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Mechanical threshold

• Yield stress at temperature 0 K

• Microstructure dependent

• Thermal & athermal contributions

𝜎0 = 𝜎𝑎𝑡ℎ + 𝜎𝑡ℎ

𝜎0 = 𝑓 𝜌, 𝑑𝑔, 𝑑𝑠𝑔, 𝑐𝑖
𝑚, 𝑟𝑝𝑗 , 𝑁𝑝𝑗 , …

- Dislocation density [m-2]

- Grain diameter [m]

- Subgrain diameter [m]

- Concentration of i-element in matrix

- Radius of precipitate j [m]

- Number density of precipitate j [m-3]

𝜌

𝑑𝑔

𝑑𝑠𝑔

𝑐𝑖
𝑚

𝑟𝑝𝑗

𝑁𝑝𝑗

- Athermal contribution [Pa]

- Thermal contribution [Pa]

𝜎𝑎𝑡ℎ

𝜎𝑡ℎ
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• Sum of various contributions

Dynamic stress contribution

𝜎𝑑 = (𝜎𝑑𝑦𝑛,𝑙𝑡
−𝑛𝑑𝑦𝑛 + 𝜎𝑑𝑦𝑛,ℎ𝑡

−𝑛𝑑𝑦𝑛 + 𝜎𝑑𝑦𝑛,𝑙𝑡,𝑝𝑏𝑑
−𝑛𝑑𝑦𝑛 +⋯

…+ 𝜎𝑑𝑦𝑛,ℎ𝑡,𝑝𝑏𝑑
−𝑛𝑑𝑦𝑛 + 𝜎𝑑𝑦𝑛,𝑁𝐻𝑐

−𝑛𝑑𝑦𝑛 + 𝜎𝑑𝑦𝑛,𝐶𝑐
−𝑛𝑑𝑦𝑛 +⋯

− Low temperature regime

− High temperature regime

− Nabarro-Herring creep

− Coble creep

− Harper-Dorn creep

− Power law breakdown, low temperature regime

− Power law breakdown, high temperature regime

− Grain boundary sliding, lattice diffusion regime

− Grain boundary sliding, grain boundary diffusion regime

− Exponent

𝜎𝑑𝑦𝑛,𝑙𝑡

𝜎𝑑𝑦𝑛,ℎ𝑡

𝜎𝑑𝑦𝑛,𝑁𝐻𝑐

𝜎𝑑𝑦𝑛,𝐶𝑐

𝜎𝑑𝑦𝑛,𝐻𝐷𝑐

𝜎𝑑𝑦𝑛,𝑙𝑡,𝑝𝑏𝑑

𝜎𝑑𝑦𝑛,ℎ𝑡,𝑝𝑏𝑑

𝜎𝑑𝑦𝑛,𝑔𝑏𝑠,𝑔𝑏

𝜎𝑑𝑦𝑛,𝑔𝑏𝑠,𝑒𝑓𝑓

𝑛𝑑𝑦𝑛

…+ 𝜎𝑑𝑦𝑛,𝐻𝐷𝑐
−𝑛𝑑𝑦𝑛 + 𝜎𝑑𝑦𝑛,𝑔𝑏𝑠,𝑔𝑏

−𝑛𝑑𝑦𝑛 + 𝜎𝑑𝑦𝑛,𝑔𝑏𝑠,𝑒𝑓𝑓
−𝑛𝑑𝑦𝑛)− Τ1 𝑛𝑑𝑦𝑛
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• Sum of various contributions

