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Abstract - Recently, the introduction of performance-based fire design (PBFD) into domestic fire design practice is under active
discussion among the code-writing group. Reliable analytical or simple calculation methods to predict fire resistance of struc-
tural members at elevated temperatures should be available for proper implementation of PBFD. The AISC design equation for
steel column at elevated temperature is expected to be adopted in domestic fire design standard (KDS). But the reliability of the
equation should be further evaluated with considering many affecting factors such cross section types, section slenderness, and
column end restraints, among others. The limitations in AISC and Eurocode design equations are illustrated through nonlinear
finite element simulations and the required revisions are recommended.

Keywords - Performance based fire design, High temperature, Column strength, Width-thickness ratio, Effective buckling length,

End restraint condition

LA E Q1341 0 Syt L 3HA 7L o] o1 3 9o, M) AT
glo] ol A AASH 712u AL Wb s-e S
AR BN E A% B0 Fa PRl tslo] A% 7 ki Bk o] ek A WshIAL Qo A

w1} %8 5o wet 5 A] YA EREHISS 94 éw} AR RS Austio] T2Ro] SAILEL
o}wﬂol Bozlo|n], FELELO| “AE 20| W5} 3] who] % Aol A et oix17} A2 Lo

2 5] 710 B FA NN 2A 5712 4
am ot AT AR A9 ARSI TR (FR BIE U BA
Se RSt UBTEGFE JTR)E B A A 44

- 1’894*3%%%]“&9—4 ol 3R s o
X 2ol B Bt g gl TR
ufsl5-2 7] ofetel 2150 Bolack

A

=
Note.-Discussion open until August 31, 2021. This manuscript AJOFA] ;] 7| 0] B3l S 2HG} 2
for this paper was submitted for review and possible publication } LH 1€l 2e=12= o

on November 20, 2020; revised December 29, 2020; approved A7} B Akl 2lsf o] FoIA| AL Sl A = A
on December 29, 2020. AoAE ZAAE7 IR SRR o5t B S 74
Copyright © 2021 by Korean Society of Steel Construction © 713 sk o kS = A5} 2
“Corresponding author. = 7AA ?‘l';ﬁ,_ﬁ G i e
Tel. +82-2-880-9061 Fax. +82-2-871-5518 Ao, AY Al Q] 7HE §HA Gofl RS 1 H 7S
E-mail. ceholee@snu.ac.kr AstA o]t

Sz ele] =2 A33E A5 (EE A1705) 20219 2 21


https://crossmark.crossref.org/dialog/?doi=10.7781/kjoss.2021.33.1.021&domain=http://ksscjournal.or.kr/&uri_scheme=http:&cm_version=v1.5

22715 18 GE4E 447124 57

o] gt AP WA dAte A S FH5kLAF 2021
717120 20 HYS &) 5% e A 71=(KDS
41-18)9f| A= A=Y o1 Aitol| w457 |8 SHE A
£ 7FsA ohe R FEA Q] 1273 APYEAX7} ok o
“go]ct.

N2 =YE 73R Y A 7122 Eurocode(2005)!
AISC W3HA|715(2016)*19] FHH S Ztolo] &=t
A7goltt. ol= vl ASH WA | ol ARt =2
E A= F2AEA 7T Aol sto] Aol 48517
o] 2-%-1, AISC WM A 7152] 749 Takagi and Deierlein
o] Tt AtPlof] 7]49kgt A|ehe F79] 23] 8 of) oj&a}
I o] U AR 2 A8 sl A5 L ol Hast
Aot 2 Ao e 204 4% 7150 2
A 2ro mE HRE e, 250 E /fa
SR BEFAM]of| e SRS ol s 22 = 9
AISC HaHd A 7|20l A A Sz A4S 3454
= &l ASota, = 7| =Y A= BrkekaL ©
T M HFE BASHIIA} SHT

2. @Y AAV| & vl D A £A
2.1 AISC W3HE A7 2(AISC 360-16)

DI%OHH = 200537 E AISC A2dA)7 ]l viehd

Al A AFFS ZAIA $hom, ASCE 7(2017)19] 739
2016%—.—51 SHfols< 71 A LAY LR YA|sHo]
sk A 2 T E IBC(2018), NFPA(2018) 5-9f 7]Ef A
A71E9] AlF A4S TESIEE 87T FA 4571
HH oA o] 7| 28RS R4 AEshal e

AISC W33 7|7] 2(AISC 360-16, Appendix 4)& %%P
BB Takagi and Deierlein®] Ao 4] A |5t 7z of| =4]
of| 7]zsta Qlo, 1% 7] A2UFAE FolT)= ‘:]'—

3} o] AAgtet.

