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Study of Fire Risk Identification and Risk Management

utilizing Fire Statistics and Fire Safety Inspection Reports
- Focused on Residential Facilities(Condominium Housing)

Eun Kim
Research & Investigation Team
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ABSTRACT

The number of fire incidents in residential facilities contributes 25% of nation’s total fire incidents, and
casualties of residential fire accounted for high proportion, 40% of all. Within the specific buildings,
residential facilities(condominium housing) contributes only 20% of all specific buildings, meanwhile they
accounted for 40% of total fire, casualties up to 50%. In the 5-year fire statistics, residential fire is increasing
in its portion, and casualties are more imminent that numbers of incidents or property losses. In details, fires
related to cooking negligence was significant cause and it has a increasing trend. These kinds of fires were
concentrated to between 14:00 and 17:00. Korean Fire Protection Association conducts annual safety inspection
on these buildings, and currently their inspection reports indicate that fire protection system is almost 100%
installed. However, inspection reports indicated that their fire risk management appear to be vulnerable part,
there are needs to encourage individual's care on safety issue and to increase awareness about specific risk
factors for all residents and condominium managers.

Keywords : Residential Facilities(Condominium Housing); Fire Statistics; Fire Safety Inspection Results; Fire Risk Identifi-
cation and Risk Management
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The appreciation of the international trends on Certification industry for
Firefighting-equipment products according to FTA

Hong-Soon Im

Quality Certificaion Team

2 o
FTARA 53 28 27F B: A7t 743w e dxsis 7z &o A7 2 A4 5 A7 AZA
W AAE S FACI FUBEAS vFe Fuol 94, wdel Be AF AY, A4 A
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SR AF/ O AWl AYS T & Utk webd] AT FA BE T & AFHY o
M 9% 5 wed 2A A AAe A UleI Fu g 2% AF7W 2 Aol e
sk,
ABSTRACT

In the keynote that the abolition of trade barriers, such as national or regional FTA(Free Trade
Agreements), third-party certification testing and inspection services market is trending to the liberalization. In
the Certification industry for Firefighting-equipment products, the European Community and the United States,
has opened the Compulsory Certification market (fire type approval test) for testing and inspecting the
products on the health and safety of the people ,and so all the authentication service organizations receives
from a regulatory agencies designated by local legal requirements Having only can do. Therefore in the
Compulsory Certification market, especially in Firefighting-equipment, it is necessary that we reflects the open
market trends and have a national certification cooperation between two major organization(FILK and KFI)
thorough response against the international comfermity system, taking into account the impact on the domestic
certification industry.

Keywords : International comformity assessment, Certification industry, Fire fighting-equipment, Compulsory Certification
market, Notifed Body, NRTL, FTA
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Table 1. Guide of Conformity for the International Accreditaion Scheme

Organization Guide(Intemational Accreditaion Scheme)
Test / Calibration ISO/IEC 17025
Inspection ISO/IEC 17020
Product Certification ISO/IEC 17065
Medical Test ISO 15189
Quality system ISO/IEC 17021
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Figure 2. National recognized certification systems in
USA

Table 2. Certification Body recognized by OSHA

National Recognized Test Laboratory(NRTL)
1 Canadian Standards Association
2 Communication Certification Laboratory, Inc.
3 Curtis-Straus LLC
4 FM Approvals LLC
5 Intertek Testing Services NA, Inc.
6 MET Laboratories, Inc.
7 NSF International
8 National Technical Systems
9 SGS U.S. Testing Company, Inc.
10 Southwest Research Institute
11 TUV SUD America Inc. (TUVAM)
12 TUV SUD Product Service GmbH
13 TUV Rheinland of North America, Inc.
14 Underwriters Laboratories Inc.
15 Wyle Laboratories
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Table 3. European Community’s CE-Notified Body(NB) Numbers for Fire fighting Equipment

Nation NB Nation NB Nation NB Nation NB
Astralia 3 France 5 Lithuania 1 Sweden 1
Belgium 2 Finland 2 Netherland 6 England 10
Bulgaria 3 Germany 9 Poland 4 Estonia

Czech 4 Greek 2 Portugal 3 Italia
Denmark 2 Hungaria 1 Slovenia 5 Spain
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Table 4. European CE-Notified Bodies(NB-Organization) for Fire fighting Equipment(example)

NB-Number Organization name Nation

NB 0408 TUV AUSTRIA SERVICES GMBH Austria

NB 0749 REEEI?BNCSAO)NSTRUCTION CERTIFICATION ASSOCIATION Belgium

NB 1853 TUV Rheinland Bulgaria Ltd. Bulgaria

NB 1015 STROJIRENSKY ZKUSEBNI USTAV s.p. Czech Republic

NB 0845 ?EAéV:'?\I%IlISSGUTUTE OF FIRE AND SECURITY Denmark

NB 1336 Inspecta Estonia OU Estonia

NB 0416 INSPECTA SERTIFIOINTI OY Finland

NB 0333 AFNOR Certification France

NB 0036 TUV SUD Industrie Service GmbH Germany

NB 0786 VdS Schadenverhitung GmbH Germany

NB 0654 TUV HELLAS S.A. Greece

NB 1415 EMI Epitéstigyi Minoségellenorzo Innovacios Nonprofit Kift. Hungary

NB 0407 ISTITUTO GIORDANO S.P.A. Italy
PRIESGAISRINES APSAUGOS IR GELBEJIMO

NB 1796 DEPARTAMENTO PRIE VIDAUS REIKALU MINISTERIJOS Lithuania
GAISRINIU TYRIMU CENTRAS

NB 0336 TUV Rheinland Nederland B.V. Netherlands

NB 1488 INSTYTUT TECHNIKI BUDOWLANE] (ITB) Poland

NB 0866 ASSOCIACAO PORTUGUESA DE CERTIFICACAO Portugal

NB 1396 FIRES, S.R.O. Slovakia

NB 1035 BUREAU VERITAS CERTIFICATION, S.L. Spain

NB 0402 %I:S(?;iﬂglesst'irtil?g|%I;asl\j\?ergle<rr]1mgsmstltut AB/ SP Technical Sweden