• Strain rate absence → 𝜎𝑑 = 0

• All but 𝜎𝑑𝑦𝑛,𝑙𝑡 and 𝜎𝑑𝑦𝑛,ℎ𝑡 contributions dependent on diffusivity in material

Dynamic stress contribution

𝜎𝑑 = (𝜎𝑑𝑦𝑛,𝑙𝑡
−𝑛𝑑𝑦𝑛 + 𝜎𝑑𝑦𝑛,ℎ𝑡

−𝑛𝑑𝑦𝑛 + 𝜎𝑑𝑦𝑛,𝑙𝑡,𝑝𝑏𝑑
−𝑛𝑑𝑦𝑛 +⋯

…+ 𝜎𝑑𝑦𝑛,ℎ𝑡,𝑝𝑏𝑑
−𝑛𝑑𝑦𝑛 + 𝜎𝑑𝑦𝑛,𝑁𝐻𝑐

−𝑛𝑑𝑦𝑛 + 𝜎𝑑𝑦𝑛,𝐶𝑐
−𝑛𝑑𝑦𝑛 +⋯

…+ 𝜎𝑑𝑦𝑛,𝐻𝐷𝑐
−𝑛𝑑𝑦𝑛 + 𝜎𝑑𝑦𝑛,𝑔𝑏𝑠,𝑔𝑏

−𝑛𝑑𝑦𝑛 + 𝜎𝑑𝑦𝑛,𝑔𝑏𝑠,𝑒𝑓𝑓
−𝑛𝑑𝑦𝑛)− Τ1 𝑛𝑑𝑦𝑛
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• Sum of various contributions

• Strain rate absence → 𝜎𝑑 = 0

• All but 𝜎𝑑𝑦𝑛,𝑙𝑡 and 𝜎𝑑𝑦𝑛,ℎ𝑡 contributions dependent on diffusivity in material

Dynamic stress contribution

𝜎𝑑 = (𝜎𝑑𝑦𝑛,𝑙𝑡
−𝑛𝑑𝑦𝑛 + 𝜎𝑑𝑦𝑛,ℎ𝑡

−𝑛𝑑𝑦𝑛 + 𝜎𝑑𝑦𝑛,𝑙𝑡,𝑝𝑏𝑑
−𝑛𝑑𝑦𝑛 +⋯

…+ 𝜎𝑑𝑦𝑛,ℎ𝑡,𝑝𝑏𝑑
−𝑛𝑑𝑦𝑛 + 𝜎𝑑𝑦𝑛,𝑁𝐻𝑐

−𝑛𝑑𝑦𝑛 + 𝜎𝑑𝑦𝑛,𝐶𝑐
−𝑛𝑑𝑦𝑛 +⋯

…+ 𝜎𝑑𝑦𝑛,𝐻𝐷𝑐
−𝑛𝑑𝑦𝑛 + 𝜎𝑑𝑦𝑛,𝑔𝑏𝑠,𝑔𝑏

−𝑛𝑑𝑦𝑛 + 𝜎𝑑𝑦𝑛,𝑔𝑏𝑠,𝑒𝑓𝑓
−𝑛𝑑𝑦𝑛)− Τ1 𝑛𝑑𝑦𝑛
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Low temperature

𝜎𝑑𝑦𝑛,𝑙𝑡 = 𝜎𝑡ℎ
ሶ𝜀

𝐴𝜀0𝑏𝑐𝑠𝑛𝑑𝜌𝑒𝑞

Τ𝑅𝑇 ∆𝐹𝜎0
𝑙𝑡

− Burgers vector [m]

− Gas constant [Jmol-1K-1]

− Temperature [K] 

− Speed of sound [ms-1]

𝑏

𝑅

𝑇

𝑐𝑠𝑛𝑑

− Mechanical threshold, thermal contribution [Pa]

− Yield stress activation energy, low temperature[Jmol-1]

− Equilibrium dislocation density [m-2]

− Scaling factor for strain rate limit

− Strain rate [s-1]

𝜎𝑡ℎ

∆𝐹𝜎0
𝑙𝑡

𝜌𝑒𝑞

𝐴𝜀0

ሶ𝜀

Minimal value limit
for ሶ𝜀 ≥ 10-18 s-1
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Low temperature

𝜎𝑑𝑦𝑛,𝑙𝑡 = 𝜎𝑡ℎ
ሶ𝜀

𝐴𝜀0𝑏𝑐𝑠𝑛𝑑𝜌𝑒𝑞

Τ𝑅𝑇 ∆𝐹𝜎0
𝑙𝑡

− Burgers vector [m]

