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Abstract

In this study, nonlinear earthquake responses of a soil-structure interaction(SSI) system which is subjected to a three-directional
ground motion are examined. The structure and the near—field region of soil, where the geometry is irregular, the material properties
are heterogeneous, and nonlinear dynamic responses are expected, are modeled by nonlinear finite elements. On the other hand, the
infinite far—field region of soil, which has a regular geometry and homogeneous material properties and dynamic responses is
assumed linearly elastic, is represented by three-dimensional perfectly matched discrete layers which can radiate elastic waves into
infinity efficiently. Nonlinear earthquake responses of the system subjected to a three-directional ground motion are calculated with
the numerical model. It is observed that the dynamic responses of a SSI system to a three-directional motion have a predominant
direction according to the characteristics of the ground motion. The responses must be evaluated using precise analysis methods
which can consider nonlinear behaviors of the system accurately. The the method employed in this study can be applied easily to
boundary nonlinear problems as well as material nonlinear problems.
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82 (Beskos, 1987: 1997), F& 24 (Astley, 2000: Seo
et al., 2007), high-order absorbing boundary condition
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Fig. 1 Soil-structure interaction system subjected to a
three-directional earthquake motion(Lee et al., 2016)
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Fig. 2 Base-isolated nuclear power plant containment and internal buildings(Lee et al., 2016)
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Table 1 Structural properties of containment and internal buildings

(a) Containment building

Node Height from a Nodal mass Location between AreZa ShearZarea Moment o4f inertia
base(m) (ton) Node No. (m”) (m?) (m")
1 63.09 86.2 2to1 92.0 46.5 1726.2
2 60.50 961.6 3 to 2 92.0 46.5 6904.8
3 56.21 1120.4 4 to 3 92.0 46.5 12946.5
4 50.38 1369.9 5to 4 92.0 46.5 16398.9
5 43.83 2091.1 6 tobh 130.1 65.0 24166.7
6 37.73 1905.1 7 to 6 130.1 65.0 24166.7
7 31.64 1905.1 8 to 7 130.1 65.0 24166.7
8 25.54 1905.1 9to 8 130.1 65.0 24166.7
9 19.45 1905.1 10 to 9 130.1 65.0 24166.7
10 13.35 1905.1 11 to 10 130.1 65.0 24166.7
11 7.16 2086.6 12 to 11 130.1 65.0 24166.7
12(Base) 0 -
(b) Internal building
Node Height from a Nodal mass Location between AreZa ShearZarea Moment o4f inertia
base(m) (ton) Node No. (m”) (m?) (m")
13 28.35 372.0 14 to 13 17.7 6.5 34.5
14 18.59 553.4 15 to 14 72.5 33.4 1726.2
15 14.94 3873.7 16 to 15 161.7 55.7 7767.9
16 10.21 1705.5 17 to 16 182.1 67.8 11220.3
17 6.706 2853.1 18 to 17 205.3 135.6 10357.2
18 3.962 1138.5 19 to 18 237.8 144.9 10357.2
19 2.438 1260.1 12 to 19 185.8 122.6 9494.1
AM7IEEe RS 0.3g, FAYES 0.2¢7F HES ARgste] AlzElo] AZgRE e A des
STt AWk-Ee] AEAIRE AZIAFR 7.0~7.590 s detes Z1e + St}

}a(American Society of Civil Engineers, 2000),
Alge]E gl Ak 7o)y LEgE ARSIt

Fig. 3& A4R QAN Azolds $YsAEY,
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o] Alzgle] Bl AZ-gHelAle sttt Auke] ¢
Uehl= PMDLE AHAF 845 ARsle] FAsIi, <
BAaksle ABAQUSE HIAE fehadaot Adtaisict. Al2-Hle
Ao Qs FA it B4 e Akl A9 3ol
E7Fssltt. g B F2E AW AR skss 4] 71
T, o] AelA Fig. 39 A4 AtEEs A8l F3
e Tttt 54 alXe 93l Newmark constant
average acceleration method(Guddati and Tassoulas,
2000) & AHESRIEE. &, AIRE 7HAL 0.001se]tt.

Fig. 4 AGAE U125 2dddr el g #9]
(vbetste] ol s s or Qg A &5 A& A9
oMo AAs Hofa Slot. aiA Zateie uil AAE

Fig. 5 3lXe] #g5d
H =

715 YEhHaL v

3.387THz9 = &datieh. Fig. 39 3% W A
Agate W 3.387Hzo 1f AEFE 7HE

TZE9 spectral accelerations ZAINT & 282
AaME 5% E 7Pttt elzte] Wstd
acceleration?] W3l= Fig. 62 2t} Fig. 6014 &21& &
A= vk} o] Whelzto] 140°Y W spectral acceleration-
HdgZ 7Fg. ol Fig. 5ol EQl AREHe] A
frake Adteltt, &, 4 ARkEEe SA4d 9@ B|AdE

£ spectral
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Fig. 4 Relative displacement responses
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Fig. 5 Magnitudes of the plastic strains
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