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8-1. A spherical gas tank has an inner radius of = 1.5 m.
If it is subjected to an internal pressure of p = 300 kPa,
determine its required thickness if the maximum normal pr

. 300(10%)(1.
stress is not to exceed 12 MPa. Oallow = 2 H 12(10%) = —-—(—2—:(—52

t = 0018 m = 18.8 mm Ans

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

; . pr 3 200 r;
Oallow = — 3 15(10 = =
normal stress is not to exceed 15 ksi. u 7 ) 20.5)
ri = 75in.
ro = 75in. + 0.5in. = 75.5in. Ans
8-3. The thin-walled cylinder can be supported in one of
two ways as shown. Determine the state of stress in the wall Case (2)
of the cylinder for both cases if the piston P causes the
internal pressure to be 65 psi. The wall has a thickness of 65
Pr. _654) _
0.25 in. and the inner diameter of the cylinder is 8 in. Gr=7m i Eoe S 1.04ksi  Ans
o, =0 Ans
P Case (b)
o= =2Y_ 10k ans
0.25
o, =p_r_' = 65(4) =520psi  Ans
(a) (b) 2% 2(0.25)

*8—4. The tank of the 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 point A. Draw a volume
element of the material at this point, and show the results
on the element.

11
Hoop Stress for Cylindrical Vessels : Since ;r= 035 =44> 10,

then thin wall analysis can be used. Applying Eq.8 -1

pr 90(11) . R
=T 03s 3960 psi = 3.96 ksi Ans
- 07:396 ks¢
Longitudinal Stress for Cylindrical Vessels : Applying Eq.8 -2
_pr_90(11) _ 1980 osi 198 k 0,=/98 ks(
TR T 02y R Ans
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8-5. The open-ended pipe has a wall thickness of 2 mm
and an internal diameter of 40 mm. Calculate the pressure
that ice exerted on the interior wall of the pipe to cause it to
burst in the manner shown. The maximum stress that
the material can support at freezing temperatures is
Omax = 360 MPa. Show the stress acting on a small element
of material just before the pipe fails.

20
Hoop Stress for Cylindrical Pipe : Since - 3= 10, 0,=300 MPa
t
then thin wall analysis can be used. Applying Eq.8 - 1
=0
01 = Ohiiow = ? O;
360( 10°) = 2100
0.002
p =36.0 MPa Ans

Longitudinal Stress for Cylindrical Pipe : Since the pipe
1s open at both ends, then

o, =0

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.

There is no stress component in the longitudinal
direction since the pipe has open ends.

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.

2
d;=£'—r=6—§(3—)=600psi Ans
pr _ 60(2) .
O = — = —= =300
721 T 202 pet Ans
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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 lb, determine the normal
stress in the band, the pressure exerted on the cylinder, and 400

o =
the distance half the band stretches. ' T2m()

= 1600 psi
o= 1600=28

t (1/8)
p=25psi  Ans

o 1600 6.
a=3._ = 55.1724(10
YT E T 293009 (107

5=£)L=55.1724(10")(m)(8 + li6) =000140in.  Ans

8-9. The 304 stainless steel band initially fits snugly around
the smooth rigid cylinder. If the band is then subjected to a

nonlinear temperature drop of AT = 20 sin® § °F, where 0 is Compatibility : Since the band is fitted to a rigid cylinder
in radians, determine the circumferential stress in the band. (it does not deform under load), then
-l b= 0r=0
P2 2
. Q) [** aaTrdo = 0
—in. AE 0
4
. 2mr (P 2, P
10 in. ——(—) =20ar| sin"6d6  however, — =0,
e = [T1in. 2E A 0 A
2
9 idd = IOaJ ‘(l—cos 26)deé
E 0
o, = 10aE
L — =10(9.60) (107°) 28.0(10°) =2.69ksi  Ans

8-10. The barrel is filled to the top with water. Determine
the distance s that the top hoop should be placed from the
bottom hoop so that the tensile force in each hoop is the
same. Also, what is the force in each hoop? The barrel has
an inner diameter of 4 ft. Neglect its wall thickness. Assume
that only the hoops resist the water pressure. Note: Water
develops pressure in the barrel according to Pascal’s law,
p = (62.47) Ib/ft?, where 7 is the depth from the surface of
the water in feet.

Equilibrium for the Steel Hoop : From the FBD

1
IE =0, 4F-(499.2)(8)(4) =0
F=1996.8 Ib = 2.00 kip Ans

IM, =0 [%(499.2)(8)(4)]2.667
-2(1996.8)(2) —2(1996.8) (s +2) =0

s=133ft Ans
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8-11. A wood pipe having an inner diameter of 3 ft is
bound together using steel hoops having a cross-sectional
area of 0.2in’. If the allowable stress for the hoops is
Oaow = 12 ksi, determine their maximum spacing s along
the section of pipe so that the pipe can resist an internal
gauge pressure of 4 psi. Assume each hoop supports the
pressure loading acting along the length s of the pipe.

Equilibrium for the Steel Hoop : From the FBD
5L 5F =0, 2P-4(36s)=0 P=72.0s

Hoop Stress for the Steel Hoop :

P
O = Oallow = n
72.0s
12(10°) =
( ) 0.2
s=33.3in. Ans

*8-12. A boiler is constructed of 8-mm thick 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
(a) the circumferential stress in the boiler’s plate apart from
the seam, (b) the circumferential stress in the outer cover
plate along the rivet line a—a, and (c) the shear stress in the
rivets.

