[ oIl

i

e

e
MO

SIEXEIFTYR| =2 193 1Z (T2 M101R)
2015H 13

ISSN 1226-525X / elSSN 2234-1099
EESK J Earthquake Eng Vol. 19 No. 1, 37-43
http://dx.doi.org/10.5000/EESK.2015.19.1.037

AR S o3t A1
722 ABAE

7 AHTEE] uAE A

Nonlinear Soil-Structure Interaction Analysis of a Seismically Isolated

Nuclear Power Plant Structure using the Boundary Reaction Method

ol2g” - gma™ - o4&’

Lee, Eun-Haeng" - Kim, Jae-Min®*

i I oo™

- Lee, Sang-Hoon”

VRSt et HAEETs, PHgtstn YER s, TeENals

”Department of Civil and Environmental Engineering, Chonnam National University, 2)Department of Marine and Civil Engineering, Chonnam

National University, *KEPCO E&C

/] ABSTRACT /

This paper presents a detailed procedure for a nonlinear soil-structure interaction of a seismically isolated NPP(Nuclear Power Plant)
structure using the boundary reaction method (BRM). The BRM offers a two-step method as follows: (1) the calculation of boundary
reaction forces in the frequency domain on an interface of linear and nonlinear regions, (2) solving the wave radiation problem subjected
to the boundary reaction forces in the time domain . For the purpose of calculating the boundary reaction forces at the base of the isolator,
the KIESSI-3D program is employed in this study to solve soil-foundation interaction problem subjected to vertically incident seismic
waves. Wave radiation analysis is also employed, in which the nonlinear structure and the linear soil region are modeled by finite elements
and energy absorbing elements on the outer model boundary using a general purpose nonlinear FE program. In this study, the MIDAS/Civil
program is employed for modeling the wave radiation problem. In order to absorb the outgoing elastic waves to the unbounded soil region,
spring and viscous-damper elements are used at the outer FE boundary. The BRM technique utilizing KIESSI-3D and MIDAS/Civil
programs is verified using a linear soil-structure analysis problem. Finally the method is applied to nonlinear seismic analysis of a
base-isolated NPP structure. The results show that BRM can effectively be applied to nonlinear soil-structure interaction problems.

Key words: Boundary reaction method, Nonlinear soil-structure interaction, Viscoelastic boundary, MIDAS/Civil, KIESSI-3D
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Fig. 1. Concept of boundary reaction method for nonlinear soil-
structure interaction analysis of base-isolated structures
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Fig. 2. Soil properties and beam-stick model of NPP structure

Table 1. Properties of soil layers of NPP example

. Mass S—wave | P—wave .
Thickness . . ) Damping
Layer (m) Density Velocity | Velocity Ratio
(kg/m°) | (m/s) (m/s)
Rock 21.52 2082 609.6 1210.2 0.05
Half - 2082 609.6 1210.2 0.05
Space
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Fig. 3. Nonlinear model of LRB
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Fig. 5. KIESSI-3D model for calculating reaction forces at fixed
supports of base-isolator due to vertically incident S-waves

in x-z plane
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Fig. 6. Reaction forces at the base of LRBs calculated using
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