
2018 SCEC Annual Meeting
- Assess progress towards SCEC5 goals
- Broadcast Science Plan (RFP) to 

recruit research 
- Modify Science Plan as necessary

Poster Sessions: dedicated 
prime time to nucleate ideas 

and forge collaborations

2018ANNUAL MEETING
Southern Ca l i fo rn ia  Ear thquake Center

September 8-12, 2018

MEETING PROGRAM

Welcome to Palm Springs! 



New This Year!  Lightning Talks at 3:00 Tomorrow



SCEC5 
Planning 

Committee
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SCEC5 Science Accomplishments 
(Core + Special Projects)

Gregory C. Beroza Christine A. Goulet 
Co-Director Executive Science Director

for Special Projects

Southern California Earthquake Center



Theme A. Modeling the Fault System
1. Stress and Deformation Over Time

2. Special Fault Study Areas: Focus on Earthquake Gates 

3. Community Models

4. Data-Intensive Computing
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www.scec.org/research/cxm

http://www.scec.org/research/cxm


1. Stress and Deformation Over Time
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Earthquake CenterHow many surface clasts needed to 

constrain alluvial fan exposure age?

S-FSO

Synthetic tests show ~14 clasts needed. 
Few published sites meet this standard

Prush and Oskin (Poster #231)

Background erosion-
dominated catchments = 
concave-up distributions

Landslide erosion-
dominated catchments = 

concave-down distributions

Example
Distribution



Southern California 
Earthquake CenterRecalculated dates of the two most 

recent surface ruptures on the 
southernmost San Andreas fault

Analysis constrains the open interval to 
300 years with 150 yr recurrence for the 
two MRE that is consistent with 180 yr
recurrence from record of earlier events
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31.6 +5.9/-4.3 mm/yr

Multiple new offset rates along the San 
Andreas Fault in the Carrizo Plain consistent 
with earlier work and are fairly steady. 

Slip rate summary: ~steady strain accumulation and release

Shown above

Grant Ludwig, et al., 
in revision
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Slip History of the Sierra Madre fault

Sierra Madre Fault shows a decrease in 
slip rate by factor of ~2 in last ~60 ka. 

(Poster #254)
PIs: Burgette, Lifton & Scharer

55-0 ka

170-55 ka
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SSAF creep rate modulations
InSAR data spanning 1992–2017 show 

decreasing creep rate with time

S-FSO

Positive correlation between Coulomb stress 
changes from M>7 events and SSAF decadal 

creep rates estimated from InSAR

Xu et al., GRL, in press (2018)

Increase
(faster)

Decrease
(slower)

Decrease
(slower)1990s

2000s

2014-2017
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Earthquake CenterSeasonal Stress Changes 

S-FSO

During the drought, the augmented summer signals 
escalate the summer stress patterns along the San 

Andreas Fault zone and the Eastern California Shear Zone. 

Kim, Bahadori, and Holt. (Poster #156)

Associated Coulomb stress changes 
on the right lateral strike-slip faults

Winter
Westward

Summer
Eastward

Normal
year

Weakened
Winter signal

Augmented 
summer signal

Horizontal seasonal signals with 
dilatational strains 

Normal
year

Drought Drought
Normal Summer
Stress patterns

Drought Summer
Stress patterns
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Nontectonic trigger of South Napa EQ?

S-FSO

Majority of the dilatational strain is 
attributed to groundwater changes; 
its late summer peak is a plausible 
trigger for the August 24th event.Kraner et al., JGR (2018)

Dilatational strain (left) and Coulomb 
stress (right) estimated from CGPS

EQ
EQ

2014/08/24
M 6.1 Dilatational strain

Coulomb stress
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Southern San Cayetano Fault Slip Rate

SSCF links Ventura and San Cayetano faults, 
likely ruptures in large multi-fault events.
Holocene slip rate of 1.3 +0.5/-0.3 mm/yr.Hughes et al. (Poster #253)

Subsurface data indicates SSCF is a low-angle 
(20°) thrust

SSCF connects Ventura and San 
Cayetano fault at the surface



2. Earthquake Gate
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• Variations of stress ratio ( ) in areas with high
topography, similar feature is seen in CP, SGP and HS

Stress Inversion of Focal Mechanisms 

Abolfathian, Johnson, Ben-Zion (Poster #155)
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• Significant rotation of maximum horizontal compressional
stress (SHmax) with depth in Crafton Hills

