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PROBLEMS

154

3.1

76 uml’/ T

Fig. P3.1

Fig. P3.3 and P3.4

3.5

3.6

(a) Determine the maximum shearing stress caused by a 4.6-kN - m
torque T in the 76-mm-diameter solid aluminum shaft shown,
(b) Solve part a, assuming that the solid shaft has been replaced by
a hollow shaft of the same outer diameter and of 24-mm inner
diameter.

(@) Determine the torque T that causes a maximum shearing stress
of 45 MPa in the hollow cylindrical steel shaft shown. (b) Deter-
mine the maximum shearing stress caused by the same torque T
in a solid eylindrical shaft of the same ecross-sectional area.

30 mm

H >~ 45 mm

Fig. P3.2

Knowing that d = 1.2 in., determine the torque T that causes a
maximum shearing stress of 7.5 ksi in the hollow shaft shown.

Knowing that the internal diameter of the hollow shaft shown is
d = 0.9 in., determine the maximum shearing stress caused by a
torque of magnitude T = 9 kip - in.

A torque T = 3 kN - m is applied to the solid bronze cylinder
shown. Determine (@) the maximum shearing stress, (b) the shear-
ing stress at point D, which lies on a 15-mm-radius circle drawn
on the end of the cylinder, (¢) the percent of the torque carried
by the portion of the cylinder within the 15-mm radius.

GO mm

30 mm‘F /

D
T=3kN. Tgl/lﬂﬂ mm/

(a) Determine the torque that can be applied to a solid shaft of
20-mm diameter without exceeding an allowable shearing stress of
80 MPa. (b) Solve part a, assuming that the solid shaft has been
replaced by a hollow shaft of the same cross-sectional area and with
an inner diameter equal to half of its outer diameter.

Fig. P3.5
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3.7 The solid spindle AB has a diameter d, = 1.5 in. and is made of

3.8

3.9

3.10

3.11

3.12

a steel with an allowable shearing stress of 12 ksi, while sleeve CD
is made of a brass with an allowable shearing stress of 7 ksi. Deter-
mine the largest torque T that can be applied at A.

The solid spindle AB is made of a steel with an allowable shearing
stress of 12 ksi, and sleeve CD is made of a brass with an allowable
shearing stress of 7 ksi. Determine (a) the largest torque T that
can be applied at A if the allowable shearing stress is not to be
exceeded in sleeve CD, (b) the corresponding required value of
the diameter d, of spindle AB.

The torques shown are exerted on pulleys A and B. Knowing that
both shafts are solid, determine the maximum shearing stress in

(@) in shaft AB, (b) in shalt BC.

Fig. P3.9

In order to reduce the total mass of the assembly of Prob. 3.9, a
new design is being considered in which the diameter of shaft BC
will be smaller. Determine the smallest diameter of shaft BC for
which the maximum value of the shearing stress in the assembly
will not increase,

Knowing that each of the shafts AB, BC, and CD consists of a solid
circular rod, determine (a) the shaft in which the maximum shear-
ing stress occurs, (b) the magnitude of that stress.

BON-m

48N - m ; o dep =21 mm

dyy = 15mm
A

Fig. P3.11 and P3.12

Knowing that an 8-mm-diameter hole has been drilled through each
of the shafts AB, BC, and CD, determine (¢) the shaft in which the
maximum shearing stress occurs, (b) the magnitude of that stress.

Sin.

4in.
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Fig. P3.7 and P3.8
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Fig. P3.15 and P3.16
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3.13

Under normal operating conditions, the electric motor exerts a
12-kip - in. torque at E. Knowing that each shaft is solid, deter-
mine the maximum shearing stress in (@) shalt BC, (b) shaft CD,
(¢) shaft DE.

5 kip - in.
4 kip - in.

3kip » in. - W J 2.25in.

Fig. P3.13
3.14

3.15

3.16

3.17

3.18

Solve Prob. 3.13, assuming that a l-in.-diameter hole has been
drilled into each shaft.

The allowable shearing stress is 15 ksi in the 1.5-in.-diameter steel
rod AB and 8 ksi in the 1.8-in.~diameter brass rod BC. Neglecting
the effect of stress concentrations, determine the largest torque
that can be applied at A.