1.35(10%)(0.
) o =202 18000 _o6s6105 = 127MPa Ans

b)  126.56 (10°)(0.05)(0.008) = o, (2)(0.04)(0.008) 127 Mpa
o0,"'=79.1MPa Ans

c) From FBD (a)

+TZIF =0; F,-79.1(10°[(0.008)0.04)] = 0 iz B b33mpe

F, = 253 kN
£ 253125
(= =2 =222 =32 Mm
)b i %001 Pa Ans
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8-13. The ring, having the dimensions shown, is placed
over a flexible membrane which is pumped up with a
pressure p. Determine the change in the internal radius of
the ring after this pressure is applied. The modulus of
elasticity for the ring is E.

Equilibrium for the Ring : From the FBD

:)21'; =0; 2P-2priw=0 P=priw

Hoop Stress and Strain for the Ring :

Using Hooke's Law

pri

E(r,-r) (]

g
51=—=
E

However, ¢, = 27(r), —2nm; = (), -n = ﬁ

27r T n
Then, from Eq.[1)
o, pr
n  E(r,-r)
pr?

T EC, - Ans
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8-14. A 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 in the figure.
Consider a segment of the vessel of width w and wrapped at
an angle 0. If the vessel is subjected to an internal pressure
p, show that the force in the segment is Fy = ogwi, where
oy is the stress in the filaments. Also, show that the stresses
in the hoop and longitudinal directions are o), = o sin’ 6
and o; = o7 cos” 0, 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

_pr_p(5) _pd
BETETTY
pr_p(3) _pd
2_21 2t 4

The Hoop and Longitudinal Force for Filament:

Fy
4 /
t 7
I N o
d
However, y/3cos 26+5#0.  Therefore,

3cos® 20+ 10cos 26+ 3 _
sin? 26(3cos 28+5)
3cos® 26+ 10cos 26+3 =0

-10%,/102-4(3)(3)

20=
cos 20)

pdf w pdw cos 26 =-0.3333
R-oa =22
2t \sin 6 2sin 0
pdf w pdw 6 =54.7° Ans
F=0,A= —( 1) =
- 4t \cos 6 4cos 6
Hence, Force in 6 Direction: Consider a portion of the cylinder. For a
filament wire the cross - sectional areais A = wt, then
Fy= R+ E?
LI _ F=ouwt (Q.E.D.)
alt )z+(""” J
2sin 6 4cos 8 Hoop Stress: The force in hoop direction is F, = F, sinf
pdw 1 . . wit .
= V2 6 s 6 = Oywisin @ and the areais A = e Then due to the internal
_ pdw [4cos? B+sin? 6 pressure p,
T4 sin?@cos? 0
dw F,  oywtsinf
=P [icos26+3 o, = n_ Jowisind
24/2sin 26 A wt/sin 6
=g,sin’6 (Q.E.D.)
o < 9 2/.. ,/3cos 20+5
NERLIE L LT UL O,
A wt
Longitudinal Stress: The force in the longitudinal direction is
-2 ( 3C0$26+5) (Q.E.D.) F = Fycos8 = g, wrcos 6 and th isA=—L Thend
Y .E.D. = = eareais A = . ©
2‘/“ sin 20 1 ‘a [ v en due
the internal pressure p,
do, o = .’i = M
E =0 when o, is minimum. A wt/cos 6
d 4 [ 2c0s 26 =0, cos’8 (Q.E.D.)
do, _ p l: cos VeI 3 J
3c05 26+5) ~ ———0u"|=0
e sinZ 26 ( Y- 9
2‘/_t 3cos 20+5 Optimum Wrap Angle: This require fi = pdr2 = 2. Then
o, pdl4
2cos 26
y3cos 26+5) +
sin? 26 FRETL 5) m G _ % sin?6
2 o, O coszo
(¢3c0520+5)( cos 8 ‘3- 0
in? 26 " 3c0s 2043 tan’g =2
3cos? 20+ 10cos 26 +3
v 3cos 26+ 5) = = o
( [ sin? 26(3cos 26+ 5) J 0 6 =547 Ans
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8-15. The steel bracket is used to connect the ends of two 0.75 in.
cables. If the allowable normal stress for the steel is L
Oaow = 24 ksi, determine the largest tensile force P that
can be applied to the cables. The bracket has a thickness of 2 in. i
0.5 in. and a width of 0.75 in. P — — P
Internal Force and Moment: As shown on FBD.
Section Properties:
A =0.5(0.75) = 0.375 in’
1 3 . 4
I=—(0.5)(0.75") =0.01758
12 )( ) " M=2375p
. N=p
Allowable Normal Stress: The maximum normal stress P 2375,
occurs at the bottom of the steel bracket m
N Mc
Onax = Oultow = T+~
A 1
24( 10 = P . 2.375P(0.375)
70375 0.01758
P=4501b Ans
*8-16. The steel bracket is used to connect the ends of 0.75 in.
two cables. If the applied force P = 500 b, determine the |
maximum normal stress in the bracket. The bracket has a
thickness of 0.5 in. and a width of 0.75 in. 2in. T
P <— _ —> P
Internal Force and Moment: As shown on FBD.
Section Properties:
A =0.5(0.75) = 0.375 in®
1
I=15(05) (0.75%) =0.01758 in*
Maximum Normal Stress: The maximum normal stress
occurs at the bottom of the steel bracket. M=118].5 1b-in.
N N=5001
Oo =5+ "%‘ 5001b 2375 in.

