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Post-Fire Earthquake Behavior due to Slenderness Variation of High
Strength H-Shape Columns after Fire Damage
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Abstract While designing steel columns of high-rise buildings, it is highly important to find their seismic
behavior. Furthermore, if a fire occurs in such a high-rise building, it is essential to review whether the
seismic performance of the columns repaired and reinforced after the fire meets the requirements. In
this study, a parametric finite element analysis was conducted to find the post-fire seismic performance
of high-strength H-section columns. The finite element analysis used ANSYS to compare and analyze the
results of previous studies' experiments to verify the heat transfer and structural analysis models. Later,
twelve types of thermo-structural analyses were conducted with different fire exposure times (0, 30, and
60 minutes) and slenderness ratios (20.8, 52.2, 66.6, and 104.2) using the validated models. From the
thermo-structural analyses, the load-displacement hysteresis curve, strength ratio, ductility, energy
dissipation capacity, and initial stiffness were obtained, and the post-fire seismic performance of the
columns was analyzed. The results suggest that the post-fire seismic performance of the columns was
influenced more by the slenderness ratio than by the fire exposure time. The results of this study are
expected to be used as data for predicting the seismic performance of repaired and reinforced

high-strength H-section columns.

Keywords : H-Section Columns, Post-Fire Earthquake, Slenderness, Fire Exposure Time, Finite Element
Analysis
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o}& sto] A FPotoirt Z7182 k] 0.35 =
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FotAt. Choil1719] 715 A<=ofl thsfl Table 19
YERATE Choil171979] AH8-E A= SS2758 AHE
ston, FEAL, AGAE, BHASE Table 29 Lt
ERf I} Choil17]% Fig. 29k 2] &0l 222 s
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568 mm¥ 65oto] B 174, EWA A 244 F
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0.

AEge Fof A77to] FAY LEE etk 14
so] 715 FYRY LS 2 AT spudn 94

oz HuE AASHAH.

Table 1. Dimensions of specimens by Chen[16] &

Choil17]

H B tw tr L Pn

(mm) | m) | @@m) | @m) | o) | & | ST
Chenli6]| 250 | 250 | 16 | 16 |2:505 3617 | ET*
Choil17] | 300 300 10 15 3,410 - FT*

*ET : Earthquake Test, FT : Fire Test

Table 2. Material property by Chen[16] & Choil17]

Steel Yield Ultimate Elastic

G z:le strength Strength Modulus

! (MPa) (MPa) (GPa)
Chenl10] Q690D 780 835 206
Choil17] §S275 275 410 205
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Direction of 3Ady
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Fig. 1. Loading protocol with displacement control
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Thermal boundary condition by Choil17]
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T8(thermal conductivity)}
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& LRI 45TRE PRSI 800 © oWRE 273
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Table 3, Fig. 39} Zo] &7} 500 T7H] 21 22
g5ty E4E 7T 500 CE 2345 RE 2%
7} A5ESE A, FEAL, R, SHEE
o] ZAst3irh

£ AtollA] HAE siAdE 5t A= o]PEHeR
ols4 73t Ed(kinematic hardening)& AHE-3IA
o} o]5A AEEL 71 Aol wt FE-SEHY
Arjgto] Eolts= o]y B4 = BAA ATt ¥k
HoH22]. WA Chenl16)9] AR} FARE 7159 A

< UEhl7] sl vk A Bt vhg s oEAE
ol54 3Kmulti-linear kinematic hardening)®@

2 A8t

3.2.2 X|ZIshAM ZEHZ(Chen[16])

£ AFoa] AFEA ANSYS(2021 R1OIA A&
of= FIga|Y(static structural) @& 4Pt 3
A 2EYL Table 1& HFOZ Fig. 4(@Ad ZEH

< 235197, Fig. 4(b)<} 7*01 492186 B H4
(mesh)E 95ttt AARAL Fig. 4@ 2ol 715
Slgho] wATkS BAF -,-]oﬂ A H(fixed support)