The allowable shearing stress is 15 ksi in the steel rod AB and
§ ksi in the brass rod BC. Knowing that a torque of magnitude
T = 10 kip + in. is applied at A, determine the required diameter

of (a) rod AB, (b) rod BC.

The allowable stress is 50 MPa in the brass rod AB and 25 MPa
in the aluminum rod BC. Knowing that a torque of magnitude
T = 1250 N + m is applied at A, determine the required diameter
of (a) rod AB, (b) rod BC.

Aluminum

Fig. P3.17 and P3.18

The solid rod BC has a diameter of 30 mm and is made of an alu-
minum for which the allowable shearing stress is 25 MPa. Rod AB
is hollow and has an outer diameter of 25 mm; it is made of a brass
for which the allowable shearing stress is 50 MPa. Determine (a) the
largest inner diameter of rod AB for which the factor of safety is the
same for each rod, (b) the largest torque that can be applied at A.
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3.19 The solid rod AB has a diameter d,z = 60 mm. The pipe CD has Problems 157
an outer diameter of 90 mm and a wall thickness of 6 mm. Know-
ing that both the rod and the pipe are made of steel for which the
allowable shearing stress is 75 MPa, determine the largest torque 90 mim
T that can be applied at A.

3.20 The solid rod AB has a diameter dz = 60 mm and is made of a
steel for which the allowable shearing stress is 85 MPa. The pipe
CD, which has an outer diameter of 90 mm and a wall thickness
of 6 mm, is made of an aluminum for which the allowable shearing
stress is 54 MPa. Determine the largest torque T that can be
applied at A.

3.21 A torque of magnitusle T'=1000 N - m is applied at D as shown. g 9. P3.19 and P3.20
Knowing that the diameter of shaft AB is 56 mm and that the
diameter of shaft CD is 42 mm, determine the maximum shearing
stress in (a) shaft AB, (b) shaft CD,

Fig. P3.21 and P3.22

3.22 A torque of magnitude T = 1000 N - m is applied at D as shown.
Knowing that the allowable shearing stress is 60 MPa in each shatt,
determine the required diameter of (@) shaft AB, (b) shaft CD.

3.23 Under normal operating conditions a motor exerts a torque of mag-
nitude T = 1200 Ib + in. at F. Knowing that ry, = 8§ in., 1 =
3 in., and the allowable shearing stress is 10.5 ksi in each shalt,
determine the required diameter of (a) shaft CDE, (b) shalt FGH.

Fig. P3.23 and P3.24

3.24 Under normal operating conditions a motor exerts a torque of mag-
nitude T} at F. The shafts are made of a steel for which the allow-
able shearing stress is 12 ksi and have diameters depp = 0.900 in.
and dpcy = 0.800 in. Knowing that rp = 6.5 in. and rg = 4.5 in.,
determine the largest allowable value of .
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4in.

2.5in.

Fig. P3.25 and P3.26

y

Fig. P3.29

(a) (h)
Fig. P3.30
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3.25

3.26

3.27

3.28

3.29

3.30

The two solid shalts are connected by gears as shown and are made
of a steel for which the allowable shearing stress is 8500 psi. Know-
ing that a torque of magnitude T, = 3 kip « in. is applied at C and
that the assembly is in equilibrinm, determine the required diam-
eter of (a) shaft BC, (b) shaft EF.

The two solid shafts are connected by gears as shown and are made
of a steel for which the allowable shearing stress is 7000 psi. Know-
ing the diameters of the two shafts are, respectively, dy; = 1.6 in.
and dgr = 1.25 in, determine the largest torque T that can be
applied at C.

A torque of magnitude T = 100 N + m is applied to shaft AB of
the gear train shown. Knowing that the diameters of the three solid
shafts are, respectively, dyg = 21 mm, dep = 30 mm, and dpp =
40 mm, determine the maximum shearing stress in (a) shaft AB,
(b) shaft CD, (¢) shaft EF.

60 mm

25 mm

Fig. P3.27 and P3.28

A torque of magnitude T = 120 N - m is applied to shaft AB of
the gear train shown. Knowing that the allowable shearing stress
is 75 MPa in each of the three solid shafts, determine the required
diameter of (a) shaft AB, (b) shaft CD, (¢) shalt EF.

