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Development of the earthquake vibration analysis system.
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Development of the earthquake vibration analysis system.
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Abstract

Operators of important infrastructure such as electric companies owe responsibility to re-start devastated
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infrastructure after big earthquake as soon as possible. Automated facility damage evaluation technology is

essential to re-start various facilities affected by big earthquake smoothly to keep our society to be safe.

We have been developing modern earthquake vibration monitoring system which is called SwingMinder, and

already installed them on more than 20 buildings mainly in Shikoku Island.

If mega-scale earthquake happens, each SwingMinder sends large volume measurement data to the cloud server

within approximately five minutes. Highly automated data analysis system is required to evaluate many facilities’

damage quickly. In this article, we describe newly developed earthquake vibration analysis software system which

is called SwingAnalyzer.
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Characteristics of the fault zone of the Median Tectonic Line active fault system in eastern Shikoku

Shikoku Research Institute, Inc., Civil Engineering Department

Hideto Uchida, Michiharu Ikeda

Abstract

The Median Tectonic Line active fault system (MTLAFS) is one of the longest dextral active faults in Japan. It is
related to the Median Tectonic Line (MTL), which divides southwest Japan into the Inner and Outer zone. The
characteristics of the fault zone of the MTLAFS are important to understand the fault behavior. Additionally, the
detailed location of the MTLAFS will contribute to the mitigation of earthquake disasters in the local area. We found
two outcrops of the exhumed fault zones of the MTLAFS and report characteristics of the fault zones in this study.
We also discuss the structures and kinematics of the MTLAFS in eastern Shikoku based on the information obtained
from these outcrops.

The fault zone is composed of fault core and fault damage zone. The fault core consists of fault gouge originated
from Saita Formation, Izumi Group and Sanbagawa metamorphic rocks in the Hashikura outcrop. The fault damage
zone is composed of fault breccia, catacasite and weakly deformed rock originated from Izumi Group are also
observed in the Hashikura outcrop. On the other hand, fault gouge and fault breccia originated from the Izumi
Group and Sanbagawa metamorphic rocks are observed in the fault zone of the MTLAFS in the Kamo outcrop. The
orientations of shear planes (Y-P-R1) in the fault zones in both outcrops indicate the dextral slip sense. Furthermore,
stress fields estimated using stress inversion from slip data of shear planes in the Kamo outcrop show reverse and
strike-slip to reverse faulting stress regime. These stress fields reflect the fault activities of the MTLAFS in the
Quaternary. Moreover, these stress regimes inferred from the geological data are concordant with the present

regional stress estimated from the earthquake data in eastern Shikoku.
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Fig.1 (a) Geological map in Shikoku area. MTL :
Median Tectonic Line, MTLAFS Median
Tectonic Line active fault system. (b) Simplified
geological map and locations of the study areas.
Modified after Matsuura et al (2002) 9. Sitel is
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Fig.2 Geological route map of the fault core and
fault damage zone in the Hashikura outcrop.
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Fig.3 Occurrences of the fault core and fault damage zone of the MTLAFS in the Hashikura outcrop.
(a) The main fault plane and fault gouge originated from the Saita Formation, Izumi Group and
Sanbagawa metamorphic rocks (Sm). (b) The fault gouge from mudstone of the Izumi Group and the
fault breccia from mudstone and sandstone (2.5 m distance from the main fault plane). (c) Fault breccia
from sandstone (5 m distance from the main fault plane). (d) Cataclasite from mudstone and sandstone
(25 m distance from the main fault plane). (e) Weakly deformed rocks from sandstone (80 m distance
from the main fault plane). (f) Weakly deformed rocks from mudstone and sandstone (110 m distance

from the main fault plane). FG : fault gouge, FB : fault breccia, Cat : cataclasite.
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Fig.4 The predominant directions of each shear plane in the Hashikura outcrop. (a) Orientation of Y-

plane. (b) Orientation of P-plane. (c) Orientation of Ri-plane. The different colors represent the

difference at contour interval of 20.
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Fig.5 Schematic illustration of a structural