715= ARSI, ST viETE S 2E °P7] 3 z+
Z} 7} (force)™ W 9(displacement)”]5& *]'—Q-BP@‘
t}. 7197152 Table 13} Zo] 3,617 kN(P,)S Hois}
et H97152 Fig. 19 2ol 4= WFes E‘H Al
olE ot A& W= FAI2H(pushover)h4]
< B9 Z=E3 83 mmE A fr Hd2
Table 39} Fig. 30 et 422 o SE-HPE F4=
AH&SHT

3.2 ZH(Choi[17])

3 g A
£ dolA @A s> ANSYS(2021 R1OA A
Bole FolFaflA(transient thermal)& o]-&sto] =
et Mol Azt mE FFS Htgsh] we
o Aoz AZtef wpt 227t AJ5she BESAE
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Table 3. Thermal & mechanical property of Q690D steel
EN1993-1-2[7] for thermal properties Tao model[5] for mechanical properties
Temperature Thermal Specific . . Yield Ultimate Ultimate
©) conductivity heat ](Dkzr/l;?), Elastl(cMI;)/[;)dulus strength strength strain
(W/m-K) (J/kg'K) (MPa) (MPa) (mm/mm)
20 53.3 439.8 206,000 780 835 0.106
100 50.7 487.6 206,000 780 835 0.106
200 47.3 529.8 206,000 780 835 0.106
300 44.0 564.7 206,000 780 835 0.106
400 40.7 605.9 206,000 780 835 0.106
500 37.4 666.5 7,850 206,000 780 835 0.106
600 34.0 760.2 203,322 759 819 0.104
700 30.7 1,008.2 200,644 732 802 0.102
800 27.3 803.3 197,966 698 786 0.099
900 27.3 650.0 195,288 659 770 0.094
1,000 27.3 650.0 192,610 613 754 0.089

900

800 et

700 | f—— “700°C 20 ~500°C
2600 || 800°C
Ss00 || 900°C
400 f 1,000°C ——20-500°C
s 600°C
Z300 | ~go0C

200 -~ 800°C

—~900°C
103 ----1,000°C

0 0.02 0.04 0.06 0.08 0.1 0.12
Strain(mm/mm)

Fig. 3. Stress-strain relationships at Tao[5] model
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(2) Boundary condition

(b) Mesh(SOLID186)
Fig. 4. Structure finite element modeling
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A 2L 2% AT off /-85 AQ1TH19]. 4] &2
AL Table 15 HIFOZ Fig. 29} Zo| RS 5+
oA, £ =90 B w48 skt 7159 49
718 A5 Y3l Fig. 29 o] Atk A9t
U2 #Ho|| thF(convection)”|5Z A5ttt o
T 232 A7 2%, hRAeY 43S 286k
k. Al 2= 1SO-834 A=-A[18]0l w43
319X, FAsE EN1991-1-1[23]°] wet 25 W/m
‘g AAsigith Alg 29 Table 39+ o] 9k, H|

(coordinate system)& &85t Fig. 29} Zo] 3%
F 2EE ZRIstt

3.3 7IEAIT A S sz E4
A4 HF52 Chenll1614E9] =234, 550l
S5A, WEh], 2713e siH 2SSt vlasklct 2
=2 Fig. 5SHY AT S5 SA 522
o] 'ZAY3IAT. Chenl16)3} 3142 35— og=4l
< Fig. 63 o] Yergtor, zh Aolgd o Jd=
£ Table 401 BIZEASIAT 740129 F(-) T2
7ol b Aoz disto] A sl A s
#o] Hdi Y= Aoli= Table 49 2ol oRolF 4

Table 4. Maximum lateral force per cycle

(H)FE0AM 11.9 %7t =521, o] Zoli= Chenl[16]
o] AYA XAt 20| A 2o olFH o 1A
2] F3L, sksE|o|EQ} FlA|ALelo] 7HA0] Qlo] 7+
oA w2 Flo] WAYste] A7) Apolghal W
o}, W] (Poan/Py)= ) Z=o] Higt FEAZEY ]
2 Yelow, Table 52+ Zo] A(+H)H3FlA 7.6 %,
F(-) BFolA 9.4 % Aol7t EAFFCE Hof =n] &
o7} 9.4 %°17] wiZol, F53] iAol AF Ao &
ke A3E Btk 27] AL Eq. (DI gol &
(), F()FES FEAFEY] ZJolet 1o uhE FEHS
Z}ol& Wro] APgatelom, Table 591 A&E sttt