(@) For a given allowable shearing stress, determine the ratio T/w
of the maximum allowable torque T and the weight per unit length
w for the hollow shaft shown. (b) Denoting by (T/w); the value of
this ratio for a solid shaft of the same radius ¢;, express the ratio
T/w for the hollow shaft in terms of (T/w), and ¢, /¢,

While the exact distribution of the shearing stresses in a hollow cylin-
drical shalt is as shown in Fig. P3.30a, an approximate value can be
obtained for 7, by assuming that the stresses are uniformly distrib-
uted over the area A of the cross section, as shown in Fig. P3.30D,
and then further assuming that all of the elementary shearing forces
act at a distance from O equal to the mean radius §(e; + ¢3) of the
cross section. This approximate value 7, = T/Ar,,, where T is the
applied torque. Determine the ratio 7, /7y of the true value of
the maximum shearing stress and its approximate value 7, for val-

ues of ¢ /¢, respectively equal to 1.00, 0.95, 0.75, 0.50 and 0.
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3.31 (1) For the solid steel shaft shown (G = 77 GPa), determine the
angle of twist at A. (b) Solve part a. assuming that the steel shaft is
hollow with a 30-mm-outer diameter and a 20-mm-inner diameter.

30 mm ) 250 N -m

Fig. P3.31

3.32 For the aluminum shaft shown (G = 27 GPa), determine (a) the
torque T that causes an angle of twist of 4°, (b) the angle of twist
caused by the same torque T in a solid cylindrical shaft of the same
length and cross-sectional area.

3.33 Determine the largest allowable diameter of a 10-ft-long steel rod
(G = 11.2 X 10°psi) if the rod is to be twisted through 30° without
exceeding a shearing stress of 12 ksi.

3.34 While an oil well is being drilled at a depth of 6000 ft, it is observed
that the top of the S-in.-diameter steel drill pipe rotates though
two complete revolutions before the drilling bit starts to rotate.
Using G = 11.2 X 10° psi, determine the maximum shearing stress
in the pipe caused by torsion.

12mm
Fig. P3.32
3.35 The electric motor exerts a 500 N - m-torque on the aluminum shaft
ABCD when it is rotating at a constant speed. Knowing that G =
27 GPa and that the torques exerted on pulleys B and C are as shown,
determine the angle of twist between (¢) B and C, (b) B and D.

44 mm

1.2m

Im

Fig. P3.35
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3.36 The torques shown are exerted on pulleys B, C, and D. Knowing Problems ] 69
that the entire shaft is made of aluminum (G = 27 GPa), deter-
mine the angle of twist between (¢) C and B, (b) D and B.

30 mm
30 mm

400 N -
- " 36 mm

YO N «m %6
= S0 mim

500N -m

I/_Hmss
y B
300 mm »— Aluminum
Fig. P3.36
3.37 The aluminum rod BC (G = 26 GPa) is bonded to the brass rod -—u .
AB (G = 39 GPa). Knowing that each rod is solid and has a diam- 100N - m
eter of 12 mm, determine the angle of twist (a) at B, (b) at C. Fig. P3.37

3.38 The aluminum rod AB (G = 27 GPa) is bonded to the brass rod
BD (G = 39 GPa). Knowing that portion CD of the brass rod is
hollow and has an inner diameter of 40 mm, determine the angle
of twist at A.

R ¥ B
T, =800N.n | i
; - ,,.‘»'"/" g 250 mm
& . o 375 mim
A /
400 v
Fig. P3.38
3.39 The solid spindle AB has a diameter d, = 1.5 in. and is made of
a steel with G = 11.2 x 10° psi and 7 = 12 ksi, while sleeve CD — ~—3in.
is made of a brass with G = 5.6 x 10° psi and 74 = 7 ksi. Deter- . e
mine the largest angle through which end A can be rotated. e H/‘ =gm
3.40 The solid spindle AB has a diameter d, = 1.75 in. and is made of
a steel with ¢ = 11.2 x 10° psi and 7, = 12 ksi, while sleeve CD 1 | “
is made of a brass with G = 5.6 X 10° psi and 7,4 = 7 ksi. Deter- D=
mine (a) the largest torque T that can be applied at A if the given  4in. —R—%
allowable stresses are not to be exceeded and if the angle of twist Q'l‘

of sleeve CD is not to exceed 0.375°, (b) the corresponding angle
through which end A rotates. Fig. P3.39 and P3.40
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3.41 Two shafts, each of Z-in. diameter, are connected by the gears
shown. Knowing that G = 11.2 X 10" psi and that the shaft at F
is fixed, determine the angle through which end A rotates when
a 1.2 kip + in. torque is applied at A,

12 in.

