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d,

dg PROBLEM 1.1

125 1\\/ B l c

(V»l ) kN

Two solid cylindrical rods AB and BC are
welded together at B and loaded as shown.

T it [ } Knowing that d; = 30 mm and d, = 50 mm,
) find the average normal stress at the midsection
0.9 m | 1.2m of (a) rod AB, (b) rod BC.

SOLUTION

(a) RodAB:
Force:
Area:

Normal stress: oz =

(b) RodBC:
Force:

Area:

Normal stress:  oge = —

P =60x10°N tension

A= %df - %(30 x107%)% = 706.86 x 10 m?
P 60 x 10°

A~ To5ee.1gF - 4882 10°Pa opg = 84.9 MPa <
. X

P =60 x10° — (2)(125 x 10%) = —190 x 10° N

A= %dg - %(50 x107%)% =1.96350 x 10> m?

_ 3
P 190x10° 56,766 x 10°Pa

A 1.96350 x107°
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" ll PROBLEM 1.2

: ‘ Two solid cylindrical rods AB and BC are
60 kN k welded together at B and loaded as shown.
Knowing that the average normal stress must

125 kN not exceed 150 MPa in either rod, determine
. R the smallest allowable values of the diameters
0.9m { 1.2m dl and d2.
SOLUTION
(a) RodAB:
Force: P=60x10°N
Stress: oas = 150 x 10° Pa
Area: A=242
4
A Oag
242 = L
4 OB
3
dlz _ 4P _ (4)(60 ><106) — 509.30 x 10~ m?
oy (150 x 10°)
d, = 22.568 x 103m d, = 22.6 mm <
(b) RodBC:
Force: P =60 x10° — (2)(125 x 10%) = —190 x 10° N
Stress: ogec = —150 x 10° Pa
Area: A=242
4
o _P_u4pP
BT A 7d3
_ 3
g2 = 4P _ (X 190“%) = 1.61277 x 103 m?
o (=150 x 10°)
d, = 40.159 x 10°m d, = 40.2 mm <«

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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30 in.

B

— ~— 1.25in.

PROBLEM 1.3

Two solid cylindrical rods AB and BC are welded together at B and loaded as
shown. Knowing that P = 10 kips, find the average normal stress at the

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

12 kilx\
25 in. X
— ~<— (.75 in.
(&
I)
SOLUTION
(a) RodAB:
P =12 +10 = 22 kips
A=24d2 = Z(1.25) =1.22718 in’
4 4
P 22 . .
=— = =17.927 ksi Oan =17.93 ksi 4
T8 = AT 120718 AB
(b) RodBC:
P =10 kips

A= %dg - %(0.75)2 = 0.44179 in?

10

0.44179
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| PROBLEM 1.4
A
Two solid cylindrical rods AB and BC are welded together at B and loaded as
shown. Determine the magnitude of the force P for which the tensile stresses in
30 in. rods AB and BC are equal.
— -~ 1.25 in.
B
12 kips
)
25 in. '
— ~<— (.75 in.
C
o
SOLUTION
(a) RodAB:
P =P +12kips
2
A=T9 T 5iny
4 4
A =1.22718in?
o = P +12 kips
A% 1.227181in?
(b) RodBC:
P=P

A=2d2="(075in)?
4 4

A = 0.44179 in®
~ P
78C = 0.44179 in?
OaB = OBC
P +12kips P
1.22718in%  0.44179 in?
5.3015 = 0.78539P P = 6.75 kips <

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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L2008 PROBLEM 1.5

A strain gage located at C on the surface of bone AB indicates that the average normal stress
in the bone is 3.80 MPa when the bone is subjected to two 1200-N forces as shown.
Assuming the cross section of the bone at C to be annular and knowing that its outer diameter
is 25 mm, determine the inner diameter of the bone’s cross section at C.

Y 1200 N

SOLUTION
o=f . AP
A o
. _ T2 2
Geometry: A= Z(dl —-dy)
42 =gz 2A_g2 4P
T o
42 = (25 x 10792 - — D200 _
7(3.80 x 10°)
= 222.92x10°%m?
d, =14.93x10°m d, =14.93mm <«

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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PROBLEM 1.6

A g Two steel plates are to be held together by means of 16-mm-
diameter high-strength steel bolts fitting snugly inside cylindrical
= brass spacers. Knowing that the average normal stress must not
exceed 200 MPa in the bolts and 130 MPa in the spacers,
determine the outer diameter of the spacers that yields the most
economical and safe design.

lﬂ \
ﬂ

SOLUTION

At each bolt location the upper plate is pulled down by the tensile force Py of the bolt. At the same time, the
spacer pushes that plate upward with a compressive force Ps in order to maintain equilibrium.

Pb = PS
For the bolt, oy = B 4—Pb2 or R = Zoyd?
A, mdy 4
For the spacer, o = L % or P, = 2o, (d? - dd)
A z(dg —dy) 4

Equating B, and P,,

T T
70005 = 7 ou(ds — )
do = [|1+2|d, = (1+@j(16) d, = 252 mm <
o 130

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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PROBLEM 1.7

0.4 m

C Each of the four vertical links has an 8 x 36-mm uniform rectangular

%) cross section and each of the four pins has a 16-mm diameter. Determine

¢/ 0-2m  the maximum value of the average normal stress in the links connecting
(a) points B and D, (b) points C and E.

SOLUTION

Use bar ABC as a free body. 20 kN
Y F 0.025 e (), 040 . ___sl
D]

B c
Fao Fee

>

M. =0: (0.040) Fgp — (0.025 + 0.040)(20 x 10°) = 0

Fap = 32.5x10°N Link BD is in tension.
Mg =0: —(0.040) For — (0.025)(20 x 10%) = 0

Feg = —12.5x10°N Link CE is in compression.
Net area of one link for tension = (0.008)(0.036 — 0.016) = 160 x 107® m?

For two parallel links, A= 320 x 10 m?

Fep _ 32.5x10°
A 320x10°

Avrea for one link in compression = (0.008)(0.036) = 288 x 10~° m?

@ ogp = =101.563 x 10° osp = 101.6 MPa <«

For two parallel links, A =576x10"°%m?
_ 3
b) o = 'i: = % = —21.701x10°8 oee = —21.7 MPa <

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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PROBLEM 1.8

Link AC has a uniform rectangular cross section % in. thick and 1 in. wide.
Determine the normal stress in the central portion of the link.

4 in. A ‘ 120 Ib

8-

:3()"‘\«/46:@

L—]() in.—»\« 8 in.—»‘

SOLUTION

Use the plate together with two pulleys as a free body. Note that the cable tension causes at 1200 Ib-in.

clockwise couple to act on the body.
8y
I B'

_r’llo o

1o YO
(20 llgé

gyl

Fae
)EMg = 0: — (12 + 4)(Fac €0530°) + (10)(Fac sin30°) — 1200 Ib = 0
16 cos30° — 10 sin30°
Area of link AC: A=1in.x % in. = 0.125 in®
Stress in link AC: Opc = Fac _ 13550 _ 444 psi = 1.084 ksi <
A 0.125

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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PROBLEM 1.9

Knowing that the central portion of the link BD has a uniform cross-
sectional area of 800 mm?, determine the magnitude of the load P for
which the normal stress in that portion of BD is 50 MPa..

1.92 1

(=]
in
=)
B

. L&L =o=—

SOLUTION
Draw free body diagram of link AC.

Fgp = oA
(50 x 108 N/mz)(SOO x 107 m2)

40 x10° N

BD = ,/(0.56 )’ +(1.92 m)?

=2.00m
Free Body AC: ) M¢ =0 E(40 x10°)(1.4) + E(40 x10°)(1.4) - P(0.7 +1.4) = 0
2.00 2.00
P =331x10°N

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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P =33.1kN <«

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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PROBLEM 1.10

\\/\OC Vo
/6 Link BD consists of a single bar 1 in. wide and
/;\o 1 in. thick. Knowing that each pin has a 2 -in.
- diameter, determine the maximum value of the
e average normal stress in link BD if (&) 8 =0,
/ (b) & =90°.
,\\ ‘\:31)"
gk
SOLUTION
Use bar ABC as a free body.
Use Bar AB& Y kip's
as tree ‘raoafY. e
Ax
Ry
@ é=0.

£)EM, = 0: (185in30°)(4) - (L2 c0530°)Fgp = 0
Fgp = 3.4641kips (tension)

Avrea for tension loading: A=(0b-d)it= (1 - gj(%} = 0.31250 in?

Stress: _ Fep _ 34641 k!pz o =11.09 ksi 4
A 0.31250 in

(b) 6=90°
£)EM, = 0: —(18 c0s30%)(4) — (L2 c0s30°)Fgp = 0
Fgp = —6 kips i.e. compression.
Area for compression loading: A=ht = (1)[%) = 0.5in?
Stress: o~ Feo _ 6 k.|p25 o =12.00 ksi <
A 0.5in

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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A B (64
I

PROBLEM 1.11

The rigid bar EFG is supported by the truss system shown.

‘ 3600 Ib
<4 ft—>{~—4 ft—>]<—4 fi

NS AN
l F‘? \(;E 3‘\%1? \\g Knowing that the member CG is a solid circular rod of 0.75-

in. diameter, determine the normal stress in CG.

SOLUTION

Fie © €

7
F'
s 36004t
Fee
Rz Fér 1\ FCG
& & _,,G
Foz \b agoofh.

Using portion EFGCB as free body,

+ =F, = 0: g Fae —3600 =0, F,e = 6000 Ib

Use beam EFG as free body.