_ |+13!/|+|_PLU| )

i |+ Ayl + |_ Ay
Where, £, denotes yield strength, A, denotes

yield displacement

2717782 Table 59t 2o A¥gho] 2.52, sjA{gto]
2.557} =EHTh 271737 A7k 1.2 %el7] wizel,
S| Aol dAZne} fARRE wde bt

ALY A2 3022 1 7159 FYF 2=5
S 2AddNet 2EsiANE Hlwstth A
Z¥= Table 69 o] Ak 578 T, 44 2
571 C7F =&8d A9 3% 314 gre] Aol= Table

Maximum strength per cycle(kN)

lcycle 2cycle 3cycle 4cycle Scycle Geycle 7cycle
(+) () (+) =) +) ) +) ) (+) ) (+) ) (+) )
Test by 49 56 104 | 108 | 172 | 191 | 181 | 185 | 197 | 231 | 212 | 191 | 187 -
Chen[16]
Pr‘}%‘fed 52 52 | 104 | 104 | 188 | 182 | 188 | 181 | 188 | 240 | 238 | 197 | 180 -
Dev(iz)ﬁ"“ 55 | 65 | 03 | 36 | 90 | 45 | 40 | 22 | 48 | 36 | 19| 29 | 36 | -

§ Flange

buckling

(2) TEST by Chen[16]
Fig. 5. Failure shape

(b) Proposed FEA
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68} 7ol 1.2 %0°]7] wj&o
Fabok= 23E Hoh
71& R A(Chen[16)), D}XH(Ch01[17])°4:rL«] A%

F23] sjalo] AEo

1 9staasd mue =3t Azl gk wwat x|
AT A DG HBEE B8 2T 4
9o, chtde Sj4E Ssizr] Qo) AH8E % US
< Hojgrh
Table 5. Comparison with result of Chen[16]
TEST by Proposed Deviation
Chenl[16] FEA %)
P | @ 117 1.26 7.6
P, G 1.21 132 9.4
Initial stiffness
(N/mm) 2.52 2.55 1.2
Table 6. Comparison with result of Choil[17]
Temperature(C)
Heating time Deviation
(min) TEST by Proposed (%)
Choil17] FEA
30 578 571 1.2
4. 3 = 71 XIZlsHy

4.1 sMDEE U
£ AT Chenl1619) HEZ #20] dis) APl
(KL/1)% W45 ol thils shae skt We

Table 7. Proposed parametric study for FEA analyses

& Table 79t Zo] AlPgulo] w2t 47]9] IF02 &5+
oM, SC-X-YOlA SC= A 715 (steel column),
X+ SHARLE Y= AHE 9uisitt ARHE
AISC360-16[8]° w2} Fig. 73 o] 20.8(HeHd =
T7b), 52.2(Chenl16] &), 66.6(3HA A1), 104.2
&3 F2HE Aottt HEA2 22 1138 At
8517] wfiol| oW 228} fastEdolAlsE 54
Sto] Eo|hE WRPAIA AHIE WAAFATH A
20.8¥ | £0]& 1,000 mm, 52.2¢€ W& 2,505 mm,
66.69 & 1,818 mm, 104.2¥9 w+= 5,000 mme|tt
(Table 7). skt AA 71sHA & &3o| digt 7159
AALE7=o] Hlolw, Chen[16]97-8} BLF 0.35
2 2335tk A 20.89 wl= 3,411 kN, 52.2¢
= 2,379 kN, 66.6¢ [+ 1,818 kN, 104.2¥ =

784 kNo|tKTable 7). 8] AIZEZ 0, 30, 60222 A
Asigon, ol AE AL YFs] Aol ZZH o
2 254 RE9 AU S sty Yo A
slcH24]. AER DL Table 39 wet BEAXE 28
Skt d-& A 34 A5 AN-gHE B
g o] 85t AN S YT & RLEFAIE F
ZofjAof] L5t sjMS Pt vHErtE T2 E
22 Fig. 89 22 AISC2005[25]0] whE whE7be
REZZ Z-E59t}. AISC2005[25]0041= &z w}
g T2 EZ S AT YA, B AT M= sHdT
Folg MR A¥sto 4G st

