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1st benchmarks 
BP1 and BP2:

2D anti-plane shear motion. The fault is a vertical strike-slip fault in a 
homogeneous half-space. Friction is regularized rate-and-state friction with 
the aging law.

L_x denotes fault-perpendicular extent of computational domain.

L_z denotes down dip extent of computational domain.
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Codes used in BP1 and BP2



Benchmark BP1/BP2 Participation: 

Total submissions:

11 modelers

>70 model runs

different B.C.

different cell sizes

different domain sizes
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Parameters used in BP1 and BP2





Time Series
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BP1 Results
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Cumulative slip profiles from BP1:
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Long-term behavior of BP1 models. (a) Shear stress and (b) slip rates at the depth of 7.5km in models with different outer boundary conditions (BC) and 
computational domain sizes. (c) Shear stress and (d) slip rates at depth of 7.5km in models with sufficiently large computational domain sizes. Legend labels 
indicate model names followed by information on BC and domain size, namely, (𝐿x/𝐿z/BC) for FDM/FEM, and (𝐿z/BC) or (HS, half-space) for BEM. BC1 and 
BC2 refer to the far-field free surface or displacement BC and BC3 refers to the periodic BC.
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Coseismic behavior of BP1 models. Coseismic phase during the 8th event in Figure 5 is shown. Models with smaller computational domain sizes show discrepancies
in (a) shear stresses at 12.5km depth and (b) slip rates at 7.5km depth. Models with sufficiently large computational domain sizes are compared for (c) shear stresses at
12.5km depth and (d) slip rates at 7.5km depth. Time series are aligned relative to the rupture initiation time at the depth of 12.5km in each model. Note that the halfspace
solution luo is the same in (b) and (d) and serves as a reference. The surface reflection phase is marked by a black arrow.
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Interevent times for model results reveal discrepancies attributable to 
computational domain size and far-field boundary condition type.
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• Discrepancies among well-resolved models were significantly influenced by 
computational domain size, with larger domains yielding improvements in 
agreements, regardless of domain boundary conditions.

• Spin-up periods (time required for system to be independent of initial 
conditions) for well-resolved models was relatively short - approximately 2-3 
events.

• Results on large domains agree well initially but still diverge over time, 
which was not unexpected due to accumulation of round-off errors and 
differences in computational techniques.

Take aways from code comparisons from BP1:



15

BP2 Results



Benchmark Problem BP2 
Similarity - The problem set-up for this second benchmark is identical to that of the first 
benchmark problem (BP1), except for changes in some model parameters.             

Difference - L = 8 mm ➟ 4 mm, suggested cell size (node spacing), simulation time, and 
output format details. 

Objectives - Understand complexity in simulated events and numerical resolution issues 
➟ How to properly resolve 3D problems and interpret model results.



Important Physical Length Scales

Nucleation zone size

critical size of area that allows for 
frictional instability (~1 km)

critical length scale required for resolving 
rupture tip (~170 m)

Suggested cell sizes: 25m, 50m, 100m, 200m, 300m, 400m and 800m.  These correspond to three cases 
that resolve the process zone with 6, 3 and 1.7 grid points (h* resolved with 40, 20, 10 grid points), and 
four cases that do not resolve it. . 



Slip Profiles



Comparison of best-resolved BP2 models (cell size of ∼25 m). 



Increasing discrepancy in BP2 models due to an increased cell size of (a) 25 m, 
(b) 50 m, (c) 100 m, and (d) 200 m. 



Effect of model resolution on earthquake patterns. 



Effect of model resolution on seismic-aseismic slip partitioning over depth.



Effect of model resolution on recurrence intervals of large surface-breaching events. 
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• We observed qualitative similarities of bimodal events when the process zone 
was resolved by approximately 3 and 6 grid points, suggesting model 
convergence.

• A failure to resolve this length scale can lead to substantial differences in 
long-term fault behavior as well as earthquake statistics relevant to seismic 
hazard, such as frequency-size distributions and interevent times.

• Our initial benchmarks have a simple setup, comparison of results for tens of 
models have yielded some unexpected and important insights, affirming
the importance of starting simple in a community code verification exercise.

Take aways from code comparisons from BP2:
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Scientific Motivation for BP2



Comparison Strategy
Assess convergence/divergence of models in terms of different model 

characteristics for different cell sizes, within and across model groups