3 3
)IMg = 0: - (4)§ Fae + (4)g Feg =0

Fae = Fcg = 6000 1b
Normal stress in member CG

2
Area: A= % — 0.44179 in?

F _ 6000
A 044179

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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PROBLEM 1.12

R
3ft \ . \ ‘ \\ The rigid bar EFG is supported by the truss system shown.
I D \\‘):E NP % Determine the cross-sectional area of member AE for which
— P" e the normal stress in the member is 15 ksi.
‘ 3600 1b
<4 ft— <4 fi—><—4 fi
SOLUTION
Using portion EFGCB as free body,
Fre 8 4 R, =0 g Fac —3600 =0, F,e = 6000 Ib
Fae E & Normal stress in member AE = 15 ksi
F
P OnE =
- 3600 Jb, A
A F  6.00 kips
ope 15Kk

A =0.400in’> 4

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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PROBLEM 1.13

> { ‘ Dimensions in mm
< 1

A ﬁ “0“_" ”T\R’ %—{IOO An aircraft tow bar is positioned by means of a single
\@i ¢ cll |' lc =L~ 1.5 hydraulic cylinder connected by a 25-mm-diameter steel
Q/ F =z B rod to two identical arm-and-wheel units DEF. The mass
/ @ E 250 of the entire tow bar is 200 kg, and its center of gravity
| is located at G. For the position shown, determine the
850 ' 500 ' 675 825 normal stress in the rod.
SOLUTION

FREE BODY — ENTIRE TOW BAR:

A 1150 wmm
Ax B s ‘rt\\\f\\
—e] G - | }DB W = (200 kg)(9.81 m/s®) = 1962.00 N
A — £)EM, = 0: 850R —1150(1962.00 N) = 0
R R = 2654.5 N

FREE BODY — BOTH ARM & WHEEL UNITS:

tana = @ a = 8.4270°
675

£)IMg = 0: (Fgp COsa)(550) — R(500) = 0
500

Fep = m(%sm N)
= 2439.5N (comp.)
500mm GTS mm oo = Fep ___ 24395N 2
R=2654.5 i«N Acp 7(0.0125 m)
= —4.9697 x 10°Pa ocp = —4.97 MPa <

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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150 mm PROBLEM 1.14

800 N

600 mm-——

<300 mm
As— T ¥ C Two hydraulic cylinders are used to control the position

g 7 B of the robotic arm ABC. Knowing that the control rods
attached at A and D each have a 20-mm diameter and

happen to be parallel in the position shown, determine the

average normal stress in (a) member AE, (b) member DG.

400 mm
Lﬁm'@ i
T R

150 mm 200 mm

SOLUTION

Use member ABC as free body.
Use member ABC

os Tree body. 1800 N
A p—
8. c

SEM, = 0: (0.150)% Fac — (0.600)(800) = 0
Fae = 4x10°N
Area of rod in member AEis A = %dz = %(20 x107%)? = 314.16 x 10 °m?

3
Stress in rod AE: Ope = Fre _ 410 = =12.7324 x10°Pa
A 314.16 x 10~

Use combined members ABC and BFD as free body.

EMg = 0 (0.150)(% FAEJ - (0.200)(% FDGJ — (1.050 — 0.350)(800) = 0

Area of rod DG: A= %dz - %(20 x107%)? = 314.16 x 10 ° m?

Stress in rod DG: Opg = Foo 71500 _ 47746 x10°Pa

A 3.1416 x107°

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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: PROBLEM 1.15
" . Knowing that a force P of magnitude 50 kN is required to punch a hole
|l of diameter d = 20 mm in an aluminum sheet of thickness t = 5 mm,
| determine the average shearing stress in the aluminum at failure.

—d—
T
|
|
I
|

SOLUTION

Avrea of failure in plate:
A = zdt = 7(0.020 m)(0.005 m)
= 3.1416 x 10 m?

Average shearing stress:
P
Tavg = Z
_ 50 x10°N
3.1416 x 10 m?

=159.2 MPa <«

Tavg

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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—Sin PROBLEM 1.16

Two wooden planks, each % in. thick and 9 in.
' = ‘ wide, are joined by the dry mortise joint shown.
— o Knowing that the wood used shears off along its
2,-,..1 = O grain when the average shearing stress reaches
—k 1.20 ksi, determine the magnitude P of the axial

load that will cause the joint to fail.

SOLUTION
Six areas must be sheared off when the joint fails. Each of these areas has dimensions g in. x % in., its area
being

A=2xL_ 502 _03125in2
8 2 16

At failure, the force carried by each area is

F = rA = (1.20 ksi)(0.3125 in?) = 0.375 kips

Since there are six failure areas,
P = 6F = (6)(0.375) P = 2.25 kips <«

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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0.6in. PROBLEM 1.17
g
> Pl
| ‘ =D ‘ p  When the force P reached 1600 Ib, the wooden specimen shown failed in
----- = shear along the surface indicated by the dashed line. Determine the
" [4_,| “,\ 1 average shearing stress along that surface at the time of failure.
SOLUTION

Area being sheared:

Force:

Shearing stress:

A=3in.x06in. =1.8in?

P — 1600 Ib
r= P 160010 _ g ga89 x 102 psi
A 1.8in

7 =889 psi <

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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‘4—4() nnn——’

|

PROBLEM 1.18

'“"'% | = Jg A load P is applied to a steel rod supported as shown by an aluminum

12 |n|n—>‘ L—

plate into which a 12-mm-diameter hole has been drilled. Knowing that
the shearing stress must not exceed 180 MPa in the steel rod and 70 MPa
in the aluminum plate, determine the largest load P that can be applied to
the rod.

SOLUTION
For steel: A = zdt = 7(0.012 m)(0.010 m)

= 376.99 x 107® m?

7 = % P = Az, = (376.99 x 10°° m?)(L80 x 10° Pa)

= 67.858 x 10° N

For aluminum: A, = zdt = 7(0.040 m)(0.008 m) = 1.00531 x 10> m?
T, = % . P = Ay, = (1.00531 x 10 m?)(70 x 10° Pa) = 70.372 x 10°N

Limiting value of P is the smaller value, so P =67.9kN «

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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PROBLEM 1.19

N L The axial force in the column supporting the timber beam shown is P
< NS \ = 20 kips. Determine the smallest allowable length L of the bearing plate
. T / if the bearing stress in the timber is not to exceed 400 psi.
.‘V{// > ” >
\ () b in
l)
SOLUTION

Bearing area: A, = Lw

O, = i
T A Lw
P 20 x10°Ib

= — —— =8.33in. L =8.33in. 4
oW (400 psi)(6in.)

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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PROBLEM 1.20

]““ 12 mm Three wooden planks are fastened together by a series of bolts to form
¥ a column. The diameter of each bolt is 12 mm and the inner diameter
of each washer is 16 mm, which is slightly larger than the diameter of
the holes in the planks. Determine the smallest allowable outer
diameter d of the washers, knowing that the average normal stress in
the bolts is 36 MPa and that the bearing stress between the washers

and the planks must not exceed 8.5 MPa.

SOLUTION
2 2

Bolt: Agor = ”j - ”(0'012 M _ 113007 x 10 m?
Tensile force in bolt: o= % = P=0cA

= (36 x 10° Pa)(1.13097 x 10* m?)

= 4.0715x10°N

: . Y 2
Bearing area for washer: A, = Z(d" - d; )
and A, = P
OBRG

Therefore, equating the two expressions for Ay gives

V4 P
R e
OBRG
62 = 224 g2
TTOBRG
_ 4 (4.0715x10°N)
7 (8.5x10°Pa)
d2 = 8.6588 x 10~ m?

d, = 29.426 x103m

+(0.016 m)?

d, =29.4mm <

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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{0 kN

120 mm

<

’)\/ L /1,

100 mm

PROBLEM 1.21

A 40-kN axial load is applied to a short wooden post that is
supported by a concrete footing resting on undisturbed soil.
Determine (a) the maximum bearing stress on the concrete
footing, (b) the size of the footing for which the average bearing
stress in the soil is 145 kPa.

SOLUTION
(a) Bearing stress on concrete footing.
P =40kN = 40 x10°N
A = (100)(120) = 12 x 10°mm? = 12 x 103 m?
3
P29 53333x10°Pa 3.33 MPa <
A 12x10°
(b) Footingarea. P = 40 x10°N o = 145 kPa = 45 x 10°Pa
3
o=r A:E:40><_103:0_27586m2
A o 145x10
Since the area is square, A = b?
b = A =0.27586 = 0.525 m b =525mm <«

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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P PROBLEM 1.22

The axial load P = 240 Kips, supported by a W10 x 45 column, is
Y| - distributed to a concrete foundation by a square base plate as shown.
‘ : Determine the size of the base plate for which the average bearing

stress on the concrete is 750 psi.

SOLUTION

~ 240x10% Ib
750 psi

= 320 in?

Since the plate is square,
A = b?
b = /320 in?

b =17.89in. <

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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,,/v'[\ PROBLEM 1.23
‘//\ An axial load P is supported by a short W8 x 40 column of cross-
/ g sectional area A = 11.7 in? and is distributed to a concrete foundation
< | F \J\ by a square plate as shown. Knowing that the average normal stress in
. . v // . the column must not exceed 30 ksi and that the bearing stress on the
. concrete foundation must not exceed 3.0 ksi, determine the side a of
the plate that will provide the most economical and safe design.

| o |
_///v

SOLUTION

For the column, o = % or

P = oA = (30)(11.7) = 351 kips

For the a x a plate, o = 3.0 ksi

Since the plate is square, A = a2

a=+A =117 a =10.82in. <

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of
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75 mm PROBLEM 124
| 300 mm i
P A 6-mm-diameter pin is used at connection C of the pedal shown.
Knowing that P = 500 N, determine (a) the average shearing
S stress in the pin, (b) the nominal bearing stress in the pedal at C,
D (c) the nominal bearing stress in each support bracket at C.

SOLUTION

Since BCD is a 3-force member, the reaction at C is directed toward E, the intersection of the lines of act of
the other two forces.

