July 21, 2005
Dear SCEC Spontaneous Rupture Modeler,

We are now tackling The Problem, Versions 4 and 5 for our upcoming spontaneous
rupture code-validation (modelers) workshop. This first workshop of 2005 will be held
on Sunday September 11, 2005 in the SCEC Annual Meeting Hotel in Palm Springs.
I am envisioning a 9:00 a.m. start time.

Please register for the workshop and for the Annual Meeting on the SCEC website.
Please also contact John McRaney or Dana Coyle if you need help with plane tix, hotel,
and travel reimbursement information. Most likely you will want to stay over at the
meeting hotel Saturday night.

The specific goal for this meeting is to see if we can get a (comparative) handle on the
The Problem, Version 4 (TPV4) and The Problem, Version 5 (TPV5).

For this workshop the only code-description presentations will be by modelers whose
codes were not previously presented in a code-validation workshop, or whose codes have
had significant modifications. Please let me know if you’ll be using a new or greatly
modified code. We can also discuss new insights into how the codes work differently, if
these differences are affecting our comparison exercise.

The next pages have the description of The Problem, Versions 4 and 5.

TPV4 and TPVS5 use the same nucleation process as TPV3, but add 2 new stress patches
along strike.

TPV4 is for a fullspace, and TPVS is for a halfspace.

For TPV4 and TPV5 we will be starting a new system whereby modelers still provide to
Ruth the word, ascii and eps results, as has been done previously, but modelers also
provide their results to Kim Olsen's new IT website. (Hopefully by our November
workshop we will have mastered this process so that everything just goes to Kim's
website). Information will be coming shortly about how to send material to Kim, but in
the meantime please do not be shy about sending your code results to Ruth.

The deadline for sending results to Ruth is August 23, 2005.
This will allow for Ruth and Ralph to show a comparison of the results at the workshop.
Thanks!

Ruth and Ralph



Part I. Some definitions:

Displacement = motion relative to its initial position. Since all of the calculations start
with this position at zero, Displacement = Absolute motion.

Velocity = Absolute motion with respect to time.
Slip = Relative motion across the fault plane (e.g., for split nodes).

Slip-Rate = Relative motion across the fault plane (e.g., for split nodes), with respect to
time.

Rupture Front = Location of the leading edge of the rupture. Here we define this region
as where (and when) slip-rate first changes from zero to greater than 1 mm/s.



Part IIa. MODEL DESCRIPTION - THE PROBLEM, VERSION 4 (August 4, 2005)

Please note that this is THE 3D model that we are investigating for TPV4. Although
variations are of course interesting, our goal is to follow the description precisely. If the
code you’re using will not run with Version 4’s parameters, please contact Ruth ASAP.
Please feel free to point out to me as soon as possible, if I have omitted some critical
details that you and others may need to run the simulations, or if there are any mistakes
in the descriptions/requests.

Note: All units are in MKS.

1) Material properties are homogeneous throughout the medium and set to:
vp=6000. m/s
vs=3464. m/s
density=2670. kg/m3

2) The fault within the three-dimensional medium is a vertical right-lateral strike-slip
planar fault that resides in a fullspace.

3) The rupture is allowed within a rectangular area that is 30000 m long x 15000 m deep.

4) The top and bottom boundaries of the allowed 30000m x 15000m rupture area are
defined by a strength barrier®.

5) The right and left ends of the allowed 30000 m x 15000 m rupture area are defined by
a strength barrier™.

6) The nucleation point is centered both along-dip and along-strike of the 30000m x
15000m rupture area, on the fault plane, at 15000m along-strike and 7500m depth.

7) Nucleation occurs because the initial shear stress in a 3000 m x 3000 m square
nucleation patch is set to be higher than the initial static yield stress in that patch.
Failure occurs everywhere on the fault plane, including in the nucleation patch,
following a linear slip-weakening fracture criterion. The square patch has a side-
length of 3000m. The square nucleation patch is centered on the nucleation point.
The initial shear stress in this square area is equal to 81.6 MPa.