F(T)
F(T)= [0.42 Aol ]F (T) 6))
L ]

714, FyT), FATY= 22 A &5 Tol A A 3573
& 9 998 HFsFoltt 4LolAe) 715 vtz
AT AR ASR0] B2 1L dE T A4

22 F=7dTEote] =g A3 Al S (EE A170%) 20216 2¢

=3 Xﬂ/\]ﬁ}ﬂ 312‘34, AL AT T eRE o

s R g
2 715 AP L ARG AR
715 94"*?»%14— TE5te] RS 3} Zro] 45}
w5 AR Y

(), ~5285) () g
r)r n(3,600) n(3,600) @)

>0

o714, T A LECF), n 12715 ABHE] 4L 7]
o] 18 ] 1, 4% E oh 7 ek o1 o 20]ck
AISC WeHd A ol Thelo] aaao] et 1
20] QJaRe w2 WA lo] 9K k. o4 7t 2 P
770 5] 712 93] 4 A7 S 271
£o|n), A2 A7 2] R A 2] o3t $HES o

27 o] A4t et

Fy
. When A S )’I‘ F_

cr

e=b (32)

Fcr
Fel Fel
b,=b|1-¢ F_ F_ (3b)
714 A= BEFAM], A2 TABEFAN], o2 ELA
A, Fu B 5782 D& A9 42 2AVE

of] = A|A|= 30Tt
AISC Y3HaA7159] A7} El+= Takagi and Deierlein
9] B0 A= 20 °C, 200 °C, 500 °C, 800 °C2] 2] T
A BT ATAS ST oH, Wi4x90, W14x229] T
7HA 715 SRS T o & R4S wiEel 7s B
F/do] HFA ol v A= FFo| F=3| HSEA Lauth
QL O] I W SRRk Aol et Rkt 5 R
AE 1SR Zal TR A 7SS AE o= 513
7] wfiZell 715 20U 2= o mE R 0|
HI7F At = ERl =R %’o = A7} Sl
TR, 4204 B FHE R BREe TS 2oA %
20| dojuA] %}%EPE shetsto] wEFAH]of o



£ 11204 9] S REFo] thaf] aL2skA] ekgkt. shARt
AF@ollA] SR abEo] QofLiR] ghe Ml LT 47} T
oA =FEZ=0o]| LojLf= FAto] Takagi and Deierlein®]
AP M & gl gl oLt I2of| 9] R 9l A
84 F-5 7|0 it AFo] FAR =gl

2.2 235 E(Eurocode 3: Part 1-2)

FHAAM= =< v Y3t A7 S4e=
1980 AT €] o]u] 45715t A FEAE] =Y
Shof ARESEAL QU A0l A Y] FRAA FokE FAIRH
A -2 FRAAH O R Stoto] SHAf Al o E24 ©
5 1 Este] YaHAAE 3T = AT A XS AA
Skal it

S-=F = (Eurocode 3: Part 1-2)0]| 4] A|A|5l= 7372 7]
& UL2UAZE Ny i ra= TS 2T

Nb,fi,t,Rd = ,},/fiAkyﬁfy/YM,fi (4)

A7,y 7159 BF=EC A BE=ARAT A 7S
T Ao}, fxpof| ATt B LEARAT ype T o]
AR,

1

Xi=— — 5)
Yo+ (Pé - AZ
1 T
A7) A, o = 3 [1 +aky + /10]

a =0.65,/235/f,

BALE 9ol A FALAP] A T} o Aket
o

/1 ky9 kyﬂfyA ()
0= —_ -
kE,n9 kE,HNcr

7] A, Non 32014 7159 24 Fzstsoltt
FEIATO T2US7E HA A2 AISCH A 2
& AA AT G AR FHlo|oh B AISF a7 B
At BsiA] A3, AAEAE SHAAHE]| 7L 24
S1A] == HollA ”% A A3} 2o 7} Qlet.
Aol =2 7159 fFaR=Aol(l)= 37 Ao