• Numerical simulations aid in understanding the results
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Odd normal slip focal 
mechanisms in the San 
Bernardino basin could 
be due to deep creep on 

the northern San 
Jacinto fault

Focal mechanisms may not provide reliable 
indicators of interseismic loading off the 

faults have some degree of creep

Deep Creep Model



Strain rate and earthquake cycle stress accumulation
influenced by crustal rigidity variations:  Cajon Pass

New paleoseisimic rupture estimates (1)
+ new 4D crustal deformation model that 

accounts for heterogeneous crustal rigidity (2) 

Updates to present-day strain rate model (3) 
and changes due to crustal rigidity variations (4);

A decrease in rigidity à increase in strain rate

v

Stress accumulation rates (5) and event 
thresholds (6) are reduced along the Cajon Pass 

when crustal rigidity variations are introduced. Ward, Smith-Konter, Xu, and Sandwell;  Poster #260

Burkhard, Smith-Konter, 
Ward, Scharer;  Poster #262

1

2

3

4

5

6



3. Community Models
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SCEC Community Velocity Models 
(CVMs)

(Above) SCEC has developed a new Central California Velocity Model 

(coverage region indicated by larger white rectangle), called CS173-H, 

that includes detailed representations of the San Joaquin Basin (smaller 

white rectangle - center) and the Santa Maria Basin (small white square).

(Right) Vs at 1K depth and horizontal cross section of the CS173 velocity 

model show the original CS173 velocity model (Top Row) and the 

updated CS173-H velocity model (Bottom Row) which includes the San 

Joaquin and Santa Maria Basins.
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Updated SCEC CFM v.5.2 Fault Representations Updated SCEC CFM v.5.2 Fault Representations for 2018for 
2Updated SCEC CFM v.5.2 Fault Representations for 2018018

Nicholson et al. (Poster #145)
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New CFM webpage @ https://www.scec.org/research/cfm

Webpage provides user downloads of CFM 3D fault sets, 
regular-gridded re-meshed surfaces to facilitate modeling, 
GIS map representations in X3D, and tools for viewing and 

evaluating the updated CFM-v5.2 fault set in 3D.Nicholson et al. (Poster #145)

Example of regular-gridded re-meshed 
CFM fault surfaces at 1000-m intervals 
for the LA Basin area

CFM fault surfaces reformatted for 
viewing in 3D with free MoVE Viewer 
app are available to download
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•  Updated GF province definitions

• Generated preliminary 1D lithological profiles for all GF provinces

• Registered province boundaries to SCEC USR features

Geologic Framework for the SCEC CRM

• Generated shape and lat-lon files for province boundaries

Legg and Oskin (Poster 151); Hearn et al. (Poster #152)
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Montési and Leete (Poster #150)
https://github.com/montesi/RHEOL_GUI

Select 
possible 

rheologies

Rock 
types*

Tempe-
rature 

profile*

Build your own strength profile
And lithosphere-scale rheology!

*From 
GF

*From 
CTM



BASIN Project: Basin Amplification Seismic INvestigation
Tracking the propagation of waves from the San Andreas Fault to Los Angeles

CISN station

SAVELA station
(Denolle et al 2014)

San Gorgonio
Pass station

BASIN node Phase II

BASIN node Phase I

BASIN broadband 
       Phase II

dreas Fault and nodes contain anticausal Rayleigh waves with signal in the period range 2 – 10s.

ADO

SG2

SG1

SB4

Below: 3 Hz radial receiver 

Poster #099
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Robert Clayton, Caltech
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Receiver Function Structure, Liu et al, Poster 276

Site Response,  Tayagi et al, Poster 111
2017
2018
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Seismic Survey in the LA Basin
Analyses

S-FSO

Hollis & Clayton (Poster #097)

- 4,500 1C nodes rolled across 17,000 
locations (30 days/station)

- 200 3C nodes static (120 days/station)
- 60+ deep hole shots

Data Products
• 3D Basin Structure
• 3D Shear and 

Compression Velocity 
Structure

• Shallow Vs500, Vs1000 
maps

• Active Structures
• And more…

Source  → 
Path → 

Site Response
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Differential noise interferometry kernels
Non-isotropic azimuthal noise 

intensity distribution

Kernels of differential measurements reduce artifacts and biasLiu & Beroza. (Poster #108)