From geometry, CE =+/300% +125? =325 mm
From the free body diagram of BCD,
125
+] =F, =0::C-P=0  C=26P=26(50N)=1300N
1 1
2¢ 5S¢
(a) 1‘pir_|=—=—=—2
AP de zd
4
2(1300 N
Toin = (—)2 = 23.0 x10° Pa
7(6x107° m)

Tyin = 23.0 MPa 4

(1300)

cC C
b - - = 24.1x10° Pa
®) o A dt (6x107)(9x107) "
o, = 24.1MPa <
~c
© op=2 =2 = (1300) = 21.7 x10° Pa
A 2t 2(6x107°)(9x107)
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oy, = 21.7 MPa <
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PROBLEM 1.25

Knowing that a force P of magnitude 750 N is applied to the pedal
shown, determine (a) the diameter of the pin at C for which the
average shearing stress in the pin is 40 MPa, (b) the corresponding
bearing stress in the pedal at C, (c) the corresponding bearing stress
in each support bracket at C.

SOLUTION

Since BCD is a 3-force member, the reaction at C is directed toward E, the intersection of the lines of action
of the other two forces.

m

From geometry, CE =+/300% +125? =325 mm
From the free body diagram of BCD,

H3F =0:22c-p=0  C=26P=26(750N)=1950N
325
1 1
“c =cC
(@) ;o2 _2° 2
pin 2
AP de zd
4
2090N) g ez, 10%
ﬂ(40><106 Pa)
d =557 mm «
C _C (1950) i
b) o,=—=—-= = 38.9 x 10° Pa
®) o A dt (557x107)(9x107)
1
=c
© o -2--S_ (1950) = 35.0 x 10° Pa
A, 2dt 2(557 x10*3)(5 x107)
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100 mm 175mm/r\ PROBLEM 126
\ j! = ﬁ 9)\7, The hydraulic cylinder CF, which partially controls the position of rod
BT o0 \ DE, has been locked in the position shown. Member BD is 15 mm
’ Ly wE thick and is connected at C to the vertical rod by a 9-mm-diameter
\ bolt. Knowing that P = 2 kN and & = 75°, determine (a) the average
2()()\11:111 /1 ‘P shearing stress in the bolt, (b) the bearing stress at C in member BD.
A (,04 5

| |

45 mm

SOLUTION

Free Body: Member BD.
Free Bad-f.' ﬂen\ber 8D

Dmensiwns in mm

+‘)ZMC =0: j—g Fag (100 cos20°) — %FAB(loo sin 20°)

—(2 kN) cos 75°(175sin 20°) — (2 kN)sin 75°(175c0s20°) = 0
L Fio(4000520° - 95in 20°) = (2 kN)(LTS)sin(75° + 20°)
Fag = 4.1424 kN
+.SF, =0: C, - %(4.1424 kN) + (2 kN)cos75° = 0
C, = 0.39167 kN
40 :
+zF, =0 C, - 7 (41424 KN) — (2 kN)sin75° = 0
C, = 5.9732 kN

C = 5.9860 kN " 86.2°
C 5.9860 x 10° N

a) r.=—=—""""" " -941x10°Pa = 94.1 MPa
@ T 7(0.0045 m)?

o=
C _ 59860 x10°N
td  (0.015 m)(0.009 m)

= 44.3x10%Pa = 44.3 MPa
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0.4 m

PROBLEM 1.27

section.

For the assembly and loading of Prob. 1.7, determine (a) the average
shearing stress in the pin at B, (b) the average bearing stress at B in
member BD, (c) the average bearing stress at B in member ABC,
knowing that this member has a 10 x 50-mm uniform rectangular cross

PROBLEM 1.7 Each of the four vertical links has an 8 x 36-mm
uniform rectangular cross section and each of the four pins has a 16-mm
diameter. Determine the maximum value of the average normal stress in
the links connecting (a) points B and D, (b) points C and E.

SOLUTION
Use bar ABC as a free body. 2o <0, 015 _«T&m O. DL ———
A ) l ci
Feo Fee

=M =0 (0.040)Fgp — (0.025 + 0.040)(20 x 10%) = 0

Fap = 32.5x10°N

(@) Shear pin at B.

where

(b) Bearing: link BD.

(c) Bearing in ABC at B.

. _3Fe0 _ (05)(325x10°)

T = Feo for double shear
2A

A= %dz = %(0.016)2 = 201.06 x 107°m?

o __ 325x 10°
(2)(201.06 x 107%)

=80.822 x 10°Pa

A = dt = (0.016)(0.008) = 128 x 10"°m?

= 126.95 x 10° Pa

A 128 x 1076
A = dt = (0.016)(0.010) = 160 x 10°m?

3
_ Fep _ 325x10° _ 50015 10%Pa

O}
T A 160x107

7 =80.8 MPa «

oy, =127.0 MPa <
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PROBLEM 1.28
H m A R 5 Two identical linkage-and-hydraulic-cylinder systems control the
« P b position of the forks of a fork-Iift truck. The load supported by the one
| ‘ A 4 “;"" system shown is 1500 Ib. Knowing that the thickness of member BD is
& i 3 in., determine (a) the average shearing stress in the %—in.—diameter
q | N + pinatB, (b) the bearing stress at B in member BD.
~D E ¥ 1500 1b
]STin.
I A1
s 7 7
16in.  16in. 20 in.
SOLUTION
Use one fork as a free body.
8 Mg = 0: 24E — (20)(1500) = 0
B« E =12501b —
+.SF, =0: E+B, =0
B, = —E
E 1500 b B, = 1250 Ib ~—
| I +/ZF, =0: B,-1500=0 B, =1500 I

B = /B2 + B2 = V12507 + 15007 =1952.56 Ib

() Shearing stress in pin at B.

2
A = 2 d2, = f(%} = 0.196350 in?

4PN g
po B 199256 g0 10%psi 7 = 9.94ksi «
A 0196350

(b)  Bearing stress at B.
B  1952.56

TTa (5))

= 6.25 x 10% psi o = 6.25ksi 4
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PROBLEM 2.1

A 2.2-m-long steel rod must not stretch more than 1.2 mm when it is subjected to a 8.5-kN
tension force. Knowing that E = 200 GPa, determine (a) the smallest diameter rod that should be
used, (b) the corresponding normal stress in the rod.

SOLUTION
8.5x10° N}(2.2 m
(@)  Strain: 5:&, a=PL_ ( )( ) =77.917x107°% m?
AE Es (200><109 N/mz)(1.2x10’3 m)
2 —6 2
Diameter:  A=79" 4- /ﬁ - J (77917107 M) _ 99603 %102 m
4 T T
d =9.96 mm <«
3
(b) Stress: o = L 85x10°N  _169.1x10°Pa o =109.1 MPa <

A 77.917 x10°° m?
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PROBLEM 2.2

A control rod made of yellow brass must not stretch more than § in. when the tension in the
wire is 800 Ib. Knowing that E = 15 x 10° psi and that the maximum allowable normal stress is
32 ksi, determine (a) the smallest diameter rod that should be used, (b) the corresponding
maximum length of the rod.

SOLUTION

(a) Stress: a:E,or A=E=%=25x10_3 in?
o 32x10° Ib/in

2 -3 :.2
Area: A:%, or d= /ﬁ;/M 0178412 in.
T T

: PL AEs  (25%10°° in?)(15x10° Ibfin®)(0.125 in.)
b) Strain: =, L= -
o S " 800 Ib

6=0.1784in. <

L=58.6in. 4
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PROBLEM 2.3

A 9-m length of 6-mm-diameter steel wire is to be used in a hanger. It is observed that the wire
stretches 18 mm when a tensile force P is applied. Knowing that E = 200 GPa, determine (a) the
magnitude of the force P, (b) the corresponding normal stress in the wire.

SOLUTION
(a) Strain: 5:%, or P:#
with A= ”22 - ”(0'036 M’ _ 28,274 x10° m?
p_ (0.018 m)(28.274><1;)_;m2)(200><109 N/m?) 11.3096x10° N
P=11.31kN <«
(b) Stress: P _ 11.3006x10° N = 400x10° Pa o =400 MPa <«

G=—"= 52
A 28.274x10 "m
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PROBLEM 2.4

A cast-iron tube is used to support a compressive load. Knowing that E = 69 GPa and that the
maximum allowable change in length is 0.025%, determine (a) the maximum normal stress in
the tube, (b) the minimum wall thickness for a load of 7.2 kN if the outside diameter of the tube
is 50 mm.

SOLUTION
(@
)
& =—
Ly
_ 0.00025L — 0.00025
o=E¢

= (69x10° Pa)(2.5x107*) =17.25x10° Pa

o =17.25 MPa <«

3
(b) Azszlo6 =417.39x107° m? =417.39 mm?
o 17.25x10
4)(417.39

A=2(d-d?), d= /doz —ﬁ:\/[soz —MJ =44.368 mm

4 T T

1 1
tzz(do —di)=§(50—44.368) t=2.82mm <
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PROBLEM 2.5

An aluminum pipe must not stretch more than 0.05 in. when it is subjected to a tensile load. Knowing that
E =10.1x10°psi and that the maximum allowable normal stress is 14 ksi, determine (a) the maximum
allowable length of the pipe, (b) the required area of the pipe if the tensile load is 127.5 kips.

SOLUTION
PL
a) S=-——
(@) AE
6
Thus. L - EAS_ES_ (104x10(0.06)
P o 14 x 10
L=36.1in. <
P
b o=-
b) o=
3
Thus, a= P _ 1275107 A=9.11in* <
o 14 x 10
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PROBLEM 2.6

A 60-m-long steel wire is subjected to a 6-kN tensile load. Knowing that E = 200 GPa and that
the length of the rod increases by 48 mm, determine (a) the smallest diameter that can be
selected for the wire, (b) the corresponding normal stress.

SOLUTION
6x10° N)(60 m
(a) 5=i, a-PL_ ( )( ) =37.5x10° m?
AE Es (200><109 N/mz)(48><10’3 m)
7d? 4A  [(4)(37.5x107° m?) 3
A="" d= |2 = =6.91x107°m
T T
d=6.91mm <«
(b)
3
azi—&zleoxmﬁpa o =160.0MPa <«

A 375x10°° m?
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PROBLEM 2.7

A nylon thread is subjected to a 2-Ib tension force. Knowing that E = 0.5 x 10° psi and that the
maximum allowable normal stress is 6 ksi, determine (a) the required diameter of the thread, (b)
the corresponding percent increase in the length of the thread.

