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Introduction

Objective: To evaluate the critical factors that control
ground shaking hazard along the Wasatch Front: stress
drop, kappa, and crustal attenuation.

Some previous studies have suggested that ground
motions in an extensional regime such as the Basin and
Range Province may be lower than in California for the
same magnitude and distance.

The inference was that this difference may be due to the
lower stress drops of extensional earthquakes compared
to compressional earthquakes as first suggested by
McGarr (1984).




Background

No systematic evaluation of earthquake stress drops
has been performed for earthquakes along the
Wasatch Front.

No studies have been performed to evaluate the
variability in kappa in the central Wasatch Front.
Kappa can have a very significant effect on high-
frequency ground motions with lower values of kappa
resulting in larger high-frequency ground motions.

Only a few studies to estimate Q(f) for the Wasatch
Front (Brockman and Bollinger, 1992; Jeon and
Herrmann, 2004) have been performed.




Scope of Work

To analyze the available strong motion and
broadband data from ANSS stations in the central
Wasatch Front region for stress drop, kappa, and

Q(H).

The approach uses an inversion scheme developed
by Walt Silva. In the inversion scheme, earthquake
source, path and site parameters are obtained by
using a nonlinear least-squares inversion of Fourier
amplitude spectra.




Earthguakes to be Analyzed

Total of 17 events
Period: May 2001 to November 2007
Magnitude Range: M 3.0 to 4.2

Number of stations recording events: 18 to 68




Scope of Work

Steps involved In analyses are:

Inversions with rock amp factors using rock
recordings.

Results from Step 1 used to invert soil recordings to
obtain an average set of amp factors for soll sites.

Rock and soil amp factors are used to invert both
rock and solil recordings.

Inversions were performed fixing Q, and RO fixed to
values in Step 3 and rock and soil amp factors to
obtain station Kk and stress drop.




Hard Rock V. and V, Profiles



Freqguency-
Dependent
Amplification
Factors

10 0 10 1
FrequencH (Hz)

WASATCH
PROF ILE TRANSFER FUNCTION

LEGEND

Wl H ﬂ% M\M h W‘




Spectral
Inversion
Results for
Event #2
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Spectral
Inversion
Results for
Event #4



Spectral
Inversion
Results for
Event #4
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Final Preliminary Results
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Final Inversion Results
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Comparison of Stress Drops

: 16 — 93 bars
Becker and Abrahamson (1997) Worldwide 29 bars (median)

. 8 — 114 bars
WCFS et al. (1996) Basin and Range | 2.8-6.0 40 bars (mean)

3 — 147 bars
e St“dy P07 | 20ars <mean>
Silva et al. (1997) 57-7.3 59 bars (mean)
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Source Models

Point Line
41.5° - 415° - 41.5° -
41.0° - 41.0° - 41.0° -
40.5° - 40.5° - 40.5° -
40.0° — 40.0° - 40.0° —

-112.4° -112° -1116° 12.4° -112° -1116° -112.4° -112° -1116°



41.6°

41.0°

40.5°

40.0° -

112.4°

-112°

-111.6°

41.5°

41.0°

40.5°

40.0° -

Mw

Strike
Dip
Rake

Depth

-112.4° -112° -111.6°

6.0 (point)
6.3 (line)

153°
50°
OO

13 km



41.6°

41.0°

40.5°

40.0° -

112.4°

-112°

-111.6°

Provided by:
Qiming Liu
Ralph Archuleta

SRF File:
wasatch_dyna_vs.srf

Mw 6.8
Strike 153°
Dip 50°
Rake 0°

Max = 2.57 m
Avg=1.67m



Linear:

Vs, 100 m/s Source: Plane
f o 1.0Hz Sim. Time: 100 s
Delta t: 0.0025 s

Elements: 152,587,905
Processors: 4,800
Walltime: 4 hr 30 min

Linear & Nonlinear:

Vs ., 500 m/s Source: Point & Line
f.x O05Hz Sim. Time: 40s
Delta t: 0.001-0.01s

Elements: 10,859,318

Processors: 480

Walltime: 15 min (dt=0.019s)
1 hr 15 min (dt = 0.001 s)



Wave Propagation in Inelastic Media
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Hooke’s law and Strain Tensor decomposition
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Nonlinear Properties Criteria

F(s) Pax 10° F(o) Pax 10°

F(o) Pax 10°

Yield Function Histories

Moderate vs Linear Severe vs Linear
6
Linear Linear
Moderate 41 Severe




Point Source:

Linear

Nonlinear

Line Source:

