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The Performance and Economic Evaluation for Fire and Seismic
Resistant Steels

Kim, Seung Hwan

Department of Civil and Environmental Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

Fire in the structure lowers the strength of the structural member and
further causes collapse. Considering the recent trends in domestic fires and
building trends that are becoming very large and very tall, it is expected to
cause even greater damage in the future. With this background, H
corporation developed fire and seismic resistant steels of 355MPa level to
secure the structure stability against disaster such as earthquake, strong
wind and heavy snow.

Fire and seismic resistant steels are a high performance steel that
combines the ability to maintain yield strength at high temperatures with
low vyield ratio. These developed steels have satisfied the material
performance through tensile tests, and since the actual test has not been
conducted for the shaped steels used as structural members, it iS necessary
to evaluate the fire resistance performance and economic feasibility to
secure the feasibility of application as a major member and to
commercialize them.

In this study, the fire resistance performance of fire and seismic resistant
steels was evaluated in member unit using the numerical method.
ABAQUS’ s thermal stress analysis model was developed to implement fire
resistance test to evaluate fire resistance performance, and the validity of

_ix_
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the numerical analysis was secured through the verification of the existing
study. Through the developed thermal stress analysis model, a total of 36
models using fire and seismic resistant steels and general carbon steels,
which are comparative steels, were analyzed, and the fire resistance
performance time was calculated under the load bearing performance of
the domestic fire resistance test standard (KS F 2257-1). In addition, the
critical temperature was calculated by measuring the cross-sectional
temperature at the time of fire resistance time and compared with the
existing critical temperature(538°C) which is applied uniformly regardless of
the function and material of the member. The fire resistance performance
of the fire and seismic resistant steels was quantitatively evaluated through
the fire resistance time and limit temperature calculated by thermal stress
analysis.

The calculated critical temperature was set as a criterion for evaluating
the fire performance of the non-load heating test, and the fire
performance of each steel type was evaluated by performing
two-dimensional heat transfer analysis including fireproofing protection. And
the optimum coating thickness which satisfy the same target fire resistance
time.

KEY WORDS: Fire and seismic resistant steels ; Fire resistance performance ;
Critical temperature ; Thermal stress analysis ; Fireproofing protection
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= AAZEA fAAR A WA ol 2ol w Q= ATk o]

Collection @ kmou



TUME 29 2 ] EerE T2 FAY W se HUke
7F g Atk L o]dE(2002)2 s WA SAIE S AsrtEAEe Fel
A g 7)eRAe dALESE Hrleta U s srEe] SAR = v
£ SFATth SS275 AAol ik stFHI(SHR], EHENDE WMFE ko] A
55 EF8u o] 294 A7 ¥ S THIE ZIECA A s=
T ow, ds7ukd yatdAE fsixs @9, st
THE T =< 1T A= AYel dasna AdA. At

(2010)= SS275 Aol HEA e} FRo| FAYE <SHBEI} AgE G =0

>
X

st PRIVIAIZ d B ZIYEE ST =
2 BIFEIAT. o] AFoAE stEHIet A=} W]

yor, 2He #AE e e FRAL
Aex7t neEsolof & Aog FHTHAT $47](2015)= sl Wy ow
FEAE7} 215MPad BES &% T wAetHT

i)
ofy
ok
Y}
ML
it
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= 38 U s7IEe A= Edede skl A A7 gl 1
FE AT =3 QA WHolE F2 ABAQUSYE e Ao o]&d Ao
IR om, Aol & ZE2 I Ao= AdkH

of Wl = s|4F Aol 714 FRSTT A% THelo] ofd Ame A o
AAH BEAL A7 2AE w7k Ak 1eA AREAel dE d7e A
T7F tiEA o], SM420 % SM460(2007), SM275(2013), FR355(2013), TMCP
FR355(2013) & T ¥st Aol tist 12EH S FFste A7E T
A7 el 15 gAE F FAHHe ALE FasiR
AL SN ATE H9els e84 DBe| o Addom Wasnw
Bk,

d
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13 d7WE & H9

o] AFe] BE AWE sk AZA FSRIHE AT H
of dMHoE WEYEHIE S Zlolth WHESE A=
BrhAdom, ATHES J&el YA J1E FALEMI BYFA T
Hs71zel tle AAT H9e Fohel EAA A 5
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\mﬂ-mﬂgamﬂﬂeﬁﬂ&awa@ﬂ

__________ HI717|E : ZHd S Al ZH
ASH2E
‘ ABAQUS TX| 6| A 2 7 ‘
(3% =XtEd F-33 8l1A) ’
—————————— JIEAR EE

} B (187} 2) ‘ ‘ 7|E (1871 =)

\ B3 7| SE BASE A

v

| FsRass 80| THE ZAA W7} \

| YA SIS AZHE BE S ‘
| A m= Ay
‘ (Xt BEY Y)

Fig. 1-4 Flow of study
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A 2 A A=

o) FAAE F -9l WRRAREAA HeHT Qe PALEHE 245

Qom, FALEPY A thste] WU mAIA

2.1 Eurocode 3

Eurocode 3(EN 1993+ 7% AAZE=E ER F2E
FTetEo] Qo) O ALY W 1aeEe AAZIEelth EN 1993-1-2+
YA E -7 o, B2 A Ao 8 vt deALTREd
(Simple calculation models)F¥ 113 A4FE D (Advanceed calculation models)7}

A Fl%Ho] Qor, FALENES BeAtRe] ot wyow A
AN BEAL 2 @ olBolth BALERL AAA SFAHLAT A
MAoz AN 4 QD2 A WEHF 2HATY WEHF/T

Al zel vlo] ostal AREE HAA FEALASY BAZ FEF Aol
727 Fig. 2-1] 4 (2.8)2 YRR

B,y =k (2.1)

AN 2QFFE FLA AT AN FFALAFE Tt Al
ct.

P>
it

Ep g4

B E@5E B SHFALAFE FAN 20857 Fer BANZe
B2 UheRde

_'I'I_
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A =, deAl A 3 A skTol Al

TE ¥
st A4k
o71A, 4 (2.3), (2.4)0 52%9] BAE AEstH 4 (2.5), 2.6)7 2.
3
Epigi=Gyga+¥,, - &) (2.5)
E,= Gk(’VG‘I"YQ - €) (2.6)

Year Vo Voe F/PEE BE2A H&o| HH, Eurocode 394 = vgy = 1.0,
Yo =135, 7,=155 A&t webA, 24 .77 o] xdHTh

_ B GUOOHY, -9 1048, - ¢ 07
T BT G (135415 &) 1.35+15-¢ :

_12_
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Nri

0.8
0.7 -
\\
0.6 R \\»4 ¥, =08
\\\ . ——
\ lp1'1 = 0.7 L_
. o
0_5 \\"\ Lpl,l = 06 ——]
L[’l,l = 0-5 \q
0.4
0.0 0.5 1.0 1.5 2.0 2.5 3.0
§= Q1,1/ Gy

Fig. 2-1 Variation of the reduction

factor with the load ratio

Fig. 2-1° &3&td A A steATATE 9 v o Yl dolgt &< ve
e As & F doh mgA] F2E9 WstEAA 85 9 AL AASE
ot A-3 stFALATE LMo & AoE AdHT.

Eurocode 394+ ¥Rt &4 Fo ZI3sted FAXE=E AASIASH 2
2.89)7 2t}
6 =39.19 - 1n ;—1 + 482
a,c : 09674/113833 (28)

Da WA HAY GALEE FA FErle] AMAd A0 Lergth

A2 =9 SR stEATATY BAE A 2.9, 2107 2o
Mo = Eﬁ,d/Rﬂ,d,o (2.9)
A Al AgstEd t=091 AFdA BAY AAAES] HE F=vga A

_13_
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gt A= R, e A FAY AAZES 2o Adeld, Eiob 2t
Eurocode 394+ AAFEAR o dtsle] Tkl & A AEF o™ 4 (21003 2t}

o = Ty [’YMfi/T’Mo] (2.10)

webA, py=n, 2 GERE £ o,
< stEHlo wEkA AMEE Ao g YEET
A7IA, 0, ¢ DR BT FAje] FARE
po ¢ t=0%1 Al A Aol ZFEH]
Ryigo + =091 AlFl A FAje) st HAL=
DA g e Az AaAF, 1.0

Vs fi
1 - ®—8—8 Reduction factor of Fy

-‘:E;, eeee (Critical temp.

