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6.5 ELASTIC PROPERTIES OF MATERIALS 117
It next becomes necessary to calculate the strain in the z direction using
Equation 6.7. The value for Poisson’s ratio for brass is 0.35 (Table 6.1), and thus

e (F25%x 107 B
¢=-2= 35— =714 %10

The applied stress may now be computed using Equation 6.4 and the modulus of
elasticity, given in Table 6.1 as 14.6 X 108 psi (10.1 x 10* MPa), as

o= eE = (7.14 x 1074)(14.6 x 106 psi) = 10,400 psi

Finally, from Equation 6.1, the applied force may be determined as

2
F=0’A0=0'(%) T

: 2
= (10,400 psi) (0'42"") 7 = 1310 lb; (5820 N)

-@F

I PLASTIC DEFORMATION

For most metallic materials, elastic deformation persists only to strains of about
0.005. As the material is deformed beyond this point, the stress is no longer
proportional to strain (Hooke’s law, Equation 6.4, ceases to be valid), and perma-
nent, nonrecoverable, or plastic deformation occurs. Figure 6.9a plots schemati-
cally the tensile stress—strain behavior into the plastic region for a typical metal.
The transition from elastic to plastic is a gradual one for most metals; some

Elastic , Plastic

Upper yield
point

Lower yield
point

Stress
Stress

/
éj |<_0.002 Strain Strain

(a) (b)
Flgure 6.9 (a) Typical stress—strain behavior for a metal showing elastic and plastic
deformations, the proportional limit P, and the yield strength o, as determined using
the 0.002 strain offset method. (b) Representative stress—strain behavior found for some
steels demonstrating the yield point phenomenon.
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118 MECHANICAL PROPERTIES OF METALS

curvature results at the onset of plastic deformation, which increases more rapidly
with rising stress.

From an atomic perspective, plastic deformation corresponds to the breaking
of bonds with original atom neighbors and then reforming bonds with new neigh-
bors as large numbers of atoms or molecules move relative to one another; upon
removal of the stress they do not return to their original positions. The mechanism
of this deformation is different for crystalline and amorphous materials. For crys-
talline solids, deformation is accomplished by means of a process called slip,
which involves the motion of dislocations as discussed in Section 7.2. Plastic
deformation in noncrystalline solids (as well as liquids) occurs by a viscous ﬂow

‘mechanism, which is outlined in Section 13.9.
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Yielding and Yield Strength

Most structures are designed to ensure that only elastic deformation will result
when a stress is applied. It is therefore desirable to know the stress level at which
plastic deformation begins, or where the phenomenon of yielding occurs. For
metals that experience this gradual elastic—plastic transition, the point of yielding
may be determined as the initial departure from linearity of the stress—strain
curve; this is sometimes called the propeortional limit, as indicated by point P in
Figure 6.9a. In such cases the position of this point may not be determined
precisely. As a consequence, a convention has been established wherein a strajght
line is constructed parallel to the elastic portion of the stress—strain curve at some
specified strain offset, usually 0.002. The stress corresponding to the intersection
of this line and the stress—strain curve as it bends over in the plastic region i§
defined as the yield strength o,.? This is demonstrated in Figure 6.9a.

For those materials having a nonlinear elastic region (Figure 6.5), use of the
strain offset method is not possible, and the usual practice is to define the yield
strength as the stress required to produce some amount of strain (e.g., € = 0.005).

Some steels and other materials exhibit the tensile stress—strain behavior as
shown in Figure 6.95. The elastic—plastic transition is very well defined and
occurs abruptly in what is termed a yield point phenomenen. At the upper yield
point, plastic deformation is initiated with an actual decrease in stress. Continued
deformation fluctuates slightly about some constant stress value, termed the lower
yield point; stress subsequently rises with increasing strain. For metals that dis-
play this effect, the yield strength is taken as the average stress that is associated
with the lower yield point, since it is well defined and relatively insensitive to the
testing procedure.? Thus, it is not necessary to employ the strain offset method for
these materials. _

The magnitude of the yield strength for a metal is a measure of its resis-
tance to plastic deformation. Yield strengths may range from 5000 psi (35 MPa)

2 “‘Strength’” is used in licu of “‘stress” because strength is a property of the metal, whereas stress is
related to the magnitude of the applied load.

3 It should be pointed out that to observe the yield point phenomenon, a “‘stiff’’ tensile-testing appa-

ratus must be used; by stiff is meant that there is very little elastic deformation of the machine during
loading.
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6.6 TENSILE PROPERTIES 121

which is very close to the value of 14.6 x 10° psi (10.1 x 10* MPa) given for brass
in Table 6.1.

(b) The 0.002 strain offset line is constructed as shown in the inset; its intersec-
tion with the stress—strain curve is at approximately 36,000 psi (250 MPa), which
is the yield strength of the brass.

(¢) The maximum load that can be sustained by the specimen is calculated by
using Equation 6.1, in which o is taken to be the tensile strength, from Figure
6.11, 65,000 psi (450 MPa). Solving for F, the maximum load, vields

d > in.)2 m

F=0'A(]=G'(?

= 13,000 lb; (5.77 x 10* N)

(d) To compute the change in length, Al, in Equation 6.2, it is first necessary to
determine the strain that is produced by a stress of 50,000 psi. This is accom-
plished by locating the stress point on the stress—strain curve, point A, and read-
ing the corresponding strain from the strain axis, which is approximately 0.06.
Inasmuch as l; = 10 in., we have

Al = ely = (0.06)(10 in.) = 0.6 in. (15.2 mm)

)2 w = (65,000 psi) (0'520

Ductility

Duectility is another important mechanical property. It is a measure of the degree
of plastic deformation that has been sustained at fracture. A material that experi-
ences very little or no plastic deformation upon fracture is termed brirtle. The
tensile stress—strain behaviors for both ductile and brittle materials are schemati-
cally illustrated in Figure 6.12.

Ductility may be expressed quantitatively as either percent elongation or -
percent area reduction. The percent elongation %EL is the percentage of plastic -
strain at fracture, or

G%EL - (‘f—%’—@) X 100 (6.10)
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