− Gas constant [Jmol-1K-1]

− Temperature [K] 

− Speed of sound [ms-1]

𝑏

𝑅

𝑇

𝑐𝑠𝑛𝑑

− Mechanical threshold, thermal contribution [Pa]

− Yield stress activation energy, low temperature[Jmol-1]

− Equilibrium dislocation density [m-2]

− Scaling factor for strain rate limit

− Strain rate [s-1]

𝜎𝑡ℎ

∆𝐹𝜎0
𝑙𝑡

𝜌𝑒𝑞

𝐴𝜀0

ሶ𝜀

Minimal value limit
for ሶ𝜀 ≥ 10-18 s-1
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High temperature

𝜎𝑑𝑦𝑛,ℎ𝑡 = 𝜎𝑡ℎ
𝑏𝑅𝑇 𝛼𝑖𝑛𝑡𝑀𝑇𝐺

2

2𝑐𝑠𝑛𝑑∆𝐹𝜎0
ℎ𝑡 𝑒𝑥𝑝

∆𝐹𝜎0
ℎ𝑡

𝑅𝑇
ሶ𝜀𝑛𝑒𝑝𝑠_𝑑𝑜𝑡

𝑛ℎ𝑡

Minimal value limit
for ሶ𝜀 ≥ 10-18 s-1

− Shear modulus [Pa]

− Taylor factor

− Burgers vector [m]

− Gas constant [Jmol-1K-1]

− Temperature [K] 

− Speed of sound [ms-1]

𝐺

𝑀𝑇

𝑏

𝑅

𝑇

𝑐𝑠𝑛𝑑

− Mechanical threshold, thermal contribution [Pa]

− Yield stress activation energy, high temperature [Jmol-1]

− Strengthening coefficient for internal dislocations

− Strain rate [s-1]

− Strain rate exponent

− Exponent

𝜎𝑡ℎ

∆𝐹𝜎0
ℎ𝑡

𝛼𝑖𝑛𝑡

ሶ𝜀

𝑛𝑒𝑝𝑠_𝑑𝑜𝑡

𝑛ℎ𝑡
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High temperature

𝜎𝑑𝑦𝑛,ℎ𝑡 = 𝜎𝑡ℎ
𝑏𝑅𝑇 𝛼𝑖𝑛𝑡𝑀𝑇𝐺

2

2𝑐𝑠𝑛𝑑∆𝐹𝜎0
ℎ𝑡 𝑒𝑥𝑝

∆𝐹𝜎0
ℎ𝑡

𝑅𝑇
ሶ𝜀𝑛𝑒𝑝𝑠_𝑑𝑜𝑡

𝑛ℎ𝑡

Minimal value limit
for ሶ𝜀 ≥ 10-18 s-1

− Shear modulus [Pa]

− Taylor factor

− Burgers vector [m]

− Gas constant [Jmol-1K-1]

− Temperature [K] 

− Speed of sound [ms-1]

𝐺

𝑀𝑇

𝑏

𝑅

𝑇

𝑐𝑠𝑛𝑑

− Mechanical threshold, thermal contribution [Pa]

− Yield stress activation energy, high temperature [Jmol-1]

− Strengthening coefficient for internal dislocations

− Strain rate [s-1]

− Strain rate exponent

− Exponent

𝜎𝑡ℎ

∆𝐹𝜎0
ℎ𝑡

𝛼𝑖𝑛𝑡

ሶ𝜀

𝑛𝑒𝑝𝑠_𝑑𝑜𝑡

𝑛ℎ𝑡
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Low temperature, power law breakdown

𝜎𝑑𝑦𝑛,𝑙𝑡,𝑝𝑙𝑏 = 𝐺𝐴𝑙𝑡,𝑝𝑙𝑏,1 𝑎𝑟𝑠𝑖𝑛ℎ 𝐴𝑙𝑡,𝑝𝑙𝑏,2
𝑀𝑇𝑘𝐵𝑇

𝐺𝐷𝑑𝑖𝑠𝑙𝑓𝑝𝑖𝑝𝑒𝑏
ሶ𝜀

𝑛𝑙𝑡,𝑝𝑙𝑏

− Diffusion coefficient along dislocations

(reference element) [m2s-1]

