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The Problems and Improvements of Process to Predict Fire

Risk of a Building in Performance Based Design
Se-Myeoung Lee"

*Dept. of Fire Safety, Kyung—Il University

Abstract

Performance based design(PBD) is the method to make a fire safety design against them after predicting the
factors of fire risk in a building. Therefore, predicting fire risk in a building is very important process in PBD.

For predicting fire risk of a building, an engineer of PBD must consider various factors such as ignition

location, ignition point, ignition source, first ignited item, second ignited item, flash over, the state of door and

fire suppression system. But, it is difficult to trust fire safety capacity of the design because the process in

Korea’ PBD is unprofessional and unreasonable. This paper had surveyed some cases of PBD that had been

made in Korea to find the problems of the process to predict fire risk. And it have proposed the improvements

of process to predict fire risk of a building.
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<Table 1> the Factors Determining Fire Scenarios and Design Fires.

Ignition Ignition First item ignited Flasho State of doors
location & point source Second item ignited ver Fire suppression
Nature of combustibles
G tric arrang t of the fuel
IS0 'Comcl “?tdbﬂ,t CTC;‘] (’f IC e State of doors
nitability of the fuel
13387-2 Geometry of the enclosure - . v L -
Rate of heat release characteristics . .
[Ref 4] Fire suppression
External heat flux
Exposed surface area
NFPA Proximity of fire to walls Type of fuel and ease of ignition Flash
asho
72 and corners - Fuel configuration and orientation -
ver
[Ref 5] Ceiling height Location of secondary fuel packages
A . gFirstditim 1gmti(;1d
101 Tgnition location smHon o lim - -
sources ire spre
(Ref 6] source 'e D ea‘
Relative location
NFPA . . Fuel properties
Room size Ignition .
5000 Lenition locafi Furnishings and contents - -
nition locatior sources
[Ref 7] grition focation sourees First item ignited
Initial fuels ‘Whether doors are open or
SFPE B Ignition Secondary fuels Flasho closed
[Ref 8] source Extension potential ver
Target locations Fire suppression




J. Korea Saf. Manag. Sci. Vol. 16 No. 3 September 2014
http://dx.doi.org/10.12812/ksms.2014.16.3.145

ISSN 1229-6783(Print)
ISSN 2283-1484(Online)

147

32 ZAPe) SAA P A

ZAFE Qe A
”74]@%11/\]‘43] = %
9 Al oF 36719 éﬁ]ﬁrxﬂ/\]qag%
A3dS L Jrks 7S

PR
o
fru
2
>
>,

HE Ha 3 ol AU eE MAsl] A 2

A Bl NS SRS T Youk, Beg
Aol 5 AAole] A o)a} mi A

>

A Ae] el A] Ale]9jde] el oa] AASIAA]
7kakoitt ols AAISHAIUE Q. FellA
7H%E(9_r S v ~E Tufa
il szwu 7078 AASEAAIG
aoe AAste] FAYE =g AR APdE Ao
<Table 3>°]t}.

Jut

3

=S

-1'1> N fo
Z o i
(@)}

A=

>,

HRA,
4. SAAFASHZ 9] ZAHA AL
41 854 &3} F4 2 XA A4

T07) A 2.0 S

L

Kitchen 5% 5%

(6Case [ 40%)
WLiving Room
2r 0 (4case [ 27%)
Bed Room
(3Case / 20%)
B Work Space

(2Case [ 13%)
<Fire location in Officetel>

u Store
(19¢ase / 90%)
mWork Space

i Storage (11Case / 92%)

(1Case /5%)
1 Rest Room
(1Case /8%)

u Kitchenin
Restaurant
(1€ase /5%)

<Fire location in Office)

| mStage
< | (3Case / 43%)
uRoom 4B i
= Auditorium
(8Case / 100%) 28.5% (2Case [28.5% )
Hall

(2Case [ 28.5%)

<Fire location in Sales facilties)

mBed Room

(4case / 57%)
HLiving Room
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Kitchen
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<Fire location in Apartment) <Fire location in Accommodation> {Fire location in Culture & Meeting>