Travel time kernel

38 km 4 km

Amplitude kernel

Differential travel time kernel Differential amplitude kernel

Period:2 s Q=100
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Consistency of CGM InSAR time series

S-FSO

Sentinel-1 time series 
at CGPS site LGWD

Line-of-sight 
velocity map

CGM InSAR working group (Figure: Xiaohua Xu) 

Time series estimated using different approaches, different processing 
software, show good agreement with each other and with GPS  



4. Data-Intensive Computing
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Similarity Matrix Profile (MP)
Efficient method to identify most similar 

sub-sequence in continuous data 

S-FSO

Using an AWS 
GPU cluster, the 
MP for 580 days 
(109 samples) of 
seismic data can 
be computed in 
~10 hours!

Shakibay Senobari et al. (Poster #063)
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Characteristics of ground motion generated by interaction of wind 
gusts with trees, structures and other surface obstacles

Wind interacting with surface structures, trees, etc. can mask microseismicity
Some of these surface interactions are observable at 150 m depth from 1-8 Hz

Johnson, C.W. et al. 
(Poster #305)

Geophones targeting local 
vegetation and structures

Waveforms originating from 
surface structure

Wind & temp with borehole 
seismometer spectrogram

>300 events 
in a day



Generalized Seismic Phase Detection (GPD)

S-FSO

Meier et al. (Poster #064) / Ross et al., 2018, BSSA

• Train a Convolutional Neural Network classifier 
with millions of labeled example waveforms 

• Can reliably recognize i) P-waves, ii) S-waves, iii) 
ambient and impulsive noise signals

• Has similar sensitivity as template matching, but 
does not need explicit templates

P S



Characterization of High-Wavenumber Subsurface Random Heterogeneity Using a Very 
Dense Array at Diablo Canyon, California

S-FSO

Very Dense Array is key to estimating 
subsurface structure with high resolution.Nori Nakata (Poster #298)

Receiver geometry Ambient-noise correlation Rayleigh-wave group velocity map

- 7200 v-comp geophones
- 10 Hz
- ~20 x 20 km2

- Total 1.5 months recording

Coherent waves are extracted
by correlation techniques.

We can estimate detailed
heterogeneity of the subsurface
structure.
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Machine learning applied to tomography

High-velocity anomaly appears to be the 
main producing aquifer in Long Beach).Bianco, Gerstoft, Olsen, Lin (poster #94)

• Ambient noise tomography on 
the Long Beach array (5200 
geophones in 10x7km area).

• Higher resolution than 
conventional (e.g., Eikonal) 
tomography.

• The seismic image consists of 
pixels and patches.

• No training data required.

Conventional (Eikonal)
tomography

Machine learning inversion



Southern California 
Earthquake Center

S-FSO

Physics Constrained Deep Neural Networks (PCDNN) 
1. A toy model for frictional sliding 
with earthquake-like statistics

2. Multivariate LSTM Model Setup

3. Training and Testing Dataset for block 
displacement time history 

4. Single Feature LSTM VS Multivariate
Feature LSTM Prediction

a. Single Feature LSTM 

b. Multivariate Feature LSTM 

By using constraints of the PDE
structure, PCDNN uses less data in
training, and its prediction outperforms
traditional time series prediction using
single feature LSTM or Poisson’s
processes.

This framework may improve earthquake
forecasting and may significantly speed
up forward computation as well.

Physics-constrained deep learning 
networks encode the characteristics 
of spatial and temporal derivatives 
in governing PDEs by combining 
Convolutional Neural Networks 
(CNN) and Long Short Term Memory 
(LSTM) Networks. Elbanna et al. Poster 199
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S-FSO

Blanton et al. (Poster #226)

Analysis of offset stream channels with very high resolution 
UAV imagery Southernmost San Andreas Fault

Sub-centimeter pixel resolution

Many small and large displacements 
ranging from 50 cm (creep) to 100 m

These 2 examples are offset 9-10 m
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Earthquake Simulations on Deep Learning Hardware

S-FSO

Achieved efficient HPC utilization of the 
Intel Xeon Phi for Deep Learning.