NB 0038 Lloyd's Register Verification Limited United Kingdom

NB 0086 BSI United Kingdom

NB 0120 SGS United Kingdom Limited United Kingdom

NB 0168 TUV SUD BABT United Kingdom

NB 0359 INTERTEK TESTING &CERTIFICATION LTD United Kingdom

NB 0832 BRE Global Limited United Kingdom

NB 0843 UL INTERNATIONAL (UK) LTD United Kingdom

NB 1121 Warrington Certification Limited United Kingdom

NB 1725 FM Approvals Ltd. United Kingdom
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A Study on Field working usefulness of a Searching robot
for Special disaster scenes

Jihyun Kwark

Fire Extinguishment & Combustion Research Team
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ABSTRACT

Recently need for a searching robot that achieves searching mission overcoming various obstacles in special
disaster scenes like fire, explosion, earthquake and flood has been increasing. This robot should be able to get
over doorsill and rugged obstacles, climb slope and stairway, seeing through dense smoke to accomplish
searching mission. In this study evaluating method for this searching robot was established and field working
usefulness as traveling, overcoming obstacles, climbing, searching and comprehensive working was verified.

Keywords : Special Disaster Scenes; Searching Robot; Field Working; Obstacles
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Figure 1. Searching robot for special disaster scenes (Small type).

Table 1. Specifications of the searching robot for special disaster scenes
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Figure 2. Simulated narrow way.
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Figure 4. Simulated stairway

and slope.
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Figure 5. Apparatus for searching test.
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Figure 7. Traveling test scenes.

Table 3. Scenario for field working test
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Figure 8. Vertical obstacle test.

Table 5. Vertical obstacle test results
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Figure 10. Rough obstacle and test scene.
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Figure 11. Test scenes of stairway and slope

Table 7. Searching test result of the CCD camera(unit:m)
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Table 6. Test results of stairway and slope
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Table 8. Searching test

result of the Heat-sensitive camera(unit:m)
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Figure 13. Comparison of searching capacity of cameras(15m distant).
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Table 9. Result of field working test
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A Reliability Analysis for Smoke Detector Using Accelerated Life Test

Sung-Ho Hong

Electric Systems Research Team
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This paper presents a study on the analyzing reliability of smoke detector using accelerated life test. In
order to conduct accelerated life test of smoke detector temperature or dust is set accelerated factor in this
paper. The temperature accelerated level is 120 C, 135 C, and 150 C. The dust is flyash which is test
particle 5th regulated by KS A 0090. The dust accelerated level is 60 g, 180 g, and 360 g and failure is
measured by smoke detector sensitivity testing. The failure of detector it is considered to failure of detector if
detector don’t operate within 30 seconds when subjected to an air stream having a velocity of 20 cm/s ~ 40
cm/s containing smoke with a concentration of 15 % of rate of light-response of 1 m. The goodness of fit
test and mean life prediction conduct using the failure time obtained by accelerated test. The result show that
life distributions fits the weibull distribution for failure time data and the mean life calculate 28.5 years in
case of applied temperature stress and 22.5 years in case of applied dust stress.

Keywords : Accelerated life test, Smoke detector, Reliability
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Emergency situation alarm and evacuation path indication using
acoustic signal

Jeong-Ho Jeong

Fire Safety & Building Environment Systems Research Team
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ABSTRACT

Casualties due to fires and disasters are concentrated to residents, who were in sleeping at night. It is
urgent to supplement the alarm and evacuation route guidance system such as apartment houses and multi-use
facilities. It is reported that during Smoke odor, visual warning signal and acoustic warning signal, acoustic
warning signal (sound) is the most effective and appropriate way to awaken residents.

Therefore research and standardization on acoustics warning signal and evacuation direction indicating
acoustic signal shall be conducted. In this study, previous studies on acoustics warning signal were reviewed.
Finally, Research and development road map on acoustics warning and evacuation direction indication signal
was proposed.

Keywords : Fire alarm, Evacuation signal, Acoustic signal

1. M E T A S szt 31 wE FHAHE B

A AN, T SATYALA A EA ] K

AT e s 2 A tiFe 0wy g B4 Az} A9 81 %7} oFztel WAYstaL o]

7 @AE T o], Al =@ A A8 7)o A4 T 86 % JsAVE FE Foldva wela e

Fe AAANA Avstn A&stn gy ow , T S AEES aRHoR Aee A
g AZE ohystE welo] B e BARAA F249& AFsta .

*%ﬂ%% st E A Az B IHASTE THE ALAE AT fEAs A, A,

W3 ©ok7H20:00 ~ 08:00) A WAL 2o 7y A=o] AHgE ¢ Jor, 72t A= g
Ur APAE Hl&S 612 %E BE AoE UEW s A3 A3 F74 A5 SF A5 e 83
o A 9 AGo = g AWIsE ot ¢ % ~ 91 %, A7] WA AFl= 59 % H Azt
A8t °l—”— AAZANA FAFEH F5TE H A=oll= 49 %o HAPATE WS Ao ® YER

CEol8AH B AN 9 By A2 chy Ax OO ES A 9 A2 helE £F A5}

o] ko] Ashet Y A0 AANSD YD, ol g Hst 2

AR S, A RS 5 s Aug ol A AR Sol AuRE Agek A7 ol

AAA A FA Azl WA Ao 308 %P o I WF JE A E FF NI /&
s,



AZ|EA, EWtE, AR U FAARE
A AdAdx gt gALNE F  S(sound)ol
g AAsa Brkska ol

2 34 E A AR Z Id A2 el
488 F e SFAISE o Ve A
TANE Agstaa gt olE FE A AR
2 A BEF AN AFH F S dFE A

