8-1 A spherical gas tank has an inner radius of r = 1.5 m.
If it is subjected to an internal pressure of p = 300 kPa,
determine its required thickness if the maximum normal
stress is not to exceed 12 MPa.

300(10%)(1.5)

Ounow = 255 12(10%) =
2t 2t

t=00188m = 18.8 mm Ans
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8-2 A pressurized spherical tank is to be made of 0.5-in.-
thick steel. If it is subjected to an internal pressure of p =
200 psi, determine its outer radius if the maximum normal
stress is not to exceed 15 ksi.

Callow — e—r; 15(103) = 'ZL)_O"'.‘-
2t 2(0.5)
r, = 75 in.
r, = 75in. + 0.5in. = 75.5in. Ans
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8-3. The tank of a cylindrical air compressor is subjected
to an internal pressure of 90 psi. If the internal diameter
of the tank is 22 in., and the wall thickness is 0.25 in.,
determine the stress components acting at a point. Draw
a volume element of the material at this point, and show
the results on the element.

_pr _9%Qy

0y = — = ——= = 3960 psi = 3.96 ksi Ans
t 025
, =20 200D ioeh ki = 1.98ksi  Ans
2t 2(0.25)
6“=3~7£,’<5(
-~ G, =/-98 ks
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*8-4 The thin-walled cylinder can be supported in one ot
twho ways as shown. Determine the state of stress in the wall
of the cylinder for both cases if the piston P causes the inter-
nal pressure to be 65 psi. The wall has a thickness of 0.25 in.
and the inner diameter of the cylinder is 8 in.

@ ®
Case (a) :
pr 65(4) _ .
=— 0, =——=104ksi Ans
=7 17025
0,=0 Ans
Case (b) :
o= =59 _104ksi  Ans
t 25
lad 650 _s0psi A
=— Oy = = ps1 ns
% =3 23025
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8-5 The gas pipe line is supported every 20 ft by concrete
piers and also lays on the ground. If there are rigid retain-
ers at the piers that hold the pipe fixed, determine the lon-
gitudinal and hoop stress in the pipe if the temperature rises
60°F from the temperature at which it was installed. The gas
within the pipe is at a pressure of 600 Ib/in?. The pipe has
an inner diameter of 20 in. and thickness of 0.25 in. The
material is A-36 stecl.

Require,
PL oL
=6p; Sr=—==2 8r=0ATL
OF =0r FETz T
22002 _ ¢ c0)10°)(60)(20)(12) " &
290109 1A
(3

aA ‘,..\

o, = 11.5ksi Ans F

0 =2 = 8%0U0 _osvsi Anms
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8-6. The open-ended polyvinyl chloride pipe has an
inner diameter of 4 in. and thickness of 0.2 in. If it carries
flowing water at 60 psi pressure, determine the state of
stress in the walls of the pipe.

= —— = 600 psi Ans

o, =0 Ans

There is no stress component in the longitudinal
direction since the pipe has open ends.
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8-7. 1If the flow of water within the pipe in Prob. 8-6 is
stopped due to the closing of a valve, determine the state
of stress in the walls of the pipe. Neglect the weight of
the water. Assume the supports only exert vertical forces
on the pipe.

60(2 )
1 =gtr=_6._(é_) = 600 psi Ans
pr 602 .
O = = = —~2 = 300 A
2T 2T 2002 pst ns
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*8-8. The A-36-steel band is 2 in. wide and is secured
around the smooth rigid cylinder. If the bolts are tightened
so that the tension in them is 400 Ib, determine the normal
stress in the band, the pressure exerted on the cylinder, and
the distance half the band stretches.

o = = 1600 psi
218)(1)
o =2 1600= 28
: 18
p=25psi  Anms
6= 20 55172400

E 29105

8= &L =55.1724(10"%)(m)(8 + —113) =0.00140in.  Ans
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89, A pressure-vessel head is fabricated by gluing the
circular plate to the end of the vessel as shown. If the
vessel sustains an internal pressure of 450 kPa, determine
the average shear stress in the glue and the state of stress
in the wall of the vessel.

450 mm —{

20 mm

"~T_‘J’

P= 71 (02253 cas0 )010%)

+T2F = 0;  7(0.225)%450(10°) ~ 7,,,(27)(0.225)(0.01) = 0;

Tavg = 5.06 MPa Ans
450(10%)(0.225
0’1 =£—’='LL—)'=5.O6MP8 AIIS
t 0.02
450(10%)(0.
0 = BT 2 000)025) , s b2 Ans

Ty 2(0.02)
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8-10. An A-36-steel hoop has an inner diameter of 23.99
in., thickness of 0.25 in., and width of 1 in. If it and the 24-
in.-diameter rigid cylinder have a temperature of 65° F,
determine the temperature to which the hoop should be
heated in order for it to just slip over the cylinder. What is
the pressure the hoop exerts on the cylinder, and the tensile
stress in the ring when it cools back down to 65° F?

Sr=aATL

m(24) - 7(23.99) = 6.60(10°)(T; - 65)(n)(23.99)
T, =128.16°F=128° Anms

Cool down :
8r=8r

FL
—=aATL
AE

Fmed) »
DO~ 6.60(107°)(128.16 - 65)(7)(24)
F=3022211

3022.21
Oy =
(1)(0.25)

=12088psi=12.1ksi  Ans

o =%, 12088-212
: 025)

p=252psi Anms
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8-11 The staves or vertical members of the wooden tank
are held together using semicircular hoops having a thick-
ness of 0.5 in. and a width of 2 in. Determine the normal
stress in hoop AB if the tank is subjected to an internal gauge
pressure of 2 psi and this loading is transmitted directly to
the hoops. Also, if 0.25-in.-diameter bolts are used to con-
nect each hoop together, determine the tensile stress in each
bolt at A and B. Assume hoop AB supports the pressure
loading within a 12-in. length of the tank as shown.

Fp =2(36)(12) =864 Ib

3F =0, 864-2F =0, F=4321b

o = F 432 =432 psi
h A 050 " psi Ans.
o = F 432 .
by = A =7 =880l psi =8.80 ksi Ans.
2(0.25)
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*8-12. A boiler is constructed of 8-mm steel plates that are
fastened together at their ends using a butt joint consisting of
two 8-mm cover plates and rivets having a diameter of 10 mm
and spaced 50 mm apart as shown. If the steam pressure in
the boiler is 1.35 MPa, determine (2) the circumferential stress
in the boiler’s plate apart from the seam, (b) the circumfer-
ential stress in the outer cover plate along the rivet line a—a,
and (c) the shear stress in the rivets.

) o =— =) 2126.56(10°) = 127MPa  Anms

b)  126.56 (10°)(0.05)(0.008) = ;" (2)(0.04)(0.008) 127 rpPa
0,'=79.1MPa  Ans

¢) From FBD (a)
+TZE =0; F,-79.1(10°[(0.008)(0.04)] = 0 sz ba. '
F, = 253kN ﬁ& 33Mpe

F, _ 253125 =32
v =2 = =77 =322 A
(Tavg e 4 - 20017 MP; ns
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8-13 ‘In order to increase the strength of the pressure ves-
sel, filament winding of the same material is wrapped around
the circumference of the vessel as shown. Il the pretension
in the filament is 7, and the vessel is subjected to an inter-
nal pressure p, determine the hoop stresses in the filament
and in the wall of the vessel. Use the free-body diagram
shown, and assume the filament winding has a thickness ('
and width w for every length L of the vessel.

Oty = —

.

Equilibrium over entire length of the cylinder without internal pressure p.
=207 (LY(®) + 2T(-li) =0
w

After applying the internal pressure p, the stress in the filament is
pr T

Ofi1 = + — Ans
(t+1¢) wt
And for the cylinder ,
=_Pr _ 1 Ans
(t+7) wt
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8-14. Ac‘closed-ended pressure vessel is fabricated by cross
winding glass filaments over a mandrel, so that the wall
thickness ¢ of the vessel is composed entirely of filament and
an epoxy binder as shown. Consider a segment of the vessel
of width w and wrapped at an angle 6. If the vessel is
subjected to an internal pressure p, show that the force in
the segment is F, = ogwt, where o, is the stress in the
filaments. Also, show that the stresses in the hoop and
longitudinal directions are o, = &, sin0 and o = o cos?6,
respectively. At what angle 6 (optimum winding angle)
would the filaments have to be wound so that the hoop and
longitudinal stresses are equivalent?

