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Weight Calculation of Risk Factors of Aircraft Hangar Fire
Suppression System using AHP

Lee, Jong Guk*, and Kim, Hak Joong™*

Abstract

Aircraft hangars are used to store and maintain aircraft. Although the frequency of fires in such hangars is low, the physical damage
caused by a fire can be extremely large, and thus it is important to verify the reliability of an automatic fire suppression system.
For intensive fire management, it is necessary to identify the risk factors of an automatic fire suppression system and calculate
the weights for each factor. In this study, through a hierarchical analysis, fire risk factors of an automatic fire suppression system
used in aircraft hangars were identified and the weights for each risk factor were calculated. As the analysis results indicate, the
risk of failing in the initial fire suppression factor of foamhead fire suppression system was the highest among the 26 items considered
and the calculated weight can be used as basic data necessary for a future quantitative fire risk assessment of an aircraft hangar
fire suppression system.
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Fail to control underwing fire Foam insufficiency

Foam blocking by fire plume

Spread to building fire Fire plume fail to block

Outbreak of aircraft internal fire

System is not Charged

Foam system fails to operate ——

— Foam System Fails to Delivery Foam

— Incorrect mixture ratio foam delivery

AN AN ==t AN

Fig. 1. AHP Hierarchical Structure of Aircraft Hangar Fire Suppression System

Table 1. General Characteristic of Survey Respondent

Release pressure of foam head dcrease
Foam delivery time to delay

Foam blocking by aircraft wings

nitial fire failure to suppress by foam
head system

Release pressure of foam decrease

Foam delivery time to delay

Initial fire failure to suppress by high
expansion foam system

Electrical factor

Human factor

Fire detector failure to detect
Pre-Action Valve failure to open
Check valve failure to open

Gate valve fails to remain open
Pipe rupture

Selection valve Fails to Open

Electric pump faillure
Check valve failure to open

Pipe rupture

mixture ratio controller incorrect
operation

Pressure proportioner fails

Division Frequency Ratio (%)
Twenty 14 20.3
Thirty 20 29.0
Age Forty 25 36.2
Fifties 10 14.5
Sum 69 100
Fire fighting facilities operation 42 60.9
Field Fire fighting rescue 27 39.1
Sum 69 100
10 year 24 34.8
10~20 year 15 21.7
Career 20~30 year 25 36.2
30 year over 5 7.3
Sum 69 100
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Table 2. Total Analysis Result of the Weights

Hierarchy 1 Hierarchy 2 Hierarchy 3 Hierarchy 4 Ranking
Release pressure of foam head decrease 5
(L:0.395, G:0.058)
Foam head operation by area 2
Foam insufficiency Foam delivery time to delay (L:0.418, G:0.018)
) (L:0.515, G:0.147) (L:0.287, G:0.042) Fire detector delay to detect
Fails to (L:0.582, G:0.024) 19
Control ; - -
Underwing Fire Foam blocking by aircraft wings 9
(0.285) (L:0.318, G:0.047)
Initial fire failure to suppress by foam
Foam blocking head system 1
by fire plume (L:0.749, G:0.103)
(L:0.4850, G:0.138) Release pressure of foam decrease 03
(L:0.251, G:0.035)
Fire source and discharge outlet
. . location separation 25
Foam delivery time to delay (L:0.448, G:0.015)
Fire plume fail to (L:0.326, G:0.034) -
block Fire detector delay to detect 20
Spread to (L:0.531, G:0.104) — - - (L:0.552, G:0.019)
s Initial fire failure to suppress by high
building fire .
(0.195) expansion foam system 2
(L:0.674, G:0.070)
. Electrical factor
Outl?reak of aircraft (L:0.649, G:0.059) 4
internal fire
(L:0.469, G:0.091) Human factor s
(L:0.351, G:0.032)
Detector device damage 12
Fire detector failure to detect (L:0.586, G:0.042)
(L:0.210, G:0.069) Solid state device damage 16
(L:0.414, G:0.027)
Pre-Action Valve failure to open 3
(L:0.195, G:0.064)
System is not Check valve failure to open 10
Charged (L:0.133, G:0.044)
(L:0.630, G:0.328) Gate valve fails to remain open 6
(L:0.176, G:0.058)
Pi Decrepit pipe (L:0.596, G:0.026) 17
(L:O.]1p3e S,rugtl(;rg 44) External factor (inpact) 21
(L:0.404, G:0.018)
f:i(l):r?o Sglzzze Selection valve Fails to Open 7
(0.520) (L:0.151, G:0.049)
Main electric pump failure 1
Electric pump failure (L:0.649, G:0.042)
(L:0.491, G:0.059) Sub electric pump failure ”3
Foam System Fails (L:0.351, G:0.017)
to Delivery Foam Check valve failure to open 14
(L:0.230, G:0.119) (L:0.281, G:0.033)
Pi Decrepit pipe (L:0.618, G:0.017) 24
(L:0.12p2e7’ru(p;t:1(;.r827) External factor (inpact) 2%
(L:0.382, G:0.010)
. Mixture ratio controller incorrect operation
ercorrect mleure (L:0.343, G:0.025) 18
ratio foam delivery - -
(L:0.140, G:0.073) Pressure proportioner fails g
(L:0.657, G:0.048)
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Table 3. Order of Priority Per Item
Evaluation Field Weight Order

Initial fire failure to suppress by foam head system 0.104 1
Initial fire failure to suppress by high expansion foam system 0.070 2
Pre-Action Valve failure to open 0.064 3
Electrical factor 0.059 4
Release pressure of foam head decrease 0.058 5
Gate valve fails to remain open 0.058 6
Selection valve Fails to Open 0.050 7
Pressure proportioner fails 0.048 8
Foam blocking by aircraft wings 0.047 9
Check valve failure to open 0.043 10
Main electric pump failure 0.042 11
Detector device damage 0.042 12
Release pressure of foam decrease 0.035 13
Gate valve fails to remain open 0.034 14
Human factor 0.032 15
Solid state device damage 0.027 16
Decrepit pipe 0.026 17
Mixture ratio controller incorrect operation 0.025 18
Fire detector delay to detect 0.025 19
Fire detector delay to detect 0.019 20
External factor (inpact) 0.018 21
Foam head operation by area 0.018 22
Sub electric pump failure 0.017 23
Decrepit pipe 0.017 24
Fire source and discharge outlet location separation 0.015 25
External factor (inpact) 0.010 26
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Appendix. An Expert Survey on Fire Safety Analysis of Fire Suppression
System for Aircraft Maintenance Hangar
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