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ONTARIO FIRE LOSS STATISTICS FOR THE RISK-COST 
ASSESSMENT MODEL 

S. Mailvaganam, D. Yung and M. EVencipe* 

ABSTRACT 

F i e  loss statistics at the Ontario Fire Marshal's Office in Toronto were retrieved to 
find relevant data for the risk-cost assessment model which is being developed at the 
National Fire Laboratory. The risk-cost assessment model is a computer model that can be 
used to assess the cost effectiveness of f i e  safety provisions in highrise buildings. 
Statistical data needed include the probabilities of fire starts; the types of fires; the 
effectiveness of alarm and sprinkler systems in saving lives; and the response and set-up 
time of fire departments. The determination of set-up time was carried out in a separate 
study through collaboration with Ontario f i e  departments. The present report documents 
and discusses the findings of these two studies. 

*Office of the F i e  Marshal of Ontario, Toronto 
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ONTARIO FIRE LOSS STATISTICS FOR THE RISK-COST 
ASSESSMENT MODEL 

by 

S. Mailvaganam, D. Yung and M. Prencipe 

INTRODUCTION 

Over the past few years, the National Fire Laboratory of the National Research 
Council of Canada has been developing risk-cost assessment models that can be used to 
evaluate the cost effectiveness of fue safety provisions in highrise buildings. These models 
use both mathematical models based on physical laws, and probabilistic models based on 
statistical data, to determine the fie risks and protection costs in highrise buildings. 

The purpose of this study was to obtain Ontario fire loss statistics on apartment and 
office building fires for the development of the risk-cost assessment models. Four major 
areas of statistics were needed: 

i) F i e  Incidence: to predict the probabilities of fire starts. 
ii) Fire Types: to predict the probabilities of occurrence of three types of fues 

(smouldering, non-flashover and flashover). 
iii) F i e  Protection: to predict the effectiveness of alarm and sprinkler systems in saving 

lives. 
iv) F i e  Service: to predict the response and set-up times of f ie  departments. 

The study focused on fm loss statistics for the province of Ontario where these 
statistics are gathered and processed at the Office of the Fire Marshal (OFM). It is from the 
OFM that fire reporting documents are circulated to fire departments across Ontario 
(samples of the fire reporting documents are shown in Appendix A). Statistical data 
obtained are then entered into a database called the Fire Loss Reporting System (FLRS). 
Unlike the National Fire Incident Reporting System (NFIRS) in the U.S., which captures 
roughly one-third of U.S. f i e s  each year and extrapolates the rest, the FLRS documents aU 
fues that occur in Ontario. The current FLRS database spans from 1983 to the present and 
publications regarding f ie  losses are issued annually by the OFM based on this data. 

As well as the FLRS, the OFM maintains a second database, called the F i e  Safety 
Report (FSR) database. This database contains detailed information on some f ies  which 
were investigated by the OFM during the years 1984 to 1987. The fires investigated were 
of a significant nature and include fatal fues, large loss fires, suspected incendiary fires and 
explosions. A sample of the form used by the f i e  investigators is also shown in Appendix 
A. 

All four groups of fue statistics, excluding data on fire department set-up time, 
were obtained from both the FLRS and the FSR databases. Set-up time is not recorded on 
either database and was obtained separately through the f i e  departments. Other 
supplementary statistics, such as office space and number of apartment units, were 
obtained from outside sources. 



METHODOLOGY 

The nature and validity of the statistics compiled in this report are a product of the 
database set-ups, its strengths and weaknesses, and the discrepancies that exist between 
each database. 

The Fire Loss Reporting System (FLRS) is a mainframe database located at the 
Queen's Park central processing area. It contains information on all reported fues in the 
province of Ontario as collected by district fue departments. Retrieval of statistics on this 
system can be tedious and time consuming as every submission for retrieval must be sent to 
Queen's Park before being processed. Currently, this antiquated system is being phased 
out and a network fde-server system is being implemented at the OFM. It should be noted 
that the 1987 FLRS files were lost and partially reconstructed. At the time of retrieval, it 
was not known to what degree the files were restored. 

The Fire Safety Report (FSR) database is a PC-based system that is run by the 
program DbaseIV. The fires contained in the FSR are a small subset of those in the FLRS, 
and are those that have been investigated by the OFM during the years 1984 to 1987. The 
FSR fires include fatal fues, large loss fires, suspected incendiary fires and explosions. 
Because of the nature of the fues, the FSR database is highly biased towards more 
significant fires. However, information in the FSR database was provided by trained 
investigators from the OFM. Therefore, the FSR database has more detailed information 
and is considered to be more accurate than the FLRS. 

Few discrepancies exist between the FLRS and FSR databases, except in the area 
of alarm systems. The Standard Fire Report, which is the basis for the FLRS, is 
ambiguous, especially with respect to alarms. As a result of this ambiguity, a large number 
of inconsistencies in the reporting may have resulted. 

From the FLRS database, statistics on fire incidence, property loss, alarm and 
sprinkler systems, injuries, deaths, and response time can be obtained. From the FSR 
database, all of the aforementioned (except response time) information, including the extent 
of fue spread, is obtainable. 

