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MAKING GOOD, risk-based 
decisions about fire 
safety design requires 

accurate input data. A key element 
of this decision process concerns 
the assessment of the likely 
performance of various fire safety 
measures. For example, what is the 
probability of a particular safety 
system performing as intended? 
If accurate data is available, the 
true cost/benefits can be assessed, 
project fire safety can be optimised, 
and best value achieved.

Fire Statistics Great Britain is 
published by the Department 
for Communities and Local 
Government, and is based on 
the Incident Recording System 
(IRS) data compiled from fire and 
rescue service records of incidents 
attended throughout the region. 
The annual report1 for 2010 to 
2011 included, for the first time, 
information about the effectiveness 
of sprinklers, but contained some 
surprising numbers.

Of the 408 fires where sprinklers 
were present in the room of 
origin, 172 (42%) were recorded 
as extinguished/contained/
controlled and 29 (7%) were 
recorded as did not extinguish.  
For the remaining 207 (51%) it was 
not known whether the sprinklers 
were effective or not, which offers  
a surprising level of uncertainty.

There were 145 fires with 
sprinklers not in the room of origin 
but elsewhere on the same floor, 
and 55% of these were recorded 
as outcome not known. Having 
such a high percentage of the data 
not known could have a negative 
effect, by fostering the belief 
that it is difficult to measure the 

performance of sprinklers in real 
life applications. 

The data could also have an 
adverse effect on life safety and 
property protection, as it indicates 
that where sprinklers were present 
in the room of origin, they were 
effective in only 42% of cases, 
falling to 19% where sprinklers 
were present on the same 
floor. International studies2 into 
sprinkler performance typically 

cite reliability above 80% and in 
many cases well over 90%. It is 
widely accepted that correctly 
designed, installed and maintained 
sprinklers will usually control a fire, 
and in many instances extinguish 
it, thereby protecting life and 
property.

It is also worth pointing out  
that the IRS data is likely to 
under-report the effectiveness of 
sprinklers in any case, as incidents 
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collected to determine the 
effectiveness of sprinklers
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where the sprinklers extinguish 
the fire quickly, especially in 
commercial buildings, may not 
attract any fire and rescue service 
attendance and may therefore  
be unrecorded.

In order to understand 
the underlying issues and 
provide recommendations for 
improvement, a detailed analysis 
of data from a large metropolitan 
fire and rescue service was 
conducted. The IRS entries from  
all 74 sprinklered fires covering a  
12-month period from May 2011 to 
April 2012 were reviewed in detail.

Of the 38 records where 
sprinklers were reported in the 
room of origin, 21 (55%) showed 
that the fire was extinguished/
contained/controlled. Of the 
remaining 17 records, only 18% 
contained useful information about 
the reason why the sprinklers were 
recorded as not controlled.

On investigating these 17 
occasions when the sprinkler 
system did not actuate in the room 
of origin of the fire, the underlying 
reasons were:
• (13 occasions) the temperature 

required to activate the head 
was not reached – why are 
these not recorded as sprinkler 
successes, as this is exactly 
what sprinklers are designed  
to do?

• (two occasions) the sprinkler 
heads were not in the vicinity 
of the fire – why are these 
recorded as sprinklered?

• (one occasion) the system 
had been vandalised in an 
unoccupied/derelict building

• (one occasion) four heads 
operated in a small refuse bin 
room. The refuse bins had  
not been put back in the 
correct location under the 
sprinkler heads

A similar analysis of the other 
36 records (where the sprinkler 
system was located other than in 
the room of origin) showed that 
on nine occasions, the actuation of 
the system extinguished, contained 
or controlled the fire. On the 27 
occasions when the system did 
not actuate, the reasons were:

• (22 occasions) the fire was in an 
area not covered by the system, 
ie it was not a sprinklered fire

• (three occasions) the actuation 
temperature of a specific 
head was not reached, ie the 
sprinkler operated as designed

• (one occasion) there was a fire 
in a sprinkler motor 

• (one occasion) the fire was in 
the electrical cabling of a boiler 
room and was extinguished 
by firefighters using a carbon 
dioxide extinguisher

Considering the overall 
investigated data set, the 24 
records where there were no 
sprinklers in the vicinity of the 
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fire should be ignored. It is also 
perverse that the 16 occasions on 
which the design temperature of 
the sprinklers was not reached 
were recorded as either sprinkler 
failures or not known. One of the 
best features of sprinklers is that 
they rarely actuate unnecessarily. 
Overall, the data shows 94% 
effectiveness for sprinklers. 