Breuer et al. (Poster #289)
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Theme B. Understanding Earthquake 
Processes

5. Beyond Elasticity
6. Modeling Earthquake Source Processes
7. Ground Motion Simulation
8. Induced Seismicity
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5. Beyond Elasticity
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Large Scale:  Rock damage production in southern California

Ben-Zion & Zaliapin (Poster #066)

A quasi-linear zone with
ongoing damage production
between the Imperial fault
and ECSZ

Damage volume, 1981-2017

The regions around the
1992 Joshua Tree, Landers
and Big Bear events have
background seismic activity
before 1990

Damage volume, 1981-1990



Southern California 
Earthquake CenterIntermediate Scale:  High-resolution fault imaging

DDT = double-difference tomography
FZHW = fault zone head waves 

Implications of imaging results:
SAF earthquakes likely propagate to the NW and SE from San Gorgonio Pass.
Rupture on the Mojave SAF can easily trigger continuing rupture on the SJF.
NW rupture on the SJF not likely to trigger continuing rupture on the SAF.Share et al. (Poster #101)

DDT model

FZHW along
northern SJF

FZHW along
SAF
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S-FSO

Evans et al. (Poster #169)

5 cm

Incoming

X-ray beam
10 cm

Small Scale:  Microstructural and microchemical analyses of active faults
High energy X-ray mapping at the Stanford Synchrotron
Lightsource for geochemical analyses of San Andreas at 
Lake Elizabeth Core at Lake Elizabeth (Edwards et al., 2018).

Ca-Mn-Ti mapMn map

Fe map

8 cm

Lots of energy goes into chemical 
alteration and distributed damage. 
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How does inherited structure and fabric control fault loading?
Width of shear zones and 
fault loading mechanism? 

Evidence for fabric at depth

Fault/shear fabric reactivation results in non-optimal 
orientations (dipping strike-slip); anisotropic rheology?

Becker et al. (Poster #157)
Schulte-Pelkum et al. (#159)

New, dense broadband deployment 
across ECSZ faults to infer structure

?

?

?

reactivation of dipping/listric faults 
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6. Modeling Earthquake Source Processes
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SCEC Initiative on Comparing Simulations of 
Earthquake Sequences and Aseismic Slip (SEAS)

• Led by Junle Jiang and Brittany Erickson 
• First workshop on April 23-24, 2018 in Pomona, jointly w/ dynamic rupture group.
• 60 participants from 7 countries (half students/postdocs); 11 modelers in first SEAS benchmark.

• First SEAS benchmark: 2D elastic, quasi-dynamic, planar fault, rate-and-state friction

• SCEC talk on Monday 14:00, corresponding poster #192.
• Future SEAS benchmarks to include:

– Fully dynamic earthquake sequences, coupling with fluids, involving multiple fault segments and 
nonplanar fault geometries, material heterogeneities, and bulk inelasticity.

• Objectives: provide community tools for best practices, move towards validating models with data.
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Mechanisms of Unsteady Shallow Creep on Major Crustal Faults

Dynamic strengthening processes are likely important in 
controlling the seismic potential of these shallow fault zones

Jiang and Fialko (Poster #188)

Why do spontaneous/triggered shallow creep events occur on some crustal faults, such as the 
Southern San Andreas fault, Superstition Hills fault, and North Anatolian fault?

conditionally stable 
friction? dilatancy? others?

• Explore depth-dependent fault conditions promoting episodic creep
• Construct long-term fault slip history from seismic-cycle observations

time evolution of slip rate time evolution of friction
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Shear Heating and the Brittle-Ductile Transition (BDT): 
Earthquake Cycle Simulations with Power-law 

Viscoelasticity and Thermomechanical Coupling

We investigate how pore pressure, 
background geotherm, and frictional 

shear zone size affect earthquake 
cycle characteristics and the depth of 

the BDT.

Kali Allison and 
Eric Dunham
(Poster #161)

earthquakes
fault creep

without shear heating with shear heating

total thermal anomaly 
(difference from 1D geotherm)

temperature rise 
from fault friction

temperature rise from 
bulk viscous flow

= +

The contributions 
from frictional and 
viscous shear heating 
are roughly equal in 
magnitude.

