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Fig.1 Schematic diagram of the pile-soil-nuclear power

structure interaction analysis model
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(a) Three-dimensional view of the (b) Top view of the pile-soil
pile-soil combination section combination section
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Fig. 2 Schematic diagram of the pile-soil combination section
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algorithm
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Tab.1 Material parameters of soil and pile

W/ B/

LRSS . o A BB
(kg'm ) (mes ")
+E1 1800 300 0.35 0.05
+ZE2 2000 600 0.30 0.05
+23 2100 800 0.25 0.05
FE(C40) 2400 2400 0.20 0.05
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Fig. 4 Schematic diagram of pile foundation plan distribution

and its surrounding soil elements
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Fig. 8 Variation curves of pile horizontal section response with depth for pile No. 1
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Tab.2 Maximum displacement of partial pile sections

R /M
B>
TR H g JEE P
1 1.271 1.244 1.237
2 1.271 1.245 1.238
3 1.271 1.246 1.239
6 1.271 1.245 1.236
7 1.271 1.246 1.238
8 1.271 1.247 1.238
11 1.271 1.245 1.236
12 1.271 1.246 1.237
13 1.271 1.247 1.238
16 1.271 1.245 1.236
17 1.271 1.246 1.237
18 1.271 1.247 1.238
®3 HAMMESEEEKE S
Tab.3 Maximum shear force of partial pile sections
- ‘ E’ik%ﬁ‘Qm/kN _
Tot & g il
1 73675 22396 9910
2 66036 21380 10457
3 64540 20778 10322
6 64600 23157 11107
7 58915 22096 11550
8 57005 21835 11317
11 62344 23029 11754
12 57309 21582 12323
13 56479 21143 12077
16 62574 22800 11945
17 56515 21623 12447
18 56271 20850 12324
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Tab.4 Maximum bending moment of partial pile sections

I K24 M,/ (kKN-m)

.
s T o o
1 26230 19077 2497
2 23930 17718 2380
3 23251 17225 2417
6 23794 18060 2557
7 21599 16651 2414
8 20886 16081 2459
11 23032 17552 2512
12 21103 16157 2323
13 20599 15584 2361
16 23053 17446 2452
17 20816 15855 2408
18 20347 15375 2338
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Fig. 12 Variation curves of maximum response of pile horizontal section with depth for pile No. 1
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Fig. 13 Time-history curves of internal force of partial

section of pile No. 1
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Fig. 14 Displacement time-history curves of the bearing
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points of nuclear power structure
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Fig. 16  Acceleration time-history curves and response
spectra of partial reference points nuclear power

structure
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Tab.5 Comparison of calculation efficiency of two

methods
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Asynchronous analysis method for pile-soil-nuclear power structure
interaction under seismic action

LU Hao"*, CHEN Shao-lin"*, LU Xin-yu’, SUN Xiao-ying"*
(1. Department of Structural Engineering and Mechanics, College of Aerospace Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China; 2. Department of Civil and Airport Engineering,
College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China;
3. Institute of Engineering Mechanics, China Earthquake Administration, Harbin 150080, China;
4. China Nuclear Power Engineering Co., Ltd., Beijing 100840, China)

Abstract: To broaden the site selection for nuclear power plants, it is vital to assess the seismic safety of nuclear power structures
in non-rock sites with pile foundations. Current pile-soil-structure interaction analysis methods, such as the Winkler foundation
model and the p-y method, simplify the interaction problem and struggle to reflect complex foundation situations. While the integral
finite element method can consider complex foundation situations, it is computationally intensive and inefficient. This paper intro-
duces an efficient three-dimensional time-domain method, Partitioned Analysis of Soil-Structure Interaction (PASSI), which uses
different time steps for pile foundation and soil to avoid unnecessary calculations. A three-dimensional finite element model of the
pile-soil-nuclear power structure interaction is established, with the AP1000 nuclear island structure as the research object. The ef-
fectiveness of this asynchronous algorithm is verified by inputting pulse waves, and the characteristics of the maximum shear force
and bending moment of the pile are analyzed by combining the kinematic and inertial interactions. The response of the pile-soil-nu-
clear power structure under the seismic wave input is then analyzed. Since the degrees of freedom of the pile are insignificant com-
pared to the soil, the additional computational volume of the pile can be neglected when using the pile-soil asynchronous algorithm.
This efficient method is expected to be used in the analysis of the dynamic interaction of large nuclear power structures with pile-

soil-structures.

Key words: pile-soil-structure interaction; partitioned analysis method of soil-structure interaction; kinematic interactions;

asynchronous algorithm; seismic design for nuclear power
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