SOLUTION
(@ o= %, A= g = W’:’b/inz = 0.33333x 1072 in?
A= ”sz, d = 4—: - J (4)(0'33333; 10700%) _ 6,020601 in.
d =0.0206 in. «
b) o=Ee, e:z:%;pzisizomzo £=1.20% 4
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PROBLEM 2.8

1
Two gage marks are placed exactly 10 in. apart on a 2 -in.-diameter aluminum rod with E = 10.1 x 106 psi and
an ultimate strength of 16 ksi. Knowing that the distance between the gage marks is 10.009 in. after a load is
applied, determine (a) the stress in the rod, (b) the factor of safety.

SOLUTION
(@ ©6=10.009-10.000=0.009 in.

§_o __ES_(101x10%)(0.009)
L

=9.09x10°%psi o =9.09 ksi 4
E L 10

(b Fs.=U_-2 F.5.=1.760 <«
O
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PROBLEM 2.9

A 9-kN tensile load will be applied to a 50-m length of steel wire with E = 200 GPa. Determine
the smallest diameter wire that can be used, knowing that the normal stress must not exceed 150
MPa and that the increase in length of the wire must not exceed 25 mm.

SOLUTION
Stress: o= P
A
3
PO PAON _goa0tm?
o 150x10°Pa
Deformation: 5=t
AE
3
- - io 450 —— =90x10"°m?
Eo (200 x 10°)(25 x107°)
The larger value of A governs: A = 90 mm?

2
A=Zg? = A |40 mm) d =10.70mm <«
4 V4 7
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PROBLEM 2.10

A 1.5-m-long aluminum rod must not stretch more than 1 mm and the normal stress must not
exceed 40 MPa when the rod is subjected to a 3-kN axial load. Knowing that E = 70 GPa,
determine the required diameter of the rod.

SOLUTION

Stress criterion:

3
Ly :% = 75.0 x10°m?
A o 40 x10°Pa
Deformation criterion:
5= L.
AE
_PL_ (3x10%)(L5)

= 64.29 x 10°°m?

T ES (70 x10%)(Lx107%)

2
The larger value governs: A:%d2 d= /ﬁ :JM d=9.77mm <«
T T
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PROBLEM 2.11

A nylon thread is to be subjected to a 2.5-lb tension. Knowing that E = 0.5 x 10° psi, that the
maximum allowable normal stress is 6 ksi, and that the length of the thread must not increase by
more than 1%, determine the required diameter of the thread.

SOLUTION
Stress: o= L
A
P 23 41667 x10%in?
o 6x10°Ib/in
Deformation: o= PL
AE
A= E(Ej = (2'56"’) ——(100) = 500 x 10"°in?
E\S (0.5 x10° Ib/in©)
The larger value of A governs:
6 =2
A="d? d= /ﬁ:J“(wOXlO in’) d =0.0252in. <
4 T T
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PROBLEM 2.12

A block of 250-mm length and 50 x 40-mm cross section is to support a centric compressive
load P. The material to be used is a bronze for which E = 95 GPa. Determine the largest load
that can be applied, knowing that the normal stress must not exceed 80 MPa and that the
decrease in length of the block should be at most 0.12% of its original length.

SOLUTION
Considering allowable stress:
P
o =—
A

P = Ao = (0.05m)(0.04 m)(80 x 10° N/m?) = 160.0 x 10*N

Considering allowable deformation:

_PL.

0 =—:
AE

P= AE[%) = (2x107° m?)(95 x 10° N/m?)(0.0012) = 228 x 10°N

Smaller value governs. P =160.0 kN <«
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P

130 kips

PROBLEM 2.13

Rod BD is made of steel (E=29x10°psi) and is used to brace the axially
compressed member ABC. The maximum force that can be developed in member
BD is 0.02P. If the stress must not exceed 18 ksi and the maximum change in
length of BD must not exceed 0.001 times the length of ABC, determine the

smallest-diameter rod that can be used for member BD.

SOLUTION
Fyp = 0.02P = (0.02)(130) = 2.6 kips = 2.6x10% Ib
Considering stress, o =18 ksi =18x10°psi

oolfeo . oa_Fen _26_ 400004002
A o 18

Considering deformation, & = (0.001)(144) =0.144 in.

s-reoleo . o_Feolen _ (2.6x10°)(54) =0.03362 in?
AE ES  (29x10°%)(0.144)

Larger area governs. A =0.14444 in®

A=Zd? dJE (4)(014244)
4 . -

d=0.429in. 4

Copyright ©2020 McGraw-Hill Education. All rights reserved. No reproduction or distribution without the prior written consent of

McGraw-Hill Education.



https://testbanks.ac/product/9781260113273-SOLUTIONS-5/

[CLI cK HERE TO ACCESS THE COMPLETE Sol uti ong

PROBLEM 2.14

The 4-mm-diameter cable BC is made of a steel with E =200 GPa. Knowing
that the maximum stress in the cable must not exceed 190 MPa and that the
elongation of the cable must not exceed 6 mm, find the maximum load P that
can be applied as shown.

L— 4.0 m —>‘

SOLUTION
Lo =V6% +42 =7.2111m
R
Use bar AB as a free body. = \
JEM,=0: 35P—(6)] o Fye |=0 i
+ =0: 35P-(6)| —— =
A O 72111 Fee Fec
P =0.9509F;
. . 6 e A b4
Considering allowable stress, o =190x10"Pa
A
A:%dz :%(0.004)2 ~12.566x10°m? 4
F
o= %C . Fge =0 A=(190x10°)(12.566 x10°) = 2.388 x10°N
Considering allowable elongation, § =6x107>m
—6 9 -3
5 Feclec . - AES _ (12.566x10°)(200x10°)(6x10°) _, 10 103y,
AE Lac 7.2111
Smaller value governs. Fge =2.091x10°N
P = 0.9509F;. = (0.9509)(2.091x10°%) =1.988x10°N P=1988 kN <«
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\

T 1.25-in. diameter
AP~
vK |

d
g

B
4 ft \# N
S :3&4

PROBLEM 2.15

A single axial load of magnitude P = 15 kips is applied at end C of the steel
rod ABC. Knowing that E = 30 x 10° psi, determine the diameter d of portion
BC for which the deflection of point C will be 0.05 in.

SOLUTION

Substituting, we have

0.05in. = (

O = % B (%]AB +[%]BC

Lpg = 4ft = 48in;  Lgc = 3ft = 36in.
2 tn )2
Aug = ”2 - ”(1'25'”') — 122718 in?

15 % 10° Ib 48in. +36in.
30 x 10%psi )| 1.227181in?  Agc

Age = 0.59127 in?

7d?
Agc = e
r d — ’4ABC
T
d < /4(0.59127 in?)
T

d = 0.86766 in.
d=0.868in. 4
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Area = 800 mm?

Area = 500 mm?

PROBLEM 2.16

The rod ABCD is made of an aluminum for which E = 70

1.75m GPa. For the loading shown, determine the deflection of

L4 f
100 kN
L] B |
1.25m
C | -
T5kN  1.5m

o

(a) point B, (b) point D.

D
50 kN
SOLUTION
Portion of
rod Pi Li A RL
AE
AB +25x10° N 1.75m 800x10°¢ m2 | 0.78125 mm
BC +125%x10° N 1.25m 800x10°% m? 2.7902 mm
CD +50x10° N 15m 500x10-° m2 | 2.1429 mm
(@) S5 = Oga 0.781mm{ <«
(b) g =Jg/a +Scis +Opic

0p =0.78125+ 2.7902 + 2.1429 = 5.7143mm

Sp =5.71mm{ <«
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PROBLEM 2.17

A B 10 C D
P'= LSKNF ) wwm p=15m0  The specimen shown has been cut from a 5-mm-thick
\_125 . [25_, sheet of vinyl (E = 3.10 GPa) and is subjected to a
L ! »‘ 1.5-kN tensile load. Determine (a) the total
40 50 40 deformation of the specimen, (b) the deformation of
its central portion BC.
SOLUTION
3 -3
s Pl _ (1.5%10° N)(40x10™° m) _154.839%10- m

P EAg  (3.1x10° N/M2)(25x10°° m)(5x10~° m)

PL, 5x10° -
s Plac _ (1.5x10° N)(50x10~° m) _48387x10-°m

°“ T EAge  (3.1x10° N/m?)(10x10° m)(5x1073 m)

Sep = Opg =154.839%x107° m
(@) Total deformation:
0 =0, +05c +p
5=79355x10"° m
0=0794 mm <

(b)  Deformation of portion BC :
Jgc =0.484 mm <«
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P PROBLEM 2.18
- The brass tube AB (E = 15 x 108 psi) has a cross-sectional area of 0.22
_ \ WA —L in. in? and is fitted with a plug at A. The tube is attached at B to a rigid plate
b A that is itself attached at C to the bottom of an aluminum cylinder (E =

10.4 x 108 psi) with a cross-sectional area of 0.40 in% The cylinder is
then hung from a support at D. In order to close the cylinder, the plug

must move down through & in. Determine the force P that must be
applied to the cylinder.

15.0 in.

SOLUTION

Shortening of brass tube AB:

Lag =15+ 6—‘1 =15.0469 in. A, = 0.22in”
Ep = 15 x 10° psi
PlLyg _ P(15.0469)

= - = 4.5597 x 10~°P
EasArg  (15x10°)(0.22)

5AB =

Lengthening of aluminum cylinder CD:

Lep =15in. A, =0.40in?  E.p =10.4x10° psi

P
Sep = - _ P(lf) =3.6058x10°P
EcoAco  (10.4x10°)(0.40)
Total deflection: Op = Opg + Ocp Where 6, = 6_3:1 in.

