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Elastic Behavior. Elastic behavior of the material occurs when the

strains in the specimen are within the light orange region shown in

Fig. 3–4 . Here the curve is actually a straight line throughout most of this

region, so that the stress is proportional to the strain. The material in this

region is said to be linear elastic . The upper stress limit to this linear

relationship is called the proportional limit , spl . If the stress slightly

exceeds the proportional limit, the curve tends to bend and flatten out as

shown. This continues until the stress reaches the elastic limit . Upon

reaching this point, if the load is removed the specimen will still return

back to its original shape. Normally for steel, however, the elastic limit is

seldom determined, since it is very close to the proportional limit and
therefore rather difficult to detect.



Yielding. A slight increase in stress above the elastic limit will result

in a breakdown of the material and cause it to deform permanently .

This behavior is called yielding , and it is indicated by the rectangular

dark orange region of the curve. The stress that causes yielding is

called the yield stress or yield point , sY , and the deformation that

occurs is called plastic deformation . Although not shown in Fig. 3–4 ,

for low-carbon steels or those that are hot rolled, the yield point is

often distinguished by two values. The upper yield point occurs first,

followed by a sudden decrease in load-carrying capacity to a lower

yield point . Notice that once the yield point is reached, then as shown

in Fig. 3–4 , the specimen will continue to elongate (strain) without any

increase in load . When the material is in this state, it is often referred
to as being perfectly plastic



Strain Hardening. When yielding has ended, an increase in load can

be supported by the specimen, resulting in a curve that rises continuously

but becomes flatter until it reaches a maximum stress referred to as the

ultimate stress , su . The rise in the curve in this manner is called strain

hardening , and it is identified in Fig. 3–4 as the region in light green.

Necking. Up to the ultimate stress, as the specimen elongates, its

cross-sectional area will decrease. This decrease is fairly uniform over

the specimen’s entire gauge length; however, just after, at the ultimate

stress, the cross-sectional area will begin to decrease in a localized region

of the specimen. As a result, a constriction or “neck” tends to form in

this region as the specimen elongates further, Fig. 3–5 a . This region of

the curve due to necking is indicated in dark green in Fig. 3–4 . Here the

stress–strain diagram tends to curve downward until the specimen breaks
at the fracture stress , sf , Fig. 3–5 b .


