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Background





79,2 – 98,2



References

 In the references list Miller, this is listed as Miller, M. 
J. (1974), “Reliability of Fire Protection Systems;” 
Loss Prevention ACEP Technical Manual, 8, 1974

 I have only been able to find: 
Miller, Myron J. (1973), “The Reliability of Fire 
Protection Systems;” at Factory Mutual Research 
Corporation for The AIChE Loss Prevention
Symposium, Philadelphia, PA, November 11-15, 
1973

In the list, the reliability is listed 
as 95,8%

In the reference found, it is 
stated to be 85%



Won Kook Kim



Critical literature review

 Literature review is used to find "gaps" in 
today's literature, to which the study will 
hopefully answer in whole or in part

 Literature review is also used to 
determine whether there is an 
"abundance" of knowledge in the field

 Literature review is also used as 
proofreading or comparison of results

 Critical literature review is "usually" not 
used in the engineering world, but all 
literature review should be critical in 
nature.

 As previous reviews have clearly not 
been critical, and the purpose of this 
study is to find out why this gap in 
reliability exists, also within the same 
country (NFPA vs. FM), this approach 
becomes even more important. 







Selection

 Comparative studies, were rejected
 Only desire to look at raw data studies

 Applicability
 Small areas, and short time aspect, were 

rejected

 Time relevance 
 Studies conducted before 1980 were rejected

 Recent studies



Overview of relevant studies

Reference Success, 

individually and 

average (%)

Applied area/ 

Focus/Comments

Comments

Marryat (Marryat, Rev. 

1988)

95.3 – 100

99.5

Inspection, testing, and 

maintenance exceeded normal 

expectations, and higher 

pressures

Data from 1886 –

1986

NFPA (National Fire 

Protection Association, 

1970)

79.2 – 98.2

96.2

Data from 1897 – 1969 was 

95.8% in average

Data from 1897 –

1924 and 1925 -

1969

NFPA (National Fire 

Protection Association 

Research, 2010)

80 – 94

91

This study was done on 

sprinkler and other automatic 

fire extinguishing equipment

Data from NFIRS 

2004 – 2008

NFPA (National Fire 

Protection Association 

Research, 2017)

81 – 91

88

This study was done only for 

sprinkler

Data from NFIRS 

2010 – 2014

NFSM (Optimal 

Economics, 2017)1

92 – 97.7

93.62

United Kingdom 2017



Order of the critical literature review in the book

 Marryatt, Fire – A Century of 
Automatic Sprinkler Protection in 
Australia and New Zealand – 1886-
1986

 Optimal Economics, Efficiency and 
Effectiveness of Sprinkler Systems in the 
United Kingdom: An Analyssis from Fire 
Service Data, 2017 (2011-2015)

 NFPA*, Automatic Sprinkler Performance
Tables, 1970 Edition (1897-1969)

 NFPA*, U.S. Experience with 
Sprinkler and Other Automatic Fire 
Extinguishing Equipment, 2010 
(2004-2008)

 NFPA*, U.S. Experience with Sprinklers, 
2017 ((2010-2014)

* National Fire Protection Association



Marryatt, Fire – A Century of Automatic Sprinkler 
Protection in Australia and New Zealand – 1886-1986

 A nearly 500-page book on sprinklers in 
New Zealand and Australia, technical 
aspects, performance analysis, causes of 
fire, how sprinklers work in many 
situations, etc.

 It covers 9,022 fires and concludes that 
99.46% of the fires were controlled by 
sprinklers.

 Challenge 1
 Depending on where in the book you read, you 

get different numbers for reliability (6 - 10 
sprinklers)

 Challenge 2 
 The book itself refers to 99.46% reliability

(See table)





Marryatt, Fire – A Century of Automatic Sprinkler 
Protection in Australia and New Zealand – 1886-1986

 A nearly 500-page book on sprinklers in 
New Zealand and Australia, technical 
aspects, performance analysis, causes of 
fire, how sprinklers work in many 
situations, etc.

 It covers 9,022 fires and concludes that 
99.46% of the fires were controlled by 
sprinklers.

 Challenge 1
 Depending on where in the book you read, you 

get different numbers for reliability (6 - 10 
sprinklers)

 Challenge 2 
 The book itself refers to 99.46% reliability

(See table)

 Challenge 3 
 Wormald International Group of 

Companies being the only* organization 
which continued to submit reports to the 
end of 1986” (* author’s highlight)



• Relability or robustness? 

















NFPA, U.S. Experience with Sprinkler and Other Automatic 
Fire Extinguishing Equipment, 2010 (2004-2008)

 Data comes from U.S. Fire 
Administration's National Fire Incident 
Reporting System (NFIRS) and is scaled 
through NFPA's survey. About. 500,000 
fires and 11% (55,310) involve fires in 
buildings with fire extinguishing systems.

 Sprinklers activated in 91% of cases where 
the fire was large enough and were 
effective 96% of the time. 
Reliability 91 * 96 = 87%.

• Challenge 1: 

• There are no definitions or explanations for 

keywords / phrases. No one has investigated what 

big enough or too small means. Neither theoretical 

nor empirical.

• Challenge 2: 

• The report is based on several assumptions.



 “As noted, for most rooms in most properties, effective performance is indicated by 
confinement of fire to the room of origin*. For the few rooms where the design area 
is smaller than the room, a sprinkler system can be ineffective in terms of confining fire to 
the design area but still be successful in confining fire to the larger room of origin. 
Therefore, one might expect the percentage of fires with flame confined to room of origin 
to be slightly larger than the combined performance (operating effectively) for any given 
property use.” 

 “Effectiveness declines when more sprinklers operate. When more than 1-2 
sprinklers have to operate, this may be taken as an indication of less than ideal
performance.” 



