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Study on Elastoplastic Floor Response Spectrum of RC Frame
Structures Based on Direct Method
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Abstract: The floor response spectrum is essential for the seismic design of non-structural components
and can generally be obtained through time-history analysis or direct methods. However, time-history
analysis 1s time-consuming and cannot meet the efficiency requirements during the preliminary engi-
neering design phase. The commonly used direct methods can only consider the elastic stage when cal~
culating the floor response spectrum and cannot accurately reflect the actual structure’s elastoplastic be-
havior under seismic action. To address the above issues, widely used reinforced concrete (RC) frame
structures in China were selected as the research object, and a three-dimensional refined finite element
model was employed to conduct the elastoplastic floor response spectrum analysis. The effects of three
key factors—floor height, damping ratio of non-structural components, and structural ductility coeffi-
cient—on the floor response spectrum results were investigated sequentially. Additionally, based on

the Peter Fajfar method, an elastoplastic floor response spectrum direct method was developed, and a
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dynamic amplification factor formula applicable to RC frame structures in China was proposed. Final-

ly, by comparing the floor response spectrum obtained by time-history analysis for a three-story frame

structure, the proposed method in this study was verified to rapidly and accurately estimate the floor

response spectrum of RC frame structures in China, thereby providing an efficient simplified method

for the seismic design of non-structural components.

Keywords: floor response spectrum; RC frame structure; direct method; elastoplasticity; non-structur-

al component
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Table 1 Dimensions of RC frame structure columns and

reinforcement conditions

WSS/ AR AR AR

JZ5

- mm /% B/% R/Y
42 1 600 < 600 1.3 1.1 1.1
HEZR 2~4 550X 550 1.2 1.2 1.2

1~2  600X600 1.4 1.3 1.3
72

3~5  550X550 1.3 1.3 1.3
HEZR

6~7 500X 500 1.5 1.5 1.5

1~3 800800 1.3 1.3 1.3
10 )2

4~6 700X 700 1.3 1.3 1.3
HESL

7~10 600X 600 1.5 1.5 1.5
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Table 2 First three periods and modal participation fac-

tors in weak-axis Y direction of RC frame struc-

tures
s 4 JZHESL 7 JAHESL 10 JZHEZR
- PR % PR % e
B I/ FE /s F /s
B T RN T HEM T RN

1 0.58 0.88 1.03 0.85 1.52 0.81
2 0.18 0.09 0.35 0.10 0.49 0.13
3 0.09 0.02 0.19 0.04 0.27 0.03
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Fig.6 Amplification effect of calculated floor heights
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