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Seismic Fragility Analysis of Steel Frames Considering Irregularly-Shaped Panel

Zone Shear Deformation
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Abstract: Due to the different spatial layout of the building, there are irregular-shaped panel zones in
the steel frame for unequal height of the left and right beams. In order to study the effect of shear deforma-
tion in these irregular-shaped panel zones on the seismic fragility of steel frames, a mathematical model
for evaluating the shear deformation performance of such irregular-shaped panel zones was developed.
This model was based on numerical simulations of 40 sets of irregular-shaped panel zones, combined
with existing test data. Afterwards, OpenSEES was used to analyze the seismic fragility of the steel frame
mode, considering the shear deformation in panel zones. This study examined the influence of several
key parameters on seismic performance: the beam depth ratio, span ratio, column-beam strength ratio,
and beam-column’s linear stiffness ratio. The results showed that varying the depth ratio of beams had a
significant effect on the seismic fragility of the steel frame under ground motions of the same intensity.
With the depth ratio of the beams ranging from 0. 571 to 1. 000, a smaller ratio resulted in better seismic
performance of the structure. When reaching the four limit states, the failure probability of the steel frame
was the lowest at a beam depth ratio of 0. 571, indicating the optimal seismic performance of the struc-
ture. Variations in span ratios within the range of 0. 871 to 1. 086 had a relatively limited effect on the

vulnerability of the structure, suggesting that this range can be considered a stable safety interval.
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Table 1 Component performance parameters
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Fig. 4 Finite element model
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Fig.5 Comparison between simulated and test results of shear force
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Table 2 Principal stresses and shear stress in Panel Zones 1 and 2
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H, MPa MPa

177 105.5 107.9 339.0 240.6 157.2 260.9
2/7 101.2 107.2 339.0 255.7 157.2 260.9
377 96.8 105.4 339.0 253.1 153.9 260.9
4717 93.0 104.2 339.0 257.1 153.0 260.9
5/7 88.4 102.5 339.0 264.1 151.0 260.9
6/7 84.4 99.9 339.0 266.9 146.2 260.9
717 82.8 97.8 339.0 280.0 143.4 260.9
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Table 3  Analysis parameters

g ORI RELL o B

AN

Bl RIER mm TR B
SN-1 0.44 0.22 120 0.571 3060
SN-2 0.45 0.22 130 0.619 3200
SN-3 0.47 0.22 140 0.667 3340
SN-4 0.48 0.22 150 0.714 3500 1.000
SN-5 0.50 0.22 160 0.761 3670
SN-6 0.51 0.22 170 0.810 3860
SN-7 0.53 0.22 180 0.857 4060
SN-8 0.55 0.22 190 0.904 4280
SN-9 0.56 0.22 200 0.952 4500
SN-10 0.58 0.22 210 1.000 4800
SN-11 0.48 0.20 150 3800 1.086
SN-12 0.48 0.21 150 3600 1.029
SN-13 0.48 0.23 150 3300 0.943
SN-14 0.48 0.24 150 3150 0.900
SN-15 0.48 0.25 150 3050 0.871

o ca(e)a’ (o) 7050 0 JEL R B I B e 7 s i i 3
A A I3 R TR R A T ) e o R W

R4 LAY IR

Table 4 Selected seismic wave records

%> b U 44 B KAy 471 PGAlg
1 Imperial Valley—02 1940 6.95 0.28
2 Borrego 1942 6.5 0.06
3 Imperial Valley—03 1951 5.6 0.03
4 Lytle Creek 1970 5.33 0.008
5 Kern County 1952 7.36 0.16
6 Northern Calif-02 1952 5.2 0.05
7 San Fernando 1971 6.61 0.009
8 Central Calif-02 1960 5 0.02
9 San Fernando 1971 6.61 0.01
10 Parkfield 1966 6.19 0.05
11 Borrego Mtn 1968 6.63 0.02
12 Lytle Creek 1970 5.33 0.04
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Table 5 Seismic damage grade classification
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Table 6 Solution values for the linear fitting of 8, and 3,

E 34 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
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Fig. 15 Vulnerability curves with the beam depth ratio as the analysis parameter
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Fig. 16 Vulnerability curves with the span ratio as the analysis parameter

properties of steel frame structures [J]. Structures, 2022, 44:
42-57.

SUI W, ZHANG Q, WANG Z. Cyclic behaviour of steel irregular
tubular column panel zones [J]. Thin-Walled Structures, 2020,
154,106901.

E H . FRP 3 58 K e AR 5 1R B 1 5 5 M9 2 01 40 i
HHHEID]. dbatdbdr Tk K24, 2015.

B . IR L S HEA R R S ID ] R IR
%,2005.

ST JUS, X680, p e, 55 . 25 0 SR 5 A I 5l I A g 0 A 2
PUELL BRI (1], 5451 ,2017,47(16) : 9-13.
KANG L, LEON R T, LU X A. general analytical model for steel
beam—to—CFT column connections in OpenSEES[J]. Journal of
Constructional Steel Research,2014,100: 82-96.

GUPTA A. Seismic demands for performance evaluation of steel
moment resisting frame structures [ M ]. Palo Alto: Stanford Uni-
versity , 1999.

P T R AR N LL R R R R L X HE A 45 b Al SR A i

[18]

[19]

[20]

[22]

[23]

WIRBEE D], TR FRKK2, 2015,

FIE R, PhEK , 25830, 45 . 2 T R AL 28 W2 LE g B TR o5
- RR G HE L ) s S A ()], A BTEE L 2009, 39
(4):7-9.

rpAE N R AT B R &t AR . SUHUR B M - GB
50011—2010[S]. db5t = E 5 Toll i iRkt , 2016.

GE F W, TONG M N, ZHAO Y G. A structural demand model
for seismic fragility analysis based on three—parameter lognormal
distribution [J]. Soil Dynamics and Earthquake Engineering,
2021,147,106770.

BAO C, MA X, LIM K S, et al. Seismic fragility analysis of steel
moment-resisting frame structure with differential settlement[ J].
Soil Dynamics and Earthquake Engineering,2021,141,106526.
B g R AT R B SR L U A VR TR S
REIRIRWETE (1), LM # 42, 1981(3) :34-41.

TH G, B 5 A . B TR B3R b 3 R A ) e e Y B
L] JEst Tl o254, 1980(3) :37-51.

167