_ 500 1187.5(0.375)
T 0375 0.01758

=26.7 ksi Ans
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8-17. The joint is subjected to a force of 250 1b as shown.
Sketch the normal-stress distribution acting over section
a—a if the member has a rectangular cross section of width
0.5 in. and thickness 0.75 in.

e 2in.
a

Internal Forces and Moment: As shown on FBD.

4
53E =0 5(250)-N =0 N=200Db

+TZI'; =0; V—§(250)=0 V=1501b

M =50.01b-in.

Section Properties:

A =0.5(0.75) = 0.375 in’
1
I= E(0.75)(0.5’) =0.0078125 in*

Normal Stress:

50.0(0.25)
.375  0.0078125

Oc = 533.33+ 1600 = 2133.33 psi = 2.13 ksi (T)
0y = 533.33-1600 = ~1066.67 psi = 1.07 ksi (C)

05-y _y
1066.67  2133.33

y=0333in.

213 ksl

1-0] ks¢
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8-18. The joint is subjected to a force of 250 Ib as shown.
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
0.5 in. and thickness 0.75 in.

— 2in.
a

2in.

Internal Forces and Moment: As shown on FBD.

4
—IF, =0; —5-(250)—N =0 N=200Db

+T2E =0; v-§(250)=o V=1501b

(+ZMA =0, M+ ;;(250)(1.25)—2(250)(2) =0

M =50.01b-in.
Section Properties:
} 0-75:"1-‘
A =0.5(0.75) = 0.375 in® — 025in.
1 , . , (3-' A lozgin.
I= Ti(0.75)(0.5 ) =0.0078125 in Frousin 5
O, =y'A”=0.125(0.25)(0.75) = 0.0234375 in®
% =0 0600 KSie_
LO7KSi
Normal Stress: 0555Ks0 —
—
N M -
o) =g+ Point A Bint 8
A I —
200 +0
0.375
= 533.33 psi = 0.533 ksi (T) Ans Shear Stress: Applying the shear formula
N Mc VQ, 150(0.0234375) . .
= e — Ty = = e = = .
% SXTT A= T 00078125(075) o0 pei=0.600ksi - Ans
_ 200 50.0(0.25)
70375 0.0078125 =S _ A
=-1066.67 psi= 1.07ksi (C)  Ans 8= T ns
8-19. The coping saw has an adjustable blade that is
tightened with a tension of 40 N. Determine the state of
stress in the frame at points A and B.
FEVAN
4on N
D.Im D 128 0,
4o
op=-DoMe__ 40 ‘s H0004)  _jp3mPa ams. 62.5M P
A T (0.008)(0.003) ~ (0.003)(0.008) 0 _zmem '
4on
M. 2(0.
o—,,=_"=_l___(__00~4)_=62,5 MPa  Ans I o.08m
1 15(0.003)(0.008)
4on
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#8-20. Determine the maximum and minimum normal 4kN
stress in the bracket at section @ when the load is applied at

10 mm
_ X
x=0. 10 mm

20 min ™™

Internal Force and Moment: As shown on FBD.

20 mm =
Section Properties: a
80 mm
A =0.03(0.02) =0.600( 107*) m®
1 3 -
1= 5(0.02) (0.03°) =45.0(10°) " 15 mm — 100mm 30 mm
Normal Stress:
o= d + ﬁc 4 K
ATT

_ —4.00(10%) _ 60.0(0.015)

Y
~ 0.600(10-3) * 45.0(10%)
Opmax =—-26.67 MPa=26.7MPa (C)  Ans
M=60-0
Opia = 13.3 MPa (T) Ans oo m

N=4.0 kN

8-21. Determine the maximum and minimum normal 4kN
stress in the bracket at section @ when the load is applied at

10 mm
— X
x = 50 mm. 10 mm

20 mr%l?
Internal Force and Moment: As shown on FBD.

80 mm
Section Properties:

15 mm
A =0.03(0.02) =0.600( 107*) m?
1 3 .
=33(002(0.03°) =450(10°) m*
Normal Stress: 4b‘
o= .N.. + ES
AT
_ T400(10°) | 140(0.015)
0.600(10-%) ~ 45.0(10°)
N M=jgon.m
Omax =—53.33 MPa = 53.3 MPa (C) Ans 0.035m
Gia =40.0 MPa (T) Ans Negokn
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8-22. The vertical force P acts on the bottom of the

plate having a negligible weight. Determine the maximum T
distance d to the edge of the plate at which it can be applied 400 mm
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 a a

along the centerline of this thickness.

150 mm — 700 mm

Internal Force und Moment: As shown on FBD.

2

Section Properties:

A =0.01(0.15) = 0.0015 m* P
N=P

= ! 3y - -6 4
I1=15(000(0.15°) =2.8125(10°°) m /L
M=P(d-0.075)
A

Normal Stress: Require g, =0

w=0=zT

0P _P(d-0075(0.075)
0.0015 2.8125(10-5) —1 I-d.a.q,

d=0.100 m = 100 mm Ans P

8-23. The vertical force P = 600 N acts on the bottom of

the plate having a negligible weight. The plate has a T
thickness of 10 mm and P acts along the centerline of this 400 mm
thickness such that d = 100 mm. Plot the distribution of
normal stress acting along section a—a. a a

150 mm ‘: 700 mm
Internal Force and Moment: As shown on FBD.

Section Properties: —T—

A =0.01(0.15) = 0.0015 m* d
1 y
1= TE(0.01)(0.15’) =2.8125(10°) m*

Normal Stress: Require 6, =0

600N

N Mc I
=—t— M=I15.0NM
=Rt - A 800 kPa,

_ 600 15.0(0.075) 8
T 0.0015 ™ 2.8125(1079)

6, =400(10°) ~400( 10°) =0
05 = 400( 10°) +400( 10°) = 800 kPa I._o.azs,,

600N
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*8-24. The gondola and passengers have a weight of
1500 Ib and center of gravity at G. The suspender arm AFE 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.

