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Figure1:(a)ConvergenceofQMforcesnearthecoreofadislocationinthe�phaseatroomtemperature
(solidlines,fornearestneighbours,bluen.n.,andnextnearestneighbours,redn.n.n.ofthedislocation
core).ThedashedlinesindicatethepercentageerrorthattheEAMpotentialmakeswithrespecttoDFT.
Quantumcalculationsareonlystrictlyneededforthenearestneighboursofadislocationcore.(b)Atom-
isticmodelofaquadrupoleofscrewdislocationsinaNi-basedsuperalloy.Inset:dissociationofoneof
thescrewdislocationsintoShockleypartials,whichcanbetrackedbytwoseparatemobileQMregions
(redcircles).

2ProjectStructureandResourceManagement
KeyScientificGoals.Thekeytargetsofthisprojectaretostudytheglideofscrewdislocations
inthe�phase(initiallybulk,thenclosertothe�/�0interface),toevaluatetherelevantdiffusion
mechanismsandbarriers,andtostudydislocationclimbatthe�/�0interface,includingtherole
playedbyvacanciesinthisprocess.Theseoveralltargetscanbedecomposedintofourwork
packages:

•WP1—DissociationofaScrewDislocationintoShockleypartials.Studyingthemod-
ificationinducedonthesystembytheusageofquantumprecisionforthecoreatoms.
ExpectedstartdateMarch2014.

•WP2—Glideofadislocationinthe�phase.Evaluatingdiffusionbarriersforthe
dislocationglideasafunctionofappliedshearstrain.ExpectedstartdateMay2014.

•WP3—Glideofadislocationtowardstheinterface.Observingthemodificationof
thesebarriersasafunctionofthedistanceofdislocationsfromthe�/�0interface,and
investigatingdislocationpinning.ExpectedstartdateJune2014.

•WP4—Dislocation/vacancyinteractionattheinterface.Analysingtheroleplayedby
vacanciesintheclimbmotionofdislocationsattheinterface.ExpectedstartdateOctober
2014.
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Review of atomistic aspects of fracture: E Bitzek, JRK, P Gumbsch, Int. J. Fract. (2015)
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Quantifying uncertainties across the scales
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Figure 1: (a) Convergence of QM forces near the core of a dislocation in the � phase at room temperature
(solid lines, for nearest neighbours, blue n.n., and next nearest neighbours, red n.n.n. of the dislocation
core). The dashed lines indicate the percentage error that the EAM potential makes with respect to DFT.
Quantum calculations are only strictly needed for the nearest neighbours of a dislocation core. (b) Atom-
istic model of a quadrupole of screw dislocations in a Ni-based superalloy. Inset: dissociation of one of
the screw dislocations into Shockley partials, which can be tracked by two separate mobile QM regions
(red circles).

2 Project Structure and Resource Management
Key Scientific Goals. The key targets of this project are to study the glide of screw dislocations
in the � phase (initially bulk, then closer to the �/�0 interface), to evaluate the relevant diffusion
mechanisms and barriers, and to study dislocation climb at the �/�0 interface, including the role
played by vacancies in this process. These overall targets can be decomposed into four work
packages:

• WP1 — Dissociation of a Screw Dislocation into Shockley partials. Studying the mod-
ification induced on the system by the usage of quantum precision for the core atoms.
Expected start date March 2014.

• WP2 — Glide of a dislocation in the � phase. Evaluating diffusion barriers for the
dislocation glide as a function of applied shear strain. Expected start date May 2014.

• WP3 — Glide of a dislocation towards the interface. Observing the modification of
these barriers as a function of the distance of dislocations from the �/�0 interface, and
investigating dislocation pinning. Expected start date June 2014.

• WP4 — Dislocation/vacancy interaction at the interface. Analysing the role played by
vacancies in the climb motion of dislocations at the interface. Expected start date October
2014.
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