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Abstract: We report here the results of a 5~year research project on the nucleation process of
large earthquakes, which had been conducted since FY 1994 to 1998. This project mainly consisted
of two laboratory works on 1) the geometry effect on earthquake source process, and 2) the fault
formation process under high confining pressures corresponding to hypocentral depth.

The geometry effect was investigated by bi-axially compressing granite samples with an artificial
bent fault. Miultiple unstable sliding was observed on the faults. The first sub-event stopped at the
bend, while the following sub-events propagated over the entire fault plane. The time interval
between the first and the second sub-events decreases with an increase in the relative displacement
of the first sub-event. This can be successfully explained by a numerical simulation based on a rate-
and state-dependent friction law. The relation between the local stress drop of unstable sliding and
time from the preceding event indicates that the frictional strength begins to recover at 10~* to 102
seconds after a slip had stopped, and then increases in proportion with the logarithm of the duration
of stationary contact.

In order to investigate the fault formation process in detail, we conducted a series of triaxial
compression experiments on Westerly granite under a confining pressure of 100 MPa. The fault
formation process could be controlled quasi-statically by keeping the circumferential strain rate
constant. After the peak stress, two stages of quasi-static stress drop with different rates were
identified before dynamic failure. Based on the observation of fractures developed in the samples
loaded up to various stages after the peak stress, the fault formation process can be summarized as
follows. At first, a number of linear cracks occur on the sample surface, then a shear fracture
nucleates locally near the mid-plane of the sample surface. The fracture plane grows toward the
sample interior as well as along the sample surface. The critical size of the fracture plane just
before the dynamic failure was 30 to 50 mm along the surface and 5 to 7 mm in depth. We could
monitor the strain variation associated with the fault growth by reloading the sample after putting
strain gauges around the fracture planes.

From the results of this project, it is suggested that we could detect the quasi-static nucleation
process of large earthquakes. It is also suggested the predictability of occurrence time of larger
aftershocks that sometimes occur adjoining the source area of large earthquakes. We could detect
the recovery of frictional strength after very short stationary contact, which has an implication for
earthquakes with complex source process and/or behavior of earthquake fault just after the rupture
front has passed. In order to apply these results to natural earthquakes, it is necessary to clarify
the rock fracture mechanism and establish the friction constitutive law under hypocentral condi-
tions.
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Fig.1 A schematic illustration showing the typical
experimental arrangement. An Oshima gran-
ite sample of 30 cm X 30 cm X 5 c¢m with an
artificial bent fault was compressed in the
vertical and horizontal directions indepen-
dently. Cross-type semiconductor strain
gauges and linear-type metal foil strain
gauges were put along the fault trace to
monitor the shear strain and relative dis-
placement of the fault, respectively.
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Fig.2 Records of (a) the relative displacement of
the fault and (b) the shear strain for a typical
stick-slip event. The numeral to the left of
each trace indicates the sensor number shown
in Fig. 1. The bend is located between CH. 6
and CH. 7.
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Fig.3 Records of relative displacement for the on-
set of the second sub-event shown in Fig. 2.
First, a slip with indistinct onset propagated
downward on the upper segment (arrow with
solid line). When the slip reached to the bend,
the slip with clear onset started propagating
both in the upward and downward directions
(arrows with dashed line). The numeral to
the left of each trace indicates the sensor
number shown in Fig. 1. The bend is located
between CH. 6 and CH. 7.
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Fig.4 The time interval between the first and sec-
ond sub-events, A¢, is plotted against amount
of relative slip of the first sub-event, Au.
Different symbols denote different normal

stresses on the fault plane (after Kato ef al.,
1999).
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The delay time, A¢, of the onset of unstable
sliding at the block versus amount of abrupt
displacement, Au, at the load point for the
spring-block model. Symbols stand for the
normal stresses acting on the base of the
block (after Kato et al., 1999).
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The local stress drop of unstable sliding events plotted against time from the preceding events. The stress drop
is calculated from the observed shear strain drop by assuming the rigidity to be 27 GPa. Different symbols
denote different experiments conducted under almost the same experimental conditions (after Satoh et al.,

1999).
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Fig.7 Schematic view of the pressure vessel of the
high-pressure, high-temperature rock testing
apparatus. Inner diameter of the vessel is 178
mm. The specimen is 50 mm in diameter and
100 mm in length. The stiffness of the load
train is 780 kN/mm.
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Fig.8 (a) Stress-strain diagrams of Westerly gran-
ite under a confining pressure of 100 MPa. (b)
Relationships between the amount of stress
drop and time from the peak stress. Arrows
represent unloading points for WG-T1, WG
-T2, WG-T3 and WG-T4.
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Fig.9 Sketched images of surface cracks and fracture trace (top), and X-ray CT scanning images of a fracture plane
inside each specimen (bottom). All images were scanned perpendicular to the fracture trace on the surface of
the sample and are shown in order of increasing scanned depth from left to right. Scanned depth is shown

under each image.
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Fig.10 Three-dimensional image of fracture plane
inside of WG-T4 constructed from X-ray CT
images.
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TE 1 D BT D B I3 2 BIRRRR 2 FE DB O RK
7oy b NERLBROMBOEE 2% 2 5 L THE
WEETHS (BlziX Heaton, 1990),

[BESTERER BT 2REFENZETTCOEGD
MREE - BRI B 9 2 TR Tk, e AEEE»EN
WY ZETC, BRERERSESNCERORE S (B
%) ETHART 2 EPBMEES iz, BRMBIZB W T
bR TH S LT nIE, BEENLBERORRARE (B
FEREOEE) Z2E8EEC X VBT 2 2 L CHEBOERTT
ANIFIRE L 72 5, & Tz, BEEE O BRI TER I & -
TEesABNBZERFEL., ORI, MEFRER
ER T OHBREDTADSHBOBERI FAICESTHS Z
LARRET 5, MERER TR 9 EE TSRS
& O F O E iz NEESETE I HhgaE, HuF KL % B
By 2BEHE2REL, HET VAY - X 2ERES
ZITo T3 (fll, 1998 ; /INRiEd, 1999b). Thed
BHH T, BB CTREL /ANMEB I - THIR
E-HTARUOZBAER SN TS (Feo/Ni, 1999 ;
ANRIED, 1999a).

FEEOBREEEOMBHRICHEIGS 572011d, H
BRLEDBOFHFCBY 2EHDBIEEX 4 =X A DOFFEH
PEBBRA O 2T O WELH 5, BLZ, T2
R X Bth s Il TEEMBERIRIG [HERAIRD
YR - (LERBOME] o—& L LT, NEAMBOFR
ERTh 2 FEHBORE - £ - HBEAKERFCB
2 EERE EIR BT 2R R FA L Tz,
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(a) Complete stress-strain diagrams. The black line represents stress-strain diagram for the first run, and the

Fig. 11

gray lines for the second and third runs.

(b) Sketched images of surface fractures. The gray rectangles

represent the points that strain gauges were attached. The top, middle and bottom images were taken after
the first, second and third runs, respectively. (c) Relationships between non-elastic tangential strain and time
for the second run. The relationship between differential stress and time is shown on the top for reference.
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