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ABSTRACT

This study evaluates the safety of an asylum through a fire simulation of building Type traditional markets. We derive
the building’s indoor temperature, use the observed variation in temperature gradient to calculate the temperature of the
main structure, and finally compares the time required to attain the limit temperature of the structure its time of escape.
To ensure improved security of the asylum, the government has proposed a fire-resistance improvement plan for the major
structural parts of buildings are not safe with thickness of 0.01 m and 0.035 m. F.ire-resistance reinforcement for small
- and medium-sized vehicles is more than 0.025 m, in thickness; moreover safety can be ensured for medium and
large-sized vehicles fire using fire resistant reinforcement of over 0.035 m. Accordingly, in order to ensure the safety of
an asylum, fire-resistant reinforcement measures may be considered.

Keywords : Building traditional market, Fire resistance performance, Structural safety, FDS, EURO-CODE

ISSN : 2508-6804 (Online)
ISSN : 1738-7167 (Print)

.M 2 204 o) Hlof =55} soiglo] shAlel W Hokd =7

& ZFIOUT. HAATE Fal AEARe] FAGe o}

T AFAFE 20199 712 AT Lok gom,  WRHAe] mE ddeade Frlsgol, BE g
FANAZYRE A2 593k 267709) AL WASET  Srisks Sol WS Fa BEEL Sasok s 2
T owESGT. olB% AFAR BAE vd A%He o= Ushk J1E A5 BeS e vUkdA S 3
= BAET Qlon, BEQTUGT) UG, AF 7 AF  malok a4 wkbe) Abe] Wa® Aow AAHYR, of
At B, BRI wom, ABAY 0% AFE] P AFAGY PRy 2aE FRAZ Hf o] )

¥ Corresponding Author, TEL: +82-53-950-8544, FAX: +82-53-950-6590, E-Mail: peter@knu.ac.kr
(© 2020 Korean Institute of Fire Science & Engineering. All right reserved.

87



88 el - A st

shgo] % Zo 2 dEA Jdou 20161 AT AF
A 4R T Aol =EE FEAVE S E o] HAYEA
o o]HS EIHE FREL 7Koo ZIE A8
A e dAEE EASE Y sS SR 9o
U SREAA] 2 E 5 Fie] 7|SkE 18 9kt
T & 4 YO, meh, a8y A9k 22 600 C o)
o] 312 A FA3] W] Astehs 5 3ol
7Y Aoz dA . AR SATAAA F8 F
& FAE o AR AR 250l RFHASAIE &
F gloenz BAle 93 =& Fgs] Adstr] ofHet
SNl FRTFER BHZ sty QW o] LAY
7Fe/de] lov, ZATE Fa7Ee ¢k gle 4
of ojE o] W JTd,
2 AFE UEY ABAIRY SARAYA FoF2ET}
o] A oA e shsAo] mor g o]gxte] ¢t
< R3] flete] AR FRIHALS Bk
SR 7} tijkS AlAst] Fa72H2] bHAS Hrhst

o rlo

oA K
ot

£

Y2 oft & = 2 P§
( — o —_
o oft = i_gg:ﬁm
N
_“ oL _Ll r_g
b B © o '|I-I'
oL 0
o N MY
oG
;N Er oot y@
o > 1k
o oX ]
, M
e
2& e
N 5
o
o
O~
re
=
tlo
OE‘; __>tL‘
£
ye, ol

|

ot
Nl
)
b
X B

(Structure Limted Temperature, SLT)& E=&3}%3th

3) It AlEE oA 2 7321 Pathfinder ver. 20182 ©]
£3te] ALY AEAH 72 WE o]8A] HUdAi QA
ZHRequired Safety Egress Time, RSET)S =&3}al 24
FHAIAIZKSLT)H Hlaste] b S A8k

4 A= A3 FaT5 ol WsEd 24 [ALT-1
~3]: 0.01~0.035 ms AAG &, IdbAA H71skT

2. iSPYSTIE Y TEAEC| 248

2.1 L] WskEsSIIE

T AW AYH Asex(d=E2 Uitz ®
o F AS, FATERES 71E, vie " oE)ol] tis)
WelTt2AAE AAEIES sl ss FAska slom,
TES R 1A A 2010-3315= “HB3}ze oA L &
g7]E ol A 2 Al 322 <78t Wz A5l
AT W7z gl AerlEvks sk Aok 1

ksl A A shs] =5 X, A348 A43, 202013

Load of fire
design

EN 1991-1-2

Member
Strength

Eqfi < Rayfi
EN199x-1-2

[ ! | 1
Load External) (Member | ( Member ) (Structure) Fire
ombinatiol to Fire l Design J (Connectio System [ Test ]

Figure 1. Considerations for the design of fire resistant structure
of EURO-CODE.
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Table 1. Plan and f Internal Layout type in the Traditional Table 3. Input Data for Fire Simulation in D-City Traditional

Building Market Markets Scale
i i Medi
Form | Rectangular | Notching | Truncated Cruciform Market Size Small | Medium edium Large
Large
Plane . - ‘ * Plane Rec Not Rec Rec
Internal Layout Oss Oss Chk Chk
Outside Store Check Alignment Store Average Store Area Ratio
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Internal | T T T (T T T I [%]
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Figure 3. Indoor temperature by market size in case of fire[ C].

