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Current implementation of atomistic stress

« LAMMPS: Stress/atom Not a fiela
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Thompson, Plimpton, Mattson, J Chem Phys, 131, 154107 (2009).

* Goal: Implement a atomistic stress calculator that identically satisfies the
balance law (in the absence of body forces):

Div (Stress) = 0
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Atomistic stress
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Spatial averaging

IKN pointwise Cauchy stress

1
oy(x,t) = Z —fap @ (o — :135)/ O5((1 — 8)To + sk —x)ds
o, 5=

a<f

Not a continuum stress field

A true macroscopic quantity is by necessity an average over some spatial
region surrounding the continuum point where it is nominally defined

The Hardy Cauchy stress is obtained by spatially averaging the IKN point
wise stress.



Atomistic stress tensor fields

 Hardy Cauchy stress Ow = Oy + Oyk,

w((1l—s)u+ sv —x)

e Tsai Cauchy stress

1
Ha,m) = lim 2

/

e \irial stress
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MDStressl ab

* Available at www.mdstresslab.org

bin src docs examples utils

e What is MDStresslLab, and what can it do?

e A tool to post-process MS or MD simulation results to obtain various
notions of stress fields

o A KIM-compliant test simulator that can couple with any interatomic
potential in the Open KIM repository

e Cauchy and Piola—Kirchhoff versions of the Hardy, Tsai and viral stresses

e Helmholtz-Hodge-Beltrami type decomposition of the atomistic stress
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http://www.mdstresslab.org

Input file

% Read in atomic configuration and species information
read
spec, species
conf,config
end
% Set up the grid for computing the stress field
grid
gfit,300,300,0
end
% Define the KIM model used to compute the atomic interactions
potential
modl,Pair LJ Smooth Bernardes Ar MO 764178710049 000
end
% Specify whether to decompose stress into unique and non-unique parts
uniqueness
project, T
end
% Setup and begin stress calculation
stress
pkstr, F
avgsize,10.0
virial, F
tsai,F
hardy, T
end

stop
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Input file

L LI LI L
: $ Read in atomic configuration and species information _
» read -
: spec, species :
. conf,config .
» a
» end "
.UIIIIIIIIIIIII SEREEERERSN Illllllllllllllllllll:
species.data
Al 0.0027964
Ar 0.004140610
Si 0.0029111119
config.data
3 58260
1000.00  1000.00  26.46  1000.00 1000.00  26.46
F E T
Al -129.658 -148.180 2.6460 0.00 0.00 0.00
Al -129.658 -148.180 13.230 0.00 0.00 0.00
Al -129.658 -148.180 7.9382 0.00 0.00 0.00
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[e)

% Read 1in atomic configuration and species information
read

spec, species

conf, config

end
RN RN RN RN RN RN R RN RN R RN RN RN

[e]

% Set up the grid for computing the stress field
grid

gfit,300,300,0
end

e

:.........................C..C..C.l..l....C..C..C..C.......'

% Define the KIM model used to compute the atomic interactions
potential
modl, Pair LJ_ Smooth_Bernardes_Ar_ MO_764178710049_000
end
% Specify whether to decompose stress into unique and non-—-unique parts
unigqueness
project, T
end
% Setup and begin stress calculation
stress
pkstr, F
avgsize, 10.0
virial, F
tsai,F
hardy, T
end

stop

—
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Input file

% Define the KIM model used to compute the atomic interactions
potential
modl, Pair_ LJ_Smooth_Bernardes_Ar_ MO_764178710049_000

end

' OpenKIM

Pair_LJ_Smooth_Bermardes_Ar

Title ©

Short KIM 1D ©
Extended KIM ID ©
KIM tem Type ©
Contributor
Maintainer

Author

Publication Year
Species ©
Desoription ©
Disclaimer ©
Sowrce Citations ©

Programming Languageds) ©

tem Citation

MO_764178710049_000

A smoothed Lennard-Jones pak potential for Asgon

Parameterized Model usng Model Driver P

Nk Chandra Adma
2015
As

A smoothed Lennard - Jornes par potential for Asgon with parameter from Bemardes
4 |

Bermardes, N., 1858. Theory of sold Ne, Ar. Kr, and Xeo at OK. Phys. Rev. 112 (5), 1534
NA

Par L) Smooth Bermardes Ar MO 784178710040 000
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[e)

% Read 1in atomic configuration and species information
read
spec, species
conf, config
end
% Set up the grid for computing the stress field
grid
gfit,300,300,0
end

% Define the KIM model used to compute the atomic interactions
potential

modl, Pair LJ_ Smooth_Bernardes_Ar_ MO_764178710049_000
end
BERRER RN RN RN RN R RN RN R RN RN R RN R RN N RN NN RN RN RN RN RN RN RN RN RN RN RN NN RN RN RN RREY
% Specify whether to decompose stress into unique and non-unique parts
uniqueness

project, T
end

....................................................................................'

[e)

% Setup and begin stress calculation
stress

pkstr, F

avgsize, 10.0

virial, F

tsai,F

hardy, T
end

stop

—
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Input file

ll'llIIIIIIIIIIl'IIIIIIIIIIIIIIIIIIIIIIIIIIIII.
Setup and begin stress calculation

stress
pkstr, F
avgsize,10.0 Spherical averaging domain of radius 10 Angstrom
virial, F
tsai,F
hardy, T

oe

tEEEEEEEEELEELEELREEE L™

- end
‘Ill'llIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0
n
:
-
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Example

[ +2.0
y R L
L 0.0
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Hardy Virial
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Role of the averaging domain
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011 [GV/AS]

Comparison with LAMMPS

—40

20



Helmholtz-Hodge-Beltrami decomposition

* Non-unigueness due to force decomposition

Jfo = Z faB <—|Not unique
o,

|Resu|ts from a QM calculation I/' azf

* Decomposition of interatomic forces using rigidity theory

| » extension-independent

(fap) = (f C|)|é 5) + ( L 5) » extension-dependent

0.00 +1.00 +2.00 +3.00 0.00 +1.00 +2.00 +3.00 —0.20 0.00 +0.20




Helmholtz-Hodge-Beltrami decomposition




Helmholtz-Hodge-Beltrami decomposition
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Conclusions

 MDStresslLab: A post-processing tool to compute stress fields that satisfy the
exact balance laws of continuum mechanics. Available at

www.mdstresslab.org

A Unified Interpretation of Stress in Molecular Systems. Journal of Elasticity, 100(1-2), 63—143

The non-uniqueness of the atomistic stress tensor and its relationship to the generalized
Beltrami representation. Journal of the Mechanics and Physics of Solids, 1-21.

Material fields in atomistics as pull-backs of spatial distributions. Journal of the Mechanics
and Physics of Solids, 89, 59-76.

Stress and heat flux for arbitrary multibody potentials: A unified framework. Journal of
Chemical Physics, 134(18)

e Currently MDStressLab computes the Cauchy and Piola—Kirchhoff stress
corresponding to the Hardy, Virial and Tsai definition of atomistic stress

e |n addition, a discrete Helmholtz—Hodge—-Beltrami decomposition of the
stress field can be computed. The demonstrated example highlights the use
of this decomposition in the noise reduction of atomistic stress field.
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