Segment AB:
Pip 1500 .
=2 = —— = 667psi Ans
(omax)AB A (15)(15) p
Segment CD:
Pep 1500 Q,=I500"’

o, = Mc - 1875(12)(0.75) = 40000 psi

I 5(1.5)(1.5%) Mg=0

P o O 66667 psi s’
O, A (15)(15) ps1 Izs?k
4
&ZMI Mep1816"

(Gmax)cp = O, + O, = 666.67 + 40 000

= X i = 40.7 ksi Ans b
40 666.67 psi s1 I500'5 150"
8-25. The stepped support is subjected to the bearing 50 kN
load of 50 kN. Determine the maximum and minimum
compressive stress in the material.
50 mm
- ——
Internal Force and Moment: As shown on FBD. 30 mm 30 mm
Section Properties: For the top portion of the stepped support.
A = 0.06(0.1) = 0.00600 m’ ﬁ’/
For the bottom portion of the stepped support.
A =0.1(0.1) = 0.0100 m*
1
=5 (0.1 (0.1*) =8333(10°°) m*
, . 504y
Normal Stress: For the top portion of the stepped support.
N =50.0(10%)
D= — -, MP=8.33MP C
7= A T Toooso0 - B3 MPa 2(©)
For the bottom portion of the stepped support
SN e N=50-0 &N
TATT 50 KA
_ =50.0( 10%) = 1.00(10%)(0.05)
~ 700100 8.333(10°%)
o, =-5.00(10°) -6.00( 10°)
=-11.0MPa=11.0 MPa (C)
6 6 A
0, =-5.00( 10°) +6.00( 10°) M=l.0kIm 8
=1.00 MPa (T) —| f—o0zm

Therefore, the maximum and minimum compressive stress is

(0¢) mag = 11. MPa Ans

(0C)mia =0 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.

I= %m‘ = -:-(;z)(o.oz‘) = 0.1256637 (10°) m*

A= nr® = 7(0.02%) = 1.256637 (10°) m*

- 2
O =yA = (Mxl&) = 53333 (10% m®
3r 2
P M:
O = — + —
A I
-0 L 0-=0318MPa  Ans
1.256637 (10°%)
-6
o= Vo, _ 69282(53333) (107) _ 0735 MPa  Ans M:38.56 N-m
It 0.1256637 (10°4)(0.04) ( V=6228"N
( 0’
T =0-BSMps
s P=s400n 29m  Namn

e o)
b 0381, %

8-27. Solve Prob. 8-26 for point B.

M:(38.56 N-m
( veé&N

( 10"
p-a0on 747" ' \go*

I= % xrt = -14—(11)(0.02') = 0.1256637 (10™*) m* _@_‘
A= xr’ = £(002°) = 1256637 (10”) m* g
0s=0

P Mc 400 138.56 (0.02)
O = —— — =

-~ = - 21.7MPa Ans
A 1 1.256637 (10%)  0.1256637 (10°%)
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*8-28. Since concrete can support little or no tension, this a
problem can be avoided by using wires or rods to prestress the
concrete once it is formed. Consider the simply supported

T
16 in.

beam shown, which has a rectangular cross section of 18 in. _1_?%2 m'T 2
by 12 in. If concrete has a specific weight of 150 Ib/ft>, 6506 .
determine the required tension in rod AB, which runs
through the beam so that no tensile stress is developed in
the concrete at its center section a—a. Neglect the size of the
rod and any deflection of the beam.
" 150(1:5)¢1)(8)=/8001b
Support Reactions : As shown on FBD. — -
H L
Internal Force and Moment: I I | 7
e
. 4t T 44t
S53F =0, T-N=0 N=T oo Ib oo ib
(‘*‘ IMp=0;  M+T(7)-900(24) =0 Normal Stress: Requires 6, =0
M=21600-7T Joolb
N Mc Frmmmm—g————— -
Section Properties: 0y =0=—+— i M

A I ]
-_T (21600-77)(9) I—J‘—o' ‘-i:: :

0= +—_— » i
A =18(12) = 216 in® 216 5832 —24";4.'|'z4_ o R

1 3 . 4 Qoo b
I=15(12)(18°) = 5832in T=2160 Ib = 2.16 kip Ans

8-29. Solve Prob. 828 if the rod has a diameter of 0.5 in. a
Use the transformed area method discussed in Sec. 6.6.
Eg = 29(10%) ksi, E, = 3.60(10°%) ksi.

Support Reactions: As shown on FBD.
Section Properties:

_E, _29(10°) _
Econ 36(103)

A, =(n—-1)A, = (8.0556 - 1)("{)(0.5’) = 1.3854 in®

150(1-5)¢1)(8)=/8001b

A =18(12) + 1.3854 = 217.3854 in’ T

-
s

+

__IjA _9(18)(12)+16(1.3854) , 41t
YEET 217.3854 =9.04461 in. Goo 1b

44t

1
I=1(12)(18°) +12(18) (9.04461-9)

+1.3854(16-9.04461)*
= 5899.45 in*

Qin.
Internal Force and Moment:

__,’__
BIE=0;, T-N=0 N=T 76T

loin.

+3IM,=0; M+T(6.9554)—900(24) =0
M =21600-6.9554T

— F-Zin.

