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Simulation of earthquake rupture process on the Uemachi fault system
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Abstract: We simulated spontaneous rupture processes of a two-segment reverse-dlip fault, representing
the Uemachi fault system in the Osaka plain. The fault geometry, striking in the NS direction, dipping 60°
to the east, and extending about 45 km, was constrained from the surface mapping and shallow seismic
profiling results. The modd stress field was estimated from the tectonic stress field: depth-proportional
principal stresses with the minimum principal stress equal to the overburden load and the maximum
principal stress field in the EW direction. Spontaneous rupture process was simulated by solving
equations of motion with dip-dependent friction laws using finite-difference method. We searched for
values of the maximum principal stress that produced surface displacement of 2 m, a value estimated
from the boring data for the last earthquake on the Uemachi fault. We made tens of simulations, varying
the initial rupture location and the segment stepover distances, to examine their effects on earthquake size
and rupture process. Rupture initiated at the fault jog terminated at the other jog. Closely-located
segments lead to multi-segment rupture and smooth rupture propagation.
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1
Table 1. Parameters used in this study.

P-wave velocity [km/s] 5.3
S-wave velocity [km/s] 30
Density: p [g/om?] 26
S 16
Critical displacement: D, [m] 0.25

Dynamic coefficient of friction: gz, 0.2
Grid interval in space: Ax, Az [km] 0.2
Grid interval in space: Ay [km] 0,2‘/5
Grid interval intime: At [g] 0.02

2

Table 2. Vertical slip and moment magnitude caused by a rupture on the northern segment
for different values of maximum compressional stress.

Model A
Maximum compressional stress (o;) [MPa]  Vertical sip[m] M,
467 14 6.8
477 18 6.9
487 22 6.9
497 2.6 7.0
Model B
Maximum compressional stress (o,) [MPa]  Vertical dlip[m] My
467 16 6.9
477 21 6.9
487 25 7.0
497 3.0 7.0
3 2

Table 3. Parameters selected from preliminary simulations shown in Table 2.

Modd A Model B
Maximum compressional stress: o; [MPa] 487 477
Static coefficient of friction: g 0.285 0.272




4
Table 4. Depth where ruptures jump for different hypocenter |ocations and distances between segments.

Hypocenter 1 (the northern end of the northern segment)
Fault-parallel distance  Fault-normal distance Depth of rupture jump

Rupture scenario ( Dp) [km] (D,) [km] [km]
sld8-1 -1.0 0.4 10.7
s1d8-2 -1.0 0.8 2.3
s1d8-3 -1.0 1.2 2.3
s1d801 0.0 0.4 10.7
s1d802 0.0 0.8 24
s1d803 0.0 12 2.3
s1d811 1.0 0.4 24
s1d812 1.0 0.8 24
s1d813 1.0 12 2.6
s1d821 2.0 0.4 2.8
s1d822 2.0 0.8 2.8
s1d823 2.0 1.2 2.8
s1d831 3.0 0.4 -
s1d832 3.0 0.8 -
s1d833 3.0 1.2 -

Hypocenter 2 (the southern end of the northern segment)
Fault-parallel distance  Fault- normal distance Depth of rupture jump

Rupture scenario

P (D) [km] (D,) [km] [km]
s2d8-1 -1.0 0.4 2.4
s2d8-2 -1.0 0.8 24
s2d8-3 -1.0 1.2 -
s2d801 0.0 0.4 2.6
s2d802 0.0 0.8 -
s2d803 0.0 1.2 -
s2d811 1.0 0.4 -
s2d812 1.0 0.8 -
s2d813 1.0 1.2 -
s2d821 2.0 0.4 -
s2d822 2.0 0.8 -
s2d823 2.0 1.2 -
s2d831 3.0 0.4 -
s2d832 3.0 0.8 -
s2d833 3.0 1.2 -

Hypocenter 3 (the northern end of the southern segment)
Fault-parallel distance  Fault- normal distance Depth of rupture jump

Rupture scenario (D,) [km] (D,) [km] [km]
s3d8-1 -1.0 0.4 26
s3d8-2 -1.0 0.8 3.0
s3d8-3 -1.0 1.2 -
s3d801 0.0 0.4 26
s3d802 0.0 0.8 -
s3d803 0.0 1.2 -
s3d811 1.0 0.4 -
s3d812 1.0 0.8 -
s3d813 1.0 1.2 -
s3d821 2.0 0.4 -
s3d822 2.0 0.8 -
s3d823 2.0 1.2 -
s3d831 30 04 -
s3d832 3.0 0.8 -

s3d833 3.0 1.2 -




4
Table 4 (continued).

Hypocenter 4 (the southern end of the southern segment)

Fault-parallel distance  Fault- normal distance Depth of rupture jump

Rupture scenario ( Dp) [km] (D,) [km] [km]
s4d8-1 -1.0 0.4 10.4
s4d8-2 -1.0 0.8 54
$4d8-3 -1.0 12 2.3
s4d801 0.0 0.4 10.4
s4d802 0.0 0.8 54
s4d803 0.0 1.2 2.1
s4d81l 10 0.4 2.3
s4d812 10 0.8 2.8
$4d813 1.0 12 2.6
s4d821 2.0 0.4 3.0
s4d822 2.0 0.8 3.0
$4d823 2.0 12 3.1
s4d831 3.0 0.4 -
s4d832 3.0 0.8 -

s4d833 3.0 1.2 -
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Fig. 1. Fault model used in this study. In a map after Mizuno et al. (2002), pink solid and dotted lines indicate active faults
(mainly active in the Late Pleistocene and Holocene) and inferred active faults, respectively. Red lines indicate active
faults concealed beneath the alluvial plain. D, and D, indicate fault-parallel and fault-normal distances, respectively. Red
stars are candidate locations for an initial crack.
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Fig. 2. Vertical displacements on the Earth's surface caused by a rupture on the northern segment. Solid and dotted lines show results

of the preliminary simulations using parameter values shown in Table 3. The lines show the calculated relative vertical
displacements on a line perpendicular to the strike of the segment. Pink lines show vertical displacements associated with the
latest rupture more than 9,000 years ago, inferred from boring and seismic profiling results by Miura et al. (2002).
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(a) Hypocenter 1, D, = 0 km, D, = 0.4 km (b) Hypocenter 2, D, = 0 km, D, = 0.4 km
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Fig. 5. Rupture time (upper diagram) and slip distributions (lower diagram) for four different initial crack locations. Stars indicate
initial crack locations. Diamonds indicate locations where ruptures jump.
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same as for Fig. 5.
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segment and its pro ection, respectively.

range solid and dotted lines indicate locations of te nort ern
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F81X. BUWTIS S OAIED D DAEALSy (At : TREFR) , IERUS I OGIIED B DALy (Ao, @ HIGHR) & stress
difference  (As : BIFEHY) ORFHEIZAL. BEENALME 7 A > MESE» BBtE L= & & (Hypocenter 1) @, 57
(@) IR L7 (x=0) NO2RTORlZRT. (a) HIERFEDOH] (3'=-05km, z’=23km) . (b) BEZ A

N e E O fFl (y'=-6.2km, z'=10.7 km) .
Fig. 8. Temporal variation of shear stress change (At: red dotted lines), normal stress change (AG,: blue broken lines), and
stress difference (As: black lines) on the cross section shown in Fig. 7a (x = 0). A rupture starts from the northern end of
the northern segment (Hypocenter 1). (a) Near the Earth’ s surface (y'=-0.5 km, z'= 2.3 km). (b) Near the segment end

(v'=-6.2 km, z'= 10.7 km).