The Hoop and Longitudinal Stresses : Applying Eq.8 -1 and
Eq.8-2

5 2rp(8) _pd
YT T 2

il T

The Hoop and Longitudinal Force for Filament :

pd( w ) pdw
= = e —p ] —
hi=od= e 2me

_ _pdf w )_ pdw
fi=oyA= 4t (cos 6/ 4cos @

Hence,
Fy=R+F
_Jr paw )z+( pdw )"
" V(zsin 6) \acos @
pdw ' 4 . 1
"4 Vsin26 cos? 6
_ pdw [dcos? §+sin? 0
=7V et 6
p

dw
= —————43cos 26+ 5
2,/2sin 20

e
A wi

_ pd (,/3cos 26+5

Y rreT) ) (Q.E.D.)

dao, -
Tl =0 when o, is minimum.

do,  pd | 2cos26 3
—— =] =———(y3c05 20+5) = ————— =0
a6 2 z:[ w25 ¢ y3cos 26+5

2cos 26

3
n y3c0s 26+5) +
sin? 26 ( y/3c0s 26+5
(‘/3c0529+5)(m+ 2

sin? 26~ 3cos 2e+5) =0

2
( Yoo 3553 [Bcos 29+10c0526+3]=0

sin? 20(3cos 26+5)

y/3cos 26+5#0.

3cos? 20+ 10cos 26+3 _
sin® 20(3cos 26+5)
3cos® 26+ 10cos 26+3=0

-10£/102-4(3)(3)
cos 28 = —m— e
2(3)
cos 26 =-0.3333

However,

Therefore,

8 =754.7°

Force in 8 Direction : Consider a portion of the cylinder. Fora
filament wire the cross - sectional areais A = wt, then

F=cywt (Q.E.D.)

Hoop Stress : The force in hoop direction is F, = Fj sin8
t .
= gywisin @and the areais A = —:v—; Then due to the internal
sin
pressure p,

Gywesing

o A
"TA T wilsin8

=0, sin*8

(Q.E.D.)

Longitudinal Stress : The force in the longitudinal direction is

t
F = Fycos@ = oywrcos 6 and the areais A = -1-5 Then due to
Ccos

the internal pressure p,
F,  oywtcosf
O] = = =
A wt/cos 6
=0, cos’8 (Q.E.D.)
[/ di2t
Optimum Wrap Angle : This require —- =22 3 Then
o, pdld

O, _ T sin’6
0, O cost§
tan’6 =2

6 =54.7° Ans
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8-15. The screw of the clamp exerts a compressive force
of 500 b on the wood blocks. Determine the maximum
normal stress developed along section a—a. The cross section
there is rectangular, 0.75 in. by 0.50 in.

0.75 in.
500/
I
| 4in
i
.2 ’ N=5001b
A = 0.75(0.5) = 0375 in Me2000 16}

= L(05)(0.78%) = 0017578 in*
2

P Mc
Omax = — + —
A 1
o 500 200000.375) _ 440si(m) Ans
0.375 0.017578
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*8-16. The screw of the clamp exerts a compressive
force of 500 Ib on the wood blocks. Sketch the stress
distribution along section a-a of the clamp. The cross
section there is rectangular, 0.75 in. by 0.50 in.

075in

A = 0.75(0.5) = 0.375in*

I= é(o.sxms’) = 0.017578 in*

P Mc_ 500 2000(0.375)

— = 44.0 ksi
I 0.375 0.017578 ‘M

Omig = = = = ——e = 2220 o 4] 3ksi(C)
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8-17 The clamp is made from members AB and AC, which

30 mm, 40 mm
are pin connected at A. If it exerts a compressive force at C
and B of 180 N, determine the maximum compressive stress
in the clamp at section a—a. The screw EF is subjected only g F

to a tensile force along its axis.

Fomm 40{:»7 : t/C/ 180N
- h} 180N
8o~
Lo W
F =420
Ax
A
There is no moment in this problem . Therefore, the compressive
stress is produced by axial force only.
420" 1gp¥
P 240 ‘f” -
e = = = 107MP2  Ans M=0

A (00150015 P=z40™
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8-18 The clamp is made from members AB and AC, which
are pin connected at A. If it exerts a compressive force at C
and B of 180 N, sketch the stress distribution acting over sec-
tion a-a. The screw EF is subjected only to a tensile force

along its axis. — 180N

— 180N

There is no moment in this problem .Therefore, the compressive
stress is produced by axial force only.

~

240

Cunx = = 1.07 MPa
A (0015)0.015)

1.0TMF, E

W
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8-19 The coping saw has an adjustable blade that is tight-
cned with a tension of 40 N. Determine the state of stress
in the frame at points 4 and B.

R )
207" 8mm
3" }_T ~%
mm 40
100 mm 'i_ N 0 J S Vwa
50 mm <.
| 400
4(0.
Oa ="£ Aﬂ=— 40 + (0.004) =123MPa  Aps,
A T (0.008)(0.003) ﬁ(O‘OO:*!)(O.OOS)3
Mc 2(0.004) o zmm
UB=—=1——-—'——=62.5MPa Ans dov
1~ 1(0.003)(0.008)? > 4o
”ti.ofm
——
4o

A_D""/zgm Pr.

ﬁéz.fﬂ\ Pa

!

v
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*8.20. The offset link supports the loading of P = 30 kN.
Determine its required width w if the allowable normal
stress is o, 0w = 73 MPa. The link has a thickness of 40 mm.

30

o due to axial force :
_ P _ 3000°) _ 750 10°) a0 easrY

A (w)0.04) w

= .2
o due to bending : 005 t% P=30

o, o Mc 30 (10°)(0.05 + (%)
T T T Looawy

_ 4500 (10°)0.05 + 3)

w?
Omax = Oallow = Oa + Op
750 (10°) 4500 (10°)(0.05 + ¥)
2
w

73 (10°%) = ”

73w = 075w + 0225 + 225w
73w -3w—-0225=0

w = 00797 m = 79.7 mm Ans
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8-21 The offset link has a width of w = 200 mm and a thick-
ness of 40 mm. If the allowable normal stress is ouow =
75 MPa, determine the maximum load P that can be applied
to the cables.

P
2
,..
&t
M: P(0.r59)

50 mmi]

Ay 2.1S0m P

\J

A = 0.2(0.04) = 0.008 m*

I= 1_‘2;(0,04)(0.2)3 = 26.6667(10°°) m*

P Mc
o= — + —
A I
750105 = P 0.150 P(0.1)
(10%) = 5008 * 26.6667(10%)
P = 109 kN Ans
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8-22 The joint is subjected to & force of P =80 1b and F=0.
Sketch the normal-stress distribution acting over section
a—a if the member has a rectangular cross-sectional area of
width 2 in. and thickness 0.5 in.

6=—=——— = 80psi
A 0502

o due to bending :

oo Me 100029
I 5205y

(Cmax): = 80+ 1200 = 1280psi= 1.28ksi  Ans
(Cmax)e = 1200-80=1120psi=1.12ksi  Ans

2 05—y
1.25 1.12
y=0.264 in.

M

"

p-go'"

00" h
L

r
C

30" 1-25
1.2 ksl
Y

112 ks
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8-23 The joint is subjected to a force of P = 200 Ib and
F =150 Ib. Determine the state of stress at points A and B
and sketch the results on differential elements located at
these points. The member has a rectangular cross-sectional
area of width 0.75 in. and thickness 0.5 in.

200lb .
solbdm,

P

2w,

o/ —il-lffn\'

A = 0.5(0.75) = 0.375 in*

Lccl‘
Q4 = YaA’' = 0.125(0.75)(0.25) = 0.0234375in°; Qs = 0
) 6.25m.
I= E(0.75)(0.53) = 0.0078125 in* 7
// 0.75im
Normal Stress : z
® A
A-T
200 $33 05
Op= —— +0=75 i
A7 0315 3 psiM Ans T
200 50(025)
IR e— — —_— —-1 1 = 1
®7 0375 0.0078125 067 psi = 1067 psi (©)
Ans :*:; ;
Shear stress : b bospst
T = VQ
ST 102ps¢
150(0.0234375)
= —— "2 = 600 psi
(0.0078125)(0.75) pst Ans
73 =0 Ans
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*8-24 The gondola and passengers have a weight of 1500 b
and center of gravity at G. The suspender arm AE has a
square cross-sectional area of 1.5 in. by 1.5 in., and is
pin connected at its ends A and E. Determine the largest
tensile stress developed in regions AB and DC of the arm.

