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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

Algorithm 4 Compute_Stress_At_Points

: for point € Material Points do
T 0
if point.J < 1 then
T 5 (point.J?—1) - T+p- dev[point.b¢]
end if
point.c « 7 /point.J
end for

NSy

Algorithm 5 Compute_Forces_On_Grid

1: for point € Material _Points do

2 for node € Stencil(point) do

3: Vw « Weight_Grad(point, node)

4 node.f += —point.V - point.J - point.oc - Vw
5 end for

6: end for

7: for node € Grid_Nodes do

8: node.f +=node.m-g

9: end for

Algorithm 6 Update_Momentum_On_Grid

1: for node € Grid Nodes do
2 node.ppew < 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
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1: for node € Grid_Nodes do

2: node.v « node.ppew / Node.m
3 node.a « (node.pyeq — node.p) /(dt - node.m)
4: end for
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Algorithm 9 Compute_Velocity _Gradient_At_Points

Algorithm 13 Update_Positions_At_Points

1: for point € Material_Points do

2 point.Vov « 0

3 for node € Stencil(point) do

4: Vw « Weight_Grad(point, node)
5 point.Vo += point.v - VwT
6 end for
7: end for

Algorithm 10 Elastic_Prediction_At_Points

1: for point € Material _Points do
2: b¢ « point.J - point.b®
3 be* «— b¢ +dt - (point.Vv - b + b - point.VvT)

4 point.J « ./det (b¢¥)

5: point.l}e «— b¢* /point.J > if 2D
6: point.b¢ «— b¢* / (point.J)%/3 > if 3D
7: end for

Algorithm 11 Plastic_Correction_At_Points

1: for point € Material_Points do

2 yield_threshold « —a - % - (point.J* — 1)

3 dev[b€] « point.h® — % - Tr[point.b¢] - I > if 2D
4 dev[b®] « point.h® — % - Tr[point.b¢] -1 > if 3D
5. dev[b®] « dev[b®]/point.J > if 2D
6 dev[b®] « dev[b®]/ (point.))*/? > if 3D
7. if p- || dev[b€]||F > yield_threshold then

8 s — yield_threshold /(,u~ I dev[ée]nF)

9: AL« \/det[point.be] - Ag - det[dev[b€]] > if 2D
10: Solve (17) for A using Cardano’s method »if 3D
11: point.b¢ « Ay - I + Ay - dev[b€]

12: end if

13: end for

Algorithm 12 Update_Velocities_At_Points

1: for point € Material Points do
2 Upic < 0

3 aspip <0

4 for node € Stencil(point) do
5 w « Weight(point, node)
6 Upic += w - node.v

7 afjip += w-node.a

8 end for

9 vflip < point.w +dt - agy;p
10: point.w « (1= f) - vpic + B - vr1ip
11: end for
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1: for point € Material_Points do
2 Upic < 0

3 for node € Stencil(point) do
4 w <« Weight(point, node)
5: Upic += w - node.v

6 end for

7 point.x +=dt - vy

8: end for




