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ABSTRACT

Purpose: When conducting fire inspections in Korea, there are objects that violate the fire protection
regulations that require a straight line distance of more than 5Sm between the air inlet and the discharge
section if the floor area is less than 400m2, and this paper analyzes the reasons and conducts a model
experimental study to support the need for related fire protection regulations. Method: Domestic fire-
fighting objects were investigated and confirmed, domestic and foreign papers, policies, and laws and
regulations were examined, and spaces with a straight line distance of less than 5m and more than 5Sm
between the air inlet and discharge section were selected and analyzed through model experiments in a
living room of less than 400m’. Result: When examining the domestic fire protection regulations (NFPC-
National Fire Perpormance Code), the separation distance between the air inlet and the outlet is more
than 5m when the floor area is less than 400m?, but as a result of the actual investigation, it was confirmed
that there are firefighting objects that cannot keep the separation distance. In addition, when a paper
review of overseas fire protection regulations for a straight line distance of more than 5Sm showed that
there was no regulation on the straight line distance between the air inlet and the discharge section, the
model experiment showed that the discharge speed was better when the straight line distance between
the air inlet and the discharge section was more than 5m than when it was less than 5m. Conclusions: In
this study, when examining overseas fire laws and regulations by comparing the performance of the fire
protection ratio for the straight line distance between the air inlet and the exhaust section, there is no
mandatory regulation for the straight line distance, but the domestic fire protection regulations (NFPC-
National Fire Perpormance Code) require more than Sm. It is hoped that this will be reflected in the
design stage in the future, and a foundation will be laid to reduce the responsibility and burden of fire
superintendents.

Keywords: Fire Regulations, National Fire Perpormance Code, Air Intake Method, Straight-Line
Distances, Smoke Making Equipment, Model Experimental Research
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gu, Seoul. As a result of measuring the distance between the Seoul. As a result of measuring the distance between the
lower supply air ~ the upper exhaust duct, 2.89m lower supply air ~ the upper exhaust duct, 3.40m.

Fig. 1. Adomestic field case where the separation distance between the air inlet and the discharge section is less than 5min
a small living room among firefighting objects
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Table. 1 Emissions in small living rooms of less than 400m?

Passage length Vertical distance Emissions explanatory note

2m or less 25,000 m’/hr Including cases that are walled off
A0 o less More than 2m and less than 2.5m 30,000 mis/hr
More than 2.5m and less than 3.0m 35,000 m*hr
More than 3m 45,000 m’/hr

2m or less 30,000 m’/hr Including cases that are walled off
More than 40m More than 2m and less than 2.5m 35,000 m*hr
60m or less More than 2.5m and less than 3.0m 40,000 m’/hr
More than 3m 50,000 m*/hr

A FH|(NFPC 501)9] -37] 9T F871E A2 AX Q] HHEAA 400m” w]gh

APIA AL Higt 37 -F U FATEE ARt BARS B AARATA 02 SEAY QIFR A AT = F
2o fd== 37171 AE A o7l= 95 Rl olsh Eth 7 Follt o R FrdEE A eR Q—/F At
(National Fire Safety Standards, 2012). BF=HZ] 400m?1]2ke] 714121 oA} A (A A7 A o] w2 132 A @]t}
ohel A L FE ekl 782 T1eslR] ofusithof] tistoi A= viE el o] 4ol A Istal 57U+t HHE:V o] 2147
2= 5m oo = sfoF gitt

= HA XA 7|E

=] AA A Q] 71 ZA = U A T Al AA 251S] e Q] BS(British Standard), #]=1-2] NFPA code F-E &
74943 31A], 4= BS 5588(Fire precautions in the design, construction and use of buildings), T The Building Code
of Australia, 7HHHT} NBC(National Building code of Canada)E 53l Y H-E A E451 Tt

nlz

0]=10] -9 NFPAQHBCE o851 17]A|0] 7|58 w21l QItk(Yoon, 2007; Goo, 2017). NFPAIA] 17 SFal 1
= AlAdv] 7142 A HH o33 2T NFPA 92-A Recommended Practice for Smoke-Control Systems (A A A~H]
| T3k EAARRD, NFPA 92-B Standard for Smoke Management System in Malls, Atria, and Large Space(&, °1E2]s,
a7tol] tist Al AR AE] 355), NFPA 204 Standard for Smoke and Heat Venting 5 A0 Uir 14 1tk NFPA92
Standard for Smoke Control Systems(A| A ABIEZ) © 2 2011 7152 NFPA 92A2} 92BE S8l5l0] 7|52 B9