− Correction factor for pipe diffusion

− Burgers vector [m]

− Strain rate [s-1]

− Exponent (5; hardcoded)

𝐷𝑑𝑖𝑠𝑙

𝑓𝑝𝑖𝑝𝑒

𝑏

ሶ𝜀

𝑛𝑙𝑡,𝑝𝑙𝑏

− Scaling factor (10-3; hardcoded)

− Scaling factor (10128; hardcoded)

− Shear modulus [Pa]

− Taylor factor

− Boltzmann constant [JK-1]

− Temperature [K]

𝐴𝑙𝑡,𝑝𝑙𝑏,1

𝐴𝑙𝑡,𝑝𝑙𝑏,2

𝐺

𝑀𝑇

𝑘𝐵

𝑇
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Low temperature, power law breakdown

𝜎𝑑𝑦𝑛,𝑙𝑡,𝑝𝑙𝑏 = 𝐺𝐴𝑙𝑡,𝑝𝑙𝑏,1 𝑎𝑟𝑠𝑖𝑛ℎ 𝐴𝑙𝑡,𝑝𝑙𝑏,2
𝑀𝑇𝑘𝐵𝑇

𝐺𝐷𝑑𝑖𝑠𝑙𝑓𝑝𝑖𝑝𝑒𝑏
ሶ𝜀

𝑛𝑙𝑡,𝑝𝑙𝑏

− Diffusion coefficient along dislocations

(reference element) [m2s-1]

− Correction factor for pipe diffusion

− Burgers vector [m]

− Strain rate [s-1]

− Exponent (5; hardcoded)

𝐷𝑑𝑖𝑠𝑙

𝑓𝑝𝑖𝑝𝑒

𝑏

ሶ𝜀

𝑛𝑙𝑡,𝑝𝑙𝑏

− Scaling factor (10-3; hardcoded)

− Scaling factor (10128; hardcoded)

− Shear modulus [Pa]

− Taylor factor

− Boltzmann constant [JK-1]

− Temperature [K]

𝐴𝑙𝑡,𝑝𝑙𝑏,1

𝐴𝑙𝑡,𝑝𝑙𝑏,2

𝐺

𝑀𝑇

𝑘𝐵

𝑇
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High temperature, power law breakdown

𝜎𝑑𝑦𝑛,ℎ𝑡,𝑝𝑙𝑏 = 𝐺𝐴ℎ𝑡,𝑝𝑙𝑏,1 𝑎𝑟𝑠𝑖𝑛ℎ 𝐴ℎ𝑡,𝑝𝑙𝑏,2
𝑀𝑇𝑘𝐵𝑇

𝐺𝐷𝑒𝑓𝑓𝑏
ሶ𝜀

𝑛ℎ𝑡,𝑝𝑙𝑏

− Taylor factor

− Effective diffusion coefficient (reference element) [m2s-1]

− Burgers vector [m]

− Strain rate [s-1]

− Exponent (3; hardcoded)

𝑀𝑇

𝐷𝑒𝑓𝑓

𝑏

ሶ𝜀

𝑛ℎ𝑡,𝑝𝑙𝑏

− Scaling factor (10-3; hardcoded)

− Scaling factor (1016; hardcoded)

− Shear modulus [Pa]

− Boltzmann constant [JK-1]

− Temperature [K]

𝐴ℎ𝑡,𝑝𝑙𝑏,1

𝐴ℎ𝑡,𝑝𝑙𝑏,2

𝐺

𝑘𝐵

𝑇
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High temperature, power law breakdown

