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FRACTURE MECHANICS (11 – CE 642) 
 

SYLLABUS  
Prerequisite: - Theory of Elasticity  
 
Introduction:- Significance of fracture mechanics, Griffith energy balance 
approach, Irwin’s modification to the Griffith theory, Stress intensity approach, Crack tip 
plasticity, Fracture toughness, sub-critical crack growth, Influence of material behaviour, I, II & 
III modes, Mixed mode problems.  
 

Linear Elastic Fracture Mechanics (LEFM):-  Elastic stress field approach, Mode I elastic stress 
field equations, Expressions for stresses and strains in the crack tip region, Finite specimen width, 
Superposition of stress intensity factors (SIF), SIF solutions for well known problems such as 
centre cracked plate, single edge notched plate and embedded elliptical cracks.  
 

Crack Tip Plasticity:- Irwin plastic zone size, Dugdale approach, Shape of plastic zone, State of 
stress in the crack tip region, Influence of stress state on fracture behaviour. Energy Balance 
approach:- Griffith energy balance approach, Relations for practical use, Determination of SIF 
from compliance, Slow stable crack growth and R-curve concept,  
 

Description of crack resistance. LEFM Testing:- Plane strain and plane stress fracture toughness 
testing, Determination of R-curves, Effects of yield strength and specimen thickness on fracture 
toughness, Practical use of fracture toughness and R-curve data.  
 

Elastic Plastic Fracture Mechanics (EPFM):- Development of EPFM, J-integral, Crack opening 
displacement (COD) approach, COD design curve, Relation between J and COD, Tearing 
modulus concept, Standard JIc test and COD test.  
 

Fatigue Crack Growth:- Description of fatigue crack growth using stress intensity factor, Effects 
of stress ratio and crack tip plasticity – crack closure, Prediction of fatigue crack growth under 
constant amplitude and variable amplitude loading, Fatigue crack growth from notches – the 
short crack problem.  
 
 

Practical Problems:- Through cracks emanating from holes, Corner cracks at holes, Cracks 
approaching holes, fracture toughness of weldments, Service failure analysis, applications in 
pressure vessels, pipelines and stiffened sheet structures. 
 

Text Book:  
1. Ewalds, H.L. & Wanhill, R.J.H., Fracture Mechanics – Edward Arnold Edition  
 

Reference Books: 
1. Broek, D. Elementary Engineering Fracture Mechanics, Sijthoff & Noordhoff Int. Pub., 1988.  
2. Broek, D. The Practical Use of Fracture Mechanics, Kluwer Academic Pub., 1990. 
3. Hellan, D. Introduction to Fracture Mechanics, McGraw Hill Book Company, 1985.  
4. Kumar, P. Elements of Fracture Mechanics, Wheeler Publishing, 1998.  
5. Simha, K.R.Y. Fracture Mechanics for Modern Engineering Design, University Press, 1996. 38  
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