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Stress field around crack at  finite temperature  Please ask questions 



ObjecLves	
  

•  Es(ma(on	
  of	
  conLnuum	
  fields	
  from	
  atomisLc	
  
simulaLon	
  data	
  using	
  the	
  consistent	
  coarse-­‐graining	
  
techniques.	
  A	
  à	
  C	
  	
  i.e.	
  dots	
  to	
  rainbows	
  

•  Coupling	
  of	
  staLc	
  and	
  dynamic	
  atomisLc	
  and	
  finite	
  
element	
  regions	
  for	
  rigorous	
  thermal,	
  mechanical,	
  
electrostaLc	
  &	
  charge	
  and	
  mass	
  transport	
  
simulaLons.	
  A	
  ßà	
  C	
  …	
  and	
  back	
  again	
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Compressive stress field for an atomic 
simulation of shock loading 



History	
  
•  LeHoucq	
  LDRD,	
  Greg	
  Wagner,	
  Reese	
  Jones,	
  and	
  later	
  Jeremy	
  Templeton:	
  

Thermal	
  coupling	
  in	
  WARP	
  

•  TransiLon	
  to	
  LAMMPS	
  

•  Decisions	
  about	
  Matrix/Lin.	
  Alg.,	
  FE	
  library	
  

•  Expanding	
  to	
  have	
  a	
  Hardy	
  capability	
  (transiLon	
  from	
  Paradyn	
  &	
  Jon	
  from	
  

Fortran	
  à	
  C++)	
  

•  Electron	
  transport	
  LDRD	
  (Jones)	
  

•  J-­‐integral	
  ESRF	
  (Jones)	
  

•  Ionic	
  Fluids	
  LDRD	
  (Templeton)	
  

•  DislocaLon/PlasLcity	
  ESRF	
  (Zimmerman)	
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CapabiliLes	
  
•  Transfer/Coarse	
  graining,	
  fields:	
  mass	
  &	
  charge	
  density,	
  displacement,	
  

velocity,	
  stress,	
  concentraLon,	
  Eshelby	
  stress,	
  Cauchy-­‐Born	
  stress,	
  

temperature,	
  potenLal	
  energy,	
  heat	
  flux,	
  electric	
  potenLal,	
  dipole	
  

moment,	
  dislocaLon	
  density,	
  gradients,	
  rates,	
  contour	
  &	
  boundary	
  

integrals,	
  ….	
  

•  Coupling:	
  mass,	
  charge,	
  diffusion,	
  mechanical/momentum,	
  energy/

thermal,	
  thermo-­‐mechanical,	
  two	
  temperature,	
  driP	
  diffusion,	
  

Schrodinger-­‐Poisson,	
  …	
  

•  Arbitrary	
  hex	
  &	
  tet	
  meshes,	
  library	
  of	
  

	
  kernel	
  esLmators	
  and	
  Lme	
  filters	
  

•  Parallel,	
  object	
  oriented,	
  extensible,	
  	
  

benchmarked	
  nightly	
  with	
  ~100	
  benchmarks,	
  	
  

80k+	
  lines	
  of	
  code	
  



Examples	
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Saltwater-electrode-CNT 
system: mesh overlaps exactly 

with water-CNT atom region 

•  Atoms, lattices,  interatomic potentials 
•  Mesh, elements, constitutive surrogates 

•  Extrinsic fields & physics, e.g. electrons, 
electric field 

•  Filters: spatial estimators and temporal 

filters 



Example:	
  Tensile	
  stretching	
  of	
  a	
  circular	
  hole	
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1st Piola-Kirchoff stress,  
  11 component 