relation of shear planes in the fault zone.
Modified from Rutter et al. (1986) 9.
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Sanbagawa metamorphic rocks:
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Figs7c
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Fig.7 Occurrences of the fault zone of the MTLAFS in the Kamo outcrop. (a) Photograph of the main
fault plane of the MTL. (b) Closed up photograph around the main fault plane. Y : main fault plane,
P : P-foliation, Ri1 : Riedel shear. (c) Photograph of fault gouge from the Sanbagawa metamorphic rocks.
(d) Photograph of fault breccia from the Izumi Group. FG : fault gouge, FB : fault breccia.
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Fig.8 The predominant directions of each shear plane in the Kamo outcrop. (a) Orientation of Y-plane.

(b) Orientation of P-plane. (c¢) Orientation of Ri-plane. The different colors represent the difference at

contour interval of 20.
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Trrrreeese

Fig.9 Stress fields estimated using slip data from the faults of the fault zone in the Kamo outcrop. (a)
Tangent lineation diagram (Twiss and Gefell, 1990) 12 of the full (n =12) and line-only (N = 2) fault-

slip data obtained from the minor faults. (b) Results of Hough transform inverse method (Yamaji et al.

2006), with estimated stresses being shown in lower-hemisphere stereograms. The color of the symbols

indicates the value of the stress ratio, ® = (o2 — 03) / (01 — 03).
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Study on pressure monitoring technology in the piping under the high temperature environment

using strain sensor

Shikoku Research Institute, Inc., Industry Application Technology Department

Kozo Shiraishi, Hiroyuki Takase

Abstract

In the maintenance of nuclear power plants, it is important to accurately monitor the condition of the equipment
under various environments. However, even heat-resistant pressure gauges may be difficult to monitor under the
high temperature environments such as those above 100°C due to severe accidents. As a solution to this problem,
pressure monitoring technology in the piping under the high temperature and the high pressure environment with
high accuracy and for a long period of time was investigated by measuring electrical resistance strain using a strain
sensor corresponding to high temperature.

An experimental apparatus was assembled to simulate the pressure monitoring (maximum 21MPa) in the
primary coolant sampling pipe under the high temperature environment (maximum 190°C), and to use a strain
sensor (heat resistant 250°C) of the adhesive type, which does not require any modification of the pipe by welding,
etc. As a result, we confirmed that the pressure in the piping could be monitored with an accuracy of +2%, which is
almost the same as that at room temperature, during a continuous test of about 2 hours by applying a jig for the
fixation and an appropriate temperature aging method.

In the case of a severe accident, the pressure in the piping may need to be monitored under the high temperature
environment for a long time. Therefore, we conducted long-term experiments under the high temperature
environment of 190°C and the pressure in the pipe was maintained at 21 MPa. As a result, we confirmed that the

pressure in the pipe can be monitored within 30 days with an accuracy of less than +20%.
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Evaluation of Nonlinear Sloshing Wave Height in Rectangular Tank

Shikoku Research Institute, Inc., Energy Engineering Department

Miyuki Ogawaguchi, Shinji Noguchi

Abstract

=

We have verified a non-linear theory for estimating the sloshing wave height in a rectangular tank by experiments.

A rectangular tank with width L and water level H was sine-wave excited in the width direction. As a result, a

traveling wave was observed when the H/ L was small, and a standing wave was observed when the H / L was large,

and it was confirmed that the wave behavior was different depending on the water depth. By comparing the Miles’s

backbone curve (the curve at the center of the response curve) with the experimental value to evaluate the wave

height, it was found that the error from the experimental value was increase when H / L was small. Therefore, we

proposed a correction formula and could reduce the error from the experimental value over H / L in all regions.

Moreover, by applying the Duffing equation to the correction formula, we were able to calculate the response curve.

The results of applying the Moving Particle Semi-implicit (MPS) method to sloshing analysis were in good

agreement with the corrected theoretical formula and experimental values, and the validity of the analysis was

confirmed. From the both sides of analysis and theory, it was possible to estimate the maximum wave height with

high accuracy. By improving the analysis accuracy, it is possible to study flooding without simulated experiments,

and cost reduction can be expected.
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