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shingo0323northwind@gmail.com 

LAMMPS is distributed by Sandia National Labotories, a US  Department of Energy laboratory 

http://lammps.sandia.gov/index.html 
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LAMMPS  

 

 

 

Peridynamics  

 

 

 

 

 

 



LAMMPS   

SANDIA GPL  

 

 

Large-scale Atomic/Molecular Massively Parallel Simulator 

 

LAMMPS  

 

SANDIA   http://lammps.sandia.gov/authors.html 

Steve Plimpton  Aidan Thompson  Paul Crozier 

 

SANDIA (ORNL LBNL LLNL)  

SANDIA  

80% ) 

 

S.Plimpton MD ParaDYN,1993(F77)  

LAMMPS99(F77)

LAMMPS2001(F90) 

 

Ÿ C++ LAMMPS   

 
Ref.   Fast Parallel Algorithms for Short-Range Molecular Dynamics,  

S. J. Plimpton, J Comp Phys, 117, 1-19 (1995). 



Classical Molecular Dynamics  

/  

 

 F=ma 

 

β First Principal MD  

ab initio calculation

( or )  

 

MD  

 

N  

MD N NlogN ??? 

 

MD

 

 

CPU  

pair time  80%  15%  5% 

 

FEM FVM  

Ÿ  



P. Crozier  LAMMPS tutorial ,2011 workshop  

 

LLNL BlueGene/L 64,000  

weak scaling) 

 

 

Solid mechanics Biophysics chemistry  

Granular Flow Materials Science 

 

 

pair_reax.cpp pair_reax.h 

fix_nve.cpp fix_nve.h 

 

 

 

LJ Buckingham Morse Yukawa    

EAM FS MEAM EIM SW Tersoff  

DPD GayBerne  meso granular peridynamics 

Long-range / Ewald PPPM 

bond potentials / angle potentials / dihedral potentials / water potentials 

 

 

17.5 3.5 LAMMPS  



 

 

DNA  

 

 

 

Pair potentials  LJ Buckingham Morse Yukawa 

Manybody potentials  EAM FS modified EAM SW Tersoff ReaxFF 

Coarse-grained potentials  DPD GayBerne DLVO colloidal 

Mesoscopic potentials  granular perdynamics SPH 

Polymer potentials  all-atom united-atom bead-spring breakable 

Long-range Coulombics / dispersion  Ewald PPPM 

 

 

Stochastic rotation dynamics(SRD)  atom-to-continuum coupling with FEM 

Coupling rigid body integration  DSMC  temperature accelerated dynamics 

 

 

OpenMP GPU CUDA/OpenCL Optimize 

 

 
GUI  



add-on package 

ELBA-LAMMPS Mario Orsi  

ELBA Coarse-grain model  

 

LIGGGHTS(Christoph Kloss@JKU) 

Discrete Element Particle Simulator 

ŸLAMMPS LAMMPS DEM  

 

 

CAD  

 

 

/  

6  

 

OpenFOAM CFD-DEM 2way or 4way coupling( ) 

 

 

 

LAMMPS-ICMS - Axel Kohlmeyer's add-ons to LAMMPS  

 Dr.Kohlmeyer temple U  

youtube  



Dr. Kohlmeyer's movies from youtube 

Visualization with VMD 
 

β input file  

 



 

 

 

 

 
CPU  AMD PhenomиX6 1055T (6core)  memory 16GB OS openSUSE 11.4 x86_64 

 

LJ   32000atoms 100step  NVE time integration 

(strong scaling) 

 

 

 

 

 

 

 

 

N N (weak scaling) 

Phenomи 4coreXeon ASCI red Mac laptop IBM BG/L Cray XT5 

Clock rate 2.8GHz 2.66GHz P3 333MHz G4 1.0GHz P440  700MHz Opteron 2.4GHz 

Date Mar 12 May 08  Aug 04 Aug 04 May 05 Jun 11 

1core 3.191 4.31 62.9 4.31 29.0 5.36 

8(6)core 0.816 0.762 8.75 - 4.261 0.73 

Phenomи 4coreXeon ASCI red Mac laptop IBM BG/L Cray XT5 

8(6)core 4.551 7.009 67.7 - 31.004 6.56 

Scaled eff 70.1% 61.5% 92.9% - 93.5% 81.7% 



Peridynamics    



Peridynamics   

Wikipedia  

 

Peridynamics is a formulation of continuum mechanics that is oriented toward 

deformations with discontinuities, especially fractures. 

 

FEM  

 

 

J T  

 

Peridynamics  

 

 

 

 

 Ÿ  

 

 

 

 

βThe term "peridynamic," comes from the prefix peri, which means all around, 

near, or surrounding; and the root dyna, which means force or power.  

http://en.wikipedia.org/wiki/Continuum_mechanics
http://en.wikipedia.org/wiki/Deformation_(engineering)
http://en.wikipedia.org/wiki/Fracture


  

ŭ ɝ 

Xô 

X ȼx 

Body R 
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                        + b(x,t),  

Hx :  x  u   

b  body force density field  ɟ   

f  pairwise force function 

  ɝ =  xô ï x 

 ɖ = u(xô ,t) ï u(x, t) 

                              

 

 

ɖ + ɝ  2  

x  xô 2  = ñbondò, -> special case of elastic interaction ñspringò  
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FEM  

 

Ÿ -  
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β overlap short-range force(repulsive only)  

Proto-type Microelastic Brittle(PMB) material 

Ÿ  



EMU code  
Peridynamics SANDIA Dr. Stewart.Silling  

(F90) http://www.sandia.gov/emu/emu.htm 

Membrane/bar  

 LAMMPS Ŭ (Not free) 

  

  

 LAMMPS Dr. M.Parks@SANDIA update? 



Peridynamics via finite element analysis  

R.Macek(LANL) S.Silling 

Finite Elements in Analysis  

and Design 43 (2007) 1169-1178 

 

FEM  

(Abaqus Explicit) 

 

( )  

 



example1 : impact of a sphere on a brittle target 

  

Smash!! 

100m/sec 

10mm  

74mm 2.5mm  



example1 : impact of a sphere on a brittle target  

 trial  reference(M.Parks) 



example1 : impact of a sphere on a brittle target 

   V=200m/s  K=14.9GPa bond stretch=0.005  

 base V=20m/s  

bond stretch 0.5 K=0.1GPa 


