5-1 The tube is subjected to a torque of 600 N-m.
Determine the amount of this torque that is resisted by the
shaded section. Solve the problem two ways: (a) by using
the torsion formula; (b) by finding the resultant of the shear-
stress distribution.

a)
oy = 162 80000 gie064pa
7~ Z008" - 002
e = I€
max — J'
748964 = —008)

Z2(0.08* - 0.05%)
T'=510N-m  Ans

b @ :»m‘

= tmlx(e) dA = 27"'P dP &)
¢ c

QY

LY
I

ar

pTdA = ptm,,(B)Zﬂp dp
[4

4 10.08
T = 27 Tmax ng dp = 27 (748964) p”
c 0.08 4 lo.os

= 510N-m Ans
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5-2 The solid shaft of radius r is subjected to a torque T.
Determine the radius r' of the inner core of the shaft that
resists one-half of the applied torque (772). Solve the prob-
lem two ways: (a) by using the torsion formula, (b) by find-
ing the resultant of the shear-stress distribution.

T
Tc Tr 2T
a) Tmax = — = — = —
J LA 72
T= (Dr _ _T
2t m(r)?
. r’ T r’ 2T
Since T = —Tpax ; = —(=—
mex n( )3 r(m3)
r’= = 0.841r Ans

b) J'de = 22[" % dp

J‘de = 2n_[(:'€tm,xp2 dp @
£)

z rp 2T
aT = 21" (25 )pt
[iar = 2nf 2507 ap

T _AT(r 4

3=l o
rﬁ

r'= — =084lr Ans
2
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5-3. The solid shaft of radius r is subjected to a torque T.
Determine the radius r’ of the inner core of the shaft that
resists one-quarter of the applied torque (7/4). Solve the
problem two ways: (a) by using the torsion formula, (b) by
finding the resultant of the shear-stress distribution.

. Tc_ T(r) _ 2T
a)tmll=7_?(74—)'_;73-

r 2Tr’
Since T = ‘;tmlx = —
. T 2Tr _ (DY

7w KO

=0707r Ans
P(_g]; = _2...7-7p; dA = 2mpdp

b) 7= Brmn ==
c

2T _ 4T
dT = ptdA= p[;gp](zfrpdp) ==P dp r

I .. 4Tqr
J'odT—_ ;T“ pldp r

w‘l &a
&,
o=
» I'u-
R

il

N

r=0707r Ans
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*5-4 The copper pipe has an outer diameter of 40 mm and
an inner diameter of 37 mm. If it is tightly secured to the
wall at A and three torques are applied to it as shown,
determine the absolute maximum shear stress developed in
the pipe.

@T=5ON-M

V4
JT’GON.M
o o Tmasc 90(0.02) B0N.n Zom
max ~ - E3 4 _ 4 Z :‘
7 T002* - 0.0185%) @ 7 )—)J_h% e
J 7
LON-m 30N-m

267MPa  Ans
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5-5 The copper pipe has an outer diameter of 2.50 in. and
an inner diaméter of 2.30 in. If it is tightly secured to the
wall at C and three torques are applied to it as shown,
determine the shear stress developed at points A and B.
These points liec on the pipe's outer surface. Sketch the shear
stress on volume elements located at A and B.

Tc
J

2(1.25¢ - 1.15%)

bolbkt
QL) )T,-250 15t

(X}/‘\\f'/"/f:idso 1b-ft |
s

3 1b-t
(é( 50A1bvn 60!)""h 3’-5\0 f 4{50':“
S owe (O —p) RN
350" ft

250(12)(1.25) = 345ksi  Ans

A 5
_20042A25)  _ 56k Ans o
(1250 - 1159 KL
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5-6 The solid 1.25-in.-diameter shaft is used to transmit the
torques applied to the gears. If it is supported by smooth
bearings at A and B, which do not resist torque, determine
the shear stress developed in the shaft at points C and D.
Indicate the shear stress on volume elements located at these
points.

:’ T: )50015' in

1560610 600“”-"
TféOO'“”
Tc —E— 1500(0.625) =391ksi Ans
J* %(0.6254)
- - hh=/St«k
Tc  600(0.625) 3.9/ &s; sc.

o=—= ) = 156ksi A
P 7T w06 ksi Ans
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5.7. The shaft has an outer diameter of 1.25 in. and an
inner diameter of 1 in. If it is subjected to the applied
torques as shown, determine the absolute maximum shear
stress developed in the shaft. The smooth bearings at A
and B do not resist torque.

Toax = 1500 b in.

Tc 1500(0.625)

Te 008 _6eaksi  Ams
mr =T T {0625 - 05)]
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*5-8, The shaft has an outer diameter of 1.25 in. and an
inner diameter of 1 in. If it is subjected to the applied
torques as shown, plot the shear-stress distribution acting
along a radial line lying within region EA of the shaft.
The smooth bearings at A and B do not resist torque.