1250
Er_ID
1.5in—4- 40
8 P(,=I50016
¢ 125"
Liin4= 55
&8:1500“ M(p’/gz e
Ad l
’FMM’—O
150" 1500"
Segment AB :
Pis 1500 .
Omax = — = —————— = 667 psi Ans
(Gadae = =5 = 515 P
Segment CD :
=P 1500 e 67 psi
A (1.5)(1.5)

(Omax)cp = Os + O = 666.67 + 40 000
= 40 666.67 psi = 40.7 ksi Ans
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8-25 The vertical force P acts on the bottom of the plate
having a negligible weight. Determine the shortest distance
d to the edge of the plate at which it can be applied so that
it produces no compressive stresses on the plate at section
a-a. The plate has a thickness of 10 mm and P acts along
the center line of this thickness.

P
=Po-1d
A ,f\ M z

(0-14) P

o, =0=0, -0
o=P_Mc
A 1
_ P P@O1-401)
T 02001  £(0.01)0.2%)

P (- 1000 + 15000d) = 0

d = 0.0667m = 66.7 mm Ans
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8-26. 'The bar has a diameter of 40 mm. If it is subjected
to a force of 800 N as shown, determine the stress
components that act at point A and show the results on
a volume element located at this point.

M:38.56 N-m
( -v=6928N
( 30°
p-aopn 747 AW
AR
\1/
‘ .
1=Lar= 1;(7:)(0.02‘) = 01256637 (10°) m*
4

A= nr? = m(0.02%) = 1.256637 103 m*

2
JA = (4_(0‘_"2_))(19;20.2_)_) = 53333 (10%) m’

O = 3
P Mz
Or = Z + —T
o0 L0=0318MPa Ans
T 1.256637 (10°%)
o=V 692826333 U109 _ o35 Mpa  Ans

It 0.1256637 (10°)(0.04)

T 0-BSMPe

-——~--"§ ’-! . 7
G *0308Mp
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8-27. Solve Prob. 8-26 for point B.

M:38.56 n-m
( v=e2282N

I= -}n‘r‘ = %(z)(0.0Z‘) = 0.1256637 (10°) m* _@_
r

A = zr® = £(0.02Y) = 1.256637 (10~%) m? g
0s=0
o= P _Mc_ 400 __13856002) _ . iombr Ans

T A 1 1.256637 (10°)  0.1256637 (10°)
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*8-28 The cylindrical post, having a diameter of 40 mm, is
being pulled from the ground using a sling of negligible thick-
ness. If the rope is subjected to a vertical force of P = 500 N,
determine the stress at points A and B. Show the resuits on
a volume element located at each of these points.

1 500 N
002 m

V=0_\f'~—/\4=10 N-m

p=500™
ooem
I= 117"4 = -i-(:r)(o.oz‘) = 0.1256637 (10°%) m* H
B
A=nrt = 7(0.02%) = 1.256637 (10°) m®
Oy = — + Mx
AT AT
= L 0-=0398MPa Ans
1.256637 (10°3)
P Mc
0p = — — —
A I
500 10 (0.02)

1.256637 (10°%) 01256637 (10°%)

- 1.19MPa Ans

Th=0390 Mfa
i pif
<4 s
] I«D&’/-/guf‘
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8-29 Determine the maximum load P that can be applicd
to the sling having a negligible thickness so that the normal
stress in the post does not exceed ogyow = 30 MPa. The post
has a diameter of S0 mm.

ﬁ? 0.0 ma

+#F=0; N-P=0;, N=P

(+2:M =0, M-P0025 =0; M = 0.025P

A= %‘d’ = £(0.025%) = 0.625(10"%)7 m?
I= %‘ = i—' (0.025%) = 97.65625 (10°)7 m*
g = y + _A.I_Z
AT
025)(0.025
o = 30(10%) = P + PL0025)( )
0.625 (103 97.65625 (10-°)x
P = 11.8kN Ans
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8-30 The }-in.-diameter boit hook is subjected to the load
of F = 150 Ib. Determine the stress components at point A
on the shank. Show the results on a volume element located
at this point.

- ZF =0, Ni—150co0s 30°=0
N, =129.9038 b

+T £F =0, V~-150sin30°=0
Vi=751b

(r TMy =0 150 cos 30°(1.5) + 150 sin 30°(2)- M, =0 o
M, = 344.8557 Ib-in.

L
P Mc 1299038 344.8?5;7(4) _osgksi  Ams
A I (3 i@

O4 =

74 =0 (since Q4 =0) Ans
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8-31 The }-in.-diameter bolt hook is subjected to the load
of F = 150 Ib. Determine the stress components at point B
on the shank. Show the results on a volume element located

at this point.

AL v
“
F}‘ N,
I501k Mg
5 5F =0, N3-150c0s30°=0; Np =129.9038

+TZF =0, %-150sin30°=0; V=750

(&» EMG= 0; 150 cos 30°(1.5) + 150 sin 30°(4)-Mp =0

Mp =494.8557 Ib- in.

P _Mc 1299038 494.8557(1—)__397 i Ans

Og=———=
A 1 ;) EON

.
A7)
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*8-32. The pin support is made from a steel rod and has
a diameter of 20 mm. Determine the stress components
at points A and B and represent the results on a volume
element located at each of these points.

ISON

80 mm /50'I
o I !aa..,
B & vzisoN

8 A Ml IENm
i =
I= i(n)(0.0l') = 7.85398 (10%) m*
4 (0.
Qs =yA' = o Ol)(3)(”)(0.01’) = 0.66667 (10”°%) m>
3 2
Oy =0

Mc 12(0.01)
on="f=—"20"0 __153M
AT 7T T 785398 (107) Pa  Ans

Tw=0 Ans
op =0 Ans

- Yo _ 150(0.6667)10°)

It~ 785398 10°)002) - 637 MPa  Ams

s

Th=15:3Hpa % =0.637 M
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8-33 Solve Prob. 8-32 for points C and D.

1
I= Z(7:)(0.01‘) = 7.85398 (10™°) m*
-, . 4(0.00) 1
Op = yA =—%(-2-)(7r)(0.012) = 0.66667 (10”%) m®
Oc=0

_Me__1200D 153MPa  Ans

_ YO _ 150(0.6667)(10°) 0.637MPa A
- =u. ns

)]
It 7.8539(107°)(0.02)

6= 153 MPa
— Z‘D: 0.637MPa.

|
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8-34 The wide-flange beam is subjecled to the loading
shown. Determine the stress components at points A and B
and show the results on a volume element at each of these
points. Use the shear formula to compute the shear stress.
25001, 30001

5001b

|
i 0.5in]f= 1
1= Lyt - Lasye) = 5133 T
. 2 f; ;j:Zin.
4 inl )
A = 2(0.5)@) + 6(0.5) = 7in’ 0.5in.

05 = SYA’ = 325(4)0.5) + 2(2)(0.5) = 8.5’

0 =0

~-Mc _ - 11500 (12)(35) =

= -941ksi Ans
1 51.33

Oy =

G0 § J | 1 9
7% =0 Ans | F‘?L i bl

| et

op = My _ LS00UDM) _ 5 o4si  Ans &y =305 ]

I 51.33

o

T3 = YIQE = ;%% = 0.869ksi Ans 500 _ V=2625 '

f 330. N ] 1) Mes1500 1

% 7{:/0"51 2 27
594145 N w5’
J=2-69 ks¢
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8-35 The cantilevered beam is used to support the load of
8 kN. Determine the state of stress at points A and B, and
sketch the results on differential clements located at each of
these points.