4.2 st = XTI sMZIEA

4.2.1 20|

Group No Specimen Heating time Slenderness Length Pa
(min) (KL/r) (mm) (kN)
1 SC-0-20.8 0
A 2 SC-30-20.8 30 20.8 1,000 3,411
3 SC-60-20.8 60
4 SC-0-52.2 0
B 5 SC-30-52.2 30 52.2 2,505 2,379
6 SC-60-52.2 60
7 SC-0-66.6 0
C 8 SC-30-66.6 30 66.6 3,195 1,818
9 SC-60-66.6 60
10 SC-0-104.2 0
D 11 SC-30-104.2 30 104.2 5,000 784
12 SC-60-104.2 60
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SHAIZE 30, 60RO SEERE ASE] 919 5
F 255 E=&5t0 EN1993-1-2[7]0A AARHF3 &
HY7 S=d4 vmatsc,

900
= APZHN: 208

®
S
=5

EXE]
S S
S 3

[ARRF
S 3
S 3

= A 1042
= £0] :5,000mm

= 515(0.35) : 784kN
0 20

Critical Strcsf,(Fanﬂ:'u)
=3

40 60 80 100 120 140 160 180 200
Slenderness(KL/r)

Fig. 7. Slenderness by AISC 360-16[8]

800

Slenderness 20.8
600 || Slenderness 52.2
- - - - Slenderness 66.6
~ 400 (] - - -Slenderness 104.2
E
£ 200
=
E e
E 0 e AdahAAAAARA
> YTV YT
2 6 6 6 |4 ||
2 -200 C C C C
= Y Y Y Y
-400 C C C C
L L L L §
'
-600 l; ;l : s 2cycles each _E !
500 T 11

Fig. 8. Loading protocol by AISC2005[25]

EN1993-1-2[7]01A AAJshe 2272412 ot 9]
Eq. )5 A3
Am/V
Ags = ksh ' hnetAt (2)
C(Ip(l,

Where, A0, denotes the increase of temperature,
k., denotes correction factor for the shadow

effect, 4,, denotes the surface area of the

member, V denotes the volume of the member,

¢, denotes the specific heat of steel, h,,,, denotes

net
the design value of the heat flux, At denotes the
time interval, p, denotes the unit mass of steel
e asia gt 2=A%4 42 Table 8o Wt
wich SERAIZE 302 o sS4k 533 €, 22244 ¥
511 TR 4 %2o|7F %o, 608 whe si4 3t 945
T, =444 7t 940 TE 1 % 2o]7} ekttt whet
A, EN1993-1-2[71AIHA4 3 FARE 32 dehiia
AolA & 2 v HES & 5 Ui

Table 8. Temperature results

Heating EN1993-1-2[7] Proposed | b iation
time ©) FEA (%)
(min) ©

0 20 20 0
30 511 533 4

4.2.2 ot5-HYEH

APgu|et SAIE 240 WE HEZ 7159 sk
HY olgiA % dxslEA(skeleton curve)s 22t
Fig. 9¢} Fig. 10°] YelWitt. otg-H9] &2} F42
Hdf| 5F5(Pma) 80 %7HAIRE YEFA QAT A1 2} 3}
AL 220 olERA d dR3FA EAJE Table 9
3} Table 10 A&kt