Within the entire 3000 m x 3000 m nucleation patch, at zero seconds:
Static coefficient of friction = 0.677
Dynamic coefficient of friction = 0.525
Initial shear stress in the along-strike-direction (at t = 0) = 81.6 MPa
Initial shear stress in the along-dip direction (at t =0) =0 MPa
Initial normal stress (at t =0) = 120 Mpa
Initial static yield stress (att=0) = 0.677 x 120 MPa = 81.24 MPa
Initial dynamic friction stress (at t = 0) = 0.525 x 120 MPa = 63.00 Mpa
Initial stress drop (at t =0) = 81.6 MPa — (0.525 x 120 MPa) = 18.6 Mpa
Slip-weakening critical distance = 0.40 m



TPV4 Description, continued (Big underlined font = revised Aug. 4, 2005)

8) Halfway between the nucleation patch's center and the right end of the fault, there is
a square patch of lower initial shear stress. The square patch has a side-length of
3000m. This patch has the same depth as the nucleation patch and is centered on a
point 7.5 km along-strike distance from the center of the nucleation patch, so that the
new patch's center is at along-strike, along-depth coordinates (+7.5, 7.5).

Friction is governed by the linear slip-weakening fracture criterion.

The initial shear stress in this square area is equal to 62.0 MPa.

Within the entire 3000 m x 3000 m right patch, at zero seconds:
Static coefficient of friction = 0.677
Dynamic coefficient of friction = 0.525
Initial shear stress in the along-strike-direction (at t = 0) = 62.0 MPa
Initial shear stress in the along-dip direction (at t = 0) =0 MPa
Initial normal stress (at t = 0) = 120 MPa
Initial static yield stress (att=0) = 0.677 x 120 MPa = 81.24 MPa
Initial dynamic friction stress (at t = 0) = 0.525 x 120 MPa = 63.00 MPa
Initial stress drop (at t = 0) = 62.0 MPa — (0.525 x 120 MPa) = -1.0 MPa
Slip-weakening critical distance = 0.40 m

9) Halfway between the nucleation patch's center and the left end of the fault, there is a
square patch of higher initial shear stress. The square patch has a side-length of
3000m. This patch has the same depth as the nucleation patch and is centered on a
point 7.5 km along-strike distance from the center of the nucleation patch, so that the
new patch's center is at along-strike, along-depth coordinates (-7.5, 7.5).

Friction is governed by the linear slip-weakening fracture criterion.

The initial shear stress in this square area is equal to 78.0 MPa.

Within the entire 3000 m x 3000 left patch, at zero seconds:
Static coefficient of friction = 0.677
Dynamic coefficient of friction = 0.525
Initial shear stress in the along-strike-direction (at t = 0) = 78.0 MPa
Initial shear stress in the along-dip direction (at t =0) =0 MPa
Initial normal stress (at t = 0) = 120 MPa
Initial static yield stress (att=0) = 0.677 x 120 MPa = 81.24 MPa
Initial dynamic friction stress (at t = 0) = 0.525 x 120 MPa = 63.00 MPa
Initial stress drop (at t = 0) = 78.0 MPa - (0.525 x 120 MPa) = 15.0 MPa
Slip-weakening critical distance = 0.40 m



TPV4 Description, continued

10) Outside of the nucleation patch, and the right and left patches, friction is governed
by the linear slip-weakening fracture criterion, but the initial shear stress is once again
different (but the same as for TPV3, 70 MPa).

Within the 30000 m x 15000 m faulting area, but outside of the 3000 m x 3000 m
nucleation patch, right patch, and left patch:

Static coefficient of friction = u, = 0.677

Dynamic coefficient of friction = py = 0.525

Initial shear stress in the along-strike-direction (at t = 0) =70 MPa
Initial shear stress in the along-dip-direction (att=0) =0 MPa

Initial normal stress (att=0)= 120 MPa

Initial static yield stress (att=0)=0.677 x 120 MPa = 81.24 MPa

Initial dynamic friction stress (at t =0) =0.525 x 120 MPa = 63.00 MPa
Initial stress drop (at t = 0) =70 MPa — (0.525 x 120 MPa) = 7.00 MPa
Slip-weakening critical distance = d, = 0.40 m

11) *On the fault plane, but outside of the 30000 m x 15000 m faulting area, there is a
strength barrier.
This is accomplished by setting the static coefficient of friction to the high value of
10000. so that the rupture is not able to propagate on the fault plane beyond 30000 m
x 15000 m:

Static coefficient of friction = u, = 10000.

