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Definition of stress
& other quantities



• Strain: deformation of a material with respect to a reference state

• Stress: forces acting on the surfaces of a small portion of the material

Stress and strain: definitions
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• Stress is a tensor: orientation 
of force with respect to a given 
surface of the material

Stress and strain: symmetric tensors
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• Strain is also a tensor: relation 
between the material points in the 
deformed and in the reference state

r r r'
ε



Stress and strain: energy
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• Elastic energy:

r r'
ε

• Stress is related to strain:

stress elastic
constants



Elementary strain matrices
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• Shear:

r r'
ε

• Elongation or compression:

• Strain is a linear combination of elementary strains:



Crystals and unit cells
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• Unit cell parameters:

a1 = a

a2 = b

a3 = c

Tetragonal SiO2: space group I-42d



Tetragonal SiO2: space group I-42d

Stress and crystal symmetry
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• Neumann’s principle: physical properties 
must be invariant with respect to the crystal 
(point group) symmetry operations 
(https://dictionary.iucr.org/Neumann's_principle)

https://dictionary.iucr.org/Neumann's_principle


ONETEP
implementation



• There are six types of strains/distortions:

Computing the stress with small distortions

elongations shears

• An element of the stress tensor is computed by finite differences:

• Total number of scf calculations: 6 x (+h) + 6 x (-h) + 1 reference = 13

 Use symmetry to reduce the computational effort
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Specifying the symmetry (for stress only)
• 3D: c-axis for tetragonal, hexagonal and rhombohedral should be the z-axis

• 2D: the non-periodic (vacuum) direction should be the z-axis

• The point groups in the boxes are equivalent for the stress calculations

• 1D: use

manuel.dos-santos-dias@stfc.ac.uk         Slide 12



Cell and geometry optimisation

• If the unit cell parameters change, will the atoms inside it want to move?

• Automatic optimisation of the cell parameters:    stress_relax T  
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stress_relax_atoms T  

 Find ε that approximately minimises the elastic energy

stress_relax T  



Practical
considerations



Full list of keywords for stress calculations
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Flow of the stress/cell relaxation steps
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Starting cell 
parameters

SCF calculation

Geometry 
optimisation?

SCF for 
distorted cells

Guess cell 
parameters

Stress tensor

SCF calculation
for new cell

Geometry 
optimisation?

Relaxed?

DONE



Cell optimisation for 2D h-BN — 1
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 input

 output

3x3 supercell



Cell optimisation for 2D h-BN — 2
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scf for starting cell

 This speeds up follow-up calculations
 If not enough can be adjusted in input

(overkill…)
elec_energy_tol 2.d-6 Ha



Cell optimisation for 2D h-BN — 3
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x’          y’          z' x           y           z 1 + εxx

Cell looks like this:

a1a2

This was probably enough 



Cell optimisation for 2D h-BN — 4
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Total energy for the distorted 
cells must be precise enough 

 Guess at the cell parameters 
that minimize the elastic energy



Cell optimisation for 2D h-BN — 5
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 Guess at the cell parameters 
that minimize the elastic energy

 SCF for the guess 
at the cell parameters

The .cell file contains the
current cell parameters
(and atomic positions)

These criteria decide 
if the cell is relaxed



Cell optimisation for 2D h-BN — 6
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All is well that 
ends well?



Things to be done



• Analytic instead of numerical derivatives for stress

• Automatic calculation of elastic constants

• Full compatibility with all the scf calculation modes of ONETEP

Wish list

Further reading
• Kittel, Introduction to Solid State Physics, chapter on Elastic Constants

• Martin, Electronic Structure, appendix G: Stress from Electronic Structure
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