
Introduction     

  CHAPTER 1 

     The properties of ceramics have made them extremely attractive to 
society in uses such as electrical and thermal insulators, high tempera-
ture crucibles for steel fabrication, elegant dinnerware, etc. More 
recently, their applications have become even more extensive and 
sophisticated, ranging from complex electronic devices to thermal pro-
tection for aircraft engines. However, the brittleness of ceramics has at 
times limited more extensive use. Everyone knows that traditional 
ceramics, such as dishes and glasses, are brittle: drop a teacup or a 
plate, break a window, and you experience the brittleness. By brittle 
we mean that there are no mechanisms to relieve or alter the high 
stresses at crack tips, such as dislocations in metals or crazing in poly-
mers. The lack of any stress relief mechanism results in cracks growing 
to failure at stresses that are signifi cantly less than those necessary to 
initiate and propagate cracks in metals. 

 Despite their brittleness, advanced technical ceramics form the 
basis for a wide variety of important products. They are used in appli-
cations in which they experience signifi cant stresses imposed by not 
only mechanical loading but also thermal, magnetic, or electronic con-
ditions. One sees ceramics everywhere: the large electrical insulators 
on poles, sparkplugs, and skyscraper windows that must resist high 
winds. Some we do not see or are not aware of. Cell phones would not 
operate without ceramics having special dielectric properties; automo-
biles contain hundreds of multilayer, ceramic capacitors. Aircraft 
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engines depend on ceramic coatings to reduce the temperature of the 
metal blades. Turbine engines for auxiliary power generation are now 
being constructed with rotating ceramic blades. 

 In the 1970s, the development of advanced processing techniques 
gave materials such as silicon nitride and silicon carbide properties that 
allowed them to withstand intense stresses at temperatures as high as 
900 ° C. The drive to use these materials in rotating automotive compo-
nents led to the  “ ceramic fever ”  reported in Japan over the next two to 
three decades. However, the use of a brittle ceramic as the rotating 
blade in a ceramic turbine engine means that better tests and analysis 
procedures are needed. 

 Another use of ceramics that requires complete reliability is alumi-
num or zirconium oxide hip and knee replacements in the human body. 
The hardness, inertness, and wear resistance of these materials make 
them ideal candidates to replace metals in such situations. Particularly 
when the patient is young, the lesser amount of wear debris produced 
by the ceramic means that the component can be used in the body for 
a signifi cantly longer time than one made of metal. 

 The list of ceramic applications is extensive, including materials 
that we do not normally think of as ceramics, for example, semicon-
ducting materials, such as silicon, gallium arsenide, and so on, and 
oxide fi lms crucial for the operation of electronic devices. Because of 
the brittleness of these materials and their similarity in mechanical 
behavior to conventional ceramics, we also refer to these materials as 
 ceramics . Figure  1.1  shows some prime examples of advanced techni-
cal ceramics.   

 In each of these examples and in the myriad other applications, the 
brittleness of ceramics necessitates that special care must be taken in 
determining the mechanical properties of the material and discovering 
the stresses imposed on the fi nal product during operation. The fact is 
that unseen, and probably undetectable, defects can lead to catastrophic 
failure. We will call these defects  fl aws . By a fl aw we do not necessarily 
mean that errors were made in production. While improper processing 
can lead to pores or inclusions, component failures caused by these are 
relatively rare. The vast majority of the time, brittle failure begins at 
the surface of a component from small cracks that are produced during 
the machining, fi nishing, or handling processes. All ceramics contain 
such fl aws; there is no perfect brittle material. Even the strongest 
ceramic, pristine glass fi bers, contains small fl aws in its surface despite 
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the care taken to avoid any surface damage. It is the size and shape of 
such fl aws, that is, the  fl aw severity , and their location with respect to 
the tensile stresses, that determine the strength of a component. 

 Brittle fracture is a statistical process. We usually think of such 
failure in terms of a  “ weakest link ”  model. That is, failure begins from 
the most severe fl aw located in the region of highest tensile stress. Also, 

     Figure 1.1       Examples of advanced technical ceramics. To the left are barium titanate 
capacitors (A). In the middle are various silicon nitride components (B). On the right is a 
silicon nitride turbine wheel (C).  
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the size of fl aws in real components, 10 – 200    μ m, means that detection 
of such defects by some nondestructive means prior to putting the part 
into service is extremely unlikely. 

 Another important aspect of most ceramic materials is that even if 
their strength when placed into service is suffi ciently high that failure 
should not occur, in the presence of certain environments, for example, 
water or water vapor, surface cracks will grow under the operational 
stresses, and failure can occur after a period of days, weeks, or even 
months. Fortunately, we have suffi cient knowledge of this behavior, so 
that with proper testing and analysis, excellent predictions of the safe 
operating envelope, stress, and time can be given. Nonetheless, the user 
of ceramic components should recognize that such analysis only per-
tains to fl aws that existed prior to putting the component in service. 
Other defects can be created during operation, for example, from dust 
or rain, which may limit useful service life. 

 Knowledge of the brittle fracture process, most of which has been 
acquired over the past 30 – 40 years, has played a major part in our 
ability to design and use these materials, even in situations where the 
component is subject to signifi cant tensile stresses. Two developments, 
which at the time were outside the fi eld of material science, were of 
major importance in contributing to our ability to safely use these 
materials. One was the development of the fi eld of linear elastic fracture 
mechanics. Fracture mechanics provides the framework by which the 
effect of the stresses imposed on a body can be translated into predic-
tions of the propensity of any cracks or fl aws within the body to grow. 
This has led to the development of test methods and data analysis that 
permit designers to choose a material, machine it to shape without 
producing damage that could lead to premature failures, and carry out 
quality control procedures that provide confi dence in the reliability of 
the part under operating conditions. A second important advancement, 
allowing us to design with brittle materials, was the development of 
statistical techniques that account for the uncertainties in the experi-
mental measurements of the various parameters needed to make predic-
tions of reliability. 

 A third factor that has greatly benefi ted the use of brittle ceramics 
in a wide variety of applications is the agreed - upon use of a common 
test methodology through national, regional, and international stan-
dards. Most of these standards have been developed by consensus by 
private Standards Development Organizations, such as ASTM Interna-
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tional and the  International Organization for Standardization  ( ISO ). 
The details of the standards coming out of the deliberation process are 
based on years of data obtained in laboratories throughout the world. 

 In this book, we summarize the concepts behind the selection of a 
test procedure for fracture toughness and strength determination. We 
explain the importance of the role of microstructure in these determina-
tions and emphasize the use of fractographic analysis as an important 
tool in understanding why a part failed.    
   

     


