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Abstract

Concrete Filled Steel Tube (CFST) structures have been widely used in
construction projects due to high bearing capacity, excellent seismic performance and
refractory performance compared with steel structures and reinforced concrete
structures. Building fire accidents have been serious threatened to human life and
property. in recent years. It is necessary to research the performance of CFST columns
to composite beam frames subjected to heating and cooling fire damage for evaluation,
strengthening and repairing the structure after exposure to overall stage of fire. The
main research work includes:

(1). Based on the determination of concrete and steel thermal model, the
temperature field model of CFST columns to composite beam frames under heating
and cooling phases were developed due to accurate boundary conditions and meshing.
The temperature distributions of columns and composite beam were studied based on
finite element model (FEM).

(2). Determinations of the reasonable material properties of concrete and steel in
ambient, heating, cooling and post-fire phases, The mechanical FEM of CFST
columns to composite beam frames were developed in order to analyze the entire
process under the combined loads and fire including heating and cooling phases. The
results were compared with ambient and not take into account for cooling phase
(natural cooling).

(3). Influence of parameters, such as the steel ratio of column, load ratio of
column, heating time ratio, the depth of fire protection, the concrete strength of
column, the strength of steel tube and slenderness ratio were analyzed based on the

curve of P-4.

Key words: CFST columns to composite beam frames; overall stage of fire;
cooling phase; temperature model; mechanical model; finite element
model; parametric analysis
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PEUA RS R, WA DVFIAA RERM IR T, g8 Ealfd, Hujox % B kK
S 3 R 0 A VR e 2 5 ME SRR RE RO BT ST AT G ARAE BT LA BRABUT e 2% 18 K
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22mEHHENERTEEEST

2.2.1 NKREER

Har, HT4WERES I KRETE A
W 26 2 O 25 B A S ) ) b A T B iR
2k, [ 57 A 7 4k 41 2R HE 1S O-834 K K
ThBE th 22, 0 & K ih AR CAN4-S101 81
BN 5F . IR E, PRl KR TR
& I AR SR K I B e, A2
TSR KK EAME, T &g
— PR ER, IEAE I R A g i P K
100 A0 48 T 0 L 52 K 3 i — B e Ak o h . 2.1 B 2.1 1S0-834 i #E T+ I it it 2%
o, R SR E LR 1SO-834kR vE T (%) R4k,
B 0N TR B AR BRI, AL R, AR BRUON TR
R IR BT A, ABBC N FHILBL, BCE N BRI BL . tpfR R 4 Uil B 22 = 10
2. H A RIE N

1) JHEB: (ABB', t<ty):

T =T, + 345 log ,, (8t +1)
2) [FLB: (BC, th<t<tp):
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T, -10417(t-t,) t, <30min.
T= ﬂ1—416ﬂ3—é%Xt—%) 30min.<t, <120min.
T, -4.167(t-t,) t. >120min.

3) KKJGHBL(CD, tp<t)

T=T)

A, T—#E, C;

t— KKAEH B, min;

th— JT B I AL IR, ming

To— =i, C, WA 20C;

Th— JHRERE I AR B, C

tp it B B 2 I I 2, min.
222AES AR EEREN

1. #4E T 773

MG I 52 KK, B M P AR SO SRR R S B SR B B
S e AR KR AE R, s A 1) AN R TR s R A A B S B o ) O RN 4
S, AR LS T oAk i AR

(1) #ufe

Al G ok 58 4 b 160 PR AN 4 2 18 B ) — AN 0 A B0 AS TR0 358 43 22 T el T 4
JEE 17 51 A PR P i A8 8 AN A T v - g 4 A D T34 50 32 kR, AT ABL A A 3 R I R 4
K BE J7 T AR AR, ] I R Ak A v A T P R R A . B S ST i g A
C(FL#EHE, 199883

q, = —k -dT /dx
A, q—HIRHEE, Wim?;
k—SH AL, W/(m.C);
T—WE, C;
-7 T PR 1) L EE B AR 10 5 1]

