
Some Questions for the Future!

•! Are current long-period synthetics appropriate for large 
magnitude events?!

•! What are the prospects for realistic deterministic synthetics up 
to 5-10Hz?!
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Initial stresses:  Major principal stress !1 along 22.5oE 
  Intermediate principal stress !2 vertical 

  Lithostatic load 
  !1=4/3!2, !3=2/3 !2 





Visco-elastic
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PGV Reduction – Cohesion Model B 

Cohesion model B
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Cohesion model A
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Cohesion model B
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2
0

2
0

2
0

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40

40
40

4040 40

40

4040

40

4
0

40

4
0

40

4
0

40

40

40

40

40

40

4
0

40 40

40 40

40 40

40

40

4040

40

40

40

40

6
060

6
0

6
0

60

60

60
60

60

60 60

60

60

60

60

6
0

60

Glendale

Pasadena

Los Angeles

Ontario

San Bernardino

Riverside

Long Beach

Anaheim

Santa Ana

0 10 20 30 40 50 60 70

PGV reduction (%)

Fig. 4: Reductions in PGVs relative to the visco-elastic case resulting from plasticity with the three different cohesion models. Long-period ground motions in the downtown

PGV Reduction!



Final Principal Plastic Strain!

Cohesion model A
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Introduction Simulation Details Validation Hybrid Technique Conclusions Future Plans

PGA with and without Attenuation/Heterogeneities

No Attenuation and no Heterogeneieties

No Attenuation with Heterogeneieties

With Attenuation and no Heterogeneieties

With Attenuation with Heterogeneieties

Kyle B. Withers Deterministic High-Frequency Ground Motion Simulations12 



Introduction Simulation Details Validation Hybrid Technique Conclusions Future Plans

SA (with Intrinsic Attenuation)

Kyle B. Withers Deterministic High-Frequency Ground Motion Simulations13 



Implementation of Q(f)"
Withers, Olsen, Day (2013)!
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As frequencies increase (>~1Hz), 
frequency-dependent anelastic attenuation 

becomes increasingly important. We have 
achieved a preliminary power law 

implementation of Qs frequency 
dependency Qs(f) = Qo f

 n in AWP-ODC.  

Deep basin site DLA for 0-2.5 Hz  
Chino Hills – comparison of contant Q 

and frequency-dependent Q. 
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Fractal Distribution

In 3D, a fractal distribution has a high wave-number decay of the
power spectrum P(k) as:

P(k) = P0(1 +
k

kcorner
)2)−(1.5+H)

where H is the Hurst number, kcorner is the wavenumber below
which the spectrum is approximately constant .
Here we used H = 0.2 generating a self-similar distribution
throughout the entire medium with a standard deviation of 5%

Kyle B. Withers Deterministic High-Frequency Ground Motion Simulations
15 