𝜎𝑑𝑦𝑛,ℎ𝑡,𝑝𝑙𝑏 = 𝐺𝐴ℎ𝑡,𝑝𝑙𝑏,1 𝑎𝑟𝑠𝑖𝑛ℎ 𝐴ℎ𝑡,𝑝𝑙𝑏,2
𝑀𝑇𝑘𝐵𝑇

𝐺𝐷𝑒𝑓𝑓𝑏
ሶ𝜀

𝑛ℎ𝑡,𝑝𝑙𝑏

− Taylor factor

− Effective diffusion coefficient (reference element) [m2s-1]

− Burgers vector [m]

− Strain rate [s-1]

− Exponent (3; hardcoded)

𝑀𝑇

𝐷𝑒𝑓𝑓

𝑏

ሶ𝜀

𝑛ℎ𝑡,𝑝𝑙𝑏

− Scaling factor (10-3; hardcoded)

− Scaling factor (1016; hardcoded)

− Shear modulus [Pa]

− Boltzmann constant [JK-1]

− Temperature [K]

𝐴ℎ𝑡,𝑝𝑙𝑏,1

𝐴ℎ𝑡,𝑝𝑙𝑏,2

𝐺

𝑘𝐵

𝑇
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Nabarro-Herring creep

𝜎𝑑𝑦𝑛,𝑁𝐻𝑐 =
𝑀𝑇𝑘𝐵𝑇𝑑𝑔

2

42𝐷𝑒𝑓𝑓𝑏
3
ሶ𝜀

− Taylor factor

− Boltzmann constant [JK-1]

− Temperature [K] 

− Grain diameter [m]

Effective diffusion coefficient (reference element) [m2s-1]

− Burgers vector [m]

− Strain rate [s-1]

𝐷𝑒𝑓𝑓

𝑏

ሶ𝜀

𝑀𝑇

𝑘𝐵

𝑇

𝑑𝑔
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Nabarro-Herring creep

𝜎𝑑𝑦𝑛,𝑁𝐻𝑐 =
𝑀𝑇𝑘𝐵𝑇𝑑𝑔

2

42𝐷𝑒𝑓𝑓𝑏
3
ሶ𝜀

− Taylor factor

− Boltzmann constant [JK-1]

− Temperature [K] 

− Grain diameter [m]

Effective diffusion coefficient (reference element) [m2s-1]

− Burgers vector [m]

− Strain rate [s-1]

𝐷𝑒𝑓𝑓

𝑏

ሶ𝜀

𝑀𝑇

𝑘𝐵

𝑇

𝑑𝑔
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Coble creep

𝜎𝑑𝑦𝑛,𝐶𝑐 =
𝑀𝑇𝑘𝐵𝑇𝑑𝑔

3

42𝜋𝛿𝑔𝑏𝐷𝑔𝑏𝑏
3
ሶ𝜀

− Taylor factor

− Boltzmann constant [JK-1]

− Temperature [K] 

− Grain diameter [m]

− Grain boundary thickness (10-9; hardcoded) [m] 

− Diffusion coefficient along grain boundaries

(reference element) [m2s-1]

− Burgers vector [m]

− Strain rate [s-1]

𝛿𝑔𝑏

𝐷𝑔𝑏

𝑏

ሶ𝜀

𝑀𝑇

𝑘𝐵

𝑇

𝑑𝑔
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Coble creep

𝜎𝑑𝑦𝑛,𝐶𝑐 =
𝑀𝑇𝑘𝐵𝑇𝑑𝑔

3

42𝜋𝛿𝑔𝑏𝐷𝑔𝑏𝑏
3
ሶ𝜀

− Taylor factor

− Boltzmann constant [JK-1]

− Temperature [K] 

− Grain diameter [m]

− Grain boundary thickness (10-9; hardcoded) [m] 

− Diffusion coefficient along grain boundaries

(reference element) [m2s-1]

− Burgers vector [m]

− Strain rate [s-1]

