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Analysis method for horizontal seismic action of precast

concrete floors
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Abstract: This paper proposes a reasonable method for calculating the horizontal seismic action of precast
concrete floors. This method can be used to ensure the integrity of these kinds of floors to transfer the horizontal
force caused by earthquakes. Firstly, a typical 5-story frame structure model is built for further analysis. The

acceleration values obtained by the elastoplastic time-history analysis are larger than those calculated using the
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equivalent lateral force (ELF) method or empirical amplification (EA) method which was proposed by ASCE 7-
10. Therefore, both the ELF and EA methods underestimate the horizontal acceleration (i.e., horizontal seismic
action) of the floors, which would lead to unsafe design in engineering practice. Secondly, the modal
superposition (MS) method is proposed, in which the key parameters specified by ASCE7-16 were employed
and modified to coordinate with the requirements of the seismic design codes in China. The MS method is
employed for calculating the accelerations of the 5-story model in different seismic intensity areas. Lastly, the
analysis results were compared with those obtained from the elastoplastic time-history analysis, which indicates
that the amplification coefficients of the floor acceleration (%) have a similar distribution trend along with the

building height. Moreover, the precast concrete floors designed using the MS method could meet the seismic

performance objective “Keep elastic under moderate earthquake and unyielding under rare earthquake”.

Keywords: precast concrete floors;

elastoplastic time-history analysis
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Fig.1 Design process of precast concrete floors
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Fig.2 Schematic of horizontal seismic action
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Fig.3 Plan and elevation layout
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Fig. 4 Comparison of horizontal seismic accelerations of floor
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Table 3 The US site coordinates and the maximum considered ground motion parameters corresponding to seismic

fortification intensity in China
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Table 5 Calculated value of coefficient /3,

S/ A B Y CHYH DY E 21

‘ F, Sps/g B F, Sps/g B F, Sps/g B F, Sps/g B F, Sps/g B
0.25 0.8 0.13 1.11 0.9 0.15 1.25 1.3 0.22 1.81 1.6 0.27 2.22 2.4 0.40 3.33
0.50 0.8 0.27 1.16 0.9 0.30 1.30 1.3 0.43 1.88 1.4 0.47 2.03 1.7 0.57 2.46
0.75 0.8 0.40 1.18 0.9 0.45 1.32 1.2 0.60 1.76 1.2 0.60 1.76 1.3 0.65 1.91
1.00 0.8 0.53 1.19 0.9 0.60 1.33 1.2 0.80 1.78 1.1 0.73 1.63 1.2 0.80 1.78
1.50 0.8 0.80 1.18 0.9 0.90 1.32 1.2 1.20 1.76 1.0 1. 00 1.47 1.2 1.20 1.76
2.00 0.8 1.07 1.19 0.9 1. 20 1.33 1.2 1.60 1.78 1.0 1.33 1.48 1.2 1.60 1.78
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Table 6 Calculated value of coefficient /5,

. ARGt B2 CZ DG EZ

S/ F,  Sw/g B F,  Sw/g B F.  Su/g B F,  Syu/g B F,  Su/g B
0.1 0.8 0.05 0.44 0.8 0.05 0.44 1.5 0.10 0.83 2.4 0.16 1.33 4.2 0.28 2.33
0.2 0.8 0.11 0. 46 0.8 0.11 0.46 1.5 0.20 0.87 2.2 0.29 1.28 3.20 0.43 1. 86
0.3 0.8 0.16 0.47 0.8 0.16 0.47 1.5 0.30 0.88 2.0 0.40 1.18 2.8% 0.56 1. 65
0.4 0.8 0.21 0.47 0.8 0.21 0.47 1.5 0. 40 0.89 1.9 0.51 1.13 2.4% 0. 64 1.42
0.6 0.8 0.32 0.47 0.8 0.32 0.47 1.5 0.60 0.88 1.8 0.72 1. 06 2.4% 0.96 1.41
0.8 0.8 0.43 0.47 0.8 0.43 0.47 1.4 0.75 0.83 1.7 0.91 1.01 2.4% 1.28 1.42
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Table 8 Generalized value of coefficient /5,
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i # EE (PGA) {H 43 %l 1 0.05g. 0.10g. 0. 15g.
0.20g.0. 30g A1 0. 40g; 6 B ~9 J&F K75 R FH 114 U ] b
T 38 B (PGA) A 43 5 24 0. 125¢.0. 22¢.0. 31g.
0.40g.0.51g 0. 62g.
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Table 10 Section dimension of structures in different

seismic intensity area

IS 2.0 2.5 2.0 2.0 2.0 2.0
IS 2.5 2.5 2.0 2.0 2.0 2.0
lES 2.5 2.5 2.0 2.0 2.0 2.0
V2% 3.5 2.5 2.0 2.0 2.0 2.0

e 2 H Xy £ 5 OER":
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Table 9 Generalized value of coefficient /3,

6B£(0.05g) 0.45m>x0.45m 0.3mX0.5m 0.3mX0.6m

5

70(0.1g) 0.45mX0.45m 0.3mX0.5m 0.3mXO0.6m
7HE(0.15¢)  0.5mX0.5m  0.3mX0.5m 0.3mX0.6m
8% (0. 2g) 0.6mXx0.6m 0.3mX0.6m 0.3mX0.7m
8 (0. 3g) 0.8mX0.8m 0.3mX0.7m 0.3mX0.8m
9 (0. 4g) 0.9mX1.0m 0.3mX0.9m 0.3mxX1.0m

1 b 6 i 70 70 8JiF 8Ji 9 )i
25 (0.05¢) (0.10g) (0.15g) (0.20g) (0.30g) (0.40g)

T2 1.0 1.0 1.0 1.0 1.0 1.0
2 1.5 1.5 1.5 1.5 1.5 1.5
mz% 1.5 1.5 1.5 1.5 1.5 1.5
N% 2.5 2.0 2.0 1.5 1.5 1.5
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Table 11 Natural period of structures in different seismic

intensity area
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