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Creep Failure of jet engine turbine blades
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Creep failure of jet engine turbine blades occurs because the blades operate for long periods at high temperature and 
stress, causing time-dependent deformation that gradually changes their shape and reduces aerodynamic efficiency

as well as microstructural damage such as grain boundary cavity growth and microcrack formation
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Thermal activation under stress: Creep damage
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Orowan equation

𝛼 ≈ 25
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Thermal activation under stress: phenomenology

Work : variation of the internal energy

if the friction force is zero and 
no internal energy variation
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Calculation of Gibbs free energy
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Activation volume

Definition
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Activation volume

Definition

Leibniz Integral Rule

𝜕𝑎1
𝜕𝑦
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Activation volume

area swept by the dislocation 
for overcoming the obstacle

 

that is to say for to for . 
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Activation volume: thermodynamics

Classically

For dislocations

Enthalpy

Entropy at     constant

In most cases f0 and fi depend on the shear-stress and modulus µ which 
allows us to calculate the variation     with the temperature

10



thomas.lagrange@epfl.ch • www.epfl.ch• lumes.epfl.ch• +41 (0)21 6935861 

Effective stress *

There exists so that

in reality

effective stress

𝜎𝑖 ≈ 𝛼
𝜇𝑏

𝑙
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Measurement of the activation volume

If for instance

Creep Test
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Experimental measurements of thermodynamic magnitudes
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Measurement of the activation volume

jump in strain rate relaxation of the stress stress jump

13

Experimental measurements of thermodynamic magnitudes
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Measurement of the activation energy

thus
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Experimental measurements of thermodynamic magnitudes
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Experimental measurements of thermodynamic magnitudes

Measurement of the activation energy

Jump in temperature in creep Measurement of the creep rate 
at different temperatures
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Dislocations climb
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The formation energy of an 

interstitial is very high compared to 

that of a vacancy

Dislocation climb depends on fluxes of 

vacancies between the dislocation and 

potential sources or sinks, e.g., external 

surfaces, grain boundaries, and dislocations
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Geometrical aspects of the climb

Mixed dislocation

Displaced volume

the climb is generally obtained by the movement of jogs
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Concentration of jogs

Energy variation of a vacancy

Energy variations linked to the climb forces

concentration
of vacancies

external stresses line tension

of a volume of b3
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For a straight dislocation

force equilibrium

Climb needs thermal activation

athermal plateau
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Bardeen-Herring sources

propagation of the source

Aluminum: 

2% oversaturation activates 1 μm source
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Climb velocity of a dislocation

difference in frequency of emission and 
absorption of vacancies

Thermally activated

for     jogs
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Particular case: jogs on a screw dislocation

vacancies

Screw 
segments 
cross-slip

Screw with 
edge jogs

Screw dragging 
edge jogs
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Steady-state creep

slip climb
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Steady-state creep

Frank lattice

Steady-state regime

climb controlled by diffusion

In general we use the Dorn law
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