€038

g 0

S
[72]

506

a

Q

o)

5 \

& 04

£ \

S

el

0 0.2

3 N

o \-,..,.h
x 0 |

0 200 400 600 800 1000 1200

Temperature (°C)

Fig. 2-2 Comparison between g, and 7,
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Lo

o9} e H|AE F<¢lslr] ¢35t Eurocode 3914 AAE= A
A2A FEF=O AA T} dA2E F2AQ 4 (2.8)& ¥t
2-2¢9F 2ot gul g4 7 dAREE ZEHIIE 0.013 o] el A A&

stod 2 2.89)3 Yt g§A7te) &

o

o}

701-

2
Sy

1

QQ.

o oy T
k1
o
>

frt
)
o

_15_

Collection @ kmou



2.2 =4 WA=

o ATz YA IEFegE ‘KDS 14 31 50 © A7z B¢ 2 W3t
AAZIEGHEAFATAAR o Avk Ty FAARD ZIEe] BAIEHA 9l
2 gom, AF A lﬂ%g TFAE Utk Aed UstdAe} Fx A
ot Wstds H7HE AFstan AR APEAG FAAF o3 WsAds Hot
of ojEste] UstdA7} o] FoA L e AAH ol

AETz2 B2 YA B3 7|F& KS I7EFo SAEH e
B, 7%, 283 1 9 FYRAE vt A7 WA g 45x1
of g WE&Ee] FE5o Utk FLEAS 71 E B YyspdsA P KS

F 2257-1, 6, 7oA %1 k.

U3t 5 A 8-S AjskAl F(Loading test)d} HIA|S}A] F(Unloading test) o2
TEY ASAFES stFol AstEe FA 7tEs AAsto sFsAAEAE S
Z|FoE WIdsSs Wrtete WHolH, HASAES T 7HE $ TH 9
AR 572 WS Brtste H“ﬁolﬁ‘r. Astrd e A At

o
b BAstn aHl golet BoR

A vz AR At S S8 3
7¥te FAlolth ey stEAAE TS este AlstA@el nlAEA Pl
HE) o & AFAS Ze A BHsith

HASA H e Ae7Fe dAEE I 71FY F$ F825s) Huex

2 FEete xdstal ok KS F 2257-73 KS F 2257-62 713 He A
Al WIANFHES FE5t o, BlAs AFA dE&2%+ 538C, HA
255 649CE A% 7IFo =2 #FA4st Ao oldd BerlesS TAZEEs
71791 ISO/TC 92(International Organization for Standardization/Technical
community 92)o| A4 A& ISO 83429 W& F8&35FaL o Table 2-19f 1SO
834} 1ol th-3-H+= KS 22572 Aelsted WElfddth o] AFtolA e ANEAA
7 FoTFEHFAY] 48 st Ao Ui A B 78 5Xow, %9
Ao w ®AIZ 71EY] WSl Aol A&HAH
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Table 2-1 Standards of ISO and KS fire-resistance test

ISO 834 YsHd5AId & KS 2257 s 5A1E B

ISO 8%4-1 : Fire resistance tests - FElements of | KS F 2257-1 : d&5A9] Wsir@Hby
building construction Part 1 - General requirements - 9ukQ FALE)

o

ISO 8344 : Fire resistance tests - Elements of
building construction Part 4 - Specific requirements
for load bearing vertical separating elements

KS F 22574 : 7A&FA 2] Wi enr

- q]g—l] —1 ._,—FZH.J o%}—ﬁ

ISO 8345 : Fire resistance tests - Elements of
building construction Part 5 - Specific requirements
for load bearing horizontal separating elements

\I

KS F 2257-5 : A=A Wzt Hy

s REEEEE EREES)

ISO 846 : Fire resistance tests - FElements of
building construction Part 6 - Specific requirements
for beams

KS F 2257-6 : AZ5A9] Wsia duby

- w5z

ISO 834-7 : Fire resistance tests - Elements of
building construction Part 7 - Specific requirements

for colummns

KS F 2257-7 : A=S5-A2] Wsir)en

- 7159 dexd

o

ISO 834-9 : Fire resistance tests - Elements of
building construction Part 9 - Specific requirements
for non-load bearing ceiling elements

KS F 2257-9 : A55-A¢] WisiA g
A]

oAl AElsld U W3 sAd EFA KS F 2257-1, 6, 7€ 1SO 834-1, 6,
74 F83 Aolw, KS F 2257-1, T2 ISO 834-1& Lt F A ] thak Ao
24 FFHA AFE2A F ASIAGAY stEAAY A 7IEe] FEEH 9
&2 ISO 834-62 Ho] yshdsAldel diste ?iﬂm
ALE desxde] 559 Ank KS F 2257-7,
ISO 834-7& 7159 s s gl gk 721420 W& 9 BlA M@Al«l Sis

ALes Bexide] FEH Utk W s7IEd tEd Faul&S Table 2-2
of A&t

oo
A
us)
kY
QL
l
ot
>,
1ot
rlo 5.:
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Table 2-2 Criteria for evaluating the fire performance of load tests and non-load tests

Loading Test (KS F 2257-1) Unloading Test (KS F 2257-6, 7)
Loadbearing capacity criteria Critical temperature criteria
Beam Column Beam Column
Limiti Limiting Limiting Limiting Temperature Temperature
T8 rate of axial | rate of axial () ()
deflection . . .
deflection contraction | contraction
mm) i | | Gonymin) | Allowable | Meimum | Allowable | Maximum
_ L’ |daD_ I* _h | dC_ 3h
=004 |t 9o00d| €100 | e 1000 o3 61 o3 6
of7|1A, L Algse] 23
d: AP 9 =0
h: AIEHY] 27] o]

st sA g HEEe 7tdzde SO 834-19 xF-2 =74 (Standard
time/temperature curve)e]™, Fig. 2-33 o} EN 1991-1-20|4 & EF2EF
A ez oA 7HA A Gl dg 2=34E AR A (
TEETA, A 212e YFEIASZ g s, 28 4 21392 7
o] &3lrAEQ A59 Aol Fig. 2-4¢] & F3}A] =4 (External
fire curve)9} & 38}<4=4 384 =+ (Hydrocarbon curve)< W] a3}t

2
i

Standard fire curve : 7'=20-+345log,,(8t+1)+20 (2.11)
External fire curve : 7=660(1—0.687¢ "3 —0.313¢ 3%) 420 (2.12)
Hydrocarbon curve @ 7=1080(1—0.325¢ 16" —0.675¢ %) +20 (2.13)

Eurocode 39lAE Als7wkz WaEdAE 93
shal ot Iy W eA g Arele A

2EA ARES FR7I7F oH SRR FELEFHOE THAAEE ok

Collection @ kmou



1200

mp—)
1000 ——

800 o

600 /

400

Temperature (‘C)

200

T =20+ 345log(8t + 1) |
8 [ 1 1 [ 1 T 1

| I | | I | |
0 20 40 60 80 100 120 140 160 180
Time (min)

Fig. 2-3 Standard time/temperature curve - 1SO834-1

1200

1000 il

800
600/

400

Temperature (‘C)

200 External fire curve H

Hydrocarbon curve

0 ———

0 20 40 60 80 100 120 140 160 180
Time (min)

Fig. 2-4 External fire curve and Hydrocarbon curve
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2.3 1z

HASIAE L FALEE 7|Fo 2 3l Hrlsta 91o™, Eurocode 39 &

d 2 35 HueEge TolE FPsta Aok AR SO 83490 A
+ Eurocode 39 AIRXEWHES At &5 HIXEE AR oH,
2184 F=3 A=l 9stA shHl, &2 FErld mEt Zte oheF
g ALE 3 F 5A sksvled didk FALEE AL e AL &
g At SO 83404 = BAl 318-H A M MEdS F83t 3FF1] 0.6590
gk SAl2ERS AAEReH, ojAds gy xdYT. J8a Ha
25 sk 0339 tis SAER, 42 FEFE 1/3 2o gt gheltt