[Figure 1] The ignition locations of six occupancies.
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<Table 2> the Objects of Investigation.
Date Numberoffloors Numberoffloors
(yy/mm) (Above/Under) Coolgzingy Ltz (Above/Under) Ceohmusy
1 2011/08 28 2 @) 16 2012/08 29 3 C/ o/ S
2 2011/09 39 5 o/ A/ S/ N 17 2012/09 35 4 Ot/ N
3 2011/10 28 5 P 18 2012/11 107 3 O/ S/ ¢/ C&M
4 2011/10 36 4 Ot 19 2012/12 27 7 O/ C&VI/ N
5 2011/11 42 6 O/ P/ S 20 2013/02 13 7 O/ S/ C&V/ N
6 2011/11 b 3 P/ O/ N 21 2013/03 33 5 A/ O/ N
7 2011/12 25 6 O/ N 22 2013/04 19 5 A/O/O/C/S/C&VI/N
8 2012/02 30 3 Ot/ N 23 2013/05 25 5 C/N
9 2012/02 49 4 o/ P/ S 24 2013/06 29 6 ¢ N
10 2012/02 40 4 Ot/ S/ N 25 2013/08 29 5 O/N
11 2012/02 48 4 o/ A/S/ C&M | 26 2013/10 9 7 S/ C&M
12 2012/06 37 4 Ot/ N 27 2013/10 39 5 /S
13 2012/06 25 7 C/ N 28 2013/11 3H 7 A/S/ O/ Ot
14 2012/07 26 6 O/ N 29 2013/11 40 6 A/S/ O/ Ot
15 2012/07 27 2 @) 30 2013/12 32 4 S/O/OV/C/C&M
O : Office, Ot : Officetel, A : Apartment, S : Sales facilities, C : Accommodation,

C&M : Culture & Meeting facilities, N : Neighborhood facilities, P : Plant
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<Table 3> the Factors to Consider for Prediction of Fire Risk

Fire suppression

(x): Fash over, (%): State of doors, (##*):

Occu- | Ignition I%;l;(t’n Tgnition | 1&nited item g/ po | Sy || Occu- | Ignition I%;ﬁ“ Tgnition | 1&nited item 1551 iy, | gy
pancy | location (yy/mm) source | First | Second | ) | (#%) [Gee)| pancy | location (yy/mm) source | First | Second | (F) | (6%) |Ce)
work |z |~ | WL - | O Jopen] aige | B[ W2 | - | Jomn) O
P1 Trash P4
space _
1202 | bag | W2 | Lo | O |cosel aie | | W2 © Jopen| x
(152)9 - So - O |open| x (lﬁl) - W1 - O |open| x
P1 P2
Living | agop) |~ | S0 | — | © |open) X auig | B W2 - | O Jopen]
room (EEM) - Ma Fu O |open| x Wt (1502) - . So - O |open| x
< _ . or] Tras B
(13.12) El Os O |close) x Office | SPace (12.07) | bag w2 © |open| x
P1 3 B R P1 B B B
e (11_?9) El Ma % |close| O (12%2) O |open| x
. P B P _ B B
Officetel room. | (12.06) E2 Ma O |close| 1212) O |open|
P1 P4
oo | B2 | Ma | - ] O |dose] x awo |~ | S e i
(15 %)7) "[]‘;ggh Si - O |close| x (15?1) El W2 - O |open| x
Pl Trash . _ Bath P1 B
Kit- | 1207) | bog S © |dose) x rwom_| ALI2 M © |open)
chen P < _ P _ S _
ey | 1| O O |open| Living | (1L11) So O |open]
P1 . B room P4 B g
130 € | s © |open] 300 Ma | Fu | O jopen] X
P - N B P. B}
ao) | S | S © |open| x (1303 | FL | Ma © Jopen| x
< P4 B ) _ Apart- P4 _
Storage 11.09) Go x |open| O ment Bed 13.03) El Ma O |open| x
Pl ~ . B room P1 _
11.10) Ki O |open| x A13.11) E2 Ma O |close| *
P3 _ . B P4 _ _
(11.10) Ki © |open| x (1311) Ma O |open]
P3 . Kit- P4
aup | - | Ko O fopen] X chen | (202 | ~ | P | - ] O dose x
P3 B . B P1 B - B T
(lﬁl) Ki O |open| X (1%?6) Ma O |close|
wm | - K| = ]©]oen) ~ a2 El | Dr] = |© |open] *
P . B P _ _
12.08) E3 So O |open| x 13.05) Ma O |close| x
I3 El Ki - O |open| x || Acco- .Pl - W2 - O |close| x
1211 ~ | Roo (13.06)
3 . o m TP
(l% 111) - Ki - O |open| * | dation (1313(1)6) - Dr - O |open| x
Sl (13'?2) - Ki - O |open| x (13}0) E2 Ma - O |close|
Sales P . P
facilities | D |@3op |~ | K| - ] O Jopen] 3l | B2 | Ma | = | O dosel x
P3 . P1
ason |~ | K| - ] O jopen] x 312 |~ | O ] 7 ] O [dose x
P4 B : B P4 B — B
(1310) K © Jopen) x L0202 I O |open]
P3 . P3 .
- Ki - O |open| x - So - O |open| x
(13.10) (13.10)
P4 El Re - O |open| x P4 El Cu Pa O |open| x
(13.10) Cultur (12.11)
P4 ¢ P3
E1 Re - O |open| x & Stage - Cu Pa O |open| x
1311 Meeti (13.04)
r3 1 | K - |o x e PR | G Pa | O x
a | F open (1312) u a open
P3 . B P4 B B
| B | K © |open| Audi- | (1302) Lo © |open]
P3 . ~ torfium | P3 _ -
azp | B K © |open] * (1310 ch © Jopen] x
(1,1;?1) El Ki _ O |open| x W1 Three-sided workstation, W2: Two Pant?l workstation
- A - So: Sofa, Ma: Mattress, Ma: Mattress, Si: Sink, Go: Goods
Kitchen (13.05) B Si B O |open| * || Kj :Kiosk, Re: Refrigerator, Dr: Dresser, Os: Office storage unit