M;u_m,m

! zm l
V=8 kn

3;=0.0375:f H

bxn

: Tﬁ;w 027¢ m

I= 2[;5(0.01)(0.1’)] + -113(0.08)(0.013) = 1.673310°% m*

A = 2[0.01(0.1)] + 0.08(0.01) = 0.0028 m’

O1 = YaA = 0.0375(0.025)(0.01) = 9.375(10°%) m®

Op = y3A = 0.0275(0.045)(0.01) = 12.375(10™) m’

c = M_y
1

3
_ HA0NO0) _ 4o0pipy (1)
1.6733(10°%)
_ 24(10%)(0.005)

= 71.7 MP.
1.6733(10°6) M

_ 8(10°)(9.375)(107%)

= 4.48 MPa
1.6733(1076)(0.01)

3 -6
o = 8(10°)(12.375)(107°) = 5.92 MPa
1.6733(1076)(0.01)

Ans

Ans

Ans

Ans

i

/j;=44snh

v;’ﬁsﬁ MPa

;7;‘9'72- Mba

.\(%=W7Mﬁ
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*8-36 The frame supports a centrally applied distributed

load of 1.8 kip/ft. Determine the state of stress at points A
and B on member CD and indicate the results on a volume

element located at each of these points. The pins at C and  ——

D are at the same location as the neutral axis for the cross
section.

Member CD : 2h
.3
(+2Mc =0; g1?,,5(16) — 28.8(8) = 0;
FDE = 24.0kip

.
Segment :
LsFE =0 N- 2(24.0) =0, N=192kip
+TZF, =0 Vs %(24.0) -198=0; V= 540kip

3

(+2M0 =0, - M-19855)+ 5(24.0)(11) =0

M = 49.5kip- ft
A= 7(LS) + 6(1) = 16.5in”

0.75(1.5)(7) + 4.5(6)(1)
16.5

= 2.1136in.

oz
YT

1= %2(7)“53) + 7(1.5)(2.1136-0.75)*
+ %(l)(é’) + 1(6)(4.5-2.1136)°
=73.662in*
O=0s=0
Normal Stress :
= —+ —
A- 1

_ 19.2 _ 49.5(12)(7.5~-2.1136) -

Oy = — 159ksi = 15.9ksi(C)
16.5 73.662
Op = 12 + 495012)(53864) _ 44.6 ksi(T) -Ans
16.5 73.662
Shear Stress : Since @4 =Qp =0,
3= 17=0 Ans
Oa=159 K5t

{

A

1-8(b)=28 8 Kip

Ua = 44Kt

)

From Mechanics of Materials, Sixth Edition by R. C. Hibbeler, ISBN 0-13-191345-X.
© 2005 R. C. Hibbeler. Published by Pearson Prentice Hall,
Pearson Education, Inc., Upper Saddle River, NJ. All rights 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.




8-37 The cqiled spring is subjected to a force P. If we
assume the shear stress caused by the shear force at any ver-
tical section of the coil wire to be uniform, show that the
maximum shear stress in the coil iS Tmax = P/A + PRrl),
where J is the polar moment of inertia of the coil wire and
A is its cross-sectional area.

L
V Tc _P PRr
mEAtTTATT 118> aaszee
ZR
Tonax = Yt TC
It J
vOo._4 ¥V
t 3A

TJ = max on perimeter =

J

B
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8-38 The metal link is subjected to the axial force of P =
7 kN. Its original cross scclion is to be altered by cutting a
circular groove into one side. Determine the distance a the
groove can penetrate into the cross section so that the ten-
sile stress does not exceed oaow = 175 MPa. Olfer a better
way to remove this depth of material from the cross section
and calculate the tensile stress for this case. Neglect the
effects of stress concentration.

M 74N
74N 0 i [5
(0.08-2) 0.04m
0.08" 2
2
(+ IMp=0; M-7(10°)(0.04— (O'OZ““)) =0
M=35(10"a
P Mc
Omax = —+-—
A I
3 . *)2(0.08 - a)/2
175(10°) = 7(10°) +315 (10*)a(0.08 a)3
0.025)0.08-a)  {5(0.025)(0.08-a)
Set x=0.08-a
4375 = _7_+ 21(0.08 - x)
x x*
4375%" + 14x—1.68 =0
Choose positive root :
x=0.01806
a=0.08-0.01806 =0.0619 m
a=619mm Ans
Remove material equally from both sides.
m—
ThN 74N
3
=9 _is55mpa  Ans
(0.025)(0.01806)
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8-39 The.control lever is subjected to a horizontal force of
20 Ib on the handle. Determine the state of stress at points
A and B. Sketch the results on differential elements located
at each of these points. The assembly is pin-connected at C
and attached to a cable at D.

A
For point B : } M=32/501n.
1= %5(0.3)(0.3’) = 0.675(107%) in* V=445)4,
x 9»750,,
op = Mc_ _4000.15) _ 8.89 ksi (C) Ans 40 /b
I 0.675(10°%)
73=0  (since Op =0) Ans Lé’. 874sc
For point A :
= 1—12(0.25)(13) = 0.020833 in* B
Mc _ 30(0.5) , .
Oy = — = ———— = 720 psi Ans
“ 7T 0020833 st (D /ﬁof"
. A
T, =0 (since Q4 =0) Ans -
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*8-40 The control lever is subjected to a horizontal force
of 20 Ib on the handle. Determine the state of stress at points
E and F. Sketch the results on differential elements located
at each of these points. The assembly is pin-connected at C
and attached to a cable at D.

For point £ : F -
1 3 3, . 4 M=30.0 Ib-7n
I = —(0.3)(0.37) = 0.675(107") i
12( (0.37) (107) in ye 40 51h
Mc _ 40(0.15) o.%n.
c .
== — = 8.80 ks Ans /
ETTT T 0.675(107) 1D +0.01b
g =0 (since Qg = 0) Ans
For point F : 5. 89ksi
1 3 . 4
I = —(0.25)(1°) = 0.020833 L
12( )(17) in E
or=0 Ans l
o = V_Q _ 410(0.25)(0.5)(0.25) = 240 psi Ans
It —1—2-(0.25)(1)3(0.25)
290ps(
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8-41 The bearing pin supports the load of 700 Ib.
Determine the stress components in the support member at
point A. The support is 0.5 in. thick.

.75 in \/ l\J
/{j
M
2in. A 051 2‘*"7/
30# /o
[, 7S

|

l' 39’74 70986
700 1b

IE=0; N-700 cos 30° =0; N=606218 Ib
IF =0 V-700 sin 30° = 0; V=3501b
(+ IM=0; M-700(125-2sin30°)=0; M=175lb-in.

_N_Mc_ 606218 _ (175)0.375)

Oy = =
ATA T (07905 5050075

64 =-2.12 ksi Ans

7,=0  (since Q4 =0) Ans

From Mechanics of Materials, Sixth Edition by R. C. Hibbeler, ISBN 0-13-191345-X.
© 2005 R. C. Hibbeler. Published by Pearson Prentice Hall,
Pearson Education, Inc., Upper Saddle River, NJ. All rights 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.




8-42 The bearing pin supports the load of 700 Ib.
Determine the stress components in the support member at
point B. The support is 0.5 in. thick.

XF,=0; N-700cos30°=0; N=6062181b
IF, =0 V—700 sin 30° = 0; V=3501b
(+ IM=0;, M-700(1.25-25in30°)=0;, M=1751b-in.

_N_ Mc_ 606218  175(0375)

Op = + = T 3
A I (075X05) ¢3(0.5)0.75)

op = 5.35 ksi Ans

73=0 (since Qg = 0) Ans

From Mechanics of Materials, Sixth Edition by R. C. Hibbeler, ISBN 0-13-191345-X.
© 2005 R. C. Hibbeler. Published by Pearson Prentice Hall,
Pearson Education, Inc., Upper Saddle River, NJ. All rights 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.




8-43. The frame supports the distributed load shown.
Determine the state of stress acting at point D. Show the
results on a differential element located at this point.

20mm + l
60 mm:[ E
B/\
Y T I O T 20 mm
NN T =
I"l-s""l"~5““f'_3'“'T‘l .
3m

ON\US m 50 mm

c
- 4 RN j
_ /ﬂ \\ T~ —
2V, s
‘tLP\) ;\i\\o)ﬂ'\)

P My _ 8010°) _ 12(10°)0.03)

=T TT T T OD005) 500501

op=-88.0MPa  Ans

k9] =0 Ans

—v e 2o
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*8.44. The frame supports the distributed load shown.
Determine the state of stress acting at point E. Show the
results on a differential element located at this point.