6—‘1 = (4.5597 x10°® + 3.6058 x 107°)P

P =5,740.61b P =5.74 kips 4
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P PROBLEM 2.19

AL Both portions of the rod ABC are made of an aluminum for which E =70 GPa.
Knowing that the magnitude of P is 4 kN, determine (a) the value of Q so that
the deflection at A is zero, (b) the corresponding deflection of B.

20)- iameter
Oidim 20-mm diameter

Q

60-mm diameter

SOLUTION

@ Ag= %d 2 = %(o.ozo)2 =314.16x10°m?

Agc = %déc = %(0_060)2 = 2.8274 %1073 m?

Force in member AB is P tension.

Elongation:

Pl (4x10%)(0.4)

Sap = = ; ——=72.756x10"°m
EAys  (70x10%)(314.16 x10°°)

Force in member BC is Q — P compression.

Shortening:
5. =QPlec . Q-P)OS) __;5563,10%q-P)

5T EAg (70x10°)(2.8274x10°)
For zero deflection at A, dgc = pg
2.5263x10°(Q - P)=72.756x10"° .. Q-P=28.8x10°N
Q=28.3x10° + 4x10% =32.8x10°N Q=328kN «

(b)  Opg =g =05 =72.756x10°m Opg =0.0728 mm | <«
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P PROBLEM 2.20

— Ak The rod ABC is made of an aluminum for which E =70 GPa. Knowing that
P =6 kN and Q =42 kN, determine the deflection of (a) point A, (b) point B.
0.4 m 20-mm diameter
Q
DR H 60-mm diameter
C
SOLUTION
15 T, T 2 6,2
Aug =~ Ui = (0.020)" =314.16x10°m
Agc = %déc = %(0.060)2 =2.8274x107°m’
Py = P =6x10°N
Psc =P —Q=6x10% —42x10% = -36x10°N
Lyg =04m Lg.=05m
Pl ®)(.
& G = ot (OA0)OD 09 195,100 m
AsE,  (314.16x10°%)(70x10°)
PacL - #)(0.
l, = 5o =ctee | 36*1?3 )(05) —=-90.947x10°m
Be AcE  (2.8274x107°)(70%10°%)
(@) S5, =0,5 +5c =109.135%x107° —90.947 x10°m =18.19x10 °m 5, =0.01819 mm T «
(b) S =sc =—90.9%x10°m =-0.0909 mm or 55 =0.0909 mm | «
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50 kips PROBLEM 2.21
B For the steel truss (E = 29 x 10° psi) and loading shown,
IR f determine the deformations of members AB and AD, knowinzg
A / D \ cgft that their cross-sectional areas are 4.0 in> and 2.8 in°,
;’f f 2= respectively.
‘ 13 ft , 13 ft !

SOLUTION
Statics: Reactions are 25 kips upward at A and C.
Member BD is a zero force member.

Ls =13? +8% =15.2643 ft =183.172 in.
Lap =13 ft =156 in.

Use joint A as a free body.

8
+T2F =0:25+——F,. =
y 15.2643 “°

Fag =—47.701 Kips
13

t e SF =0: Fay +—— Fpp =
B AD " 152643 "B
Vs Fas
A /7_,«* 7
2S
AD = _(13(47.700) =40.625 Kips
15.2643
Member AB:
5. —Faslas _ (—47.701x10%)(183.172)
A (29x10°)(4.0)
5,5 =—0.0753in. <
3
Member AD: 5, = a0ba _ (40.625x10°)(156)

EAs (29%10°)(2.8)
Sap =0.0780 in. «
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30 kips A

ft

o)

30 ]\i])\ B =, -‘j;:“:\ C

PROBLEM 2.22

For the steel truss (E =29x10°psi) and loading shown, determine the
deformations of the members BD and DE, knowing that their cross-

T R sectional areas are 2 in and 3 in?, respectively.
8 ft
l 30 kips D
T e S —8 E
8 ft
— A » &
A A
L—IS ft—
SOLUTION

Free body: Portion ABC of truss

3okips, A
T
3okigs /// ~C 5’1'* £)EMg =0: Fgp (15 ft) — (30 kips)(8 ft) — (30 kips)(16 ft) = 0
B F F Fap = +48.0 Kips
< B\E ;_CE &1t
For S

Free body: Portion ABEC of truss

Jo Kp'(_:ls Q

30kips

Fon

£> ¥F, =0: 30 kips +30 kips— Fp =0
Foe = +60.0 Kips

_ PL _ (+48.0x10°lb)(8x12 in.)

— — Sap = +79.4x107%in. «
AE (2 In“)(29 %10 psi)

PL _ (+60.0x10%Ib)(15x12 in.)

- o — Spe = +124.1x107%in. «
AE (31in°)(29x10° psi)
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150 kN PROBLEM 2.23
: )i‘ RS Members AB and BE of the truss shown consist of 25-mm-
o N N 75 Odiameter steel rods (E = 200 GPa). For the loading shown,

c ~ul|p AN
i}o g o E
L— 1.2 m—-L—1 2 m—»‘

determine the elongation of (a) rod AB, (b) rod BE.

SOLUTION

7d?  7(0.025m)’

AABZABEZ 4

Use joint E as a free body.

0.9

+T2Fy =0: - Fee ~75 kN =0

Foe =125.0 kN

Use triangle BDE as a free body.

\ SO \«N
£
—AD VB
|
|
AN ‘
\\‘ *
————————————
F D

(@)
(b)

=490.87 x10° m? Lg =+1.2° +0.9%2 =15m

) EMp =0: 0.9F, —(1.2)(75) =0

F,s =100.0 kN
Fasl
Ops = —éi\ =
'AB

B (100 x 10%)(1.2)
(200 x 10°)(490.87 x 107°)

=1.22232x10°%m

S = Foelae
BE
EAge
B (125 x 10%)(1.5)
(200 x 10%)(490.87 x 10°°)

=1.90987 x10% m
O =1.222 mm <
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PROBLEM 2.24

B C
A The steel frame (E = 200 GPa) shown has a diagonal brace BD with
| an area of 1920 mm?2. Determine the largest allowable load P if the
‘ change in length of member BD is not to exceed 1.6 mm.
6m
——\9 \\iﬁ"g‘l)
I 5m {
SOLUTION

Sgp =1.6x107°m, Agy =1920 mm? = 1920 x 10 °m?
Lgp = V5% + 62 = 7.810 m, Egp = 200 x 10°Pa

S I:BD I—BD
BD — E
BDABD
£ _ EspAepdep _ (200 x 10%)(1920 x 107%)(1.6 x 10°3)
o0 Lao 7.81
= 78.67 x10°N

Use joint B as a free body. »3F, = 0:

8 P

Fe e

5
7.810

5 (5)(78.67 x 10°)
P= Fep =
7.810 7.810
50.4 x 10° N P =50.4kN <
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b PROBLEM 2.25
D

295 mm Link BD is made of brass (E =105 GPa) and has a cross-sectional area of
240 mm?, Link CE is made of aluminum (E = 72 GPa) and has a cross-
sectional area of 300 mm?. Knowing that they support rigid member ABC,

-
-

(9 ©)
|A B determine the maximum force P that can be applied vertically at point A if
2 '5"l”““ the deflection of A is not to exceed 0.35 mm.
E
~— 225 mm —
125 mm
SOLUTION
Free body member AC:
T Fap +)EM¢ =0: 0.350P —0.225F, =0
A C Fgp =1.55556P
[ ]
‘l B - ‘L £)ZMy =0: 0.125P - 0.225F; =0
P Ce Fee =0.55556P
5y =6y = Fap Lep _ (1.555596P)(O.225)_6 _13.8889 x 10°°P
EspAsp (105 x 10°)(240 x 10°°)
Se = g = Feelce ~ (0.55556P)(0.150) 38581 x10°°P

EceAce (72 x10°)(300 x 10°°)

Deformation Diagram:

From the deformation diagram,

-9
e /] % Slope: 0= O +0c _17.7470x10°°P _ 78.876x10°P
1 | < [ 0.225

5g 5p =05 + g0
SA =13.8889x107°P + (0.125)(78.876 x10~°P)
=23.748x107°P

Apply displacement limit. 5, = 0.35x10m = 23.748 x 10°P
P =14.7381x 103N P=1474 kN <«
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180 mm

260 mm

A D

18 kN <— 240 mm — 18 kN

PROBLEM 2.26

Members ABC and DEF are joined with steel links (E = 200 GPa).
Each of the links is made of a pair of 25 x 35-mm plates. Determine
the change in length of (a) member BE, (b) member CF.

SOLUTION

Free body diagram of Member ABC:

em— Fee

O\Bm
= ' E‘bE

O.’L(om
LA —
V& N ®

(@)

(b)

Area for link made of two plates:

+‘)ZMB =0:
(0.26 m)(18 kN) — (0.18 m) Fer =0
Fer =26.0 kN
+—ZF, =0:
18 KN + Fye +26.0kN =0
Foe =—44.0kN

A=2(0.025m)(0.035 m) =1.750 10> m?

_ Feel  (-44.0x10° N)(0.240 m)

Sge =—0.0302 mm <

Soe =
7 EA  (200x10° Pa)(1.75x1073 m?)
=-30.171x10°m
Far L (26.0x10° N)(0.240 m)
Oce = =

=17.8286x10°m

EA  (200x10° Pa)(1.75x1073m?)

Ser =0.01783mm <«
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PROBLEM 2.27

Tiﬁﬁv
s Each of the links AB and CD is made of steel (E = 29 x 10° psi)
B ' e and has a uniform rectangular cross section of 7 x 1 in.
i Q ) 2 Knowing that they support rigid member BCE, determine the
i ¢ largest load that can be suspended from point E if the deflection
1 of E is not to exceed 0.01 in.
194
‘-(—10 in,—| 15 in. .
SOLUTION
Free body BCE:
tEes +)EM¢ =0: 10F,5 —15P =0
> c E Fas =1.5P
E— R ———————
I R +)3IMg =0: 10F,, —25P =0
Ere | £ Fop = 2.5P
Opg = Fas Las _ 1'56P(8) =1.65517x10° P = 5,
EA  (29x10°)(0.25)(1)
Sep = Fep Leo _ Z'ip@) =2.7586x10° P =5,
EA  (29x10°)(0.25)(1)
Deformation diagram:
P(1.65517x107° +2.7586x10°°
Slope0:55+5‘:: ( )
BC 10
Se > c E =0.44138x10°P
B =13, ‘
Qe \é‘

S =0 + L0

=2.7586x107°P + (15)(0.44138x10°°P)

=9.3793x10° P

Limiting the value of 6 =0.01in.