2

S} THKim, 2018). Intetnatiomal Code council 2] IBC(International Building Code) section 9092+ NFPA101 (Life Safe
Code-"JHFHF =), NFPA 5000(Building Counstruction and Safety Code-15&15 2 QFAT &) of| A TSR] TE, &

442

KOSDI



Saeng-Gon Lee and Se-Hong Min | 4 Model Experiment Study to Secure the Straight Line Distance between the Air Inlet and
Exhaust Section of the Living Room

7| det B 7] A ARl it 172 27501 3R] @drh(Kim, 2010).

[IN=5
=2
L2 0] 87 A A14372(F AR oA Alel ' TAsh= 718 Bt o 2 g 4= Qe 7o Bl ) A

718 FrasHl HiEgd & e 5

c‘)qi o
0] wjeban|e] TEPHS ok glek. 2k Aol B7] 2 Hiehe AAsHe wiel Aule]

T 9lobH theo] 3
She Zh8 ek B7174 s ¥ slitol Axjshe] ol A dske LA shel, A Badulg, Be 22 v

oI Wit o] Aol Wt A5 A 0 2 S8 71 AFH, G 17 Bt 1BnlE 1] o} w7
TR gAe] 550253 47 ofsHE 370l WhEstelol g, Hl7) 7 ele] 250 2 e sfjo] o] 2 S

212 5500 2 e gt ol T L] MlehE 212 600 2 R 3t ofel ofof gl o] A8 Beteh g7 9 7H4l
ek wjl AAJsHe et n] o] PP e het ek 910] 2} Mol B ek ke TR S skt ukxe} AT
o] sl 4 BRI ] 5002 B3 4] of5le F71S HhEs1o] of qiek HhET it 2} o AGhan|S s 3

AR} 7121719k QESHE A S 02 22 Al OJgh PRIl OJ8l A ) 298 At 5]
Atk Bt 371 He] 9l

ARATA A 18205 (3P Aol PASHE A71E vbRo R WiEE 4 Sl vlEAlR| o] TR, AATA A
1436 (S PR 79wl A2} QUi ol7kA] 7] i 7h0] sho] dAlsHA ohshs A% B B K 114)
ol 3715 AT o] Aol Tt S
Q0] 7.9 A7Vt 249 A Sfa) A7 1Ale] ALl dhste] AL ik AR7|ES 418 Aule) 7]871%

of ket skl /e, AtAlo] Aol thigt Ax|71e2 Z3A 14 /1ol A8kl Utk(Jin, 2017).

rr

=
F=r 1666 A ol% AA| Hz2 SHEY Aol AL 2xE =t =712 BS 5588(Fire
precautions in the design, construction and use of buildings)°ll 7175t Stk Part4 Code of practice for smoke control
using pressure differentials (A2 ©]-8-0k= A A51174) 2 Part9 Code of practice for ventilation and air conditioning
ductwork(27] B 35 HE A7)l 17l thet AR 3717 A2t vilE71te] o4 Az]of et Al Adn]7 =
A HIZ= 5m oV olAsIRh= U2 {itt. o9, BS AIAVT FHEFEN)LCE FHE O] BS5588-2 2005'd°] BS/EN
12101 Part6 0 & BFAQIH. §h=0] 7% 2b77dou Apdufd o] -20] 739 A1 B A5 Aol whet A A]sl= 1
o] AT, F=12] -2 Approved Document B2} BS EN 8313:19972] Z|-of w2} @71 o| U AFLE S ZAZ<] 53
710 tit 2] AA] 7|0 & nheiskal Qi o] @jof| Aplrfd B Al /du]of Qlof 71 B /dtell et A Ash= HH4o]
U A4S WP 25K 715 E3FBS/EN 12101 Part]~50lA] 230 2 14} QItk(Kim, 2017).