[e}
3 2gg AASA Bk

sty SFgBA AugA

rr

¢k wAEtEA7E NFSColl FAEH At
NFSCe| HdA B et ndeda #4 F
IR o 2

)47 B

@ ATEBA

= 25 m o3}t HEH
atal, Jal Fof 7+ Rl fESA ARE 2
T AEF AAstojof vk gk, wgEAdv
o] SHAIQEH 71 E(NFSC 202)ll 2§t WEdu &
AN e AsatelAAdn o AFshe]
Aoes AAYT dedles ATEEFEAE A
AekA] ofy e 4= et
@ =FEA= AL 80 % Mol &F
= 2 F UEF stojof It
@ SFFA] sFe 2HE SFFA ] A
S ERH 1m "ozl fA|A 90dB °]/Fe] ==
Ao shojof ot
B3]
1) #4719 4 ‘flﬂ.f_’_ 3 W(EUl A8k
Aol SlefAE 1 w) o3 A.
2) #4371 Asvig AAsts], O o 74 7
TOERE she] 7R 9] =327}
25 m ol37t H=% i, g Fo 74 H
2ol FESA ARE TE F A=EF A
& A.
NFPA 72"

g s A T

15 m o]ol A

o] mjdas ot
A shojof et

Ao FRARNEE FEsA FEH

¥ vle 1.5 m EoloA

wdEEe] MALss 2o A

iJR

2) A

71

ahofof gk,

2~ 10 dB(A) o4 =LA
SHARASTE Hd WALS

3) &

Boh Hag 15 dB ©]4 A dAY, o
o2 koA H4 75 dB(A) SFS FAE)
of gt}

4) Oﬁh/\li‘:— HH%M:%—% %3] 120 dB(A)E

BS®

1) AAATE ol & F dv THAAAE HA
65 dB(A)S] ARl # IHOJ ofF g},
(A4, °F 60 m? o|ste] F3IF, EAbo] A

_'J_'_
O

B F860 dB(A) oA B

2) Wi7daS°] 60 dB(A)°IY Hiav ARS
gy v &g gHel zol= 5 dB ol
A &k

3) FH Fo AUAES AT Ha 2AH A
BASE Ad wg gl 75 dB(A) ©
ol ARSHES FA S oF St

FElueke] Ve AA AFAE AFdE §
Ztol ARAZ7E drvkg: aspHor Hddss
Aol He e B5e 2o duHET NFPA
ot F=(BS) 7= Felvetet 2 AA AdA
7t AE AZE A&sa aRHor AL
AES sk 71Eol A H AU

R agTe] il 2 me AA FHA

\

o

o]

=

e}

Aol HA ARS dEs ﬁ%oﬁ RO, AR
o Fo4 B4 A Ws B4 5 FAA
&3 o} =3 HAH AseE FAHORE HFEI
st A AA o= X& JiEgE A 9 Ad
e QAT AU 5 A= EEsfshelo}
3,
22 ST A A AR

2glE 4 27|(@8), &89 Eyo] ¢ A
a8t A wet AE oE zes FREc
RS HEiAE 919 A 78 848 VE
ATAAE At ARSI N BEFES AAEE
a7 g

(1) AES #4d

%‘E% #Fd 71E AT AA AFFAA

G3ta Easoz Au dag Ags) A9

Oﬂ?% SO0, AFA} ARLE FAE

t ol ol e A7t FAHAL,

Lee¥= AUATF AREE AAFA R of
FE WAL 23, ARG FoE g o
3 AYed, AT BB U Ax 7

) KFP

‘”, EELD LT



72 =

2=
T

BAXe Hx 9 7 oE, A2
g S o2 AA AT

Proulx'9= AZEd o] &HE 4F9 FAAR

A AB(AFE, &, Y dAxA] Apola)e s

A 714, JAAA, FAHE ZAEFA T =3 ¢

9] 4F ARG |soo1w F%%h 01»5— T-31 3

g g A= R |
3

, b =0l

A8kt

Myles?= FAE AZE9 7
TZE 7Zton 85 dB(A) °l
olof gty ATt 12y 8
=ol AFAe] ZpAgdel HAEshA|
AR S  AA(detectability) &HE
HeAs AAst Yot
ZARS ol g  Nober®e] AxZAz HA
o ¥ Tl gAY o= g ozt A
JAE e F e L5 dEE Y HHe
oAl 55 dB(A) ~ 70 dB(A)E A A3 AR
=g

AR A8z FENA Harris'= dhto]
H dl=o]x H4 SNHIE 8 dBolY, HRS
'8 (Over All Level)®] #4~ SNHI:= 5 dBE
sha St

TH FA A4AHY 4AdL 55 dBA) ~ 6
dB(A)9] ARS #HWE FAAHOZT AFH,
Aol ARG M7= 9F 90 dBA)E AAse
< FHsta Atk ﬁ,f} 6 ~ 10419 olol&
gele] msiA Zlo] &7 wWEd AR
Ast7]E olHua EJ_o}%lﬂr“).

34
JJ
HO

A~

SE
3
A<

o

>}L g

\__
d

oX.

(2 BRE FoF &
A (@larm) E= A 2A T (waning)E AAISH=E
e Fket S sie] aeE o, a4
°l ARG AAZ 98 Lee¥= tgo &S A
b3t TE Aol ek AEe] AHY =rt 7t
& ES 500 Hz ~ 3000 Hz W FolA He
AGH A E3H= 1000 Hz o] tlde A9sie

A3 QAT AF B kel TR
gl AU ARE FHHU 29T g3

of WAz oF vhaYe
2 She Were ALt
Augel Fus E4el U@ ATAY
=5 ARE AAE P4
. ol dlolst iy

a8 5+ =

oE do M > ¥E
oo R X rlo

o of
Al
lo
ve)
@
o
>

bl
i
)
&
k]
>.9
£

ot

~
(]

fot

Aeixe 173 R3] 4
AF94 ARS B} 13 dB} :
ZastH, ojdole] A9 ATy
A ZAR7F 1Faee 2sRn 26 g
A&l Basta ok weba X
e AESFS AFHF 959 AzE giA
dod F 9 AES 2 A AYE 78 F
Aok A ks oo,

5919 AR AR A= 75 dB(A) 7]
o] 3000HztHS HF ARG BHZH|A G
Aoz rista o A 520 Hz EHOE‘ T
g 3}H(Square wave)’} © EHAHQ AoZ e
o). =R 520 Hz 73 BRF] A v,
35 SollA AHEE U= 3100 Hz Y HAH &
By 7v) ol &3t AFoz Z5F

