in uae at a fire and the horiZontal area of fira damage at extinctiOD 
In th~ pre~3nt and previ~lB work it is asEUmed that the relationship between jeta 
used and area of fire gives a good estimate of the force necessary to elCtinguhlh 
the fire. This will not neceszarUy be true in all cases. 

The estimate of fire damage is not intended to include smoke, ....ater or heat damage: 
however we cannot SB~~e that the area at extinction represents the area actually 
burning at any one time aince part may have been extinguiahed or burnt out before tl 
fire came under control. The total nUlllber of jets used does not necesearily 
represent the number of jets required to ·extinguish the fire, particularly eine.. Doi 
all the jets may have been in use simultaneously, while limitations on water b'Uppl;r 
ma:J have prevented the use of the desired number of jets. Ft\rthermore, we cannot 
diotinguish between the number of jots required to control the fire (ie prevent 

. fu.-ther fire spread) and the total number used to extinguish it. 

2. 
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About 85% of building fires attended by brigades in Great Britain are ertinguiBhed 
by the use of hoae-reel jots, ohemical extinguishers and other small mean3 . 
Therefore the nUl!lOer of jets applied to the fire represents a useful m~asare of the 
fire-figtlting force used only in the case of large fires. To obtain results 
comparable to those obtained by Thomas av.d IlTll! the sample of fires studied was 
restricted to those fireB over 1000 sq ft in area. In investigating the relationahi 
between jetB used and fire Bize the contribution due to hose-reel jets wan ignored 
since the rate of discharge of vater obtainable vith a hOBe-reel is considerably 
lovor than that obtainable vith a fire-fighting jet. 

A larger eample of fires can be studied if 1018 use the total rate of discharge of 
vater at the fire aB a measurement of fir_fighting force. This approach allows 
fire-fighting by jets of all sizeB and hose-reelB to be included if 10110 usa the sum 
of the average discharges for each type of jet as a measurement of force applied. 

It is w;aumed that a relationship between jets (J) and area (A) analogoue to 
equatiollB 1 and 4 exists. The general equation 5 can be expressed in a linear form 
(equation 6): 

bJ ~ a A •••••••• 5 

log J = log a + b log A •••••••• 6 


Least equares estU!!ltes for the coefficients a and b can be found using the stt'.ndard 
techniques of linear regression. 

The ds.ta available contaiiiB additional informatioIi ebout the type of building on 

fire SOld there are two approaches which rDB:;f be used to relate these build~.ng 


characteristics to the force u.sed for control. Firatly 'de can divide the sacple 

into homogenous groups based on different building characteristics and obtain 

separate estimat",s for the coefficients a and b for ea ch group. An alternative 

approach is to fit a multiple regression relationship of the type: 


log J =log a +b log A +2:i 0i Xi •••••••• 7 

where the Xi are a set of factors reflecting building characteriBtics and the 
difficulty of fire-fighting. If the i.nteractionB bet~Jeen the Xi and betwMn log A 
and t!lo Xi are not inportant then this apl'%'oach is more eati.ofactory thau grouping 
the data si.nc. we can estimate the coeffi cients more accurately. 

In the present work the data. were initially divided into four groups and regreBBionl 
of log J against log A vere carried out. The alterns.tive III!Jltiple regresoion 
approach vas also i.nvestigated. 

ReBlllts 

A linear regression of 10g .J on log A for the sample of large fires in tho SAF2 

data shows that, 83 expected, there is a strong correlation between the dependent 

and independent variables. The regression equaticn fitted WM: 


log J = - 2.7062 + .479 log A cl .v t 

vhere the residuals are normally distributed about the regression line vith mean 0 
and variance .219. The analysis of variance for this regresaion is sbo'olll in Table 
The coefficient of log (area) is not Significantly different from .5. 