— MR KR, BRI R R B R Ol TR, KA RER D> H
ORI, RN A S TR . 5T T6 A G5 00 & IR ek, 2385
WA AE R Ry ST T ), DA x Bl RRED, y BN AR, BRSO

oT _, OT 0T o7

c—= + +
e o o T

X, c—EHe#, KikgC;
T_“/ﬂElilgi OC;
t_HT‘“\Eﬂ’ h:
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k—SHEAEH, W/(m.CT);
p— %, kg/m’,
(2) #ON i
PO It A2 F [ A R 5 e A B AR 2 18, TR ZE AR SR I AR A
o XU 2R A 20 7 FE R KR
q =a,-(T,-T,)
A, o — XA R, BS EN 1991-1-2:200284 ¢ 3% . o 5 I 5 ok kK
(1S0-834) 3z K i HL 25W/(m*K), HARBERIEL 30 W/(m*K), K32 K 4
WI(m?-K); 4 K 58 55 305 0 A i B e — 2% RE ., 6 U AT 8 28 T B
9 W/(m*K).
Ts— [ 3K 1 1L, Cs
Te— Ji Bl B il m AR LS, C o
(3) i Gt
TR ST A2 H8 ) A R G F G A S O ol L A Ak R A A Sy R R T R R AT e
R /NS W

g =0 | (T +273)' (T, +273)" |

X, e —GEHRN AL, BEGFE N 0.5; 18 JoB Ok 3780 #4114 i B2 vt
B, W GEE RSN RE 0.3~0.7, FEMAAEKPIALE, BT KN E
0.7, & KJF LRI 0.3,

o — Stefan-Boltmann ¥ %, HAH 4 5.67x10°W /m? - K*;

Te— KM, Co

Rk, 75K ABAQUS A IRITH AT [ #ufz 5 (Heat transfer) #5847 i 2
vk B, 0 Z0AE BT 2R AR R IR s R R v B AR Y 1 Stefan-Boltmann 4L
(5.67x107°) Fgaxt ) (-273°C), 58 s Hm & T 2 o

2. SEMRAT

TERAE B T, $AL S TR B E A E E A A, BRI HI4R 4 AL
i K

(1) ¥its AT

KR, N TR B LA A — A TSR T (To), P44 4% 1
K

T(x,y,z,t=0)=T,

(2) Lot a At

KK T HKKG, WEREE L 52 K5 5 kA RS 5 O, 2k
G BE TN, 8 T AR 2RI A

—k%=q-(’l’—'l'f)+50'[("l' +273) —(T, +273)* |
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LA, n-ffFR L L n) &

o - M IAE R AL, KK K I 25W/(m.C);

T KI@iR B, C;

-G AN R, HHE N 0.5;

o -Stefan-Boltmann ¥ %, HAH 4 5.67x10°W /m*-K*.
223 AESIRE R EMAE
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588 2 18], 8958 5 A0 B KM RLCL AT 5 W AR 2 8] 4358 96 e (Tie) £90,
RIAS % FEAH 6 38 A% o F -8 5 T e A - R A A HE B A A% 43 BT B AR o [R) R 5 %
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J7 I AR A, FUABCE WA I AT IR AR 3, P U B AL IR B R (Tie) 4
W, NS E R T DL B G S R AR A (Tie) 29, 0 5 & -k H
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HHEE N NT11 AR et 5N R EEG R E LW,
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AL T PR DL IO I F o RIS AR IR, SR FH S An A1 1K 07 VR
WY RS RG B o F G R % B Heat transfer

2.2.5 mE 7R E
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(1 FHRH:
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_ [-0.022T +48
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p.C, =(0.004T +3.3)x10°
p.C, =(0.068T —38.3) x10°
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725C<T <800°C

T >800C
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(D FRR:
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. {

—0.001241 T +1.7162 T > 293°C

(2) tEH:
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2.566x10°

(0.1765T —68.034) x 10°

p.C. = (~0.05043T + 25.00671) x10°
pC =  2.566x10°

p.c. =(0.01603T —5.44881) x10°
p.C. = (0.016635T —100.90225) x10°
p.C. = (~0.22103T +176.07343) x10°
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A 22w (2007) W TR ) K 25 0O TR L L
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S, BE TR Rt
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2.3 BREZEMN SR
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EHEZR PR B 3 A FR U RS, 43 BT AN [5) I 20 °F 10 20 A HE B2 4K & TR Bt A DA e AL &
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231 NERBELHMHEEmEEREG
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M2 m RN RIS, mE 2.4 Fro~, FHi il 2 R A & K% ok S
CAN4-S101 #HL e 11 i 26 34T o

1200 1200
1000 | 1000 | )
d=0mm =
800 | dzemm 800 |
© 600 | < 600 |
= P = .-
400 | - 400 >
. d=37 mm
200 . 200 .
0 ¥ 0
0 30 60 90 120 0 40 80 120 160 200
t(min) t(min)

(a)Bxt=254mmx6.35mm(Lie I Chabot,1992°%)(b)Bxt=305mmx6.35mm(Lie F1 Chabot,19921%?])