Table 4. Time of Room Temperature by Size of Building-Type
Traditional Market in Case of Fire

[unit: s]

Temp [C] | Small | Medium | Medium-large | Large

900 272 419 626 778

750 257 398 574 766

600 232 360 560 759

450 193 325 522 754

300 174 284 493 749

150 78 252 458 742

20 61 173 450 726
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Table 5. Conditions of Structural Section

Block Insulation Concrete l;la'stflr
[ O .
O
Outdoor] | O Indoor
Temp Temp
12C | 4 20°C
o O
[
Division Thermal Conductance Specific Heat
[W/m - k] [1/kgC]
Block 0.96 750
Insulation 0.036 -
Concrete 2.4 880
Plasterboard 0.19 1134

Table 6. Time of the Temperature of the Major Structural Parts
by the Size of the Building-type Market in Case of Fire

[unit: s]
Temp[C] Small | Medium | Medium-large | Large
900 273 426 618 778
750 252 406 575 773
649 219 372 567 765
450 196 340 508 754
300 178 297 470 749
150 83 257 464 742
20 62 183 456 726
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Table 7. User Information by Size of Traditional Market in D City
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Table 9. Termal Conductivity and Specific Heat of Refractory Mortal

Size Use[rmf/e;my Gender Te;z*]‘ge y;zt]h The[;]ged T[?é“]p 30 | 100 | 200 | 300 | 400 | 500 | 600 | 700
Sonall 08 Male | 3.1 51.1 12.3 W/m - k |0.0340.0340.020 | 0.05 | 0.05 | 0.05 |0.059 | 0.068
Female 1.6 25.6 6.2 JkegC 1500

_ Male | 3.4 417 94
Medium 1.2
Female 2.8 34.6 7.9 o] Wl BT 14'%_3]_93\]:}(12)'

Medium-| o | Male | 2 | 391 ] 1] A g0l AN ske] Table 83 2ol A% TF=d o
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Table 8. Comparison of SLT and RSET by Size in Building-
Type Traditional Markets

User
Number[p]

963
5,145
11,022
42,555

Size SLT [s] | RSET [s]
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Table 10. Time of Structural Temperature by Market Size when Reinforcing 0.01 m Fire Resistance Mortar [ALT-1]

[unit: s]
Temp Small Medium Medium-Large Large

[C] Exi Del Rei Exi Del Rei Exi Del Rei Exi Del Rei
900 273 +20 293 426 +4 430 618 -7 611 778 +12 790
750 252 +20 272 406 +9 415 575 +24 599 773 +4 771
649 219 +23 242 372 +3 375 567 +26 593 765 +8 773
600 210 +26 236 370 +0 370 564 +26 590 759 +12 771
450 196 +26 222 340 +10 350 508 +26 534 754 +12 766
300 178 +11 189 297 +3 300 470 +29 499 749 +12 761
150 83 +29 112 257 +7 264 464 +31 495 742 +13 755
20 62 +27 89 183 +11 194 456 +27 483 726 +11 737

Exi : Existing, Del :Delay, Rei : Reinforcement

Fire Sci. Eng., Vol. 34, No. 4, 2020
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Figure 4. Temperature of structural parts by market size when
reinforcing 0.01 m Fire Resistance mortar [ALT-1].
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Figure 5. Temperature of structural parts by market size when
reinforcing 0.025m Fire Resistance mortar [ALT-2].