4 kN
¥ Y ']
;“U T bon 2
L‘GIJ + ’ck 0.0% ma
Y e
2N, a.of%_f”gm
0. 02 ™~

TN T /S 1 T25hMbimn

4.56N

op=—t-M_ 810%) 825100003 _ 575 ppy  Ans
27 00005 5005)0.17

_ Vo _4510°)0.04)0.02)005) _ociin.  Ans
It £(0.05)(0.1)°(0.05)

T

-——
_l_l—’_
” , S5 MPa

T8 4kPr

From Mechanics of Materials, Sixth Edition by R. C. Hibbeler, ISBN 0-13-191345-X.
© 2005 R. C. Hibbeler. Published by Pearson Prentice Hall,
Pearson Education, Inc., Upper Saddle River, NJ. All rights 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.




8-45 The pliers are made from two stecl parts pinned
together at A. If a smooth bolt is held in the jaws and a grip-
ping force of 10 Ib is applied at the handles, determine the
state of stress developed in the pliers at points B and C. Here
the cross section is rectangular, having the dimensions shown
in the figure.

0.18 in. 101b
‘D
O'Zi"']:D):L 0.1in. 30°
1

D AB

101b

+ZF =0 N - 10sin30°=0; N =50Db

2}
7.7
)

+XF, =0 V — 10cos 30° = 0; V = 8.660 Ib 4

Tﬁ;al?n

Q EMc =0, M-103)=0; M=30bin

A = 02(0.4) = 0.08 in’

I= %5(0.2)(0.4’) = 1.0667(10°%) in*

Os=0
Oc = yA = 0.1(0.2)(02) = 4(107%) in®

Point B :

o =I_Y+1_”!=.—_5£+_M—=5.56ksim Ans
B =TT T 008 1.0667(10°%)

Tn = KQ =0 Ans
P

Point C :

o= N My _ 50 - _625psi=625psiC)  Ans
CTA I 008

Shear Stress :

Vo _ 8.660(4)(107%)

—== = 162 psi Ans
It 1.0667(107%)(0.2)

Tc =
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8-46 Solve Prob. 845 for points D and E.

0.18 in. 101b
D
02 ml‘_D/:_lr- olin g
E

b 4y
\_/

101b I0“>
\V=/6/b
(+ IM, =0 -F(25 +410)=0; F =16 ‘
A M=16(175) =28 [b-in
Point D :
op =0 Ans 1-75in
Fetélp
o = Vo _ _16(0.05)(0.)(0.18) _ - psi Ans
It [(0.18)(0.2)°](0.18)
Point E :
My 28(0.1) .
O =—== —————~ = 233ksi (C) Ans
ETT T L(018)(02)°
g =0 Ans
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8-47 The beveled gear is subjected to the loads shown.
Determine the stress components acting on the shaft at point
A, and show the results on a volume element located at this
point. The shaft has a diameter of 1 in. and is fixed to the
wall at C.

=0; Y -125=0
=0, 75-N, =0 751b
=0, ¥ -200=0; 2001b

IF, 125 1b
ZF,
IF,
M, =0, 2008)-M =0; M =16001b-in.
M, L
ZMZ =

REBR
non

=0, 2003)-T, =0; = 6001b-in.
=0, M +753)-1258) =0, M, =7751b-in.

A = 1(0.5%) = 0.7854 in®
J= ’5'(0.5“) = 0.098175 in®

I= §(0.54) = 0.049087 in®

(QA)X =0

(Qu), = @(1)(1:)(0.52) = 0.08333 in®
3 2
N, M,

(O4)y =- —‘:—, + —I—E

75, 16000.5)
0.7854  0.049087
= 16202 psi = 162ksi (T)  Ans

(TA)yx = (rA)V - (rA)lwisl ?‘ 4
_ Y@ _Tc .
1r  J Ty 284 kesi

_ 125(0.08333)  600(0.5)
0.049087 (1)  0.098175
—2843psi = ~ 2.84ksi  Ans

0',0’ sloZ kST

V.(Q4a)x
It

(Ta)y: = =0 Ans
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*§-48 The beveled gear is subjected to the loads shown.
Determine the stress components acting on the shaft at point
B, and show the results on a volume element located at this
point. The shaft has a diameter of 1 in. and is fixed to the
wall at C.

IF =0, Y -125=0; ¥ =125b
3F, =0, 75-N, =0, N, =75Ib
IF, =0; ¥ -200=0;, V =200Ib

=0, 2008)-M =0, M =1600lb-in.
i 2003)-T, =0; T, = 600lb-in.
=0; M, +753)-125(8) =0; M, = 775lb-in.

A = m0.5%) = 0.7854 in®
J= ;-'(0.5“) = 0.098175 in*

I= %‘(0.5‘) = 0.049087 in*
(QB)z =0
4(0.5) 1
(Op); = —(——)(-)(n')(O.Sz) = 0.08333 in®
3r 2
P, M, ¢
Op), =— L 4 2=€
( B))' A I
15, 71505
0.7854  0.049087 - z
= 7.80ksi (T) Ans
R
(Ta)y: = (Ta)v + (T8)ewist &
_ %@ | Te
It J
_ 200(0.08333)  600(0.5)
0.049087 (1)  0.098175
= 3395psi = 3.40 ksi  Ans
N4
(TB)yx = —(]Qt‘& = 0 Ans
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8-49. The sign is subjected to the uniform wind loading.
Determine the stress components at points A and B on
the 100-mm-diameter supporting post. Show the results
on a volume element located at each of these points.

Point A :
o= Mc _ 10.5(10°)(0.05) _ 107 MPa Ans 107MPa
I £0.05)* 1S 3MPa
3

£ = 723000 _ 45 07910% =153 MPa Ans Y

J  50.05)
Point B :
6p=0 Ans 1$. 8 MPa

3000(4(0.05)/37)) (1)(7)(0.05)

=T Y2 _ 15 2700105 - ZOEODV3EN,

J I £(0.05)(0.1)

2

t3=148MPa  Ans
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8-50. 'The sign is subjected to the uniform wind loading.
Determine the stress components at points C and D on
the 100-mm-diameter supporting post. Show the results
on a volume element located at each of these points.

7Y

Paint C - /07»7@3
13.3MPFe.

oc = Mc _ 10.5"(103 )0.05) _ 107MPa (C)  Anms -

1 $(0.05)*

c
3
= Te 3000099 _ 1557910% =153 MPa  Ams
7~ TZ00sy

PointD : 1S FmPa
op=0 Ans @

1 2
310°X400)BHGUMO05 | o\ b
50.05)*.1)

Ans

=1+ Y2 - 152790109 +
J I
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8-51 The }-in.-diameter shaft is subjected to the loading
shown. Determine the stress components at point A. Skelch
the results on a volume element located at this point. The
journal bearing at C can exert only force components C, and
C, on the shaft, and the thrust bearing at D can exert force
components Dy, Dy, and D, on the shaft.

&
Vesizs't
A = 2075% = 044179 in? S
4 ) < M,:/&.SU
I
" 7

I= -;-'(0.375“) = 0.015531 in* 20,

AU=0 |
=0 Ans

M,c  —1250(0.375)
Of = — = —— = -30. i= A 3
A 7 0.015531 0.2 ksi = 30.2 ksi (C) Ans

A
ng Thsooks)
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*8-52 Solve Prob. 8-51 for the stress components at point
B.

A= %’(0.752) = 0.44179 in?

I= ;-’(0,375“) = 0.015531 in*

Z
§ %‘ d
_ 4(0375) 1 &
- KV 4

Op =yA (5)(::)(0.3752) = 0.035156 in’

op =0 Ans
_ Y05 _ 125(0.035156)
It 0.015531(0.75)

(7} = 0.377 ksi Ans

7§=¢»’77,<:;
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8-53 The bent shaft is fixed in the wall at A. If a force F is 2
applied at B, determine the stress components at points D
and E. Show the results on a differential element located at
each of these points. Take F = 12 1b and 0 = 0°.

IF, =0 V. - 12=0; V. = 121b

IM, =0; -T, +12(3) =0; T, =36lb-in. T

M, =0, M,-12(8)=0; M, =961lb-in. z

A = m(0.625%) = 12272 in’
1

I= ‘—‘7;(0.625‘) = 0.1198 in*

J= %n(o.azs“) = 0.2397 in*

Point D :
(Qp), = 40.625 l(7:)(0.6252) = 0.1628 in’
3z 2
Op = Aﬁli =0 Ans
(’7:’:);;; =808 psi
(TD)yx = (rb)V - (TD)lwisl —
_ ¥@). T¢ R
It J
- 12(0.1628) _ 36(0.625) = - 80.8psi Ans
0.1198(1.25) 0.2397
Point E
M, -96(0.625 .
(6g)y = —ff- = _(%19—8_2 = -501 psi Ans
(t8)yz = (Te)v — (TE)rwist (7-;)]&: 9395t

o Bc_ 3600625 __ (gg-soipst.
J 02397 -
=-93.9 psi Ans
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8-54. The bent shaft is fixed in the wall at A. If a force F
is applied at B, determine the stress components at points
D and E. Show the results on a differential element located
at each of these points. Take F = 121b and § = 90°.