Since data in the FSR database is limited to the time period from 1984 to 1987, any 
data extracted from the FLRS database ideally should also be from the same four years to 
facilitate comparison. It was not possible to do this as the sample size of four years was 
not large enough to see definite trends or established patterns. It was decided that, where 
possible, the tables based on the FLRS would be compiled for the maximum period 
available, from 1983 to 1990, to increase the size of the data set. However, to allow for 
proper comparison with the FSR data, tables based on the FLRS were also compiled for 
the shorter time period, from 1984 to 1987. It should be noted that the one table that could 
not be derived from the FLRS database was the Extent of Fire Spread table, as this 
information pertained strictly to the FSR database. 

Most of the information in both databases is codified based on a set of standard 
codes. These codes characterize such things as area of fue origin, source of ignition, 
material first ignited and property classification. As this study deals strictly with apartment 
and office buildings, the codes most closely characterizing these types of structures were 
used. For apartment buildings, the codes for Multi-Unit Dwellings (two or greater, 
Property Classifications 131-133) were used; and for office buildings, the Property 
Classification for General Office Buildings (531) was used. The Multi-Unit Dwelling 
categories do not include any rooming, boarding and lodging houses or attached dwellings 
such as rowhouses or townhouses. 



To allow for the analysis of the effect of sprinkler systems, statistics were retrieved 
separately for both sprinklered and non-sprinklered buildings. 

In some tables, the category "unknown" will appear. Occurrences in this category 
indicate that information was not available but the incident has been included in the total to 
give an indication of the number of fires in a given breakdown. 

Supplemental data, such as number of apartment units and available office space, 
were required to construct some of the tables. Reference was made to Statistics Canada 
tables to determine the number of apartment units in Ontario. Unfortunately, statistics in 
the tables only listed apartment buildings five storeys or greater which was not consistent 
with the building types being surveyed in the fire loss databanks. Through the Ontario 
Ministry of Treasury and Economics, it was possible to obtain pertinent data on the number 
of apartment units in Ontario from the 1986 census data (see Appendix B). 

The search for comprehensive data on total office space in Ontario was not as 
successful. Many private agencies, such as Canadata, had summary statistics on 
construction starts on an annual basis but none had cumulative data. The only information 
that could be found was a survev bv Roval LePa~e in 1989 on Canadian real estate in maior 
urban centres (The Royal ~ e ~ a g e   arkk kt ~ u r v e g  Canadian Real Estate, 1989). For 

J 

Ontario, this report lists office space only for the Toronto and Ottawa/Carleton areas. 

Another roadblock was encountered when trying to locate statistics on the number 
of people living in units that had sprinkler systems, no sprinklers, alarms, or no alarms and 
combinations thereof. These statistics, to be used in the evaluation of fire protection 
systems, were still unavailable at the time of writing. 

One area of study dealt with fire department set-up time. This issue was addressed 
in a separate study as set-up time was not recorded in either database. The methodology 
that was used will be addressed in the Fire Services section of this report. 

FIRE INCIDENCE 

Due to insufficient data on apartment units and office space, Table 1 on rate of fue 
incidence could not be assembled to completion. For apartment buildings, only 1986 
figures on apartment units were available (Appendix B) and therefore only 1986 fms  were 
tabulated. The number 2.16E-03 represents the rate of fire starts per apartment unit. For 
office buildings, only 1989 figures on office space were available, as mentioned 
previously, and hence only 1989 fires were tabulated. Moreover, only office space for the 
Metropolitan Toronto and Ottawa areas were available and therefore only fires for those 
two cities were tabulated. The number 7.68E-6 represents an estimate of the number of fire 
starts per square metre of office space. 



Table 1 

Fire Incidence for Apartment and Office Buildings in Ontario 

Office statistics apply only to the Regions of Metropolitan Toronto and Ottawa-Carleton. 
" Rate is the no. of fires per apartment unit or per sq. rn office space. 

... .. . .. . ... .. . . :::...:::?i:.s-:iiy* ...... 
... : :::.. : . . . .  . ..... 

1986 

1989' 

; : " ~ ; g $ ~ , : ~ ~ ~  ~. .. . 

Apartment 

O f f i i  

2,300 

110 

881,675 units 

14,325,600 ~ q .  m 

2.61 E-03 

7.68E-08 
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FIRE TYPE 

a) Apartment Buildings 

i) Property Loss (Tables 2-7) 

In these tables, fire death rates are shown in $1,000 property loss intervals. Any 
significant changes in death rate can be regarded as indicators of changes in fire type. For 
buildings without sprinklers, the FLRS tables (2 and 4) show a general increase in death 
rate with property loss; whereas the FSR table (6) shows, as expected, no definite trend in 
death rate due to the smaller size of the database and the skewed nature of the data sample. 
For buildings with sprinklers, both the FLRS tables (3 and 5) and the FSR table (7) show 
no definite trend in death rate. This is possibly because the data set for buildings with 
sprinklers is small. Also, in buildings with sprinklers, a simple correlation between death 
rate and property loss may not exist since property loss can be caused not only by fire but 
also by sprinkler action. 

When comparing the FLRS 1983-90 data with the FLRS 1984-87 data, a definite 
smoothing of the trend can be seen. This may be attributed to the increase in sample size. 

