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Prof. J.S. Chen Ted Belytschko

The methods with simplicity (and fundamentally sound) win the game.
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Smoothed particle hydrodynamics (SPH) (1977)
Element-free Galerkin method (EFG / EFGM) (1994)

Reproducing kernel particle method (RKPM) (1995)
hp-clouds

Material Point Method (MPM)
Meshless local Petrov Galerkin (MLPG)

Meshfree local radial point interpolation method (RPIM)
Radial Basis Integral Equation Method
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Smoothed Particle Hydrodynamics
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(Gingold and Monaghan 1977, Lucy 1977) .
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(Avg: 75%)
+1.000e+00
+9.167e-01
+8.333e-01
+7.500e-01
+6.667e-01
+5.833e-01
+5.000e-01
+4.167e-01
+3.333e-01
+2.500e-01
+1.667e-01
+8.333e-02
+0.000e+00
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Experimental vs. Simulated Results - Human Trabecular Bone (Specimen No.2) with @ 5mm Flat Tip Rod
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Coronal Sections (x-z)

Depth = 0mm Depth = 6mm Depth = 10mm
Experiment Simulation Experiment Simulation Experiment Simulation

Simulation Maximum
Principal Strain

® +5.00 x 10
® +4.58 x 107
®+4.17 x 107

+3.75 x 10"
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+3.33x 10"
+2.92x107
+2.50 x 107
+2.08 x 10"
+1.67 x 10"
+1.25x 10"
®+8.33x10?
b ®+4.16 x 10?
R T # ®-242x10°

Force-Displacement Curves 3D Section Through Coronal Plane at 10mm Displacement

400 Experiment Simulation
=== Simulation: Spec. No.2 with @ 5mm Flat Tip Rod

=o= Experiment: Spec. No.2 with @ 5mm Flat Tip Rod

300

200

(Inverted Color)

Normalized Displacement (mm)

Kulper, S. A., Fang, C. X.*, Ren, X.*, Guo, M., Sze, K., Leung, F. K. and Lu, W. W. , Development and initial validation of a novel smoothed-
particle hydrodynamics-based simulation model of trabecular bone penetration by metallic implants. J. Orthop. Res.. doi:10.1002/jor.23734
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Experimental setup for a whole femur ~ 'Ntérnal force

with an metallic implant
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Tensile instability: causes exponential growth of particles velocity for small perturbation of
their position in a region of the continuum with a tensile state of stress. When compression
occurs clumping of particles may took place. Modified kernel function have been proposed for
remedial [Morris, 1996].
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Reproducing Kernel Particle Method




REPRODUCING KERNEL PARTICLE
METHOD (RKPM)
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REPRODUCING CONDITION
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@ Particles (nodes)
« Gauss points

Background mesh

Background cell
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Discretization and nodal representative domain for nodal integration: (a) mesh-free
discretization; and (b) nodal representative domain.
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e S04 (STABILIZED CONFORMING
NODAL INTEGRATION)
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Chen, J. S., Wu, C. T,, Yoon, S., and You, Y., “A Stabilized Conforming Nodal Integration for Galerkin Meshfree Methods,” IINME, Vol. 50, pp. 435-466, 2001.




TAYLOR BAR

EFETRRS



,._HWL




b
e H
pretsien it fheeat
o i
y 7
= 7

A R

7
%

2
.\ \'.|
&

&

i i
=4 3 =
= i

5
3
[
I
I

—

S

o

7

iy

Z

SN

N

N

P




LS HIET N

R
[ILLI]1

Plastic Strain
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PERIDYNAMICS (ID3@/MiEzh5F)

Prefix: peri
Around or surrounding: perimeter; near: perinatal

Peridynamics is a new continuum mechanics
pppppppppppp formulation. It was originally developed by Dr. Stewart
DR. STEWART SILLING Sllhng in 2000

Stewart Silling
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Bond-based peridynamics
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S O — Fig. 3 Evaluation of fracture energy. For each point A along the

5 dashed line, 0 < z < §, the work required to break the bonds
7Z'C 5 connecting A to each point B in the circular cap is given by Eq. (8)

#7113 iEfr 34 g oo m=[ [ (8 e

Silling and Askari, 2005. A meshfreemethod based on the peridynamicmodel of solid
mechanics. Computers and Structures 83 (2005) 1526-1535.
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After
(plastic model)

After
(brittle model)

Before
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Bond-based peridynamics
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State-based peridynamics
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