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Borrowed from Bill Walter

Self-Similar Earthquake Scaling
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(see also Prieto et al 2004, Kanamori and Rivera, 2004)



Borrowed from Bill Walter
Non-self-similar earthquake scaling: Case of same
spectral shape but different corner frequency behavior
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1) Changes in Ac and/or V with size Kanamori arﬁ Rivera (2004):
(e.g. large have higher Ac and/or V than small) Mo ~ fc-( &
& ~ M, (3+) ~ (Ac V)

2) Changes in efficiency with size
(large more efficient than small)
An Example where My ~ fc~

Constant moment shear crack spectra
for different seismic efficiencies
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Ground motion studies
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require source scaling...

Central Apennines: observed and predicted
ground motions of two events of the Colfiorito
sequence (My, 5.91 & 4.29). A regional
attenuation (geometric & anelastic) and a
magnitude-dependent stress parameter (Aog) are
used to match the observed ground motion
through RVT (from Malagnini et al., 2008).

[a—
O

[S—
o0

._
9

lo g(MO) [Nm]

[
9]

Jr—
o




Ground motion studies require source scaling...
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Ground motion studies require source scaling...
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Here is what happens when you try to predict the ground motion using self-similar
scaling (Wells, NV)...



Ground motion studies require source scaling...
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Here is what happens when you try to predict the ground motion using self-similar
scaling (Wells, NV)...



Scaling and stress history...

How can we relate seismic observations to fault dynamics?
Hypothesis of constant rupture velocity...

Increased stress drop means:

a) more energy available for radiation;

a
O b) less dynamic friction on fault...
® m
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slip (s)
From Abercrombie and Rice (2005)



Scaling and stress history...

log,,(G(S)) =log,,(G,) +nlog, (S)
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Scaling and stress history...
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Scaling and stress history...
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From direct S-waves
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From coda waves

San Giuliano
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| From coda waves
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From fracture energy to stress history...
(two weakening models)

S
GS)= [ (0 (u)-0,)du ds ds
o (S)—-flaG(S)dS
b i S oS
Sp . Fracture Energy (G)

. Frictional Energy (F/A)
(a) Seismic energy:

From Abercrombie and Rice (2005)



From fracture energy to stress history...
(two weakening models)

GS)= [ (04 (u)-0,)du

i Fracture Energy (G)
. Frictional Energy (F/A)
(a) Seismic energy:

From Abercrombie and Rice (2005)
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1) Polynomial weakening
(Abercrombie & Rice, 2005):

o, (S)=0, - %GOS”‘I

G(S)=G,S"



From fracture energy to stress history...
(two weakening models)

GS)= [ (04 (u)-0,)du

b

stress (o)

op Fracture Energy (G)
B Frictional Energy (F/A)
(a) Seismic energy:
0N,  Es=(o0o1)S-G
A 2
S 1
Od I

0

slip (s)

From Abercrombie and Rice (2005)

dG(S)  do,(S)

—=—S

dS dS
190G(S
0, (5)= - £ s

1) Polynomial weakening
(Abercrombie & Rice, 2005):

n e
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G(S)=G,S"

2) Exponential weakening
(e.g., Rice, Sammis & Parson, 2005):




From fracture energy to stress history...

Polynomial weakening:
G(S)=G,S"
Exponential weakening:
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From fracture energy to stress history...

Polynomial weakening:

G(S)=G,S"
Exponential weakening:
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From fracture energy to stress history...
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Computing normalized shear stress for earthquakes...

Initial shear stress on fault: Oy = Ug (U ,—P f)

Normal stress on fault: o, =0, (H,Pf,h)

Shear stress during sliding: 7 =0, —AO

Normalized shear stress: T 1- A_U

Oy O,

Using the crack model by
Malagnini et al. (JGR 2010):

E

R

M,

Ao =Ku




Computing normalized shear stress for earthquakes...

Initial shear stress on fault: Oy = Ug (U ,—P f)

Normal stress on fault: o, =0, (H,Pf,h)

Shear stress during sliding: 7 =0, —AO

Normalized shear stress: T 1- A_U

Oy O,

Using the crack model by
Malagnini et al. (JGR 2010):

E

R

Ao =K
MMO

(in what follows, «k 1s used to fit
the specific mainshock “stress”...)



Weakening curves...

Polynomial weakening:

OF (S) — 1 _ n GOSn—l
o, o, (n-1)

Exponential weakening:

S
OF( )=GS—S+AGeXp(_i)
O O, O, D
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Comparison against lab experiments...
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Comparison against lab experiments...
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Summary & Conclusions

We computed fracture energy vs. slip (G(S )) for ~300 earthquakes from
20 seismic sequences occurred worldwide;
Within an individual sequence:
* Fracture energies of small events: power law & polynomial
weakening (G(S) =G,S"; 0,(8)=0, —ﬁGOS"‘I);
* Fracture energies of large earthquakes suggest shear stress saturation;

* Polynomial stress-slip function: first approximation of exponential

Weakening Op=05+ (Oo - OS-S)GXP(__)) ,

Seismology & Lab:

* Interesting comparison...






Magnitude-dependent correction parameter...

Coefficients of Residual function
F=10%(a - b log(Rjb+10))

2 § &80 I L L L ' 5 & X8 l 5 & A8%iF ] L L L ] T 7T 177
- ————  3.888-0.674*x 1 Atkinson and Boore (2011)
I 2 933-0.51*x 1 discussed the use of a correction
15 Q g | parameter for NGA’s for the GM
! ] . { prediction of small events...

Y’'=YFga0s

Note that log(F)=0 for M>5.75 (i.e.,
no corrections for large events)

Coefficient
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(from Atkinson and Boore, 2011)
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PSA Ratio

Wells: evidence of non self-similar scaling
from ground motion analysis
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