Shear heating moves 
the BDT shallower.
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Geometrically Complex Faults with RSF

S-FSO

The FEM-based dynamic earthquake simulator makes fully dynamic 
EQ cycle simulations on geometrically complex faults possible Liu et al. (Poster #205)

Based on the variable time stepping scheme (Lapusta et al., 2000), 
the inertia term should be taken into account when the criterion is met.
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Crack models of 
repeating earthquakes

Cattania and Segall (Poster #190)

Analytical results explain the 
observed recurrence interval 

scaling of small repeating 
earthquakes  (Tr ~ M0

1/6)
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Earthquake Source time functions
Sub-event analysis in source time 

functions

S-FSO

Specific and highly heterogeneous fault strength
Moderate earthquake rupture determinism

Danre et al., Denolle et al.,  (Posters #213, #214)

Sub-events scale with final earthquake size

MA ~ M0
0.7

m
ed

ian
 M

A 
(N

m
)

median M0 (Nm)

MA  = M0 

MA ~ M0
0.8 MA  =

 M
0 

Observations Simulations

Estimating the magnitude before the 
earthquake stops
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Productivity within a Fault Network
. . . unless you define the faults ahead of time.

everywhere

Far from faults

close to faults

b-values appear to be lower near faults . . .

Suggests the CFM is overly tuned to past seismicity
Page & van der Elst (Poster #044)



8. Induced Seismicity
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Evolution of  Stress and Seismicity Rate due to Fluid Injection

Earthquake Magnitude-Time Forecasting

Zhai and Shirzaei, 2018, submitted.

Zhai and Shirzaei, poster #35

Physics-based model of injection-fluid diffusion, 
Coulomb stress change and rate-state nucleation 
reproduces features of induced seismicity in OK. 
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Induced seismicity mitigation and aftershock productivity in Oklahoma
T.H.W. Goebel1, Z. Rosson2, E.E. Brodsky1, J. Walter2

1 UC Santa Cruz, 2 University of Oklahoma

Aftershock productivity in Oklahoma is higher than in 
California. However, regions with active mitigation exhibit 

anomalously low productivity aftershock sequences.

Goebel et al. (Poster #089)

Low Productivity 
Events

Aftershock productivity

California Oklahoma

Cushing, M5.0

Reduced Aftershock Rate
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constrain coupling between slip & pore 
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7. Ground Motion Simulation



Improved nonlinear High-F simulations

Beyond perfect plasticity: Elastoplastic 3D constitutive models 
for the shallow crust improving strong GM simulations

F^aA 

X=8L 

Fig. 1 The distrlbuted-eiement model for one-dlmenslonal hysteresis 
Fig. 3 A uni-directional strain path for defining a plastic equilibrium 
state 

this section, we characterize the uniaxial stress-strain behavior. 
Multi-axial cyclic behavior will be discussed in the next section. 

Yielding. In the stress-strain curve of a typical annealed 
material in simple tension, the elastic range generally extends 
slightly beyond the proportional limit until the yield point is 
reached. For most metals, the transition from elastic to plastic 
behavior is gradual, due to successive yielding of the individual 
crystal grains. This micro-structural behavior is clearly reflected 
by the DEM as shown in Fig. 2(a) and 2(^) , in which elements 
of different strengths yield successively so that the overall 
"stiffness", i.e., the slope of the stress-strain curve, decreases 
gradually as the load is increased. 

Strain Hardening. Beyond the yield point, the stress con-
tinually increases with further plastic strain, while the slope of 
the stress-strain curve, representing the rate of strain hardening, 
steadily decreases with increasing stress. Within the context 
of the DEM, we note that strain hardening is a phenomenon 
inseparable from successive yielding. The continual increase in 
stress is simply because some elements are still in the elastic 
range and contribute to the overall restoring stress. The cycli-
cally stabilized limit stress state of the model corresponds to 
the situation that all the elements are yielded. This condition 

gives the following equation, in addition to Eq. (2) , for speci-
fying (̂ ( A:): 

(b) 

Fig. 2 Behavior of a DEi\A during yielding and unloading (a) Detailed 
element behavior; (b) macro-model behavior 

r k(j}{k)dk 0" i j . (3) 

where a„ is the uniaxial limit stress of the model for cyclically 
stabilized behavior. 