This accords well with 
information3 from the National 
Fire Protection Association (NFPA), 
based on a much larger data set 
of 48,460 incidents recorded in 
the USA National Fire Incident 
Reporting System (NFIRS). This 
reported 91% sprinkler operation 
in structure fires, which were large 
enough to activate sprinklers, with 
96% effectiveness.

The data also showed that on 
every occasion, the outcome of the 
sprinklers on the fire was known 
or could have been determined. 
A review of the IRS data fields and 
relevant guidance showed that, 
while the guidance clearly states 
that only systems ‘in the vicinity 
of the fire’ should be entered as 
sprinklered, the data entry fields 

led fire officers to enter data if 
sprinklers were present in any part 
of the building.

The measurement of the 
performance of sprinklers requires 
both operational reliability and 
performance reliability to be 
considered against the design 
objectives. Operational reliability 
measures the probability that the 
system or components will operate 
as designed when required. An 
example of operational failure 
would be if the water supply had 
been turned off. Performance 
reliability is a measure of the 
effectiveness of the system 
once activated. Examples of 
performance failures include not 
enough water being released or 
water did not reach fire.

It is suggested that the current 
IRS data fields could be simplified 

to four possible responses:
1. system operated and extinguished/ 

contained/controlled
2. system operated and did not 

extinguish/contain/control
3. system did not operate when 

expected
4. fire too small to activate system
Options 1 and, importantly, 4 
should be regarded as correct 
sprinkler operation. Option 2 
would lead to a subset of responses 
to record performance reliability 
issues, and option 3 to a subset of 
responses to record operational 
reliability issues.

This would both simplify data 
entry and improve the quality of 
the information. A much more 
accurate picture would then be 
available about the probability 
of sprinklers performing as 
designed. Also, more detailed 

 Current data fields could 
be simplified to improve the 

quality of information  
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information about the issues with existing sprinklers 
would enable designers, manufacturers, installers 
and maintainers to focus on areas that would 
improve reliability and effectiveness. Approving 
authorities and Standards developers would have 
clearer evidence-based information on which to  
base decisions. 

British Standards PD 7974-3:2011: Application 
of fire safety engineering principles to the design of 
buildings. Structural response and fire spread beyond 
the enclosure of origin provides a framework for the 
probabilistic risk assessment of fire safety systems. 

The document gives a probability for successful 
sprinkler actuation between 0.75 and 0.95, and 
indicates that the higher figure is applicable to 
new systems in areas where statutory enforcement  
is in place. These figures compare favourably with 
those for other fire systems:
• probability that fire-resisting structures will achieve 

at least 75% of their design fire resistance rating 
between 0.25 and 0.75, dependent on type 

• probability of fire doors being blocked open is 0.3 
• probability of self-closing doors failing to close 

correctly on demand is 0.2
• probability of a smoke control system operating  

as designed when required is 0.9
Of course, not all failures will result in the same 
consequence and the fire safety designer will need 
to consider both high consequence and common 
mode failures. Additional reliability can be achieved 
by the use of multiple components to provide for 
redundancy and/or the monitoring of critical system 
components, so that faults can be fixed quickly and 
downtime minimised. 

It is clear from the more detailed data  
analysis that it is possible to accurately measure  
the effectiveness of sprinklers for the vast majority  
of incidents. It is also clear that the current IRS  
data is not recording information about sprinkler 
effectiveness in the most accurate and meaningful  
way. A few simple changes to the data fields,  
coupled with new guidance, should make a 
significant improvement to the quality of this  
data, allowing stakeholders to make accurate  
evidence-based assessment about the effectiveness  
of sprinklers 

Nigel Firkins is a chartered fire engineer and a fire 
safety consultant. For more information, see page 4
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