Jnom,
ABRANRTGE o 83479 Aoz eyttt o]

e
rlr il

ii2

o5

A

2}

A e Aneel At oy g4l B
SARTG U 3 APe ASEd o Zn
oJlom, g AZE § #& Ao Vet
21)

3) BEZ AN W3} 54

Oyer3} Hardick®?& ApgEE2 H}%% e}
Ao BREF thste] A3
25l EHOE 700 Hz ~ 4000 H
gHS-(complex signals)S Al ¢kttt =
BlofA 8 3] wWHEEE= Abo]dl E}%l«l EJ%"
80 dB ~ 100 dBZ AA3t= Aoz Atstdth

Ball 3225w &2 AS 79710 713
#H AR A4 343 Figure 19 T-3
BWE Ze A3 4RSS EFS ozt
T8

Bruck & 714 #HH3 ARgo=w T-39d
< ZF=AAT(auditory arousal thresholds)7} 714 g
Al B7HEAY 520 HzS 7@ 92 £48ka A
ERF 12¥ AE, 102 F4 dide] 7H AH- g
o2 AES WEa Utk

A

a8, Proulx 522 T-3 BH L 34 ARS
o] o M@z A= B9t glon, A
1:]'-/] 1174 EolA o] &H A= Belld v
o] AZ=EA AFEEH I = Slow Whoop A&
On
Ofi ./ e
0 2 4 6 8 10  Time

(sec)

Figure 1. Example of T-3 pattern in 1SO 8201



SEMsE o8

b QA EHolH 5 ACE Proulk F& F
Aaach =9 134 WA T3 ele o
BAugrot ol Bello] 7MY Ee £X8 2

=
.
L
L

Aoz B,

olFell Mgl o] 71Eo AHEHI JW ARF

2 AA AF FAA HAHEE Jde APAE
A7)0 EFHolA] ¢ Aoz ATHAT oA
o AFARE ﬂ%o}ﬂﬂ Ay gy AEES
Zb= Q9 F el ARSS AR T-3 ez 2
o FU|HoZ HIERE= FEHE 75 dB(A) =
W74 2SRt 15 dB o] IA AYFIESE e
Zeol "asity, dA7A T-3 HE ﬁi" 7]
| gt £Fst= o]FolA Jdoey FIgs AR
2 ARS AA g BF37F FAEHA o}
olo] thyl EF3Ix HRI Aow FIHCH
23 ZEZ ™Y

219 gl A<t 7L°l AA AFF FES

S HAG3sl= Ao Qs

I

712 HZHe HES

2 HoAes AA 7:11-1;_%0] FAFAA HAEH
+ SAo g dFEAE AHYsta S
A Q¥starat et

Donald %2 Zﬂ o] BuoAiE HAaz}

=
o=

A A4 e deoﬂﬁ 500 Hz o]*bl
- ho] A QF 12 dBo] ZAHFU, I &L
of ¥& 2HoMe dWHHoR 15 dB7} FUIR
alEle] BxolA 105 dB ASH AedAe 75
dBE W= & < Aok AES U Atk
ORIFNE I FEFH AR AY 5
A8t BERI77E AAE S8 EE
o] AR #¥e 88 dB(A) ~ 90 dB(A)E
Ehgo, At U Ad=Z AgEHE RS @l
< 70 dB(A) ©ldtelH, AR HAEHE RS
-2 45 dB(A)olst= ofgt 3tAA AH E37}
o S 40; Fsk o
Donald®=AZ=EoA A7 HAES
JMJ ﬁi%*xl AAE A%
EH(JM = EH,
C}XM A =] 91 2] 24
=t MAEE
Bt szt
FPA®] A xﬂf&o}i Je dH
5 dB(A)‘E ﬂ&é—%}% Ao 2 et
Proulx §%9¢ A7 A% FF ARZHD
ooty FRE 2FEG ARAR S A
7V AR Aol Fasty, Exd A% A
BAAE o adrt 2%dn £4ska vk
dRle2E 98e ¢gde ZHES(alarm sound)>
ANAA7E AdelA gEd Fode o o) Fa

‘:_

[e]

L_IFI ox

=

1
L

S
=

Sk
yil

HE

oS5 2 4= oty 73
RAT, BT FIre] ARG UFE AA Ids)
© ARt 75 AR wdlo] ofHy €&
3o ERS T £ QA ok =3 AAdAE 2
2 Zoll dE AHI ANgo=w o)FEHEA 158
ol WA= ARLS nE2HY & 5 I
I Agska o

Tongs0e A A&H YeE AR ZAX
g A AASAT AA, g2 TR &F

I AA BEE el A Eﬂﬂ, AHE
o] 3tA Al AA BERFOoE AHEA d=vh Al
A, i‘rxﬂ**% Al B a B o)Al tigk A
H7b RSt webs sA AREe RS
?E—% T AES 43 A FREFAS A4
AN g lojok dn. FRE E Al A 501]74]
i}xﬂﬂ AR f1A19k 150 Fse

(ERAAY BS & 7 IEF) 552 €
= ARE AFHoloF I AE
th olg fME ARG I A
I ojHe "G A dEe

Ny 30 :‘?‘:’

Arh} A5 ole G ARGl =
AA AR e
7}

ofgA AAl Ar=
=7}?

Ag Augol ¢ie
Aolgt =712
ARee BN AL BT A FAU
AutA o g ARLSS =7 T2 AT Eo
& Pxe woloje} Yreherb

flo

O])\]-J,]_ 71—0"
AW e }aan}
2 o] oA
Z23A <) Zﬂ%%
=3 AAon A
MME A By 270 A
A @aaAog ADsr] Y X s=
9 Axo] 3 7|2 AFNAREE A=
HEZF Z83 o2 dddn.