Normal Stress: Requires 6, =0 Feolb

o'A=O=Z+—I- T

__ T , (21600-6.9554T) (8.9554)
T 217.3854 5899.45

°"§:¢TN

| A

24in. T 24in. 69554 /1.
9oolb

T=2163.08 Ib=2.16 kip Ans

414



© 2008 by 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.

8-30. The block is subjected to the two axial loads shown.
Determine the normal stress developed at points A and B.
Neglect the weight of the block.

Internal Force and Moment:
ZF, =0; 50+100+N=0 N=-1501b

EM, =0, M, +50(1.5)~100(1.5) =0
M, =7501b-in.

IM, =0; M, +50(1)~100(1) =0
M, =50.01b-in.

Section Properties:

A =3(2) =6.00in*
1

-0 3 = . 4
4_12(2)(3) 4.50 in
I = 1—15(3)(2’) =2.00in* 501b

Normal Stresses:

N M,
0:——;),4-&
AT

_ o150 _750(1.5) 50.0(1)
47 6.00 4.50 2.00

=-25.0 psi=25.0 psi (C) Ans
_ -150_ 75.0(1.5) 50.0(-1)

57600 450 2.00
=-75.0 psi=75.0 psi (C) Ans

8-31. The block is subjected to the two axial loads shown.
Sketch the normal stress distribution acting over the cross
section at section a—a. Neglect the weight of the block.

Normal Stresses:
Internal Force and Moment:

IF,=0; 50+100+N=0 N=-150Db °=:-T*

M, =0; M, +50(1.5)~100(15) =0 _ 150 75.0(1.5) _ 50.0(1)

=7501b-in. 0, == D) )
M " 47600 450 2.00

=-25.0 psi = 25.0 psi
£, =0; 1",4_50(1)_100(1)___0 5.0 psi = 25.0 psi (C)

M, =50.01b-in. o, = 2150 _75.0(15) 50.0(-1)
27600 450 2.00
Section Properties: =-75.0 psi = 75.0 psi (C)
, My, - ,
A=3(2)=6.00in -150 75.0(-1.5) 50.0(-1)
O = + X

1 3N _genid €600 450 2.00
L=5@(3) =450in =-25.0 psi= 25.0 psi (C)

1 3 .4
L=—=3)(2) =2
, =5 (2) =200 -150 75.0(-15) 50.0(1)
Op=— T
600  4.50 2.00
=25.0psi (T)

415



© 2008 by 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.

*8-32. 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 9, measured from the

vertical, at which it can be supported before it is subjected

to a tensile stress near the grip.

Internal Force and Moment:

S ZE =0, N-5(2)(9.81)cos =0 2m
N =98.1cos 6 9/

<+ZM0 =0; M-5(2)(9.81)sin 6(1) = 0°
M=98.1sin 6

Section Properties:

A=003(0.03) =0900(10°) m? =

1
I=—(0.03)(0.03*) =67.5(107°) m*
12 (00%°) (107) 5@2)(980N

Normal Stress: Require o, =0. 9

Im

o, -0—N+Mc
ATTTATT A

_ —98.1cos 6 + 98.1sin 6(0.015)
0.900(10-3) 67.5(10)

tan 8 = 0.0050 6 =0.286° Ans

8-33. Solve Prob. 832 if the bar has a circular cross
section of 30-mm diameter.

Internal Force and Moment:

/+ XF.=0; N-5(2)(9.81)cos 8=0
N =98.1cos 8 9/

(+}:Mo =0; M-5(2)(9.81)sin 6(1) =0°
M=98.1sin 6

Section Properties:

A=2(003) =02257(107) m’ =

1= 2(0015%) = 12.656257(10°) m"
5(2)(9-81N

Normal Stress: Require o, =0. )

N Mc
O, =0=—+—
-98.1cos 8  98.1sin 6(0.015) v Im

= 0.2257(10-3) * 12.656257(10-%)

tan 8 = 0.00375 6=0.215° Ans N
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8-34. The wide-flange beam is subjected to the loading 3000 b
shown. Determine the stress components at points A and B 500 Ib 25001b 4 0.5 in.
DY

and show the results on a volume element at each of these ¢ 4 '
points. Use the shear formula to compute the shear stress. - . 05 in—~ 411.
B ———C— t2in.
| Aft 6 ft o ~
260 26t 24t ~4in= T
0.5 in.
1 3 1 3 .4
I = —@)T7) - —(3.5)(6") = 51.33
12( X77) 12( )67) in

A = 2(0.5)(4) + 6(0.5) = 7in’

- 50" sep0lb 3000'0
Qs = ZY'A” = 3.25(4)(0.5) + 2(2)(0.5) = 8.5 in’ ¢ J rfw i

G0 4 »
=0 ‘8,
Z”]Z' a?" 4 £7 4

Ox = —Mc _ Z11500a2)35) -941ksi Ans (J__J”/g;/b By DL

1 51.33
T, =0 Ans 3 %

~ V=225 f
) h-f1
/1.

O = ﬂ = ——-————11500(12)(1) = 2.69 ksi Ans \ J)M 1300

1 5133 43

v 2625(8.5 ‘k: bestirs Just

Tp = —-Q—B = ——# = 0.869 ksi Ans ﬂ:?-(’“(_ N

It 51.33(0.5)

J,=2 69 ks¢

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 elements located at each of

these points.