IF,=0; N, -12=0; N, =12Db
IM, =0; M -123) =0, M=36lb-in.

A = 1(0.625%) = 1.2272in®

= 17:(0.625‘) = 0.1198 in*
4

PointD :
. N, Mz _ 12 36(0.625) J

[of = e T ———
@)y =2~ " 12212~ o119 (ﬂ‘;{y-' s
= -~ 178 psi Ans
(7D)yx = (TD)yz =0 Ans
PointE :
B I
@)y = 3+ " 12m
= 9.78 psi Ans P \ N
(tE)yx = (TE)yz =0 Ans " >

Gy)=9-78psc
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8-55.

The bent shaft is fixed in the wall at A. If a force F

is applied at B, determine the stress components at points
D and E. Show the results on a volume element located at

each of these points. Take F = 121b and 8 = 45°.

IF, =0; Y, -12cos45°=0; V= 8485hH

IF =0; N, - 12sind5°= 0; N, = 84850

IM, =0; M, - 125in45%3) = 0;
M, = 25.4561b-in.

IM, =0 —T, + 12c0s45°%(3) = 0; T, = 25.4561b-in.

IM, =0, M -12c0545°(8) =0; M, = 67.8821b-in.

A = %(0.625%) = 1.2272in®

1= %n(O.GIS‘) = 0.1198in*

I= %3(0.67.5‘) = 0.2397 in*

PointD :

(O = 4(0.625) 1

~()(0.625%) = 0.1628 in®
3 2

= - 126psi Ans
o V@) e
iy 3

7
_ 8485(0.1628) _ (25.456)(0.625)

0.1198(1.25) 02397
= =~ 57.2psi Ans
PointE :
(0g); =0
(o), = Mo Mx _ B4 (67882)0625)
A 1 12272 0.1198
= —347 psi Ans
Yo Tc
(%e)ye 7
= o - (25.456)(0.625)
0.2397
= - 66.4 psi Ans

‘@' (‘5)1 ar26pst

(Z’D)g,f S572p8f

/= (‘Z:J’ = 347ps¢
H -
)
(‘g}, s Codpsi
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*8.56. The 1-in.-diameter rod is subjected to the loads
shown. Determine the state of stress at point A, and show
the results on a differential element located at this point.

&

0, ¥+10=0 V=-100Db

g

=0; N -75=0 N, =75b

&

=6 ¥ -8=0 V=80

0 M +8X8) =0 M= - 6400 i

0 I +80(3) =0 T=-2400b-in.

&’fE

0 M +100(8) - 75(3)=0; M, = - 575kb-in.

&=

>

]
3%
aln

a?) = %x in

[

Ny

&= %’(05‘) = 003125x in®

(@) =0

4(05) 1

—_— 2) = in®
o 709(05) = 008333 in

Q)4 =yA=
L =4= :_' = 3’5 (05%) = 0.015625x in* A

Notmllmx:c=£+£-y—+ylf z
a L4

o = _:_l£+640(0.5)

+ 0= 6.61 ksi
Ix " ooisex Vesi (D Ans

Shear stress :

IS
SR

T=

+

~
-

1000.08333) _ 240(0.5) )
00IS6m(1) | 00312x Up =6-61 k5t

/
d
I'xp)‘z/.jyb-,'

(Teda =

= 1.39ksi Ans

s =0 Ans
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8-57. The l-in.-diameter rod is subjected to the loads ,
shown. Determine the state of stress at point B, and show
the results on a differential element located at this point.

IR0 ¥ +100=0. Y= -100

TR =0 N -15=0; N =750Db

TR =0 ¥ -80=0 V=800

IM, =0, M +80(8) =0 M= -60k-in
M, =0 T. +803) =0 T= -240lb-in.  §
M, =0 M, +10K8) -75(3)=0; M= -SI5D-in

3 gz fini
A=:d =4(l)"‘

J=%0a g(oj‘) = 003125 x in’
2

405) t x s
©n === 5(;)(1’) = 008333 in

Lek= :.',‘ = 5(05‘) = 0.015625% in*
Normal stress :

P My M
G-A#I,I*I,

o = Z’f +0 "'65.7«:(72% = - 576ksi = 5.76ksi (C) Ans 4
Shear stress : r . 8

T= ‘;—g'mdr = -75
vQ - 240(0.5) . 80(0.0833)

(o = - 22

S e = 136ksi Ams
J Kk 00312Sx  0.015625x(1)

(ta)s = 0 Ans
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8-58 The post has a circular cross section of radius c.
Determine the maximum radius e at which the load can be
applied so that no part of the post experiences a tensile
stress. Neglect the weight of the post.

Pe

]

Require 4 = 0
O = =£+_A.l_€, 0=i (PE)C
A c? x4
e= < Ans
4
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8-59 The masonry pier is subjected to the 800-kN load. For the range y>0.x>0,
determine the equation of the line y = f{x) along which the

load can be placed without causing a tensile stress in the pier.

Neglect the weight of the pier.

A = 3(45) = 13.5m®
L = 1345 = 2278125 m* "
12 4
'L M1=Boox
I = 1_12(4.5)(3’) = 10.125m* M=800
SE— 5— A
Normal stress : Require o4 = 0

oo Py My, Mx |

AL g A

0 = -800(10%) + 800(10%)y(2.25) N 800(10°)x(1.5)
13.5 22.78125 10.125

0 = 0.148x + 0.0988y — 0.0741

y=075-15x Ans
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*8-60 The masonry pier is subjected to the 800-kN load. If

x =025 m and y = 0.5 m, determine the normal stress at \if
each corner A, B, C, D (not shown) and plot the stress dis-
tribution over the cross section. Neglect the weight of the — I-—o~z§m
pier.
800 kN l(‘ 600 kN
Tosp
1
¢
b My= 200 kN9
A = 3(45) = 13.5m?
L= 1—12(3)(4.53) = 22.78125m*
L = 1453 = 10.125m*
12 O-58m
o=P My, Mx
A I I
o, = —800(10%)  400(10°)(2.25) , 200(10°)(L.5)
A 135 22.78125 10.125
= 9.88 kPa (T) Ans
o = ~800(10%) . 400(10°)(2.25)  200(10°)(1.5)
2 13.5 22.78125 10.125
= —-494kPa = 494kPa(C) Ans
oo = Z300010°) _ 400(10°)(225) _ 200(10°)(1.5)
¢ 135 2278125 10.125
=- 128 kPa = 128 kPa (C) Ans
o = —300010°)  400(10°)(2.25) . 200(10°)(1.5)
b 135 2278125 10.125
=-69.1kPa = 69.1 kPa (C) Ans
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8-61 The eye hook has the dimensions shown. If it supports
a cable loading of 80 kN, determine the maximum normal
stress at section a-a and sketch the stress distribution acting
over the cross section.

Foolb
2$Lip

Boolb

16 kst
M = 800(3.125) = 2.5(10%)

= ——-———M(R _ r) + £ E N
ArG-R A 10.Ghst

2.5(10°)(3.09343 - 2.5) + 800

=160ksi Ans
7 (0.625)%(2.5)(3.125-3.09343) 7 (0.625)*

(0)max =

2.5(10%)(3.09343 - 3.75) . 800
7(0.625)2(3.75)(3.125-3.09343) 7 (0.625)

=-10.6ksi Anms

(o'c )mlx =
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8-62. The C-clamp applies a compressive stress on the
cylindrical block of 80 psi. Determine the maximum
normal stress developed in the clamp.

353429 10
3 f. 08234 in.

35342940

[ A 02513 = 0055786
Ar 4

A 1(025)
R="=——220 _ 448142
J4A 0055786

P = 0,A =807 (0.375)* = 35.3420 Ib

M =35.3429(9) = 318.0863 kip- in.

