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Abstract: In order to simplify the numerical calculation of steel frame structure with ductile and
energy-dissipated connection, 6-layer and 12-layer frame structures with reduced beam section
connections and cover-plate reinforced connections were simplified by using simplified theoretical
model of ductile and energy-dissipated connection. The modal analyses of simplified frame model
and actual frame model were carried out. The first three fundamental periods of structures were
obtained and the damping ratio was calculated. The dynamic time-history analyses of simplified
frame model and actual frame model under El Centro seismic wave and Taft seismic wave were

carried out respectively. The fundamental period of frame, displacement of column top and
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shearing force time-history curve of column bottom which were gotten from the simplified frame
structure models were compared with numerical results of actual frame models. The results show
that numerical results of simplified frame model are consistent with those of actual frame model as
a whole. The fundamental periods of frame with reduced beam section connections which are
acquired from the simplified structure models are smaller than those of actual structure models,
and the relative error is within 8. 5%. The fundamental periods of frame with cover-plate
reinforced connection which are acquired from the simplified frame models are bigger than those
of actual structure models, the relative error is within 4. 0%. The displacement time-history
curve of column top is in good agreement with that of shearing force of column bottom. It has
high computational accuracy when the simplified theoretical model of ductile connections are
applied to dynamic calculation of frame structure, so it can effectively analyze the seismic
performance of steel frame structure with ductile connections.

Key words: steel frame; simplified model of ductile connection; modal analysis; dynamic time his-

tory analysis; seismic performance
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Fig.1 Simplified Models of Ordinary Connection
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Fig.2 Simplified Models of Ductile Connection
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Fig. 3 Elevations of Frame Structures (Unit: mm)
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Tab.1 Geometrical Dimensions of Frame
Columns and Beams
24 B R KB /mm
12 2% 500 mm X250 mmX 12 mmX16 mm 6 000
12 2 500 mm X500 mm X 20 mm X 24 mm 3 600
6 25 400 mm X 180 mm X 10 mm X 14 mm 6 000
6 JZH: 400 mm X300 mmX12 mmX 18 mm 3 600
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Fig. 5 Construction of Ductile Connections
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Tab.2 Geometrical Dimensions of Reduced Section

4ty a/mm b/mm ¢/mm
12 2 AES 162.5 375 60
6 JZHEZL 120.0 300 40

x3 FWILMRS

Tab.3 Geometrical Dimensions of Cover-plate

ZEK [/mm {;mm b1 /mm b, /mm
12 JZHE4R 300 16 220 280
6 JZHEHR 250 14 150 200
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Fig. 6 Finite Element Models of Mid-column

Connections in 6-layer Frame
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Fig.7 Force Analysis of Panel Zone
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Fig. 8 Measuring Method of Connection Rotation
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Fig. 10 Moment-rotation Skeleton Curves in Plastic Hinge Location
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Tab.4 Fundamental Periods of 6-layer Frame

y / / / / ,
Fir vk Ton/s Terz/s |Ten/Ter| Tea/s Toc/s |Toer/ Toe

1 1.138 1. 066 1. 067 1. 015 1. 053 0.963

2 0.354 0.329 1.076 0.320 0. 326 0.982

3 0.191 0.175 1.092 0.176 0.174 1.011

e Toers Torz s Toct » Tocz 20 0 M HE SR AL AL 6 bf-1, 6rbf-2, 6cpf-1,
6cpl-2 THEAF B Y FLA A 1 .
x5 NREEZREXREH

Tab.5 Fundamental Periods of 12-layer Frame
Bk | Tion/s | Trere/s |Tizn/Tizre| Tioa T2 |Ti2a/Thee
1 1.543 1.512 1.021 1.337 1. 353 0.989

2 0.492 | 0.478 1.029 0.425 | 0.431 0. 986

3 0.272 | 0.261 1. 042 0.233 | 0.238 0.978
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Fig. 12 Horizontal Displacement Time-history Curves of

Top Column Under El Centro Wave
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Tab. 6 Extreme Displacement and Shear Force of

Frame Under El Centro Wave

HE ZR B0 T4/ cm HEJE S J1/kN
6rbf-1 16. 60 156. 82
6rbf-2 15.53 150. 33
6epf-1 19.05 189. 25
6epf-2 16. 87 163.12
12rbf-1 18.37 172.51
12rbf-2 17. 24 157.92
12cpf-1 13.57 206. 66
12cpf-2 13.38 191. 09
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Tab.7 Extreme Displacement and Shear Force of
Frame Under Taft Wave

HE AR 7 FETALE /cm FENE B 77 /kN
6rbf-1 14. 59 126. 05
6rb{-2 12. 37 102. 47
6cepf-1 12.28 125.52
6cpf-2 12. 32 108. 19
12rbf-1 25.90 281. 20
12rbf-2 21.95 223.51
12cpf-1 16. 45 285.41
12cpf-2 16. 34 266. 27
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