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3D seismic response characteristics of piles of a nuclear island building considering
nonlinearity of soil

Zhu Shengdong® Chen Guoxing™ 2 Chen Weiyun® Gao Wensheng*
(1. Institute of Geotechnical Engineering, Nanjing Tech University, Nanjing 210009, China; 2. Civil Engineering and Earthquake
Disaster Prevention Center of Jiangsu Province, Nanjing 210009, China; 3. School of Civil Engineering, Sun Yat-Sen University,
Guangzhou 510275, China; 4. China Academy of Building Research, Beijing 100013, China)

Abstract: Based on a proposed coastal AP1000 nuclear island structure (NIS), a 3D lumped mass-stick (LMS)
model was applied to simulating the AP1000 NIS considering the nonlinear hysteretic characteristics of soil.
Furthermore, a 3D finite element model of the inhomogeneous site-piles-AP1000 NIS system was established.
This work presents results from a comprehensive simulation study on the seismic response of piles under the NIS
subjected to near-field moderate-strong earthquake, moderate-far field strong earthquake, and far-field large
earthquake scenarios. The combination of the nonlinear site effect and soil-pile-structure dynamic interaction
(SPSI) effect may significantly increase the foundation input motions (FIMs) of the AP1000 NIS. As for the
ultimate safety earthquake (SL-2 level) or the operational safety earthquake (SL-1 level), the upper envelopes of
the 5% damping horizontal and vertical spectral accelerations of the FIMs at the SL-1 and SL-2 levels are
significantly larger than those of the corresponding AP1000 standard response spectra. Under earthquake
scenarios, the magnitudes of the cumulative absolute velocity and the peak seismic internal forces at the top of
piles correlates positively with the degree of site nonlinearity and are strongly affected by the characteristics of
input bedrock motions. The complex spatial distributions are significantly influenced by the coupling effect of the
SPSI effect and the pile layout. The maximum values of the peak seismic internal forces of piles may occur at the
pile-base mat. The moderate-far field and far-field strong motion scenarios with low-frequency components and
long durations have a greater risk of damaging the piles under the NIS than the near-field strong motion scenario.
Keywords: pile foundation; nuclear island building; soil-pile-structure dynamic interaction; nonlinearity of soil;
seismic response
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Table 1 Details of the original earthquake records for bedrock input motions
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Fig. 1 Seismograms, Fourier spectra and acceleration response spectra at 5% damping for input bedrock motions at SL-1

level
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Fig. 2 Geological profile of the nuclear island site
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Fig. 3 Comparison of the modal frequencies of ABAQUS and
ANSYS models for the nuclear island building
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Fig. 4 3D finite element model of the soil-pile-mat foundation-AP1000 nuclear island building system
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Fig. 7 Comparison of the acceleration time-histories of bedrock input motions and the foundation input motions at Node 500
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