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Seismic analysis method of RC frame structure considering the excitations
of twice earthquakes

DU Yunxia', GONG Maosheng' , XIE Lili"*

(1. Key Laboratory of Earthquake Engineering and Engineering Vibration, Institute of Engineering Mechanics, China Earthquake Administration,
Harbin 150080, China; 2. School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract: To obtain the seismic capacity of reinforced concrete (RC) frame structure under the excitations of twice
earthquakes, this paper presents a structural analysis method considering twice earthquake actions. Firstly, the dy-
namic time history analysis is adopted, and the top displacement of a structure under the first earthquake was got as
the target displacement. Then, the structure was reciprocally loaded to the target displacement and unloaded to zero
by the static loading method ; and the reverse loading was conducted to the structural capacity limit (i. e. , the max-
imum displacement of the structure when the structure collapses). The reverse loading curve was used as the capac-
ity curve of the structure after an earthquake through coordinate transformation, and the pushover analysis of struc-
ture was performed. Finally, the damage state and seismic capacity of the structure under the excitations of twice
earthquakes were obtained. By using the proposed method, the seismic capacity and damage state of a typical 3 —

story RC frame structure are obtained. The resulis show that the damage accumulation effect of RC frame structure
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is obvious under continuous twice earthquakes, and the damage level is increased compared with the single earth-
quake action, and the damage level increases about 30% for the structure used in this paper. Therefore, the design
theory about the single earthquake action is not complete. It is suggested that the seismic fortification level of struc-
ture should be increased in the design. The method, result and conclusion of this paper can be used as reference
for the seismic design and seismic analysis of structures.

Key words : dynamic time-history analysis; pushover analysis; cyctic reciprocal loading; cumulate damage; excita-

tion of twice earthquakes
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Table 1 Results of dynamic time history analysis
Record ID NI 91220 %2 RIEN o953 22 AR IY

fi %/ mm Tk fh/10 7 fiksfa/10 7 fiksfh/10 7 /mm

1 60.26 6.97 6.95 4.34 41.47

2 24.99 3.15 2.75 1.68 6.92

3 31.41 3.88 3.42 2.23 1.57

4 73.47 8.68 8.67 4.92 7.21

5 52.12 6.44 6.09 3.27 15.98

6 34.47 3.82 4.04 2.59 18.37

7 49.49 6.59 5.31 3.10 2.15

8 125.11 1.48 1.41 9.05 0.07

9 107.89 1.44 1.22 6.02 47.20
10 53.94 7.35 5.90 3.09 0.77
S 61.32 7.61 6.94 4.03 14.17
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