Bauschinger Effect. The yield stress of a specimen in one 
direction is appreciably smaller in magnitude than that in the 
opposite direction along which the specimen was loaded. This 
well-known phenomenon occurs in real metals whenever there 
is a reversal of stress. It follows from the behavior of a DEM 
that the lowering of the yield stress in reversed loading is caused 
by residual stresses left in the specimen on a microscopic scale 
due to the different stress states in the individual crystals. This 
effect is clearly demonstrated in Fig. 2(a) and 2{b), where 
unloading behavior after yielding is shown. We remark that 
even in complicated non-proportional loading cases, multi-axial 
Bauschinger effect can be appropriately accounted for by the 
DEM without the need of introducing any (kinematic) harden-
ing rules (Chiang and Beck, 1994a). 

4 Important Properties of Cyclic Behavior 
Many important effects and material properties regarding cy-

clically elastic-plastic behavior have been observed in experi-
mental and simulation studies. In particular, the existence of 
plastic equilibrium points and the property of erasure-of-mem-
ory have important implications for both analytical and experi-
mental studies of cyclically stabilized behavior of materials 
(Lamba and Sidebottom, 1978a, b) . In the present paper, we 
will describe these material properties through the detailed be-
havior of the DEM, which gives physical insight into the com-
plicated cyclically elastic-plastic behavior of real materials. 

Equilibrium Point. A (plastic) equilibrium point is a stress 
state associated with a uni-directional strain increment at which 
stress increments approach zero for appreciable strain incre-
ments. The existence of equilibrium points for a material in 
cyclic elastic-plastic states is suggested by experimental obser-
vations (Lamba and Sidebottom, 1978a). It has been shown by 
Chiang and Beck (1994b) that there exists an equilibrium state 
corresponding to each unidirectional strain path for an element 
having the behavior of ideal plasticity. Furthermore, at an equi-
librium state of the DEM, all elements are in corresponding 
equilibrium states. Fig. 4 illustrates the process of how a DEM 
reaches an equilibrium points associated with a reference (uni-
directional) strain path shown in Fig. 3. To make the presenta-
tion easier, we consider only three elements in the DEM so that 
only three concentric circles representing yield surfaces in the 
biaxial stress space are shown in Fig. 4. As the loading is 
continued, element 1 with the lowest yielding strength yields 
first at P, (Fig. 4(a)) while the other two elements are still in 
the elastic range. Subsequently, element 2 will yield at P^ and 
element 1 will move around its yield surface until reaching an 
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ranged in either a series-parallel or a parallel-series combina-
tion. It is assumed that the models contain a very large number 
of elements and that the properties of the elements are distributed 
in some fashion. The distribution of these properties will then 
dictate the particular form that the hysteretic behavior will take. 
In continuous systems, the models might be thought of in terms 
of the distribution of slip-planes or dislocations throughout the 
material, while, in the case of composite systems, the models can 
best be thought of as depicting the distributed }'ield characteristics 
of the individual components of the system. 

The parallel-series model has been suggested by several authors 
as a simple model for the yielding behavior of materials but rela-
tively few authors have actually employed the model in studies of 
such behavior. Massing [4] used this model as early as 1926 to 
make some general statements about the behavior of materials, 
and Prandtl [7] used a physically different but mathematically 
equivalent model as a vehicle for the application of kinetic theory 
to a rather wide range of problems associated with rate effects. 
More recently, Duwez [S] applied the parallel-series model to 
single crystals by way of investigating the hypothesis of a 
secondary structure in crystals and showed that the model could 
be made to give stress-strain curves and hysteretic energy loss 
results which were in close agreement with experimental data. 
Drucker [9] has also discussed this model and has indicated some 
of its advantages and shortcomings. 

The series-parallel model has received only little attention in 
the literature. Ivlev [10] has discussed an n-element one and 
two-dimensional series-parallel model with viscosity and has 
used this model to obtain a set of stress-strain relations for a 
three-element system, but has not considered the general dis-
tributed element model. Prager [11] has given an interesting 
extension of Ivlev's work by suggesting a kinematic analog for 
Ivlev's two-dimensional model. 

The purpose of the present paper is to both complement and 
extend the work of earlier authors by bringing together the salient 
features of the two basic models into a consistent framework, while 
at the same time examining certain new areas of application. 

Before considering the specific models, it should be noted that 
the formulation of the hysteretic behavior can be accomplished 
either in terms of force-deflection relations or stress-strain rela-
tions. The former is more natural for composite systems while the 
latter is more natural for continuous systems. As the two formu-
lations are parallel in eveiy way, only the stress-strain approach 
will be used here. This will make it somewhat easier to extend 
the models to three dimensions later. 