0.01=9.3793x10° P
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P =1.066kips <«
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PROBLEM 2.28

DY
‘ The length of the ﬁ-in -diameter steel wire CD has been adjusted so that
1.5 in with no load applied, a gap of 16 in. exists between the end B of the rigid
l ’«—x—» beam ACB and a contact point E. Knowing that E =29 x 10° psi,
ct_v :\ - determine where a 50-1b block should be placed on the beam in order to
A@ES ' -5 | cause contact between B and E.
;N
‘ igin
| 16 in. |
4 in
SOLUTION

Rigid beam ACB rotates through angle 6 to close gap.

0=

Point C moves downward.

1/106_3 125x10~° rad

5. =460 =4(3.125x10°) =12.5x10 % in
Sep = =12.5x107%in

2
T 2 7 3 3.2
=—d?=2] = | =6.9029x10%in
P =49 =5 (32j *
5 _ FCD LCD
CD — EAbD
£ _ FApdeo _ (29 x10°)(6.9029x1072)(12.5x107%)
L Ly 125
=200.18 Ib
Free body ACB:
F‘pT lso o £)=M, =0 4Ry, —(50)(20-%) =0
A 20— x = A20018) _ 16 5144
|
Ay 20 -x X = 3.9856 in.
For contact, x<3.99in. 4
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PROBLEM 2.29

A homogeneous cable of length L and uniform cross section is suspended from one end. (a) Denoting by p the
density (mass per unit volume) of the cable and by E its modulus of elasticity, determine the elongation of the
cable due to its own weight. (b) Show that the same elongation would be obtained if the cable were horizontal
and if a force equal to half of its weight were applied at each end.

SOLUTION

() Forelement at point identified by coordinate y,

L144017
P = weight of portion below the point
y = pgA(L-Y)
L ds =P _ pOAL—y)dy _ poL—y) 4
EA EA E

L

_(tp9b-y) o P9y, 12
5—IO—E dy = (Ly 2yj

L= E .
‘—L—‘&L L® 1 pgl?
E 2 2 E
(b)  Total weight: W = pgAL
2
g_EAS_EA 1pgL = = pgAL Folw <
L L 2 E
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d PROBLEM 2.30

A vertical load P is applied at the center A of the upper section of a homogeneous
frustum of a circular cone of height h, minimum radius a, and maximum radius b.
Denoting by E the modulus of elasticity of the material and neglecting the effect
of its weight, determine the deflection of point A.

SOLUTION

Extend the slant sides of the cone to meet at a point O and place the origin of the coordinate system there.

From geometry, tan o = b—Ta
a=—2 = r=ytana
' tana tana’
At coordinate pointy, A=zr?
. . i Pdy
Deformation of element of height dy: do = AE
P dy P dy

dé6=——== —
Exzr? zEtan’a y*
Total deformation:
5. = P body P 1 > _ P 1 1
AT 2 J- 2 2 vl T 2 15 h
rEtan“a’a y° zEtan“a\ y)|, zEtan“ala b

P b-a Ph-a) 5y = Ph
7Eab

 zEtan’a ab, 7Eab
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PROBLEM 2.31

Denoting by ¢ the “engineering strain” in a tensile specimen, show that the true strain is & =In(1+ ¢).

SOLUTION
=t _pnbto_ In(1+ij= In(L+ &)
L L L

Thus, g=In(l+¢) <4
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PROBLEM 2.32

The volume of a tensile specimen is essentially constant while plastic deformation occurs. If the initial
diameter of the specimen is di, show that when the diameter is d, the true strain is & =2 In(d,/d).

SOLUTION

I the volume is constant, 2 d?L =~ d2L,
4 41

2
gt=ln£=In ﬂj gt:ZInﬁ <
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/i B PROBLEM31
|

Determine the torque T that causes a maximum shearing stress of 70 MPa in the steel

| cylindrical shaft shown.
ﬂ \,I‘/'\ y

SOLUTION
Tc T
Tmax = T, J = 504
T
T = ECSTmaX
= %(0.018 m)3(70 x 10° Pa)
= 641.26 N - m

T=641N-m <«
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‘ 5 .\( 18 mm PROBLEM 3.2

'y .
‘ For the cylindrical shaft shown, determine the maximum shearing stress caused by
ﬂ\ \ a torque of magnitude T =800 N - m.

SOLUTION
Tc 4
Tmax = T, J = EC4
T = 2_
M aed
_ 2(800N - m)
7(0.018 m)®
= 87.328 x 10° Pa

Toex = 87.3 MPa 4
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PROBLEM 3.3

A 1.75-kN - m torque is applied to the solid cylinder shown. Determine (a)
the maximum shearing stress, (b) the percent of the torque carried by the

/ . inner 25-mm-diameter core.
1.75 kN-m )
SOLUTION
; Tc
(@) Given shaft: Trax =

3
_ L75x10°N-m)Q.025m) _ ;4 351, 106 pa

Tmax
2 (0.025 m)*
2
Tmax = 71.3 MPa <
(b) At surface of core:
1
T = ETm
1 6
= >(71.301x10°)
2

= 35.651 x 10° Pa

Corresponding torque:

T 04
A {/2_] _ {%éj = (35.651x10° Pa)(%j(0.0lZS m)°

C C

T =109.376 N-m

109.376 N-m (100)

%T =
1750 N-m

6.25% <«
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N PROBLEM 3.4

4“ (a) Determine the maximum shearing stress caused by a 40-kip - in. torque T in

the 3-in.-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 1-in. inner diameter

SOLUTION
Tc
a [ p—
€Y 7=
_ (40 kip - in)(L5 in.)
T s o4
T l@sin,
(2]( in)
= 7.5451 ksi
T = 7.55ksi «
Tc
b =
(b) T =
_ (40kip -in)@5in.)
%[(1.5 in)* - (0.5in)*]
= 7.6394 Ksi
T =7.64ksi €
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v PROBLEM 3.5
3in. -
’\1/ _ ~ ~_L  (a) For the 3-in.-diameter solid cylinder and loading shown, determine the
O //” W e maximum shearing stress. (b) Determine the inner diameter of the 4-in.-
y 2 r 6 o diameter hollow cylinder shown, for which the maximum stress is the
Lidbidgain., . N same as in part a.
(a) 7
T = 41() kip - in.
(b)
SOLUTION
. 1 1 . .
(@) Solid shaft: c= Ed = E(3.0 in) =15in.
J=2¢t
2
Tc
Tmax = T
_
nc3
_ 2(40kip -in.)
7(1.5in)®
= 7.5451 ksi
Trax = (-55 ksi 4
1 1 . .
(b)  Hollow shaft: C, = Ed = 5(4.0 in) =20in.

z (4 4
J f(co — G ) T
CO CO
RS 2Tc,

i 0

7TT max
2(40 kip - in.)(2.01in.)
7(7.5451 ksi)
=9.2500in* .. ¢ =1.74395in.
and d; = 2¢; = 3.4879 in.

(2.0in)* -
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PROBLEM 3.6

(a) For the hollow shaft and loading shown, determine the maximum shearing
stress. (b) Determine the diameter of a solid shaft for which the maximum
shearing stress under the loading shown is the same as in part a.

SOLUTION

(@) ¢ = %dl = %(0.040 m) = 0.020m

¢, = %dz = %(0.060 m) = 0.030m

J= %(024 -¢f) = %(0.0304 ~0.020%) =1.02102 x 10 m*

e = ¢ = (240N - m)O080M) _ 76518, 106 py
J 1.02102 x10® m
Tax = 70.5 MPa <
T Tc 2\Tc 2T
b)) J=>c r=—3=£—)—j=—3
2 J T)C 7Cy
2(24
SIi. (2400) = 21.667 x10°® m®

o ﬁ(70.518 x 106)

C; = 27.878x107° m
d; = 2c; =558x10°%m
d; = 55.8 mm <
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Sin.

D= L

4in. —8 —d

PROBLEM 3.7

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.

T =19.21kip - in. 4

SOLUTION
. 1 1 .
(@)  Analysis of sleeve CD: C, = Ed0 = E(3) =15in.
c,=¢C,-t=15-0.25=125in.
_ T (.4 4 _ T 4 4y -4
J _E(c2 -¢) = 5 (15" ~125%) = 41172in
3
_Jr BT XA0) 651,103 1 -in.
c, 15
. S Tc
(b)  Analysis of solid spindle AB: T= T
3
J_ma T _ M =1.601in°
c 2 T 12 x10

c= 3/M =1.006in. d,=2c
T

d=201in. «
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PROBLEM 3.8

The solid spindle AB has a diameter ds = 1.5 in. and is made of 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. Determine the largest torque T that can
be applied at A.

SOLUTION

Analysis of solid spindle AB:

Analysis of sleeve CD:

The smaller torque governs.

c:%ds =0.75in.

T
r=— T="2=Z°
c 2

T= % (12 x10%)(0.75)* = 7.95x10° Ib - in.

¢, :%dO:%(S):l.Sin.

¢, =C, —t=15-0.25=1.25in.
_ (a4 4\_ T 4 4y -4
1=7 CENE 5 (15" ~125%) = 41172in

_Jr _ (41172)(7 x10°)
C 15

T =19.21x10°% Ib -in.

T =795x10%1Ib - in.
T = 7.95kip-in. 4
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6.8 |\i!\ - in.

10.4 kip - in.

(i

3.6 kip - in \

PROBLEM 3.9

The torques shown are exerted on pulleys A, B, and C.
Knowing that both shafts are solid, determine the
maximum shearing stress in (a) shaft AB, (b) shaft BC.
The diameter of shaft AB is 1.3 in. and that of BC is
1.8in.

