
 

CHAPTER 6 : Beyond elaticity : plasticity, yielding and ductility 

 

6.1 Introduction and synopsis 

The verb ‘to yield’ has two seemingly contradictory meanings. To yield under force is to submit 
to it, to surrender. To yield a profit has a different, more comfortable connotation: to bear 
fruit, to be useful. The yield strength, when speaking of a material, is the stress beyond which 
it becomes plastic. The term is well chosen: yield and the plasticity that follows can be 
profitable e it allows metals to be shaped, and it allows structures to tolerate impact and 
absorb energy. But the unplanned yield of the span of a bridge, or of the wing spar of an 
aircraft, or of the forks of your bicycle, spells disaster. 

This chapter is about yield and plasticity. For that reason, it is mainly (but not wholly) about 
metals: it is the plasticity of iron and steel that made them the structural materials on which the 
Industrial Revolution was built, enabling the engineering achievements of the likes of Telford1 
and Brunel2. The dominance of metals in engineering, even today, derives from their ability to 
be rolled, forged, drawn and stamped. 

 

6.2 Strength, ductility, plastic work and hardness: definition 
and measurement 

Yield properties and ductility are measured using the standard tensile tests introduced 
in Chapter 4, with the materials taken to failure. Figures 6.1e6.3 show the types of 
stressestrain behaviour observed in different material classes. The yield stress or yield strength 
sy (or elastic limit sel) e units: MPa or MN/m2 e requires careful definition. For metals, 
the onset of plasticity is sometimes marked by a distinct kink in the stressestrain curve; if 
not, we identify sy with the 0.2% proof stress e that is, the stress at which the stressestrain 
curve for axial loading deviates by a permanent strain of 0.2% (this is the case shown in 
Figure 6.1). The elastic limit or yield strength is the same in tension and compression. When 
strained beyond the yield point, most metals work harden, causing the rising part of the 
curve, In tension, a maximum stress e the tensile strength, sts e is reached, followed by 
localised deformation (necking) and fracture. 

 
 

1 Thomas Telford (1757e1834), Scottish engineer, brilliant proponent of the suspension bridge at a time 
when its safety was a matter of debate. Telford may himself have had doubts e he was given to lengthy 
prayer on the days that the suspension chains were scheduled to take the weight of the bridge. Most of his 
bridges, however, still stand. 

2 Isambard Kingdom Brunel (1806e1859), perhaps the greatest engineer of the Industrial Revolution 
(c. 1760e1860) in terms of design ability, personality, power of execution and sheer willingness 
to take risks e the Great Eastern, for example, was five times larger than any previous ship ever 
built. He took the view that ‘great things are not done by those who simply count the cost’. Brunel 
was a short man and self-conscious about his height; he favoured tall top hats to make himself 
look taller. 
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