The FSR data is a subset of the FLRS data. As such, the number of fires and 
deaths in the FSR database should always be less than those in the FLRS database. In 
Tables 4 and 6, this is not the case for the intervals $3,000-$3,999 and $9,000-$9,999. 
This may be explained by the fact that definitions of sprinkler and alarm systems are not 
completely congruous between the two databases and interpretation may vary resulting in 
the same incident being reported differently in each of the databases. 

ii) Extent of Fire Spread (Tables 14-15) 

In these tables, death rates are shown in terms of the extent of fue spread, based on 
the FSR data. For buildings without sprinklers (Table 14), there is a noticeable jump in death 
rate from "Confined to Object" to "Confined to Floor", corresponding to the change from 
non-flashover to flashover fires. For buildings with sprinklers (Table 15), the results also 
show that there is a jump in death rate from "Confined to Object" to "Confined to Floor". 
However, with sprinkler protection, most fires are confined to the room of fire origin. 

It should be noted that the FSR data, as was mentioned earlier, is biased towards 
significant fires. The number of "non-flashover" and "flashover" fues that can be derived 
from Table 14 for buildings without sprinklers, based on the extent of fire spread, cannot 
be generalized. Table 14 can only be used as a reference for significant fues. 

b) Office Buildings 

i) Property Loss (Table 8-13) 

When examining results for office buildings, it is clear that the sample size is too 
small to see any significant characteristics. The death rate is almost non-existent and 
therefore cannot be used to indicate any changes in fire size. 

ii) Extent of Fire Spread (Tables 16-17) 

The lack of numbers available also makes it difficult to see anv trends. 
Nevertheless, the use of sprinklers does seem to limit fire spread to thk room of fire origin 
for office buildings, as is the case for apartment buildings. 
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Table 2 

Fires in Apartment Buildings: 1983-90 

Without Sprinkler System [Using FLRS] 



Table 3 

Fires in Apartment Buildings: 1983-90 

With Sprinkler System [Using FLRS] 



Table 4 

Fires in Apartment Buildings: 1984-87 

Without Sprinkler System [Using FLUS] 



Table 5 

Fires in Apartment Buildings: 1984-87 

With Sprinkler System [Using FLRS] 

.:. ..property.~(j~~$)~:;.. 

0 -  999 

1,000 - 1,999 

2,000 - 2,999 

3,000 - 3.999 

4,000 - 4.999 

5,000 - 5,999 

6,000 - 6,999 

7,000 - 7,999 

8,000 - 8,999 

9,000 - 9,999 

10,000+ 

. . . . . . . . . . ... . ..... . . . o a . ' . . : : ' . .  . . .  . . .~ . .  . . .. ~ . . . . . . .. .. 

I : : , : . :  .: 'Rms .,:~::$j;.,. 

2.192 

236 

117 

66 

36 

49 

24 

18 

18 

10 

1 72 

. . .  . . . . . . . . . . . . . . . . . . . . . .  . .. . . . . . . . . , .. . . ~ ...; . . , , . . . .  

.:: . :No;.& D ~ a t ~ s : ' : ~ ~ . , f ; : : : ~ a t ~ ~ ~ , ~ r ~ ~ . ; , ;  . . 

1 
1 

1 

0 
2 

1 

0 

0 

0 

0 

16 

: . :  .:",~~.:::::'l,~~.:;,.:.., . . . . . ... . . . .. . . . . . . . . . . . . . . . . . . . . 

. . 

0.46 
4.24 

8.55 

0.00 

55.56 

20.41 

0.00 

0.00 

0.00 

0.00 

93.02 

:;.I :;:<.: : . ~  .;,. 7,&!:<;j,; ;::;. ,:,. . . . : ::. '. . :. ~ . .  . 



Table 6 

Fires in Apartment Buildings: 1984-87 

Without Sprinkler System [Using FSR] 



Table 7 

Fires in Apartment Buildings: 1984-87 

With Sprinkler System [Using FSR] 



Table 8 

Fires in Office Buildings: 1983-90 

Without Sprinkler System [Using FLRS] 



Table 9 

Fires in Office Buildings: 1983-90 

With Sprinkler System [Using FLRSJ 

P m P w b  (S) f No.ofFkes I No. of D e w  1 DeethaflOOOFlres 
I 



Table 10 

Fires in Office Buildings: 1984-87 

Without Sprinkler System [Using FLRS] 



Table 11 

Fires in Office Buildings: 1984-87 

With Sprinkler System [Using FLRS] 

I P r o p e r t V ~ ( 8  ! No.ofRres f No. of Deaths I Deelhs~l000 Rrea I 



Table 12 

Fires in Office Buildings: 1984-87 

Without Sprinkler System [Using FSR] 



Table 13 

Fires in Office Buildings: 1984-87 

With Sprinkler System [Using FSR] 

Property Loss ($1 

0 - 999 
1,000 - 1,999 
2,000 - 2,999 
3,000 - 3,999 
4,000 - 4,999 
5,000 - 5,999 
6,000 - 6,999 
7,000 - 7,999 
8,000 - 8,999 
9,000 - 9,999 
10,000+ 

Total 

No. of Fires 

0 

2 
1 

0 

1 

1 

0 

0 

0 

1 

3 

9 

No. of Deaths 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 f 

DeatW1000 Fires 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 



Table 14 

Fire Damage I Probability in Apartment Buildings: 1984-87 

Without Sprinkler System [Using FSR] 

. ... 
..::.. ..: Externof Fii&:,,sprea@.:!:,,:: . . 

Confined to object 

Confined to room 

of fire origin 

Confined to floor 
of fire origin 

Confined to 

other floors 

Confined to 

entire building 

Undetermined 

.... 
. . .. .. . 'Tot$l: ,:  ;:::.?. : .  . . .. . . . . . . . 