ARARJ] ZAE delA 7lEd 2 (210)0]H, o] 22 JAAFA o A|gtste
gt Aol oA d=AFEAQ] 75l IAER S HA8stes A2 &2
ol & F Ak Iy olok A& o]EH wiALE ALHI U T
AL=7F FA Y 7153 Aol FESHA ¥ dEAHOR AHEHIL = A
oA BAE FHE FHshe Hiolth L ool A=7]ee] TR Gt &%
2 @49 FE2EC] AU s FACIEER, HE gdT stsrled dd &
A= 71 AAZE Bosiva addn. Ty o3k A 43 %

Welg Aoz odrh

ISO 8340l A= &tzH] 0.65¢ tig FAL=E 2 &sta glon, FAdd =Y

o] HZ U3 A A% NAD(National Application Document)el]l wet E¥H3E+ 7
skglol stFnl 0.659) tiste] W AEAE sta It webs o] AFolAE o
T2l dFH 0.659 thate] FSR3555 2 &3 FxEA 9 Wsldes 2 A
255 Wbkt =g, FRAEQ] 21S 1FEA @3 A5 IA AR
Hl Ao Aujz oz AxtEls FAL=HY EAAL AAEr] fsto sk5F
AAY des 1yt FeAd FAREE A AT

_20_
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A3 FANY =2d 4

AFdAE L2AFANDE FASAH R BASIGE O™, o] Ao A]
e as]s =233 ABAQUSE ©]83t3th o] =2 A4
4 3 9ol JHAEskE s 2ol Wi BAdE 4
Aol Zhestth dleME st E 7tdE = shAfA ol et
ABAQUSE ©]- &% FXAai4 AFSe ot Axstdon, A4 des 2814
B Aog Yeth o} 7kA] 3D A9

e FA & Aol AT, A g dafA

s Htt o] AolAE ABAQUSE ©] 4% ‘H)\-]

0

H
lu
L)
fu
a)
i
>

< oln SEIF AFHA
Z19ell sty &Als

&
A8 A 2l FEgn

31 €3y

o] ATolA= 7 Al4tel thste] FE(ncrement)= Al 7] A
yaxoeg AasteE ABAQUS/Standard solverE o] 83tdth d-38 af4e
He A /AR FEES + Ut A A ogd 98 E-8
(Fully coupled thermal-stress analysis)o]™, IHEafA 3 dAG=E
FA 2R o T2 WP i M-S FAlo TIP3t
%]

o AR ABH 2" ABo] 45

23 3
of & F& Aol o EE T &Zo|A &2 WHo|gta AHAIAT
gl o] AFdAE F WA WHES FE&sAeH, & A8 E-89 &
(Sequentially coupled thermal-stress analysis)o]2}a. E# )},

- 2'] -
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=AY -3 sl
(Sequentially coupled thermal-stress analysis)

A 4

EHE SN '

‘ (Heat transfer analysis)

719 =g 1y
e EHEY HE e 2
(Thermal properties) (Conductlon) (Convection) (Radiation)
PEE MY LE SEWE BY \

A 4

‘ EHE MM 2atS 0T pxsy '

(Structural analysis) |

(Mechanical properties)

I |
I

Fig. 3-1 Flow of sequentially coupled thermal-stress analysis

Fig. 3-1ol =& @4 9-38 a149 «ASE dedth o Pge 7=
b Aol ol@ Gl §E o spgen, AW exgue] o AR B4
o) W] o8 Fx WAL EASE Zow Ak AAIEe stz o

_22_
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1

(Transient) ¥A <

—_
o

o

o

LA 2

=i
=

Aol s AEAA

o]
o

3]

Fto.m,

o] 93

o g &4
s s 4zhe] A4 2olsl A

=R
=

a-

9]

TEE AT

bt

G
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32 4RE o2

321 BdH A2

Z|12A o2 A AE, Uf, HA dFoR o] Fojx = dolyA ¢ o
]
=

59 olu|gt}, Fig. 3.201 QAT w2

Jo
bt
ol
N,
f
o

>
El
LY
5!

2] ¥ Al (Cartesian
coordinate system)<] ®] A7 A A (Control volume)S UEM W, oL 2| (£)
2 HEC o3 dHEE(Qo I &5 72 FASAT Hed zFol dof

o m@skGOom, UnA g el BAAE S FEAh

ot
for

Z
‘ ZV :
x !
Ax i Eg x+Ax
e VN> .97 >
Ein .V Eg d, Eout
I IR W i
dy
Iz
dy

PR _ (31)

out = dt st

A7NM, B, & 49 AUAE, £, §F duUx g2 EudSurface phe-
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nomenon)eltt. 121 EE FAUALYERZ YEEA 5 o X2 (energy

generation)ell 23k dolUA & ou|slH, o|Z2 A A2 A (volumetric phe-

nomenon)o|th. E, = AAA AU ] HAEE oL X sh&( dﬁ“)ol o} o]g} 2

< AqUAE AAES Axel o3 dXEE(@Y BHT AAE JHAH 2
(3.2), (3.3), (3.4), (3.5)¢} £t}

E,=q,+tq,Tq (3.2)

By = Gyie T Qyray T o (3.3)

B, =qdV=q(dzdydz) (3.4)

B,= [pcpa—tT (dw dyd=) (35)

AAPERNA x, y, 28T g dHEe2 ooy A (Fourier’ s law) o=

RE 2 (36), 37, 9} Bo] TAAT)

q, —— kxAx%:—k(dydz)a (36)
0T 0T
q,=— I{I?/Aya—y:— k(dx dZ)a—y (3.7)
¢ = kAT paway) 2L (3.8)
0z 0z
A AoiE EdHolA ] AAGELS uAFS FAIS TaylorgFHA/MN=ZH,
2] (3.9), (3.10), G.1DE #¥=E 4+ Ao+
aq,
= 3.9
qx+d1: qgc+ o dx ( )
8qy
Qyray =y T 8_ydy (3.10)
- 25 -
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aq,
0z

CLta. =0T dz (3.11)

AUAREY ] 2t oA g FAH 4L WY 2 3129 ol
el & gon, YREd So oF duRLAEe Qe Ao A
W 4 (3137 2ol Aelan

0 0T 0 0T 0 oT . 0T
o5 " on *a—y[’%a—y}%—y["“%]ﬂﬂ%ﬁ (38.12)
2 2 2
0T 0°T 0°T 0T
k +k +k = pc,— 1
Yot Yoy e P ot (513

322 AR A=dH dH2TE4Y

A& el (Steady state) 2 stoll A= AU A A A FY] WMEIT gloemg 9o
ol ‘07 & Yo oHA A E EFE 7 AT T o] Aol A
= UstAE S FAHez TP oz o] AFEH dAG EA
el = F =34 (Transient analysis) & 24 sjAsjokdct H =2 Z A~

e AW olA Y] LEREEY AIFEL S AAEY] AsiAAE 4 G1 of
2ol Hasitt ol& 23ty flaf AREE WHE AW 2=THirt
< A5 $8&EHE AL=EA, IF5E&HF WH(Lumped capacitance method)o]

Z} o A

ool el AelE mAe) exsl BEH ZeAxFe) Yoo w1iel F3
S|

4

9}

o
ol

oz #dsitta 7Hgste]l AW e 2EFHE FAE ¢ e Aotk o
22 7He A8 B2 UFEATH A=dATe] vE ouls= Bio

numberBD=A Z2AHHH, o] Ao Fo RHl Aot o] w2 AEAE

A8 S T3 2ANY 2E=7HE FASHL M-S §d, 4
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_Emn‘,:Eet
o 2RE fF AolUAEH rol FAHE UAAGE] B Fhe %
= e ¢ 5 A

323 UF 2 EAE 1@ G9DER4

) 5(Convection) @ E-AH(Radiation)ol] €3+ FH I
Z 338 7Mesty ZHzbel gk Ef<E(heat flux)S 2
Foll 93 dF<E&e Newtond WPz Aol 95

Stefan-Boltzmann W & o) ¢]&}e] Fo] Xt}

=
Eout = Qeonv b Qrad (315>
Geons = WAL, = T,) (3.16)
Qug = Ao (TI—T0) (3.17)
ojef & AAE 4 (1ol tidsta 4 (183 2o Y + U
&4 (3.18)

—hA(T.—T.) +8A0'(7;4— wa)] = chE

S

(3.19)
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3.2.4 Eurocode 39| F¥& 5l s &BAA EFH 2EW3 34

