
9.1 Introduction and synopsis 

German engineering was not always what it is today. The rapidly expanding railway system of 
the mid-19th century was plagued, in Germany and elsewhere, by serious accidents caused by 
the failure of the axles of the coaches. The engineer August Wöhler1 was drafted in to do 
something about it. It was his systematic tests that first established the characteristics of what 
we now call fatigue. 

Repetition is tiring, the cause of many human mistakes and accidents. Materials, too, grow 
‘fatigued’ if repeatedly stressed, with failure as a consequence. This chapter is about the 
damage and failure that can result when materials are loaded in a cyclic, repetitive way. 
Oscillating stresses cause the slow accumulation of damage, a little on each cycle, until a 
critical level is reached at which a crack forms. Continued cycling causes the crack to grow 

until the component suddenly fails. Fatigue failure is insidious e the stresses are often 
well below the elastic limit, and there is little sign that anything is happening until, bang, it 

fails. So when the clip breaks off your pen or your office chair collapses, it is probably 
fatigue that is responsible (cover picture). Even when the amplitude of the cycles is very 

small, some energy dissipation, or damping, occurs, which has consequences for applications 
involving vibration. We start with this low-amplitude cyclic loading and damping. We then 

turn to the accu- mulation of damage and cracking and associated design rules that are 
associated with several 

different regimes of fatigue failure. 

9.2 Vibration: the damping coefficient 

Bells, traditionally, are made of bronze. They can be (and sometimes are) made of glass, and 
they could (if you could afford it) be made of silicon carbide. Metals, glasses and ceramics all, 
under the right circumstances, have low material damping or ‘internal friction’, an important 
material property when structures vibrate. By contrast, lead, cast iron, wood (particularly 
when green or wet) and most foams, elastomers and polymers have high damping, useful when 
you want to absorb vibration. 

We are speaking here of an elastic response. Until now, we have thought of the elastic part of 
the stressestrain curve as linear and completely reversible so that the elastic energy stored 
on loading is all recovered when the load is removed. No material is so perfect e some energy 
is always lost in a loadeunload cycle. If you load just once, you might not notice the loss, but in 
vibration at acoustic frequencies, the material is loaded between 20 and 20,000 times per 
second, as in the stress cycle of Figure 9.1(a). Then the energy loss becomes important. 

The mechanical loss coefficient or damping coefficient, h (a dimensionless quantity), mea- 
sures the degree to which a material dissipates vibrational energy. If an elastic material is 
loaded, energy is stored (Chapter 5). If it is unloaded, the energy is returned e it is how springs 
work. But the amount of energy returned is slightly less and varies between materials (from 
10-5 in some glasses and ceramics, to close to 1 in elastomers). The mechanical loss or 

 
 

 

1 August Wöhler (1819e1914), German engineer, and from 1854 to 1889, director of the Prussian Imperial 
Railways. It was Wöhler’s systematic studies of metal fatigue that first gave insight into design methods to 
prevent it. 
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