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This course emphasizes the relation between mechanical properties and materials
microstructure: strengthening mechanisms, creep, fatigue, viscoelasticity, and in particular
elements of dislocation theory.
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1. Survey of strengthening mechanisms, such as solution strengthening, precipitation
hardening, strain hardening, etc.
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2. Creep: definition and examples, such as jet engines, turbines, pressure vessels, etc. Creep
mechanisms, diffusion creep and viscous flow, plastic creep deformation by dislocations,
Herring-Nabarro creep. Mathematical description of primary, secondary, and tertiary creep.
The effect of temperature and stress, and the microstructural and metallurgical effects. Creep
prevention and microstructure of high-temperature superalloys. Creep experiments and
extrapolation methods (Sherby-Dorn, Larson-Miller, Monkman-Grant), stress relaxation
under creep conditions.
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3. Fatigue: Dynamic loading and typical systems prone to fatigue failure. Historical
examples of fatigue failures. Fatigue mechanisms, nucleation and propagation of fatigue
cracks, mathematical description of cyclic loading and definition of parameters (max, min,
and mean stresses, stress amplitude and ratio). Fatigue experiments and the ways of data
presentation: the S-N curve and fatigue limit, Haig-Soderberg diagram, Gerber and Soderberg
diagrams, various ways of presenting the Goodman diagram, and analytical and graphical
solutions of fatigue problems. Effect of various factors on fatigue life. Use of fracture



mechanics for prediction fatigue crack propagation rate: Griffith criterion, energy release rate,
stress intensity factor and fracture toughness. Paris law and calculation of fatigue life cycles.
The effects of metallurgical and environmental factors on fatigue life.
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4. Viscoelasticity: rheological models (Maxwell, Voight-Kelvin, mixed parallel-serial
model), energy absorption and damping in viscoelastic bodies, natural decay and logarithmic
damping, quality factor. Relaxation modulus in polymers, thermoelastic effect, Snoek effect
in bece crystals, other absorption mechanisms. Rheological considerations, Debora number,
and relaxation times. Viscoelastic aftereffect, elastomers, and the effect of polymer structure
on the mechanical properties.
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5. Elements of dislocation theory and plastic deformation: theoretical crystal strength and
“invention of dislocation”, historical survey. Definition of edge dislocation and analogies,
dislocation core and Peierls stress, nucleation and multiplication of dislocations, Frank-Reed
sources. Burgers circuit around edge, screw and mixed dislocations. Dislocation loops.
Conservative and non-conservative motion. Signs convention for edge and screw dislocations
(RH/SF, etc), right and left hand rules. Deformation lines and bands. Resolved shear stress
and Schmid’s law. Slip systems, hard and easy slip, Von Mises criterion for ductile materials,
cross-slip. Deformation in single crystals from Schmid’s law, OILS rule for cubic crystals,
and stereographic projection. Stress triangles. Plane rotation upon deformation and its effects
on the yield process. Deformation in polycrystals and Taylor factor. Dislocation in close-
packed crystals and split into Shockley partials, formation of stacking faults. Stacking fault
energy, and other 2D defects. Deformation by twins. Sessile and glissile dislocations —
Frank dislocation and Lomer and Lomer-Cottrel barriers. Dislocation in other structures.
Dislocation climb and step formation (jogs and kinks). Dislocation density — plastic
deformation relations, Taylor-Orowan and Ludwick equations. Continuum mechanics
approach to energies and stress-strain fields around dislocations. Thermodynamic work done
by dislocations and forces on dislocations (Peach-Koehler forces). Calculation of threshold
stress to operate Frank-Reed source, interactions and forces between dislocations and
formation of dislocation walls and Taylor lattices. Dislocation — point defect interactions.
Dislocation pile-ups and grain boundaries and breakthrough stress.
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* Dieter G. E., Mechanical Metallurgy, 3rd edition, McGraw-Hill, NY, 1986.
Hosford , W. F., Mechanical Behavior of Materials, Fourth Edition, Cambridge

University Press, N.Y., 2005.
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Grade: 15% homework (mandatory, pending passing grade at the final examination) + 85%
final examination.

Prerequisite: 0581.2111 Introduction to Materials Science and Engineering