EN 1993-1-20|A4 & 3.2.3"-dA 7]&3 ALY o]Eo) 7|Hlto g 3 Fuk
2 F B o] e LxWa T2 A otslg o, Table 3-13F 2t}

Table 3-1 Formula of steel temperature change in Eurocode 3

5 Eurocode 3 744 =13 34

AV

g 7 ol7|A, FAA 25k H &9 &, + (@9 2o, 1 99 A= hE 44
ky, =0.9[A4,/V,/14,,/ W -
kg, =14,/ VI)/ 14,/ -
AV (8,-6,)

AD =k h

a,t

At

sh =1

/10
A= e rgrs) (€D,
a5 A
CpP,
- c:pz dA V
T8 A 34 & 724 2
kg, @ 292 gyl ot A Al AJV  EAe] 558 A ST
[4,,/ V] 795 A9 da A A, TEA 1EE AAe] weideld
[A4,,/ V], : &8 A5 43 -
A BAC dolg weideld g | Vi RAe] wedold A
V5o vejdold A3 c, - 73Ae v
c, © A9 meE c, t TEAS vd
Rk o EEAE A d, © IEAe] 77
Ante D AIZE 2HA At D A7 A
R = bt s AIZF tol A A &
Opr AT tol A =4 7121]4
Aeg.t At 3 dsd 1A &
DAY dAEE
po A BT
p, © IEA] BT
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71

Skoj) A
Eurocode 3¢

)

—_
o

B

Eurocode 3¢ dzx4g

z:y_]__

s 1y

ol

ol
i
—_
,m_.n_wo

—_—

)
XI
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3.3 34 714
o] AFrollA AREHE dald WHE A A d-89 Ao E IA AL
M FxfMor FHA A FPAT
AA ARl A= H g B 8 75 FA thsto] dALA] 8H A
Ay dAY &£21=24(DC3D8, 8-node linear heat transfer brick)E o] &3k
RdgS AT DC3D8S &5 AF=E 7HAIL Jom o 99 & Af=
ALs]Hol MEgasoltt Bd yoAel dxdEd2 Are I3 =
dol a7HH, AAe Bk, dXES, HY T8 FAHY JHEE WRE
FHCRES] dAGE thF W EHAb] A
2 APHOR Tt s R FHHeat flune e HoZE 7HASATH
T 2 HAE TS AR siqugols diFE 2l (Convective heat

1:}

;0

(Emissivity), Stefan-Boltzmann “¢<7}

nqo

transfer coefficient), WA}
Eurocode 39141 AAStE TZ22E5FH 275104 UlF 9 Ealo)
iAo ARFS A8k o™ Table 3-20] YetHt. 12jar 74 7
mel Lo =EHE WE 2Esdth Fig 3-39] He} 759 tEHA S
ZF et Bo| A gl dut oz AR SHBEE AAstEE A7
A o] A AL A 3WFS 7tEdth 28y 7159 Aeede ¥
O 2 4ol tist] BT 7t

oll‘ [‘E

rulm
2o N L

=

Table 3-2 Default value of parameter about surface heat transfer

Parameters Default value
Convective heat transfer coefficient (h) 25W/m? - K
Emissivity (e,,) 0.7
Stefan-Boltzmann coefficient (o) 5.67< 10 SW/m? - K*
- 30 -
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(a) Isometric view

(h) Sectional view

Fig. 3-5 Mesh of beam model (example: H-400 X 200x 8 x 13)
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(a) Isometric view

r

(b) Sectional view

Fig. 3-6 Mesh of column model (example: H-300 % 300 % 10X 15)
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Table 3-3 Strength reduction factors for general carbon steels - Eurocode 3

A2 =t ZEAZRAT
A % (C) | FEZE (2.0% strain) H 3= g4
ky,& = fy,G/fy kp,é’ = fp,ﬁ/fy kE,G = Ea,G/Ea
20 1.000 1.000 1.000
100 1.000 1.000 1.000
200 1.000 0.807 0.900
300 1.000 0.613 0.800
400 1.000 0.420 0.700
500 0.780 0.360 0.600
600 0470 0.180 0.310
700 0.230 0.075 0.130
800 0.110 0.050 0.090
900 0.060 0.0375 0.0675
1000 0.040 0.0250 0.0450
1100 0.020 0.0125 0.0225
1200 0.000 0.0000 0.0000
14— . , .

= N —— @S Z(2.0% strain)

s L D0 pUapEs HIDHE

% 0.8 Qi # ~ B E.Jé;”l# -

- -

= '\

© 0.6 \

P

<) \ \

Y

Q \

8 04 —% \

S N

502 AN

-o h o g \

m " e 55

m O ----- -"’h—._

0 200 400 600 800 1000 1200

Temperature (°C)

Fig. 3-7 Comparison of strength reduction factors for general carbon steels — Eurocode 3
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Table 3-4 Reduction factor of 0.2% offset yield strength for general carbon steel — Eurocode 3

A L& (C) 0.2% off-set 8= AT
20 1.000
100 1.000
200 0.890
300 0.780
400 0.650
200 0.530
600 0.300
700 0.130
800 0.070
900 0.050
1000 0.030
1100 0.020
1200 0.000

%

o
-
74

A\

\

o
EN

\
N

0 200 400 600 800 1000 1200
Temperature (°C)

o
N

\

Reduction factor of yield strength
(0.2% off-set)

Fig. 3-8 Reduction factor of 0.2% offset yield strength for general carbon steel — Eurocode 3
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AISC 360

npzk7EA] 2 ANSI/AISC 360-1691 4= 573571 450MPa o]stel dxlk 7)o
gAF AgATE HERH e,

el FaFEAE vEIdE, 18
7.

Table 3-5¢} Zth. 181 Fig. 3-9o A=AARE FEEE Ueiitt. @44
T 2 HEIEE 93C o|F5H FAsHA Hdadte A¥Fe dEHd. fa%
B4 =% Eurocode 39 FY3HAl 400C o] $HE] F43] 743t 600C o] %
M= tH 50% o)Ft= AE= Aoz Yehgth AA e Ao

Table 3-5 Strength reduction factors for general carbon steels — AISC 360

e A= ZEARAST
A 2= (C) | FEA= (20% strain) H#H 3= AT
Ko :fy.a/fy L) :fp,e/fy kgoy= E, /E,
20 1.00 1.00 1.00
93 1.00 1.00 1.00
200 1.00 0.80 0.90
320 1.00 0.58 0.78
400 1.00 0.42 0.70
430 0.94 0.40 0.67
540 0.66 0.29 0.49
650 0.35 0.13 0.22
760 0.16 0.06 0.11
870 0.07 0.04 0.07
980 0.04 0.03 0.05
1100 0.02 0.01 0.02
1200 0.00 0.00 0.00
- 138 -
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Fig. 3-9 Comparison of strength reduction factors for general carbon steels — AISC 360
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BS 5950

En
y,

BS 5950 A& sAIAl AT FAl9 dEH e tte] FAle F
Aol et FAMPES 24 F&st Aok mEkA <kelA V&
3} tr2A BS 5950-8¢l A= 0.5%, 1.5%, 18]i 2.0% Wy & FasE
iate] Zzbe] ARAGFE AA SR oH, Table 3-601 YR 183
o] AZASFE Fig. 3-10¢1 Yelgo] HlwstHh 0.5% FE4 5+ 100C
HE] Z7ho] AlZET 400C o] $HE F43] AsteE Aol JERRT
3 15% FEFEY A$E 300C o)FHE FA4T AE HolH 600T
of &2 ZF=uinl 50% olst7bA Azttt 2.0% FEZES 350T o] FHH
438 AP on, npR AR 600C o3 AL Awe] 50% oldtE Azt
EiSA=

et
ol M
Moo ot [n

Job M Job N2 ol

©

Table 3-6 Strength reduction factors for general carbon steels - BS 5950

A LE (T) . i e .
0.5% strain 1.5% strain 2.0% strain
20 1.000 1.000 1.000
100 0.970 1.000 1.000
150 0.959 1.000 1.000
200 0.946 1.000 1.000
250 0.884 1.000 1.000
300 0.854 1.000 1.000
350 0.826 0.968 1.000
400 0.798 0.956 0.971
450 0.721 0.898 0.934
500 0.622 0.756 0.776
550 0.492 0.612 0.627
600 0.378 0.460 0.474
650 0.269 0.326 0.337
700 0.186 0.223 0.232
750 0.127 0.152 0.158
800 0.071 0.108 0.115
850 0.045 0.073 0.079
900 0.030 0.059 0.062
950 0.024 0.046 0.052
- 40 -

