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Collapse Modes of Double Span Steel
portal frames under fire
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Abstract: This paper adopts a finite element model to
simulate a fire test of a double span steel portal frame and
the result proves its accuracy in simulating the collapse
behavior and collapse mode of double span steel portal
frames. Then the finite element model verified by the fire
test is used in the numerical simulation of the collapse
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process of double span steel portal frames. Six typical
collapse modes are summarized and compared with the
collapse modes of single span steel portal frames. The
influence of the mid-column on the collapse mechanism of
double span steel portal frames under fire is analyzed. The
effects of heating conditions, stiffness of column base,
connection form of mid column, load ratio, fire
protection, cross-sectional temperature gradient, span-
height ratio, and column spacing on the collapse mode of
the frame are investigated. The results prove the accuracy
of the finite element program in predicting the collapse
process and collapse mode of double span steel portal
frames. The parametric analysis indicates that heating
conditions have a great impact on the collapse mode.
Stiffness of column base, connection form of mid

column, load ratio, span-height ratio, and column
spacing only affect the side column collapse modes and
overall collapse modes while fire protection only affects
the mid-column collapse mode. The existence of cross-
sectional temperature gradient rarely affects the collapse
mode. This paper can provide an important basis for the
early-warning of the fire-induced collapse of double span

steel portal frames.

Key words: structural engineering; double span steel
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Fig.1 EC3 high-temperature constitutive model
(Q235)
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Tab.1 Material and section information of steel

member '
MR HA{E S/ mm Jt AR/ MPa
Y5 H500 X 200 X 6 X 10
g H400 X 200 X 6 X 10 345
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Fig. 2 Temperature distribution in finite element

model”
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Tab. 2 Measured temperature distribution of the

frame
Mg/ C
FisfE] /min Z KT
= v
TR TR Z kG ez k3t
0 20 20 20 20
3 64 48 191 67
6 440 280 620 433
9 765 532 932 515
12 980 673 950 530
15 990 770 973 545
18 998 780 991 558
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Fig. 3 Comparison of collapse mode of the test

frame
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Fig. 4 Comparison of measured and simulated displacements of the test frame
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Fig. 5 Structural models of double span steel portal

frame (unit:m)
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span
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Tab.4 Heating condition of the frame

W WBZK R

i;ﬁ ERE KR ﬁfﬂl EERE KHE ﬁ;ﬁl ERE KRR if};l ERE KRR
F1 1—2 F7 4—5 2—3,6—7,9 F12 4—6 2—3,7—10 F18 7—8 6,9
F2 1—2 3 F8 3—6 1—2,7—10 F13 5—8 3—4,9—10 F19 6—9 5,10
F3 1—3 4 F9 2—7,9 1,8,10—11 Fl14 4—9 2—3,10—11 F20 5—10 3—4,11—12
F4 1—4 5 F10 1—7,9 8,10—11 F15 3—10 1—2,11—12 F21 4—11 2—3,12—13
F5 1—5 6—7,9 F11 1—10 11—12 F16 2—11 1,12—13 F22 3—12 1—2,13—14
F6 1—6 7—10 F17 1—12 13—14 F23 1—14
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Fig. 7 Side column lateral collapse mode (A)
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Fig. 11 Side span collapse mode (E)
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Fig. 13 Collapse modes of single span steel portal frames
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Tab. 7 Collapse modes under different heating con-
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Tab. 9 Collapse modes considering the effects of

ditions load ratios
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