. The eample of fires WIIB divided into four groups reflecting four different building 
types. The groups are 8iugle-storey dwellings, multi-atol'<lY dwellings, single­
storey: I1OI1-dvellings and lIIulti-storey non-duell1ngs. These groups are the same QI3 
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those W!ed in the fire spread model (4). Two regression models were fitted to the 
grouped data. Firat separate independent coElfficients were calculated for each 
group: then an Alhrn.&tive model us:i:ng four parallel linea 'daB fitted. Alt hough 
the independent lines muat fit the data more closely than the pllrallel lines 
(ie the total residual sum of squares will be lower), the statiatlcal significance 

I 
I of thia irmrovement can be estimated. The calcu1ationa are S\llIIIIIM'ised in TablGs 2-; 

It is eho~ that although the parallel lines model is a considerable improvement 
over a single line no significant gain is achieved by fitting independent lines to 
each group. 

The results of the anAlyeis of the grooped data suggest that ~atever the type of 
building the number of jets used depends on area in the same wa:r. This is the 
assumption underlying the multiple regression approach in ~ich the dependent 
variable J is e:;q>reosed as a l inear combination of factors. In the present work 14'11 

have both quantitative and quAlitative factors that might be expected to affect the 
number of jets uaed for a given fire size. Examples of qualitative factors are 
building t ype (eg d",elling, non dwelling), fire extent (confined to room of origin, 
spread beyond roem of origin or sproad beyond building 01' origin) and risk category 
(a classification 01' buildingS des igned to reflect inherent fire risk). 
~~titative factors al'e total building size (number 01 storeys ~tiplied by floor 
area), c eiling or roof height on floor of ol' igin, and building age. A full list of 
the independent variables used together with the results of the multiple regression 
analysis is given in Appendix 1. 

I 
 The most Uportant factors in the multiple regression 'dere found to be fire O"cu., 

occupancy (dwelling/non dwellillg), date of construction of building (expressed BB 

a qualitative variable _1 for pre 1914, 0 for 1914-45 and 1 for post 19Jf5), E<xtl!nt 
01' fire (expressed as -1 tor confined to room, 0 for spread beyond room of origin 
and 1 for spread beYOlld building of origin) and building size (expressed an log 
(total building area». If thcse five factors are included in the regression then 
floor construction, riflk category, ceiling hcizht, single or multi-Btcrey construc­
tion and whether or not the building is used for stor~.ge do not s ignifiCilJltly atf.eci 
the n=ber of jets ueed to extinguish the fire. It should be pointed out t hat the 
existence of a statistioal relationship do.~s not imply a direct cauMl relat ionship: 
the significant vari!lbles in tha regreSSion eq\l.ations ma::r be rela t ed to a C"'1B!!J 
factor not included in the regression analysis. Some of the apparently non­
significant variables \I'.8.y renect ~UBal factors already included in the l'egreeaion 
and would Gho'~ statiClt ical signifiCilJlce if included in isolation. For example, if 
we include the following three faetors oruy in the regression:- 10i; A, dwelling/non­
dwelling and e ingle/aulti-storey:- then the third factor becomes B~atistically 
significant. The variable single/multi-etorey is not significant in the full 
mul't1rle regress ion because the related factors affecting jets used are batter 
represente d by ago , extent and building size. The model represented by the 
regression on thre factors is analogous to the r~al1el lines model Above and 
would be em ctly the same if the interaction beheen buUding type and occupancy 
w.re include'd. T'ne !!lOst import.ant single factor oth<lr than area is whether or not 
the building is a dwelling. The expected r~lationship for dwellings and ncn­
dwellings is shown in Figures 1 and 2. 

An alternative method of measuring the force used by the brigade to control the fir 
is to determine the overall rate of discharge of water used to extinguish the fire. 
This ClU!llltity can be eatim!.ted from the record provided of the number of jets 01' 
varioulI s i zo6 used. Although the rate of diacharge of any jet is a functicn of 
nozzle d~Bign, size and _ter presB\U'e there is an optimum discharge and prel!!sure 
for which the best jet is obtained for each I)o~zle size. Thus if we assume th&t 
each jet is operated at . the optimum preesur~~5J tor that nozzle size then ve can 
obtain the rate of discharge for the jet. T'no diBtribution 01' the nome sizes 
used in 1970 Was Il3 in Table 4. 3~ of jete used were fitted with vsri&ble nozzles 
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regression analyoio smce it is partly dependent on the firefighting. The 
assumption of ~dependence is not too important if the spread of fire after arrival 
is amall. On averagd fires in dwellings ~I!\d by a factor of about 0.09 "fter 
arrival and non-dwellinge by a factor of 0.25. Tbus lie may expect the simple 
model to give a reasonable estimate of the number of jets required to fight a fire 
of given siZe because the expected spread Bitar arrival is small. 