Table 11. Time of Structural Temperature by Market Size when Reinforcing 0.025 m Fire Resistance Mortar [ALT-2]

[unit: s]
Temp Small Medium Medium-Large Large
[C] Exi Del Rei Exi Del Rei Exi Del Rei Exi Del Rei
900 273 +48 321 426 +26 452 618 +27 645 778 +32 810
750 252 +53 305 406 +25 431 575 +59 634 773 +25 798
649 219 +46 265 372 +32 404 567 +61 628 765 +28 793
600 210 +61 271 370 +23 393 564 +62 626 759 +33 792
450 196 +60 256 340 +18 358 508 +34 542 754 +32 786
300 178 -14 164 297 +19 316 470 +66 536 749 +32 781
150 83 +66 149 257 +27 284 464 +68 532 742 +32 774
20 62 +63 125 183 +24 207 456 +63 519 726 +25 751
Exi : Exisecting, Del :Delay, Rei : Reinforcement
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Figure 6. Temperature of structural parts by market size when
reinforcing 0.035 m Fire Resistance mortar [ALT-3].
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Table 12. Time of Structural Temperature by Market Size when Reinforcing 0.035 m Fire Resistance Mortar [ALT-3]

[unit: s]
Temp Small Medium Medium-Large Large
[C] Exi | Del Rei Exi Del Rei Exi Del Rei Exi Del Rei
900 273 +55 328 426 +27 453 618 +37 655 778 +41 819
750 252 +42 294 406 +16 422 575 +73 648 773 +40 813
649 219 +67 286 372 +42 414 567 +73 640 765 +45 810
600 210 +73 283 370 +26 396 564 +30 594 759 +50 809
450 196 +73 269 340 +26 366 508 +52 560 754 +50 804
300 178 +1 179 297 +33 330 470 +85 555 749 +50 799
150 83 +84 167 257 +43 300 464 +87 551 742 +51 793
20 62 +80 142 183 +34 217 456 +80 536 726 +35 761
Exi : Existing, Del :Delay, Rei : Reinforcement
Table 13. Evaluation of Evacuation Safety by Reinforcing Fire Resistance Mortar
ALT-1 ALT-2 ALT-3
. RSET Exi | Fire Resistance | Delaying Time | Fire Resistance | Delaying Time | Fire Resistance . .
Size Delaying Time [S]
[s] [s] | Mortar 0.0l m [s] Mortar 0.025 m [s] Mortar 0.035 m
Rei [s] Ratio[%)] Rei [s] Ratio[%)] Rei [s] Ratio[%)]
+23 +56 +67
Small 248 > | 219 242 275 286
+11 +26 +31
+23 +32 +42
Medium 389 > | 372 395 404 414
+6 +9 +11
+26 +61 +73
Medium-Large | 634 | > | 567 593 628 640
+5 +11 +13
+8 +28 +45
Large 808 > | 765 773 793 810
+1 +4 +6

Exi : Existing, Rei : Reinforcement

Fire Sci. Eng., Vol. 34, No. 4, 2020



%4 A - 33

>

J7to] 23 s A|AE o, 249 Shxdo] FRER] ¢
Aoz Uehyt Fo7z YstEeg 0.025m 27
[ALT-2]9] 739 FE2AGAAIZL] 3271 AA= A,

Z3o) W32 0.035m B33 [ALT-3]S 425 A A5
o], [ALT-2] 0.025 m, [ALT-3] 0.035 m R7A] F-Z2HA A o]
GHEE 202 YT

HE7Y 1,00070 P91 FTHP AL 7] F2ATHA

ANZHSLTI 34 QA ZHRSET]S HIwslde o, 58

TxEo| YIEE 0.0l m B33 [ALT-1]19] 2-$ F2A
FHAAIZEO] 26 s AAE AL, F=oF2H o WSHES 0.025
m EAS [ALT-2]9] A9 F2AGAAZL] 61s7F A4
HAuou, F2Ale dxge] dRHA e Ao Uet

Wb FREo WEEE 0.035m 2733 [ALT-3]S 73 s

A A=) o], [ALT-3] 0.035m HAFA] F2eHAA o] FREE=

o2 UERT

HEF7F 1,000 7 wRRRI HFARLL 7]E F2ATHA

A ZHSLT] 34 2 AIZHRSET]S HIWEIR S o] 87

ZR YslEg 0.0l m 23S [ALT-1]9] A-F F2AIgH
AAZEO] 8s AAHJL, FoF2F WSHEE 0.025m
B3 [ALT-2]9] A5 TFZ2A A ML) 28 s7F A A A

oy, FxA ekHAdoe] FrRER ke Ao 2 Yehgth

Fo TR W= 0.035m 243 [ALT-3]S 455 A
A= o], [ALT-3] 0.035 m EAA] F2HAg0] FREE= A

S8 ehgth

4 e

SHslr] 9%k
=3 2t
D U] UskdA= AESE, S99 =o|the 1y
A WA S AN S Yok EURO-CODE®] 79 &
FAAE, A9 2D AL 37HA 7ES VR E F9
TR ¥ o7 24S 1HI A AAV w
FEAJY] FERE] TFHe &5 F Rl wet H-g