::.: N&~~, 'F~~s" : : ,  

90 

134 

75 

28 

24 

12 

. . , , , ' . ~ :  363~,,~,?~3;:,,:~.(.:.,: 

. : ; ~ ; : : ~ f : ~ a t ~ : ; : : j ; ~ i , ~ ~ h s / 1  M)o~~&~;; 

8 

29 

21 

7 

7 

3 

. , . , ,  . 

88.89 

216.42 

280.00 

250.00 

291.67 

250.00 

,::: :;75';:i,::.:i:, , : j  !,:;.,:':: :, . :. 2OeL&1 .<:;&;;.:;:{;s;. . . .. .. . . . . . . . . 



Table 15 

Fire Damage / Probability in Apartment Buildings: 1984--87 

With Sprinkler System [Using FSR] 

iiExtentdf Fir6.Spread::::l.~:f.::,: No.of:.,fires.'i:;: . i ~ . ' : ~ ~ ~ i f : : ; ,  

1 

1 

1 

0 

0 

0 

Confined to object 

Confined to room 
of fire origin 

Confined to floor 

of fire origin 

Confined to 

other floors 

Confined to 

entire building 

Undetermined 

. .  . . . . .. . . . . . . .  . : . . : .  . . : :  . . ... ~ . . . . , , .,. 

i;:,D@athsf1O~,fiwjz:~ . .  . 

38.46 

55.56 

250.00 

0.00 

0.00 

0.00 

26 

18 

4 

0 

0 

3 

: . .  . g<;:::.,:: . 
, . . :,, , : . : : . 3  ::::;:::;.,{;,.: . . ..:.58~82.j:.'.:;::;:.':. 

J 



Table 16 

Fire Damage 1 Probability in Office Buildings: 1984-87 

Without Sprinkler System [Using FSR] 

. Exlent . . .  of FireSprea:: i . .  

Confined to object 

Confined to room 
of fire origin 

Confined to floor 
of fire origin 

Confined to 

other floors 

Confined to 

entire building 

Undetermined 

. ...: 
. .  . . . .  ..Total; ::. : : ( :  . . . . . . . . . . .: 

. : ; .  N~;.d'oms::.j;:j 

5 

5 

7 

3 

1 

1 

. . . . 2 : . . . . .. . . . . . .  

,ix,No; of:l)e~hs-~ 

0 

0 

0 

1 

0 

0 

. !, : . ..I , :  . : 

;xDeaths/jOOO;fimsi::i;: . . . . . . . . 

0.00 

0.00 

0.00 

333.33 

0.00 

0.00 

. : :  &t)5 j::: ::,: 1 . :  :: . .  . .. ... 



Table 17 

Fire Damage 1 Probability in Office Buildings: 1984-87 

With Sprinkler System [Using FSR] 

Confined to object 

Confined to room 

Confined to floor 

Undetermined 



FIRE PROTECTION 

a) Apartment Buildings (Tables 18-20) 

The original intention of this analysis was to show the fm death rate of each of the 
four categories of fue protection as a ratio of the number of fire deaths occurring to the 
number of people living in that category. This would illustrate the relative significance of 
the data. Unfortunately, statistics on the number of people living in these categories do not 
exist. Consequently, the death rate is given as a ratio of the number of fm deaths to the 
number of fue incidents that occurred in each category. 

During retrieval of these statistics, it became apparent that major discrepancies exist 
between the FLRS and the FSR databases with respect to alarm installation and activation. 
Again, a possible explanation could be the inconsistent definitions of alarm systems as are 
pointed out in the tables. 

b) Office Buildings ( ~ a b l e s  21-23) 

For office buildings, many of the above-noted observations apply. However, since 
there are no deaths recorded in this category, the tables do not demonstrate any patterns. 



Table 18 

Fire Deaths in Apartment Buildings: 1983-90 

[Using FLUS] 

Alarm refers to incidents where an alarm system was available 
or installed but not necessarily used or activated. 

Alarm* 

NO Alarm 

. . . . . . . . .  ........ ........................ ................. :.:.: > !...~ :.. ::. ........................................................... ........................................ ...*. ........... ............. .o&*;...Rm :;$$g:?z:+.;<z$$$$@i 
:~::: .................................... . . . . . . . . . . . . . . . . . . . . . .  
.................... ........ .......... .......................... >...... 
: ....................... ..<; ......... .<............ <.. . . . . .  

181321 3=5.60E-03 

13127834.67E-03 

. . * & ~ ~ . ; ; < ; s . & $ : ; ~ ~ g ~ . ~ g j ;  . . . . . . . . . . . . .  

81/4989=1.62E-02 

145191 73-1.58E-02 



Table 19 

Fire Deaths in Apartment Buildings: 1984-87 

[Using FLRS] 

Alarm refers to incidents where an alann system was available 
or installed but not necessarily used or activated. 

AI;vm* 

NO Alarm 

. . . . . . . . . . . . . . . . . . . . . . . . . .  ...........<. ................................................ %.*. <. ............... .................................... :.: ... :;. ............ ~~::~i':j.":'-';:::;.:':::::.::.;~;iI::;~j::i:3:. . . .  . . . . . . . . . . . . . . . . .  :.~... !~ ....................................... ......... ~: ........................................... ......... . . . . . .  .............................. 
. . . . . . . . . .  - .... ................. Sprimw ............................... :::.::::. ......................... 
: :: ................... .................................... ..................... .................. ..... . . . . . . . . . .  : ....................................... 

