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Discussion on Formulation Process and Configuration of
Fire-Fighting Vulnerable Zone Model
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Abstract There are numbers of unpredictable risk factors in the disaster scenes such as fire, explosion and fail to
early life-saving or holding the flames which can lead to massive damage. In particular, fire-fighters who arrive on the
scene within 5 minutes after dispatching, have a limitation to get aware to the situation of scene fully, because of
immediate deploy to disaster scene with limited information. This situation may lead to disturbance that fire-fighters
perform effective fire-fighting activities, to put fire-fighter’s life at risk by misjudge the situation. Previous domestic
and International studies focused vulnerability for spatial area or features which can damage to life and property in the
event of anticipated. In this study, we have been developed fire-fighting vulnerable zone model that can analyze
comprehensively hindrance factors for fire-fighting activities targeting whole life cycle of fire-fighting activities from
dispatch to fire suppression or life-saving. In addition, we have been given shape to finality and applicability for our
model by defining the new concept of fire-fighting vulnerable zone which can be distinguished from the concept of fire
vulnerable area in previous studies. The results of this study can be used to analysis fire-fighting vulnerable zone type
analysis, establish fire- fighting policies and improve the performance of decision-making process.

Keywords : Fire-fighting, Fire-fighting vulnerable zone, Analysis model, Vulnerable area analysis
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Table 1. Information types of standard operating
procedure in response steps

Situation Management
Response Step . & Note
Information
disaster area, saving a
life, combustion state,
Receipt of a call| caller information acquisition
(personal and location
information)
Receipt of a call| . .
disaster type, location, |. . .
(order to identification
. caller phone number
dispatch)
On the way |disaster state of fire site| propagation
smoke flow state, smell,
On the way .

( hing th flame, vehicle&person i
approaching the L. ropagation
PP . & movement condition, propag

site) . .
site ambience

situation
Response Step InfDrmatIDW
Receipt of a | Order to [ Onthe way_[_&pproachin
call ity g the site
disaster area, | disaster disaster smoke  flow
saving a Ife, | type, state of fire | state, smell,
combustion location, site flame,
state,  caller | caller phone | (by radio | vehideSper
infommation number with 50N
situation movemaiit
room) codidtion,
ﬁ site
decision making flow ambience

Figure 1. Information and decision flow of standard
operating procedure in response steps
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Table 2. Existing definition for spatial domain and
features in field of fire-fighting

Spatial Area

Definition
& Feature

Installation, maintenance, and safety control
of fire-fighting systems act Article 2 describes
“specific fire-fighting objects” means fire-
fighting objects prescribed by Presidential
Fire-fighting|Decree for which fire-fighting systems
objects  |should be installed

In enforcement ordinance, fire-fighting
objects are divided special, first and second
class in article 22, and also described types
of fire-fighting objects in asterisk2

In framework act on fire service, Article
13 describes “the Mayor/Do governor may
designate the areas prescribed by Presidential
Decree, which are the areas having higher
Fire protect [concerns over fire occurrences, such as
the areas, etc. crowded with urban buildings

and which are the specific zones expected

arca

to suffer greater damages in times of any
fire occurrences, as the fire precaution
districts”.
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Table 3. Fire-Fighting Vulnerable Zone’s Components

Components Description

general fire (A class, white)
oil&gas fire (B class, yellow)
electrical fire (C class, green)
metal fire (D class, colorless)

Threat

Building & structure
Vehicle & train
Woodland
Hazardous commodities & gasmaking

Target

facility

natural environment
. artificial environment
Environment .
traffic environment

fire-fighting environment

dispatch
equipment installation
Activity command & control
situation analysis
resource management

fire suppression & rescue
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Table 4. The Objective and critical factors on core
response activities

Fire-fightin . ..
‘g. € Objective Critical Factor
Activity
arrive optimal fire Fire engine
dispatch | engines on the scene time of
in appropriate time arrival(TOA)
. . Space(parking &
resource | efficient operation of pace(p . g
. L operation)
management | fire engines in site .
Fire water
. provide timely Information(threat,
suppression . .
information for target and
& rescue . .
suppression & rescue| environment)

Table 5. Association between core response activities
and Fire-Fighting Vulnerable Zone’s Components
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5.1 Mobility Kill Zone

Mobility Kill Zone2 &%
EE5to] @Al =257 7HA] ARt
iuj

AL v

Aot B Geom ey 2417}
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2> Table 73 ZTHS,18,19].
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- . Table 7. Critical factors and parameters for Mobility
Fire-fighting .
i Threat Target Environment Kill Zone
Activity
dispatch X X o Critical -
Factor Description Parameter
resource
[ J ([ [ J
management base on emergency . ,
: fire engine | rescue standard regional fire house’s
suppression & PY °® PY g . fire engines
rescue system 1n nema

