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PROBLEMS

2.61 A 600-1b tensile load is applied to a test coupon made from -in.
flat steel plate (E = 29 X 100 psi, v = 0.30). Determine the result-
ing change (a) in the 2-in. gage length, (b) in the width of portion
AB of the test coupon, (¢) in the thickness of portion AB, (d) in
the cross-sectional area of portion AB.
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Fig. P2.61

22-mm diameter ) 2.62 In a standard tensile test a steel rod of 22-mm diameter is sub-
/ kN jected to a tension force of 75 kN. Knowing that v = 0.3 and E =
200 GPa, determine (a) the elongation of the rod in a 200-mm

|*—200 mm——| gage length, (b) the change in diameter of the rod.

75 kN

Fig. P2.62
2.63 A 20-mm-diameter rod made of an experimental plastic is sub-
jected to a tensile force of magnitude P = 6 kN. Knowing that an
elongation of 14 mm and a decrease in diameter of 0.85 mm are
observed in a 150-mm length, determine the modulus of elasticity,
the modulus of rigidity, and Poisson’s ratio for the material.

2.64 The change in diameter of a large steel bolt is carefully measured
as the nut is tightened. Knowing that E = 29 X 10° psi and v =
0.30, determine the internal force in the bolt, if the diameter is
observed to decrease by 0.5 x 107 in.
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700 kN Fig. P2.64

2.65 A 2.5-m length of a steel pipe of 300-mm outer diameter and
15-mm wall thickness is used as a column to carry a 700-kN centric
axial load. Knowing that E = 200 GPa and » = 0.30, determine
(a) the change in length of the pipe, (b) the change in its outer
diameter, (¢) the change in its wall thickness.

2.66 An aluminum plate (E = 74 GPa, » = 0.33) is subjected to a cen-
tric axial load that causes a normal stress . Knowing that, before

loading, a line of slope 2:1 is scribed on the plate, determine the
slope of the line when o = 125 MPa.

——y -
R ——
-— -

T — 2 |—" a
- 4 ——
| —

B 1 —

108 Fig. P2.65 Fig. P2.66




www.konkur.in

2.67 The block shown is made of a magnesium alloy for which E = 45 GPa Problems  10Q
and » = 0.35. Knowing that o, = —180 MPa, determine () the
magnitude of o, for which the change in the height of the block will
be zero, (b) the corresponding change in the area of the face ABCD,
(¢) the corresponding change in the volume of the block.

40 mm
o, = 40 MPa
Al 11111
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2.68 A 30-mm square was scribed on the side of a large steel pressure l ] l l J l
vessel. After pressurization the biaxial stress condition at the square -
is as shown. For E = 200 GPa and » = 0.30, determine the change Rl
in length of (a) side AB, (b) side BC, (¢) diagonal AC. Fig. P2.68
2.69 The aluminum rod AD is fitted with a jacket that is used to apply
a hydrostatic pressure of 6000 psi to the 12-in. portion BC of the B
rod. Knowing that E = 10.1 X 10° psi and v = 0.36, determine
(a) the change in the total length AD, (b) the change in diameter
at the middle of the rod.
2.70 For the rod of Prob. 2.69, determine the forces that should be applied
to the ends A and D of the rod (a) if the axial strain in portion BC
of the rod is to remain zero as the hydrostatic pressure is applied, e

(b) if the total length AD of the rod is to remain unchanged.

2.71 In many situations physical constraints prevent strain from occurring
in a given direction. For example, €, = 0 in the case shown, where
longitudinal movement of the long prism is prevented at every point.
Plane sections perpendicular to the longitudinal axis remain plane
and the same distance apart. Show that for this situation, which is
known as plane strain, we can express o, €,, and €, as follows:

o, = vie, + a'y)

Fig. P2.69
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Fig. P2.72
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In many situations it is known that the normal stress in a given
direction is zero. For example, o, = 0 in the case of the thin plate
shown. For this case, which is known as plane stress, show that if
the strains €, and €, have been determined experimentally, we can
express o, g, and €. as follows:

€ + Ve,
o, =E———
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For a member under axial loading, express the normal strain € in
a direction forming an angle of 45° with the axis of the load in
terms of the axial strain €, by (¢) comparing the hypotenuses of
the triangles shown in Fig. 2.50, which represent respectively an
element before and after deformation, (b) using the values of the
corresponding stresses 0" and o, shown in Fig. 1.38, and the gen-
eralized Hooke’s law.

The homogeneous plate ABCD is subjected to a biaxial loading as
shown. Tt is known that o, = o, and that the change in length of
the plate in the x direction must be zero, that is, e, = 0. Denoting
by E the modulus of elasticity and by » Poisson’s ratio, determine
(a) the required magnitude of o, (b) the ratio o/€..

A vibration isolation unit consists of two blocks of hard rubber
bonded to a plate AB and to rigid supports as shown. Knowing that
a force of magnitude P = 25 kN causes a deflection § = 1.5 mm
of plate AB, determine the modulus of rigidity of the rubber
used.