Dynamic coefficient of friction = puy = 0.525

Initial shear stress in the along-strike direction (at t = 0) = 70 MPa
Initial shear stress in the along-dip direction (at t = 0) = 0 MPa
Initial normal stress (at t = 0) = 120 MPa

Slip-weakening critical distance = d, = 0.40 m

End of TPV4 Description



Part I1b. MODEL DESCRIPTION - THE PROBLEM, VERSION 5 (August 4, 2005)

Please note that this is THE 3D model that we are investigating for TPV5. Although
variations are of course interesting, our goal is to follow the description precisely. If the
code you’re using will not run with Version 5’°s parameters, please contact Ruth ASAP.
Please feel free to point out to me as soon as possible, if I have omitted some critical
details that you and others may need to run the simulations, or if there are any mistakes
in the descriptions/requests.

Note: All units are in MKS.

1) Material properties are homogeneous throughout the medium and set to:
vp=6000. m/s
vs=3464. m/s
density=2670. kg/m3

2) The fault within the three-dimensional medium is a vertical right-lateral strike-slip
planar fault that resides in a halfspace. The fault reaches the Earth's surface.

3) The rupture is allowed within a rectangular area that is 30000 m long x 15000 m deep.

4) The bottom boundary of the allowed 30000m x 15000m rupture area is defined by a
strength barrier*.

5) The right and left ends of the allowed 30000 m x 15000 m rupture area are defined by
a strength barrier™.

6) The nucleation point is centered both along-dip and along-strike of the 30000m x
15000m rupture area, on the fault plane, at 15000m along-strike and 7500m depth.

7) Nucleation occurs because the initial shear stress in a 3000 m x 3000 m square
nucleation patch is set to be higher than the initial static yield stress in that patch.
Failure occurs everywhere on the fault plane, including in the nucleation patch,
following a linear slip-weakening fracture criterion. The square patch has a side-
length of 3000m. The square nucleation patch is centered on the nucleation point.
The initial shear stress in this square area is equal to 81.6 MPa.

Within the entire 3000 m x 3000 m nucleation patch, at zero seconds:
Static coefficient of friction = 0.677
Dynamic coefficient of friction = 0.525
Initial shear stress in the along-strike-direction (at t = 0) = 81.6 MPa
Initial shear stress in the along-dip direction (at t =0) =0 MPa
Initial normal stress (at t =0) = 120 Mpa
Initial static yield stress (att=0) = 0.677 x 120 MPa = 81.24 MPa
Initial dynamic friction stress (at t = 0) = 0.525 x 120 MPa = 63.00 Mpa
Initial stress drop (at t =0) = 81.6 MPa — (0.525 x 120 MPa) = 18.6 Mpa
Slip-weakening critical distance = 0.40 m



TPVS5 Description, continued (Big underlined font = revised Aug. 4, 2005)

8) Halfway between the nucleation patch's center and the right end of the fault, there is
a square patch of lower initial shear stress. The square patch has a side-length of
3000m. This patch has the same depth as the nucleation patch and is centered on a
point 7.5 km along-strike distance from the center of the nucleation patch, so that the
new patch's center is at along-strike, along-depth coordinates (+7.5, 7.5).

Friction is governed by the linear slip-weakening fracture criterion.

The initial shear stress in this square area is equal to 62.0 MPa.