1200 1200
1000 |} _ 1000 |
800 | d= 800 |
o600 b O e00 |
a0 | - = 400 | L/
200 |1 5 200 |
0 L=, 0 &

0 30 60 90 120 150 180
t (min)

(c) Bxt=203mmx6.35mm (Lie FI Chabot,19921°4) (d) Bxt=300mmx6.35mm ( Al1J,2008!**))
2.3 J7 N E R EE LA AR BE ) Tt KR
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1000 1200
0T a=omm - 900 | d=omm . ==
600 | . '
O &) 600
: 400 |~ : d=71.4mm
g 300 g -
200 | gt
y d=136.5mm
O 0 1 1 1
0 30 60 90 0 30 60 90 120 150 180
t(min) t(min)

(a)Dxt=219mmx4.78mm(Lie 1 Chabot,19921°4)  (b)Dxt=273mmx6.35mm(Lie, 19941

1200 1200
1000 | o= _
d=0 mm- 900 |- d=0 mm
800 | o ’
O ~
< 600 | O 600
= NI
400 | —
300
200 |
0 0 "
0 40 80 120 160 200 0 40 80, 120 160 200
t(min) tonns

(c) Dxt=355.6x6.35mm(Lie F1 Chabot,19929?1) (d) Dxt=323.9x6.35mm(Lie #! Chabot,1992[°%)
Bl 2.4 [0 A Vi 6 A AT I B 3 Tt OG R ilh &
P _E R ) i 4 4 TR B AR FE CAN4-S101 FHiR 2k R0 T-t < & w40,
(53] 4 T BN 7 Ve ik A 5 T TR B TR R AL R I R A I R AR — 2, Bl KR
J2 B RN TR th & s K, ORIEBR S, 2 PRI L iR BRI . i BT
IWEE B F A R 5 IR & .
il

Bl K i Bk

....... I.1 i

B R K

§ A e S T
D/6 ,B/4’B/4’

(a) 15 %m0 (b) 75 ki
] 2.5 A i 25 AT T 3 LA R AR AE A
Kl 2.6 A1 2.7 FT 7 g 44 B8 1SO-834 A U T b 28 B0 a2 1) T ¥ B0 A 00 A7 460 765 Vi
AR S R SR X LR BB B KRB B AL kiR, KA ATiE S
IO E W 2.5 Fos . L, BERL TR il 2k 5 a0 ih 26 AH L B AR A R (R
i, 2007) [,
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250 250
200 | 200 | W6 A
ThEE
150 150
~—~ ~—~ 1
2 100 © 100 |
— — 2
50 50 t _/—f——”j_s_,_'—/
0 I I I I I 0 1
0 30 60 90 120 150 180 0 30 60 90 120 150 180
t(min) t(min)

(a) Dxt=400mmx6mm, [ K {32 & 35mm  (b) Dxt=800mmx6mm, B ‘k f£ 4" 2 5 30mm
Bl 2.6 5 A0 65 VR 5k 0 R () - T ¥R T () 9% R i 2k

1200 500
800 y —RIH VAR
i K{M TFAEAG 300 |
5 600 f Vi , S
Z / P
= 400 | ) j
100 |
200 {/ /
0 —-"—{F"H_'_ /i L L L 0
0 40 80 120 160 200 0 40 80 120 160 200
t(min) t(min)

(a) Bxt=299mmx5mm, i KEPE  (b) Bxt=299mmx5mm, [ K &5 )Z JE 14mm

500 500
400 NG E 400 | E—
QR 1 R .
06\300 3
- L
200 5
100 -3
0 - -
0 40 80 120 160 200 0 40 80 120 160 200
t(min) t(min)

(c) Bxt=299mmx5mm, B k{g&$7)ZE 16mm  (d) Bxt=299mmx5mm, B K {72 E 19mm
2.7 T3 BN A VR R U B (T) - L S TRD () 9% R it 2k

MHENY)TE Z KK, KGR G i B2 o3 A%, A SOR L 46 4 DY AN B
WOl N EINE, 32 kTR, BRI BL KK S, BT AR AR AR ¥ A0 R I 9 Al
A7 R BRI B B, SE NI T SR DL, B RE S A A VR IR 4 A
B R VR T P RE TR AR AR

Bl 2.8 FToR K 2452 K IR] S 30min i 48 1 1R ik B 3 A, o NT11 M1
B R, AL C. @ BIFTLUE M, B TR G AR AN — R
FITE RO, A A 3R T A K T A VR b PN S T O s A O TR B L R iR R
JERK, %O iR e N R X B W AR T 5% X T O7 AN TR e AT, H (D)
71N J7 IR A U5 B S R A A O, T A 2 I S IR 2 S L i TR AR, AR TR A%
I e O ol - S 1 D 2N T s i R - S N 1 s RS A S S 1 R | A< U
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. M FE . Bl S, 32 KR Y 1200min B, BT CUE H, 8K SR T AR
B A o R O B B AR AR AN RO TR B (20°C), AT A E IR E AR S
1SO-834 JLA{RFF — 20, [H L A% /L IR Bt L R 5 Bt o5 b i Uk 52 1 P ARG AR o 2212
B A 40 8 R T it B2 #E T 20°C, AR DR v R R, 3Kt | T TR R AR B A AR