Linear
Nonlinear A
Nonlinear B

Nonlinear C

FsavgJ (Pa)
4.31E+03

4.33E+03

1.73E+03
1.68E+03
1.22E+03

9.39E+02

Fs, . (P&)
2.28E+05

6.82E+04

5.24E+04
1.73E+04
6.05E+03

3.69E+03

(30% of Peak)

(33% of Peak)
(11% of Peak)

(7% of Peak)



Displacement

Linear Nonlinear Deamplification



Velocity

Linear Nonlinear Deamplification



Acceleration

Linear Nonlinear Deamplification



Displacement

Linear Nonlinear Deamplification



Velocity

Linear Nonlinear Deamplification



Acceleration

Linear Nonlinear Deamplification



Displacement

Linear Nonlinear Deamplification



Velocity

Linear Nonlinear Deamplification



Acceleration

Linear Nonlinear Deamplification
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Acceleration
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Displacement

Linear Nonlinear A Nonlinear B Nonlinear C



Velocity

Linear Nonlinear A Nonlinear B Nonlinear C



Acceleration

Linear Nonlinear A Nonlinear B Nonlinear C
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University of Utah
Regional/Urban Seismic Network
(http://www.quake.utah.edu)

119 stations
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Synthetics Fourier Amplitude

41.5°

41.0°

40.5°

40.0° +

| T | T T |
-112.4°  -112° -111.6°

Linear
Nonlinear B
Nonlinear C



Stress-Strain Relationship
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Stress-Strain Relationship
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Status Recap and Plan Ahead

o Started in late September 2010

 Large scale model 120 km x 240 km x 60 km

e Linear simulation at 1Hz and 100 m/s

* Multiple nonlinear simulations at 0.5 Hz and 500 m/s

 Thus far, results suggest that the largest nonlinear
behavior is well localized near the fault, but peak velocities
and accelerations are substantially reduced throughout
the entire basin.

 Need to define a smaller model 80 km x 80 km x 40 km
for nonlinear simulations at higher frequencies (2 Hz)
and have all material with Vs = 100-500 m/s be nonlinear

* Need alternative source models

 Will need several runs to adjust soil parameters

6 months to finish and produce final report.
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Characterization of Shallow S-Wave
Velocity Structures in Southwestern
Utah

Simin Huang, Kris Pankow, Michael Thorne, and Bill Stephenson

Special thanks to Bill Lund, Tyler Knudsen, and Gary Christenson






Table 1. Station Locations

Location

it
Site Lat Lon

Geologic Description

CVMS

FRS

N7223

RES

Cedar City Church 37.66° -113.09°

Cedar City High School -113.07°

Canyon View Middle School -113.06°

Fossil Track Intermediate

-113.54°
School

Dixie State College -113.57°

37.10°

Riverside Elementary School -113.52°

Tertiary conglomerate
with mterbedded basalt
flows'

Quaternary piedmont-
slope alluvium—silt, sand,
and grewell

Quaternary piedmont-
slope alluvium—silt, sand,
and grawell

Shallow Jurassic siltstone
and sandstone’

Quaternary mixed alluvial
and eolian deposits—clay
to sand’

Quaternary alluvial-stream
deposits—clay to small
gravelz

"Rowley et al. (2006)
*Higgins and Willis (1995)




Data Processing

 Four — station equilateral triangle array



Data Processing

1. Coherency

0 10 20 30 (HZ)

Jo Bessel
Function




Phase Velocity

Data Processing

2. Phase Velocity Dispersion curve
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Data Processing

3. HVSR ( Horizontal over Vertical Spectral Ratio)

HVSR

0) 5 10 15 20
Frequency (HZ)




Modeling
e MMSPAC (Multi-mode SPAC, Asten, 2004)
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Modeling

Geopsy

Université Joseph Fourier (Grenoble, France)
Universitat Potsdam (Potsdam, Germany)

Ellipticity Phase Velocity

Ellipticity

0
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0
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HVSR and Ellipticity

Gray thin lines:
HVSR of data

Gray dash lines:
Ellipticity of models
determined from
MMSPAC

Gray lines:
Ellipticity of
modified models



Phase velocity dispersion curves

Black thick lines:
Phase velocity of
data

Black thin lines:
Phase velocity of
models determined
from MMSPAC

Gray dash lines:
Phase velocity of
modified models



Results



Table 2. Results
MMSPAC Model Ellipticity Model
Vs30 Bedrock Velocity NEHRP V30 Bedrock Velocity NEHRP
Site (m/s) Depth Jump Code (m/s) Depth Jump Code
(m) (m/s) (m) (m/s)
CCH 485 105 1000- C 485 80 1000- C
1900 1900
CCp 374 60 800- C 485 120 1000-
1000 2200
CVMS 367 30 500- 367 30 500-
1200 1200
FRS 545 * 1800- 522 * 1300-
2200 2200
736 24 1000- 529 30 850-
2000 1300
RES 462 98 600- 413 900-

1300 2000
* Bedrock exposed at surface




Conclusions

 We consider the models refined using
HVSR to provide the best fit to the data
for all the sites except for FRS.