Within the entire 3000 m x 3000 m right patch, at zero seconds:
Static coefficient of friction = 0.677
Dynamic coefficient of friction = 0.525
Initial shear stress in the along-strike-direction (at t = 0) = 62.0 MPa
Initial shear stress in the along-dip direction (at t = 0) =0 MPa
Initial normal stress (at t = 0) = 120 MPa
Initial static yield stress (att=0) = 0.677 x 120 MPa = 81.24 MPa
Initial dynamic friction stress (at t = 0) = 0.525 x 120 MPa = 63.00 MPa
Initial stress drop (at t = 0) = 62.0 MPa — (0.525 x 120 MPa) =-1.0 MPa
Slip-weakening critical distance = 0.40 m

9) Halfway between the nucleation patch's center and the left end of the fault, there is a
square patch of higher initial shear stress. The square patch has a side-length of
3000m. This patch has the same depth as the nucleation patch and is centered on a
point 7.5 km along-strike distance from the center of the nucleation patch, so that the
new patch's center is at along-strike, along-depth coordinates (-7.5, 7.5).

Friction is governed by the linear slip-weakening fracture criterion.

The initial shear stress in this square area is equal to 78.0 MPa.

Within the entire 3000 m x 3000 left patch, at zero seconds:
Static coefficient of friction = 0.677
Dynamic coefficient of friction = 0.525
Initial shear stress in the along-strike-direction (at t = 0) = 78.0 MPa
Initial shear stress in the along-dip direction (at t =0) =0 MPa
Initial normal stress (at t = 0) = 120 MPa
Initial static yield stress (att=0) = 0.677 x 120 MPa = 81.24 MPa
Initial dynamic friction stress (at t = 0) = 0.525 x 120 MPa = 63.00 MPa
Initial stress drop (at t = 0) = 78.0 MPa - (0.525 x 120 MPa) = 15.0 MPa
Slip-weakening critical distance = 0.40 m



TPVS Description, continued

10) Outside of the nucleation patch, and the right and left patches, friction is governed
by the linear slip-weakening fracture criterion, but the initial shear stress is once again
different (but the same as for TPV3, 70 MPa).

Within the 30000 m x 15000 m faulting area, but outside of the 3000 m x 3000 m
nucleation patch, right patch, and left patch:

Static coefficient of friction = u, = 0.677

Dynamic coefficient of friction = puy = 0.525

Initial shear stress in the along-strike-direction (at t = 0) =70 MPa
Initial shear stress in the along-dip-direction (att=0) =0 MPa

Initial normal stress (att=0)= 120 MPa

Initial static yield stress (att=0)=0.677 x 120 MPa = 81.24 MPa

Initial dynamic friction stress (at t =0) =0.525 x 120 MPa = 63.00 MPa
Initial stress drop (at t = 0) =70 MPa — (0.525 x 120 MPa) = 7.00 MPa
Slip-weakening critical distance = d, = 0.40 m

11) *On the fault plane, but outside of the 30000 m x 15000 m faulting area, there is a
strength barrier.
This is accomplished by setting the static coefficient of friction to the high value of
10000. so that the rupture is not able to propagate on the fault plane beyond 30000 m
x 15000 m:

Static coefficient of friction = u, = 10000.

Dynamic coefficient of friction = puy = 0.525

Initial shear stress in the along-strike direction (at t = 0) = 70 MPa
Initial shear stress in the along-dip direction (at t = 0) = 0 MPa
Initial normal stress (at t = 0) = 120 MPa

Slip-weakening critical distance = d, = 0.40 m

End of TPVS Description
(stunningly similar to TPV4 except that this is for a halfspace and the fault reaches

the earth's surface)



Part I1I1. RESULTS TO PROVIDE FOR THE WORKSHOP
(Please send results to Ruth on or before August 23, 2005)

Note 1.
The requested output files are:

1) Time-series files in ascii format. (see pages 11-12 for specific formatting directions.)
Please provide the results in raw form (no filtering). Don’t worry about oscillations.

2) A rupture time contour plot in Adobe Illustrator format. If this is not possible, then
encapsulated postscript format is o.k. Please send the contour plot twice — one plot with
the contours labeled, and one plot without the contours labeled.

The scale for the rupture time contour plots is 1 km = (.25 inches

Please do use this scale - it saves me a lot of time. Thanks.

Note 2.

Computations should be run using the following element-size/node-spacings
(please provide a complete output-file set for each of these):
100m, 300m

If the code you are using cannot run with 100m spacing, due to memory/processor
constraints, please run using 150m instead and please note that you used 150m in the files
and accompanying information that you send me.