25 mm
20 mm

1
I= 2[6(0401)(0.1’)] + 1—12(0.08)(0.01’) = 1.6733(10 %) m*

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

Ox = Y4A = 0.0375(0.025)(0.01) = 9.375(10°%) m?
8 kN
O = ypA = 0.0275(0.045)(0.01) = 12.375(10"%) m
2 b kn
- \ i S—
i T 4.
_ 24(10°)(0025) _ NS
%= Temiesy o2 MPa(D Ans %7359 Mpa 3;'”'”‘7‘E[L 15,20 0275 m
[}
_ 24(10°)(0.005) _
O _1.6733( 109) = 71.7 MPa(T) Ans
Lo e To=5911p
It
3 6 U = 7/7 Mf‘
- 810)O31HU0Y) _ o Ans s _

1.6733(1076)(0.01)

_ & 10%)(12.375)(10°%)

= 592 MP A
1.6733(10-9)(0.01) @ ns
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*8-36. The cylinder of negligible weight rests on a smooth z
floor. Determine the eccentric distance e, at which the load P
can be placed so that the normal stress at point A is zero.

Internal Force and Moment: As shown on FBD.

Section Properties:

P
A=mt 1=§r‘ .321

GA—O=;‘1!+yI—C y
~P  Pe (1)
- Y
0-;;;-!— e A \1M=P€,_
, N=p «
e, = Ans
4

8-37. The beam supports the loading shown. Determine
the state of stress at points £ and F at section a—a, and
represent the results on a differential volume element
located at each of these points.

Support Reactions:
3 4
£+ﬂVIC =0; 31-',0(4) +3F.p(o.3) -20.0(1)=0
Fp =15758 kN
Internal Forces and Moment:

. 4
SIE=0;  -(15758)-N=0 N=60606kN
3
+TIF =0 4V+§(7.5758)—l:=0 V=54545kN a Omm 150mm
Q My =0 S(7.5758)(03)+(7.5758)(3) % a—
-10.0(0.5)-M=0 100 mm E15
M=104545kN-m 100 mm mm
Section Properties: £
10 mm

A =0.22(0.15) -0.2(0.135) = 6.00( 107°) m®

I= -113(0.15) (022%) -Tli(o.lss)(o.z’) =43.1(10°) m*

0; = £y’A’ = 0.105(0.15) (0.01) +0.05(0.1) (0.015)
=02325(107) m®

0-=0
Normal Stress:
o= d + ﬂ
AT
5. - “B0606(10%) _ 10.4545(10%)(0) s F
£77600(10) | 43.1(109) .,
=-1.01 MPa = 1.0l MPa (C) Ans i,"o-/ds;n ro‘l~’n/m
5. o T60606(10°) _ 10.4545(10°) (0.11) "=005¢(T =
F~76.00(10%) 43.1(10%) oosg Joim
=-27.7 MPa =27.7 MPa (C) Ans ="=zo0/m

Shear Stress: Applying the shear formula,

Vo

T= —
1‘ Tl oMb
_5.4545(10%)[0.2325(10)] _

- =196MPa A é—’ '-—-
e 43.1(10-5(0.015) aoans Uivvlﬁﬁ;k_
=0 Ans 2277 MPa.
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8-38. The metal link is subjected to the axial force of 0.08-a

) =0

GEMo=0; M~-7(10°)(0.04— (

P = TkN. Its original cross section is to be altered by 2
cutting a circular groove into one side. Determine the M=3510")a
distance a the groove can penetrate into the cross section so

that the tensile stress does not exceed ooy = 175 MPa. P Mc

Offer a better way to remove this depth of material from Omx =204 T

the cross section and calculate the tensile stress for this

case. Neglect the effects of stress concentration. 175(10°) = 7(10%) . 3.5 (10*)a(0.08 — a)/2
(0.025)(0.08 —a) '1]‘2‘(0~025)(0~08 —a)

P Set x=0.08-a
< {a a375= 1 4 210080 "
x 2 74N
40 mm ) 74N 0 E
P 4375x" + 14x~1.68 =0 =
40 mm Choose positive root : (0.08-2) 0.04m
e x=0.01806 =
25 mm

a=0.08-0.01806 =0.0619 m

a=619mm Ans

et . .
74N AN Remove material equally from both sides.
3
= G0 — 155MPa  Ans
(0.025)(0.01806)

8-39. Determine the state of stress at point A when the
beam is subjected to the cable force of 4 kN. Indicate the 4kN 950 mm

result as a differential volume element. Z@Q\

Support Reactions:

G =0, 40625 -G (375 =0 Do 5 .
C7=0.6667KN ;‘ 2m 11‘[1‘—‘

5L3E=0; C -4=0 C, =400kN 20 mm

Internal Forces and Moment: 100 mmi '_—:'4T

5FF =0; 4.00-N=0 N=400kN
1

+TZE=0; V-06667=0 V=0.6667kN B—I./__|T

(+ZM, =0,  M-0.6667(1)=0 M=0.6667kN-m 150 mm

Section Properties:

_ e
A =024(0.15) -0.2(0.135) = 9.00( 107} m? awﬁ'—'ﬁa
1 3 1 3 _6 4 =
1= E(0.15)(0.24 ) -E(o‘xss)(o.z ) =82.8(10°) m
0, =ZyA’ =0.11(0.15)(0.02) +0.05(0.1) (0.015) Smm
=0.405(107) m’ 2 i

Normal Stress:

c=—%1—
A 1

o, = 200(10°)  0.6667(10°) (0)
479.00(10-3) = 82.8(10%)
=0.444 MPa (T) Ans

Shear Stress: Applying shear formula.