𝛿𝑔𝑏

𝐷𝑔𝑏

𝑏

ሶ𝜀

𝑀𝑇

𝑘𝐵

𝑇

𝑑𝑔
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Harper-Dorn creep

𝜎𝑑𝑦𝑛,𝐻𝐷𝑐 = 𝐺 𝐴𝐻𝐷𝑐
𝑀𝑇𝑘𝐵𝑇

𝐷𝑒𝑓𝑓𝑏
ሶ𝜀

𝑛𝐻𝐷𝑐

− Scaling factor (1064; hardcoded)

− Shear modulus [Pa]

− Taylor factor

− Boltzmann constant [JK-1]

− Temperature [K]

− Effective diffusion coefficient (reference element) [m2s-1]

− Burgers vector [m]

− Strain rate [s-1]

− Exponent (1; hardcoded)

𝐷𝑒𝑓𝑓

𝑏

ሶ𝜀

𝑛𝐻𝐷𝑐

𝐴𝐻𝐷𝑐

𝐺

𝑀𝑇

𝑘𝐵

𝑇
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Harper-Dorn creep

𝜎𝑑𝑦𝑛,𝐻𝐷𝑐 = 𝐺 𝐴𝐻𝐷𝑐
𝑀𝑇𝑘𝐵𝑇

𝐷𝑒𝑓𝑓𝑏
ሶ𝜀

𝑛𝐻𝐷𝑐

− Scaling factor (1064; hardcoded)

− Shear modulus [Pa]

− Taylor factor

− Boltzmann constant [JK-1]

− Temperature [K]

− Effective diffusion coefficient (reference element) [m2s-1]

− Burgers vector [m]

− Strain rate [s-1]

− Exponent (1; hardcoded)

𝐷𝑒𝑓𝑓

𝑏

ሶ𝜀

𝑛𝐻𝐷𝑐

𝐴𝐻𝐷𝑐

𝐺

𝑀𝑇

𝑘𝐵

𝑇
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Grain boundary sliding, grain boundary diffusion regime

𝜎𝑑𝑦𝑛,𝑔𝑏𝑠,𝑔𝑏 = 𝐺 𝐴𝑔𝑏𝑠,𝑔𝑏
𝑘𝐵𝑇𝑑𝑔

3

𝐺𝐷𝑔𝑏𝑏
4
ሶ𝜀

𝑛𝑔𝑏𝑠,𝑔𝑏

− Scaling factor (1064; hardcoded)

− Shear modulus [Pa]

− Boltzmann constant [JK-1]

− Temperature [K] 

− Grain diameter [m]

− Diffusion coefficient along grain boundaries

(reference element) [m2s-1]

− Burgers vector [m]

− Strain rate [s-1]

− Exponent (1/2; hardcoded)

𝐷𝑔𝑏

𝑏

ሶ𝜀

𝑛𝑔𝑏𝑠,𝑔𝑏

𝐴𝑔𝑏𝑠,𝑔𝑏

𝐺

𝑘𝐵

𝑇

𝑑𝑔
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Grain boundary sliding, grain boundary diffusion regime

𝜎𝑑𝑦𝑛,𝑔𝑏𝑠,𝑔𝑏 = 𝐺 𝐴𝑔𝑏𝑠,𝑔𝑏
𝑘𝐵𝑇𝑑𝑔

3

𝐺𝐷𝑔𝑏𝑏
4
ሶ𝜀

𝑛𝑔𝑏𝑠,𝑔𝑏

− Scaling factor (1064; hardcoded)

− Shear modulus [Pa]

− Boltzmann constant [JK-1]

− Temperature [K] 

− Grain diameter [m]

− Diffusion coefficient along grain boundaries

(reference element) [m2s-1]

− Burgers vector [m]

− Strain rate [s-1]

− Exponent (1/2; hardcoded)

𝐷𝑔𝑏

𝑏

ሶ𝜀

𝑛𝑔𝑏𝑠,𝑔𝑏

𝐴𝑔𝑏𝑠,𝑔𝑏

𝐺

𝑘𝐵

𝑇

𝑑𝑔
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Grain boundary sliding, lattice diffusion regime