15/1435=10.45E-03 

711503~4.66E-03 

:.. :.:~.: ..:. ~.:. 
NdnSme'red;:l::ii . . . . . .  

35/2184=> .60E-02 

79/4743=1.67E-02 



Fire Deaths in Apartment Buildings: 1984-87 

[Using FSR] 

Alarm refers to incidents where an alarm system was installed 

in the area of fire origin. 

" Sprinklered refers to a sprinkler system installed in the 

area of fire origin. 

Alarm* 

No Alarm 

. . .  . . . . . .  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  . . .  : ......................... * : . : : : : , . : . , : : . : : , : . : i ~  . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . .  : .::.. ............. 
. . . . .  . . . . .  
.. . . . . . .  : ;.:.~pri&[ed?:,:,::;i- 

1139=2.56E-02 

1/12=8.33E-02 

. . 

iii:c;:i~ohiw~Idered . . .  ::;{::I; 

381131 =2.90E-01 

371232=1.59E-01 



Table 21 

Fire Deaths in Office Buildings: 1983-90 

[Using FLRS] 

Alarm refers to incidents where an alarm system was available 
or installed but not necessarily used or activated. 

Alarm' 

NO A1;lrm 

. . . . . . . . . .  ............................................ !... ...... .,: . . . . . . . . . . . . . . . . . . . . . . . .  . ....$. -.. ::~<: : : . z ~ :  2 :::: :-.::i;i::t:~:a.:&~~;!.::Rat~.:$f;;$~;:.jj"i;;ij~~$~rg~;g~ 
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Table 22 

Fire Deaths in Office Buildings: 1984-87 

[Using FLRS] 

Alarm refers to incidents where an alarm system was available 

or installed but not necessarily used or activated. 

Alarm' 

NO Alarm 
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Table 23 

Fire Deaths in Office Buildings: 1984-87 

[Using FSR] 

Alarm refers to incidents where an alarm system was installed In the area of fire origin. 

" Sprinklered refers to a sprinkler system installed in the area of fire origin. 

Alarm' 

NO Alarm 
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FIRE SERVICES 

The time elapsed between the start of a fm and the instant when fire suppression 
begins is composed of five separate time steps: 

(1) Alarm initiation or notification time starts with fm ignition and ends when the fire 
department gets the notification of the fm. 

(2) Dispatch time is the time it takes for the fmt crew to be alerted of the fue after the 
alarm is received by the dispatcher. 

(3) Preparation time is the time it takes the fuefighters to get ready. 
(4) Response or travel time is the time it takes the fire crew to travel to the scene of the 

fue. The response time can be retrieved from the FLRS. 
(5) Set-up time begins when the firefighters arrive at the scene and ends when they begin 

fire suppression operations. This information was not available and had to be 
obtained through a combination of on-site timing and fire department enquiry. 

All of the above information is useful because it provides an indication of the degree 
to which fire department response time affects the consequences of the fire (with respect to 
injury, deaths, and property loss). Two areas of fire service fall into the scope of this 
study: response time and set-up time. 

a) Response Time 

It is important to note that response time alone cannot measure the effectiveness of 
the fire service. The response time is complemented by a number of other factors: 

(1) Average response time: dependent on incident location, region, response area and 
degree of hazard. 

(2) Weighted average response time: gives specific focus to particular areas. 
(3) Availability: measures how often response time is delayed because closest company 

is at another location. 
(4) Initial response adequacy: measures the proportion of alarms for which the initial - - 

response is appropriate. 
( 5 )  Workload: measured in number of responses per day and average time working per 

day. 

i) Apartment Buildings (Tables 24-27) 

For units with or without sprinklers, the majority of responses took less than 
8 minutes with the bulk of the occurrences being res~onded to in 2 to 3 minutes. The total 
dollar loss, however, increased significantly for-buildings without sprinklers. Similar 
increases can be seen in the injury and death categories. 

ii) Office Buildings (Tables 28-31) 

With office buildings, the majority of responses took place in less than 5 minutes, 
as opposed to the 8 minutes for apartment buildings. This could be a result of the fact that 
most office space is centrally located and usually within close proximity to fire stations. 
Again, an increase in dollar losses was observed for buildings without sprinklers, although 
not as dramatic as for apartment buildings. 



b )  Set-Up Time 

As part of the study, a reasonable estimate of a Fire Department's set-up time is also 
required. Used in the risk-cost assessment model, these estimates will help in the 
assessment of the probability of fire extinguishment at various stages of fire growth. 

Set-up time, which is defined as the time from when the fue department anives at 
the scene of the fire to when suppression of the fue begins, is controlled by many factors. 
These include: 

- time of day, 
- weather and traffic conditions, 
- location of hydrant and size of water main, 
- apparatus and man-power available, 
- location and extent of fire, 
- building height and type of construction, 
- water supply, 
- number and age of occupants, 
- highrise plan availability, 
- presence of sprinkler system, 
- ability to ventilate, 
- temperature (stack effect), 
- life hazard, 
- type of fire department (full-time, composite or volunteer). 

Since variances in the above list can be large, the range of possible set-up times can 
also be large. It is therefore important to establish a range of set-up times that would take 
into account the best and worst case scenarios and would be based on factors that are 
similar to actual fue conditions. 

It was decided that the best way to attack the problem of defining an accurate. range 
of set-up times would be to go out into the field and time a crew setting up under specific, 
pre-defined conditions. 

