3–153

V olume I Procedur es

3.9 Fracture Mechanics

Cracks and flaws occur in many structures and components, sometimes leading to

disastrous results. Several years ago, a commercial airliner flying near the Hawaiian

islands suddenly lost the top part of its fuselage. Apparently, microscopic defects

introduced in the original fabrication had enlarged by crack propagation over the years

until the aluminum skin simply tore apart. This is an example of loss of structural

integrity by fracture. The engineering field of fracture mechanics was established to

develop a basic understanding of such crack propagation problems.

3.9.1 What is Fracture Mechanics?

Fracture mechanics deals with the study of how a crack or flaw in a structure

propagates under applied loads. It involves correlating analytical predictions of crack

propagation and failure with experimental results. The analytical predictions are made

by calculating fracture parameters such as stress intensity factors in the crack region,

which you can use to estimate crack growth rate. Typically , the crack length increases

with each application of some cyclic load, such as cabin pressurization–depressurization

in an airplane. Further, environmental conditions such as temperature or extensive

exposure to irradiation can affect the fracture propensity of a given material.

Some typical fracture parameters of interest are:

w str ess intensity factors (K

I

, K

I I

, K

I I I

) associated with the three basic modes of fracture

(see Figure 3.9–1)

w J–integral , which may be defined as a path–independent line integral that measures

the strength of the singular stresses and strains near a crack tip

w ener gy release rate (G), which represents the amount of work associated with a crack

opening or closure

Opening mode Shearing mode T earing mode

(K I I I ) (K I I ) (K I )

Figur e 3.9–1 The three basic modes of fracture