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Course Summary

The course intends to provide the fundamental concepts of Linear Elastic Fracture Mechanics.
After introducing the pioneering energy approach by A.A.Griffith (1920), the stress-
intensification concept is widely discussed, presenting the two fundamental mathematical
approaches to solve the singular stress field in the crack tip vicinity: (i) the complex potential
method by Westergaard (1939), and (ii) the series expansion method by Williams (1952). With
the latter, it is possible to study also the stress intensification at the vertex of re-entrant corners.
Then, the fundamental relationship between the energy and the stress-intensity approaches is
illustrated according to the original demonstration due to G.R.lrwin (1957). The stress-intensity
fracture criterion is also generalized to Mixed Mode conditions. In addition, the size of the
plastic zone at the crack tip is evaluated, according to the different approaches by Irwin and
Dugdale (1960). Finally, the brittleness number is defined as a function of yield strength, fracture
toughness and structural size-scale. It may consistently describe the fundamental ductile-to-
brittle transition occurring when the size-scale of the structural element increases.

Training Objectives
The course is addressed to Master and Ph.D. students, post-doctoral fellows, young researchers,

specialists in Fracture Mechanics working in the industry. A widening of knowledge is intended
towards brittle fracture phenomena and microcracking processes.

Prerequisites
Basic concepts of solid and structural mechanics are necessary.
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Topic list

Title

Summary

Lecturer

Duration

Griffith’s Theory

The pioneering energy approach by
A.A.Griffith is illustrated, leading to the
well-known formula where the critical
stress of crack extension is expressed as a
function of the material properties (elastic
modulus, specific surface energy) and of
the crack length.

Alberto
Carpinteri

1h

Westergaard’s method
of complex potentials

The mathematical method of the complex
potentials is completely treated, leading to
the fundamental concept of stress-intensity
factor. All the three fracture Modes
(opening, sliding, tearing) are represented,
with their characteristic displacement
fields.

Alberto
Carpinteri

3h

Williams’method of
series expansion

The mathematical method of the series
expansion is completely treated, leading to
the description of the singular stress field
at the vertex of a re-entrant corner. When
the corner angle is tending to zero, a semi-
infinite crack is obtained with its
characteristic order Y% stress singularity.

Alberto
Carpinteri

2h

Irwin’s fundamental
relationship

The fundamental relationship of Linear
Elastic Fracture Mechanics (LEFM) is
demonstrated, connecting stress-intensity
factor and strain energy release rate. In the
particular case of critical condition, the
relationship between fracture toughness
and fracture energy is obtained.

Alberto
Carpinteri

1h

Mixed Mode fracture
criteria

The problem of defining the critical
condition, when both Mode | (opening)
and Mode Il (sliding) are active, is
considered. In particular, the Maximum
Circumferential ~ Stress  Criterion s
discussed in the details.

Alberto
Carpinteri

1h

Crack tip plastic zone

The crack tip plastic zone is evaluated
following two different paths: (i) the cut-
off of the stress-singularity with stress
redistribution (Irwin); (ii) the cohesive
closing stress distribution imposing zero
intensification (Dugdale).

Alberto
Carpinteri

1h

Brittleness number and
size-scale transition

Considering independent structural failures
due to brittle crack propagation or to
plastic collapse at the ligament, a
nondimensional number can be defined

Alberto
Carpinteri

1h
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according to Buckingham’s Theorem for
physical similitude and scale modelling.
This number governs the ductile-to-brittle
transition occurring when the size-scale of
the specimen increases.
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