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1 MPM TIME STEP BREAKDOWN

Algorithm 1 MPM_Step
1: MPM_Step_First_Phase ▷ Alg. 2
2: MPM_Step_Second_Phase ▷ Alg. 7

Algorithm 2 MPM_Step_First_Phase
1: Rasterize_Mass_And_Momentum_To_Grid ▷ Alg. 3
2: Compute_Stress_At_Points ▷ Alg. 4
3: Compute_Forces_On_Grid ▷ Alg. 5
4: Update_Momentum_On_Grid ▷ Alg. 6

Algorithm 3 Rasterize_Mass_And_Momentum_To_Grid

1: for point ∈ Material_Points do
2: for node ∈ Stencil(point) do
3: w ← Weight(point, node)
4: node.m += w · point.m
5: node.p += w · point.m · point.v
6: end for
7: end for
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Algorithm 4 Compute_Stress_At_Points

1: for point ∈ Material_Points do
2: τ ← 0
3: if point.J ≤ 1 then
4: τ ← κ

2 ·
(
point.J2 − 1

)
· I + µ · dev[point.b̄e ]

5: end if
6: point.σ ← τ / point.J
7: end for

Algorithm 5 Compute_Forces_On_Grid

1: for point ∈ Material_Points do
2: for node ∈ Stencil(point) do
3: ∇w ← Weight_Grad(point, node)
4: node. f += −point.V · point.J · point.σ · ∇w
5: end for
6: end for
7: for node ∈ Grid_Nodes do
8: node. f += node.m · д
9: end for

Algorithm 6 Update_Momentum_On_Grid

1: for node ∈ Grid_Nodes do
2: node.pnew ← node.p + dt · node. f
3: end for

Algorithm 7 MPM_Step_Second_Phase
1: Lumped_Mass_Velocity_Update_On_Grid ▷ Alg. 8
2: Compute_Velocity_Gradient_At_Points ▷ Alg. 9
3: Elastic_Prediction_At_Points ▷ Alg. 10
4: Plastic_Correction_At_Points ▷ Alg. 11
5: Update_Velocities_At_Points ▷ Alg. 12
6: Update_Positions_At_Points ▷ Alg. 13

Algorithm 8 Lumped_Mass_Velocity_Update_On_Grid

1: for node ∈ Grid_Nodes do
2: node.v ← node.pnew / node.m
3: node.a ← (node.pnew − node.p) /(dt · node.m)
4: end for
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Algorithm 9 Compute_Velocity_Gradient_At_Points

1: for point ∈ Material_Points do
2: point.∇v ← 0
3: for node ∈ Stencil(point) do
4: ∇w ← Weight_Grad(point, node)
5: point.∇v += point.v · ∇wT

6: end for
7: end for

Algorithm 10 Elastic_Prediction_At_Points

1: for point ∈ Material_Points do
2: be ← point.J · point.b̄e

3: be ∗ ← be + dt ·
(
point.∇v · be + be · point.∇vT

)
4: point.J ←

√
det

(
be ∗

)
5: point.b̄e ← be ∗ / point.J ▷ if 2D
6: point.b̄e ← be ∗ / (point.J )2/3 ▷ if 3D
7: end for

Algorithm 11 Plastic_Correction_At_Points

1: for point ∈ Material_Points do
2: yield_threshold← −α · κ2 · (point.J2 − 1)
3: dev[be ] ← point.be − 1

2 · Tr[point.be ] · I ▷ if 2D
4: dev[be ] ← point.be − 1

3 · Tr[point.be ] · I ▷ if 3D
5: dev[b̄e ] ← dev[be ] / point.J ▷ if 2D
6: dev[b̄e ] ← dev[be ] / (point.J )2/3 ▷ if 3D
7: if µ · ∥ dev[b̄e ]∥F > yield_threshold then
8: λ2 ← yield_threshold /

(
µ · ∥ dev[b̄e ]∥F

)
9: λ1 ←

√
det[point.be ] − λ22 · det[dev[be ]] ▷ if 2D

10: Solve (17) for λ1 using Cardano′s method ▷ if 3D
11: point.be ← λ1 · I + λ2 · dev[be ]
12: end if
13: end for

Algorithm 12 Update_Velocities_At_Points

1: for point ∈ Material_Points do
2: vpic ← 0
3: af l ip ← 0
4: for node ∈ Stencil(point) do
5: w ← Weight(point, node)
6: vpic += w · node.v
7: af l ip += w · node.a
8: end for
9: vf l ip ← point.v + dt · af l ip
10: point.v ← (1 − β) ·vpic + β ·vf l ip
11: end for

Algorithm 13 Update_Positions_At_Points

1: for point ∈ Material_Points do
2: vpic ← 0
3: for node ∈ Stencil(point) do
4: w ← Weight(point, node)
5: vpic += w · node.v
6: end for
7: point.x += dt ·vpic
8: end for
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