Tr: Christmas tree, Cu: Curtain, Pa: Wooden pallet, Lo: Love seat, Ch: Chair metal flame minimum cushion(16.52kg)
P1: near fire escape stairs, P2: considering layout planning, P3: in the middle of the room P4:far from escape stairs
El: short circuit, E2:overheating of apparatus, E3: Short-circuit by insulation aging C1: Electric stove C2: Gas stove C3: Cooking
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[Figure 2] The effect of wall and corner
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[Figure 3] The original points of ignition
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<Table 4> General Scenarios and Fire Growth Rates According to Ignition Sources. [Ref 6]

Fire Type

Scenario

QOccupant in Room of Fire Origin

Room of Fire Origin Normally Unoccupied

Slow
developing fire

-Cigarette ignition of upholstered furniture
-Electrical ignition of small appliance or lighting
or overloaded outlet

-Overloaded or failed wiring igniting switch gear,
electrical devices, or insulation, followed by ignition
of wooden structural members

Moderate
developing fire

-Kitchen/cooking fire
“Trash can fire
-Open flame ignition of upholstered furniture

“Wildland or exposure fire(e.g., from a neighboring
building or parked car)

-Lightning—induced ignition of building roof
‘Laundry room fire

Fast
developing fire

‘Flammable liquids

-Flammable liquid storage
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center of fuel.
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<Table 6> Probabilities of Fire Types for 2 84 BeElss 49k vk aga sk s
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Australia | USA | Canada o] A 2o 9FF dALA o] HFAE S gtk
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<Table 7> Design Fire Scenarios

Required Design Fire Scenarios

Fire Design Fire Scenario 1, which is an occupancy—specific design scenario representative of a typical fire
Scenario 1 for the occupancy

Fire Design Fire Scenario 2, which is an ultrafast-developing fire in the primary means of egress, with
Scenario 2 interior doors open at the start of the fire,

Fire Design Fire Scenario 3, which is a fire that starts in a normally unoccupied room that can potentially
Scenario 3 endanger a large number of occupants in a large room or other area

Fire Design Fire Scenario 4, which is a fire that originates in a concealed wall space or ceiling space
Scenario 4 adjacent to a large, occupied room

Fire Design Fire Scenario 5, which is a slow-developing fire, shielded from fire protection systems, in close

Scenario 5 proximity to a high occupancy area
Fire Design Fire Scenario 6, which is the most severe fire resulting from the largest possible fuel load

Scenario 6 characteristic of the normal operation of the building

Fire . . . L. .
. Design Fire Scenario 7, which is an outside exposure fire
Scenario 7
Fi Design Fire Scenario 8 which is a fire originating in ordinary combustibles in a room or area with
e . . . . . . .
S o 3 each passive or active fire protection system or fire protection feature independently rendered
enario

ineffective.
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