6 in,

Fig. P3.41

3.42 Two solid shafts are connected by gears as shown. Knowing that
G = 77.2 GPa for each shaft, determine the angle through which
end A rotates when T, = 1200 N + m.

240 mm G0 -

Fig. P3.42
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3.43 A coder F, used to record in digital form the rotation of shaft A, Problems 171
is connected to the shalt by means of the gear train shown, which
consists of four gears and three solid steel shafts each of diameter
d. Two of the gears have a radius r and the other two a radius nr,
If the rotation of the coder F is prevented, determine in terms of
T. 1, G, J, and n the angle throngh which end A rotates,

Fig. P3.43

3.44 TFor the gear train described in Proh, 3.43, determine the angle
through which end A rotates whenT=51h in.,l =241in.,d =
i, G = 11.2 X 10° psi, and n = 2.

3.45 The design of the gear-and-shaft system shown requires that steel
shafts of the same diameter be used for both AB and CD. It is
further required that 7,,,, = 60 MPa and that the angle ¢y, through
which end D of shalt CD rotates not exceed 1.5°. Knowing that
G = 77 GPa, determine the required diameter of the shalts.

T=1000N-+m

400 mm\l\

600 mm

Fig. P3.45
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172 Torsion 3.46 The electric motor exerts a torque of 800 N + m on the steel shalt
ABCD when it is rotating at a constant speed. Design specifications
require that the diameter of the shaft be uniform from A to D and
that the angle of twist between A and D not exceed 1.5°. Knowing
that 7,,,, = 60 MPa and G = 77 GPa, determine the minimum
diameter shaft that can be used.

S00N-m

Fig. P3.46

3.47 The design specifications of a 2-m-long solid circular transmission
shaft require that the angle of twist of the shaft not exceed 3% when
a torque of 9 kN -+ m is applied. Determine the required diameter
of the shaft, knowing that the shaft is made of () a steel with an
allowable shearing stress of 90 MPa and a modulus of rigidity of
77 GPa, (b) a bronze with an allowable shearing stress of 35 MPa
and a modulus of rigidity of 42 GPa.

3.48 A hole is punched at A in a plastic sheet by applying a 600-N force
P to end D of lever CD, which is rigidly attached to the solid
cyvlindrical shalt BC. Design specifications require that the dis-
placement of D should not exceed 15 mm [rom the time the punch
first touches the plastic sheet to the time it actually penetrates it.
Determine the required diameter of shaft BC if the shaft is made
of a steel with G = 77 GPa and 7 = 80 MPa.

Fig. P3.48
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3.49 The design specilications for the gear-and-shaft system shown require

that the same diameter be used for both shalts and that the angle
through which pulley A will rotate when subjected to a 2-kip - in.
torque T, while pulley I is held fixed will not exceed 7.5°. Determine
the required diameter of the shafts if both shafts are made of a steel
with G = 11.2 % 10" psi and 75 = 12 ksi.

Fig. P3.49

3.50 Solve Prob. 3.49, assuming that both shafts are made of a brass

3.51

3.52

with G = 5.6 X 10° psi and 7,5 = 8 ksi.

A torque of magnitude T' = 4 kN - m is applied at end A of the com-
posite shaft shown. Knowing that the modulus of rigidity is 77 GPa
for the steel and 27 GPa for the aluminum, determine (@) the maxi-
mum shearing stress in the steel core, (b) the maximum shearing
stress in the aluminum jacket, (¢) the angle of twist at A.

54 mm

Steel core

Aluminum juc:ket

Fig. P3.51 and P3.52

The composite shaft shown is to be twisted by applying a torque T
at end A, Knowing that the modulus of rigidity is 77 GPa for the
steel and 27 GPa for the aluminum, determine the largest angle
through which end A can be rotated if the following allowable
stresses are not to be exceeded: 7.4 = 60 MPa and 700 =
45 MPa.