Table 6. Fire-Fighting Vulnerable Zone’s types

Fire-Fighting

Vulnerable Zone’s Definition
types
Mobility Kill |spatial area in which exists time delay
Zone factors from dispatch to site arrive

. ... |spatial area in which exists obstructive
Operability Kill . . .
factors for equipment installation or

regional fire house’s
access area

time of | time of arrive to | regional structural
arrive optimal fire engine | barriers on dispatch
(TOA) at site route

regional inaccessible

arca

Table 8. Access area model of fire service force

Zone fire water acquisition in site Applied
d Model Name bp Formula
. spatial area in which exists identified Country
dentified hazard dities or toxi T=0.65+1.7D, T:time (min)
azar mmodities or toxi =0. . ‘time (min
Hazardous Zone ouS COMIOCILIEs or foxie RAND USA o .e ’
substances D:distance (mile)
Fire Vulnerability spatial area in which exists fire pr9tect . =-(2x10-.5)p+0.64,V:ve?ocit
Zone area, fire safety management object, RANDdrived| Japan y (km/min), p=population
great fire vulnerable object etc. density (person/km?2)
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5.2 Operability Kill Zone

Operability Kill Zone2 &%}of =2F3t
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Table 9. The specific criteria of Mobility Kill Zone’s
parameters

regional fire house’s fire engines

model -
criteria -
regional fire house address(location)
present possession of regional fire house’s
fire engine(type/number)
data -
base on emergency rescue standard system in
nema
fire engine types in nema
regional fire house’s access area
Model1(T=0.65+1.7D, T:time(min),
D:distance(mile))
model . .
Model2(V=-(2x10-5)p+0.64,V:velocity(km/mi
n), p=population density(person/km?2))
criteria ToA > 5min, 8min
data regional fire house address(location)

regional structural barriers on dispatch route

VR*—12—(T+t)
VI+0f)? +(W+ R)?

inside turning
radius

outside turning

model | radius
T=wheel track, 1=wheel base, Of=before
overhang, R=minimum turning radius,
Ri:inside turning radius
road width < 4m, clearance < 4.5m
criteria | outside turning radius general appliance <
10m, aerial appliance < 1lm
regional fire house address(location)
data specification of fire engine types in nema
regional time delay sectors(no-left turn,
median strip installation, illegal parking etc)
regional inaccessible area
model -
criteria -
data management card of provincial structural
barriers on dispatch route, nema
o)A W g4 AW S0 2 Y o8 29
a9lo] A A GO F U 4G
0] B4 QIR FHEM ol Aysts] 913t w
W= Table 102} Zch
Aol 285k Sl Ak FES HE
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Table 10. Critical factors and parameters for Operability
Kill Zone

Table 12. Critical factors and parameters for Identified
Hazardous Zone

Critical

Parameter
Factor

Description

no space airea

space .
P for fire engine

Space(parking & operation)

regional fire

fire water| fire water acquisition

water location

(General Appliance Access)

T

minimum 4m

|

] |
e =

(Aerial Appliance Access)

|

Uy

minimum &m
Figure 3. The minimum parking and spreading space

for fire engines

Table 11. The specific criteria of Operability Kill Zone’s
parameters

no space airea for fire engine

model -
parking width: general appliance < 4m,
aerial appliance < 6m
criteria separation distance: W= tge
W=separation distance, H=building height,
B=climb angle
data -
regional fire water location
model -
criteria fire water locatif)n > 1‘5.0m (based on fire
site position)
data regional fire water location

76

Critical Factor Description Parameter

spatial location of location of

. hazardous hazardous
location . ..
commodities or commodities or

toxic substances | toxic substances

L characteristics
characteristics of . .
information of
.. hazardous
characteristics . hazardous
commodities or ..
. commodities or
toxic substances .
toxic substances

WA a3 aae A9

Appliance Access)@} 127}3H1|(Aerial Appliance Access)
2 g 2 5 olen gy E9aat it
Qubgulel Al A} B A alAl) ERE
L aobgne) 23 9 A Ha B e A
™ Figure 337} Zch.
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Kill Zone 32| w74 A
Table 113} Zth

5.3 Identified Hazardous Zone ¥ Fire Vulnera—
bility Zone

Identified Hazardous Zone2> 4| &=, F3ll&=
o] TAist= 712 FHOE Table 129} o] ‘=P,
CEAP O] A QRS 7HR|aL 910 Fire Vulnerability
Zone: 7|E 272N, ARAE AARA 9 b
Helol et HE A SolA skl = oA
BAA T, addEd Y E, HE s e
2 2Rd dsE E
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