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Seismic Response of Spatial Structure Subjected to Multi-Support Earthquake Load
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ABSTRACT : Spatial structures have the different dynamic characteristics from general rahmen structures. Therefore, it is

necessary to accurately analyze dynamic characteristics and seismic response for seismic design of spatial structure. Keel arch

structure is used as an example structure because it has primary characteristics of spatial structures. In case of spatial
structures with different ground condition and time lag, multiple support excitation may be subjected to supports of a keel
arch structure. In this study, the response of the keel arch structure under multiple support excitation and with time lag are

analyzed by means of the pseudo excitation method. Pseudo excitation method shows that the structural response is divided

into two parts, ground displacement and structural dynamic response due to ground motion excitation. It is known that the

seismic responses of spatial structure under multiple support excitation are different from those of spatial structure under

simple excitation. And the seismic response of spatial structure with time lag are different from those of spatial structure

without time lag. Therefore, it has to be necessary to analyze the seismic response of spatial structure under multiple support

excitation and time lag because the spatial structure supports may be different and very long span. It is shown that the

seismic response of spatial structure under multiple support seismic excitation are different from those of spatial structure

under unique excitation.
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(a) Elevation of example spatial structure

(b) Plan of example spatial structure

Fig. 1 Example spatial structure

Table 1. Members of example spatial structure

Members | Section (mm) | Members | Section (mm)
Upper chord 21000%35 Diagonal 2600x16
Lower chord 21000%25 Vertical 2812.80x16
Middle chord|  @1000x55 Horizontal 2600x12
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(a) 1st mode (0.35Hz, 2.86sec)
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(d) 4th mode (1.72Hz, 0.58sec)

Fig. 2 Natural vibration mode shapes and frequencies
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(a) Horizontal displacement responses on 1/4 point of arch
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(b) Vertical displacement responses on 1/4 point of arch

Fig. 4 Displacement responses on 1/4 point of example
spatial structure in accordance with ground condition
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Fig. b Displacement responses on 1/2 point of example

spatial structure in accordance with ground condition
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(b) Vertical acceleration responses on 1/4 point of arch

Fig. 6 Acceleration responses on 1/4 point of example
spatial structure in accordance with ground condition
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Fig. 7 Acceleration responses on 1/2 point of example
spatial structure in accordance with ground condition
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(b) Vertical displacement responses on 1/4 point of arch

Fig. 8 Displacement responses on 1/4 point of example
spatial structure in accordance with time lag
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Fig. 9 Displacement displacement responses on 1/2 point
of example spatial structure in accordance with time lag
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Fig. 10 Acceleration responses on 1/4 point of example
spatial structure in accordance with time lag
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Fig. 11 Acceleration responses on 1/4 point of example
spatial structure in accordance with time lag
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Table 2. Axial force of upper chord member

Earthquake case Tensile force Compression force
SB +24.TkN -24.8kN
SC +37.5kN -37.5kN
MP +31.7kN -30.7kN
TD +19.3kN -20.8kN
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