(EREATTEEA Y Yt

MT11
+5.82%+02
+5.360e+02
+4.891e+02
+4,422e+02
+3,953e+02
+3.484e+02
+3.015e+02
+2.546e+02
+2,077e+02
+1.608e+02
+1,13%e+02
+6.696e+01
+2.006e+01

MT11
+1.328e+02
+1.271e+02
+1.214e+02
+1.157e+02
+1.099+02
+1.04Ze+02
+9.850e+01
+9.278e+01
+2.707e+01
+2.1325e+01
+7.562e+01
+6,992e+01
+6.420e+01

(1) t=30min

(3) t=300min
(@) RN BE T (DxtoxL=400mmx9.3mmx=4000mm, f,=345MPa, C60 k& #t 1)

MT11
+6,295e+02
+3.788e+02
+53.280e+02
+4,773e+02
+4.266e+02
+3.73%+02
+3.251e+02
+2.744e+02
+2,237e+02
+1.72%+02
+1.222e+02
+7.14%e+01
+2.076e+01

(1) t=30min
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NT11
+3.630e+02
+3.354e+02
+3.077e+02
+2.801e+02
+2.524e+02
+2,247e+02
+1.971e+02
+1.694e+02
+1.418e+02
+1.141e+02
+8.645e+01
+5.87%e+01
+3.113e+01

MT11
+3.172e+01
+3.099e+01
+3.025e+01
+2,951e+01
+2.876e+01
+2.80Ze+01
+2.728e+01
+2.65%e+01
+2,57%+01
+2,505e+01
+2.4321e+01
+2,356e+01
+2.282e+01

NT11
+3,89322+02
+3E21e+02
+3.348e+02
+3.073e+02
+2.803e+02
+2,530e+02
+2,258e+02
+1,985e+02
+1.712e+02
+1.440e+02
+1.167e+02
+2.942e+01
+6.216e+01

(2) t=90min

(4) t=1200min

(2) t=90min



% B8 K R AT RE AN TR e 1 A SRS ) A ML RERIE 9T

MT11 MT11
+1.911e+02 +2.411e+01
+1,836e+02 +2,384e+01
+1,761e+02 +2,358e+01
+1.6G6e+0Z +2,331e+01
+1.611e+02 +2,304+01
+1.536e+02 +2,278e+01
+1.461et02 +2,251e+01
+1.386e+02 +2,225e+01
+1.311e+02 +2,198e+01
+1.236e+02 +2,172e+01
+1.161e+02 +2,145e+01
+1.086e+02 +2,119a+01
+1.011e+02 +2.092e+01

(3) t=300min (4) t=1200min

(b) J5HE R EE T (BxtxL=400mmx9.3mmx4000mm, f,=345MPa, C60 %zt 1)
2.8 I E 3 A Ak R B K

1000 1000
800 : 800 N
------- 3 = 8 ERREERRE N 5%
gs00 fy o N, , £800 | 2
Fa00 | Fa00 L
200 | 200 |
M NV
0 300 600, (m%o 1200 1500 0 300 600, (mﬁSO 1200 1500
(a) DxtsxL=478mmx8mm, t,=29min (b) BxtsxL=350mmx7.7mm,t,=29min
1200 1200
2 3 1 .
900 W\ T z __ 900 H\ .o 3 j‘)( 3
6 F 6 - e
600 | 600 [
— =
= % - &\
O _,_.r"’ 1 1 0 1 1
0 300 60G (990 1200 1500 0 300 60G (890 1200 1500
(a) Dxt;=400mmx9.3mm, t,=90min (b) Bxt;=400mmx9.3mm, t,=90min

Bl 2.9 A R AR b AL AT T-t 90 R il £k

B 2.9 Pz oy [ 48k T 5 7 00 A7 T Jk A 4 i i 8 B I ) AR A ) R il 2, ik
10 3 A2 AN AT, AE TR O R TR R R R R 4 ] 1S0-834 BEAT T BRI AR 1L
Bl 2 K EEsh i oc DI AL, 3 A7 E k% iR R 0 s, n] WA O R L AR A
TH e it i R e R AR R AT, T R I TR AROE 1AM I S, X R RE S T A%
VR e L 1R A TR S RS AR
232 WERBELHEFERBEHEL 7