Results to provide (on or before August 23, 2005):

Please provide the results for TPV4 and the results for TPV5 separately (e.g. in
different folders).

For Versions 4 and 5 all output requests are for points on the fault plane.

1) The time that the entire 30 km x 15 km fault has stopped slipping, as indicated by the
entire fault having a slip-rate of <1 mm/sec (or information that it hasn’t stopped
slipping by xx seconds).

2) The time that the hypocenter has stopped slipping, as indicated by the hypocenter
having a slip-rate of <1 mm/sec (or information that it hasn’t stopped slipping by xx
seconds).

3) A 2D contour plot of the rupture front, as defined by the locations where (and when)
fault slip-rate first changes from zero to greater than 1 mm/s, contoured at 0.5 second
intervals. This plot should be in adobe illustrator or eps format. Please send it 2x,
once with the contours labeled, once with no contour labels.

4) ASCII Time Series Files (see pages 11 & 12 for specific formatting directions)
For the times 0.0 to 12.0 seconds after nucleation:

*Horizontal Right-Lateral Slip (m) vs. time (s)
*Horizontal Right-Lateral Slip-rate (m/s) vs. time (s)
*Horizontal Right-Lateral Shear stress (MPa) vs. time (s)
*Vertical Up-Dip Slip (m) vs. time (s)

*Vertical Up-Dip Slip-rate (m/s) vs. time (s)

*Vertical Up-Dip Shear Stress (MPa) vs. time (s)

al) For TPV4:
At these 7 points along the fault, all 1.5 km below the fault's top edge:
Directly above the hypocenter, and at +/-4.5, +/-7.5 km and +/-12.0 km
along-strike distance from the hypocenter (7 points total)

a2) For TPV5:
At these 7 points along the fault, all on the fault's top edge/earth's surface:
At the epicenter, and at +/-4.5, +/-7.5 km and +/-12.0 km along-strike
distance from the epicenter (7 points total)

b) For TPV4 and TPVS5:
At these 9 points along the fault:
At the hypocenter, and at +/-4.5, +/-7.5, and +/-12.0 km along-strike
distance from the hypocenter,
and at +/- 4.5 km down-dip distance from the hypocenter:

10



PartIV. TIME-SERIES FILE FORMAT AND FILE NAMING CONVENTION
(Please send results to Ruth on or before August 23, 2005)

Here's the naming convention for those many The Problem, Version 4 and The Problem,
Version 5 time-series output files that are requested on page 10.

Please send all files (except for the requested plotted figure) in ascii format.

Time series Filename convention: aabbfaultstccedpddd.dat

Note, the format for ccc was changed slightly as of Aug. 1. 2005, see below.

The fixed parts of the label are: fault=on the fault plane, st=strike, dp=depth

The variable parts of the label are:

aa = 2 lowercase letters designating author (1st 2 letters of last name)

bb = 2 lowercase letters designating code used in simulation (any 2 letters)
ccc = distance (to the right) along strike from the hypocenter in km * 10
ddd = distance down-dip from top of the fault in km * 10

Each data file contains the time history for 1 (station) location on the fault in ASCII
format.

The file header contains 16 lines, each beginning with a # sign and includes:
author,

date,

code,

code version (if desired),

node spacing or element size,

time step,

number of time steps in file,

station location

descriptions of data columns (8 lines)

The line (row) for each time step is 7 columns wide in 14.6E or 14.6e floating point
format*.

