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DIQ-MPM: Dual Interface Quadrature MPM for
Simulating Large Deformation and Fluid-Solid

Coupling - Supplementary

✦

1 DEFORMATION GRADIENT UPDATE AND HES-
SIAN OF TLMPM
Deformation gradient F = ∂ψ

∂X = ∂x
∂X is used to char-

acterize finite deformation in continuum. In TLMPM, we
update particle’s Fp using Fn+1

p = Fnp + ∆t ∂F
n

∂t , where
∂Fn

p

∂t = ∂
∂t (

∂xn
p

∂X ) =
∂vn

p

∂X . In the total Lagrangian formulation,

particle’s velocity gradient
∂vn

p

∂X , also denoted as ∇XVn
p ,

could be directly obtained on the initial grid:

∂vnp
∂X

=
∑
i

vni (∇XWi(Xp))
T . (1)

We compute gradients directly on the initial grid, without
relying on the current configuration, making the update
scheme distinct from the conventional EMPM.

The internal force of TLMPM is fi =
−
∑
p V

0
p P(Fp)∇XWi(Xp). The action of the energy

Hessian on an arbitrary increment δU can be expressed as

−δfi =
∑
p

V 0
p Ap∇XWi(Xp), (2)

where

Ap = δP(Fp) =
∂2Ψ

∂F∂F
:
∑
j

δUj(∇XWi(Xp))
T . (3)

As can be seen, the form of Ap in TLMPM closely resembles
that of EMPM [1], where Ap = ∂2Ψ

∂F∂F :
∑
j δuj(∇wi(xp))

T .
The same similarity holds for δfi. Therefore, implicit
TLMPM can be implemented by directly modifying the
particle-grid transfer components of existing implicit EMPM
frameworks for hyperelastic materials.
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