YT AP S SAAIREY] ST e S
o A= JF thaIt At

APl 20.891 - Aoks(h)] WEHl= 0RellA
2.07, 30804 2.02 & GOROlA 1.900]ct. E3L Holz
(2] H=B= 0ol 2.06, 3082004 2.03 E 604
18701k AlPgH] 20.89] WEHl= SRRjAIzt0] S7HSE
Ao, Aokg(HolM (9.7 % HAsHirt
(Fig. 9(a), Table 9). APdH] 52.281 7% Ast5(+H2] W
HH|= 0&CllA] 1.30, 3020014 1.25 9 60=ellA] 1.219]
o} E3L Fols()9] WMl 0804 1.30, 30=004
1.28 @ GOEOJA 1.250]ck AFgH] 52.29] YEH|= SR
Ao]  FTFSE aslglon, AgokE(HelA A
(6.9 % AsHItHFig. 9(b), Table 9). AFH] 66.6%1
A% A2l Wl o0&l 1.07, 30£004 1.05
9 60ENA 1.030Ith E3L FolE(-)9] W=ul= 02
Al 1.09, 30&NA 1.03 @ G0=elA 1.020]c APH]
66.69] W=rl= 3RjAZto] S71RE Astelon, K
SIE(-)olA Hd (1)6.4 % T431AcKFig. 9(c), Table 9).
AP 104.291 735 HEHl= Aol BAIgle] 1.00
o|ckFig. 9(d), Table 9). TYgt APgu|Y % Wul=
SHAAITo] F71REEE FHASl o, Bet (-)4.8 % A
SIITKTable 9). tRE WEHl= A7 S71REE SHY
Al w2 AZHE] ZHASIon, APgH] 104.2 odel
Al SRR gt ke wA] 9I9tth ol= Chenl(15]
9] Aol W 7159 3 & WS ATt AR
S YEHSATE Chenl1512 WEB7F APEHE] 150 oV
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Fig. 10. Slenderness Hysteresis & Skeleton curve due to heating time
Table 9. Lateral load capacity ratio
Lateral load capacity ratio(Pmax /R/)
J Omin 30min 60min
Slenderness A *
P . P . P . t,max
Pnla‘ P max P i P max P P max ((y)
> y max y max y 0,
5 5 5
208 ) 964 465 2.07 927 460 2.02 814 435 1.87 -9.7
' ) 958 465 2.06 932 460 2.03 830 437 1.90 -7.8
522 ) 283 217 1.30 259 207 1.25 215 178 1.21 -6.9
’ Q) 287 221 1.30 280 219 1.28 252 202 1.25 -3.8 Average
6.6 (+) 215 201 1.07 198 189 1.05 158 154 1.03 -3.7 -4.8
’ ©) 221 202 1.09 199 194 1.03 159 156 1.02 -6.4
042 (+) 127 127 1.00 124 124 1.00 110 110 1.00 -0.0
104 ©) 127 127 1.00 125 124 1.00 112 112 1.00 -0.0
(+) -51.7 -50.5 -46.5
A max &) 515 50.7 474 .
6) Average :- 49.7
* At,max . If the same slenderness, maximum reduction rate of the load capacity due to heating time, &, .. : If the same

heating time, maximum reduction rate of the load capacity due to slenderness
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Table 10. Ductility factor

Ductility factor(A .,/ A,)
ond Omin 30min 60min A
Slenderness A A max”
Al"ﬂ'(lX Al[ % Ama}\ A’U Amax max Al/ Amax (%)
y y y

(+) 36.49 15.00 2.43 36.43 15.00 2.42 35.56 15.00 2.37 -2.5
208 - 34.81 15.00 2.32 34.68 15.00 2.31 33.21 15.00 2.21 -4.7

() | 13853 | 75.15 1.84 | 136.73 | 75.15 1.82 | 134.86 | 75.15 1.80 -2.2
o2 () | 13525 | 7500 | 180 | 1273 | 7500 | 169 | 12615 | 75.00 | 168 | 67 | Average

(+) | 268.47 | 159.75 1.68 264.11 159.75 1.65 233.44 | 159.75 1.46 -13.1 -7.7
666 - 249.90 160.00 1.56 249.25 160.00 1.55 226.41 160.00 1.42 -9.0

(+) 635.64 450.00 1.41 569.70 450.00 1.27 566.44 450.00 1.26 -10.6
042 70 63481 | 45000 | 141 | 55072 | 45000 | 124 | 558.98 | 45000 | 123 | -128