Collection @ kmou



RN —— 0.5Y% strain
g A 1.5% strain
< 0.8 A — —  2.0% strain
[T \
‘i:‘ “3‘
e "\
S 0.6
N \
S \
pJ N
804 s
5 N
0.2 =
3 1
3 ASA
x g ey
0 200 400 600 800 1000

Temperature (°C)

Fig. 3-10 Comparison of strength reduction factors for general carbon steels — BS 5950
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Fig. 3-11 Comparison of 2.0% effective yield strength in fire resistant design codes
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Table 3-7 Thermal properties of general carbon steels - Eurocode 3

Ex AR <= 77 (C)
i
/o) 7850 -
Qnes 54—3.33<10°%, 20 =6, <800
(W/m K) 27.3 800 < 6, < 1200
425+ 7.73 %1019, —1.69 < 10 *¢? 20 < 8, < 600

+2.22x10 %%

W 666+ % 600 < 0, < 735
(J/ kg K)

545+ % 735 < 6, < 900

650 900 < 9, < 1200

1.2x107°0, +0.4x 107> —2.416 x 10" 20 < 6, < 750

A& 1.1x102 750 < 6, < 860
2x107°9,—6.2x10"° 860 < 6, < 1200

6, @ AN L%
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Fig. 3-13 Thermal properties of general carbon steels — Eurocode 3
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342 W3- W7

3421 7|1A& A

A7 AFAKICD N A= AEH 355MPagd Wsh - x4 12A3A
FRsAT. AT AN &= Fo 249 0.2% M FEZ
, 20% FEFEZAE, 283 AFF= st e B 300~700C HE
25 th. Fig. 3-14= FSR355¢] Ald 2 - & Algd#olt).

ﬂm I mlo

(a) A1 A (b) Al &
Fig. 3-14 Specimen before/after high temperature tensil test for FSR355

Table 3-8 Mechanical properties of FSR355

FE(MPa, 23 %2 A2 02% A FEFE div] 7xH)
A 2= (T) FERE FEFELE AFZ=
(0.2% off-set) (2.0% strain) (ultimate strength)

20 370 (1.00) 476 (1.29) 571 (1.54)

300 348 (0.94) 85 (1.31) 563 (1.52)

400 334 (0.90) 461 (1.25) 526 (1.42)

500 298 (0.81) 388 (1.05) 415 (1.12)

600 193 (0.52) 251 (0.68) 251 (0.68)

700 3 (0.26) 128 (0.35) 128 (0.35)
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Fig. 3-15 Comparison of strength reduction between FSR355 and general carbon steel
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Fig. 3-16 Nonlinear stress-strain relationship for general carbon steels - Eurocode 3

Table 3-10 Calculation formula of nonlinear stress-strain for general carbon steels — Eurocode 3

HEE U <4 A gRAF
e=¢g,9 ek, 4 E(L‘H
b(e 9_8)
g ,<ée<ce —c+ (b 2 — )20 v _
.0 3,0 fp,g C ( /a) [a (8%9 3) ] a[ag - (Sy’g - 8)2]0*)
g0 == gy S0 0
g9 < &< &9 Fooll—(e—e5)/ (e, 5= £ 4)] -
e=¢,9 0 _
RS €p0=Spol Bog £,9 = 0.02 =0.15 £,0=0.20
Cl2 = (Syﬂ _81),9)(8%0 _81).9 +C/Ea,9)
@—-’F— b2 :C(8y79_£[)79)E1179+C2
= (fy(iifp 0)2
(gy.ﬂ_gpe) 0,0 (fye fpﬂ)
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Fig. 3-17 Nonlinear stress-strain models for general carbon steels and FSR355
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Fig. 3-18 Specification of heating test (choi et al.)
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Fig. 3-19 Verification model and analysis results
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Fig. 3-23 Verification of column member model
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ko] St SAO R A HItE ™, WEAE s e g HE
T2 Aottt Brte 7lF 9 Hel tiste Az sastg]
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Fig. 4-1 Analysis model
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Fig. 4-2 Rule of model name
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41 715 #A

4.1.1 %7]3¢%(initial bow imperfection)

e

Ao g2 7FY dAAFS FHIF AuiHon edy H=IITe 27
o =& 1A F o] FFHQl o]2ao|ER A HAA AL}
FE7h Ao FH=skE 71Agol g W

At gon, o o BT R v

= o A
Zoz et med o 47z AAacdAs 2748 18d A7)

i)
2 oo

oo N
O?~

1"

FzZete S Adste Ae AN doh. 2r1A%eds A= 7EA7E o
o] AFME 7] ol W AFS nHsATh =75 oldk HEF FA
o AzEE FAFH &, Y T 9 A BAstE @4el, A4 4
olo] tigte] FUYR2MY F=HHY /LS rdth olxY ZI|HFIATS
HIWE L AN 7= 2oz IUMEE Ao AHAEE A JoH

Table 4-13} Zt}. o] AFrolA= L/10009] =7]= ¢
ATt

tlo
19
4
=2
fu)
ol
£
1
ofo
ol

Table 4-1 Permissible initial bow imperfection by country

T3 58 27159
Eatl L/667 (0.150%)
o= (ASTM) L/960 (0.104%)
dE (JIS) L/1000 (0.100%)
4 (EN) L/667 (0.150%)

Z271938S 2dystry] 9ste] afX 84 (Eigenvalue analysis)S 3 A=}

A = 12 mo HAA HAARE *node file 7|YEE ARSI A=t
% *imperfection 7] =5 Al&3te] 13 o FAow H3AF] AL
al

=
=
13k scale factorg dgsle 7|5 PATS A HAT.

Mo

=
=
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412 27198< 1HT H23F A

o] ATFdA= skHl 0.65¢] 3Pk FSR3559] SAIXEE ZAASE7] 913
AAEE S 65%l slFsh= dtgol AEHAT oA7]4 <
A ZAsIA FHZFstzol stFAST 0900 & FI e nigth wEkA
etz g Feto] A ojopsin, o] AFdAE 2VHTS 1T F
ZotsS M WHoE AT AREE WS S3=al A4 (Post-buck-
ling analysis)o] 7}s@ &35 E%(Arc-length increament method)o]™, &2
(Riks method)gt1%E RE2t BE] HAU MG A ALEE FE-F&H
(Newton-Raphson method) ¥ eE]lEe FES 71€717F ‘0’ ®Eu Fofsty,
ORHA e A FHA A JhsAdel A FEY 7177 &9 &
zZks & e WHoEE WA e sAFEH| U Fig. 4-39 o]e]gh
o] g stEz-He #AE FES UERAT Fig 4-32 wEH-YEH Y
12715 Zte F&ol 93 o] Erls3t
U, Wsls 9 sAZEHS o] 8o E7|¥(Bifurcation point) ©]&F¢ &
iy =2 HoFETh

oM. o o

o
2
rlr
juis
X
p'h
ol
5
o
T
o
lo
N

Y

Secondary
Path(Post-
buckling)
Pa Primary
Path

¢
‘o' Limit Point
\ Actual(imperfect)
‘, structure
Pcr e . . .
+—~Bifurcation Point
L4

5 Post Buckling Collapse

Oy

Fig. 4-3 P-Delta relationship before/after buckling bifurcation point
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oje} & FAHMA olEe HAFS fl&l wEH-HESH, WelsFHE, 19
SASEHY M AAE st o, Fig 4-49F At FE-#EHS £
A ool% o At Mol FEHALH, WHAStTH L THAFTENWS
2713 o]Fol= sfHo] o]FojXE= AR UeWT. M3 AY FII
Aox Yeton, o] AFoAe A Aol 2 d2joR g
F=ZotFgS AT H2s oA AEE =S =IO Fo JEge
2 Ag3lgon, 27158 1E-004, HAFELS 1E-007, AEEE 1E+036,
a8al odE = A &9 4dol(Estimated total arc length)= 1o]t}.