The inadequacies of the regression model make the interpretation of the less obvious 
results difficult. Two firee identical at arrival, could be fought with different 
numbers of jets leading to different areae at extinction. Thus even if aN 9. of 
damage VBB a unique and accurate measurement of the interu!ity of a fire a spread of 
data about the regression line would reeult. This feature could account for a large 
proportion of the v=iBtion observed. The l!!Ul.tiple regression results can be 
interpreted in at least two ways: a group of fires !ilay be observed to have less jets 
per area than the average either because they are intrinaically less fierce fires. 
or because the rate of spread is higher. or both. 

The variation in the total rate of discharge of vater used to fight fires of the 
BaIlIe area is gr<'!at er t ,nan the variation in the number of jet!!!. This result suggests 
that it is more important to BtU'round a fire with the required number of jets than 
it is to achieve a given rate of discharge of water. 

The coefficient of log ( ar.a) in the overall regr6fl6ion (Table 1) 
cantly different from the value of .5 aBCJUIIled by Thomas. Thus ve 
results in the form:­

is not signifi ­
may expresa the 

J = .067 .,fi 

The coefficient of -..fA is significantly lower than that obeerved in Thomas's ' nOI1­
random sruuple of large fires: this is pr~rumably due to the fact that the present 
sample is comparatively weighted by fires of just over 1000 sq ft fought by one or 
tvo jets. 

The coefficient of log (area) in the regression of total dillcharge aga~t area at 
control is likewise not significantly different from that reported by nTRI. Again 
the intercept value is significantly lower. 

Conclusion 

The number of jets uoed to control a fire is approximately proportional to the 
square root of the area of firs-damage in a randO!XJ s ample of large fires. Other 
factors with a statisticaLly significant effect on the ratiO' be~een number of jets 
and area are occupancy (whethe r the buildb,g is a dwalling or not). the ".go of :tha 
building, the extent of fire (whether confined to room of origin or not) and the 
building size. Risk cat•. gory, number of storeys, ceiling heig."lt, firefight~ 'bef01 
the arrival of the brigade; casualties and floor construction do not affect the 
relationship significantly after the first five factors have been taken into accoun1 
The physical interpretation of the significance of t4ese factors could be explained 
both in terms of the severity of the fire and the nature of the firefightil·lg. 

The variation between numbers of jets uoed to' fight fires of similar eiZe is 
considerable. T'n1s Ma::! be pm-tly due to the fact that area of fire damage does not 
accurately repre30nt the area of !ire at any one time. but can also be explained in 
terms of the deficiencies in the regression model. The variation in total discharg. 
of t'atar used to fight fires of Ilimilar size is even grs'ater than that observed in 
number of jets. 
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normally the58 CaD operate with an aperture frOQ 0 to wont 1" and an average 
discllarga of 10 l / A has been aBBUJlled. l\ec;ul ts of a cultiple regres.sion o f diachargt 
rate against area and other factom are tabulated in Table 5. As expected the 
reBUlts are similar to the results for regression of jets against area. '1!nE> sample 
used here was fires that had eyread beyond room of origin only: this does not 
affoct the reaulta aignificsntly. The coeffici~mt of area is aignificanUy higher 
for the regression involving total discharge of waterl it is not surprising to find 
that larger jets, as lIfell as more jets, are used on larger fires. The /lOcdness of 
fit as estimated by R"" is less good for the total discharge regression and the amow 
of variation abont the regression surface is greater. 

