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Research on the Elastic-Plastic Seismic Response of Vertical Irregular Gravity
Column-Core Tube Structure Under Pulse-Like Ground Motions
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Abstract: A research has been conducted on the influence of velocity pulse type seismic actions on the elastic-
plastic structural seismic response, taking into consideration the dual adverse conditions of pulse-ground motions with
a vertical irregularity. Based on the design of a new type of 20- and 30-story typical gravity column core tube structure,
a series of vertical irregular structures can be obtained by changing the stiffness of the bottom story. With 10 velocity
pulse and 10 non-velocity pulse seismic records selected respectively, an elastic-plastic dynamic time history analysis
is conducted on the vertical irregular gravity column core tube structure by using CANNY software, with a further

study on the influence of velocity pulse effect and vertical irregularity on the elastic-plastic seismic response of the
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structure. The results show that the inter-story shear force, inter-story displacement and overturning moment of the

structure under velocity pulse-like ground motions are significantly higher than those under non-velocity pulse-like

ground motions. The vertical irregularity has a significant impact on the structural elastic-plastic seismic demand. The

inter-story displacement angle increases with a decreasing vertical irregularity ratio, while the inter-story shear force

and overturning moment show a slightly decreasing trend. It is suggested that the coupling effects of velocity pulse-like

motions and the vertical irregularity should be considered in the design of new gravity column core tube structures.

Keywords: pulse-like ground motion; gravity column-core tube structure; vertical irregularity; elasticity;

finite element analysis
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Table 1  Sectional dimensions of beams,

columns and shear walls

FIRE N
ShAEE /
(mm x mm ) N HNGE K M

1~5 1200x 1140 300x 650 300x 1100 400 400

20 2 6~10 1200x 1140 300x650 300x 1100 400 350
11~15 1000x940 300 x 650 300x 1100 250 300

300 x 650 300x 1100 250 300

16~20 900 x 850
1~5  1800x1710 300x750 300x1100 850 500
6~10 1800x 1710 300x750 300x1100 750 500

30 2 11~15 1600x 1520 300x650 300x1100 550 400
= 16~20 1400 1330 300 x 650 300x 1100 450 400

20~25 1200x 1140 300x650 300x 1100 400 400
26~30 1200x 1140 300x 650 300x 1100 400 350
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Table 2 Ten selected pulse-like ground motion records

&) R [EESER PI
Pl Imperial Valley-06 EC Meloland Overpass FF 1.00
P2 Imperial Valley-06 El Centro Array #11 0.92
P3 Imperial Valley-06 El Centro Array #3 1.00
P4 Landers Lucerne 1.00
PS5 Landers Yermo Fire Station 1.00
P6 Chi-Chi, Taiwan TCUO031 1.00
P7 Chi-Chi, Taiwan TCU068 1.00
P8 Chi-Chi, Taiwan TCU087 1.00
P9 Chi-Chi, Taiwan TCU098 0.97
P10 Chi-Chi, Taiwan-06 CHY101 1.00
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Fig. 5 Effect of vertical irregularity ratio on inter-story displacement angles of 20- and 30-story structures
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