The columns are:

(1) time in seconds,

(2) horizontal right-lateral slip (m),

(3) horizontal right-lateral slip-rate (m/s),

(4) horizontal right-lateral shear stress (MPa),

(5) vertical up-dip slip (m),

(6) vertical up-dip slip-rate (m/s)

(7) vertical up-dip shear stress* (MPa)

Please see example files namyfaultst045dp075.dat, namyfaultst-045dp075.dat, next page.
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the file namyfaultst045dp075.dat:
(note, this is an invented file, not from a TPV4 run)

# author=MyLastName (na)

# date=2005/07/09

# code=MyCode (my)

# code_version=3.7

# element_size=100 m

# time_step=0.02

# num_time_steps=5

# location= +4.5km along strike from the hypocenter and 7.5km down-dip from fault’s top edge

# Time series in 7 column of E14.6:

# Column #1 = Time (s)

# Column #2 = horizontal right-lateral slip (m),

# Column #3 = horizontal right-lateral slip-rate (m/s),

# Column #4 = horizontal right-lateral shear stress (MPa),

# Column #5 = vertical up-dip slip (m),

# Column #6 = vertical up-dip slip-rate (m/s)

# Column #7 = vertical up-dip shear stress (MPa)
0.000000E+00 -0.000000E+00 -0.000000E+00 7.000000E+01 0.000000E+00 0.000000E+00 0.000000E+00
5.000000E-02 -0.000000E+00 -0.000000E+00 7.000000E+01 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E-01 -0.000000E+00 -0.000000E+00 7.000003E+01 0.000000E+00 0.000000E+00 -3.077084E-05
1.500000E-01 -0.000000E+00 -0.000000E+00 7.000011E+01 0.000000E+00 0.000000E+00 -5.298069E-04
2.000000E-01 -0.000000E+00 -0.000000E+00 7.000332E+01 0.000000E+00 0.000000E+00 -7.467587E-04

the file namyfaultst-045dp075.dat:
(note, this is an invented file, not from a TPV4 run)

# author=MyLastName (na)

# date=2005/07/09

# code=MyCode (my)

# code_version=3.7

# element_size=100 m

# time_step=0.02

# num_time_steps=5

# location= -4.5km along strike from the hypocenter and 7.5km down-dip from fault’s top edge

# Time series in 7 column of E14.6:

# Column #1 = Time (s)

# Column #2 = horizontal right-lateral slip (m),

# Column #3 = horizontal right-lateral slip-rate (m/s),

# Column #4 = horizontal right-lateral shear stress (MPa),

# Column #5 = vertical up-dip slip (m),

# Column #6 = vertical up-dip slip-rate (m/s)

# Column #7 = vertical up-dip shear stress (MPa)
0.000000E+00 -0.000000E+00 -0.000000E+00 7.000000E+01 0.000000E+00 0.000000E+00 0.000000E+00
5.000000E-02 -0.000000E+00 -0.000000E+00 7.000000E+01 0.000000E+00 0.000000E+00 0.000000E+00
1.000000E-01 -0.000000E+00 -0.000000E+00 7.000003E+01 0.000000E+00 0.000000E+00 -3.077084E-05
1.500000E-01 -0.000000E+00 -0.000000E+00 7.000011E+01 0.000000E+00 0.000000E+00 -5.298069E-04
2.000000E-01 -0.000000E+00 -0.000000E+00 7.000332E+01 0.000000E+00 0.000000E+00 -7.467587E-04

Thanks!
Ruth Harris (harris@usgs.gov) and Ralph Archuleta (ralph@crustal.ucsb.edu)
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Overall view: July 21, 2005

The Problem,
Version 4

The fault plane (in a different scale from above), with stations indicated by stars:

Stations 1.5 km below the fault's top surface (depth=1.5 km) on the fault plane are at
0, +/-4.5, +/-7.5, and +/-12.0 km along-strike distance from the top center.

Stations deeper on the fault plane are at
the hypocenter, and at +/-4.5, +/-7.5, and +/-12.0 km along-strike distance from the hypocenter,

and at +/-4.5 km down-dip distance from the hypocenter
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Overall view: July 21, 2005

.................................. The Prob|em,

......... Earth's-surface - - - - - - - . . . . . .. ... Version 5

The fault plane (in a different scale from above), with stations indicated by stars:

Stations at the Earth's surface (depth=0 km) on the fault plane are at
0, +/-4.5, +/-7.5, and +/-12.0 km along-strike distance from the epicenter.

Stations deeper on the fault plane are at
the hypocenter, and at +/-4.5, +/-7.5, and +/-12.0 km along-strike distance from the hypocenter,

and at +/-4.5 km down-dip distance from the hypocenter
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