3F

A=51732] SPAHeT otel tit 87AFdS “The Building Code of Australia’2 &3l AA[STAL QT =

N

KOSDI

443



Journal of the Society of Disaster Information | Vol. 19, No. 2, June 2023

Q7SS TSP 0 2 AJHFSH Deemed-to-Satisty Provisions)2}t43'5-$15= (Alternative Solution) & 7FA] B
oA O & AL BS79742F -FrASHA| SR @A dr, A7) Shit sl shitat o), SRl e K B s}
F-8o] 7]&E o] Qltt. 551, BS7974-3 Structural respones and fire spread beyond the enclosure of origin®]] A
o]

N, 21932 AS 1668.3-20011 A =01 TH Lee, 2017).

[¢]

=

At

NBC(National Building code of Canada)®] NBC-B-3.2.6. Additional requiretments for High buildingsfA]
NBC-B-3.2.6.2. Limits to smoke movement2}NBC-B-3.2.6.6. Venting to aid Firefighting®l] 17]4|0] I 7|50] Lo,
A5E9] Fo], AFE2A 2 -8Rl ol mhE 7150l Z1AE ol iet. T3t AH7 2 @ A 371 AlRE, HYdFE ©]

& 7Fet s at, A7IEAIR, ol 82l Soldt= it BAS O] AlZ et Hri(Park, 2017).

NI=tREO| o|$t 400m*0|2te] H|oIAH| 1S Al

Lo =0

B2 400m” B|REe] #4Q) oV Al Aol tieliAl g7 1 d e HilE7-7E2] 2147 2] 7} smolde] EojoFsh= o]

5 Y] 917 HROE ol YFIE ARSIl AHFL] ATE THlo] HhEEE ST SIS FL s

ARRFE=Fig 28 Re=AAE £ o2 vkA T/ 2T, 712 600mm A= 200mm 0] 600mm = S22 of=7H A|
ZrAAel A RFEEAEE AJ2LgH ot E vhal= A9 tiikg7ke] I 7)(712 4.8m, A& 5.4m, 1£0] 2.5m) 2] 1/2882] 27|12 A4
Al=lo] A-E 218gsIeIH. AFH-2 Ganjia Clean G-500= ©-85151.2H N2 Ganjia Clean Phytocide Smog Liquid
™ o] §F9] 7|52 A FEI} 715 ZF S WHEA 0 2 Z7gste] dojdl f=x]ol)
d 7 EY AY=E A2} 9] 3%) L FLLNLSG, JHH, LIH, LRH) 2 F=|glom th2 Aoz
£ 28 YA, 221, Fl7] 185 (o WA E o] 8ottt AAa R B AERY o] e F-17] o4 A
£ Z75te] ol 19 Fig. 30l AAIsHAth A 210 2=37] F9T <7k 84 Smys ofsh, A X3 27179072
Z= 51 60 oW, 371U viEwhl 5 F5F 28510 45,000 CMHE A5ttt A o] g A o] 50m* =
0m®]7]°]1 25,000CMH ool A=A, AAFA] tir =2 45,000CMHE F5°]
o] gFot45,000CMHE A R15H3AT: ARAHH-2 24| Aj&fRt of = Huf Aol AR7]
ol- g5t Yo 7|5 ZF5to] SPRFAA RS oo WL} W(fan)S 71E 0ol WAEEH $17]7F 25| viEE]7 |7k
O] £QAIEE ZAAAFHAN)E ol8ste] 7P 841 Azl S4olth ol HHEAE o] 87t Al Al 172 o
AP0 & Fig. 42 A& oI5t 2 A2 2T ARRoA o]fold A o = B Rof| et B |(F2.3m) 7 Hi
2(Z1.3m)E o] F 21|19 vl w A RS Zastsinh B~al7 1Tt AAARE B E AR, B 1-1-2 27]7~ Hi7]
T2t A2 6.05m, FE 1-2+= 5717~ W71 F A A 4.6 Tme ok B 2-1-2 5717~ 8719 2 21719 3.15m,

B 2.0 o) W1 2 5107 8 om PEsle] AS Aesiat

o
>
&
fe o

—_

oF

I

i1
ol
rh\‘)i
_F;_l,
i
o
ol
H—1
N
N
=2
&

i

444 KOSDI



Saeng-Gon Lee and Se-Hong Min | 4 Model Experiment Study to Secure the Straight Line Distance between the Air Inlet and
Exhaust Section of the Living Room

amem

E
l

we 5 e

we

Fig. 2. Acrylic cube actual production photo (measured in  Fig. 3. Architectural floor plan of the Experiment place
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. . . ® Check whether the blower is working
distance experiment (stopwatch-preparation)

