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Brief recap of atomistics

Atomic positions:  q(t) = {qi(?), ...

Atomic momenta:  p(t) = {pi1(?),.

Total Hamiltonian of the system: H(g,p) = Z p

.. ,pN(t)}
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o +Vi(q)

oo

- either empirical potential
- or by electronic structure calculation

Equations of motion: ~ ™:iGi = fi(q) = —

+ constraints from atomistic ensembles
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—» Thermostat, barostat
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How big of a system can we simulate?

How many atoms in a structure?

re

defect network

How many atoms?

few ~1010 ~1020 ~1029
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How big of a system can we simulate?

How many atoms can we handle in a computer?

laptop computer: computer cluster: supercomputer:
~1,000,000 ~300,000,000 ~1012

D T e

Even modern supercomputers can only simulate um-scale volumes...
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=PFL  Concurrent techniques

Handshake method
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Concurrent techniques

Handshake method

finite element description
(which constitutive model?)

transition region, e.g.
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geometric constraint

atomistics
(e.g. MS)
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Coarse-graining in a nutshell
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Coarse-graining in a nutshell
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representative atoms + weights + interpolation = the QC method
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£PFL. The Quasicontinuum Method

Geometric constraint (the QC approximation):

Nh

q~q = ZN(L(X )x
a=1

N}z
pi~pf =migl =mi Yy No(X,)d

Resulting Hamiltonian and repatom forces:

Ip}?
Hh (@)
Z QmL

L N
Fi(z) = ain Z fjh
j=1

h( h\ __
with  fi(@) =~ aqh

B CIVIL 408

Summation/sampling rules:

N
=> Ei(d")
=1

Resulting force approximation:

Fi(z) =

oV (q")
833k
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PFL - The Quasicontinuum Method

B CIVIL 408

radius of *
interaction

local QC method

number of lattice sites in the element

dilemma:

N

- — mg ., .
H(q,p) = Z7|wi|2+m(w1,...,w]\,)

i=1
local QC: approximation per element

H(@,P)~ Y  H.(q,P)

Hy,, = e H{®Y, sncyEnp)

xzf = F. X°¢

(]
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£PFL. The Quasicontinuum Method

ooooo dilemma:

oooooooooooooo
ooooooooooooooooooooooooo
oooooooooooooooooooooooo

7 N
. mg; .
H(q,p):E 7z|mi|2+‘/i(wla---,wN)
=l

Ilitdd . .
radius of ®
interaction \¢°

ooo

local QC: approximation per element
H(@P)~ Y H.(TP)
e
local QC method He = we H(zS, ..., z5%)

xf = F.X¢

local-nonlocal QC:

use local QC where possible and
exact summation in transition regions
(reconstructing neighbors by interpolation)

i 1

local-nonlocal QC method
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=PFL The Quasicontinuum Method

......... local lattice site

radius of SNSRI
interaction X800 070 0
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local QC method

local-nonlocal QC method
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EPFL - The Quasicontinuum Method

local lattice site

Tadmor et al. (1996), Shennoy et al. (1998)
Miller et al. (1998), Tadmor et al. (2013)

nodal cluster rules:
Knap & Ortiz (2001), Eidel & Stukowski (2009)

quadrature rules:

Gunzburger & Zhang (2010,2011),
Chen et al. (2012)
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=PFL - Adaptive refinement

K.Karapiperis

refinement criterion, e.g.

if Io(F.) > tol. = refine

load step 0
load step 7

refinement algorithm, e.g.
longest-edge bisection

load step 14
load step 29

B CIVIL 4XX



=PFL - Application: Nanoindentation




=PFL - Application: Nanoindentation

indentation force [eV/A]
—_ [ [\ ] N (98] (98]
S ()] (an) W (=) W
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0 10 15
indentation depth [A] indentation depth [A]
(a) spherical indenter (b) pyramidal indenter
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=PFL - Application: Fracture Mechanics

{ 1213
Twrinfcleavage
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plane

{010} Erack

[ 101 Crack
frant

(a)  Unit cell with possible cleavage and slip/twin planes.
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(C) After some growth two grains are observed at the erack tip,
one bee and one [ee.

B CIVIL 408

(d) As the erack grows further twinning is ob-
served.

{a) Orientation |

() Orientation 3

(b) Orientation 2

[110]

[001]

Grain 2

Grain 1

S ®

[110]

[00T]

(Miller & Tadmor, 2002; Ringdalen Vatne et al., 2011)
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£PFL - Concurrent techniques in granular media

Handshake method

Q o free particles
(C) Q © ghost particles
D e free finite element nodes

deformable FE,
or rigid solid

(a)

D O prescribed finite element nodes

r matefial >
lum FEJregion

continy

Regueiro et al., 2011

Q: Why would it be challenging to develop QC approaches for granular media?
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EPFL - Discussion

K.Karapiperis

That’s what | prepared for you today.
What would you like to discuss?
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Reading for next class:

Data-Driven Modeling ALERT Doctoral School
- Chapter 5
- Chapter 9

23
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