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A Study on the Analysis of Sprinkler Operating Probability
Using Building Fire Statistics
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Abstract

In Korea, considering that the accuracy of fire scenario evaluation is reduced by performance-based design, it is assumed that
the sprinkler does not operate. In other countries, the design continues to be researched considering the operation probability of
the sprinkler. In particular, the operation probability that divides the effect after operation is analyzed. Therefore, the operation
probability was analyzed by considering the effect of sprinkler operation using domestic fire statistics. As a result, it was found
that the probability of successful operation for fire extinguishment was 44%, the success of suppression was 32%, and failure to
operate was 24%. As a result of a comparison with data from other countries, the probability of operating, 76%, was lower than
that of studies from other countries. When comparing the probability results for successful fire extinguishment, success of suppression,
and failure to operate, it was confirmed that the probability of successful suppression was slightly different.
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Table 1. Reliability of Automatic Sprinkler Systems

Table 2. Operating Condition of SP

Division SP (Sprinkler) Operating condition
. Extinguish with other fire
(:S:ndoilt)izrjtlr?ft extinguisher
reached The fire that SP operating
Oceurrence condition not reached
of Fire Success of Extinguishment (S1)
sp ope.rjatmg Success of Suppression (S2)
condition - -
reached Fail of Suppression (S3)

Not operation (S4)

Reference Year |Reliability of Success (%)
NFPA 1970 88.2~98.2
Powers 1979 98.8
Marryat 1988 99.5
Maybee 1988 99.4
Kook 1990 87.6
Taylor 1990 81.3

Yamashita and Siotani| 1994 97.9
Richardson 1985 96
Edward and Budnick | 2001 92.2/94.6/97.1

Kim 2011 92.9
KFPA 2019 91.3
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Fig. 1. Classification Method of Sprinkler Operation and Effect
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Table 3. Results of Data

Classification According to Fire Scenario

Division Number of Success of Success of Fail of Not workin Small scale Excluded
fires analyzed| Extinguishment| Suppression | Suppression g Fire data
Number of | 5 57 726 557 123 204 1,928 32
Residential cases
Rate 1 0.20 0.15 0.03 0.05 0.54 0.01
Number of 192 40 28 9 12 103 -
Medical cases
Rate 1 0.208 0.146 0.047 0.063 0.536 -
Number of 752 194 107 43 58 344 6
Sales cases
Rate 1 0.258 0.145 0.055 0.077 0.457 0.008
Number of 83 20 14 9 1 28 1
Storage cases
Rate 1 0.241 0.169 0.108 0.133 0.349 -
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Table 4. Results of Data Classification for Small Scale Fire Data

. Combustion . Early fire
. Combustion Fire N
Casualties Area 1 m’ Area Rate Extinguisher extinguishing
Number of Small Scale Fire (30%) Activity Excluded
Cases Not data
Occur- Occur- | Under More Under More Use Not 0 X
rence than than Use
ence
. . | Number of " "
Residential Cases 1,930 3 1,927 | 1,627 300 273 2 213 60 19 41 25
Medical | NUmPer of |3 | g | 103 | g6 17 17 0 16 1 0 1 0
Cases
Sales | Number of | sl 0 | 344 | 263 | w1 79 0 66 13 2 1 2
Cases
Storage | Number of | g 0 28 18 10 8 1 6 2 0 2 1
Cases
Table 5. Results of SP Reliability Analysis by Building Use
Number of Small Scale Fire Analysis Fire Success of Success of Fail of .
Lo . . Not Operating
Cases Cases Extinguishment Suppression Suppression
Number of cases 1,656 726 557 123 250
Residential
Percentage 100% 44% 34% 7% 15%
Number of cases 90 40 28 9 13
Medical
Percentage 100% 45% 31% 10% 14%
Sal Number of cases 413 194 107 43 69
ales
Percentage 100% 47% 26% 10% 17%
Number of cases 57 20 14 9 14
Storage
Percentage 100% 35% 25% 16% 24%
Total Number of cases 2,216 980 706 184 346
ota
Percentage 100% 44% 32% 8% 16%

Table 6. Results of Comparative Analysis of Operational Reliability

Division Operation Probability Exti:;(;icsehsrie?qf %) Success of%S)uppression Not Operating (%)
This Study 76 44 32 24
Michigoe (2012) 68 59 9 32
NFPA (1970) 88.2~98.2 - - -
Powers (1979) 98.8 - - -
Marryat (1988) 99.5 - - -
Maybee (1988) 99.4 - - -
Kook (1990) 87.6 - - -
Taylor (1990) 81.3 - - -
Yamashl(t?ggz()i Siotani 979 i i )
Richardson (1985) 87 - - -
Edwardé‘ggl;g“dmck 92.2/94.6/97.1 - - ]
Kim (2011) 92.9 - - -
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