𝜎𝑑𝑦𝑛,𝑔𝑏𝑠,𝑒𝑓𝑓 = 𝐺 𝐴𝑔𝑏𝑠,𝑑
𝑘𝐵𝑇𝑑𝑔

2

𝐺𝐷𝑒𝑓𝑓𝑏
3
ሶ𝜀

𝑛𝑔𝑏𝑠,𝑒𝑓𝑓

− Scaling factor (1064; hardcoded)

− Shear modulus [Pa]

− Boltzmann constant [JK-1]

− Temperature [K]

− Grain diameter [m]

− Effective diffusion coefficient (reference element) [m2s-1]

− Burgers vector [m]

− Strain rate [s-1]

− Exponent (1/2; hardcoded)

𝑑𝑔

𝐷𝑒𝑓𝑓

𝑏

ሶ𝜀

𝑛𝑔𝑏𝑠,𝑒𝑓𝑓

𝐴𝑔𝑏𝑠,𝑑

𝐺

𝑘𝐵

𝑇
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Grain boundary sliding, lattice diffusion regime

𝜎𝑑𝑦𝑛,𝑔𝑏𝑠,𝑒𝑓𝑓 = 𝐺 𝐴𝑔𝑏𝑠,𝑑
𝑘𝐵𝑇𝑑𝑔

2

𝐺𝐷𝑒𝑓𝑓𝑏
3
ሶ𝜀

𝑛𝑔𝑏𝑠,𝑒𝑓𝑓

− Scaling factor (1064; hardcoded)

− Shear modulus [Pa]

− Boltzmann constant [JK-1]

− Temperature [K]

− Grain diameter [m]

− Effective diffusion coefficient (reference element) [m2s-1]

− Burgers vector [m]

− Strain rate [s-1]

− Exponent (1/2; hardcoded)

𝑑𝑔

𝐷𝑒𝑓𝑓

𝑏

ሶ𝜀

𝑛𝑔𝑏𝑠,𝑒𝑓𝑓

𝐴𝑔𝑏𝑠,𝑑

𝐺

𝑘𝐵

𝑇
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Some input values

− Equilibrium dislocation density [m-2]

− Burgers vector [m]

− Taylor factor

− Speed of sound [ms-1]

− Strengthening coefficient for internal dislocations

− Yield stress activation energy, low temperature[Jmol-1]

− Yield stress activation energy, high temperature [Jmol-1]

− Scaling factor for strain rate limit

− Exponent, high temperature

− Exponent, coupling

− Strain rate exponent

𝜌𝑒𝑞

𝑏

𝑀𝑇

𝑐𝑠𝑛𝑑

𝛼𝑖𝑛𝑡

∆𝐹𝜎0
𝑙𝑡

∆𝐹𝜎0
ℎ𝑡

𝐴𝜀0

𝑛ℎ𝑡

𝑛𝑑𝑦𝑛

𝑛𝑒𝑝𝑠_𝑑𝑜𝑡



MCE-ppt-M04E-V1

Page ▪ 29

Some input values

− Equilibrium dislocation density [m-2]

− Burgers vector [m]

− Taylor factor

− Speed of sound [ms-1]

− Strengthening coefficient for internal dislocations

− Yield stress activation energy, low temperature[Jmol-1]

− Yield stress activation energy, high temperature [Jmol-1]

− Scaling factor for strain rate limit

− Exponent, high temperature

− Exponent, coupling

− Strain rate exponent

𝜌𝑒𝑞

𝑏

𝑀𝑇

𝑐𝑠𝑛𝑑

𝛼𝑖𝑛𝑡

∆𝐹𝜎0
𝑙𝑡

∆𝐹𝜎0
ℎ𝑡

𝐴𝜀0

𝑛ℎ𝑡

𝑛𝑑𝑦𝑛

𝑛𝑒𝑝𝑠_𝑑𝑜𝑡
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Flow stress (raw)

• Sum of the athermal and dynamic contributions

• Strain rate absence → 𝜎 = 0

• Values for small strains most likely overestimated - might need correction

𝜎 = 𝜎𝑎𝑡ℎ + 𝜎𝑑𝑦𝑛
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Flow stress (raw)

• Sum of the athermal and dynamic contributions

• Strain rate absence → 𝜎 = 0

• Values for small strains most likely overestimated - might need correction

𝜎 = 𝜎𝑎𝑡ℎ + 𝜎𝑑𝑦𝑛
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„Small strain“ correction

• Models are strictly valid for a fixed microstructure (fixed dislocation density)

• In practice → Relevant for materials with strain > 2%

B. Viernstein, 2020 (unpublished)

Sim. 