4000 1 I 1 1 1 1 1
s—=—— RIKS
e---o---o HYAHIN
& = =
20004 [ | = - =- < OtSHIOiNewton#) |
\
g
o 2000
2 &
© o
1000 <
‘A—‘H
0

0 5 10 15 20 25 30 35 40 45 50
Vertical displacements (mm)

Fig. 4-4 Numerical theory test
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m H-250%250%9x14
2500 a—a—=a4m

Force (kN)
[~
r
P
1
O]
i

40 80 120 160 200
Horizontal displacements (mm)

Fig. 4-5 Riks analysis result by length (H-250%250x9x14)
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= 2500
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Fig. 4-6 Riks analysis result by length (H-300x 300X 10X 15)
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Horizontal displacements (mm)

Fig. 4-7 Riks analysis result by length (H-350x350x12x19)

ZsEdel 7etg g 9H 3%, o] 3FToE F 9N FTHoIH, elA
Auk &2 WSt WA deAd AEs Tttty Mg o nE 4
B FFeFe 7|8t o8] AujFoltt. Fig. 4-5%-¥ Fig. 4-7& o4 &)
AANE vt Yt FAdol7t A4E AANZE AXERE (27
Tt YolAle AoE yetgern, me gro] AAFE AANL wobd
FAE7 A5ets A0 Z Uehgth Table 4-20) 9719 29 7)& 4 22
steE Ut 2 E HZste o s AASE 9 SAA 2835tFS ALt
sttt 283 o] A9 MRl E atFH 0.650] 3 Fshe SHAIA AQE)
< 7Hgstat

Table 4-2 Norminal strength by analysis model of column member

gl
Al
e H-250x250x9x14 | H-300x300x10x15 | H-350x350x12x19
4m 2769 kN M3 kN 6037 kN
om 2201 kN A82 kN 2088 kN
fm 1737 kN 2903 kN 4993 kKN
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97e] wl 716}%@0}1 27449 BAE Hgstel F 1849 mde] ofsted
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=275 S Sl ASUIFHA= FEAT TME RIS VI EWR R BE
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= 2|
Table 4-3¢] 715542 d-82 4w 29 Yeh)i

Table 4-3 Analysis model of column member

; ] e | I [ o] s e
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(Load ratio=0.65) A FEF | 3 75
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S e o ] M | | gl E
Jemmme T [ |
I IR
Jemee T [, |
Jemmse L [ . | .
65 -

Collection @ kmou



4.14 3423}

9ol HlwE 3t} Fig. 4-8%-E] Fig. 4-1691 9

JERR AT st

&3

o
Aed-S

g

187119

Mel vl

=
=

o= yet

o

£ 2dAsd. 18749 7]

JAdAIzre] A&l ute HAel

STt

o -

oy

b AT Szl olz23

—_
file)

3tH AA 2o

142 3ol 2]

3

o] WASHE Ao UET,

S

—_—

0

i

A o] 2pol7) 1
ozt B3

sl &

3

A

BB

=
3

s}

7}

=
L=

bel w9l A

J

o

FA

J

b o

J]

)

© 7 vERstth 1SO 834-191 A

gaa

ojp

AL

R

A A= 59

=] =
ERakC

o YwHoR I o

03
Slolt}. wepq E

%

A

o

ol
1

N
JJo

3

A

2=
S5

€]

L]

Aste o] FHE Wl F Hoz yEitown, ojd uzt

EEEENS

9

Table 4-49j|

bl JETE T A 25 do|7} 2

J

45

7F =4

A &=

o] A yYetworn, gl ¥

A%k

3

A

2 08¥ 5

o & Zlo|th. 1y AlAH

Z, ez A%

o olol we} 2

T
| .

7F A4t

s
a-

Ry

& Ao s

=

o

AL=7F 274 W

3+

ol 3
U]

A7

© 123752 YEE T

o, A

1}
A

o= 11.28< AL=E e

_66_

Collection @ kmou



a8 FASEE HFHOE H42CE YEhyton, Htle 586C e Az Yy

Ebwtth st - 213 A WS SAIS Ao 143R0I0eH, A

= 156822 Yetgt. 183 dAEE HFHSE 630CeH, Hul= 67

ICTE Yepgth s - 4L duk &4 9 vaste gado= 3189
o

Wakg Aol FgEE Ao dehth 9 wad osE @A
ol7k ARSA UEhor], Wk xige]l FFHOE 8TCY A A
2 yehgth o] dA7o4 539 7%

FAAE BEESL B Aol 8 2
shgaol EHeln BRI ¥ AUL BHoR HPomz A5 B
exo HFARA AL F

Ak wetd o 4

of
2
o

Table 4-4 Hre comparison of fire resistance time and critical temperature for column members

. Aquh gha W3t - Uz s 2
HE | g | WA | BARE | dsEAZ | wAes | AR o
() () (#) (C) ® |

4m 102 522 129 610 2.7 3

H250x250 | Sm 106 50 14 635 34 %
fm 111 557 156 667 45 110

4m 107 520 132 607 25 87
H300%300 | 5m 108 530 137 614 29 A
fm 111 536 146 671 35 &

4m 122 571 146 638 24 67
H350%350 | Sm 121 527 15 606 29 [
fm 123 527 155 619 32 R

et 112 542 143 630 31 87
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Fig. 4-8 Compare (1) : H-250x250x9x 14, 4m

Collection @ kmou

_68_



=)
S

|
E 2 ,m/"( A
S , _a— i 3
- = h A
E A
g0 H
S 1
© .40 — ¥
8 | mwsew Limit C g e el Fjf (T (—
X 60 || «——= FSR355
< =—=&—=¢ General(355) i
-80 —— :
0 2 4 6 8 10: 12 4
Time (min) :
20
s °
S 0 fToT ==
b -
E=
S-S -40
o g
—
S E .60
s &
v .golaEmee Limit dC/dt
g ~—— FSR355
®  -100 | B—=—"2 General(355)
m -
-120
0 2 4 6 8 10 12 ‘F4
Time (min) i 1
800 T T
Steel temp. I
o , :
o I ; =
=~
5 >
g el
(1
o 400 ~
E /
2
I~
.‘._‘2 200
=
* |
0
0 2 4 6 8 10 12 14

Time (min)

Fig. 4-9 Compare (2) : H-250x250x9x 14, 5m
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Fig. 4-10 Compare (3) : H-250x250x 9% 14, 6m
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Fig. 4-13 Compare (6) : H-300x300x 10x 15, 6m
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Fig. 4-14 Compare (7) : H-350x 350X 12x 19, 4m
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Fig. 4-15 Compare (8) : H-350x350x 12 %19, 5m
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(D, = L?/400d), &HA AR &= (dD/dt, = L?/9000d, 123 L/30(e]F 7 <
7] 8ol 1 Hrtasolth A AR 8l

Fate 2AHAE WS sARte R Aostuglon, A APL%
o L30 ool A wrE HEHATh olo] wE} niEA =
= Azl M2 A, AREE, 28 B FYF G JFe
At

fr AN

H> _1>4

£

Table 4-5 Analysis model of beam model

SAA ARG T 7|E
o - FARE | AARE | 207% (N'm (&S F 2257-1)
kil - N-m) | (&N-m (Load A | @A

ratio065) | A3 | Aag | 4

BF-H300x150-4000
1 40 12 133
BG-H300x150-4000

BF-H300x150-6000
2 1932 1739 1130 o0 15 200
BG-H300x150-6000

BF-H300x150-8000
3 60 18 267
BG-H300x150-8000

BF-H350x175-4000
4 40 12 133
BG-H350x175-4000

BF-H350x175-6000
5 3111 280.0 1820 50 15 200
BG-H350x175-6000

BF-H350x175-8000
6 60 18 267
BG-H350x175-8000

BF-H400x200-4000
7 40 12 133
BG-H400%200-4000

BF-H400x200-6000
8 4758 4282 2183 o0 15 200
BG-H400x200-6000

BF-H400x200-8000
9 60 18 267
BG-H400x200-8000
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Table 4-6 Fre comparison of fire resistance time and critical temperature for beam members

. aQu ga% st 217 b 2
HE O | ussA | dAeE | usgEag | edex | AR o
() (0) ) (T) S

4m 104 572 11.8 622 14 50
H300x150 | 6m 105 580 125 634 20 %
8m 115 609 132 650 1.7 41

4m 102 544 117 51 15 47
H330x175 | 6m 105 552 12.0 597 15 45
8m 111 572 12.6 617 15 45