T o XS N YR o A A I R 1) 23 A SR T SR A R AR AE R R R
Sy o A AR, R BB R B S B s B A S R4, 56 B R A
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DB RS A7S'S

BN A BRI S DR B G 2 R HE SR AR AR, BT AR SCEE T UL R
BB TV, RTINS R AE SR 3 AR A, T S BN R
5 0 bE R IR H T 9 VR e AR DA R R AR (A ELAE ol A R T v AR
- EL AN KA A )8 B

NI 2 E L4 (2009) BOIepHE J0 AR 3¢ R F R A3 0L A vk st 1 2 & HE 48 (3R
B R 8, H SR FH AN 2%, BT[] 40 /87 R 48t 1 AT AT DxtsxL=400mmx9.3mm, t,=90min,
C60 JR#&E T, Q345 tNAf, BN ~FEE 306mmx160mmx7mmx7mm, FRHR 55 A
80mm, %M 1SO-834 vk TH i #h £k THE 90min. T UbAHESE & s 2 v . # A
FEAWE TR B BEAT o0 Mo B 2.10 Ay (5] A 1 400 /6 Vi 4 + A - G A B8 v 2 A3 AN [] it
ZIU B 7 M AR A s BB (A R B0 5

MT11 MT11
+7.096+02 +2,343e+02
+6.505e+07 +7.650e+02
+5.914e+02 +6,957e+02
+5.323e+02 +6,264e+02
+4,732e+02 +5.571e+02
+4.140e+02 +4,878e+02
+3.549e+02 +4,185e+02
+2.958e+02 +2,492e+02
+2,36Te+02 +2,799+02
+1.776e+02 +2,106e+02
+1.185e+02 +1.413e+02
+5.535e+01 +7.200e+01
+2,346e-01 +2,700e+00

(a) t=15min (b) t=30min
NT11
NT11
:g.ggiem? +1.0042+03
GO +3.262:+02
+7.554e+02 .
s +5.479e+02
e ente +7.636e+02
oot +€.314e+02
+3.396e+02 +6.131e+02
+4.830e+02 +5.348e+02
+4.06de+02 +4,565e+02
+3.297e+02 +3,782e+02
+2.531e+02 +2,999:402
+1,765e+02 +2.217a+02
+9,98e+01 +1.4342+02
+2.326e+01 +6,5092+01
(c) t=60min (d) t=90min

2.10 (53 7 T 4 7 TR Uk - HE SRS A AN [R] I 221 3L 15 37 22 Ak B AR

B 2.10 AT DL, HRE VR 4 o A - R E SR R IR AR AN
TR A THE B S TR, Rt TR EE VR I B S T A AN, X il
TR B LA G KRGS . T B 2.11 B Jhy 15 8% 40 8 TR Bt Ak i S R AR
i T-t KRR
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200 % 200
0 | : . 0 . .
0 30 ¢ ?Qﬂn) 90 120 0 30 ¢ ?Rﬂn) 90 120

(a) HE# (b) Rakif

B 2,10 A TR e A AT B AT Tt SR AR 2k

Bl 2,11 Sy 4K VRV A - R HE R AE iR T AR S RO T-t SR LR, Xt
TR D AESAE F, AR S AR A IR AR AL, T T HE S8 AN
(1) 38 25 R0 AR UL B AR ZE AR /N, SEAC TR I 2108 f e VL

A sk DA b6 R v A A R T A - SR A 2R R 3 1) b T L, A DL RN
PR AR R 1SO-834 b E T L it £ 1B AT FHIRL, 11 R /00 Y 4% L 5 AR A U A X S S
T 43 B B T L S KRG DL R R T R R B VR R A - AN R A A E SR )
S A AR . HAR RS 5 s v T AN TR e A A R, B A2 K TR
1200min, A IR G 90min. N 2.12 B Ay (R Ak A A VR At HE 40 SR A
75 T+ B AN TR I Z1 1 5 B2 3 AR A A s R

NT11 MT11
+8.278e+02 +1.002e+03
+7.590e+02 +9,234e+02
+6,901e+02 +3,451e+02
+6,213e+02 +7.668e+02
+5.524e+02 +6,885e+02
+4.835e+02 +6,101e+02
+4,147e+02 +5.318e+02
+3.458e+02 +4,535e+02
+2.770e+02 +3.751e+02
+2.081e+02 +2,968e+02
+1,393e+02 +2,189e+02
+7.042e+01 +1.401e+02
+1.561e+00 +6,182e+01