D
'Y
//

\'/, b .////,:"/{B /72 in.
&y
: A 7 48in.
SOLUTION
(a) Shaft AB: Tpg = 3.6 x10%Ib-in.
c= ld = 1(1.3) = 0.65in.
2 2
J="c
2
Tc 2T
mx Ty acd
(2)(3.6 x 10°) -
=2 T )~ 8.35x10° psi
mex 7(0.65)° P
Toox = 8.35 ksi «
(b)  Shaft BC: Tae = 6.8x10°Ib - in.
c=ta-Lus -o9in
2 2
J="ct
2
2Tse  (2)(6.8x10%) -
= = = 5.94 x 10° psi
e ae? 7(0.9) P
Tmax = 5.94 ksi 4
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6.8 kip - in. PROBLEM 3.10

The shafts of the pulley assembly shown are to be
redesigned. Knowing that the allowable shearing
stress in each shaft is 8.5 ksi, determine the smallest
allowable diameter of (a) shaft AB, (b) shaft BC.

10.4 kip - in.

SOLUTION
(@) Shaft AB: Tpg = 3.6 x10%1b - in.
T = 8.5 ksi = 8.5 x 10° psi
T 4 Tc 2T
J = EC Tmax = T = g
3
¢ = 3 2Tae _ 4/(2DE6 X103) = 0.646 in. dpg = 2¢ =1.292 in. <
T max 7(8.5 x10%)
(b)  Shaft BC: Toc = 6.8x10% Ib - in.

Toax = 8.5 x10° psi

3
¢ = 3 Joc _ 5 DO8XI0) _ 7955y
7T o 7(8.5x10%)
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B PROBLEM 3.11

ri &

T,=30N m| A The torques shown are exerted on pulleys A and B. Knowing that both

shafts are solid, determine the maximum shearing stress in (a) in shaft

4[ rf AB, (b) in shaft BC.
5= 400 N m|

4ﬁmm_a.J .

5.

SOLUTION
(&)  Shaft AB: Tag =300N-m, d =0.030m, ¢ =0.015m
. Tc _ 2T _ (2)(300)
M3 ze® 2(0.015)°
= 56.588 x 10°Pa Trmax = 56.6 MPa <«
(b)  Shaft BC: Tac = 300 + 400 = 700 N - m

d =0.046m, c =0.023 m
_Tc 2T _ (2)(700)

T =
) ac® 7(0.023)°
= 36.626 x 10°Pa Trax = 36.6 MPa <
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PROBLEM 3.12

In order to reduce the total mass of the assembly of Prob. 3.11, 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
B

maximum value of the shearing stress in the assembly will not increase.

SOLUTION
Shaft AB: Tag =300N-m, d =0.030m, ¢ =0.015m
;o Te_ 2T _ (2)(300)
" ac® 2(0.015)°
= 56.588 x 10° Pa = 56.6 MPa
Shaft BC: Tgc = 300 + 400 = 700 N - m

d =0.046 m, c =0.023m
_Tc _ 2T _ (2)(700)

T =
M ae® 7(0.023)°
= 36.626 x 10° Pa= 36.6 MPa

The largest stress (56.588 x 10°Pa) occurs in portion AB.

Reduce the diameter of BC to provide the same stress.

Tge = 700N - m rmaxzﬁzz—T3
J 7C
= 2 (00 7.875x10%m?®

Tl 7(56.588 x 10°)
c=19.895x10"°m d =2c =39.79x10°m

d =39.8mm «
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PROBLEM 3.13

Tg=12kN.m

To =Bk - Under normal operating conditions,

Tp=04kN.m the electric motor exerts a torque of
2.4 KN - m on shaft AB. Knowing
that each shaft is solid, determine the
maximum shearing stress in (a) shaft
W™ E AB, (b) shaft BC, (c) shaft CD.

SOLUTION
(@)  Shaft AB: Tag =24x10°N-m, c= %d =0.027m
3
L 2—T3 =2(2‘4—X103) = 77.625x10°Pa 77.6 MPa <
J zc 7(0.027)
(b) Shaft BC: Tec =24KN-m-12kN-m=12kN-m, c= %d =0.023m
3
T = 0 = 2—T3 = M = 62.788 x 10°Pa 62.8 MPa <
J zc 7(0.023)
(c)  Shaft CD: Tep =04x10°N-m ¢ = %d =0.023m
3
rp = 0 = 2T AO4X10) _ 54959 108 Pa 20.9 MPa <

J xc 7(0.023)°
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PROBLEM 3.14

In order to reduce the total mass of

the assembly of Prob. 3.13, a new
Tp=12kN.m design is being considered in which
T, =08kN .m 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 be
increased.

I
D / l PROBLEM 3.13 Under normal
>l operating conditions, the electric
motor exerts a torque of 2.4 kN - m
on shaft AB. Knowing that each shaft
is solid, determine the maximum

shearing stress in (a) shaft AB,
(b) shaft BC, (c) shaft CD.

Tp=04 kN . m

40 mm

SOLUTION

See solution to Problem 3.13 for maximum shearing stresses in portions AB, BC, and CD of the shaft. The
largest maximum shearing value is 7,,,, = 77.625 x 10° Pa occurring in AB.

Adjust diameter of BC to obtain the same value of stress.

Tc 2T
T =— = ——
J 7cd
3
3 = 21 _ Lxm)ﬁ — 9.8415x10°%m?
nr (77625 x 10°)
c=2143x103m d=2c=428x10"m 42.8 mm 4
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PROBLEM 3.15

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.

SOLUTION
o =5 3= 20t T = 2,
Rod AB: Trax = 15 Ksi C= %d =0.751n.
T= %(0.75)3(15) = 9.94 kip - in.
Rod BC: Tmax = S KSi Cc= %d =0.90in.
T = %(0.90)3(8) = 9.16 kip - in.
The allowable torque is the smaller value. T =9.16kip - in. €4
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PROBLEM 3.16

The allowable shearing stress is 15 ksi in the steel rod AB and 8 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.

<0 ™.
| 1
SOLUTION
Tmax =E, J :Z, ¢ = 2T
J 2 7T ax
() RodAB: T =10kip-in. 7., =15ksi
8 = DU _ 44944 i3
7(15)
¢ =0.7515in. d =2c =1.503in. 4
(b) RodBC: T =10kip-in. 7., = 8ksi
8 = DU _ 79577 in?
7(8)
¢ = 0.9267 in. d =2c=1.853in. 4
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Ty = 1200 N - m

[

dup

750 mm

dye

\6()() mi

PROBLEM 3.17

The solid shaft shown is formed of a brass for which the

i allowable shearing stress is 55 MPa. Neglecting the effect of

o

K stress concentrations, determine the smallest diameters dag and

i

‘;':»

Y |e
n

dsc for which the allowable shearing stress is not exceeded.

SOLUTION

Shaft AB:

Shaft BC:

Trax = 55 MPa = 55 x 10° Pa

L S
mx nc? 7T max

Tps = 1200 — 400 = 800 N - m

c= 3M =21.00x10°m = 21.0m
(55 x 10°)

minimumd,g = 2¢ = 42.0 mm <

¢ = 3 DEO)__ 16667 x102m = 16.67 mm
(55 % 10°)

minimum dg = 2¢ = 33.3mm <
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PROBLEM 3.18

Ty =1200 N - m
-, Solve Prob. 3.17, assuming that the direction of Tc is reversed.
T, {00 N - m

(/,\1;

4 PROBLEM 3.17 The solid shaft shown is formed of a brass for
; B GD\ which the allowable shearing stress is 55 MPa. Neglecting the effect
=0 | e ¥le of stress concentrations, determine the smallest diameters dag and dgc
600 mm for which the allowable shearing stress is not exceeded.

SOLUTION

Note that the direction of T¢ has been reversed in the figure. Ty =1200N-m

1‘(. = 400N - mn

B B 6 f3) - v ‘ ( :

Tmax = 29 MPa = 55 x 10° Pa dy ) . (;

Trax = E — 2_T3 Cc=3 2T 750 mm\l dgc C
J 7C 7T max ™~600 mm

Shaft AB: Tag = 1200 + 400 = 1600 N - m

c=3 Leool = 26.46 x10°m = 26.46 mm
(55 x 10°)

minimumd,g = 2¢ = 52.9 mm <

Shaft BC: Tgc =400N - m

¢ =30 _ 16667 <10°m = 1667 mm
(55 x 10°)

minimum dg = 2¢ = 33.3mm <«
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Steel

PROBLEM 3.19

,L Shaft AB is made of a steel with an allowable shearing stress of 90 MPa

and shaft BC is made of an aluminum with an allowable shearing stress
of 60 MPa. Knowing that the diameter of shaft BC is 50 mm and
neglecting the effect of stress concentrations, determine (a) the largest

exceeded in shaft BC, (b) the corresponding required diameter of shaft
AB.

=
\ ) i <&
,’/ o torque T that can be applied at A if the allowable stress is not to be
| s
.. ¢
A

SOLUTION

(a) Shaft BC:

(b) Shaft AB:

7, = 60x10°Pa ¢ = L4 -0025m
2

Tc Tc 2T s 3
Tmax = T = (7[ C4 = ﬁ thus, T = (E)Tmaxc
2
T 6 3 3
T :(EJ(GOxlo Pa}(0.025 m)’ =1.47262x10° N-m 1473kN-m <«

1 = 90 x 10° Pa

T 2(1.47262 x10° N - m)
cC=3 =3

- =21.84x102m
AT 7(90x10° Pa)

dag = 2¢ = 43.68x10 % m
43.7 mm <«
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PROBLEM 3.20

-
Mumum} Shaft AB has a 30-mm diameter and is made of a steel with an allowable
)3/ shearing stress of 90 MPa, while shaft BC has a 50-mm diameter and is
- made of an aluminum alloy with an allowable shearing stress of 60 MPa.
S“Z": _ ,f:f ~ € Neglecting the effect of stress concentrations, determine the largest
P " torque T that can be applied at A.
- § 4:'_2/'/
T > B
b
A
SOLUTION
Shaft AB: Ty =90x10°Pa ¢ = %d =0.015m

T_C = L = E thUS, T = (%jrmaxc3

1‘ =
max J ( K j c4 e
2

T =(%j(90x106 Pa)(0.015 m)’ =477.13N-m
Shaft BC: 7, = 60 x10°Pa c= %d =0.025m

T :(%J(6OX106 Pa)(0.025 m)’ =1472.62 N-m

The allowable torque is the smaller value of the two.
477TN-m 4
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PROBLEM 3.21

Two solid steel shafts are connected by the gears
shown. A torque of magnitude T = 900 N - m is
applied to shaft AB. Knowing that the allowable
shearing stress is 50 MPa and considering only
stresses due to twisting, determine the required
diameter of (a) shaft AB, (b) shaft CD.

