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The basics of material structures and properties and strength of materials, shall be introduced to
dislocation theories of plasticity behavior, various strengthening mechanisms. Emphasis on analytical
and numerical methods for predicting material properties and behavior, as well as some discussion of
the relationships between solid structure and material properties. Topics include: fracture, fatigue,

plasticity, creep and deformation.

The students will try to learn:

I.  The concept of fracture and its types, fracture curve and fracture mechanics.
Il. The theory of elasticity and plasticity fracture mechanics and effects of deformation of various

metals and polymers.

I1l. The effect of Mean stress, crack propagation and surface effects on Fatigue.
IV. The evolution of creep damage and Micro mechanisms of creep in materials.

After successful completion of the course, students should be able to:

CO1 Recall the fundamentals of fracture and creep

CO2 Illustrate the importance of various materials and its application in an industry.

CO3 Summarize the importance of materials and their characteristics.

CO4 Explain the concept of fracture mechanics and Griffith theory of Brittle materials
CO5 Apply stress — strain relation in elasticity and plasticity behavior of metals and polymers

CO6 Develop S-N Curve and relate Stress Cycles on Fatigue.

MODULE -I: Fracture Introduction (09)

Introduction, Types of Fracture in Metals, Griffith Theory of Brittle Fracture, Fracture of Single
Crystals, Ductile Fracture, Concept of the Fracture Curve. Fracture Mechanics: Strain Energy Release

rate, Fracture Toughness and Design, Crack Opening Displacement, J-Integral, R Curve.

MODULE -11: Linear Elastic Fracture Mechanics (10)
Theory of Elasticity and Plasticity: Elasticity Theory: The State of Stress and strain, elastic stress-strain

relation, anisotropy, elastic behavior of metals, ceramics and polymers.

Plasticity: Hydrostatic and

Deviatoric stress, Octahedral stress, yield criteria and yield surface, texture and distortion of yield
surface, true stress and true strain, flow rules, strain hardening, Ramberg Osgood equation, stress -strain

relation in plasticity, plastic deformation of metals and polymers.
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MODULE -111: Fatigue-1 (10)

Introduction, Stress Cycles, S-N Curve, Effect of Mean Stress on Fatigue, Cyclic Stress strain curve,
Low Cycle Fatigue, Strain Life Equation. Structural Features of Fatigue, Fatigue Crack Propagation,
Effect of Metallurgical Variables on Fatigue.

MODULE -1V: Fatigue-11 (09)

Effect of stress concentration on Fatigue, Size Effect, Surface effects on Fatigue, Fatigue under
Combined stresses, Design for Fatigue, Machine Design Approach-Infinite life design, Local strain
approach, Corrosion Fatigue, Effect of Temperature on fatigue.

MODULE -V: Creep Deformation (10)

The evolution of creep damage, primary, secondary and tertiary creep, Micro mechanisms of creep in
materials and the role of diffusion, Ashby creep deformation maps. Stress dependence of creep — power
law dependence. Comparison of creep performance under different conditions — extrapolation and the
use of Larson-Miller parameters, Creep-fatigue interactions, Examples.
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2. Tutorial question bank
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