T=15001b-in.
Te 1500(0.625) ‘ .
T, = e T = 3 .Clés )
‘max J 25[(0625)4 — (05)4] 6.62 ksi
530#3[,
T, .
=P 130005 a0

T f©.625¢-05¢]
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5-9 The assembly consists of two sections of galvanized
steel pipe connected together using a reducing coupling at
B. The smaller pipe has an outer diameter of 0.75in. and an
inner diameter of 0.68 in., whereas the larger pipe has an
outer diameter of 1 in. and an inner diameter of 0.86 in. If
the pipe is tightly secured to the wall at C, determine the
maximum shear stress developed in each section of the pipe
when the couple shown is applied to the handles of the
wrench.

1Sh

210"

@:0 Th3=810'l"'."
1b-in
<10 4 -
S =Cl:)1ac=2/0“n

oy oL 200319 el
J  E0375% - 0.34%)
T :

me =162 MO0 _ 536k Ans

T 205 - 043%)
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5-10 The link acts as part of the elevator control for a small

airplane. If the attached aluminum tube has an inner diam-
eter of 25 mm and a wall thickness of 5 mm, determine the
maximum shear stress in the tube when the cable force of
600 N is applied to the cables. Also, sketch the shear-stress
distribution over the cross section.

T = 600(0.

Tmax =

Tc
T =

15=90N-m
90(0.0175) sMPa A
= . S
Z[(0.0175)" — (0.0125)"] "
90(0.0125)
=103 MP.
Z[(0.0175) - (0.0125)°] ‘
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§-11 The shaft consists of three concentric tubes, each
made from the same material and having the inner and outer
radii shown. If a torque of 7 = 800 N - m is applied to the

rigid disk fixed to its end, determine the maximum shear ) T=800 N-m
stress in the shaft. /L )
2m r;=20mm
@ )) rp=25mm
r;=26 mm

79=30 mm

r=32mm

ro=38 mm
J= %’ ((0.038)* - (0.032)") + g ((0.030)" - (0.026)*) + %’ ((0.025)" - (0.020)")
J=2.545(10"%)m*

T, === ——=11.9MPa Ans
T T T 2.545(10°9)
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*5-12 The solid shaft is fixed to the support at C and sub-
jected to the torsional loadings shown. Determine the shear
stress at points A and B and sketch the shear stress on vol-
ume elements located at these points.

Tzp _ 800(0.02)

WB=—=_——=6.

J 2-"(0.()354) 79 MPa Ans Booum Ty = Boor. m

X
I Ta=S$00N-m
¢ 500(0.035) o
Ta = Al = = 7. Bogw-r .
J T H(ooss | 42MPpa Ans

" a0on-m

Taz679MrA
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5-13. A steel tube having an outer diameter of 2.5 in. is
used to transmit 350 hp when turning at 27 rev/min.
Determine the inner diameter d of the tube to the nearest
%in. if the allowable shear stress is 7,0y = 10 ksi.

=2.8274 rad/s

o= 27(27)
60

P=Tw

350(550) =7(2.8274)

T =68 082.91b-ft
Tc

Tmax = Tallow = J

.y 68 082.9 (12)(1.25)
10ffp3) = =222 U02)
(o) §(1.254-c,»4)

¢; =1.2416 in.
d=248in,
Use d= 2-2- in. Ans
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5-14 The solid shaft has a diameter of 0.75 in. If it is sub-
jected to the torques shown, determine the maximum shear
stress developed in regions BC and DE of the shaft. The
bearings at A and F allow free rotation of the shaft.

Tec=35 #Ft
F £
i
D > AN 35 lb-ft
C % 25100
f /ﬁ 4016

A 20161t A0 b4
35 1ot *
Te=25H
Tp 35(12)(0.375
(Ts)men = 26€ = DUDOITI) _ 5096 05 = 5,07 ksi Ans
7 EZ0375)°
_ Thec_ 25(12)(0.375) _ - :
(TDE)max = T 50375)" = 3621 psi= 3.62 ksi Ans
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5-15 The solid shaft has a diameter of 0.75 in. If it is sub-
jected to the torques shown, determine the maximum shear
stress developed in regions CD and EF of the shaft. The
bearings at A and F allow free rotation of the shafl.

R

c 25 1bt
E( ~ 40ibn
A 201b01
35100
fov=—
1
Tzr €
(TeF)maz = —— = 0 Ans
J
Tep ¢ 15(12)(0.375
(Tepdmax = D= (2)( )

> 25/ f1
J j‘(O.375)4 7(,;:[5 ”)f{ 40 /Af{
2173 psi= 2.17 ksi Ans

]
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*5-16 The steel shaft has a diameter of 1 in. and is screwed
into the wall using a wrench. Determine the largest couple
forces F that can be applied to the shaft without causing the
steel to yield. 7y = 8 ksi.

T =
Tc 3 F(16)(0.5)
= =55 8(10°) = ———=
Tmax (107) 2(0.5)°
F =9821b Ans
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5-17 The steel shaft has a diameter of 1 in. and is screwed
into the wall using a wrench. Determine the maximum shear
stress in the shaft if the couple forces have a magnitude of
F=301b.

T = 30(16) = 4801b-in.

Tmax = E =i§9&.5—)‘ = 2.44 ksi Ans
7 E05)*
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5-18. The steel shaft is subjected to the torsional loading
shown. Determine the shear stress developed at points A and
B and sketch the shear stress on volume elements
located at these points. The shaft where A and B are located
has an outer radius of 60 mm.