* All models except that for CVMS seem
reasonable given what is known of the
geology. At CVMS the models are well
constrained by the data.




Conclusions

* The average shear-wave velocity in the upper
30 meters (V30) is between 360 and 760 m/s
for all six sites, corresponding to NEHRP site
class unit C. Little strong-ground motion

amplification is expected for average shear
velocities in this range.



Ground Motion in the Salt Lake
Valley from Multi-Segment Faults

Qiming Liu (UC Santa Barbara)
Ralph Archuleta (UC Santa Barbara)
Robert Smith (University of Utah)



Modeling Area

Lat = 40.704

Lat = 40.569

UGS, Salt Lake City, Feb 14, 2011




Meshing



Case Study (cont.)
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Case Study (cont.)

CAV = jOT &)|dt

UGS, Salt Lake City, Feb 14, 2011



Comparing with NGA Prediction

Horizontal PGV and NGA Median

-20 -10 0 10
Distance (Km)



Shear Stress at a Point on the Fault

Behavior of Shear Stress
at a Point on the Fault

Yield Stress (Strength)

|

1 oY- o° = Strength Excess
Initial Stress

_L

0°- of =stress drop

Sliding Friction Stress
Final Stress

Time

S= Strength Excess/Stress Drop=(cY- 6° )/(0°- o')



Schematic of Friction, Seismicity, Slip

Unconsolidated
Fault Gouge

Fault Zone Friction
Rate Dependence

(a-b)

Dynamic Stress
Drop Ao
(+)

(- }-n;*{ﬂ U,

1 NV
h 2

:

i = L

Cosesmic
Ship Distribution

Velacity
Weakening

From Chris Marone, Laboratory-Derived Friction Laws and Their Application to
Seismic Faulting, Annual Reviews Earth Planetary Science, vol. 26, 1998, 643-96.



Behavior of Shear Stress at a Point on
the Fault: Negative Stress Drop

Shear Stress at a Point on the Fault

Yield Stress (Strength)

oY- 0° = Strength Excess
Initial Stress

Sliding Friction Stress
Final Stress

Time

S= Strength Excess/Stress Drop=(o0Y- 6° )/(0°- c')



Comparison of slip snapshots:
With and without velocity strengthening

timestamps: (1.875s, 5.625s, 7.5s, 10.0s), slip in meters

No velocity
strengthening

With velocity
strengthening

C. B. DuRoss (2008). Holocene Vertical Displacement on the Central Segments
of the Wasatch Fault Zone, Utah, Bull. Seismol. Soc. Am., 98, 2918-2933.



PGV Surface Maps: X, Y, Z components

With No velocity strengthening

With velocity strengthening



Prediction of Peak Velocity on East-West Profiles

Black: No Velocity Strengthening
Red: Velocity Strengthening




Particle Velocity Time Histories  Black: No Velocity Strengthening
Red: Velocity Strengthening



Particle Velocity Time Histories  Black: No Velocity Strengthening
Red: Velocity Strengthening



Multiple Segments

e Faults are not single planar features but
complex in shape, connectivity, etc.

e Fault jumping and dynamic triggering can
significantly change the seismic moment.
e Limited quantitative results on dynamic
triggering
1. Parallel strike-slip faults (Harris et al. 1991)
2. Parallel thrust faults (Magistrale & Day 1999)




Multiple
Segments

UGS, Salt Lake City, Feb 14, 2011



Computing model

Lx, Ly, Lz 40km,40km,17km
dx,dy,dz 100m,100m,100m
Strike,dip 180°, 50°

Friction Law  Slip-weakening

Initial normal ¢ Uniform (36MPa) A North
stress * Depth dependent Overlapping
. distanee

Ko Mg K S 0.536, 0.448, 0.66, 1.16

' ' Faull frece Y
D, 0.25m o Ol

i
dt, Tmax 0.01, 20.0
Separation
V,,V,, p 5712m/s,3298m/s,2700k Lt
3
g/m 3D Fault geometry model (top)

Map view of the fault segments and
UGS, Salt Lake City, Feb 14, 2011 key terminology