W HAE AAISka Tk

2) kA AlEE oA FDSE AAISH] 98t HEY
AL R we durERl FElE AA AT A
AYEl o= AL 15 A5E9
FAHA A4 FuiE= J3oln, FEult) 1.8m Eo|2
7k e] gEe]l AAE e AL

s E OIS B8l AUrles EE% & gdg
WAL S o]l gdle] FaFERRE 2EE 4

ofN
o2
=2
R
=
o,
o
oL
£

ksl A A shs] =5 X, A348 A43, 202013

3lod FbAAd S HUekE S W, AR AZHRSET)O]
T-ZABAAZHSLT RS A et s 3 dkt
7ol AEFA gk ne, WEtnAgs dAlsteiof sk
Zog dAdEh

3) FATFEYE o kA S FgrsluA FaTEE
ol 71%, vtgt 2 o] W3} =2 0.01~0.035m =3

%, A7stel whE TRAY LEWsE B &
YA FHA] A3 Wetnge] 0.025m oIS
w FEQbAAe] BusE o eson, R
3 BAFE 0035 meld e} B FEIEHA] 2
B5E oz vehge

ATE Bakol ABY ABA G HAZE N A
@ 7t A gEH o8 HBATAPAAS NI Fa
FRE W3} Bge] FgEojol & o BaHL

s 7|

o] =2 20199 AF(SF)2] Ao R = ATA|
To] Y& ol 3E AFUNRF-2019R1A6A3A1309
2943).

References

1. I. H. Koo, Y .C. Shin, Y. J. Kwon, H. Yoshihiko and O.
Yoshifumi, “A Case Study on the Propagation Process of
Market Fire in Korea: in the Case of the Sinjin Market
Fire”, Proceedings of 2010 Spring Annual Conference,
Korean Institute of Fire Science & Engineering, pp. 43-47
(2010).

2. H. M. Jang, Y. H. Bae, J. Y. Son, W. H. Hong and J. H.
Hwang, “Evaluation of Evacuation Safety According to the
Floor Plan and Internal Layout of Building-type Traditional
Markets”, Journal of The Korean Society of Living
Environmental System, Vol. 26, No. 3, pp. 321-331 (2019).

3. B. H. Kans, “Properties of High-heated Concrete”, Magazine
of the Korea Concrete Institute, Vol. 14, No. 2, pp. 17-23
(2002).

4. J. Spicer, R. Osiander, L. C. Aamodt and R. B. Givens,
“Microwave Thermoreflectometry for Detection of Rebar
Corrosion”, Structural Materials Technology IlI: An NDT
Conference, San Antonio, TX, SPIE, pp. 402-409 (1998).

5. C. W. Lim, K. I. Han, S. J Lee and D. W Lee, “Analysis
and Reinforcement Method on the Damaged Structures of
Fire”, Magazine of the Korea Institute for Structural Maintenance
and Inspection, Vol. 16, No. 1, pp. 45-54 (2012).

6. K. Min, “Structural Fire Design of Steel Structures Using
Eurocodes”, Journal of the Korean Association for Spatial
Structures, Vol. 13, No. 3, pp. 19-25 (2015).



A=

7. “Survey on the Management of Traditional Markets” (2010).
8. Daegu Traditional Market Service Agency, “Traditional

10.

11

Market Data Service” (2013).

. Y. K Baek, “A Study on the Characteristics of Architectural

Form in Urban Space”, Master’s Thesis, Soonchunhyang
University (2014).

H. M. Jang, Y. H. Bae, J. Y. Son, W. H. Hong and J. H.
Hwang, “Analysis of Required Safe Egress Time Reflecting
the Floating Population of the Medium-sized Traditional
Market Building Type”, International Conference of Asia
Institute of Urban Environment (2018).

H. M. Jang, Y. H. Bae, J. Y. Son, W. H. Hong and J. H.

ASAZ A adebdy SR

it

12.

13.

A FERE FoTEE YRy A7 95

Hwang, “A Study on the Occupant Load Factor of the
Traditional Market in Daegu”, SAREK Summer Annual
Conference, pp. 398-401 (2018).

S. J. Park, J, S, Lee, D. H. Kang, E, H. Jung, H. S. Jun,
S. B. Park and J. S. Lee, “A Study on the Walking Speed
and Stretch by Age”, Proceedings of 2007 Fall Conference
of ESK, pp. 430-434 (2007).

J. W. Lim, S. K. Kim, T. W. Kim, S. G. Song, G. C Lee
and S. Y. Seo, “FEA for Improving Fire Resistance
Capacity of Reinforced Concrete Structures Strengthened
with CFRP”, Proceedings of the Korea Concrete Institute,
Vol. 29 No. 2 pp. 680-680 (2017).

Fire Sci. Eng., Vol. 34, No. 4, 2020