After consultation with the Fire Advisory Services Division of the Ontario Fire 
Marshal's Office, three scenarios were devised that would encompass the normal 
operations of a fire department fighting a highrise fire. 

The Mississauga Fire Department provided the crew and facilities. This included 
six fuefighters, two training officers, one pumper, one aerial and the Mississauga F i e  
Department Training Centre's mock highrise building. 

All three scenarios had the following common components: 

- four man crew including Captain, 
- fourth storey level of fire origin, 
- standpipe system with hose cabinets installed, 
- standpipe Siamese connection on front of building, 
- central conidor building type, 
- extent of fire spread limited to room of fire origin, 
- all access gained by stairwell. 



Scenario No. 1: The firefighters arrived at the scene in a pumper, sized-up, and 
proceeded to the level of fire origin, using only the existing standpipe system (at 90- 
100psi) to suppress the fire. All windows were shut and three fuefighters with air packs 
went into the building while the driver stayed with the vehicle. This evolution took 3 min 
56 sec or approximately 4 min from arrival to suppression and represents a best-case 
scenario. 

Scenario No. 2: The firefighters arrived at the scene to find the closest hydrant 
inoperable (the next closest hydrant was located 500 ft away), the floor of fire origin 
completely filled with smoke and the standpipe was dry. The crew proceeded to station a 
man at the operational hydrant and lay approximately 350 ft of 100 mm, high ball hose 
from the hydrant to the pumper and the remaining 150 ft with 65 mm hose from the pumper 
to the standpipe connection. This portion took 4 min 5 sec. At this point, the captain and 
one other firefighter went into the building where they began fire suppression activities. 
This portion took 1 min 28 sec for a total time of 6 min 33 sec. Although certainly not 
representative of the worst case scenario, the time gives an indication of the delay involved 
when certain conditions are less than ideal. 

Scenario No. 3: This was proposed in order to estimate the set-up time when the 
type of vehicle and fm fighting tactics were changed. This time an aerial or truck with 
ladder apparatus was used and the fire fighting strategy turned from offensive to defensive. 
Given the varied time it takes to hook-up the hydrant to the vehicle, only the set-up time of 
the ladder was measured. This evolution, which included aerial set-up by remote control at 
the base of the ladder and then positioning the water nozzle toward the fire (i.e. 
suppression), took 3 min 17 sec. 

Summary of Set-up Times 

Scenario Conditions Time (min:sec) 

1 - use of standpipe system only 3:56 
- clear visibility 

2 - first hydrant inoperable 6:33 
- smoke-filled floor 
- standpipe dry 

3 - aerial apparatus used 3:17 

The second phase of the set-up time determination was a survey of fire departments 
across Ontario. The knowledge gained in the field was implemented in the construction of 
a questionnaire that addressed issues relevant to set-up time. 

The questionnaire also addressed the last point of the aforementioned list of factors 
influencing set-up time - i.e. type of fire department In Ontario, there are 656 fire 
departments of which 34 are full-time, 100 are composite (a combination of full-time and 
volunteers), and 522 are exclusively volunteer. The percentages are, respectively, 5%, 
15% and 80%. 



There can be great differences between full-time and volunteer fire departments. 
Full-time fire departments, usually located in large urban centres, are generally fully staffed 
and equipped. Firefighters from these departments are well-trained and conversant in 
highrise fire fighting tactics. Volunteer fuefighters, on the other hand, are usually from 
rural areas and may not be trained in techniques of highrise fue fighting. In addition, 
equipment availability and water supply can also cause large discrepancies in set-up time. 

In order to account for the discrepancies between fire departments, a list of fue 
departments was compiled to represent the distribution of full-time, composite and 
volunteer departments across Ontario (see Appendix C for the list). The questionnaire was 
then circulated to these fm departments and the differences in answers observed. Before 
the questionnaire was sent, a phone call was made to the department chief or deputy chief 
to request their cooperation. 

Fire Deoartment Set-uo Time Ouestionnaire 

Scenario: high-rise building, residential standpipe system with hose 
cabinets, standpipe Siamese connection on front of building, 
hydrant located 38 m away from front of building, pumper located 
15 m from standpipe connection, one pumper with a crew of four, 
level of fue origin: fourth storey, building type: central conidor. 

Set-up time definition: Set-up time will commence from the point of taking the hydrant, 
the pumper laying hose to the building, hooking into the Siamese 
connection for the standpipe system and charging it with water. 
The fuefighters will proceed to lay out 38 mm hose from the 
standpipe cabinet to the apartment on fire and playing water. Set- 
up time will stop the instant water is played by the firefighters at 
the apartment 

For the given scenario: 

1. What is the average set-up time for fire suppression operation? 
2. What would the average set-up time be if: 

a) the building was an office building? or 
b) the fire originated on the 7th storey? 8th storey? or 
C) the building was of centre core construction? or 
d) the hydrant was further than 38 rn away (next closest)? 

3 .  What other factors affect set-up time? By how much? 
4. What would be an average dispatch/preparation/travel time? 
5 .  Indicate whether water supply line was 100 mm or 65 mm hose. 

During the phone call stage, it became apparent that almost all of the volunteer fue 
departments had never been involved in any highrise building fires and usually did not even 
have highrise buildings in their geographical area This is to be expected since the majority 
of volunteer departments are located in rural areas. 

The results, therefore, are largely compiled from full-time and composite 
departments but will be representative since the areas which contain these types of 
departments are far more likely to have highrise buildings. 