_Ya

T, = —0r
AT Tr0-UTMPr4—
0. X -3
- 6667(103)[0 405(10 )]__'0-2” MPa  Ans
82.8(10-%) (0.015) froammed L
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*8-40. Determine the state of stress at point B when the
beam is subjected to the cable force of 4 kN. Indicate the
result as a differential volume element.

4 kN

4—%250 mm
G

y \{e37‘5 mm 4
[]

i [O @ 0‘—4 .
Dg i ‘ 3 C
‘L 2m ‘ 1 m#
0.75m
20 mm
e
100 mm Al
15 mm — igo mm
B—F T
20 mm
150 mm
Support Reactions: 4 kN
“
( +IM, =0;  4(0.625)-C,(3.75) =0 0-625m, Q\] e
C, =0.6667 kN — —
D53IF=0; C -4=0 C, =400kN S5, A
* G
Internal Forces and Moment:
5 ZE=0; 4.00-N=0 N=400kN
+TZF =0, V-0.6667=0 V=0.6667kN
(+1‘M0 =0; M-0.6667(1)=0 M=0.6667kN -m
Section Properties: v
P : N 4.0KN
]
A =0.24(0.15) - 0.2(0.135) = 9.00( 107°) m’ M If‘w‘j
1 06667 kAl
I= E(0.15)(0.24’) - %(0.135) (02°) =82.8(10°) m 7
G =0
Normal Stress:
N M
=2
AT T
o = 4.00(10%)  0.6667(10°%)(0.12) 045m
57 9.00(10°3) 82.8(10-6) o —— = "Lo-ozm
=-0.522 MPa = 0.522 MPa (C) Ans ol + A To-m _D__
‘5;= 0.05m Up-0522Mpa.
Shear Stress: Since Gy =0, then o-alfg l— 10"'”
_f.0~02,m
-3
73 =0 Ans
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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.

IF=0; N~-700 cos 30° = 0; N =606.218 Ib
IF =0 V-1700 sin 30° = 0; V=3501b
(+ IM=0; M—700(1.25-25in 30°) = 0; M=1751b-in.

_N_Mc_ 606218  (175)(0.375) YL

Op=—-—=
. m
2\1_7/5"

A I (075)0.5) £(0.5)0.75)°
VAALN

ox =—2.12 ksi Ans

T, =0 (since Q4 =0) Ans

39’74 70246

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.

LF =0 N-700 cos 30° =0; N =606.218 Ib
IF =0; V~700 sin 30° = 0; V=3501b
E-EM:O; M —-700(1.25 -2 sin 30°) = 0; M=1751b-in.

N Mc_ 606.218 175(0.375)

Op=—+—= +5

AT 07505 505075
o = 5.35 ksi Ans
=0 (since Qp = 0) Ans
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8-43. The uniform sign has a weight of 1500 Ib and is
supported by the pipe AB, which has an inner radius of /
2.75 in. and an outer radius of 3.00 in. If the face of the sign 121t
is subjected to a uniform wind pressure of p = 150 Ib/ft?, /
determine the state of stress at points C and D. Show the BL
results on a differential volume element located at each of
these points. Neglect the thickness of the sign, and assume 150 1b /£t
that it is supported along the outside edge of the pipe. :E

3t E L

B e

C
A

Section Properties:

A=n(3"-275") =1.43757 in’
T 4 .4
b=k =7(3"-275") =18.6992in

(%), =(%), =0

403)r1
(Q), =(B), = —[—(n)(3’)]

3r L2 S Internal Forces and Moments: As shown on FBD.

4(2.7 )[1 2 ]
- =(n)(2.75
3r 2( )( ) =0; 1.50+N, =0 N, =-1.50 kip
= 4.13542 in® =0; V,-108=0 V, = 10.8 kip
V=0

g4

L,-10.8(6)=0 T, =648kip-ft
M, - 1.50(6)=0 M, =9.00kip-ft
10.8(6) +M, =0 M, =-64.8kip-ft

1
e

=2(3*-275") = 373984 in*

]

REEREX

1
e

Normal Stress:

N
g = z— - % + h—lly—{
4 l;o KiP
it
o= -1.50 (-64.8)(12)(0) 9.00(12)(2.75)
€7 143757 18.6992 18.6992 -
=15.6ksi (T) Ans ‘?
]
oo = -1.50 (-64.8)(12)(3) 9.00(12)(0) H
P 143758 18.6992 18.6992
=124 ksi (T) Ans 0.150(12)< 6 )
\9 =108 kip
Shear Stress: The tranverse shear stress in the zand y Mz LAY
directions and the torsional shear stress can be obtained using q: T 'g,
x

Vi
the shear formula and the torsion formula, 1, = I—Q and
' |

_Tp .
Tiwist = T respectively. X
64.8(12)(3) .
(%) = Tiwise = 373984 =62.4 ksi Ans
(Txy)D--TV, =0 Ans
(fxy)C = rV, = Tiwist
_ 10.8(4.13542) 64.8(12)(2.75) ‘h} “b
~ 18.6992(2)(0.25) 37.3984 i!
= —-52.4ksi Ans .
(T)e=1y =0 (’E?)f&‘#m'l )=524
xz/C = by, = Ans @’IMA’.‘SC. 02’/5'éﬁ5£'
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*8—44. Solve Prob. 843 for points F and F. /
‘ 12t
Internal Forces and Moments: As shown on FBD. 150 1b /ftz
6 ft
IE =0; 150+N,=0 N, =-1.50kip
IE=0; V,-108=0 V, = 10.8kip
IE=0; V,=0 v oF
IM, =0; T,-10.8(6)=0 T, =648kip-ft 3t )@D
IM, =0; M- 150(6)=0 M, =9.00kip-ft e -
IM =0; 10.8(6) +M, =0 M,=-648kip-ft )
Section Properties: / SL
A=n(3"-275%) = 1.4375% in® x
=L =2(3"-275") =18.6992 in* '
4 |-§0 KiP