= _,‘6:',__1,]-24 Og_ A A B AR] ] EI‘&I;T% oy

M E AR YR ADEoA A A

S}7]
Goll thet BRI A iyl 2ot gL, shHA)

3]
AN
o
rr

_,d
X

J
2 T 2 Ho 4 fo N

B
fr to b

Noﬁ:é

2
ol
-
N

>

[ol
>N

o

12
=

B ool DY ARS SFH, AtH ARG
g3 Agshe o] Wasith
3. 3¢ M3 E 0|8% It Z= ot
AZgol Y@s}, 2153 Pol w2 Ay
9 AFERA AT AN W AT
S AN ol F W A2F ERHoT
& KFPA

PIRRRE M



<50m > - =
«—100m —> «——10m —> ?:‘%’ o _ﬁ
1“:['“'” 4 chEn  generstion : N ] f]
FATRE Y ‘
?Hg% wﬁiﬁj A
driving direction g <= airflow | ||
BuUS K\ camera / m \! l

Figure 2. Experimental arrangement of behaviour by
motorists on evacuation of a tunnel*”

22

& 1-
Aircraft Trials §ggmm

Figure 3. Emergency evacuation in airplane using
directional sound?

Lewds Grammar Junior Scheol | O O

sont

Figure 4. Evacuation path indication using sound®?

FE Azdol Bast AAE AP AEF
A Fol Qo HAA ArZ Qs AdFES
5 %A Q14e] ofelgl Yuel Wtk ohe} wof

I

A g AR G ARE wEA AA S
3 EGE F IEER AEAHOE HPFook &
o

HEaeodes A4 BE $A 955 53
GHEZAE o83 AIAPFE AAs] FF
HAert vdsz 2] 8l 9dAzE g5
- a2 Y-S ASSFATHY. Figure 2= Al
Bd NE dol sd8 vt 5F A5 FaA
A3 WAE YErd Zolt
FZ7IHolA e B&ZA Ade 98 ST

Figure 5. Directional sound generator installation for

indication of evacuation direction®”

o g4A WY A2 9 5&e vz 4¥d 4
B SFNGHEAAL 0> BHRAA Ho
Tk, Figure 3& &E7] vlelA Wy uy
&Y NTE 8% Aok AEHA de AP

aF

o v &g 4P FWE el Zloltk
289 A%, 97 JxdFadAE ey

AZE WFel Wigd AXNE HAste] Iy
g A B AZ Ao wdel ofE AT
SYAYTD, £ DanielIE AZE U)ol A
St A2 e AN Y ¥ UEE A4S
sfelok g FAsHAT

gl AFAMsE Lol BT
olg3 W A= st BeE A
AolAw A Az il AT &
g4e AzIun

o
>

¢

S

- oo
N rr

\
bolr rT

ot
>
folr by
Lo

o i i
ot
o
e
=
-
o
rt
[o
ot
2

1
rr
1
X,

)
|
2
)
ol
o
rr
é
X
®
- d
)
ok
oSt
tlo
2
)

" o

)
>

il
oo
0 a

r\l

Ay

gi{n

Bl

o
2 ot

gﬂ

i

b ©
0 2L

dlo
o
«
A
>
L }0‘,

£ g

4

;0

Yoy b

o
f
3
=
okt
£
o
>
=y
9,1‘,
X
g e
= ol
et ol
Ty
BT
e

2

>

3

%)
2 oz

(o
v,

i 0% T oy ) o2 &L rlr o

i1
A
N

Ir

=
oo
_\O_l,

o
f
s
=
g

ofr

[o

oot ¥
%0,
o

fad

olo} zro] wak XA
& Wop 2 Ao Heg

gl
30 d

AN i ol

o
o ek

N
o,
n

re
-
N
2]
-
T
o
>
re
-
ofo
o
o re
ofF b o

ok
oot
N
>
odk
H
e
oo
ot
>
fols
2 o
ofo
o
of
2
]
2

-



75

Table 1. Research and development road map on acoustics warning and evacuation direction indication signal
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Review on reducing the fire risk on bed mattress
through the analysis of flame spread algorithm

Kye-Won Park
Fire Safety & Building Environment Systems Research Team
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This paper intends to analyze horizontal flame spread effect in fire. For its analysis, bed mattress which
generally shows the high HRR in fire was applied as specimen, and several experiments regarding horizontal
flame spreading effect according to ISO 12949 were conducted. First, a series of reaction-to-fire behavior’s
phenomenon such as HRR, flame height, burning area, and temperature were measured the results of
reaction-to-fire behavior of bed mattress products to the ISO 12949 method. Then, Calculation model on flame
spreading speed was proposed based on opposed-winded flame spread equation of Quintierie. Finally
comparing the measured result and the calculation result, mechanism on bed mattress were analyzed. In brief,
the mean flame spread speed interpolated from the measured temperature at several points on the bed was
consistent with the proposed calculation model.

Keywords : Fire Safety, Flame Spreading speed, HRR, FIGRA
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Figure 1. HRR collection system (left,

[unit: mm]), photo in mattress test (right)

—

H=115

I
H=215 H=315 H=515

Figure 2. Conceptual drawing in section according to the different height from the floor, [unit: mm]
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Table 2. Measurement property in mattress test

ard Measurement
. R N N ;
Specimen piopeftnyt HRR, THR Flame height by video Flame spread by video
[kw] [m] [mm/s]
0 mm ° ° °
115 mm Non- ° - °
215 mm retardant ° ° °
315 mm treatment ° _ °
515 mm o ° °

1960mm

k
T

100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

100 100

970mm

+
100 100 100 100 100 100

Top Burner

. Side Burner

Figure 3. Drawing of grid line on the top surface of bed mattress(left), mattress photo(right)
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Table 29} 7Zo] A& A] HRR, THR(Total Heat
Release), HIT| & 7iulg} 7] &(xT 30=#| L2 7]
294 B0 @ HYxol ¥ AN S
7F S AR o olE T3 AE tE v
sels A% golo] U@ HlmiAo] FaEol
53, X‘I‘H fEZ 2 AdEHEe= 10 cm 3F
21 7 Az gRls :LE%%‘?E’_ G
AT Aol e Y SEE =
2l Wi A}E reference measurement =