On the whole, the feedback was consistent and the questions were well answered. 



Question No. 1 had a range of answers from 3-7 min but the average answer was 
approximately 4 min. For an office building (Question 2a), the set-up time was the same as 
an apartment building. When building height changed, the average increase in set-up time 
per floor was 1 min but the time decreased if a firefighters' elevator were available. 

It was found that type of construction did not affect set-up time to a significant 
degree although, in an open concept office building, it would be much easier to locate the 
hose cabinets and, as a result, decrease the time to suppression. 

The answers to Question 2d were not as consistent as the others. Some fire chiefs 
believed that the distance from the fire scene to the next closest hydrant should not make a 
difference in set-up time because it was the pump operator's responsibility on a four man 
crew and would not slow the overall set-up process. Others, however, felt that there 
should be an extra 10-15 sec allotted for every 15 m the hydrant was farther away from the 
scene of the fue. 

Question No. 3 was not answered by any of the respondents as it was felt that too 
much guess work would be involved in estimating the influence of a list of factors on the 

The answers to Question No. 4 included the following: dispatch times ranged from 
60-90 sec, preparation time ranged from 30-60 sec, and travel times ranged from 2-5 min. 
These figures are more representative of full-time fire departments since volunteers get 
notified of fires at their place of work or at home and get dressed on the run or after they 
anive at the scene. 

In general, the water supply line from the hydrant to the pumper would be 100 m 
while the line from the pumper to the Siamese connection would be 65 mm. 

In conclusion, it is important to note that while it was possible to obtain actual 
numbers for many of the questions, conditions during a fire can be so varied that an exact 
prediction of a set-up time is impossible. It is far better to work with ranges that would 
take into account the factors of variance at a fire scene. 



Table 24 

Service in Apartment Buildings: 1983-90 

No Sprinkler Installed [Using FLRS] 
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Table 25 

Sewice in Apartment Buildings: 1983-90 

Sprinklers Installed [Using FLRS] 
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Table 26 

Fire Service in Apartment Buildings: 1984-87 

No Sprinkler Installed [Using FLRS] 
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Table 27 

Fire Service in Apartment Buildings: 1984-87 

Sprinkler Installed [Using FLRS] 
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Table 28 

Fire Service in Office Buildings: 1983-90 

No Sprinkler Installed [Using FLRS] 
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Table 29 

Fire Service in Oftice Buildings: 1983-90 

Sprinkler Installed [Using FLRS] 
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Table 30 

Fire Service in Office Buildings: 1984-87 

No Sprinkler Installed [Using FLRS] 



Fire Service in Office Buildings: 1984-87 

Sprinkler Installed [Using FLRS] 
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CONCLUSIONS AND RECOMMENDATIONS 

In general, the database systems at the Office of the Fire Marshal were accessible 
and easy to use. Apart from the problems identified in the Introduction, all retrievals were 
successful. The FSR database contains a comprehensive documentation of fire statistics 
but, unfortunately, the amount of data it contains is not large enough to project general 
trends. The FLRS database contains a large quantity of data, but the document on which it 
is based, the Standard Fire Report, is in need of re-wording in order to eliminate some of 
its ambiguities. 

With respect to the supplemental statistics, this study identified a need for more 
accessible data on the demographics of sprinkler and alarm systems as well as the need for 
statistics on office space. One information source, not explored but which may prove to be 
helpful, is the insurance industry which may have a breakdown of policy holders according 
to presence or absence of alarm and sprinkler systems. 

When the results were analyzed, it became apparent that the databases are not large 
enough to show a clear breakdown of the type of fires. Nevertheless, the results still 
provide valuable information on fue incidence, the effects of alarm and sprinkler systems 
and the response time. 
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5. lhdetermined 5. Plaster on Wccd h:h 0 5 .  Carpet 

a 6. None i a 6 .  Otlur" 
0 7. I h d e r e d ~ e d  : 7. M e  

knarks* -- : a S.h+?tzrL:.,4! 

! 

f). (IILmG C(h'STUICTICit (IN 11iE .W OF FIRE O ~ G I N )  
Stmctural Cowr2ns Finish - 

a 1. wood ~oist 0 1. ~ypsran Daard c 1. paint 

CJ 2. Steel  ~ o i g t  2. ~ o o d  : 0 2 . ~ a p e ~  

0 3. Concrete [J 3. Fibre Board 0 3. Stucw 

4 .  U l h t e n r M  U a .  Plaster on >!eta1 Lgth n 4. Fibre Tile 
0 5. Plaster WI Kood htli  5. &tizero1 Tile 

6. Plaster 9n %sun Clth Q 6. Other* 
O f .  Wne : 07.2'0"e 

%."arks8 3.  linaccemi?rd ; g 9. CzdetuzGntid .- 



zzr -& -,,.,&-I"Fm~ -y&,, 1. E r n  OF FIRE AN0 SGKE m\Wje 

0 1. less thm 100 m2 a j e a  of  ire ~ r i g h  
2. 100 to 600 $ 2 . '  ban of Fire 0~ig.b 

0 5. over 600 to zwo n2 g' :: g S. Flwr of F i n  Origin 

a 4. h r  2000 m2 
4. OLher Roors* 

0 5. 0 S. &tin Building 

G .  ~ A I N W P  EFIUNCIES (IN m rn o d n ~  ORIGIQ 

1. Nas &or blocked open? 0 7. 'as e n c l o s e  incomplete? 
2. Xas door l e f t  open? 0 8. as miclosure damaged by f i n ?  t) 