@ Check whether the exhaust fan fan is
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Fig. 4. Interlocking test process for smoke control facilities of less than 400m? by production cube

FCERLIER

A 6P°4 d ;%u AFE T, TA7| T A QG| 5 2R SAAIA &, 7] HeE
A7 A =T BREA . HiEEE Al7Ksec) T 5 (m/s) S Fig. 52 &I 1 B Z0]2.3mY
] 21K 712] 4.67m= 94(s), 0. 05(m/s)01"f 214712 6.05m+= 83(s),0.073(m/s)©|tt. Fig. 6 22 2RI5I-& mff B £0]
1.3 5m¥ o] Z14712] 3.15m= 85(s), 0.037(m/s)°] 1L, ZAAE 6.8 0mE 74(s),0.11(m/s)°|}. Fig. 7-2 HH 24712
3.02mE 162(s), 0.019(m/s)°] 1, AAAE] 3.65mE 141(s),0.026(nv/s), Z41718] 4.17m= 110(s),0..04(mv/s), ZAAE]
4.56m+=90(s), 0.051(m/s)= ZAAZ7}5.0mel THT tf AR S55] 1l £ W2 A Lok

_u

KOSDI 445



Journal of the Society of Disaster Information | Vol. 19, No. 2, June 2023

Experiments using actual cube Experiments using actual cube Experiments using a production cube
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Fig. 5. Measure the exhaust time in Fig. 6. Measure the exhaust time in Fig. 7. Exhaust time measurement in 4
corridors 1-1 and 1-2 corridors 2-1 and 2-2 living rooms
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Fig. 9. Test process for interlocking smoke control system in living room of the same area

Al
=

CEREEY
2o ARSI ol B R A A 5L AQ7E) 0] 72 2} o] AR ol §ote] I S 5

QIS , Fig. 109] TefolA] Bodzl= AAH 2AAZ] 3.02me 274(s), 0.011(m/s)0] T, ZAA] 3.65mE 252(s),
0.014(m/s), ZK72] 4.17m=229(s), 0..018(m/s), A7 2] 4.56m= 194(s), 0.024(m/s)E ZAA2]7}5.0me] 58 of
AR S5 S T e U2t o] 2ukE HekS o JHll 713 2427 5m o o] Eojof it H A A 9] 7]
sho 2 Hold 4= 9li= A9l 0 & wekech mygoAlet Ayt HISSHA Ukt 24A 7 7745 Fig. 110]14]
BT AAY ekgaifo] WAsto] At gro] U Ao & St

Real room Experiment
300 0.03
270
240 0.025
180
0.015
0.01

120
90
60
30

astraight astraight astraight astraight
distance3.02m distance3.65m distance4.17m distance 4.56m

W Time(sec) = Velocity(m/s)

Fig. 10. Measure the exhaust time in real room

; " “
0.005 " u

Fig. 11. Photograph of the vortex occurrence site during the experiment

KOSDI 447



Journal of the Society of Disaster Information | Vol. 19, No. 2, June 2023
Z2E

£ A2 So utehe A 400 w m]Ehe) A ] gl A9 27107t wETe] ekl A Ele Ykt
. NFPC 5019] A8 28 12.0] 3716472} #E7740] AR 5m ol Tl 818 o] 4] 2801040

= Sfal BA s o] QA @ A Al o1& A71A] ok AT EES £ 4 vk A ol s AAIEA

A o] A=A 02 smEks 2417

[

3

2. NFPC 5019] A8 23 12.0] B715 4719k RE7210] 2 HAE 5.0m o1 2 uf 9k 5.0m v]et 2 who] g2
oroha] Slste] mYAEE stk AR smo] A9 6.0me}8.0mE AESAT, 5.0mulgh & 9
3.15mek4.6mE AFHAE AL 5HA HIEHA 400 nf H]h] T WA 02 Hoke 24 A2 ABE
sl