Comparison of Slip Snapshots between
a Single Fault and a Two-Segment
Fault

snapshots of the fault: (1.875s 5.625s 13.0s 20.0s), slip in meters



PGV Surface Maps: X, Y, Z components

Single Fault Plane

Two-Segment Fault Plane



Prediction of Peak Velocity on East-West Profile

Black: Single Fault Plane
Red: Two-Segment Fault



Particle Velocity Time Histories
Black: Single Fault Plane

Red: Two-Segment Fault



Particle Velocity Time Histories
Black: Single Fault Plane

Red: Two-Segment Fault



Development of Coulomb stress
on planes sub-parallel to the main fault

T=5.0s T=7.5s

T=10.0s



Thank You
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Wong et al. (2002) Roten et al. 3-D simulations




Roten et al. 3-D simulations
Wong et al. (2002)



Wong et al. (2002) Roten et al. 3-D simulations




Roten et al. 3D simulations









Solomon et al. (2004) 3-D FD simulations






Long period (T > 1-s) earthquake
simulations for the evaluation of the
WCVM

Morgan Moschetti and Leo Ramirez-Guzman
USGS, Golden, CO
Utah Ground Shaking Meeting
2/14/2011



Motivation

e |n preparation for earthquake ground motion
modeling with kinematic source models,
compare synthetic and observed seismograms
using the WCVM to identify any characteristic
misfits and bias

e Test effect of simple perturbations to the
material model to assess impact on various
goodness-of-fit parameters (PGV, spectral
acceleration, surface wave speeds)



Outline

e Misfit to synthetic seismograms
e R1-kriging
e Simple perturbations to WCVM for synthetic

seismograms
— Regional model

—R3
— GTL



Simulated earthquakes

- Set of simulated earthquake
selected from catalog based on
magnitude, proximity to Salt Lake
Basin and number of broadband
stations

- Ephraim EQ occurred during TA
deployment in Wasatch Front

EQ

Date

Lat

Lon

Strike Dip Rake Depth Mw

Randolph

4/15/10

41.7

-111.1

210 35 -45 5 4.51

Ephraim

11/5/07

39.36

-111.64

230 25 -65 15 3.76

Tremonton

9/1/07

41.64

-112.33

245 85 5 9 3.66
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Earthquake ground motion modeling

e CMU-Hercules FE toolchain (Tu et al., 2006)

e Simulations runto O

geotechnical layer) and 1.0-Hz (R1 and R3

perturbations — all future simulations to 1-Hz



PGV Comparisons
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PGV Comparisons



Rayleigh wave group speeds,
Randolph EQ

Period (s)



Group speed differences (3-s),
Randolph EQ




Krigging borehole data in R1

-Test effect of kriging
borehole data

- Supplement borehole
data with profiles
through the CVM



Response spectra ratios,
Randolph EQ

- Response spectra plotted
are mean values of all
station spectra calculated.

period (s)



Response spectra ratios,
Randolph EQ

- 15% decrease in mean response spectra ratio
- 6% increase in mean PGV ratio



Testing effects of regional Vs models

5 km
10 km



ANT Vs model

Moschetti et al. (2010) JGR
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PGV comparisons — Regional
Model
Jo -

v
15
- 1 8 o

Effect on mean PGV of regional
model:

- Ephraim: WCVM 40% better

- Randolph: ANT 11% decreased
- Tremonton: WCVM 8% better



Response spectra, changes in mean
values with regional model testing

-Several percent decrease in
mean response spectral value
with ANT regional model




Testing effect of geotechnical layer
(GTL)

Method for generating GTL velocity
profile is based on Ely et al. (2010)

Allen and Wald-derived
Vs30



Vs model comparison, 50 m depth



Response spectra ratios, GTL,
Randolph EQ

- Several percent
Improvement in mean
response spectra ratio



PGV comparisons - GTL

S

Effect on mean PGV of adding GTL:
- Ephraim: 3% increase
- Randolph: 5% decrease
- Tremonton: negligible



Changes to PGV with ANT Vs
model

Ephraim

Dist (km)

Randolph



Perturbations to R3 volume

-1-Hz simulation, currently only for
Randolph EQ

- +/- 10% perturbation to R3 volume
- PGV ratios identify those stations
strongly affected by R3 — both
negative and positive values.



Perturbations to R3 volume

-1-Hz simulation, currently only for
Randolph EQ

- +/- 10% perturbation to R3 volume
- PGV ratios identify those stations
strongly affected by R3 — both

negative and positive values.




Future directions

 Continued sensitivity testing for simulations at

1-Hz — duration, PGV, PGA (from 1

-Hz)

simulations, spectral accelerations (1-Hz)

e Additional parameter tests

 Ground motion modeling — Salt La
of Wasatch Fault (kinematic mode
UCSB and/or developed on SCEC p

Ke Segment
s from

atform)



Material model and source
uncertainties



WCVM basin surfaces
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