) -42.0 -47.5 -46.8
smax” | () -39.2 -46.3 -44.3 B
9 Average - 44.4

*A, hax -1 the same slenderness, maximum reduction rate of ductility factor due to heating time, A, | . :If the same heating

time, maximum reduction rate of ductility factor due to slenderness

SUT SHAIY AS A S k] 570
vl Qg thedt 2t
SAAIZE 08Q) AL, FEED el AP

20.8914 2.07, APdH] 52.200141 1.30, AAH] 66.6004]
1.07 ZAAH] 104.290A4 1.000]ct. E3E Fa15(-)<]
iglul= Al 20.89014 2.06, A& 52.20014 1.30,
AE] 66.69014 1.09 9 AIRFHE] 104.2004] 1.00°]Th.
SPAAIZE 02D wfo] WEuls A7t S71EE 7
Ast.om, FolE(+)olA Hd (-)51.7 % TAsHct
(Fig. 10(a), Table 9). SFHAIZE 30821 %, HskE(+)
o] Weul= AE] 20.891A4 2.02, A1H] 52.2004
1.25, APg8] 66.690141 1.05 2 AdH] 104.2914 1.00
otk gk Hok5(-)e  WHule ARHE] 20.8004
2.03, A7) 52,2004 1.28, AH] 66.6914 1.03 2
A7) 104.20014 1.000]t,

SHAIZE 302 we] WEule AT S718E
Hastelon, Balg(-)ollA Hd (-)50.7 % HAsHact
(Fig. 10(b), Table 9). SFHAIZT 60=R1 A%, Asta(+H)<]
Y=g ul= A4 20.8914 1.87, AldH] 52.20014 1.21,
AT 66.6914 1.03 2 AlgH] 104.20014 1.00°]t}.
F3h Fo15(-)2] WEule AgHE] 20.89141 1.90, A%
H] 52,2004 1.25, APH] 66.6914 1.02 & A
104.20014 1.000]ct. SFHAIZE 602 T WEH|=
A7 S718E Akl on, Batg(-)olA o
(-)47.4 % TAstHHFig. 10(c), Table 9). 5Yst 3}
AL A9 Wl A7 S718E A4S

v = o
ol 57t

on, Wt (-)49.7 % TSIt ESE, SHAIZE
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YHE Aol 2 A7HEo] FASHH Table 9)
Qo] & FRBUSE Tajol o] 43 NS
B T % gk ol the] A7) it 1B ey
58 BB a3 QB Ayl ASHEH6L. A

314—5 Uehle A #E o] Eq. (3)F} Zo] 7t 1%
9] x5}t FAoA HHAE FEHAR e T2
2 yehd 5 qlon ofE ARAS ()AL Tk

Of

max

A,
Yy

p= (3)

Where, 1+ denotes ductility factor, A, denotes

max  displacement(mm), A,  denotes yield
displacement(mm)

#19] Eq. 3)& ol&sto] &3t AGASE Table
1001 2L sttt SLst AHY 3% Q}ZH*V} 5
717} AAS S0l mAE 2 o Zoh

APgH] 20.8%01 A%, Ao A8As= 02l

A 2.43, 308004 2.42 E 60EA 2.370]c} T3 2
15(-)9] AAAGE 0204 2.32, 30804 2.31 E
60E A 2.210]c} AlH] 20.89] AAAGE SHAAIZE
o] 371E Fastylon, Folks(-)olA Hd (-)4.7
% FASIETHTable 10). A 52.2%1 3%, Hstks
(1)9] AAAGE 0BolA] 1.84, 3054 182 9 602
oA 1.80°Itt. E3H Fol5(-)Y] ARATE 0&olA
1.80, 302914 1.69 E 604 1.6801E‘r. AP
52.29] ASE AT SUKERE FASIEO
o, B512(-)olA H (-)6.7 % 45K Table 10).
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Al 66.691 %, oka(+)9] AAGE 080l
1.68, 30214 1.65 H 6084 1.460]c}. 3t 135}
()9 dAAGE= 02A 1.56, 30804 1.55 2 60
Bl 1.420]c}, AlFH] 66.62] QXA SHAIAITO]
S7HE Fastglon, Aoka(+)olA d ()13.1 %
A5t tHTable 10). A1AH] 104.291 3%, goka(+)
9] AXMAGE 0RofA 1.41, 30814 1.27 E 60&E]
A 12600tk E3E Hols(-)e] A 0RolA
1.41, 308904 1.24 ¥ 60EoA 1.230]ch AlgH]
104.29] AAIE Sl S7HEE ZHAslo
o, Bel5(-)oA Hd (112.8 % HA3HATH Table
10). B4 AU A9 WHul= sjAzte] 571
FE 7As1¥oH, Bt (7.7 % A4S Table 10).