- MR -r) +£
Ar(F—-R) A

318.0863(4.48142 - 4) 35.3429

(1)(0.25)(4)(4.5- 4.48142)  (1)(0.25) =838ksi  Ans

(O)max =

318.0863(4.48142-5) = 35.3429
1(0.25)(5)(4.5-4.48142)  (1)(0.25)

(O dmaz = =-6.96 ksi
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8-63 The handle of the press is subjected to a force of 20 Ib.
Due to internal gearing, this causes the block to be subjected
to a compressive force of 80 Ib. Determine the normal stress
acting in the frame at points along the outside flanges A and
B. Use the curved-beam formula to compute the bending
stress.

Normal stress due to axial force :
A = 2[0.5(3)] + 5(0.5) = 5.5in”

P 60 .
= —= — = 10.9090 psi (T)
A= AT 55 P
Normal stress due to bending :

7 =15in. r, = 12in. rp = 18in

201b

dA r 12.5 17.5 18 _ )
a@ _ n_ 222 4 05In—=+ 3 = 03752 in.
):j r Zbin n 3in 12 12.5 1.5
R=A - 33 _146583in.

[4 03752
7 - R = 03417 in.

M(R = ry) _ 590012)(14.6583 = 12) _ g4 4sep 0i ()

(C4)s =

Ara(F - R)  5.5(12)(0.3417)

(08)s = w _ 59.002)(14.6583 — 18) _ _ 49934 psi = 69.9342 psi (C)
Arg(7 - R) 5.5(18)(0.3417)

0, = 83.4468 + 109090 = 94.4psi(T)  Ans

0p = 69.9342 — 109090 = 59.0psi(C)  Anms

© 2005
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*8-64 The, block is subjected to the three axial loads shown.
Determine the normal stress developed at points A and B.
Neglect the weight of the block.

]

- 250 (1.5) — 100(1.5) + 50(6.5) = — 2001b-in.
= 250(4) + 50(2) ~ 100(4) = 7001b-in.

i 3 1 3 . 4
L =—(4 - = .
2 @®H3a3’) + 2(12)(2)(3 ) = 74133 in

&KX

1 3 1 3 . 4
I = 3)(8 2(— 4°) = 181.
by 12( )(87) + (12)(5)( ) 81.33in

A = 4(13) + 2Q)(3) = 64in’
P Mx My
o= —-—2-+

A I L
400 700(4) 200 (-1.5)
Oy = =~ — — +
64  181.33 741.33
= -213psi Ans
400 700(2) = ~200 (-6.5)
O = - — — +
64  181.33 741.33
= —122psi Ans
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8-65 The C-frame is used in a riveting machine. If the force
at the ram on the clamp at D is P = 8 kN, sketch the stress
distribution acting over the section a—a.

* 21808 knm 8 KN

_ TxA  (0.005)(0.04)(0.01) + 0.04(0.06)(0.01) _ 0.026 m
X = —— = = L.
A 0.04(0.01) + 0.06(0.01)

A = 0.04(0.01) + 0.06(0.01) = 0.001 m’

= —113(0.04)(0.013) + (0.()4)(0.01)(0.026—0.005)2

+ 1-12(0.01)(0.063) + 0.01(0.06)(0.040 - 0.026)% = 0.4773(10%) m*

~

Mx  8(10°)  1.808(10%)(0.07-0.26)
(Gmax)t ==+ — = +

A I 0.001 0.4773(107%)
106.48 MPa = 106 MPa

159 MPa
MPa
_ P Mc _ 8(10°) _ 1.808(10°)(0.070-0.026) lob
(Omesde = 2777 7 o001 0.4773(10°°)
= -158.66 MPa = —159 MPa
x =70—x, x = 419 mm
15866  106.4
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8-66 Determine the maximum ram force P that can be
applied to the clamp at D if the allowable normal stress for
the material is oyow = 180 MPa.

TxA - (0.005)(0.04)(0.01) + 0.04(0.06)(0.01)

= 0.026 m

5= 2X4
TA 0.04(0.01) + 0.06(0.01)

A = 0.04(0.01) + 0.06(0.01) = 0.001 m*

I= -115(0.04)(0.01’) + (0.04)(0.01)(0.026 - 0.005)>

+ é(o.(n)(o.os’) + 0.01(0.06)(0.040- 0.026)° = 0.4773(10°%) m*

g = f + M_’f
A I
Assume tension failure,
180(10°) = £ 4 9226 P(0.026)

0.001 0.4773(107)
P = 13524 N = 13.5kN
Assume compression failure,

P 0226 P(0.070-0.026)
0.001 0.4773(107%)

- 180(10°%) =

P = 9076 N = 9.08 kN (controls) Ans
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8-67. Air pressure in the cylinder is increased by exerting
forces P = 2 kN on the two pistons, each having a radius of
45 mm. If the cylinder has a wall thickness of 2 mm, deter-
mine the state of stress in the wall of the cylinder.

P

N
7 mm

P 2(10°) .
P =E— S =

4 " w0045 314 380.13 Pa P

pr _ 314 380.13(0.045)
O © —~ = e =
! P 0.002 7.07 MPa Ans

% =0 Ans

The pressure p is supported by the surface of the pistons in the longitudinal direction.
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*8-68. Determine the maximum force P that can be exert- |
ed on each of the two pistons so that the circumferential stress ;
component in the cylinder does not exceed 3 MPa. Each pis-
ton has a radius of 45 mm and the cylinder has a wall thick- |
ness of 2 mm.

BT agh = PO04S)
o= 0=
p = 133.3kPa Ans
P =pA=1333(10%) (1)(0.045)" =848 N Ans
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8-69. The wall hanger has a thickness of 0.25 in. and is used
to support the vertical reactions of the beam that is loaded as
shown. If the load is transferred uniformly to each strap of
the hanger, determine the state of stress at points C and D on
the strap at A. Assume the vertical reaction F at this end acts
in the center and on the edge of the bracket as shown.

,_’ TS T 5
550 ‘,F
580 Kipin
//6 K”’
CEM =0, 12(3)+10(8) - £, (10) =0
= 11.60 kip
1
7= 25(025)(2)°] = 0333 in*
A =2(025)(2) =
At point C,
P 2(580)
Oc = — = - .
C a 1 = 11.6 ksi Ans
Tc =0 A
ns
Atpoint D,
op= L _Mc_2580) [ 80)101) _
A I 1 0333 -23.2ksi Ans
=0 A
ns
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8-70 The wall hanger has a thickness of 0.25 in. and is usea
to support the vertical reactions of the beam that is loaded
as shown. If the load is transferred uniformly to each strap
of the hanger, determine the state of stress at points C and
D of the strap at B. Assume the vertical reaction F at this
end acts in the center and on the edge of the bracket as

shown.

-—————
1

o 2 kip/t 10Kip < f 6)=/2 Lip
1

i
N

T St Tai L
8

A

l—znizn«]———&ﬁ‘-l ;

A
/S”‘i?’
lin s kipin

0K ip

(+ZMA'= 0; F3(10) - 10(2) - 12(7) = 0; Fg = 10.40 kip

1

= 2[3(0.25)(2)31 =0333in*; A =2025)(2) = 1in®
Atpoint C :
_ P _ 2520 .

Oc = Z = T = 10.4 ksi Ans
Tc = 0 Ans
Atpoint D :

P Mc _ 2(5.20) [2(5.20)1(1)
Op = —— —= - = - i

1 7 ] 0333 20.8 ksi Ans
Tp = 0 Ans
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8-71 A bar having a square cross section of 30 mm by 30 mm
is 2 m long and is held upward. If it has a mass of 5 kg/m,
determine the largest angle 6, measured from the vertical,
at which it can be supported before it is subjected to a ten-
sile stress along its axis near the grip.

A = 0.03(0.03) = 0.9(107%) m?
2m

= 715(0.03)(0.03’) = 67.5(10°) m*

Require o4 = 0 S

P Mc
GA = 0 = — e —

A I

_ -98lcosf 98.1sin 6(0.015) /”4 ©
0.9(1073) 67.5(10°°) 50981)(2) =98N
\
0 = —1111.11 cos 6 + 22222222 5in 6 M=98./5in8
N =93. [ Cos®

tan 6 = 0.005; 6 = 0.286° Ans
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*8-72 Solve Prob. 8-71 if the bar has a circular cross sec-
tion of 30-mm diameter.

