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Phase-field fracture propagation for brittle fractures
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e Unstructured grid
e Finite elements — Domain-decomposition based approach
— Nonlinear preconditioning

e Field Split preconditioning
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— Solve the displacement and phase field separately in preconditioning step

e Original nonlinear problem:
o Find (u, ¢) such that F(u, c) =0
e Employ a preconditioning operator G
o Such that solution of F(u, ¢c) =0 is same as G(F(u, c)) =0
e The preconditioned nonlinear system can be written as a composite operator
o #(u,c)=GoF(u,c)=0
e Do a Newton iteration to solve .#(u, ¢c) =0
o This modifies the computation of preconditioned residual and
preconditioned Jacobian

e Additive/Multiplicative Schwarz Preconditioned Inexact Newton method (ASPIN/MSPIN)

Compare different solution methods

e Alternate minimization (AM) method

o Standard approach (AM-ST)

o Newton Direct solver (AM-ND)
o Newton Krylov (AM-NK)

e ASPIN (Additive preconditioning)

e MSPIN (Multiplicative preconditioning)
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Pressure induced phase-field fracture propagation
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e Non-smooth

e |ll-conditioned
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e Structured grid
e Finite elements

e Recursive multilevel trust region (RMTR)
— Globally convergent
e Sequential quadratic programming smoother (MPRGP, Projected Gauss-Seidel)
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(a) Small: fine grid with 77 x 77 X 77 nodes and 1826 132 degrees of freedom, generated with
3 RMTR levels.
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(b) Medium: fine grid with 157 x 157 x 157 nodes and 15479 572 degrees of freedom, generated
with 3 RMTR levels.
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Sneddon test: weak scaling efficiency, runtimes, and tmbalance. The size of the
grid is s X s X s, where s = [(1000 X n)%] hence with s3 x 4 dofs in the coarse level and
((s —1) x 20=1) 4+ 1)3 at each RMTR level [ (fine level is | = 3). The reminder rounded by
the ceiling operator [-] will cause some fluctuations in the amount of work of each run and

defects in the efficiency plot. The size of smallest run consists of 740 772 dofs while the largest
one consists of 48 035956 dofs.

Fracture networks in geological applications
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3D: Three-dimensional simulation with 100 randomly distributed fractures and 242°793°828 dofs

Algorithmic scalability

e Hybrid Block Jacobi-Projected Gauss-Seidel
e Each process performs Projected Gauss-Seidel on its local block
e Convergence properties are influenced by the number of blocks (36 cores/blocks per computing node)

# nodes | 25 | 50 | 75 | 100
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3D: 100 fractures, 122.7 M dofs

# nodes | 4 | 8
# V-cycles

| 16 | 32

126 | 135 | 147 |

2D: 1000 fractures, 28.1 M dofs
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