Analysis of reeiduals 

A significant feature of both regressions is that hO'dever many independent variablel 
are included tho 'random variation' indicated by the error sum of squares is still 
high. T"Ile error mean equare for the jets regression is .183. This result suggest s 
that for any fire of given area of fire damage and building characteristics the t op 
~ are fought with at leaet twice as many jets than the average and over four times 
as J:allY as the l owst 5%. The top 1% are fought ilith 2.7 t:i · ·~B as JIlrul3' jets as 
those on the· regression surface. 

It is still possible that some of this variation can be removed by putting more 
independent vari ables in the regreesion equation. To teat v,nether part of the 
variation coul.d be IWcribed to building use, building occupancy or variatio:lB in 
brigade practice pl ote of the residualo were obtained for the data organized into 
groupa roflecting dHferellces in each of theM tl'lree ll8pects of the fire lJ . Firflt 
the data were divic.ed into different eub-occupancies such as 9torage, ir.:lustrial, 
88sembly, shops etc. For the second residual plot the data were divided into 
different ind~trial clanGifications - mechanical engineeri~~~, electrical, retail, 
textiles etc. Finally the data were divided into different brigades. Details of 
the residual plot a are shown in Figures 3, 4 and 5. The ree-<1lts show that 5'.1b­
division of the data is not likely to signit'icantly reduce t he variation and 
compariSon between the var~tion between group means and the overall variation sho"fI 
that the group coana do not significantly diffter i:c~ zero. The firat two reeulta 
are similar to those obtained by ThO\!laB in that no correlation could be observed 
between jets r equired for control end fire-loading. It is not expected that there 
would have been a large variation in br4,T8de pract ice aUhougil the availability of 
water supplies in different areas might be expected to affect the numbor of jets 
wsed. 

Ditlcu.esion 

Figures 1 IlCid 2 show the relationship ben1een nu:nber of jetB and area of fire 
do.mac,"'" for dwellinge and non-diiellings estimated by the regreseion anal"sia• . The 
regressi on equati on describes the median line: 50% of fiMs required more " hElD this 
nu..~ber of jeta ('lid 50% required less. Aleo draw are the 50%, 95% and 99% 
confidence limits. These have a simple interpr etation. A fire of about 10,000 eq 
ft in a non-dwelling would en average be controlled with 6 j e ts : 11 jets would 
control 90% of fires of this size and to be 9~ certain of controlling firee of 
thiB area 17 jets ahould be available. 

In practice it is likely that these confide~ce limits give a very cons~rvative 
estimate of the probability of controlling et fire. In the present work no 
consideration has been giV.:!ll to the spread of fire betweell arrival of the brigade 
and cOlltrol and the ~greaaion line represent3 an oversimplified model of control 
at a fire. For th" final aize of a fire mnat ba 19. function of the size at arrival, 
the type of fire, the area unburnt at arrival and the firefighting. Thus the final 
area of fire dsmage oannot stx'ictly be regarded IUI an independent variable for the 
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Appendix 1. Regression of number of jets against area and other factors 

1.1 Jhe s ample. A oample of building f ire s over 1000 aq it in area was obtained 
by ueing a computer to scan through the SAF2 files. Fires in sheds and gara[les were 
excluded. Miscoded and othenJisEI inconsistent records were excludod as f " r aB 

possible: e Ollle records were excluded on the basis of internal incCilis1st!,nc:i,0B such 
M being coded as confined to room with an area larger than the room, and others 
vere excluded or corrected after the first regression analysis had shown extreme 
valuee for the reeiduals. The data for r egression was wrt{jen onto a disc file and 
ueed as input for a stepwise multiple regression program. 

1.2 Definition of vl'.r:!.ableG 

1. Dependent variable log. (number of jets ueed to extinguish the fire). 
Jets used do€s not include hose-reel jets. 

2. AHRF = log (horizontal area of fire drunage at extinction in square f eet). 
Horizontal area is defined as the sum of areae of fire damage at each level of the 
building. 

