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Prerequisites for Constitutive
Formulation for Earthquake Ruptures

The seismogenic layer and individual
faults therein are inherently in-
homogeneous.

Earthquake ruptures are scale-
dependent; that is, some of the
physical quantities inherent in the
rupture exhibit scale-dependence.

Fault Inhomogeneity

Seismoloqical Evidence

Earthquake faults comprise strong portions
called “asperities” or “barriers”, with the rest of
the fault having low (or little) resistance to
rupture growth.

Geological Evidence

A real fault consists of a number of discrete

segments, and individual segments are non-
planar and exhibit geometric irregularity that
contains various wavelength components.

The sites of the zones of segment
stopover and/or interlocking asperities
are strong, and possibly have the
strength equal to (or close to) that of
intact rock.
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Asperity Model

D,
G, = [[*(D)-<,1dD (Palmer and Rice,1973)
6]
:%FA’[ch {Ohnaka and Yamashita,1989)
where
1
r=1Vgy
0

« Earthquake ruptures occur on pre-
existing faults, with gouge particles in
the intervening fault surfaces.

« Earthquake faults are inhomogeneous,
and individual faults comprise strong
local areas of high resistance to
rupture growth, with the rest of the
fault having low (or little) resistance to
rupture growth.

« The size/magnitude of an earthquake
is prescribed by the driving force,
which is the elastic strain energy
stored in the elastic medium
surrounding the fault by sustaining
fault strength at such strong local
areas.
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Apparent Shear Rupture Energy G, (J/mz)

| Fracture, Friction & Earthquake Data |
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Scale-Dependence of
Slip Acceleration

Peak Slip Velocity :

I'v Az
D, = ° !
max ﬂ:zC(v) ,J- ¢max (1)

Peak Slip Acceleration:

_ 1—‘zd,r,rl'lax v A‘cb y Mjlu (2)
max nz C(V) u Dc
From (1) and(2), we have
.. h .
D = _"D? 3
- DC i ( ) 103001 o 0.01 - J“(;I1 ity
where | Peak Slip Velocity (m/s)

h = 4r./(§r)° (4)
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Nucleation zone size L, or Breakdown zone size X
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Rational Constitutive Formulation for
Earthquake Ruptures

The constitutive law for earthquake
ruptures must be a unifying law
that governs both frictional slip
failure and the shear fracture of
intact rock.

The constitutive law for earthquake
ruptures must also be formulated
so as to incorporate the scaling
property.

Rational Constitutive Formulation for
Earthquake Ruptures

To unify frictional slip failure and
the shear fracture of intact rock,
the constitutive law must be
formulated as a slip-dependent law.

To account for scale-dependent
physical quantities inherent in the
rupture over a broad scale range in
quantitative terms, the constitutive
law should also be formulated as a
slip-dependent law.




Dr. Miti Ohnaka, Univ Tokyo and UCL (KITP 11-10-05) Rational Constitutive Formulation for Earthquake Rupturesand Physical.. Page 9

Why It Should be Formulated as a Slip- Scale-Dependence of D,
Dependent Law for Physical Scaling of the
Scale-Dependent Quantities? D_ scales with the characteristic length A,

according to the following law:
s D, defined as the breakdown slip in

the framework of slip-dependent D, = (VB)1IM(ATbI’Ep)1IM7\.c
formulation, straightforwardly
represents the slip displacement at Physical Grounds:

the end of the breakdown process,
which is a specific length scale
inherent in the breakdown process.

= The shear rupture that proceeds on an
irregular interface is governed by not
only nonlinear physics of the

= Therefore, D, is most appropriate as a constitqtive law but also geometric
scaling parameter that plays a properties of the rupture surface
fundamental role in scaling the scale- irregularity.

dependent physical quantities. = The fundamental cause of the scaling

property lies at A defined as the
predominant wavelength that
represents geometric irregularity of the
rupturing surfaces.
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Slip-Dependent Constitutive Relation
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Unification Under Slip-Dependent
Constitutive Formulation

Unification Under Slip-Dependent
Constitutive Formulation
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Unification Under Slip-Dependent
Constitutive Formulation
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Both D_ and A_ are larger
for a larger earthquake fault. Why?

1 Rupture surfaces of an inhomogeneous
fault cannot be flat planes but they
necessarily exhibit geometric irregularity.

2 A large fault includes geometrically large,
local areas of high resistance to rupture
growth (in a statistical sense).

3 The irregular rupture surfaces of such
geometrically large local areas contain a
long predominant wavelength component
A in themselves.

4 A large amount of D, is necessarily
required for breaking down such a
geometrically large local area containing
large A..

Large Scale

Asperity Interlocking

Adhesion (or Cohesion)

Small Scale
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Constitutive Formulation for
Earthquake Ruptures
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Shear stress
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T |-
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e )
where h(D,,r)=1 and

h(D,r)exp{- H(r)(DL(r) - 1]} — 0 for sufficiently large D




Dr. Miti Ohnaka, Univ Tokyo and UCL (KITP 11-10-05) Rational Constitutive Formulation for Earthquake Rupturesand Physical..

Constitutive Formulation for
Earthquake Ruptures

C A
1

5(0)

Shear stress

Dimensionless shear stress

pf’p, d=DD,
imensionless displacement
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Slip displacement
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