(a) t=30min (b) t=90min

(c) t=500min

MT11 MT11
+2,456e+02 +2, +
+2,2680402 e
+2.080e+02 +2.740e+01
+1.892e+02 +2.666e+01
+1.704e+02 +2,5%2e+01
+1.516e+02 +2.518e+01
+1.328e+02 +2.444e+01
+1.140e+02 +2,370e+01
+9.520e+01 +2,2%96e+01
+7.640e+01 +2,222e+01
+5.760e+01 +2.148e+01
+3.880e+01 +2.074e+01
+2.000e+01 +2.000e+01

(d) t=1200min




DB RS A7S'S

2.12 52 A A e VR Tk - A R AT AN [ I 220 i S5 3 AR K R

M 2.0 ] L, A R v R - R A R A 2 R TR DL A PR S IR R AR AL
By FHELB S il R B R AR L, B N BRI B LS 500min 2 Ay,
PG LI AT IR EIRE (20°C), (HAR B IR B AR IR EE AR A B i, I B
TAZ IR - A T SR, B AR S AN N TR B A AL, X LR
BEAT EE AT, T AE AN A VR U A S R B 11 IX S AR T A A B, X
HE TR T 51 AR 1 . B 2.13 BT 7 Ay 15 48 T AN A VR o6 - A A 1 5 R Ak i
T-t RARME R,

1200 1200
900 % ? 900 =TT
AU N s — [
:6 - W :S ——
600 <600
— —
300 } 300
0 / : - 0
0 300 60G (@90 1200 1500 0 300 60G (R0 1200 1500
(a) LA (b) AT

Pl 2.13 [5l 400  R ot  AT AT 5 R D T-t O Rt £k

Kl 2.13 £ TR Bt 1 A - SR A A R A 2 T8 TR L% R S A AR 1T A
UM T-t XRME, W TNERE AT S, LHMES BmA AL, T
T TN S 1) 3R R I AR I B A 2= AR DN, A (R B B8 B i B, T HL 55 1S0-834
o 7R T A a2 A b S AR — B

IS A TR AR A VR R AR - R NE R AR 2 B TR S BRI AR R IR 3
AR AL AR, BT AN A VR Sk T A AR BxtaxL=120mmx3.46mmx1450mm, t,=90min,
C60 JR#&E 1+, Q345 @WAf, FR~FEH 160mmx80mmx3.44mmx3.44mm, $% 1
1SO-834 v Tl il 26 FH i 90min. 11T L AE S8 & o 2 P, MOHY 26 Al T 91 6 %
HEAT 081 & 2.14 Fr o S J7 28 T A0 4 TR e A AR T S R R T-t ok R & AR R
A

MT11

+8.108e+02
+7.028e+02
+6.948e+02
+6.368e+02
+3.788e+02
+3.208e+02
+4. 628e+02

MT11
+9,937e+02
+9.471e+02
+9,005e+02
+2.53%e+02
+2.073e+02
+7.607e+02
+7.141e+02

+4.048e+02 +E5.675e+02

+3468e+02 +&,20%e+02
+2.888e+02 +3.7432e+02
+2,308e+02 +3.277e+02
+1.728e+02 +4.811e+02
+1.148e+02 +4,345e+02

(a) t=30min (b) t=90min
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MNT11 MNT11
+3.038e+01 +2.000e+01
+2.952e+01 +2.000e+01
+2,865e+01 +2,000e+01
+2,779e+01 +2,000e+01
+2,692e+01 +2,000e+01
+2.606e+01 +2,000e+01
+2,519e+01 +2,000e+01
+2,433e+01 +2,000e+01
+2,346e+01 +2,000e+01
+2,260e+01 +2,000e+01
+2,173e+01 +2,000e+01
+2,087e+01 +2,000e+01
+2,000e+01 +2,000e+01

(c) t=500min (d) t=1200min

Bl 2.14 75 A3 T A A T Tk - AE SR B A AN [R] It 221 3L 5 3 8 A R A

M 2.14 WAL, D5 A T A A VR A b AT - G NE SR AE 2 RE TR DA K R e IR
JEARAC A D . AETHIR B B, U AT HE SR Py AR A I ) A SR A1 i 2R AT MuAR S, AE
BETHR A R A, AN (BRI 70D SHoGB 2 e sl 5, THR B =il M
FE S AR AR AR AL s HE NP BE LLJS 500min Zi Ay, 4N 3% O 20 BE AR 452 00 34 B
(20°C ), (AN VR Aok A a2 AT A 65 vy 3 2 Rt ol A% o VR ok e ) b 2L 1 5
AL, T A A A R U A S A R O 5 Y DX R R AR T AR B BRI, X B
B AR M SRS . 1B 2.15 Ptz b (5] 48 400 7 VR ek AT Al 5 R AT T-t
KA ML B, H A AL A L 15 A8 A0 7 T Tk 1 A - AN R AE 2R A — B

