
8.1 Introduction and synopsis 

It is easy to set a value on the engineering science that enables success, that makes things 
happen, but much harder to value engineering science that prevents failure, that stops 
things happening. One of the great triumphs of recent engineering science has been the 
development from the 1960s onward of a rigorous mechanics of material fracture. We have 
no numbers for the money and lives it has saved by preventing failures; all we know is that, 
by any measure, it is enormous. This chapter is about the ways in which materials fail when 
loaded progressively, and design methods to ensure that fracture won’t happen unless you 
want it to. 

Sometimes, of course, you do. Aircraft engines are attached to the wing by shear-bolts, 
designed to fail and shed the engine if it suddenly seizes. At a more familiar level, peel-top cans, 
seals on food containers, and many other safety devices rely on controlled tearing or fracture. 
And processes like machining and cutting use a combination of plasticity and fracture. 

We start by distinguishing strength from toughness. Toughness e resistance to fracture e 
requires a new material property to describe it: the fracture toughness, developed in Section 
8.3. Data for this new property is explored in Section 8.4 using charts like those we have 
already seen for modulus and strength. The underlying science mechanisms (Section 8.5) give 
insight into ways in which toughness can be manipulated (Section 8.6). The chapter ends in the 
usual way with a Summary, suggestions for Further Reading, and Exercises. 

8.2 Strength and toughness 

Strength and toughness? Why both? What’s the difference?  Strength, when speaking of a 
material, is short-hand for its resistance to plastic flow. Think of a sample loaded in tension. 
Increase the stress until dislocations sweep right across the section, meaning the sample 
just yields, and you measure the initial yield strength. Strength generally increases with 
plastic strain because of work hardening, reaching a maximum at the tensile strength. The area 
under the whole stressestrain curve up to fracture is the work of fracture. We’ve been here 
already e it was the subject of Chapter 5. 

Toughness is the resistance of a material to the propagation of a crack. Suppose that the 
sample of material contained a small, sharp crack, as in Figure 8.1(a). The crack reduces the 
cross-section A and, since stress s is F/A, it increases the stress. But suppose the crack is small, 
hardly reducing the section, and the sample is loaded as before. A tough material will yield, 
work harden, and absorb energy as before e the crack makes no significant difference. But if 
the material is not tough (defined in a moment) then the unexpected happens; the crack 
suddenly propagates and the sample fractures at a stress that can be far below the yield 
strength. Design based on yield is common practice. The possibility of fracture at stresses 
below the yield strength is really bad news. And it has happened, on spectacular scales, causing 
boilers to burst, bridges to collapse, ships to break in half, pipelines to split, and aircraft to 
crash. We get to that in Chapter 10. 
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