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Materials in Real World
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Stress

T”ogn)zgpk%;-

Externally Loaded Body Sectioned Body Stress
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Stress Tensor

| i n —a ) —

i oy - T (X,n=e;)=0,6,+7,€,+1,6;
: A : n

i - T (x,n=e,)=1,6,+0,€,+7,6;
: T |

i T, 7/—> X 4 - T'(x,n=¢;)=1,6, +1,8, +0,€,
] Xy l

| ty |

i Y .o, i ) )

] T ox I

i Tyz i GX Txy TXZ

5, o=[o]l=|t, o, 1,

i i T sz G,



Stress Tensor
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Equilibrium Equations

—————————————————————————————————————————————————————————————————————————————————————————————————————————————

Newton's second law

Jo, i i
Ty | ma=F :

T, +——dy | :
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i mass acceleration force i




Equilibrium Equations
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v:(a,a’a]:
OX oy 0z
dv
V

S

Acceleration I_I

Internal force

T4

(Pressure, Viscosity,

Elasticity, etc)

> Stress Tensor

External force
(Gravity, Buoyancy,
Surface tension, etc.)
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Constitutive Relation
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Fluid
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Hydrostatic water
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Laminar flow
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Fluid

> Viscosity coefficient

oEophu(vvew)

ov, OV, OV,
l OX O
Hydrostatic pressure 8y ’
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Navier-Stokes Equation

dv T
—==Vp+uV-(VVv+VV |+
pr= VPV )+ g
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Smoothed Particle Hydrodynamics(SPH)
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Particle discretization
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Smoothed Particle Hydrodynamics(SPH)
Independent: M., X., V., V,

Dependent: Pir B




o R R R %A

Smoothed Particle Hydrodynamlcs(SPH)
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Framework

Neighborhood Gravity, Viscosity, ) Incompressibility Particle
Query Surface Tension ) Enforcement Advection

dv|
dt

0 { Vp}{w-(vwvw )+ g}
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Neighborhood Query
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Neighborhood Query ;
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Viscous force

% = uv-(Vv+W')

‘ If incompressible, V-v =0
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Pressure force

fP=-Vp

>

(VA), ~ X A VW ()
i Pj
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Momentum conservative
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How to calculate pressure

* Non-iterative state-equation based
« Compressible [MUler03]
» Weakly-compressible [Becker07]

* |terative state-equation based
« PCISPH [Solenthaler09]
 Local Poisson SPH [Hel2]

* PBF [Macklin13]

* Pressure projection
 Divergence free [Cummins99]

Density invariant [Shao03]

Staggered SPH[Hel2]

[ISPH [Ihmsen13]

Divergence-free[Benderl5]
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Review : [Gotoh et al. 2016]
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Elastic Material

Deformed

X = X(X,f) Configuration, t = t
Undeformed ' } Kt(B)
Configuration, t =0
Ko( B) h line

] - -

=~ /

P - X
;u(X)=U(x)
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Elastic Material

N  Deformed
\\) configuration

Undeformed
configuration
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Problem: Diverse Dimensions
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Problem: Discontinuity

x(X")
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Classical Model Peridynamics
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Previous Elastic Model

------ /\
= |[Fg - Re|; + 5 (JE = 1)°
oX o oz
F= % 1+ au % -
oX o oz
Mg Uy, Oy
OX oY oz

A. Stomakhin, C. Schroeder, L. Chai, J. Teran, and A. Selle, “A material point

method for snow simulation,” ACM Trans. Graph. (SIGGRAPH), vol. 32, no. 4, p.
102, 2013.
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Our Elastic Model
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Our Elastic Model
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Our Elastic Model




ISCAS B ER SR %% # %R

Institute of Software Chinese Academy of Sciences

Our Elastic Model

U = pu|Fg - Relh +5(Jp —1)* boc




Projective Solver

IS5CAS
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Mass-Spring System Shape Matching Our Method
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Recovering from Shape Inversion
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Multiplicative Plastic Model
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Qur Plastic Model

iso
/,D
U4
' D

Y-RX
-
Deev 4+ pise
-

'Dp: OfDiSO 4 BQdev




ISCAS TARIEEATEN
Drucker-Prager Yielding Condition
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Case 1: Elastoplastic Material

A>0 B >0






ISCAS ®E RSB %6 5 6

Institute of Software Chinese Academy of Sciences

Case 2: Homogeneous Viscoelastic Fluids

A>0 B=0



Case 2: Viscoelastic Fluids
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The Effect of Particle Redistribution Strength
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Case 3: Granular Materials

Wet: A>0 B >0

Dry: A=0 B>0
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Case 3: Granular Materials

I 5o %‘—( — |X| (dir Y*))

| | u|; (Y — |X]| (dirX))

k(o) = Keetl:p/po=1)  if 0 € [po, +00),
f 0, otherwise,
Ke, it p e [ﬂo,‘l—OO),
ke(p) = KeelUmrleo) if p e [py, po).

0, otherwise.



The Effect of Water Saturation

0.01 0.05 0.1
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A Large Scale Simulation of Wet Sands

Water Saturation = 0.01
Friction Angle = 15



The Effect of Friction Angle
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More Examples
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Challenges

 The particle deficiency problem
* Tensile Instability

* Accuracy
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Thank you for your attention!

http://peridynamics.com/

https://github.com/PhysikaTeam/Physika



http://peridynamics.com/
https://github.com/PhysikaTeam/Physika