A= %’(0.03’-) = 0.2257(10°%) m?

= Z(0.015%) = 12.65625% (10°) m*
4 >
Require 64 = 0
o, =0= P + M
ATT T AT T
-98.1 cos 6 98.1 sin 6(0.015)

0= + -
0.2257(107) ~ 12.65625 m(10™)

0 = — 4444.44 cos @ + 1185185.185 sin &

tan 6 = 0.00375

6 = 0.215° Ans

From Mechanics of Materials, Sixth Edition by R. C. Hibbeler, ISBN 0-13-191345-X.
© 2005 R. C. Hibbeler. Published by Pearson Prentice Hall,
Pearson Education, Inc., Upper Saddle River, NJ. All rights 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.




8-73. 'The cap on the cylindrical tank is bolted to the
tank along the flanges. The tank has an inner diameter of
1.5 m and a wall thickness of 18 mm. If the largest normal
stress is not to exceed 150 MPa, determine the maximum
pressure the tank can sustain. Also, compute the number
of bolts required to attach the cap to the tank if each bolt
has a diameter of 20 mm. The allowable stress for the
bolts is (Taiow)s = 180 MPa.

r 750
Hoop Stress for Cylindrical Tank : Since rabTy
=41.6> 10, then thin wall analysis can be used. Applying Eq.8-1 \ , 360MPa
r ]
01.= Cuttow =
sy _ P(750) l
150(10°) = =2
3
p = 3.60 MPa Ans

Force Equilibrium for the Cap :

+125=0; 3.60(10°)[#(0.75°)]-F =0
F,=63617(10°) N

Allowable Normal Stress for Bolts :

P
(Caiow)y = z
_ 6.3617( 10%)

180( 10°) = FETI2)

n=1125

Use n=113 bolq Ans
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8-74. The cap on the cylindrical tank is bolted to the
tank along the flanges. The tank has an inner diameter of
1.5 m and a wall thickness of 18 mm. If the pressure in
the tank is p = 1.20 MPa, determine the force in the 16
bolts that are used to attach the cap to the tank. Also,
specify the state of stress in the wall of the tank.

Hoop Stress for Cylindrical Tank : Since ; = E)

18
=41.6> 10, then thin wall analysis can be used. Applying Eq.8-1

120 MPa
1.20(10%
o, =20 2 L20UNVT50 _ o0 vpa Ans
t 18
Longitudinal Stress for Cylindrical Tank : l
lbF,
1.20( 1
a,="z'.—L)(759-25.om Ans
2(18) =250 MmPa
Force Equilibrium for the Cap : T=50.0MPa

+TZ5 =0, 120(10°)[#(075%)]-165 =0
K =132536 N=133kN Ans
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8-75. The crowbar is used to pull out the nail at A. If a
force of 8 1b is required, determine the stress components
in the bar at points D and E. Show the results on a
differential volume element located at each of these
points. The bar has a circular cross section with a diameter
of 0.5 in. No slipping occurs at B.

Support Reactions :

(n:u, =0; 8(3)-P(1657)=0 P=1414D
Internal Forces and Moment :

S4EE. =0, N=0
X+IF.=0; V-1414=0 V=14141b
(+w,,=o; M-1414(5)=0 M=7071lb-in.

Section Properties :

A =x(025%) =0.06257 in®
1=7(025%) =09765625%(10°) in'

% =0
= gear s 2029)r1 3. 3
G =ya'=—— [z(n)(o.zs)]_o.momm

Normal Stress : Since N =0, the normal stress is caused

by bending stress only.

_Mc_ 1071(025)
% = = o57esezsaio™) ~ o Pt (D) Ans

_My 707100 _ Te=960psc
%= T = 05765625 m(10°) Ans Ey <
Shear Stress : Applying the shear formu, . \<>
Vg, Up=576 psi
Tp = T =0 Ans

VO 1.414(0.0104167) i
Tp = = B e = 9,60
S T = 09765625m(10)(05) _ 0P Ans
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*8.76. The steel bracket is used to connect the ends ot
two cables. If the applied force P = 5001b, determine
the maximum normal stress in the bracket. The bracket
has a thickness of 0.5 in. and a width of 0.75 in.

Internal Force and Moment: As shown on FBD.

Section Properties :

A =05(0.75) = 0375 in?
1
I=55(05(0.75%) =0.01758 in*

Maximum Normal Stress : The maximu

ra normal s
occurs at the bottom of the steel bracket e

M=118].5 Ib-in.

N Mc
. v M N=5001
sty mﬂm
- 500 . 1187.5(0.375)

0.375 0.01758

=26.7 ksi Ans
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8-77. The clamp is made from members AB and AC,
which are pin connected at A. If the compressive force at
C and B is 180 N, determine the state of stress at point
F, and indicate the results on a differential volume
element. The screw D E is subjected only to a tensile force
along its axis.

Support Reactions :

(H:MA =0;  180(0.07) - Tz (0.03) =0
Tpe =420N

Internal Forces and Moment :

3IF =0, 420-180-V=0 V=240N

+T LF =0; N=0
+XIMy =0;  180(0.055) ~420(0.015)~-M =0
M=360N-m
At
Section Properties :

A=0.015(0.015) = 0.225( 10”) m T‘Cﬂﬂﬂ
0-04m

I= -;—z(o.oxS)(o.ms’) =421875(107) m*

%=0 o0i5m —+ 420N
Vot
Normal Stress : Since N = 0, the normal stress is caused M
by bending suess only. N

: D;=6-49Mp¢.
Mc  3.60(0.0075)

Or = = 331875(109)

=640MPa(C) Ans

Shear Stress : Applying shear formula, we have

Ve

;-,:Tao Ans
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8-78. The clamp is made from members AB and AC,
which are pin-connected at A. If the compressive force at -
C and B is 180 N, determine the state of stress at point
G, and indicate the results on a differential volume
element. The screw DE is subjected only to a tensile force
along its axis.

Support Reactions :

£+ M, =0; 180(0.07) - I5(0.03) = 0
Tpe =420N

Internal Forces and Moment :

5 3F =0, 420-180-V=0 V=240N

mod
+TZE =0; N=0 1DT i
+3IM,=0; 180(0.055)-420(0.015)-M=0 .
L ° M=360N-m Te=t-60 MPa T i
As

Section Properties :
A =0.015(0.015) =0.225(10°) m’

I= -115(0.015)(0.015’) =421875(10") m'
0, = F'A’ = 0.00375(0.0075) (0.015) = 0.421875( 10) m’

Normal Stress : Since N = 0, the normal stress is caused Shear Stress : Applying shear formula, we have
by bending stress only.
.= VQ; 240[0.421875(107¢) 1 A
_.._=____[. |= 60 MP
Og= My 3600 Ans ¢ 421875 10-%) (0.015) 2 ns

T T 321815010
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8-79. The wide-flange beam is subjected to the loading
shown. Determine the state of stress at points A and B,
and show the results on a differential volume element

located at each of these points.

Support Reactions : As shown on FBD.
Internal Forces and Moment : As shown on FBD.
Section Properties :

A=4(7)~3.5(6)=7.00in®

1 3 __!_ 3y _ . 4
1-5(4)(7 ) 12(3.5)(6 ) =51.333in

=0
0 = Iy'A” = 3.25(0.5) (4) +2.00(0.5) (2) = 8.50 in’

45 f 128

0.5 in=fi=

8.
i

4 in=

Normal Stress : Since N = 0, the normal stress is contributed

by bending stress only.
Mc  7.20(12)(3.5) .
= — = e = §.89 ksi (C A
Oa= T T siam (O Ans
My 1.20(12)(1) .
—_—————— =], A
Oy = T 51353 1.68 ksi (T) ns

Shear Stress : Applying the shear formula.

Vi
rA=’—?‘=0 Ans

V0, 1.20(8.50) .
= — = e = (0,397 ks A
8= T 51333(09) ! s

0:3Ub)*4-80 kip

- 3
8ft I 8as
240 Kip

0:34)3}20 Kip

Z.40Kkip

1 Ma720kp /2
N=0

o V=120 Kip

240kip

A
-, . Sin.
'y,,'l-ﬂ‘in. Bg tin.{ 3in.

Yo S
ki

- o5in.

D OesBtsi ﬂj‘ Jarl-bB ks
= LroNTKS
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