Exp. 

Predicted (raw)

w. small strain correction
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„Small strain“ correction

• Models are strictly valid for a fixed microstructure (fixed dislocation density)

• In practice → Relevant for materials with strain > 2%

• Correction for small strains with a dislocation density saturation function 𝛽

𝛽 = 𝛽1
𝜌

𝜌𝑠𝑎𝑡
+ 𝛽2

𝜎𝛽
−𝑛 = 𝜎−𝑛 + 𝛽𝜎 −𝑛

- Current dislocation density

- Saturated dislocation density

- Coefficients

- Exponent

𝜎𝛽 = 𝜎 1 + 𝛽−𝑛 −1/𝑛

𝜌

𝜌𝑠𝑎𝑡

𝛽1, 𝛽2

𝑛
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„Small strain“ correction

• Models are strictly valid for a fixed microstructure (fixed dislocation density)

• Relevant for materials with strain > 2%

• Correction for small strains with a dislocation density saturation function 𝛽

𝛽 = 𝛽1
𝜌

𝜌𝑠𝑎𝑡
+ 𝛽2

𝜎𝛽
−𝑛 = 𝜎−𝑛 + 𝛽𝜎 −𝑛

𝜎𝛽 = 𝜎 1 + 𝛽−𝑛 −1/𝑛 𝛽1 = 1; 𝛽2 = 0
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„Small strain“ correction

• Models are strictly valid for a fixed microstructure (fixed dislocation density)

• Relevant for materials with strain > 2%

• Correction for small strains with a dislocation density saturation function 𝛽

𝛽 = 𝛽1
𝜌

𝜌𝑠𝑎𝑡
+ 𝛽2

𝜎𝛽
−𝑛 = 𝜎−𝑛 + 𝛽𝜎 −𝑛

- Current dislocation density

- Saturated dislocation density

- Coefficients

- Exponent

𝜎𝛽 = 𝜎 1 + 𝛽−𝑛 −1/𝑛

𝜌

𝜌𝑠𝑎𝑡

𝛽1, 𝛽2

𝑛
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„Small strain“ correction

• Models are strictly valid for a fixed microstructure (fixed dislocation density)

• Relevant for materials with strain > 2%

• Correction for small strains with a dislocation density saturation function 𝛽

𝛽 = 𝛽1
𝜌

𝜌𝑠𝑎𝑡
+ 𝛽2

𝜎𝛽
−𝑛 = 𝜎−𝑛 + 𝛽𝜎 −𝑛

- Current dislocation density

- Saturated dislocation density

- Coefficients

- Exponent

𝜎𝛽 = 𝜎 1 + 𝛽−𝑛 −1/𝑛

𝜌

𝜌𝑠𝑎𝑡

𝛽1, 𝛽2

𝑛

For 𝛽1= 0, correction is inactive!

𝜎𝛽 = 𝜎

(𝜎𝛽 = 𝜎 1 + 𝛽−𝑛 −1/𝑛, otherwise)
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„Small strain“ correction

• Models are strictly valid for a fixed microstructure (fixed dislocation density)

• Relevant for materials with strain > 2%

• Correction for small strains with a dislocation density saturation function 𝛽

𝛽 = 𝛽1
𝜌

𝜌𝑠𝑎𝑡
+ 𝛽2

𝜎𝛽
−𝑛 = 𝜎−𝑛 + 𝛽𝜎 −𝑛

𝜎𝛽 = 𝜎 1 + 𝛽−𝑛 −1/𝑛
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