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ABSTRACT: As the 1999 Chi-chi earthquake and the 1999 Kocaeli earthquake damaged many impor
tant structures due to surface rupture as well as strong motions, displacement and inclination of ground 
surface have become the significant issues in engineering. Most analytical methods do not evaluate 
d.isplacement and strong motions at the same time. In this study, the authors conducted fault rupture 
simulation using three dimensional finite element method (3D-FEM) for the 2014 Northern Nagano 
Earthquake caused by the Kamishiro Fault, and confirmed the applicability of numerical method and
conditions, such as spring stiffness of joint elements, FEM mesh size of a fault plane and the constitutive
relation during stress drop, by comparing results with the observed ground motions and displacement.
The computational results confirmed that the displacement and strong motion can be evaluated simulta
neously using appropriate constitutive parameters and fine FEM mesh with a size less than 150 m.

1 INTRODUCTION 

The 1999 Chi-chi earthquake and the 1999 Kocaeli 
earthquake damaged many important structures 
due to surface rupture as well as high strong 
motions induced by the earthquake faults, which 
indicated the significance of displacement and 
inclination of ground surface on the response and 
damage of structures. Generally strong motions 
are estimated by Green's function method and 
fault displacement is estimated from geological 
surveys. However an earthquake occurs by rupture 
of earthquake source fault. When the displace
ment is large, it will reach the ground surface and 
appear as a surface rupture. Therefore, ideal ana
lytical model should be able to simulate a fault rup
ture process and estimate displacement and strong 
motion at the same time. Fault rupture simula
tions by Finite Difference Method (FDM), Finite 
Element Method (FEM) and Boundary Element 
Method (BEM) are generally carried out. How
ever, they have not become practical as analytical 
results greatly vary according to assumed initial 
stress conditions and modeling of fault rupture. 
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In the past study, Iwata et al. (2016) conducted 
fault rupture simulation using 3D-FEM for the 
2014 Northern Nagano Earthquake induced by the 
Kamishiro Fault (Mw6.3), which is a thrust fault 
type earthquake with an observed surface rupture 
of 9km in length. The analytical method and mod
eling of fault is dynamic response analysis consider
ing fault rupture process proposed by Toki & Miura 
(1985) and Toki & Sawada (1988). Although the 
surface displacement response was in good agree
ment with the actual displacement, the acceleration 
response was not well simulated due to FEM mesh 
size, constitutive relation of fault plane and so on. 

In this study, we carried out a series of numeri
cal analyses on fault rupture simulation under 
various conditions to investigate the influence of 
spring stiffness of joint element, variation of FEM 
mesh size of a fault plane and the constitutive rela
tion during stress drop. Validity of parameters 
and modeling was evaluated by comparison with 
the observed surface ground motions recorded at 
K-NET Hakuba station located approximately 
0. 5km away from surface rupture on the footwall
side of the fault.
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