BYUe ALY A AH] ST AAS S
o "X JF oh2y} At

SHIAIZE 0821 B, Bota(H)e] A8AE Al
20.8901A4] 2.43, A1H] 52.20014 1.84, AAH] 66.6004
1.68 H AIAH] 104.290A4 1.410]c}. S Hal5(-)<]
AgATE AZHEl 20.8901A41 2.32, AHE] 52200141
1.80, AI&H] 66.6914 1.56 & AlFH] 104.20014 1.41
ofc}. SEAIZE 0B Y W] AGATE AHIZE S7H
5 gaeiglon, Foks(+)olAl Al (-)42.0 % A4
StgtHTable 10). SFAIZE 3081 -, Fots(+)9]
AGAT= ARl 20.8901A41 2.42, AR 52.20014]
1.82, AIH] 66.600141 1.65 E AldH] 104.20014 1.27
olch, Egh Holg(-)e ARASE ARHEl 20.8904
2.31, AH] 52,2004 1.69, A 66.6914 1.55 L
AZE] 1042004 1.2401ck. SAAIZE 308D wo] X
A APH7E S718E FHaston, Aota(+)l
A A (-)47.5 % FASHTHTable 10). 3FAIZE 60
e AL Fte(hY dgAsE Al 20.890141
2.37, AAH] 52.2014 1.80, A1H] 66.6914 1.46 2
Al 104.20014 1.260]c}, E3H 23515(-)9] AAAS
= AH] 20.89014 2.21, AH] 52.2004 1.68, AAH
66.601A 1.42 2 Agu] 104.20014 1.230]ck 34 ZE
60%Y w9l AGAGE A7 S7FES A
o, HaE(+)olM FHd (-)46.8 % FadtHHTable
10). ¥t SAIEY A AAs= AT 57
42 74sIoH, Wi 44.4 % TASITHTable 10).
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o] Z7NEE st on, AT 1A 3
AZEE el wet o & JEFS HE A g1
Elpi=g
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oA aibsEl e A WA F2E A £24dHY
= &l AZANIAE &Flshs 592 AulskH, 2=
o Wilidse B7retke 7P $a% 84 F siuolt:
(27]. oA 24 Fig. 113 o] 2} #olSd s}
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T8 HolFF At UAE #2510 Table 119 3]
2AIAIE sk
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Fig. 11. Definition of dissipate energy

LT AL A SRS ST A At
yz] 7ol vAlE iy

APgH] 20.8%1 A FERAPIUAE 0&0lA
125.6 kN-m, 308014 119.3 kN'm % GOEolA
108.2 kN-mo]ct. A&8] 20.89] FAiA YA E 3}
AAZro| F7VEE Aot om, Hd (9)13.9 % 7
23519 HFig. 9(a), Table 11). AH] 52.290 AL, &+
oA UAE B4 104.6 kN'm, 30%°14 99.3
kN'm % 60EolA 95.7 kN-mo]th AldH] 52.29] &
AR ATt S7HRE FHAstgl o,
Fdf (-)8.5 % HA4st3AtH(Fig. 9(b), Table 11). Al7dH]
66.6%1 -, FAHAUA = 0RA 65.7 kN'm,
308904 56.2 kN'm & 60&ojlA 55.2 kN-mo|t}. Al
1] 66.69] FARAYA = SHAIZe] SIS
Aastgod A ()16 % AASHITHFig. 9,
Table 11). AlH] 104.2%] 3%, FH A H A= 02
oAl 32.6 kN'm, 3004 21.7 kN'm ¥ 60&0]|A
19 kN-molth. A4 104.29] FA 44 UR = 314
AZto] SIS Ao, Hd (-)41.7 % A
S} tHFig. 9(d), Table 11). HLS AguL B9 &+
2R sHATto] S7HRE ZhAstgl o,
B ()20 % HASFYHTable 11).
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APgH] F7Pt FE A
eI AR o S B R d 4