<
T2
o] wolg TR

i ox i N T

o o 1o o

ol
-&H

3.1 HRR(ZYEE) U THREYSED)

Figure 59} Z+¢] HRR ¥ THR2 o] mjEg X~
Fo] M2 515 mm = 315 mm > 215 mm > 115
mm > 0 mme €AZ ZHHYeH, 315 mm 2
515 mm%Fe] x}olrt IAE LA mEgA A
A Fo7t =ETE ATBHE %% ZFol| F7tst
v FALS FAg F AT E=ZF Figure 59
HRRlﬂPLOﬂH & T Axol, Eﬂi/\l"‘ﬂﬂ g
2 4 9Jt YA HRRE IMWE 7HAE A4
515 mm, 315 mm, 215 mm, 115 mm, 0 mm® A
2 Fold=E Z+7ZF 165%, 170%, 205%, 222%
270z 1MW HRRo| A = it
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HRR[kW]

HE=0mm

——HEB=115mm

HB-215mm
sreereeesHB=315mm

HB=515mm

THR [MJ]

300
Time [sec]

400

500

--------- HB=0mm ——HB=115mm HB=215mm

HB=315mm —— HB=515mm

Figure 5. Heat Release Rate (top), Total Heat Release(down)

Table 3. Flame spread observation on surface of bed mattress

frame height Axis 300 400 500 600 700 800 900 980mm
omm X1 107 134 163 182 206 216 244 248
X2 108 140 178 199 221 248 269 291
X1 100 116 138 161 178 193 201 210
115mm
X2 100 118 137 157 188 206 226 233
X1 91 123 141 159 177 195 212 219
215mm
X2 109 126 152 167 186 200 211 225
X1 102 132 146 160 177 193 200 212
315mm r
X2 99 122 141 159 176 206 224 236
515mm X1 114 131 141 156 180 187 199 207
X2 121 121 136 153 187 201 211 215
frame height Axis 150 250 350 450 550 650 750 820mm
Omm Y 96 119 138 160 180 201 216
115mm Y 125 137 151 173 187 198
215mm Y 132 144 161 173 192 198
315mm Y 118 145 160 168 178 199 207
515mm Y 86 128 146 159 169 182 189
St & S A = = 5 AT = =
32 QAV|S0) o3 StisHE AEo ZFAL  WE HAFUEEE wolFgnh
HY A I 3t P53
Figure 63 Table 3041} Zo], WEgj2 %W e 3 S5 A=
> = =, = = 5 5 S
ol A AEHWaX1, X2) B dEUIHYHL R 3} Wako] AL ETE WME Ao

FEIEETE SAHNT. BE FoldlA YH B
ol XF WFellAe] #H AL mE
A YERgt o™, X1 WaFo] X2 WEFRT A4S

Py

2 42754 7Y seeRy

I

o WA s 9gol vehyth




s HB=0mm M x'.“ x: Mﬂ
300 ¢ O mm 248 5291 8 |218 &
—— HB=115mm 115 nm [210 4233 o [ 198 s |
215 mm | 719 = | 225 5 [ 198 5
—&— HB=215mm s 207 &
—o—HB=316m|
—&—HB=515mm|

5o [188 8

elapsed time for burning area to
reach at edge of Y [s]

~350-300-250-200-150-100-50 0 50 100 150 200 250 300 350
elapsed time for burning area to reach the edges
of X1, X2 [s]
Figure 6. Elapsed time for flame to reach the edge
of opposite side of mattress
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A Ad wEg 2~ RHEE HASZHoZ G
FZom Axxo=z HY A9 stEgts FUF
Aol AZEHAG
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Figure 8, 9942} Z©], 0 mm, 215 mm, 515 mm
of tialA mEE 2~ FaFANAREEH] BE 3¢
o] it Fol7t FAVIE B 9 =&HU
o Al e wER A Eold tisiA B Hu
HiEole 2+ 2368 m, 2.755m, 2.805 m=Z LE}
wow wEg A o7t E&FE I stde FH
O H Zolx =2 Aoz gt

HUY 7t AR 70%0]F ] 215mme] Wl Eg 2o
g gdEoles FEEF IUEIASd 120
438 RS w olu] 1.5mel dEolvt =EEA
=g ol gE mEAEY vl o 2HA=
w2 S7IFAYS & 4 Atk Figure 99 2ol
Ho HRRe| E=9ste A3 A Ho H3)
HEol7t AEHA= 2= ASE YERT o]&
Aogx= Hu) HRRY| E=g3tE 1t Hu 3
T3 Eol7l AsteE AFS Hole Ae=E ¢
HA YA R, WE 2 AH ddE = 3 Jf
He AFfRE g Hd £o] AEYg=E
AR UEhT]e A s Eelrt vy Es)
Hol ZdEE= AYES & F o old dFe=
A3l Hd HRR =gty Hdl FHsd =0l
3ol AR = Hol AHE 4

O:

B o

O

Max. 2.755m

Max. 2.368

» ARSIl |

Figure 8. Example of Photos of flame height in different frame height from the floor.
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Hy=215mm: 252s (Max. HRR) Hy;=0mm: 311s (Max. HRR)
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' -2-HB=515mn
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Mean flame height from matteress top [m

200
Time [s]

Figure 9. Mean flame height from the mattress.
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4. dHolee] EM4Y ZEit
41 Hoj oHEZ| 20| st EnE|Fe

Initial condition : t,=80
8,D,=150mm

v v

Oradiation

convection

| |
\4 v

Gt = Qradiation + dconvection

Flame spread rate(v)

If D < 980 mm
t=t+4t

< Burning Radius(D) / Diypr = Dy + vp X At
D=980 [mm]

[ End of calculation ]

q q
V= =
peA(Tig =Ts)  pe(Tyg = T)

Figure 10. Algorithm in calculation of flame spread

A ME2e] W FFg4kS FA487] 9
A Figure 103 Z2 dae]Fo] o
™, ol ZAE HRRH} d&WF S wgoz 3
I At ZukoskiZh AR Bt stHEols F
AEAZ ALAH(burning  diameter)Z 4FEE
HRRZEo] glojof Alxbd & Sl o5& 93
3MW open calorimeter(Z ] 3MW7}%]2] HRRE
=4 71 AAhaEE dEyd uE dHANE
AHE-3te] HRRES AFEstd 1, ¥t 7hv e}t 59

%

N2 B AxAAe P4 dxue F

ARE dAAY. vWEZ2e ©F W(short
side)e WEE 2 ZpAAE M EE 150 mmE F

|

Short-side 980 mm

Figure 11. Conceptual drawing of burning area
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e

