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Abstract: In order to study the effect of brace on resist progressive collapse of multi-story steel
frame after the destruction of the key column, instantaneously applied load method was employed
to perform the elastic-plastic dynamic analysis of three kinds of concentrically braced and two
kinds of eccentrically braced steel frames with failed middle column and side column. The results
show that the ultimate bearing capacity of resist progressive collapse of steel frames is not
improved by using no matter which kinds of braces while the structural stiffness is increased
apparently. No matter which kind of brace is adopted, the influence of middle column removal is
more evident than that of side column removal. Eccentric brace does not show better behavior
than concentrical brace, on the cortrary, it will decrease the stiffness of the structure to a certain
extent.

Key words: progressive collapse; concentrical brace; dynamic effect analysis; steel frame; stiff-

ness; instantaneously removal column method

Y F5 B #:2012-11-05

EETH :ERARBAILETH (50878066) ; [{ 5 /i 24 I & P Z A & ¥E B3 H (201206120221) 5
v g B S A Bl 55 9% % T FT 4 950 H (HIT. NSRIF. 2010014)

EEBAE 985 3B i db A K EN, T2# 8755 42 . E-mail ; gaoshan@ hit. edu. cn,



2 AHAFE TRFR

2013 %

0 51 T

A M 1968 4 # [E Ronan Point 2\ 8 K& 2k % 4¢
B Lk A b S se pE R A i — B
B AP LA BT N B OGTE , AE 1996 4F
K [E Alfred P. Murrah BB AN 2001 4F 52
DA E R A A LB R A, T R TR
70 F PN 25 R P i 22 B 3 ) I AT . AR 4 ASCE
() S s 25 1 % 25 180 B 02 48 25 4 52 31 35 A0 o 3k AR
FHTT 7 A= Jr R A 1) At B T i e L B 4 B A 1
e Al 55 0 b 0 PR R B BB 1 3 B

AR 22 [ AR i 52 1 AR R 0 BT LA B7 1k 25 44 78 2%
HEROE R OR JS A AR S PR B 8, g B O BS
8110-1:1997" (KR #1035 EN 1991-1-7. 20035 | 2
B 0t 5 55 B B R MY GSA 2003 | 35 [ [5] Bl # KL
i UFC 4-023-03") %, £ 45 45 B (9 P31 35 15 1T
0 A S5 A B I SR B T O A o H AR R OTHE
A B i B0 BB, higs
JRy R IR % 5 5 A B PR SR R ) 4
P R TR0 5 S A A A 5 o X T 5 AL B i
151 153 1 BIF 50 R T 58 7, — S 2 S B0 35 ) T 3 8 151
B3 AT — S A B E  F gT 0 (H R E
WHALA I T Ve &3 IR G hiEa
Wit k.

TESS TR R DU SB35 o fr b, FE R
SR BRAE R 1 3 B VAR R AR R 1 e i S AR 2t 3l )
AT . CHASHE Y OGS AR 5 AR AR IR I L AR XY T
TE AR 56t B (1] A K JHG T 32 £ 280 2 % 31 15 2R R0OHE A i 1Y)
TR A IR R — s my gl g ol R T, G
SEAEE SR S T o — AR Bl R TR
A J5 v v LA AR 2R 3l ) 43 B d5c 4 30 52 B 45 4 A
HESEIR N B RN . T AR RS A e B
A% 0 Bl 3R VEFRS B 2 L LA AR 2 vk iy JE Lk
(B30, it LA T 40 A K 5 B L v J2 R A A i R
45t

ol SCHEEAE D — T P RE A R 3 ] 5 1 AE RE
JolF W T PR B b LAHEHT A 107 285 10 /0> 32
5 N Ay 4 R 3 B 1Y) SR Xl iz T R AE
AT ai PR it A FEREVERE 0B &
AL AL ST HOUR BT AP B B e — o
b B e P v SCFE R O S L T DA S
{30 5 A8 14 FH 1 25 00 0 B 430 388 15 3 v s DAHET 188 0] A
B LIMAN I W E R I AP EE KR
W o 5 A 1 X 88 ] A3 A A AR T R AN [R] S 4%

T 2K B8 - 1 S 45 9 HE 2R 2 A7 AR AR Ak 3 T S R A
AT 50 405 1) 328 2 380 333 I 1) 20 3 28000

1 SH7TE

SR FH WG 5F 7 325 ok 45 4 2 47 328 2 48 338 3 7 B iz
Srp a1 R o g AR TSR AR A5 4 B
ey AT 2. 1 ST AE A A L i 2 A e 3 B AS
Y BR824 i TR PR A — 20 T B il L L
— 5 6] [ DA R B 45 ) 194 245 G SR R, DA A0L 245 4 4 F
{14 2 3505 AT Xk 65 ) LA S IR Bl F) 23 An T 2 e
R H L PO RN ST Po D FE R AE (8 £ 2
IS TT t I TR 2 D R P O A ] B Y A
TIAE ¢ WD 0 MRS SRR 4 Trb iy BLE & 2k i [a]
WOR T AR EE R IEA TN T /) 1000 ACHRAA
FROCHEMF ABAQUS #EAT A, JF At AT AR L1k 3h Ty
o HT .