SERAIZE 0821 A9, FEMAIYA = AH] 20.8
o4 125.6 kN'm, A&H] 52.20014 104.6 kN'm, Al
H] 66.6914 65.7 kN'm E AFH] 104.2014 32.6
kN-mo|t}. SFAIZE 08 we] iAo A]= A%
H7} 715 Astgon, o (-)74.0 % 7HASH
THFig. 10(a), Table 11). SFHAIZE 30870 3%, F&84
Ab 2= AlFgHE] 20.89014 119.3 kN'm, AlPH] 52.2
o4 99.3 kN-m, A&H] 66.6914 56.2 kN-m Z A&
H] 104.2914 21.7 kN'mo|c}. SFjAIZE 302U w9
FALAUAE AR 37HES Ao,
] (-)81.8 % 7A5IAHFig. 10(b), Table 11). HA|
AIZE 608 AL, FE AR E AR 20.8004
108.2 kN'm, AH] 52.20014 95.7 kN'm, AgH] 66.6
oA 55.2 kN-m % AH] 104.2014 19.0 kN-mo]t}.
SHAIZE 608D T 9] FH iAo A= AlE7E STt
TE Fastgon, Hd (1)82.4 % HAsHtHFig.
10(c), Table 11). ELgt SHAAIZEY AL S A4t
A= APFa7E S7FS Zrastylom, Bt (-)79.4 %
4519 cHTable 11).

AT o7 LA AR E AL SH|AT ]
F7VEE At o, SHAIE 1A= A

A]

Sz BP0 2774 5

M,

0FollA  46.45
kN/mm, 308004 45.96 kN/mm ¥ 60&ofA] 43.64
kN/mmoe]t}. AIA] 20.89] 27173442 sHjAIZte] &
TVE gastgon A (1)6.04 % TAsHTH
(Table 12). A4 52.290 %, 27174732 0EolA
2.26 kN/mm, 30514 2.23 kN/mm 2 G0¥-ol|A
2.03 kN/mmo]t}. A 52.29] 27173444S AT
o] Z7IE At o, Hdf (-)10.18 % AT
THTable 12). AH] 66.691 B, 2717432 0204
1.11 kN/mm, 30894 1.09 kN/mm % GOX-ol|A
0.99 kN/mmelc}. APgH] 66.69] 2717332 ALt
o] Z7IAE At om, Hdf (-)10.81 % AT
HTable 12). A 104.291 AL 271734 X
A 0.29 kN/mm, 30&°l4] 0.28 kN/mm ¥ 60+
41 0.26 kN/mmoltt. A1 104.29] 27173432 31
AlZbo] Z7FEE Zrastgon, A (-)10.34 % A
SItHTable 12). EYg AHIYD S F2 a4k
A= s AITte] S7FERE HASI o, Bt (-)9.34
% AstHTHTable 12).

Table 12. Initial stiffness

7t AAre o = oJgke vk AL 3lolslyd
{HETH APH]o] whet B & PR Hhe A SRIsIIth R —
KIfr 0 30 60 A ax®
Table 11. Cumulative dissipate energy min min min %)
20.8 46.45 45.96 43.64 6.04
Cumulative dissipate energy(kN-m) 522 2.26 2.23 2.03 10.18 | Average:
KL/r 0 30 60 Aimax” 66.6 L1 | 109 | 099 [ 1081 9.34
min min min %) 104.2 029 | 028 | 026 | 1034
20.8 125.6 119.3 108.2 | -13.9 SAg | 9937 | 9940 | 99.41
i max _
52.2 104.6 99.3 95.7 -8.5 Average : (%) Average : 99.39
66.6 65.7 56.2 55.2 -16.0 ~200 *At,max :If the same slenderness, maximum reduction rate of
104.2 32.6 21.7 19.0 -41.7 s . . . .
initial stiffness due to heating time, As.max :1f the same
. * -74.0 -81.8 -82.4 . . . . A .
S max _ heating time, maximum reduction rate of initial stiffness due to
(%) Average : -79.4 slenderness
A :If the same slenderness, maximum reduction rate of

t,max

cumulative dissipate energy due to heating time, A, .. :If

the same heating time, maximum reduction rate of cumulative
dissipate energy due to slenderness

424 =7 UM

2717332 7159 WY, a4
gl G A7) whio] WA
% shto|tH28]. 27174 Eq. (DS
Fo, Table 120] A& o}t

ol
=
3
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