3. AR AR Zsle] HlolelS vl 240 2t 272 5.0m ]9 B9 272 5.0m o) < nfrk
b gk ARIEo|El S B Aol LhA)et 2wz A2 s110] Sl e A sheck kA, &

=5 8FRE A} 2u] 9 A9 &7} eI S U2 9okl Shngrlo] obd ATl gEe] 1o
A AL ohie 9ol Al o 29 &ml 28] o4y

4. BTG VI PAS L M A AL FF Kong, 2010 B2 ekl

5. 400" vIEHd A9 B AT HETIE) AR smolgel tisle] RYAHS Bl viEkrg RaR A
A AP oA i 7515 191 33801 2420 1013 0IeHe 72 Aok el i B3 AN 1)
ofo 5t oo} Al et P FolE 2 ek

n]= NFPAOA #451H= AlAdn|E AzhdE Aalaiid 1988 NFPA 92A-Smoke control, 1991 NFPA92B-
Smoke management”} 5712 ZH = ATk Z12]17 2011de] 71AE 0|82t A7) A-5A|o1E FAISIeNFPA 922 539t &
Ack(Lee, 2013). Z12fLt, 22tk 19841 0] 43t Uhgo] 40\d0] At AT ¥ glo] -4-A15]1 Qirk. 19829 99 152
Al AR 0] A2 72] F Q19E AlRAE A S 7% Foll BRE 2] dtolle $llAIEL 1984 84 169 71

[€)
el A= T 282 A 1182 3714 B -+l 1 2o v

3 2ol GAI=elgek. 3716 472 7]
22 ufEFA 400mt HRke] AR e AAT Ao s utetelo) ol A5 B71G AT R ET ] B4

2= smoldez & Zlolgkal 7|4 Eo] It Ministry of Government Legislation, 1984). t-57F 4 olE 2% 5-2] 3=
IRt A7) A2 o2 9] AT SHE S APIS S7RAFE e o= shtal 1= o] XIok(Kim,

2017, B 230 34 AW, TAY, A He ol=rlg 5o A @9 HoPt Fhsl] Sejngy
(Plugholing(Kim, 201872 217} 4717] €A%, S ZRIRAONT A7 g A9 S} 82e] sl
o

SLe Ao 7| ABIAS S 49 whE 7)) 40w
4 W 0 QT ol .4 Fok ) ofel Al o el e 4 %% 2 1:olet

sieh 371990 TotkET 7k) AR LT 9] @to] Bsle] Al o) B4 Sadsly

Q12| H5E 18] A7) H(Jang, 2020) A EHHE WA 5 SRR 0 A7)

e
2,
o}
i
olNl

o
Jo
R}
i)
R
a
<,
k=l
§é
E
ri
_V,L
:|:4’
%
u
L
L
)

ol
ﬂJ

448 KOSDI



Saeng-Gon Lee and Se-Hong Min | 4 Model Experiment Study to Secure the Straight Line Distance between the Air Inlet and
Exhaust Section of the Living Room

O =7 {FAJ5H= AothKwark, 2006).

1984 oo] x|of7l ASFZo M= 371t HiE - 1He] A A7t Sk 2 B8 & 4 AR, 22
T o AR ERA = UEE T AAY sm7t EA] ot F7 et Al sS WX Soke thd=E= ©
Sff Eelstit:. SHARE A|A-dHl= ZE Hofl mi-E o] glo] o] oY) whizell 271 A5 Aol A = Mt
= AP} o] FolAofettt. T1Elste] ARRtE] o] Ay 2 SolFEolob jitt. o = SOl A Ee St U2
VS HHA FAHAA 272 E AfolstA st HilE 85 Lol k=T, “E71L&(Plughole)”= 'E/¥(Kenneth et al.,
2006)5h= 77k A ETE smoPd Y o S-ERt Al e UERE - = A o2 Ae
& F0l o] Zh=oll e T dso] Al o] XA St Al A5 U] $fste] STl et vl e 4
712 smoVd Ham 7 A Q] A 0] 24720] 10142 AAA o shH mfjof| A I o] HES whet &AM o] 48] Fofx{of
Qroal b Th FFFAN B Se] HIERAL B ARENE Foll 57Tt Bl 7] =227 5sm odo] ook

b= A 2719 7IHko g Hold 4= Q= =R 0 & WEk:

rE
>,
ool

=212

.‘%EHﬂE_QLH/\o]OJ ]l‘_r_

rE

References

[1] Fire Safety Standards Commentary (2013). Fire Protection Division, Fire Policy Bureau, National Emergency
Management Agency. Korea Sejong Special Self-Governing City, pp. 68-70.