Parallel-Series Model 
The parallel-series model consists of a collection of elastic and 

slip elements arranged as indicated in Fig. 1, where cr,*, Eit and 
At are the critical slipping stress, the elastic modulus, and the 
area of the ith element. Let the slip elements be of negligible 
size and let it be assumed that each element is initially in an un-
stressed state.3 Then it is easily shown that the initial loading 
behavior will be described by 

E 
i = n + l 

where the summation from 1 to n includes all of those elements 
which remain elastic after loading to a strain e, and the summa-
tion from « + 1 to iV includes all of those elements which have 
slipped or yielded. 

In general, both a* and E{ could be distributed parameters. 
However, as illustrative of the general situation, in what follows, 

<r = F/A = Y. 
! = 1 

Fy 

N 

oV* 

-V 
(1) 

3 The latter assumption is not essential and could be relaxed if de-
sired. However, this would necessitate the introduction of another 
parameter into the problem which would specify the distribution of 
preload stresses in the model and this, in turn, would lead to con-
siderable complication of the ensuing equations. Furthermore, it 
would be quite difficult to determine what form this distribution 
should take on the basis of experimental stress-strain data. The 
usual assumption is to neglect this factor. 

consideration will onlj' be given to the case where the slip stresses 
cr* are distributed while the elastic moduli remain constant and 
equal to some value E. Furthermore, let the number of elements 
become very large so that a* can be described in terms of a dis-
tribution function <p(<r*), where <p(<T*)d<r* is the fraction of the 
total slip elements having a slip stress between a* and a* + da*. 
Then equation (1) becomes 

a — Et 
/»co /*Ee 

I <p(<j*)d<j* + o-VCo-" 
J Et Jo 

)du*; e > 0 (2) 

It will be noted that in this case E is just the slope of the stress-
strain curve when e —> 0. Moreover, if the first term vanishes as 
6 —»• co, the sj'stem will have an "ultimate yield stress" given by 

<r„ = <r*ip(a*)d(T* (3) 

If the stress is not bounded, this corresponds to the case where a 
finite fraction of the yielding elements has an infinite yield level. 

The selection of the distribution function tp(<r*) could be ac-
complished ex nihilo or could be based on experimental data. 
One possible method of selection based on experimental data 
woidd be to make use of an experimental '̂ determined initial 
loading stress-strain curve. From equation (2), it is seen that the 
distribution function would be related to the curvature of this 
stress-strain curve by the formula 

1 d2<r 
^ = * r 

A method of selection which is based on equation (4) and which 
results in a very simple form for the hysteresis relations is dis-
cussed in reference [12]. 

The parallel-series formulation will always lead to stress-strain 
relations in a form which gives stress as a function of strain. This 
is probably the most convenient form for the dynamicist since 
strains or displacements are normally taken as the independent 

A A ^ 

A 2 ,E 2 
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i i 
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X = € L 

A. = A / N 
i 
Fig. 1 Parallel-series model 
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Surface displacement of elliptical basin: SV-incidence

Elastoplastic: Borja-Amies bounding surface plasticity
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Southern California 
Earthquake CenterHigher resolution imaging techniques

New imaging techniques can improve shallow crust velocity 
models, and in turn the accuracy of High-F simulations

Williams et al. (Poster #023)
Group velocity inversion of noise correlation Sharp discontinuities and basin edges

Nakata (Poster #298)
Retailleau & Beroza (Poster #304)

Jia et al (Poster # 098) etc…



Before After

Simulated
Empirical

Accelerations
at station 
8001-CLS

Time (s) Time (s)

F1 (Hz) F1 (Hz)

Loma Prieta (50 realizations)

The inter-frequency correlation of 
epsilon is important for structural risk 
applications.

Data reveal that neighboring 
frequencies are generally correlated.

The inter-frequency correlations are 
well simulated by our post-processing 
method.