A vibration isolation unit consists of two blocks of hard rubber with
a modulus of rigidity G = 19 MPa bonded to a plate AB and to
rigid supports as shown. Denoting by P the magnitude of the force
applied to the plate and by 8 the corresponding deflection, deter-
mine the effective spring constant, k = P/8, of the system.

The plastic block shown is bonded to a fixed base and to a hori-
zontal rigid plate to which a force P is applied. Knowing that for
the plastic used G = 55 ksi, determine the deflection of the plate
when P = 9 kips.
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A wvibration isolation unit consists of two blocks of hard rubber
bonded to plate AB and to rigid supports as shown. For the type
and grade of rubber used 7, = 220 psi and G = 1800 psi. Know-
ing that a centric vertical force of magnitude P = 3.2 kips must
cause a 0.1-in. vertical deflection of the plate AB, determine the
smallest allowable dimensions a and b of the block.

The plastic block shown is bonded to a rigid support and to a verti-
cal plate to which a 55-kip load P is applied. Knowing that for the
plastic used G = 150 ksi, determine the deflection of the plate.

4.5 in.

2in.
Fig. P2.79

What load P should be applied to the plate of Prob. 2.79 to pro-

duce a 5-in. deflection?

Two blocks of rubber with a modulus of rigidity G = 12 MPa are
bonded to rigid supports and to a plate AB. Knowing that ¢ = 100 mm
and P = 45 kN, determine the smallest allowable dimensions a and
b of the blocks if the shearing stress in the rubber is not to exceed
1.4 MPa and the deflection of the plate is to be at least 5 mm.

Two blocks of rubber with a modulus of rigidity G = 10 MPa are
bonded to rigid supports and to a plate AB. Knowing that b =
200 mm and ¢ = 125 mm, determine the largest allowable load P
and the smallest allowable thickness a of the blocks if the shearing
stress in the rubber is not to exceed 1.5 MPa and the deflection
of the plate is to be at least 6 mm.

Determine the dilatation e and the change in volume of the
200-mm length of the rod shown if (a) the rod is made of steel
with E = 200 GPa and v = 0.30, (b) the rod is made of aluminum
with E = 70 GPa and » = 0.35,

Determine the change in volume of the 2-in. gage length segment
AB in Prob. 2.61 (a) by computing the dilatation of the material,
(b) by subtracting the original volume of portion AB from its final
volume.

A 6-in.-diameter solid steel sphere is lowered into the ocean to a
point where the pressure is 7.1 ksi (about 3 miles below the surface).
Knowing that E = 29 X 10° psi and » = 0.30, determine (a) the
decrease in diameter of the sphere, (b) the decrease in volume of
the sphere, (¢) the percent increase in the density of the sphere,

Problems 111

s 3.0in.

s

Figs. P2.81 and P2.82

/ 22-mm diameter
46 kN

" — 46 kN
—( ——
|——20(1 mm —-|

Fig. P2.83




112 Stress and Strain—Axial Loading

55 mm—=

(L]

i1l

o= —38 MPa

E= 105 GPa
v =033

mm

135

Fig. P2.86
E =50GPa  w_=0254
E,=152GPa v, =0254
E.=152CGPa v, =0428
Yy

Fig. P2.91

x

www.konkur.in

*2.86

*2.87

*2.88

*2.89

*2.90

*2.91

*2.92

(a) For the axial loading shown, determine the change in height
and the change in volume of the brass eylinder shown. (b) Solve
part @, assuming that the loading is hydrostatic with o, = o, =
o. = =70 MPa.

A vibration isolation support consists of a rod A of radius R, =
10 mm and a tube B of inner radius R, = 25 mm bonded to an
80-mm-long hollow rubber cylinder with a modulus of rigidity
G = 12 MPa. Determine the largest allowable force P that can be
applied to rod A if its deflection is not to exceed 2.50 mm.

80 mm

Fig. P2.87 and P2.88

A vibration isolation support consists of a rod A of radius R, and
a tube B of inner radius R, bonded to an 80-mm-long hollow rub-
ber cylinder with a modulus of rigidity G = 10.93 MPa. Determine
the required value of the ratio Ry/R, if a 10-kN force P is to cause
a 2-mm deflection of rod A.

The material constants E, G, k, and » are related by Egs. (2.33)
and (2.43). Show that any one of the constants may be expressed
in terms of any other two constants. For example, show that (a) k =

GE/(9G — 3E) and (b) v = (3k — 2G)/(6k + 2G).

Show that for any given material, the ratio G/E of the modulus of
rigidity over the modulus of elasticity is always less than § but more
than }. [Hint: Refer to Eq. (2.43) and to Sec. 2.13.]

A composite cube with 40-mm sides and the properties shown is
made with glass polymer fibers aligned in the x direction. The cube
is constrained against deformations in the y and = directions and
is subjected to a tensile load of 65 kN in the x direction. Determine
(a) the change in the length of the cube in the x direction, (b) the
stresses ., 0, and o..

The composite cube of Prob. 2.91 is constrained against defor-
mation in the z direction and elongated in the x direction hy
0.035 mm due to a tensile load in the x direction. Determine
(a) the stresses o, o, and o, (D) the change in the dimension
in the y direction.