[TTITT] T[T
[TTITIT] [TTT 1T
” (a) 7,;33‘%1 T (b) S#2 -

1 BEFEEESNSR
Fig. 1 Analytical Steps of Instantaneously
Removal Column Method

X R Bk 2 S5O 1 Je 1) SR Ax S5 4 R 5 oK RiE
I Tocx VE R M S8 TSR BEJT L Toew 19 E LN
et i) 45 A A 28015 TR0 A £ R 14 A BIR 18 1) 8% A T AR 2
Al

ID(‘R:i Q)
qll

VL LR I O R [ I R = AP
Pushdown ('8 [n] # ) 750 1 £k 5715 .

2 SWMERRSH

AP RERERAZEHETRITT 1M 6 5
12 J2 1 T 89 A 28 5 x5 HofE p
P50 B5 B 6 m, 25 N
B8 3.6 m, I 1 B AE B Y
Benlh b R E AR A A W
Q7 ) 5 A A 3 A
TCHER 2 B O B A
X B 2%V B 52
BV AL VR
o0 32 4 L VR R L 52

(o> t

B2 Pt
Fig.2 Pt Curve



% 1 4 BooL L F A HEMER T RREEIRE SRR BRI 3

LB 3 MBS MAELE . TR B A AR
FHEL S H B8, 32815y HN450 X 200 X 10 X
14,585 1~4 JZFHE S HW400 X 400 X 13 X 21,4
5~8 JZFERIE S HW350 X 350 X 12X 19,45 9~12
Ak B o HW300 X 300 X 10 X 15, 3% #% % A
HW175X 175X 7.5X 11, R4 3cuk[ 1174 s,
TETCRFIR BOR T o A o0 52 75 FE 58 92 By < B2 T Bt
K 102 ~15% , A ¢ HL 15% 1 B2 K, B 900
mm, 324K SCHE SR T HRB335 8 . 89 44 5
P HL 206 GPa, % HL 7. 85X 10° kg » m™*, i #F
MOBE A f 3k A U B R R A M., 1
ABAQUS LIt FEH g B2 55T B31 SR BE4UAE 22 Hh i1y
o R SO TR B B AR T DR /INAR [ 7 15 o) 49 A1
T, 70 W 2% FE 2 kE CL A AE C4 2 R4 i R 4%
S5 B B 3 SO

T B UE AR R Y TE B Pk 2k BOCSCER [ 12 ] o gk

o
X
(=1 &
(=]
A=l
o
ol
A X
/. =
V S
ony
o
X
8__
Cl c4 ©
777777 777777 777777 777777 777777 777777 777777 T
6000X6
& o & & & o o
(@) % HIER
-
X
(=1 &
S
e
o
ol
X
/i S
\/ \/ \/ °
Ny
o
X
(=1 &
S
el
AN NN LN A
7777 77 7777 777 7777 77
6 OOIOX 6

& o 5 & & o o
(c) VRO HEHESE

N NN ST
e Y NEN, N

6000X6
1 1 ! 1 1

&b & & & o o
(e) VL3 HEAE SR

102 5 GR A PF3) FIPE 2 P GR 1 PF4) 49
HEZR K A B0 HEAT B0 0E . ] 4 A B T AL 7Y A
R 1 ACE ff -t & L. B 4 AT R
BRSNS 45 RS R A RCR Y Bt
3 U AN B A K R B31 2 B8 50 AT DLAR U M
A HEZE I ) 2= PERE .

XPiAE CL R AT C4 RIS 1 80 4% 45 74 43 )
HEATREAS A3 A o T LA BB AU (4 BEAS R B T M2 ip 2
B F 3R A 01w, o 3823 R 5 R BHE 198 %
JEEBEL TR X 45 48] 1 52 1) 7T R 90 7 S 45 48 B HT 2 B
I A% R BRLJE L SR 15 25 i Y BELE . AR 95 < 45 44
B ) (GB 50017-—2003) , 45 44 (1 FHLJE F B Ky
0.02, Xtk C1 Rkl C4 28 80 1) F 4 45 44 i
1 Pushdown 7387, S HELZR I 73 T S 8040 36 1 s
Horfroa, B 43 I R o B JE R BRI BEL e &R 5K
MERLIAT LLFE S HE SR (% P AR A 22 1 5 e

o
X
(=3 A
3
3
(74 =3
o
(:.__
X
8__
CL C :i
7777 77 7777 77 7777 e
L ) 1. 6OOIO><6 ) ) |
® @ ® ® ® ® @
(b) XE . iEHESR
oF
X
(=i 5
S
N aANES
i =4
=
%
(=1 &
ZONEZANVZAN I VAN &
Cl C4 )
7777 77 7777 77 7777 7Zaa
L 1. 1. 6OOIO><6 1. 1. |
® ® ® @ ® ® @
(d) RVEIG.OXHEHEL
o
X
(=3 &
3
/ N\ / N/ \ / N\l %
ra S
o
%
(=3 &
S

N NN N

6000X6
1 | | ! ]

(O RVE AL

B3 MEZRIE(HEA:mm)

Fig. 3 Elevation Drawings of Frames (Unit: mm)
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Fig. 6 Vertical Displacement Time History Curves
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Tab.4 Maximum Values of Internal Forces in Adjacent Column After Middle Column Failed
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