4. W a s  firs darqer pmvidedl 

i 
3. Mag door closed properly? 9. d raecCBnial ventilation a 

ssist fire spread? 
10. id mechanical ventilaticn c 

5. Xas fire danpa inopenfive? G f sist m k e  spread? 
6. Har enclosure damaged prior a RMarlu* 

to fire? -7- . . 

bWalled I Qeational Activated 

0 1. Euilding Fire Alaxm System l o  n - 
2. Building Voice ~ c a t i a r  System / 
3. Interccnnected b k e  Ala* 

0 

C 4. M e  
I I a n 
I 
1 

I. RRESAFFMPW ! 
0 1. Fire Safety Plan Instituted? I 

2. Fire Safety Plan' Posted? 
I 

3. &me I ! 
3. E ~ T  FACILITY (FROM THE RE. FLCOR) 

I 

I a s t a ~ l e d  Obstructed - i 

1. 0 1. Che Mt k m k r  
0 2. 0 2. 71n 'Exits i- 
C] S. a 3. &re than lh i I 

a 4. C] 4. &&termiaed 

0 5 h e  

K. E.5PCNSE AMI ACtICNS OF OCCUP.WS OIHER IWURED Onvest i@tcnl~i .&onl 

1; Was m i n g  satisfactorily received? 
2. Was the wamhg delayed? 

3 

5. Uers t k y  ahare of Flre Emergency Plan? 
, . 

4. Did they follow Fire Lnergency Plan? 
LZ 

5. Llid t thy exit frar the Building 
0 

6. Were theyable Lo use the available exit(s) a t t h e  
0 

t h  of escape? 
Remarks* - 0 

! 

I 

L. Km.w m 
1. E s t h f &  nunbe 0 perscns in the tuildiny d d i a t s l y  

prror to rL $ire: - 
2. Nere there any fatal i t ies? 1-7 

3. Wen them any injuries? 
U 
n 
U 

M. RESWSE WD .KTIONS OF INJURED CC(UP!NB (Imtesrigators' Cpinicn) 

1. Nas hamin2 sa t i s fac to~i ly  received? 

2. Was the nnr ing  delayed? 
0 

3.  lkre they aware of F i n  Fxergency Plan? 
0 

4.  Did tk!, follow Fire Emergency Plan? 
0 

5 .  Did they exit from t h ?  Buildir.~? 
0 

E .  Were tky able zo use tse aa:aiiablt e:tic(s) &t L\e 
tuna or' sap: 

!4ernrki * - 0 



Appendix B: Apartment Dwelling Statistics 



SECTORAL AND RKIIONN. POUCY BRANCH 
CENSUS DATA RETRIEVAL SYSTEM 
CENSUS D I V I S W  0 PROVINCE OF ONTARIO 
1- CENSUS FILE: HH4B-PARl 1 1TENURE:fOTAL 

PRIVATE HOUSEHOLOS WTYPE OF HOUSEHOLD 112) BY STRUCTUfWTYPE OF DmLLlNG (ll), 

BY TENWE (3) 

-... .-,-TYPE OF STRUCTURE -....- .... .- 
TYPEOF. HSIATTC TOTOM TOTAL 
KXLSMbCD TOTAL SINGLE APT& DOUBLE AOW A m 6  TO NtX4.R DlWR MOVABLE 

WYEUhl DET- SrORFfS MOUSE HOUSE W R E Y S  WPLM BUILONQ NOLUG MCW&S M U N O  

TYPEwHMISEmw 

TOT PRlV HHDS 
TCKF&MHKDS 
ONE-FAY MW 

PRIM FAM HHLOS 
HLaWFE HMDS 

LOHE PAR HHDS 

SEC(MMF4Y HHCDS 

WSWIFEHHU)S 

W E  PAR HHLOS 
MULT FA44 H H D S  
NOWAM H H W  

ONE PERSON (WLY 
TWO+PERSONS 



Appendix C: Fire Department Survey List 



Appendix C 

City/Town F i r e  C h i e f  Phone # S t a t u s  

Toron to  

Dresden 

W i lrnot 

Caradoc  

Sirncoe 

M i l t o n  

Dryden 

F o r t  F r a n c e s  

Sudbury 

B l i n d  R ive r  

I r o q u o i s  F a l l s  

Georgetown 

S t u r g e o n  F a l l s  

Ottawa 

Napanee 

B r o c k v i l l e  

Tirnrnins 

Renf rew 

P e n e t a n g .  

Brarnpton 

M i s s i s s a u g a  

F .T . 

Vol . 

Vol . 

V 0 l .  

V 0 l .  

Cornp . 

F.T. 

Cornp. 

Cornp . 

V 0 l .  

Vol . 

Cornp . 

Cornp . 

F.T .  

Cornp . 

Cornp . 

Cornp . 

Cornp . 

V 0 l .  

F . T .  

F . T .  



Aurora F .  Bolsby :( 416 )727-1375 Cornp. 

Nor th  Bay D .C .Cundari  :( 705)474-4493 F.T. 

B a r r i e  D .C  .Lemieux : ( 7 0 5  1728-1277 Cornp . 

Note :  Not a l l  F i r e  C h i e f s  c o u l d  be  r e a c h e d  f o r  t h e  f i r e  
d e p a r t m e n t  s u r v e y .  