Problems

173
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3.53 The solid cylinders AB and BC are bonded together at B and are

attached to [ixed supports at A and C. Knowing that the modulus
of rigidity is 3.7 X 10° psi for aluminum and 5.6 X 10° psi for
brass, determine the maximum shearing stress (a) in cylinder AB,
(b) in cylinder BC.

Aluminum
T e 12 in.

—=| W=—15in,

T = 125 kip - in.

Brass
g |

-

18 in.
-— 2.0 in.

Fig. P3.53

3.54 Solve Prob. 3.53, assuming that evlinder AB is made of steel, for

3.55

which G = 11.2 X 10° psi.

and 3.56 Two solid steel shafts are fitted with flanges that are
then connected by bolts as shown. The bolts are slightly undersized
and permit a 1.5° rotation of one flange with respect to the other
before the flanges begin to rotate as a single unit. Knowing that
G = 11.2 % 10" psi, determine the maximum shearing stress in
each shaft when a torque of T of magnitude 420 kip - ft is applied
to the flange indicated.

3.55 The torque T is applied to flange B.

3.56 The torque T is applied to flange C.

Fig. P3.55 and P3.56
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3.57 Ends A and D of the two solid steel shafts AB and CD are fixed, Problems 175
while ends B and C are connected to gears as shown. Knowing that
a 4-kN - m torque T is applied to gear B, determine the maximum
shearing stress (a) in shaft AB, (b) in shaft CD.

500 mm

Fig. P3.57 and P3.58

3.58 Ends A and D of the two solid steel shafts AB and CD are fixed,
while ends B and C are connected to gears as shown. Knowing that
the allowable shearing stress is 50 MPa in each shaft, determine
the largest torque T that can be applied to gear B.

3.59 The steel jacket CD has been attached to the 40-mm-diameter
steel shaft AE by means of rigid flanges welded to the jacket and
to the rod. The outer diameter of the jacket is 80 mm and its wall
thickness is 4 mm. If 500 N « m-torques are applied as shown,
determine the maximum shearing stress in the jacket.

Fig. P3.59

3.60 A solid shaft and a hollow shaft are made of the same material and
are of the same weight and length. Denoting by n the ratio ¢,/c,,
show that the ratio T,/T), of the torque T, in the solid shaft to the
torque T;, in the hollow shaft is (@) V(1 = n®)/(1 + n7) if the
maximum shearing stress is the same in each shaft, (b) (1 — n?)/
(1 + n?) if the angle of twist is the same for each shaft.

3.61 A torque T is applied as shown to a solid tapered shaft AB. Show
by integration that the angle of twist at A is

7TL |
127 Ge? Fig. P3.61

¢ =
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3.62 The mass moment of inertia of a gear is to be determined experi-
mentally by using a torsional pendulum consisting of a 6-1t steel wire.
Knowing that G = 11.2 X 10% psi, determine the diameter of the
wire for which the torsional spring constant will be 4.27 b + ft/rad.

Fig. P3.62

3.63 An annular plate of thickness ¢ and modulus G is used to connect
shaft AB of radius ry to tube CD of radins r,. Knowing that a
torque T is applied to end A of shaft AB and that end D of tube
CD is fixed, (a) determine the magnitude and location of the maxi-
mum shearing stress in the annular plate, (b) show that the angle
through which end B of the shalt rotates with respect to end C of
the tube is

s e
B¢ 4rrGe rT rs

Fig. P3.63
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T - 3.121

1om  3.122

3.123

{ a

()
Fig. P3.121 and P3.122

3.124

3.125

3.126

204

Determine the largest torque T that can be applied to each of the
two brass bars shown and the corresponding angle of twist at B,
knowing that 7, = 12 ksi and G = 5.6 X 10° psi.

Each of the two brass bars shown is subjected to a torque of mag-
nitude T'= 12.5 kip + in. Knowing that G = 5.6 X 10° psi, determine
for each bar the maximum shearing stress and the angle of twist
at B.

Each of the two aluminum bars shown is subjected to a torque of
magnitude T = 1800 N + m. Knowing that G = 26 GPa, determine
for each bar the maximum shearing stress and the angle of twist
at B.

e GO mm

300 mm

Fig. P3.123 and P3.124

Determine the largest torque T that can be applied to each of the
two aluminum bars shown and the corresponding angle of twist at
B, knowing that r,; = 50 MPa and G = 26 GPa.