FAE - o|4T - A5 -

A g2 IR B Y 7 5E0] A2 dEH Y-S Atsto]
S G&o] tisto] G-I 1G-S Al S A2 TS
t}. o] & &3l Agsholl 71 5o] i EAE B 0.5L, 9
gt 24 A9 0702 SPAA] §RHB 0| Aot
2 ANk ek

-2 F=(Burocode 3: Part 1-2)0]| A= 11-&A] 7JA|9] S
298 A7 W) 5 40l 7Iekso] sk el Aol

Ao Bt o] REFRIE(AFE 2 %l I
= E)S Aol 485t wS At ek Thik, Class 4

o} o] BESA UL APgTo] 49 FRA T of

Fl

3 JHL Teistol LT FASA 02% 01 FEg
AN FFEFE 2 Hesirh
TLoA] Gl 84 FE 9 FEAT] R RIS
Atels o AR El= Ale 3%301]*11‘%—3?%* el
0.85 2357, & AFE3ITE. SR} 2L 7L B s
o] fasiAle tha st 2ol Akt
Acerf = PA. (7
- bit
oA7NA, 4, = ———
2846k,
p=1.0 for 4, < 0.748
A,-0.188
p=——— for /1p > 0.748
/12

P
bi=EWA o], i=EA

Al A, ko= & 2ol e 2t
A2 BN 1993-1-59] Table 4.20 4] ZF& & 4= it}
FRIEL] G- vl=re] Wishd Al 710 vl HAT 2
HEL A =7 g A2 = AP O B Hle A2
B AR, 2= V1% 5ol U IS dol’t Hol wot
U 7]l A2 o2 g5y |= fA] o2 %ot

3. FE 8|S ol &

rk

7124 Bt

o

H LA d3 AAHEQ AL AESH| Y5t
o] A1 2 773 ABAQUS?| S4R A 93 AL8-5lo] (-5t
44 AYAA. HY 7S] 49 ZWA| <} JBE 2

2} 85, 4o PR 128510l HHE 4R,
] AL YIS 3258, oo R 1285 EIEE

S ze}s] =8 A3 A S(EA A1705) 20219 2€ 23



HHE AR BAE &Y 27HA 718 & sk
7Vohz T2AoH BAE A83lom 4] k=20 °C(%
2,200 °C, 500 °C, 800 °CE 3}{tt. ZA Q) EAAL G=2F
T 9 AISC A 7| &0l A 3828 AAoh= A=, 4
d 9 5H- 1P = TAE ARESHITHFigs. 1-2 3H%). HY
9] 5 71 A A0l A 2] 77822 AISC M A|
|&9] 47} &= Takagi and Deierlein®] A7} =
HA Fig. 33} o] 1125kt

N

i

[e]

o
o

o
=N

Reduction factor

S
~

o
)

0 200 400 600 800 1,000 1,200
Temperature (°C)

Fig. 1. Reduction factors for yield strength K,(T),
elastic modulus Ki(T'), and proportional limit K,(T)
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Fig. 2. Stress-strain curve of structural steel
at elevated temperatures
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Fig. 3. Residual stress distribution of H-section
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Table 1. Sections used for numerical analysis of global buckling

. Area r
Section Type (mm?) (i)

Narrow 82 (strong)

H-200%100x5.5%x8 Hsection 2,716 22 (weak)
Narrow 124 (strong)

H-300x150%6.5%9 H-section 4,678 33 (weak)
Narrow 168 (strong)

H-400>200~8x13 H-section 8,412 45 (weak)
Wide 86 (strong)

H-200%200x8x12 H-section 6,353 50 (weak)
Wide 131 (strong)

H-300%300x10x15 H-section 11,980 75 (weak)

®-300%12 CHS 11,555 102
0-300%x300%12 RHS 13,450 118

" 111000

Analysis model : ABAQUS S4R(Shell)

Fig. 4. Initial geometric imperfection
for flexural buckling analysis
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Fig. 5. Comparison of column strength for flexural buckling at elevated temperatures
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Table 2. Sections used for numerical analysis of flange local

buckling
. b/t ratio of
Section Tz Type
Non-compact (AISC)
H-300x300x10x15 9.7 Class 3 (EC3)

Class 3 (EC3, at fire)

Non-compact (AISC)
Class 3 (EC3)
Class 4 (EC3, at fire)

H-300%300x10x12 12.1

Slender (AISC)
Class 4 (EC3)
Class 4 (EC3, at fire)

H-300%300x10%9 16.1
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