
High Performance Materials
Material Failure



Recap

• Material Selection;
• Material Processing (casting, powder metallurgy, etc.…)
• Hot and cold metal working
• Material selection charts and software database. 



Overview

• Fracture Mechanics
• Fatigue
• Creep



Introduction

• The failure of engineering materials is almost always an undesirable 
event for several reasons:
• These include human lives that are put in jeopardy, economic losses, 

and interference with the availability of products and services.
• the causes of failure and the behaviour of materials may be known, 

prevention of failures is difficult to guarantee. 
• damage can occur to structural parts during service, and regular 

inspection and repair or replacement are critical to safe design. 



Examples (Tear Notch)

Easy open tear notch



Examples (Brittle Fracture)



Examples (Fatigue and corrosion)



Fracture

• Simple fracture is the separation of a body into two or more pieces in 
response to an imposed stress that is static (i.e., constant or slowly 
changing with time) and at temperatures that are low relative to the 
melting temperature of the material. 
• Fracture can also occur from fatigue (when cyclic stresses are 

imposed) and creep (time- dependent deformation, normally at 
elevated temperatures) 



Fracture

• For metals, two fracture modes are possible: ductile and brittle. 
Classification is based on the ability of a material to experience plastic 
deformation. 
• Ductile metals typically exhibit substantial plastic deformation with 

high energy absorption before fracture. 
• On the other hand, there is normally little or no plastic deformation 

with low energy absorption accompanying a brittle fracture. 



Fracture



Fracture

• Ductile and brittle are relative terms; whether a particular fracture is 

one mode or the other depends on the situation. 

• There are cases where normally ductile materials fail in a brittle 

manner (oil tanker example). 



Fracture

• Any fracture process involves two steps—crack formation and 
propagation— in response to an imposed stress. 
• The mode of fracture is highly dependent on the mechanism of crack 

propagation. 
• Ductile fracture is characterized by extensive plastic deformation in 

the vicinity of an advancing crack (stable).
• For brittle fracture, cracks may spread extremely rapidly, with very 

little accompanying plastic deformation (unstable). 



Fracture

• Ductile fracture is almost always preferred to brittle for two reasons. 
• First, brittle fracture occurs suddenly and catastrophically without any 

warning; 
• Second, more strain energy is required to induce ductile fracture 

inasmuch as these materials are generally tougher. 



Highly Ductile Fracture

• Highly ductile fracture in which 
the specimen necks down to a 
point. 
• This is found for extremely soft 

metals, such as pure gold and 
lead at room temperature 



Moderately Ductile Fracture

• Moderately ductile fracture after 
some necking. 
• The most common type of 

tensile fracture profile for ductile 
metals 



Brittle Fracture

• Brittle fracture without any 
plastic deformation. 
• Cast iron, concrete, and some 

types of glass. 



Fracture



Ductile Fracture Process

• 1 Initial necking. 



Ductile Fracture Process

• 2 Small cavity formation 



Ductile Fracture Process

• 3 Coalescence of cavities to form 
a crack 



Ductile Fracture Process

• 4 Crack propagation. 



Ductile Fracture Process

• 5 Final shear fracture at a 45 
angle relative to the tensile 
direction 



Brittle Fracture

• Brittle fracture takes place 
without any appreciable 
deformation and by rapid crack 
propagation. 
• The direction of crack motion is 

very nearly perpendicular to the 
direction of the applied tensile 
stress 



Fracture Mechanics 

• Brittle fracture of normally 
ductile materials has 
demonstrated the need for a 
better understanding of the 
mechanisms of fracture. 



Stress Concentration 

• The measured fracture strengths for most materials are significantly 
lower than those predicted by theoretical calculations based on 
atomic bonding energies. 
• This discrepancy is explained by the presence of microscopic flaws or 

cracks that always exist under normal conditions at the surface and 
within the interior of a body of material. 
• These flaws are a detriment to the fracture strength because an 

applied stress may be amplified or concentrated at the tip, the 
magnitude of this amplification depending on crack orientation and 
geometry. 



Stress Concentration 



Stress Concentration 

• Sharp corners act as stress raisers, and should be avoided when 
possible.

Comet 
Airline



Fracture Toughness

• Fracture toughness is a material property that is a measure of the 
resistance of a material to brittle fracture when a crack is present. 

Fracture toughness— dependence on critical 
stress for crack propagation and crack length 



Fracture Toughness

• Two other crack displacement modes denoted by II and III are also 
possible; however, mode I is most commonly encountered. 