42 31y @t
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of et AEHE dagFol
ANXe= A7t FB3EA FA9 2
A7177F Sl AlE 702 Qs8] wind-opposed
mode®] TH3}AH T 42](Quintiere |+ Z
&3t ol mE 2o/ FEdRE wdd
sttt

Q -Q/c,pTy/gD?? =Q/1116DY [1]

*2/3 *
Q**(Q 21 2]
_ 48 2
Yo [nkmmg— xJZ] U 3]

o] A& YutA o7 w3 uAS 7145ty
FAZ2 mmeld) aAe] EH FAN £
Hdsd o AHEsHA g AG)e mHAAA e o
43 AFF Aole] AolE & F e W, 2
SA7-e ARSE A@)% FA4E Uz
ATt

1 1.18¢ 1.18h

Wt VEpc(Tig—T) f Jkpc [4]
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45 = Qradiation = FEO—T;'L [5]

A(5)oM, A&o] AARCEREY 5 oD A
wrbxel st ERWYE, Ao =
o Bl Ba Aixe WA B U
< 7B Ao S Yok F| AA Jd )
Egjzdd BAHE A 44e BAY, WE
Yol ARE mohfgs ¥E §4E50 ug
o2 #3 Jakay olo] o3| Y4E wgoz
RElo] sgo] uELD2E AZD A Dok &
M Wolxt BE 4R Qs d4HE
$E7 5 AF Ao WME2Y AxAH
e 27 YEHT A B 5 9
o wiebA WEe o) SgAvie s dBAL
of o% W AR} okl Figure 123 2ol
Aol g WEw SPARE Aol 123
oF & A F TNl UeSs FEY + Utk
oHd AUF L YEA WAUELS S 1
U Ae, Axmded MAHE dfd ofs
2(6)3h ol Alekd 4 Atk

Qf = Qradiation + 4 convection [6]

Heat Flux in lateral Side of Mattress

Figure 12. Suggested conceptual drawing of heat
flux in mattress considering convection
and radiation

A, A6) R A7)elAe BAF dR&S A=
StH O3 22 dde A9 AHES W=
A Hoh. dadH sFAolde F(gap)©l e
Aoz 7143 ol & A 4 (configuration fac-
tor)= SFEUHF AL A BAF dHEEs EASH
bR O ol 12 AAREAAL, Ao HFHF
St A o] FALL Y Aol FHORE A &
o Y A Al wEg 2 YR 2 =9

= = o F
g =S S8t

{747+ HiO} kb 83

o dAadY AEAF T3 (sphere shape)oE X
A=A oA e B PEAol=
Lm=0.66D =& A &3tA =™ 735 AAsHA
71e stade] Aol stAEol= Y (Figure 13
o] 92 A4 1Y Fx)sltdn B 5 Yt
Gradiation = F 5(-'*"17}"dr

(7]

EO =

Fig. 13. Conceptual drawing of radiation heat flux
model (left) and convection heat flux
model (right)

e=l-exp(-kL,,) [8]
@, 24 AREe 4ES 8 B

(Emissivity rate)> 2](8)¢} ZomH, ojuf 3=
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AAsEATE FH A ARJFS BRe} o], diF

&S HAF 53 FAEA771 S8 AR
HES AEstd v 9 dde AAES =
A #oh diF €752 A9 2ol FPHAA
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4convection = h(Tf - Tsurface) [9]
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h:ANu/L [10]

oluf, dujfFel FZ4o] LS 50 mmE AA3}
gom ol wEg oA JFAA 8 ge] ZA
St Aol gt =8 A Aunse &
o] AFEH A= ojuf 3t Tt REE
073KE 7}A o},

A=3.7x1077T3/*

(T: Gas temp.= 1 073 K) [11]

N, = 0.664R./*B/> (2]

N, = 0.037R*/3p*/3 [13]

21D ZFANF

AR EEJAA12), oF

1/]1:':]\_. o L
+ Nusselt Eﬂ#% /&%JOEH Qoﬁl‘:}. o
71A /7 2 dFe AR dolsmgtad 93
A AARAET 7|BEHoZ Ho]lEmES Re:x 3.0 x
10°0] ko] FF/o|w, ojdo|H WdFZ IHFE o
At oz U A&22 214)2F 2o}
R, = u,L/v [14]
FAAAT v AAAS 1 2EZ2EEH &
oA 415 3 A(16)s TETH
_ e _ —1077/4
v=2 7.2 x 10710T [15]
P', = 2.5 = 10_7T3/4 [16]

Table 4. Factors of A and m as substituted according to McCaffrey.

A 2" 0 <z <0.08 0.08 < z' < 0.20 020 < Z'
Uco = Wy = 7"
" m= 172 m=0 m = -1/3
McCaffrey A = 6.84 A =193 A =1.12
— 5ma 2imm
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'E b ot e 400 g uw b ] (R 400 | LRt =l {RaclsCoem ]
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T b e % b b te - ) bel
- i ¥ . 0 ey - O Bt
i um “ fum S £Eum St
33 — e ip —Ca o S'E'w: =l
= L iy |- = e — iz s ’ —Cal e
% * % i o
= = !
! w0 f i 80
ol oot io
B o B owm m
3 5 W W X0 35 30 g 5 N IX HD 3N N0 B 5 m I U 3N N
Tireee 1] Time 1] Time i}
315mm S15mm
i 20 ® 20
- — il (2 500w ‘! o —Cl (ind #Coew)
E 150 W bp i "E' - ¥ Eg ¥l
& o B = O Ep Xl
g um -2 T . *
i = 0 Ext = b
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Figure 14. Comparison in calculation and experiments according to the different frame height concerning flame

spread
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Caleulation of flame spread in 'Radiation + convection'
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Fig. 15. Comparison in calculation of flame spread
considering the effect of ‘radiation + con-
vection” according to the different frame
height
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Figure 16. HRR measurement on waterpool according to
the different frame height
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ABSTRACT

In this study, the evacuation experiment that assumed a complex indoor space was Simulated by using
buildingeXODUS in equally. And to determine the degree of error and factors compared to the evacuation
experimental and simulation results. Based on the results, to collect data is the object of this research during
Performance-Based Design for evacuation time simulation to reflect the actual evacuation situations.