Summary so far

 The critical literature review has given several questions and few answers

 Lack of traceability, understanding, logical justifications and common vocabulary / 
definitions (success, performance, performance effectiveness, operating reliability, 
operational efficiency, and effectiveness)

 It seems that common scientific principles, including calculation rules for reliability 
calculations do not apply to the fire field

 What do you do then? You turn around and see how other scientific disciplines do the 
same job. 
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Document analysis

 Document analysis or source research 
is analysis of documents (secondary data) 
to seek to answer the research question 
(problem) by collecting and analyzing 
other words, sentences and / or stories 
about a topic and reports

 A literature review attempts to find 
theory or practice gaps (or abundance)

 Document survey is a systematic 
tool for examining all types of documents 
to find the answer to the question / 
questions.

1. It is impossible to get primary data

2. One wants to learn how others have 
interpreted situation, event or data

3. One wants to learn what has been done 
or said



How to perform a survey?

1. Development of problem and 
purpose

2. Choice of design

3. Type of data (qualitative or 
quantitative)

4. Method of data collection

5. Selection and limitation of data

6. Analysis of data

7. Quality assurance of the 
analysis

8. Discussion and presentation of 
results



Preparation and collection Analysing Presentation

1. Development of problem 

and purpose

a) Is the issue clear?

b) Is it explanatory (causal) or 

descriptive?

c) Can it be generalized?

6. Analysis 8. Discussion and 

presentation

a) Methodological 

discussion

b) Substantial discussion 

(connection of findings and 

theory)

c) Presentation (also 

uncertainty)

2. Choice of survey design

a) intensive (deep) or 

extensive (width) study 

design.

b) Descriptive or explanatory

7. Quality assurance of the 

analyse

a) Conceptual validity

b) Validation of contexts

c) External validity

d) Are the results 

trustworthy?3. Type of data (qualitative or 

quantitative)

4. How to collect data?

a) Operationalization, make a 

concept measurable

b) Design of the survey

c) Source and use of sources

5. Selection and limitation

Quality assurance of the steps in the document analysis





Oppsummering



Summary

The validation showed that all surveys fail in four out of 
eight areas

1. Unclear issues, including lack of definitions and 
purpose of the surveys

2. Uncertain data collection process

3. Varying quality of analysis and lack of quality 
assurance

4. Lack of systematics in presentation and discussion
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Unclear issues, including lack of definitions and 
purpose of the surveys.

 What is reliability? 
The word reliability is often used inaccurately, but here reliability means the ability to 
function as intended. More precisely, it is the characteristics or expressions of the ability of a 
component or system to perform an intended function.

 Reliability for sprinkler systems is the ability to function as designed (designed and 
installed) according to the current/chosen standard.



Uncertain data collection process

 What does the ability to function as designed for a sprinkler system mean? Well, it comes 
down to what kind of sprinkler system is of interest.

 “NFPA 13D,1.2.2 A sprinkler system designed and installed in accordance with this 
standard shall be expected to prevent flashover (total involvement) in the room of fire 
origin, where sprinklered, and to improve the chance for occupants to escape or be 
evacuated.”

 “NFPA 13, 1.2.1 The purpose of this standard shall be to provide a reasonable degree of 
protection for life and property from fire through standardization of design, 
installation, and testing requirements for sprinkler systems, including private fire service 
mains, based on sound engineering principles, test data, and field experience.” 

 None of the studies have looked at whether there are fundamental differences, e.g., between 
a residential sprinkler system with two dimensional sprinklers and an ESFR system.



Varying quality of analysis and lack of quality 
assurance

• Analyse the 

material

• Do the numbers 

tell us what we 

wanted to 

measure?

• What is to be 

measured?

• If not, adjust 

plan or 

analysing. 

Adjust Plan

ConductEvaluate



Lack of systematics in presentation and 
discussion.

 Discussions, comparisons with previous or other studies, trends if possible and honest 
presentation of uncertainty must be presented to the reader.

 “Wormald International Group of Companies being the only organization which continued 
to submit reports to the end of 1986.”



Summary

 None of the surveys has looked at whether there are 
fundamental differences, e.g., between residential sprinkler 
systems with two dimensional sprinklers and ESFR
systems

 None of the studies examined have looked at reliability as 
the ability to function as designed

 None of the examined reports can be taken as income for a 
general documentation of reliability



The New Zealand (Department of Building and 
Housing, 2005) stats

 “….recognise that there is as yet inadequate data for fire engineering to achieve 
the accuracy that is expected from, for example, structural engineering. 
In particular, the probabilities used for a fire analysis must be based on fire statistics 
derived from a comparatively small data pool of mainly overseas buildings of unknown 
design. That applies not only to fire scenarios but also to the proper 
functioning of critical systems including the sprinklers, …. 

 There appears to be no certainty as to the extent to which those statistics and 
probabilities are appropriate for use in the New Zealand context.”



• Before part 2, any question?



Part 2. How can we find or improve reliability 
data for other water-based systems? 

 What is the context? 
 The system or a manufacturer? 

 Regulations.

 Demands or comparison? 

 Collection of data. 

 One person, one group or by others?

 Limitations of analysis

 Less is more (or better) 











• Thank you for your attention 

https://www.crcpress.com/Reliability-Data-on-Fire-Sprinkler-Systems-Collection-

Analysis-Presentation/Fedoy-Verma/p/book/9780367251857

Paperback 50€, Hardback 165€ and eBook 45€. 

“The opinions, views and / or results expressed in this presentation are solely those of the presenter 

and, unless expressly stated to the contrary, do not necessarily represent the opinion or position of 

IWMA. IWMA does not guarantee the accuracy or reliability of the information provided herein.”