3. mm. A qualitative variable taking the value 0 for a dwelling and 1 for a non-
dwelling. 

4. ISTORE. Value = 1. If building of origin used for storage. 0 otherwise. 

,. IRISK. Qualita tive variable reflecting the risk category of the building in 
question. Value = _1 for special and high risks, 0 for A and B risks and 1 for C 
and D risks. 

6. IAGE. Qualitative variable dependent on the date of construction of the 
building. Value was _1 for pre 1914 construction, 0 for 1914-1944 and 1 for 1945 
and later construction. 

7. STORYS. Value 0 for single storey construction. 1 for multi-atorey. 

8. IFWOR • . Value 1 if building has wooden floors, 0 if otherwise. 

9. IEXT. Extent of fire. Value = -1 for fire confined to room of origin, 0 for 
fire confined to building of origin and 1 if spread beyond building of origin. 

10. RMH. The height of the ceiling of the room of origin. 

11. ABDnl =log (total building area). Here building area is defined as the 
ground floor area in square feet multiplied by the number of floors in the building, 
including basement and roof space. 

In addition to the variables listed above, 3 other qualitative dependent variables 
were included. These ware not at all Significant, and have not been included in thE 
listing of output belov: 

12. CASNO: qualitative variable taking on value 1 if escapes, rescues or no~-fatal 
casualties were present at the fire. 

13. ~I qualitative variable taking value of 1 if breathing apparatus was used 
and 0 if it was not. 

8. 
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14. PRFF: qualitative variable taking value of 1 it there was a:ay kind of 
firetightillg betore arrival of the brigade and 0 it none. 

1.} The progra.>:1 calculates a series ot regrel3sions in which one inde~dent variabl. 
is added at each step. The variable added is the one that makes the greatest 
reduction in the total sum of squares. Variab1ea included in the regression can 00 
eliminated if the partial F value for .that variable talls below a control level 
specified at the beginning of each run . 

I 
 1.4 Information output by regression program: 


a. Analyeds of variance and regreesion equation for each step. 

b. Summary table showing inoreMe in regression BUl!I ot squares at . each 
step. The program has been allowed to include non-£iguificant variables 
in the regression equation. The relevant significance levels of the calculated

I partial F values are: 

Significant at greater than 5% F }.84 
It 11 " " 1% F 6.6} 
n It .. n O.1~ F 1o.8} 

I 
 c. Plot of residuala against the main independent variable (loga). 
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I All fires greater than 1000 S9 ft in area 

Model 1 .f:' 

I 


I 


Source Swn of Squares d. f. Mean square F-Ratio 

Due to regres­
sion of log J 
on log A 1113.575 113.575 

141.21f4 646Residual .219 

Total 254.819 647 

Model fitted log J = a + b log A 

where J is number of jets in use and A total horizontal area of fire 

damage 

Constant term a = - 2.706 

Coeffioient b = .479 

Standard error of b ~ .021 

Table 1. Results of regression of log J against log A 

519 
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I Model 3: independent regression lines 

I 
I 
I 

I 


Source Sum of Squares d.!. Mean Square 

Due to 
regression 128.645 7 18.38 

Residual 126.174 640 .197 

Group 1: single storey dwellings = - 2.951 = .455"l \ 
Group 2: multi storey dwellings = - 2.478 = .41182 b2 

Group 3: single storey non-dwellings 8 = - 2.092 b = .3993 3 
Group 4: multi storey non-dwellings a4 = - 2.455 b4 = .463 

Model 2: four parallel lines 

Source Sum of Squares d.f. Mean Square 

Regression 128.191 4 32.05 

Residual 126.628 643 .197 

= - 2.577~ 

= 2.67182 


8 = - 2.386 

= = b = = .4363 bl b2 3 

b4
2.22984 = 

Table 2 Regressions of log J against log A f or grouped dat8 
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• Highly significnnt 


I not at all significant 


Table 3 Comparison betl-leen Models 1, 2 and 3. 