Including inter-frequency correlation into the SDSU BBP Module

Wang et al. (Poster #010)



Theme C. Characterizing Seismic Hazards

9.   Probabilistic Seismic Hazard Analysis
10. Operational Earthquake Forecasting
11. Earthquake Early Warning
12. Post-Earthquake Rapid Response

Southern California Earthquake Center
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CyberShake 15.4 and 17.3 Validation

Meng et al.
(Poster #024) Southern California Earthquake Center



CyberShake Study 18.8 Northern CA
Science Collaboration with USGS
Several science and technical participants

180 x 390 km
869 sites (32 overlap with 17.3)

Started on Friday, August 17, 2018 at 20:17:46 PDT. We are hoping to 
complete the study by October 1.Callaghan et al.

(Poster #295) Southern California Earthquake Center



Collaboratory for Interseismic Simulation and Modeling (CISM)

RSQSim, CyberShake
RSQSim, GMPE

Fully physics-based PSHA with rupture slip-time histories from RSQSim 
and 3-D deterministic ground motion simulations from CyberShake

Kevin Milner, Bruce Shaw, Jacqui Gilchrist, Tom Jordan, Keith Richards-Dinger, Jim Dieterich, Yifeng Cui, Dmitry Pekurovsky

(Posters #031-032) Southern California Earthquake Center



Southern California 
Earthquake Center

Working Group on California Earthquake Probabilities (WGCEP)

• UCERF3-ETAS paper published: “Candidate Products for 

Operational Earthquake Forecasting Illustrated Using the HayWired

Planning Scenario….” (Field & Milner, 2018, SRL).

• UCERF3-ETAS was formally evaluated by NEPEC in Oct 2017 and 

they recommended operationalization on an on-demand basis (not 

automated)

• UCERF4 planning paper in press in SRL: “Improving Earthquake 

Rupture Forecasts (Using California as a Guide)”

• Fourth Powell Center meeting was held in February to address 

model testing, which led to a number of proposed milestones for 

CSEP2

• Based on work in the CISM project, paper has been published 

comparing RSQSim-implied hazard calculations to that for UCERF3  

(Shaw et al.,2018, Sci. Advances). 
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Collaboratory for the Study of Earthquake Predictability (CSEP)

Savran et al. (Poster #033)

SRL Focus Section July/August 2018 
guest-editors Andy Michael & Max Werner

1. Schorlemmer et al: The Collaboratory for the Study of Earthquake 
Predictability: achievements and priorities.

2. Cattania et al: The forecasting skill of physics-based seismicity 
models during the 2010-2012 Canterbury, earthquake sequence.

3. Bird: Ranking global forecasts with the Kagan information score
4. Jackson: Testing the classic 1988 forecast
5. Rhoades et al: Highlights from the first ten years of the New Zealand 

earthquake forecast testing center. 
6. Taroni et al: Prospective CSEP evaluation of 1-day, 3-month, and 5-

year earthquake forecasts for Italy.
7. Strader et al: Prospective evaluation of global earthquake forecast 

models
8. Akinci et al: Ensemble smoothed seismicity models for the new 

Italian probabilistic seismic hazard map.
9. Ogata et al: Exploring magnitude forecasting of the next earthquake

Southern California Earthquake Center



Theme D. Reducing Seismic Risk

13. Risk to Distributed Infrastructure

14. Earthquake Physics of the Geotechnical Layer

Southern California Earthquake Center

Asimaki, Shi, and Taborda #271

Shallow stochastic heterogeneity





Enhanced BBP capabilities
Among others: Fourier-based spectral amplification ratios 

Empirical Fourier-based amplitude 
ratios using NGA-West2 db

Bayless et al. (Poster #011)
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Fourier amplification ratios to modify BBP time-
series on rock-outcrop; complement efforts to stir 

GMPE site factors towards Fourier

Nonlinear synthetic complex amplification ratios
Asimaki & Shi (Poster #012)

Bayless & Abrahamson (Poster #011)
Empirical FAS using NGA-West 2 motions



SCEC-UGMS tool is now publicly available online
https://data2.scec.org/ugms-mcerGM-tool_v18.4/

Pauk et al. (Poster #297)
Inclusion of CyberShake results into building code 

approach to design ground motions for tall 
buildings.

https://data2.scec.org/ugms-mcerGM-tool_v18.4/


SCEC as co-organizer with EERI
1200+ registrants
800+ papers
Very strong SCEC presence
• Organization
• Publicity and media relations
• Technical presentations

SCEC Ground Motion Simulations and Engineering Applications Workshop

Southern California Earthquake Center
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