1200 1200
1 1 3 flange

900 FA  Toooi- s % 900 web

6 - 6 —

600 600 |

- -

300 } k 300

0 / - 0 - : : :
0 300 600 (890 1200 1500 0 300 60Q (890 1200 1500
(a) FE#kIH (b) ZA I

Ve 2.15 Ty A% TN VR Bk AR AR T S A T-t 0% &R il 2k

T & BN TR Ak AT -4 A BT T HE BRI R 3 AR THIR S BRI O R A ) AR A KR

HE, HARRSEIWLEE =35, W 2.16 Frox, gl S HEZR TR ) 4 29min, 404
WREE A, N (CANEFE EEGRME I ) BLRERT 52 KX 3k,
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HT11
+2.363e+02
+7.683e+02
+7.002e+02
+6,322e+02
+3.642e+02
+4,962e+02
+4.281e+02
+3.601e+02
+2,921e+02
+2,241e+02
+1,060e+02
+8,802e+01
+2.000e+01

HT11
+1.562e+02
+1.44%9e+02
+1.33%e+02
+1.222e+02
+1.108e+02
+9.245e+01
+2.2810e+01
+7.675e+01
+6.540e+01
+5.405e+01
+4.270e+01
+3.13%e+01
+2.000e+01

(a) t=29min

(c) t=300min

MT11
+4,04%e+02
+3.728e+02
+2,407e+02
+3.087e+02
+2,76de+02
+2,445e+02
+2,124e+02
+1,804e+02
+1.483+02
+1,162e+02
+8.415e+01
+3.207e+01
+2,000e+01

HT11

+2,695e+01
+2,637e+01
+2.57%+01
+2.321e+01
+2.463e+01
+2,405=+01
+2.347e+01
+2.28%:+01
+2.232e+01
+2.174e+01
+2.116e+01
+2,058e+01
+2,000e+01

(b) t=90min

(d) t=1200min

€] 2.16 2 & HE LA (7] I 20 Ui B A8 A 0

H B 2.16 A7 UL, 6T EN A TR B R - A A T T E SR T R R L R R R
FEARAL I, MR R R t=29min i, A GHESE R SR g WA R L, AN
VR 45 0 MR AR AZ O TR 5 U RS AH N AR s AR BRI e FR b, A A VR U R AR
WG T RN R LA, X TR TR LM AEESI RN, KA&)
1200min 2o A7 (P B3, 1 T4 G HE BRI R S AR R IR A R iR R

Kl 2.17 Fros AN TR Bk LA -2 G R AR QL A R XA R B T-t KR
thek. K 2.17) 0 W, 41A FEAS R E 1R B AR A0 AN AH R (1), 40 5 Vi g - il
(2 P W S S T R R G R, X 5K 2.16 — 3. B 2.17(0) i b 4L A A
ZEAENT S DA TR LA A T-t SRR ML, LR AR AL AR S R AR A A A A
L, N R E 5 1S0-834 Ay vl T B il 2 FE A — 55, 1M 4% 0o Vi 5% 1 ¥l &8 A %)
N SIS ol S S T N [ 1l 2530 PP = W R VA = S = 0 O s el W A
PLE 2 JgBE Bt 55 DIA, AL E 3 AN IR B AN AN R .
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1000 1000
800 | 3 S 800
....... 3 2

oo | e

3
“a00 FR " 400
200 f\.\L 200

o L 0
0 300 60§ 990 1200 1500 0 300 600 940 1200 1500

(a) 414 R (b) kT p X 4R 4 ¥ gt - A8 i
&1 2.17 A0 T R b R -2 R HE AR Tt 5% R bk

TR b AR T 2 SR AR AL 43 AT 2 R K U A i R ) T A T TR g -
A NSRBI A . AL A HE SR P R A S B . T AN TR B A
BxtxH=400mmx9.31mmx3300mm , L “* J& 44 % # 1 & : H320mmx160mmx
mmx7mm , A+ 9 ER AR % 80mm , AW A VR Bt A& AR bgjapXtsiapXLsiap=
1000mmx80mmx6000mm, HEH A [m 4N JF  8@200, 73 Aidl i 8@200: #4414
16, [H#E 200mm, ¥EZEENE 7 HEHEAE, HE 3 0=0.1, Q345 44, C60 &

Hto ¥ 2.18 Sy 4 G HEBEAN [F] 52 K 203 FE AR A LA

MT11 MT11
+3,007e+02 +4,2082+02
+7.354e+02 +3.874e+02
+6,700e+02 +3.540e+02
+6,047e+02 +3.206e+02
+5.394e+02 +2.872e+02
+4.741e+02 +2.528e+02
+4,088e+02 +2,204e+02
+3.434e+02 +1.870e+02
+2,781e+02 +1.536e+02
+2,128e+02 +1.202e+02
+1,475e+02 +2.681e+01
+8,215e+01 +5.340e+01
+1.682e+01 +2,000e+01