I 


Source Sum of Squares d.f. Mean Sqll8.re F'-Ratio 

Model 1 
Regresion of log 

J on log A 

Improvement due 
to model 2 
(parallel lines) 

Improvement of 
Model 3 over 
MOdel 2 

113.575 

14.616 

.~55 

1 

3 

3 

113.575 € 

4.872 

.152 

519· 

24.7* 

.71 

Regression Hodel 
3 

Residual 

128.646 

126.174 

7 

640 .197 

Total 254.819 647 
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I 

Percentage of total 
 Dischru-ge atNozzle size jets used on fires optimum pressure> 100 sq ft 

1.96 1.57 LISi" 
~II 14.82 2.65 

4.9413.11i" 
~II 18.79 8.33 

18.003.89k"-li" 
1.89 34.10l-i!:"-l~" 

40.90.691~" 

10.00 


Variable 


Diffuser 9.39 

10.0035.42 

100.00 

1.28Hosereel -

Table 4. Jets used in fighting fires greater than 100 sq ft (1970) 

-
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log T = a + b log A + C (DND) 

where T = total discharge of water (litres/sec) for all jets used 

A = final area of fire damage (sq ft) 
:' 

DND = 0 for ct.elling, 1 for non-dwelling 

I 

I 


I 


Source Sum of Squares d. f. Ms F 

Due to regression 
of log T on A 

Extra due to DND 

Residual 

Total 

132.692 

8.260 

250.615 

391.567 

1 

1 

400 

402 

133 

8.26 

.627 

205 

13.1 

Regression equations: dwellings log T = - 1.887 + .5996 log A

I non-dwellings log T = - 1.486 + .5996 log A 

I Standard error of b is .0453 

If is .36 

Table 5. Re'\Eession of log (total discharge) against area ef fire deml!':e 

for all fires that had spread beyond room of origi,!!. 

I 





I 
Figure 1 : Number of jets used against area of fire

I damage (dwellings) 
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Figure 3: Histograrns of 
I 

I 
 groups based 
I 

I 

I 

I 

I 

I 

I 

I
I I 
 I 

I 

I 


I 

I 

I
J 
I 


I 


I 

I 

I 

I 

I 

I 


I 

I 


I 


I 


I 

I 


I 

I 

I 

I 
 I 


I 


I 

I 

I 

I 

I 

I 

I 

I 

I 

I 
 lI
I 


40 


30 


!lO 


10 


J 
o I I 


-35 -25 
I 

-15 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I o -' 15 

I 
.I25 

..}
35 

residuais for 
on sub-occupancy 

l.DWELUNGS 

2.RESIDENTIAL 
( Hotels,Clubs,Hospimls) 

3.COMMERCIAL 

(Shops, Oftlces) 


4.ASSEtviBLY 
( Schoofs,Pub5,Hafls,cafes) 

5.INDUSTRIAL 

6.STORAGE 

I 

I 



I 

I 

I 

I 

I 


I 

I 


I 

I 

• 




I 

Rgure4: Histograms of residuals for groups based on Industrial 
Classification ~ I 
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Figure 4 ( continued), 
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10. CONSTRUCTION 


I 

I 

I 


I 

I 


I 


I 

I 

I 

I 

I 

I 


20 


15 


10 


5 


o 

I 

I 


I 

I


I 
 I 
 I 


I 


,I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 


I 

I 


I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I
, 

1 
 I
I 

I 

I 

I 

I
, 

I 

I 

,I 
, 

I 

I 

I 

I 

I
, 

I 

I
,
I 

I 


I1 
I 

I 

I 

I 


,:
I 


I 
 I
, ..!. I
-' -3s -2s -ls o Is 2s 3s 

l1.DISTRIBUTION 

12.IN5URANCE, BANKING, 
PROFESSIONAL GOVERNl'AENT 
SERVICES 

13.0THER. SERVICES 

14.ElECTRIC In:WATER,TRANSPORT 



I 

I 

I 

I 

I 

I 

I 

I 


I 


I 

I 


I 

• 




Figure 5:Histograms of residuals for groups of brigades 
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