_Tp _3.5(10°(0.04)
I §006)*

= 688MPa Anms

1:---——-—————- 10.3MPa Ans

R B
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5-19. The steel shaft is subjected to the torsional loading
shown. Determine the absolute maximum shear stress in the
shaft and sketch the shear-stress distribution along a radial
line where it is maximum.

Maximum torque is 8.5 kN - m; however, two sections :
of the shaft should be considered since J is different.

Te_ 5100004 _ oo vipa

zll!\ll

J 2(0.04)4 TR M )
Tmax =ZE= 25—923_)@ = 25.1 MPa .00
J (0.06)* "
A
1,',,,;, = 49.7 MPa Ans
abs
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*5-20 The 20-mm-diameter steel shafts are connected
using a brass coupling. If the yield point for the steel is
(7v)x = 100 MPa and for the brass (7y)py =250 MPa,
determine the required outer diameter d of the coupling so
that the steel and brass begin to yield at the same time when
the assembly is subjected to a torque T. Assume that the
coupling has an inner diameter of 20 mm.

For the steel shaft :
Tc 7(0.01)
Tmax = —;  100(10°) = ———; T = 157.08N-
7 )= Zo0n7 "
For the brass coupling :
157.08(%)

Tmax = Ie, 250(10°%) = —— 2
J (5 - (0014

24.5437(10°)(d*) - 78.54d - 3.9270 = 0
Solving,

d=0.0219m = 21.9mm Ans
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5-21 The 20-mm-diameter steel shafts are connected using
a brass coupling. If the yield point for the steel is (7y)y =
100 MPa, determine the applied torque T necessary to cause
the steel to yield. If d = 40 mm, determine the maximum
shear stress in the brass. The coupling has an inner diame-
ter of 20 mm.

For the steel shaft :
Tc 5 7(0.01)
Ty)st = — 100(10°) = -
() = 5 (10%) = = oon? T.-T
’ T
T = 15708 N-m = 157 N-m Ans

For the brass shaft :

(Tmax dpr = E = w = 13.3 MPa Ans

1§57 08N~
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5-22. The coupling is used to connect the two shafts
together. Assuming that the shear stress in the bolts is
uniform, determine the number of bolts necessary to
make the maximum shear stress in the shaft equal to the
shear stress in the bolts. Each bolt has a diameter d.

n is the number of bolts and F is the shear force in each bolt

T—nFR:O; F=_T. g / r
L SN
. < F_ & 4T
avg—A—-‘—E=~_
. (Hd nRrd?

Maximum shear stress for the shaft :

__Tc__Tr 2T
tmax“?——-:— //-\.1, nE

zz’ ol 7o) f \
7%‘
4T 2T v

T“'l = Tmax ; —— e
andz zr?
n= 2r? N
= A ns
Ra?
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5-23. The steel shafts are connected together using a
fillet weld as shown. Determine the average shear stress
in the weld along section a-a if the torque applied to the
shafts is T = 60 N - m. Note: The critical section where
the weld fails is along section a-a.

T=ONT 13

(60/(0.025 +0.006))
27(0.025 +0.006)(0.012sin45°)

|4
1“.' =; =

Tavg =1.17MPa  Ans
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#5.24 The rod has a diameter of 0.5 in. and a weight of 5 1b/1t.
Determine the maximum torsional stress in the rod at a sec-
tion located at A due to the rod’s weight.

2(5)=/01b

3(s)=151b

+ /-5 §t
IM =0 T. — 15(1.5) - 5(3) = 0;

T, = 37.51b-fi
37.5(12)(0.25)

ZE(().ZS)4
18.3 ksi Ans

Tc
(TA)max = _J— =
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5-25 Solve Prob. 5-24 for the maximum torsional stress at B.

15)=5 |}

3(s)=/5 )b 5 ',,14? ¢
1(s)=5/8
25t
IM =0, -15(15) -53)+T=0;
T, = 37.51b-ft = 450 Ib-in.
(T8)max = Te_45000.25 = 183 ksi Ans

J X025)
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Because of the number and variety of potential correct solutions to this problem, no
solution is being given.

From Mechanics of Materials, Sixth Editionby R. C. Hibbeler, ISBN 0-13-191345-X.
© 2005 R.C. Hibbeler. Published by Pearson Prentice Hall,
Pearson Education, Inc, Upper Saddle River, NJ. Allrights reserved.
This material is protected under all copyright laws as they currently exist. No portion of this material may be
reproduced, in any form or by any means, without permission in writing from the publisher.




5-27. The shaft is subjected to a distributed torque along
its length of ¢ = (10x?) N - m/m, where x is in meters. If
the maximum stress in the shaft is to remain constant at
80 MPa, determine the required variation of the radius ¢
of the shaft for 0 = x =3 m.

T=[rax = [10P8 = %"x’

_ Tc, 6y _ ("32)1:‘:
T= 80(10%) = o
2
& = 26526 (10°) &°
¢ = (2.98 x) mm Ans
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