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Research on Fire Induced Progressive Collapse of Steel Frame Structures
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Abstract: To investigate the progressive collapse mechanism and the initial failure rule of multi-
story steel structures under fire conditions, the static-dynamic conversion analysis method was
developed based on the predefined field and restart function of ABAQUS. Applying this static-
dynamic analysis method, the failure process of a steel structure under local fire was simulated
and the initial damage mechanism of multi-story steel structures caused by the damage of column
was studied. The influence of restraint stiffness ratio and load level to the initial damage
mechanism of steel structures under fire conditions and dynamic effect of the whole structures was
analyzed. The study results show that the static-dynamic conversion analysis method is feasible
and the dynamic amplification coefficient of the column initial damage lies from 1.2 to 1. 5.
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Fig.1 Procedure of Static-explicit Conversion Analysis
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Fig.2 Structure Model
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Fig.3 Failure Mode of Structure

XA 2 A R BEAT AR A A AR T 0 A
I o 32 JORE A8 AT T2 76 55 A il 0 22 AR EE ] 4.5
Jr. 4.5 aTRUE OO0« B, i T2 KR
JETH iR 5| 2 i A B o (A TS A% AT Bl g 3 5
@a-bBt. 3 KA A i il b A A 7 A 8 ) 3 F%
FETAL B A ) TG R B iy TS50 18 A AL 8 1R
BT BT LLEEAAE b 5 B [0 B AR S s O FE be
B B R B T AR RS BOR B E ¢ kb il T
FEAR BT B RS RE R FH B AT 280 45 4 R AR ] 0
{878

w4 ad B 3l 5 o0 B S5 R AR i T S ORI
AT T B R il 2 8 6 I 18] P4 2R T B HL
h 2B — D B A AR L A B 7 20 A DA
B 3R . PRI SR FH A SC R ) -3 ) e i o
JTIE S M IE R AL T 46 K A= T il A5 B 3 2D Ak Y
BERDAR A D W i AR 25 = A B 3 3l 19 5 2k %t
RS M A5 A HEAT 5 X2 T 20 M 1 i T AR A T
Tl 57 B A 4 AR R B 6,7 iR .t 6,7 AT LA
R B A AR R B IR E] PN AR S T S

KT A7 #/cm

0 100 200 300 400 500 600 700
W JE/C
B4 3FMOWMAENEMABLETLITEE
Fig. 4 Comparisons of Displacements at Top of Column for

Using Three Different Analysis Methods
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Fig.5 Comparisons of Axial Forces of Column for

Using Three Different Analysis Methods

B 1] {7 £ /cm

d4 d6 d8 tO
I [7)/s
6 B NHITIE P E @G TEHE
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Fig. 7 Time-history Curve of Axial Force Using

Explicit Dynamic Analysis Procedure
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Fig. 8 Variation Curves of Displacement-temperature

Under Different Axial Compression Ratios
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Tab.1 Structural Damage Temperatures and
Failure Forms Under Different Axial Compression Ratios
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Fig. 9 Relation Curves of Ultimate Temperature-axial
Compression Ratio
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Fig. 10  Variation Curves of Displacement-temperature

Under Different Restraint Stiffness Ratios
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Tab.3 Dynamic Magnification Coefficients Under

Different Axial Compression Ratios
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