[2] Goo, T.-Y. (2017). “Comparison of Acts related to smoke control in Korea and the United States.” Korean Institue
of Fire Science & Engineering, 2017 Spring Academic Thesis Presentation, pp. 227-228.

[3] Jang, U.-B. (2020). “ A study on the performance improvement of smoke control with smart dampers.” The Korean
Society of Disater Informantion, Academic Presentation Conference, Sharing Technology for Future Disaster
Reponse for Safe Communities, pp.238-240.

[4] Jin, S.-H. (2017). “A study on the analysis of laws related to smoke control in Japan.” Korean Institue of Fire
Science & Engineering, 2017 Spring Academic Thesis Presentation, pp. 229-230.

[5] Joo, S.-Y. (2018), “A study of analysis performance safety elements of smoke control systems - About performance
vent damper-.” Society of Air-conditioning and Refrigerating Engineers of Korea 2018 Summer Academic
Conference Proceedings Collection, pp. 342-345.

[6] Jung, E.-J. (2012). National Fire Safety Standards. Yemoonsa, Paju, pp. 256-258.

[7] Kenneth, M., Eloviz, P.E. (2006). “Commissioning smoke control systems.” Korean Fire Preoection Association,
Vol. 9, pp. 14-18.

[8] Kim, H.-W. (2017). “A comparative study on Acts related to smoke control in Korea and the United Kingdom.”
Korean Institue of Fire Science & Engineering, 2017 Spring Academic Thesis Presentation, pp. 81-82.

[9] Kim,J.-S. (2010) “Comparison of domestic standards for smoke control facilities and UK and US standards.” Korea
Fire Engineers Society, pp. 1-24.

[10] Kim, J.-S. (2018). Smoke Control Odyssey. Korea Fire Engineers Association, pp. 3-4, 85, 147-149.

[11] Kim, M.-S. (2017). “A Study on Improvement of Livingroom Smoke-control system using the FDS.” The Journal of
Fire Science and Engineering, Vol. 31, No. 4, pp. 26-34.

[12] Kong, L.-C. (2016). “A study on the operation improvemnent of door fan test.” The Korean Society of Disaster
Informantion Academic Presentation Conference, Korean Penisula Erarthquake-Preparedness and Response, pp.
295-297.

KOSDI 449



Journal of the Society of Disaster Information | Vol. 19, No. 2, June 2023

[13] Kwark, J.-H. (2006). “Standarization of the performance test procedure for smoke control system.” The Journal of
Fire Science and Engineering, Vol. 20, No. 3, pp. 21-28.

[14] Lee, D.-M. (2013). Smoke Engineering, DongHwa Technology, Paju, pp. 64-70.
[15] Lee, G.-M. (2017). “A study on legal analysis related to smoke control in Australia.” Korean Institue of Fire Science
& Engineering, 2017 Spring Academic Thesis Presentation, pp. 231-232.

[16] Ministry of Government Legislation (1984). National Law Information Center, Regulations on standards for
facilities such as installation and maintenance of firefighting facilities and hazardous materials manufacturing plants
[Enforced on August 16, 1984]

[17] Park, K.-J. (2011). “Smoke control according to the ventilation capacity in subway tunnel fire: I. FDS simulation.”
Journal of the Korean Institute of Gas, Vol. 15, No. 3, pp. 31-38.

[18] Park, S.-K. (2017). “A Comparative study on acts related to smoke control in Korea and Canada.” Korean Institue of
Fire Science & Engineering, 2017 Spring Academic Thesis Presentation, pp. 233-234.

[19] World Legal Information Center, global legal information, customized legal information, Japanese smoke control
facility installation standards, Japanese Ministry of Construction Notice.

[20] Yoon, S.-W. (2007). “A study on domestic and international standards for smoke control in high-rise building
stairwells”, Korean Society of Firefighting, 2007 Spring Academic Thesis Presentation, pp. 62-66.

450 KOSDI