SOLUTION
Tag =900N - m
Tep = 27,0 =229 (1000) = 2700 N - m
Iy 80
(@) Shaft AB: 1 =50 x 10° Pa
p =TT g2l QOO0 g 5451070 md
J zc T (50 x 10°)
d =2c = 45.090 x 103 m 45.1mm <«
(b)  Shaft CD: 7, =50 x10° Pa
;=1C 2_T3 c= 3/5 =3 —(2)(270023 =32.516 x10° m?
J zc T (50 x 10°)
d = 2c =65.032x10°m 65.0 mm <«
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PROBLEM 3.22

Shaft CD is made from a 66-mm-diameter rod
and is connected to the 48-mm-diameter shaft AB
as shown. Considering only stresses due to
twisting and knowing that the allowable shearing
stress is 60 MPa for each shaft, determine the
largest torque T that can be applied.

SOLUTION
Shaft AB: zy = 60x10°Pa ¢ = %d =0.024 m
Tc Tc 2T Vs 3
=—=—~— =% thus, T =] |rmmC
Fmax J ( LAY nc3 ( 2 )Tmax
2
T :(%j(60><106 Pa)(0.024 m)* =1302.88 N-m
Shaft BC: 7, = 60 x 10°Pa c= %d =0.033m

Tep = (%)(60x106 Pa)(0.033 m)’ =3387.0 N-m

I 80
T=-T.,=—(3387.0)=1129 N-m
CD 240( )

Ic

The allowable torque is the smaller value of the two.
1.129kN - m <«
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PROBLEM 3.23

Under normal operating conditions, a motor
exerts a torque of magnitude Tr at F. The
shafts are made of a steel for which the
allowable shearing stress is 12 ksi and have

r
TF =£TE TF,aII =
>}

Allowable value of Tg is the smaller.

Trp % diameters dcpe = 0.900 in. and drh = 0.800 in.
Knowing that rp = 6.5 in. and rg = 4.5 in,,
determine the largest allowable value of Tg.

SOLUTION

Ta” = 12 kSI
Shaft FG: c :%d =0.400in.
Jr T
Tean = all ZECSTau
T 3 . .
= —(0.400)%(12) =1.206 kip - in.
1 .
Shaft DE: c= Ed =0.450in.
Tean = C3Ta||
T 3 . R
- E(0.450) (12) =1.7177 kip - in.

ga.?m) =1.189 kip - in.

Te =1.189kip - in. «
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PROBLEM 3.24

Under normal operating conditions, a motor
exerts a torque of magnitude T =12001b - in.
at F. Knowing that ry = 8in., r; = 3in., and

_ &\;;\ the allowable shearing stress is 10.5 ksi in

Iry \ Q@ .. T/ Wi | each shaft, determine the required diameter of
S SO B . (a) shaft CDE, (b) shaft FGH.

SOLUTION

Te =12001b - in.
T. =1 -8 1200)=32001b - in.
Is 3
7, =10.5 ksi =10,500 psi
Tc 2T s 2T
=—==— o c’==—
J 7zC T

(a) Shaft CDE:

3= (2)(3200) _ 0.194012in°
7(10,500)
¢ =0.5789in. dpe =2c dpe =1.158in. <«
(b) Shaft FGH:
3= (2)(200) _ 0.012757 in®
7(10,500)
c=0.4174in. deg =2¢ drc =0.835in. 4
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PROBLEM 3.25

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.
Knowing the diameters of the two shafts are, respectively,
dgc =1.6in. and dg =1.25in., determine the largest torque Tc
that can be applied at C.

SOLUTION
Tmax = 7000 psi = 7.0 ksi
Shaft BC: dgc =1.61n.
c= ld = 0.8in.
2
J7, V4
Te = (r:nax = ETmaxC3
= %(7.0)(0.8)3 = 5.63 kip - in.
c= 1d = 0.625in.
2
Jr, Vs
T = (r;nax = Ez'maxC3
= %(7.0)(0.625)3 = 2.684 kip - in.
- rA 4 - -
By statics, Te =2 T = —(2.684) = 4.30 kip - in.
o 25

Allowable value of T is the smaller.

To = 4.30kip - in. €4
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PROBLEM 3.26

The two solid shafts are connected by gears as shown and are made of a
steel for which the allowable shearing stress is 8500 psi. Knowing that a
torque of magnitude T, = 5Kip - in. is applied at C and that the assembly
is in equilibrium, determine the required diameter of (a) shaft BC,
(b) shaft EF.

SOLUTION
Tmax = 8500 psi = 8.5 ksi
(a) Shaft BC: Tc = 5Kip -in.
. Te_m [
me nc? 7T max
c=3 206) = 0.7208 in.
7(8.5)
dgc = 2c =1.442in. <4
i 15) 2.5 -
(b)  Shaft EF: Te =—=T¢ = T(S) = 3.125 kip - in.
Ta
c=3 l =3 (2)(3.125) = 0.6163 in.
7T 7(8.5)
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PROBLEM 3.27

30 mm

For the gear train shown, the diameters of the three
solid shafts are:

Knowing that for each shaft the allowable shearing

stress is 60 MPa, determine the largest torque T that
can be applied.

SOLUTION

To _Tws 7 _fer _Br_ag
I Iy B 30

Tee _To ¢ _Teq Doy 757
I [ [ 30

Determine the magnitude of T so that the stress is 60 MPa = 60 x 10° Pa.

Tc Jr. 7w 3
TET shaft = — = 7€

Shaft AB: c= %dAB =10 mm = 0.010 m
7 6 3
T =T = 5(60 % 107)(0.010) T=942N-m
Shaft CD: c= %dCD =12.5mm = 0.0125 m
Tep = 25T = %(60 x10°)(0.0125° T =73.6N-m
Shaft EF: c= %dEF =20 mm = 0.020 m

Ter = 7.5T = %(eo x10%)(0.020)° T =100.5N-m

The smallest value of T is the largest torque that can be applied. T=736N-m «
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30 mm

PROBLEM 3.28

A torque T =900 N - m is applied to shaft AB of the
gear train shown. Knowing that the allowable shearing
stress is 80 MPa, determine the required diameter of
(a) shaft AB, (b) shaft CD, (c) shaft EF.

SOLUTION

From statics,

(a) Shaft AB:
(b) Shaft CD:
() ShaftEF:

r 75 mm
Tep = ST, = T =25T
b I "% 30 mm
r, 90 mm
T =-ET.. = 2.5T) =75T
EF o BC ~ 3 mm( )
I Tc Tc
al = 7 T . 3
J 7c
22T

T Tal
3=£Tﬁ_£900N‘m

7ty 7 80MPa

c

€ =19.2757 mm — d g = 38.6 mm «
- 2Tep _ 22250N-m

7Ty n 80MPa
¢ =26.161mm — dcp = 52.3mm <
Tee = 7.5T = 7.5(900 N - m)
3 _ 2T _ 26750N-m

T T 7 80 MPa

all

¢ =37.731mm — dge = 75.5mm <«
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PROBLEM 3.29

While the exact distribution of the shearing stresses in a
hollow-cylindrical shaft is as shown in Fig. a, an approximate
value can be obtained for zmax by assuming that the stresses
are uniformly distributed over the area A of the cross section,
as shown in Fig. b, and then further assuming that all of the
elementary shearing forces act at a distance from O equal to
the mean radius %s(c, +c,) of the cross section. This
approximate value 7z, = T/Ar,,, where T is the applied torque.
Determine the ratio z,,,/7, of the true value of the maximum
shearing stress and its approximate value 7, for values
of ¢ /c,, respectively, equal to 1.00, 0.95, 0.75, 0.50, and 0.

SOLUTION

For a hollow shaft,

, Tﬁ 2Tc, B 2Tc, B 2Tc,
e ﬁ(cg - cf') 7z(C§ - (:12)((:22 + 012) A(<:22 + 012)
By definition, Ty = r__a
Ary AC, +¢)
Dividing, Tmax _ C2(§2 +§1) _ 1+ (01/02)2 <
) G+a  1+(a/c)
c/c, ’ 1.0 ‘ 0.95 ‘ 0.75 ‘ 0.5 ‘ 0.0 ‘
Tmax! 7o ’ 1.0 ‘ 1.025 ‘ 1.120 ‘ 1.200 ‘ 1.0 ‘
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PROBLEM 3.30

(a) 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 c,, express the ratio T/w for the hollow shaft
in terms of (T/w), and ¢,/c,.

SOLUTION
w = weight per unit length
g = specific weight
W = total weight
L = length
_W _ pglA _ _ 2 2
W—T—T—pgA—pgﬂ'(Cz —cl)
JTa” T Cg - Cf T (C% + C.I.Z)(Cg - clz)
Tar = ) Tan = 5 Tall
2 2 C2
2, 2
+Cr
@ - (e +¢2)za L (cf + b (hollow shaft) <
w w 2p9c,
¢, = 0 for solid shaft (Ij — Gl (solid shaft)
W)y,  2p9
2 2
(b) M:1+% (I}:(lj 1+% <
(T/w), c; W WJo C;
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