(a) t=29min (b) t=90min

MT11 NT11
+1.462e+02 +4.432e+01
+1,357e+02 +4.229e+01
+1,252e+02 +4.027e+01
+1,147e+02 +3.824e+01
+1.041e+02 +3.621e+01
+9.362e+01 +3.41%+01
+8.310e+01 +3.216e+01
+7.25%+01 +3.013e+01
+6,207e+01 +2,811e+01
+5.155e+01 +2,605e+01
+4,103e+01 +2,405e+01
+3.052e+01 +2,203e+01
+2,000e+01 +2,000e+01

(c) t=300min (d) t=1200min

Kl 2.18 41 & HE S A [F] I 2103 8 A2 1 B A
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(2) I g 57 2 A AH O Bl 6 11 8 7 VR e 1 A IR 3 A B e S A 3R AT )
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T L A AR . 5 AR W], T 7 VR g A 1) A A 45 2 5 ATE 28 R iR
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TREARAR T, TREHR Q235 4. Q345 M. Q390 M K HH 1% A 1Y ok 2Rk H N ) -
NAF R, BIE 3.1 () s, WjSMEsEh: #dEB(oa). #AHM: Bt (ab). MM B
(bc). Ak Bt (cd) AN — ¥k ¥ U B (de) CEhAkiE, 20070, 53504 I8 W W AR T
BHIBRL, TR, R I 3.1(b) s K OE FR £k, B B (oa) AT
1B (ab). sRALBEAIAEEE AT EL 0.01Es, Es AANHMF AU S PERE B . 3 U T A0 b4 2 1k A
B E=2.06x10°N/mm?, KA EL vs=0.3. A SCHh AR KK B B, A0 A4 34 5% 4% 1) 5
IAPEREAS, A2 Von Mises Jit BRI, SR FH AH SQ I h vk DU R T B A 80 1 &5
EERY A7
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IR Ty - R AR e, e fou fys fu 20000 S BARE B B 49 AR R < e e AR R AT e 437
FERR IR o N 7 - 10 A e A A B ) 2 R 8 Sk

E.&, & <¢,
2
-As; +Bg, +C E, <& <&,
f E L <ESE
el — “e2
Os= y T (3.1)
f[1+0 6ﬁ] ,<&,<¢
y ' e2 s — “e3
)
16f, g E

A, &=0.8fy/Es; &i1=1.56 &2=10&1, &3=100&;

A=0.2f,/(e1-&e)? B=2Age1, C=0.8fy+As’-Bee.
2. JHEEB

Tt BN A 1 N ) - N AR R AR 22, ) W . Ramberg-Qsgood A5 2 |
Rubert-Schaumann %, Poh fi7% ., ASEC #i#!. Eurocode3 2%, A KM
Liel®202y i () i N A A IO 7 - AR K &, AR (2007) T3 5 36 73 2 1Y
A7 %% 1t S RN K B B BE e A B, K FH 2B 2R R 6 B R UL K 9T BN R 1 g 2
e, HAARIEAXWX(B.2)FrR. THEFE P RA SR E Egny i IRGREE fyn £
J R N AR ey HH NV - AR OC R A2, R Xz . AR AR A2 B B2 3 RS2 i AR /)
It AAS SCHL 0.2

f(T,0.001)
Es
_ ] 0.001

Og =
W% + f[T’(gs —£, +o.001)]— f(T,0.001) & >¢

A, g=4x10°,;

£(T,0.001) = (50— 0.04T ) (1— ell-a0+00a7 )V°-°°1]j x6.9

&s S &p

(3.2)
p

£[1, (&, —&, +0.001)|= (50-0.04T)x (1— gll-owouem) =, 70001 )x 6.9
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KK Ja AH TR, 1T e R o B R e Al YA DL i i S A B AR B AR T T BRH KK A
IS, HEkAHEEBRLEMERKE ., BAaREaT:

_{ E.(Toa)e £<6,(Ta)
o=

fy(Tmax) + E;(Tmax)[g —& (Tmax)] &> gy(Tmax) (3.3)

Hort, £ (T, Toa) = T (T —TTmax j [fyh T .)- fyp(Tmax)]%J Boe il 3t BN B 1 e IR

JEE;

gyc (T ’Tmax) = gyh (Tmax) -

T T, (1), (T, ] WAL 6010 5%

e Ty = (T Toa) oy s B gty 3 A R

gyc ( 'Tmax
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