4m 113 552 125 539 12 37
H400x200 | 6m 113 551 12.8 5% 15 4
8m 11.7 565 15 607 15 42

At 109 566 125 611 15 45
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_80_



’ ‘t:b ;
-20 —
g e
& -60 \l\ \\
S -80f----- Limit D : A
] - == =1/30 \ 5 \
& -100 FSR355 : :
8 120 | == General(355) -% L
g0 ———— T T e T T T :\"- '
-160 —_
0 2 4 6 8 10: 12
Time (min) : :
r= I R e e S - - -
g NN
E .15
c H H
$ NER
% -420 3 : .
27 || g g Limit dD/dt \ : 3
\~ -440 || ~—s—= FSR355 A\
e =—&— General(355) \
-% -460 :\S
% 480 =
0 2 4 6 8 10 : 12
Time (min) : :
800 - : : :
’ Steel temp. | : :
Qo ; P
5600 | | e
s " &
‘E ] / : 3
) / : :
. 400 >
5 /
N~
=
S 200 .
S /
1]
7 /
0

0 2 4 6 8 10 12
Time (min)
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Table 4-7 Critical temperature of FSR355 and general carbon steels
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Table 5-2 Calculation formula of thermal properties for CAFCO 300

=4 A4 <& 77 (T)
AAES 0.0778 —0.000054 « T’ 20 < 7T'< 300
(W/mK)

—0.08+0.000469 - 7' 300 < 7°< 700

3236+4.16 - T 20 < 7'< 200

(J/H/fm 0.147—0.000035 + 7' 200 < 7'< 400
0.0054 +0.000321 « 7’ 400 < T'< 700

(—0.228—0.00616 - 7) - 10°° 20 < T'< 300

g (4.45—0.0201 - 7) - 10°° 300 < 7'< 500
(AL/L) (—15.50+0.0196 - T) - 10~ 500 < 7= 800
(77.1—0.0943 - 7) - 10 * 800 < 7'< 1000

0.464—0.0112 - T 20 < T<125

23.1—0.185 - T 125 < T'< 200

Aepan —12.1—0.00466 - T 200 < 7'< 300
(%) —0.10-0.0433 - T 300 < 7'< 400
—12.90—0.0117 - T’ 400 < T'< 600

—7.49-0.0193 - T 600 < 7'< 775

(R EEEE B
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Fig. 5-1 Thermal properties of CAFCO 300

_97_

Collection @ kmou



53 M EAE TS 234 QARG

o AT WL /1% L B BARA Ao P hstel FAT UUS
e 33 Aol @A HAT 3% AN FATANEAL Lol
Wl 3] FAT HGxAoIT NEAT TFF FA dATHN L @
o SEREE USY] AT ZHInE 249 GADANHOR Gl o

Z[:

A7yel 4& EAL oA 7143 Eurocode 30l A
g3l om, W3 gEAQ = CAFCO 3009 937 EA
& AESAY. aEla o EA e AR Aol o] A dAEe TIERHORE

27kl Qg e B Dhst- HAZ 2 G el SYL 7T
g 483 A%e YIYFANE vmARon, @FYT FE YeEAL
o e T BFAE YA

531 &Y IA5FA HE&A 9 W35zt 371

A Bde YT AEFAE A& Aol g AT ZA]
Grletgdh 7159 FJEFA = 10, 20, 30, 40, 45, 50mm, B o] IEFAE= 10,
20, 30, 35, 40, 50mme thate] A& et Fig. 5-2¢ 715 HA), 18
3 Fig. 5-39 B RAe] 9 Esa AxE Jepdon, ZAe FH 0 A
25 E A 9 Aoz TASIY. Zzte) wEaA Ay gzl wAEhs
72 x5 7 WSt sARtel, B85 A FAEFE Wsh - Wt
W gazke] st s Azt 2ol AR E A2 YERgth  45mme)ite] 3
of tairE 3T ool FALEE HeHA BomE Wi 53
HZAA Aol B2 HrtME n#fstA &ttt 1Y 2R 3554 45mm v v
of thate] 7FFE Wk eAIZ-S Table 5-37 2o] sttt

==

S A T

Collection @ kmou



1200

CAFCO 300 (Column)
¥——~ 10mm +——+40mm L

o e e T
—_ mm mm
. 800 {),)/) EVP/E/@/G
o o
% st"‘“"’Z"'*?fgzzﬁff;}Pjiz
& B S Y BT SO ) E— P P
EE';. 400 7/ p. ,/ //{/’j@//i;/
U
~ 260 ?Z//);{/ ;i {/)(/A‘i

o#éédéf

0 20 40 60 80 100 120 140 160 180
Time (min)

Fig. 5-2 Steel temperature when applying the same coating thickness for column member
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Fig. 5-3 Steel temperature when applying the same coating thickness for column member
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Table 5-3 Fire resistance time by steel type according to same coating application

v | sgwn | HISITE T (@) e
A ama | amgg | A28 | (S8 00)
10 21 oLl 90 214
20 72.1 6.1 140 194
7] 30 1052 1237 185 176
T 40 1421 1646 225 158
4 161.6 - - -
% i j - -
10 A0 60.0 6 111
20 91.1 1006 9B 104
u 30 131.1 1436 125 95
B} 152.1 166.1 14 92
40 1726 - - -
% . : } i

7159 A%, 35 10mm AlFAlel 9%, 20mm Al&Alel 144, 30mm Al FA|
of 18.5%, Z¥]a 40mm Al FAlel 22589 WA FsAIZte] st AS=E
el 72 Bl ¢ IE 10mm AlFAlol 6%, 20mm AlFAlel 9.5
2, 30mm AlFAlel 1258, 283l 35mm AlFAlel] 14&-2] U st 5AIZtke] &
REE Aoz yehgt o9 2ol WEHNERAT FALSE Fugt U
Aol dojA= Ao =RH Wil e A8 WA Wit s ARt
1 Fwel 4R AZEG 0@ Hee 2 5RE 1;4—5—}71 oje} 91} 34

2ol Wk EAES BRstelol St x1F P 2UY TEB A8
L ASelE 1 Zabt 498 F ZoE Bad,
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A &3E Bristy] s FLI HX WA AR el e HA 5T
AE iAoz Agsia, AuEFAe] dads dFHoz Frisit. o
TEEL 3T TR FACIERE HA WstAzte] Al FaFA e tistd 14
o YERFou, AAARRIIE FHoR 2A3 WS sAIRbe qhEstedol
e 2o R JHAst 5XE WS e Ate BSske Ao v EFAE 4
gat7] skl oA A3 10mme] G E WEEAS AL 3 s ds
7l D AEFA tEte Immy HEFAS FhEE WHOR 2
A EHEH S FHEAT JFEFAE 29~34mm, B E 25~30mme] ¥
EEA thste] A& AASATh Fig. 540 71FRA 9 Imm @99 5
4 Asts °

Uebdlon, Fig 5-50] BEAlel Imm ©ele] ¥E 54 Aws
29 FALES RHOR BE Y sA 1208

!
A MEAE dehgow, wAge LER WHOE 1Y s FAel o

FA =
Table 5-4= AT ZASY ZA 25 2L B4 750 B2 HF Y3
ANEFAE UehHATh s - W e & 29mm, BE 25mmel
Aoz Yehgth agm 9uk gl A o mm R 28mme

& bmm, B 3mmel I

Table 5-4 Cover thickness satisfying the same fire resistance time

B s 9E %7 (mm) NEEA #A2F | JEFA Fae
T ° Wsl . g7 duk ga7t (mm) (%)
7% 29 A 5 147
H 25 28 3 10.7
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Fig. 5-4 Estimation of optimum cover thickness for

the same target fire resistance time of column members
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Fig. 5-5 Estimation of optimum cover thickness for

the same target fire resistance time of beam members
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54 AZ U3t 9 &EEE TAH] 44

o] AoM= ol AHE AASTH B FAVITE H

Table 5-5° 2019d AH A ZE=FA F550] e 25 W3} v 58Z
T4 FA4S Yo, m/100n F A8 Q¥ Z|AAN, AQE FAHE
o Aot olgk &2 FAS FAHse FEol tF ZFAVHE ARSI oH,
Table 5-62 X 7|AZ¥e ©rielal, Table 5-72 3%
3 FYHE BEA= CAFCO 30001 AA@7bE A eH, kg & 3,050
ded Aoz yeElyith Table 5-8° d&E W3t A5Ed 4 2 £
F@stel A9ioirke AEstg o, Aol Golshll weRIn) F B A
7R YER AT

mg BE AF3D7h= 1,490,798 0 2 YErgH. o] F A ER7F 1,183,400
o8 Mg T2 HES AAGALH, =FHE 2849889, 1Eal ARV
22,4100%1 Ao yeyn. 7152 48F st AEAHE AlEsy, He