Atoms colored by 
horizontal displacement 

Mesh colored by 
horizontal displacement 

1st Piola-Kirchoff stress,  
  22 component 



significantly overestimates J1). This observation agrees with work done by Shastry and
Farkas (1996), who noted that for a short crack similar to ours the two tips exhibit an
antishielding interaction that results in an increase of the critical stress intensity over the
Griffith value. Figure 10 also shows that there are significant differences in potentials due
to their respective surface energies, which is manifest in the balance between stored energy
accumulated during loading versus work done. Nevertheless, both attain their surface energy
limits. In addition to being quantitatively different, EAM has the qualitative difference
that, for this system size and loading step size, the crack propagated and arrested before
fully rupturing. This is manifest by the slight increase in the J1 curves over the ultimate
resistance limit near complete fracture. Figure 10b also shows that almost all the energy
attributed to J1 comes from W and the energy associated with the new surfaces created
after rupture, while the stress component

∫
HTPN dA goes nearly to zero as the system

relaxes. The J1 vs. strain squared curve in Figure 10 also has a pronounced change in slope
right before rupture, especially for the LJ system, that we attribute to the coarseness of the
loading since it was not observed in the semi-infinite crack case.

Figure 9: The atomic configuration of the LJ system colored by potential energy (in eV and relative to
potential energy of a free atom) showing surface energy (left) and 11 component of the Eshelby stress S (in
eV/Å3, right) for an applied strain of 4%.

5.2. Edge dislocation

In this example, an edge dislocation is created in a FCC crystal of Pd (lattice parameter
a = 3.89 Å) through the removal of a partial plane of atoms. The crystal is oriented such
that e1 = [110], e2 = [1̄11], and e3 = [11̄2], and the Burgers vector of the created dislocation
is b = a

2 [110]. Consistent with the treatment of the crack, the reference configuration is

21

Example:	
  Stress	
  esLmaLon	
  

Stress around an atomistic 
edge dislocation 

Circular hole in plate: mesh 
overlaps exactly with box, 
but atom region is subset 

Eshelby stress around a 
finite crack 

Figure 11: The 11 stress (top) and 22 stress (bottom) of the edge dislocation in the initial configuration.
Hardy field with a mid-size contour (loop 2) on the left and linear elasticity on the right.
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Example:	
  J-­‐integral	
  calculaLon	
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Example:	
  ElectrostaLcs	
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4

•  Surrogate model of electron 
density 

•  Electrons segregate to tip 
•  Potential drop across short 

axis 
•  Mutual repulsion opens tip 
•  Net charge causes net tip 

displacement  
•  CNT anchored in a warm 

substrate 



Example:	
  Electron	
  transport	
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Electron-transport enhanced simulation of 
heating and deformation of a metallic CNT 

Figure 9: Metallic CNT embedded in a FE mesh showing phonon temperature
near the beginning of the heating phase, t = 10 ps
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Figure 10: Sequence of temperature (left) and electron temperature (right)
profiles along the axis of the CNT.
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SoPware	
  &	
  Contacts	
  

•  Publically	
  available	
  at:	
  

hgp://lammps.sandia.gov/download.html	
  

S.J.	
  Plimpton,	
  A.	
  Thompson,	
  P.	
  Crozier	
  

•  Development	
  version	
  available	
  through:	
  

Reese	
  Jones	
  rjones@sandia.gov	
  

Jeremy	
  Templeton	
  jatempl@sandia.gov	
  

Jon	
  Zimmerman	
  jzimmer@sandia.gov	
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Careful what you put on the web 
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•  Publically	
  available	
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  Plimpton,	
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  Crozier	
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  version	
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  through:	
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  Templeton	
  jatempl@sandia.gov	
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  Zimmerman	
  jzimmer@sandia.gov	
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Syntax	
  examples	
  
Setup:	
  	
  
!fix AtC ATOMS atc hardy!
!fix AtC ATOMS atc thermal Ar_thermal.dat !
!fix_modify AtC fem create mesh !

!

Control	
  and	
  Lme	
  filtering:	
  	
  
!fix_modify AtC transfer filter !
!fix_modify AtC transfer filter scale!
!fix_modify AtC transfer atom_element_map!
!fix_modify AtC transfer neighbor_reset_frequency!
!fix_modify AtC transfer kernel!

!

Output:	
  text	
  and	
  EnSight	
  
!fix_modify AtC transfer output 10 binary!
!fix_modify AtC mesh output!
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