Determine the largest allowable square cross section of a steel
shatt of length 20 ft it the maximum shearing stress is not to exceed
10 ksi when the shatt is twisted through one complete revolution.
Use G = 11.2 X 10° psi.

Determine the largest allowable length of a stainless steel shaft of
2 % Lin, cross section if the shearing stress is not to exceed 15 ksi
when the shaft is twisted through 15°. Use G = 11.2 X 10° psi.
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3.127 The torque T causes a rotation of 2° at end B of the stainless steel

3.128

3.129

3.130

3.131

3.132

bar shown. Knowing that b = 20 mm and G = 75 GPa, determine
the maximum shearing stress in the bar.

The torque T causes a rotation of 0.6° at end B of the aluminum
bar shown. Knowing that b = 15 mm and G = 26 GPa, determine
the maximum shearing stress in the bar,

Two shafts are made of the same material. The cross section of
shaft A is a square of side b and that of shaft B is a circle of diam-
eter b. Knowing that the shafts are subjected to the same torque,
determine the ratio 7,/75 of maximum shearing stresses occurring
in the shafts.

‘-'—b—'-‘ .._;,_..

e

Fig. P3.|29

Shafts A and B are made of the same material and have the same
cross-sectional area, but A has a circular cross section and B has a
square cross section. Determine the ratio of the maximum shearing
stresses occurring in A and B, respectively, when the two shafts are
subjected to the same torque (T, = T). Assume both deformations
to be elastic.

Fig. P3.130, P3.131 and P3.132

Shafts A and B are made of the same material and have the same
cross-sectional area, but A has a circular cross section and B has a
square cross section. Determine the ratio of the maximum torques
Ty and Ty that can be safely applied to A and B, respectively.

Shafts A and B are made of the same material and have the same
length and cross-sectional area, but A has a circular cross section
and B has a square cross section. Determine the ratio of the maxi-
mum values of the angles ¢, and ¢, through which shafts A and
B, respectively, can be twisted.

30 mm
750 mm

\‘

Fig. P3.127 and P3.128

Problems 20 5
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Fig. P3.133 and P3.134

W8 x 31
Fig. P3.137
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3.133

3.134

3.135

3.136

3.137

Each of the three aluminum bars shown is to be twisted through
an angle of 2°. Knowing that 5 = 30 mm, 7,5 = 50 MPa, and G =
27 GPa, determine the shortest allowable length of each bar.

Each of the three steel bars is subjected to a torque as shown.
Knowing that the allowable shearing stress is 8 ksi and that b =
1.4 in., determine the maximum torque T that can be applied to
each bar.

A 36-kip + in. torque is applied to a 10-ft-long steel angle with an
L8 X 8 X 1 cross section. From Appendix C we find that the
thickness of the section is 1 in. and that its area is 15 in>. Knowing
that G = 11.2 x 10° psi, determine (a) the maximum shearing
stress along line a-a, (b) the angle of twist.

ADI |4—l in.

oe ]

Fig. P3.135

A 3-m-long steel angle has an 1.203 X 152 X 12.7 cross section. From
Appendix C we find that the thickness of the section is 12,7 mm and
that its area is 4350 mm” Knowing that 7, = 50 MPa and that
G = 77.2 GPa, and ignoring the effect of stress concentrations, deter-
mine (a) the largest torque T that can be applied, (5) the correspond-
ing angle of twist.

< T
L203 X 152 X 12.7 Q
Fig. P3.136

An 8-ft-long steel member with a W8 X 31 cross section is sub-
jected to a 5-kip -+ in. torque. The properties of the rolled-steel
section are given in Appendix C. Knowing that G = 11.2 x 10° psi,
determine (@) the maximum shearing stress along line a-a. (b) the
maximum shearing stress along line b-b, (¢) the angle of twist. (Ifint:
consider the web and flanges separately and obtain a relation
between the torques exerted on the web and a flange, respectively,
by expressing that the resulting angles of twist are equal.)
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3.138 A 4-m-long steel member has a W310 X 60 cross section. Knowing
that G = 77.2 GPa and that the allowable shearing stress is 40 MPa,
determine (a) the largest torque T that can be app]ied, (b) the cor-
responding angle of twist. Refer to Appendix C for the dimensions
of the cross section and neglect the effect of stress concentrations.
(See hint of Prob. 3.137.)