% Aot ym | 3ol tiste] AEAHE Aleshs A=

N
br
g
(.
N
o
IS
[
i)

Table 5-9¢ Tz Eo] HE
5 MW ug %

o
Ao Hese ALE 49085717902 deyton, Uik 94z o
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Table 5-5 Standard of estimate for vermiculite fireproofing (2019)
1-4-3 2= g} 9 E82C18d w¢h)

(mm/100m’ &)
T & T A & 9 T %
= s > el 0.062
= 49 a % il 0.056
2 & <d K 2 0.062
a2 5 " H A 390%2(L) hr 0.180
a2 € 3= 407125(L/min) hr 0.180
[] @ & F2 st g5 d47 AAE F4 28 AEds st
@ B F2 339 dx % A, BEAYe] E3E Flot
@ H& vtgd A, 34 R HAle E: AL
@ AEAsE D Fuje AR, A, o]l AQHE F HE AT
©® TuEm @ BAAREA] $)9 ZIABH = Y] 5% E Al
©® A=zt 95 B2 Ut AR SEIST A Yskxe] el et
@ A5 s Faste 783
(mm/100m* )
T =& 9 T &
3 P kg 38.8
Table 5-6 Expenses of construction equipment (2019)
72 A 7H
_ 3 17+ =ag
7l ¥ EFd3 T4 gA7 | €8
$ N o (£ /hr)
(#9) | &)
1epo-g) | 6105-0190 | 190 £ x2(2kW) - 2,520 1,097
= A 6105-0390 | 390 £ x2(5kW) - 5,244 2,283
6202-0060 | 30760 ¢ /min(3.7kW) - 3,951 1,546
2e-H = :
o 6202-0125 | 407125 ¢ /min(7.5kW) - 5171 2,251
) 6202-0200 | 507200 ¢ /min(11.0kW) - 7,467 3,251
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Table 5-7 Unit price for standard labor-cost in construction industry

3L 3 9]
- ° = 7| 2019.9.1 2019.1.1 2018.9.1 2018.1.1

W SR

1029 = 2 > 188,854 184,508 174,277 153,890
1003 = H 2 5 155,599 152,019 141,507 133,417
1002 X & 2l 5 130,264 125,427 118,130 109,819
Table 5-8 Breakdown cost table of fireproofing for steel frame

A EZA & A AEH x=5F¥ | 4 H

1. A& 4]

A4 A 3 &5 A (CAFCO 300) :

388kg x 3,050¢ 1,183,400 | 1,183,400

2A 1,183,400 | 1,183,400

2. =51

EF 006290 x 183,854¢ 117,089 117,089

EQE 05690 x 155599 87,135 87,135

BEQE 106220 x 130,264 80,764 30,764

FTiaEs (19F9 5%) 14,249 14,249
S(EFET+5EEA R+ EFAR) x 0.05

=(117,0899+87,135¢1 +80,764¢1) x 0.05

24 299,237 284,938 14,249
3. ZHALE R

2" A 390x2(L)

=1.8HR x 2,283 4,109 4,109
a8949 AX 407125(L/min)

=1.8HR x 2,251¢ 4,052 4,052
2 A 3,161 3,161
3HA| 1,490,798 | 1,183,400 284 988 22,410
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Table 5-9 Estimation of quantity and net construction cost of fireproof coating by steel type

- 2d A3 g2 %4 (m) & 2% ()

T () QA | WERA A u 734 PEXE

7% 326.3 0.034 0.029 11.0942 9.4627

H 779.7 0.028 0.025 21.8316 19.4925
3 A 32.9258 28.9552
S () ('3 1,490,798€) 49,085,717 43,166,354
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PAZEG3BC)= FA7s, FAEF, 715tdd 52 =4 dAsle]l L€
o2 AHGHI e AAon o AFM= FAHE Wl Zxste] Y
st - WA Wt dse IRt &2 vwste] H@rista, el WE - Y
A7) dZ488S gddisty] fAste 7€ 44 AEEG dFE #
=% FALEE AASIAT. o] AABNAM sTAAY Hes LHst= At
ENPe Adstes DS 7ﬂ%6}°i°“4 FA7s, FAEF, 212 718t
e W= 36710 e sty deHsid e FAsAT. =3 A&

=33 AA0 2349 dAgaHow A7 AH A% s, Yat-
o A TREO HEHAL Ao AgEE ystvuugoz FFH
£ AAEYY. o ATE E& =28 7o AWNE acks Te

k)
>
Hood ol

(D o] ATIHE ABAQUSE © 8% 715 B mide dsesiy mug
Agstgom, szt Egol &

Ke N
At} 183 Eurocode 301]A1 A A E= 24
e

% WS WA B AW g AE 54 Fostgon], dA5He
AR FEAENe nestel US4 Aol BPHTL B
o} ole} o] WA sy mUS o g3le] 359 JE WA 2 o4

o] WEASS FEGon, o 2R 474 9] Art =AU
D 71ERAe) A WSk Mol Uuk wagel tjulste] WEHow
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o) mwg%—/«mol Zrlai o, 71E BAL=6380)e tulsie] WaH o
2 4507} FE,

@ ol8 2 HAHAE Fall GFFAAY Hes LA FALEE ==3
Atk W3 - WRIAESRIBH)] A== 7| SHA F$E 630C, 181 B
BAe] & 611CE At} a2l Iuk &47H355MPad)e AL ==

7% XH/] 45T 542C, REA Y 7= 566CE AlQkstt

@ 71E FAXEE IuF 2] 1A FEZE AT o5 A
Hew, sdFAAY des LA BBz FA 7|5 BAgle]l dEA
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EEG AEE e Uehda e AL A<

@ 5Y ZE YHASARCAD ARA AH HE2EA : A)5RA ] AF
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3 A AP AF Fx2E 9ol »EF, HE 9 EfR FXEIAANE LA
g 7HsAdo] &t} Table 6-12 w o] A shx] AHHE YERN T n ko)
AY ol e FHaskAje] o ArFe A7 =4, 3 Baggatel A
Bog wdldA Aze qE¥sge nF dRTzA A4S 4 I8
A S0l FE oY eFWEmolues WAAYe HPow £ HIAH
st g Gwrt @SR o9 o] wEFe siA|gS el tigk ti-§o] nEA
g o Y3l AHE 7 o, uFs A= A AW F AitnEE o]
A bsAel Jome s g Aee AEste A7t asna A
Hr}

Table 6-1 Cases of fire on bridge
nHF TZ284 3 LA Al
E LRt DAL o G YA 1966. (1 AY B 7PAE A &3}
IFAgT e PCHI=AH 1L 197%. 07 AM 720l A A
RERR 7 RCEZh4l L 1978. 03 a7 @ A Fol| N =3}
YAalgekele] ) avkal RCeH L 1980. 08 FiEfo]o]9] &3}
TS A LEAESYUR e Aga 1980. 12 AL T Als
e e AT I b v o [AY T 1992. AY @ 2FgAka
TEIE - AR o AT 19%4. Al ¥ A& g4
Aol i S AR 2000. 04 EHAAA] gt
ANo}z=Eba g [AY 2001. 12 EHHAR] s}
AAfornta M nl A AT I 2002. 04 Ad 2 Apegabar
BAB217}al(=) PCY< TAYR 2004. 07 gazgare] A - da
oxa] 7t} A 8aulzk 377 gy 2 2004. 08 FaLERo]o] FollA Z3}
WIEHLTALY(=4) A 2F Y 2004. 08 gazeate] AsE - da
727 b g PCE el A 2006. 12 ARAAE LA 23t
SAFNEEA wE ZYo)E A 2007. 02 AelE
QEFWNE wo] B A rtal A& AR 2007. 04 Bazeake] AE - Ak
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