Keywords : Evacuation Experiment, Evacuation Simulation, Performance-Based Design, Evacuation Time
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Table 4. Factors of affecting evacuation in fire
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Figure 1. Evacuation experimental models.
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Table 7. Participants age and walking speed

H3Y naj
Yol | &&= ol &=
(m/s) (m/s)
W 20 1.66 o1 20 1.48
w2 24 1.62 o2 23 1.48
@3 25 1.40 o3 20 1.33
4 29 1.59 4 20 0.95
@5 24 1.48 5 23 1.77
=6 25 1.41 6 20 0.94
w7 24 1.50 o7 20 1.29
w8 24 1.23 o8 23 1.54
w9 25 1.50 o9 20 1.20
w10 20 1.37 | <10 21 1.89
w11 26 1.52 11 22 1.86
w12 26 1.33 12 24 1.61
@13 20 1.48 | <13 20 1.66
w14 29 1.17 ol14 22 1.46
@15 25 1.76 o]15 22 1.37
Table 8. Features of the intersection
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(m/s)
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Table 10. Comparison of distance, time, and walking(evacuation) speed

(BT
B AFA Ay HHA & ol A
i
(m/s) ANZs) | olsAM) | RIEEms) | AR | olFAM) | RISE(mis)
k23 1.47 62 68.09 1.16 27.11 37.13 1.38
o 1.45 73 74.90 1.08 28.12 37.13 1.38
H 1.46 67.5 715 1.12 27.62 37.13 1.38
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A Study on the Introduction of Fire Resistance Ceiling System
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ABSTRACT

Fire resistance ceiling system is the structure of which the ceiling installed under the slab of the structure
has the fire resistance performance. Because of having the fire resistance performance, fire resistive coatings
on steel beams can be reduced and large span structures can be constructed. In foreign country, it is general
that one system consisting of slab and ceiling is constructed as a fire resistance system. But in Korea, there
are no fire resistance ceiling systems thus economical efficiency due to being high-rise and light-weight of
structures is not secured. On this study, Fire resistance ceiling systems were used in foreign countries and
basic informations for Introduction of the fire resistance ceiling systems were presented.

Keywords : Fire Resistance Ceiling System, Fire Resistive Coating, Standard Ceiling System, Fire Resistance Performance,
Fire Compartment.
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Figure 1. Fire compartment.

olo] ¥ Aol vsAgTEe UF F
o] A, el WA 2 WATE AP A
SR Y WAFE gF WANHE Fabol

Wadg Tz AE =9 s RE ellsina
st
2. YHTRx B Hy

21 HE #g

@) =
A%y ASE(AEZe] s Tzst el

A Es D (A, JBAH, FEFY 5 0
Eeejo] Aste AFEL 8 TERIE YT
£2 solof $& A3 gom, oY F8 F=
e ugE, 7%, de, B, ARE 2 FAUe

= Qa3 ok
olo} o] AZWAA Tz AEH ol

st FoTxRe s Adsta da AR

7)ol SFEA ekol WsAEol Ye WAL
MEst e N7z AFLE F Qe A=F

FAE AU Ao

Tl fFdatA Aol did WstT=E
A3t de AL KS F 1611-1(F = 7= e
A WalFx)oA At e F2TER7 YL
U EFzdAMw AdHes AHEHA glo] &7
Fart Be AFEAEES U I 9
T AEElo]l dasitt

ch

@ =9

Zo) @ Aol oln] WA Fe|= ol
a7HE WEgsel we yEuTad
5 FWE Chessioh

979 A WFAFTRE JRE 0aEY
OJE metmolt TIAE migmel Fgwoll

HIRE ARAE 2§ Ao ugRAe] =
Fate] Hgol MX W wHTE WSS ¥
st elek,

=3 Ate] A weTze zgE
g WRel HE, Wy 2 29T S 2 A
MRE PN St Axdos TR 1
~3A7te WEAES Fusta glomW, mas

FgoAe vtgFze A4S dstas 3

U o=, Adtiels 2 AR Wil dvlw
TIANINA 23 HAA AALESOZ 308 ~2
kel e s< Srsta .

> it o ofn

22 2 HEN H

As FolAs wEe] vEA sl
ol glof MUY e FARE HUA,
) g0g %2 AU i,

%%

43
AREA

U=

oot o2
o &

ofh X




Uatdd+z M &

AZA A 2= Sl HAd F=2 ARE

A9 HuAF) FARAZL Aol Agol AR
H olzg F4H PUP S HAA 89} %ﬁﬁ}
4 A R Bg BrAE Hgstel nedd, &
ESPSEoN-E g}p,_s}_n:_i ML= Y Jon, =Y
EA HAA AL Table 137 2T},
23 I MEPyLx Y

U AgFRE P 1S Adse 2
£ Fyol wa} T-Bar 7= M-Bar ?Z

T&H-Bar 7%& UFoixy ztzte] FzIFEH=
thew} 2,

(1) T-Bar =

AgFE Agel M A AW of
M R o gol Fhsste] WAL, Wiwe] B
H7o] Solaith Ed T-Barel Fehs} cheket
B g0 WE Moo o Yokt AYE

iﬁ.&—hﬂ

Figure 2. T-Bar Ceiling Structure.
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Figure 3. M-Bar Ceiling Structure.
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Figure 4. T&H-Bar Ceiling Structure.
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Table 2. Roof/Ceiling assemblies of light-frame wood

structures.
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Table 3. Floor-Ceiling System(UL 2010)
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Table 4. Lafarge Suspended Ceiling System(France).
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Table 5. Test Ceiling Structures.
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Figure 5. Test Specimens.
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Figure 6. Test Ceiling Structure drawing(T-Bar).
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Figure 7. Test Ceiling Structure drawing(T&H-Bar).
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Table 6. Fire-resistance Performance Criteria.
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Table 7. Fire-resistance Performance of Test Specimens.
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Table 8. Test Results for Integrity of Test Specimens.
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Figure 9. Test Specimens during the Test.
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