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Fig.2 Motion diagram of joints
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Fig. 3 A model of rigid steel frame structure
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Tab.1 Component parameters and material properties
LE R R F T / (mm X mm X mm X mm) A A/ m? AR /m? AL /m®
7 300X 250X 8X12 8.208 X103 1.385X10°1* 1.016X10°
A 400X 300X 12X 18 0.015 2 4.425X10°1 2.460X107°
et 400X 400X 12X 16 0.017 2 5.220X10 1 2.860X1073
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Tab. 2 Calculation results of two methods

AR AR AR AR
RIS MR/ KRGS/ KRR TI/ RBAER T/

mm mm kN kN
XEk T 177.0 140.0 540. 29 1080.7
A3 181.1 134.6 540. 32 1080.7
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WA 4 B BB 6 mo A1 3 m, kE 5 LT 22 [R)] [
g5 AR R RE ) S 2 W A ORER Q345 B9, Hif
PRI E=206 GPa, % ¥ 0=7 850 kg/m", 2 4F
AR E R SF R 300 mm X 150 mm X 10 mm X

8 mm.
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Fig.4 A model of semi-rigid steel frame structure
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Fig. 5 Horizontal displacement time history curve

of particle 2
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Tab.3 Maximum horizontal displacement on top of

the structure

NN RS F R IEAFE/mm TR AL/ mm
SAP2000 1.95 —1.45
ARSIk 1.81 —1.34
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it E=206 GPa, A RAF b oB 2803k 1
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Fig. 7 Column removal cases
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Fig. 8 Vertical displacement time history of the failure

point A when side column fails
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of the bottom beam
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~ 1000 —E- R Tab.4 The time of the appearance of plastic hinge
i when the side column fails
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-2000 -
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‘25000 05 10 15 20 5 0.5565 0.5610 0.5634  0.567 3
t/s 26 0.5568  0.5629  0.5662  0.5715
N 7 0.557 2 0.561 7 0.564 1 0.568 0
10 7 =3 BNEE) . . . .
[E Vi{ iéﬁ Eﬂ_iﬁi 37 0.557 3 0.563 4 0.566 8 0.572 1
Fig. 10 Axial force time history of No. 7 column 15 0.5574  0.5635 0.5667 0.572 0
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Fig. 11 Maximum dynamic axial force and maximum
static axial force ratio
350 i
N+
B2k
~~~ - D 1 ~ ]]
g 20 R
E 2001
§ 150 |
< 100}
50
0 2 3 4

2.3.2 PAK B 14 NP AERBON 4 LS
o 2 5 i e M T R 2kl TR I 2 4 2
RO, A B[] (582 I Sl 2 50 W 4 2 A R T AR
‘*EE‘EJJE% MK — 5 T R i 2 R X 254 B 9

c

H12 KREABREWBHEEZME

Fig. 12 Bending moment difference at the left end

of the bottom beam
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Fig. 14 Vertical displacement time history of the failure
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semi-rigid structure and rigid structure
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Fig. 16 Bending moment difference at the near end

of the bottom beam
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Fig. 17 Bending moment difference at the far end

of the bottom beam
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Tab.5 The time of the appearance of plastic hinge

when the middle column fails

98V B B ] /s
FRHE T CERMET R

994 o o B
BALE A4 A3 Rl Bz

18 0.550 2 0.552 1 0.554 3 0.557 6
20 0.550 2 0.552 1 0.554 3 0.557 6
29 0.550 6 0.552 3 0.554 4 0.557 8
31 0.550 6 0.552 3 0.554 4 0.557 8
40 0.5511 0.552 7 0.554 7 0.558 1
42 0.5511 0.652 7 0.554 7 0.5581
17 0.5512 0.554 5 0.557 5 0.562 1
21 0.551 2 0.554 5 0.557 5 0.562 1
28 0.551 3 0.554 4 0.557 2 0.561 9
32 0.5513 0.554 4 0.557 2 0.561 9
51 0.551 4 0.552 9 0.555 0 0.558 3
53 0.551 4 0.552 9 0.555 0 0.558 3
62 0.5515 0.553 0 0.555 0 0.558 3
64 0.5515 0.553 0 0.555 0 0.558 3
39 0.551 8 0.554 8 0.557 6 0.562 2
43 0.551 8 0.554 8 0.557 6 0.562 2
61 0.5521 0.555 0 0.557 8 0.562 4
65 0.5521 0.555 0 0.557 8 0.562 4
50 0.552 2 0.5551 0.557 9 0.562 4
54 0.552 2 0.5551 0.557 9 0.562 4
73 0.552 9 0.553 9 0.555 9 0.559 0
75 0.552 9 0.553 9 0.555 9 0.559 0
72 0.555 2 0.557 6 0.560 2 0.564 4
76 0.555 2 0.557 6 0.560 2 0.564 4
3o i
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Dynamic response analysis of semi-rigid steel frame structures
resisting vertical progressive collapse

QU Jiting" » LI Zhicai

( Institute of Engineering Mechanics, Faculty of Infrastructure Engineering, Dalian University of Technology,
Dalian 116024, China )

Abstract: Based on vector form intrinsic finite element (VFIFE), a model of semi-rigid steel frame
structure is constructed. Considering initial deformation condition the transient unloading method is used to
analyze the integration of static and dynamic analysis before and after the component is removed. Through the
dynamic nonlinear analysis of a plane semi-rigid steel frame structure, the dynamic response is studied for the
residual structure resisting vertical progressive collapse after the failure of different columns in the bottom
floor, and influence of different node rotational stiffness on collapse resistance of the steel frame structure is
compared. The results show that the node rotational stiffness has a great influence on the vertical progressive
collapse of the steel frame structure. Therefore, it is necessary to consider the true connection stiffness

of beams and columns in the study of the vertical progressive collapse of steel frame structures.

Key words: vector form intrinsic finite element (VFIFE) ; semi-rigid connection; progressive collapse;

failure of columns; node rotational stiffness