3.139 Atorque T = 750 kN + m is applied to the hollow shaft shown that
has a uniform S-mm wall thickness. Neglecting the effect of stress
concentrations, determine the shearing stress at points ¢ and b.

| 90 mm i

Fig. P3.139

3.140 A torque T = 5 kN - m is applied to a hollow shaft having the
cross section shown. Neglecting the effect of stress concentrations,
determine the shearing stress at points  and b.

10 mm

—= |=— 6 mm ol

125 mm
= [=—6mm

10 mm

L]
t b
~—— 75 mm —|

Fig. P3.140

3.141 A 90-N - m torque is applied to a hollow shaft having the cross
section shown. Neglecting the effect of stress concentrations,
determine the shearing stress at points a and b.

2 mm

40 mm 55 min

4 mm

|

35 mm
Fig. P3.141

W310 X 60

Fig. P3.138

Problems 207
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100 mm

=
2 min

f/ 50 mm \

|

T

5 mm
Fig. P3.142

02in, ,.],
\ ~f

W
\
/ (}‘?m\‘-\'

I ]

0.5 in.

Fig. P3.144

— L——u.z in. a‘

5in.

0.08 in.
a

= _$.

0.12 in.

Fig. P3.147

=— 3 mm

{\) | (\,}45 in.

~—0.2 in.
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3.142

3.143

3.144

3.145

A 5.6 kN + m-torque is applied to a hollow shaft having the cross
section shown. Neglecting the elfect of stress concentrations,
determine the shearing stress at points @ and b.

A hollow member having the cross section shown is formed from
sheet metal of 2-mm thickness. Knowing that the shearing stress
must not exceed 3 MPa, determine the largest torque that can be
applied to the member.

‘475(}mm

20 mim

50 mm

‘7[) mm

Fig. P3.143

A hollow brass shaft has the cross section shown. Knowing that the
shearing stress must not exceed 12 ksi and neglecting the effect of
stress concentrations, determine the largest torque that can be
applied to the shaft.

and 3.146 A hollow member having the cross section shown
is to be formed from sheet metal of 0.06-in. thickness. Knowing
that a 1250 Ib - in.-torque will be applied to the member. deter-
mine the smallest dimension d that can be used if the shearing
stress is not to exceed 750 psi.

Fig. P3.145

Fig. P3.146

3.147 A hollow cylindrical shaft was designed to have a uniform wall

thickness of 0.1 in. Defective fabrication, however, resulted in the
shaft having the cross section shown. Knowing that a 15 kip + in.-
torque is applied to the shaft, determine the shearing stresses at
points ¢ and b.



3.148

3.149

3.150
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A cooling tube having the cross section shown is formed [rom a
sheet of stainless steel of 3-mm thickness. The radii ¢; = 150 mm
and ¢, = 100 mm are measured to the center line of the sheet
metal. Knowing that a torque of magnitude T = 3 kN + m is applied
to the tube, determine (a) the maximum shearing stress in the
tube, (b) the magnitude of the torque carried by the outer circular
shell. Neglect the dimension of the small opening where the outer
and inner shells are connected.

A hollow eylindrical shaft of length L, mean radius ¢, and uni-
form thickness ¢ is subjected to a torque of magnitude T. Con-
sider, on the one hand, the values ol the average shearing stress
Tue and the angle of twist ¢ obtained from the elastic torsion
formulas developed in Secs. 3.4 and 3.5 and, on the other hand,
the corresponding values obtained from the formulas developed
in Sec. 3.13 for thin-walled shafts. (@) Show that the relative error
introduced by using the thin-walled-shaft formulas rather than the
elastic torsion formulas is the same for 7, and ¢ and that the rela-
tive error is positive and proportional to the ratio t/c,,. (b) Compare
the percent error corresponding to values of the ratio ¢/c,, of 0.1,
0.2, and 0.4.

Fig. P3.149

Equal torques are applied to thin-walled tubes of the same length
L, same thickness t. and same radius ¢. One of the tubes has been
slit lengthwise as shown. Determine (a) the ratio 7,,/7, of the maxi-
mum shearing stresses in the tubes, (b) the ratio ¢/, of the
angles of twist of the tubes.

(a) b)
Fig. P3.150

Fig. P3.148
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