(@), = (@), =0
43)r1
), =(B), =%[5(n>(3‘)]
_“(2'75)[ l(;z)(2.75’)]

v

[,

3r L2

=4.13542 in’ 0.15002)¢6)
=108 tip
T, ‘ .4 «9’ v l\\é
J==(3"-2.75") =37.3984in - =
2 ( ) z Me Ne. &M}
- U
Normal Stress: Te T
oV My M |
AL X
oo = -1.50 (—64.8)(12)(0) 9.00(12)(-3)
F 143757 18.6992 18.6992
=-17.7 ksi = 17.7 ksi (C) Ans
oo = -1.50 (—-64.8)(12)(-3) 9.00(12)(0)
E”14375% 18.6992 18.6992
=-125ksi =125ksi (C) Ans
Shear Stress: The tranverse shear stress in the zand y
directions and the torsional shear stress can be obtained using
vV
the shear formula and the torsion formula, 7y = _}f_? and
Tp .
Tiwist = T respectively.
64.8(12)(3) .
(sz)E = ~Tiwist = _———_373984 = -62.4 ksi Ans
(Ty)e=7y, =0 Ans
(T )P = Ty, + Thaine (TR.)E‘éZ# ks "72:5 efak.
10.8(4.13542)  64.8(12)(3) O =125 ks ,
= + E =/7.
18.6992(2)(0.25) = 37.3984 =177 kse
= 67.2 ksi Ans
(fxz)F=tVt =0 Ans
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8-45. The bar has a diameter of 40 mm. If it is subjected to
the two force components at its end as shown, determine
the state of stress at point A and show the results on a

differential volume element located at this point.

Internal Forces and Moment:

IF=0; N, =0

IF,=0; V,+300=0 V,=-300N
ZE=0; V,-500=0 V,=500N
IM,=0; T,=0

IM, =0; M, -500(0.15)=0 M, =750N-m
IM, =0; M,-300(0.15)=0 M,=450N'm

Section Properties:

A=r(0.02") =0.400(107) 7 m’

L =1 =2(002") =40.0(10”) r m*
= 2(002*) =800(10°) 7 m*

@), =0

@), = %[%n( o.oz’)]= 5.333(10%) m*

Normal Stress:

N
o= _My M:
AL

_45.0(0) 75.0(0.02)
400(10°) 7 = 40.0(10%) «
=11.9 MPa (T) Ans

Shear Stress: The tranverse shear stress in the z and y

Vi
directions can be obtained using the shear formula, 7, = TtQ .

(£). =5, = 300[5.333(109)]
=74 T T 40.0(10%) 1 (0.04)
=-0.318 MPa Ans

(Teda =7y, =0 Ans

<~
/‘,@' Ve lv} 500/0

" 300N

0.02m
A
-3

s

Qs da=0-318 Mpa.

Gp=/19MPe >
.

424



© 2008 by 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.

8-46. Solve Prob. 845 for point B.

Internal Forces and Moment :

IE =0, N,=0

ZF,=0; V,+300=0 V,=-300N

IE =0, V,-500=0 V,=500N

M =0, T, =0

IM, =0; M, -500(0.15=0 M, =750N.m
IM, =0; M, -300(0.15)=0 M, =450N'm

Section Properties :

A =n(0.02%) =0.400(107") 7 m’

L =1 =7(002*) =400(10”) = m*
= 2(002) =800(107) x m*

(@), =0

(@), = 4(2"(:2)[%;:(0.02’)] =5333(10°) m’

Normal Stress :

NANE: ,
A JA Iy -0Zm
45.0(0.02) 75.0(0) z
gy =0- + 5
40.0(10%) &  40.0(10%) = A
=-7.16 MPa=17.16 MPa (C) Ans }f
Shear Stress : The tranverse shear stress in the zand y
vV =716 M
directions can be obtained using the shear formula, 7y = -ITQ . 017\" Pe I
(Zea)yzos317
(T.)y =Ty = 500! 5.333(10°%) ]
Fxe)s =TV = 400(100) 7 (0.04)
=0.531 MPa Ans
(1.',,),=1‘v’=0 Ans
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8-47. The strongback AB consists of a pipe that is used to
lift the bundle of rods having a total mass of 3 Mg and center
of mass at G. If the pipe has an outer diameter of 70 mm and
a wall thickness of 10 mm, determine the state of stress acting
at point C. Show the results on a differential volume element
located at this point. Neglect the weight of the pipe.

Support Reactions:

+TZI'; =0; 2Fsin45°-2(14715)=0
F=208I10N

Internal Forces and Moment:

HIF=0; 20810cos45°+N=0 N=-14715N

+TZE =0, V+20810sin45°~14715=0 V=0

(4- IM, =0; M+14715(1.5)—20 810cos 45°(0.075) 0075m F F
~20 810sin 45°(1.5) =0 %: ° 45‘2_\
M =1103.625N - m :@
Section Properties: [ 3m
1500(98") 1500(961)
A = (00352 -0.025*) =0.6007(10™*) m’ " "

i 147150 1475 N
1=7( 0.035*-0.025*) =0.27757(10°°) m*

Normal Stress:

oo 14715 1103.625(0035)
€~ 0.6007(10%)  0.27757(10-%) 14115 N

=521M
=-52.1 MPa = 52.1 MPa (C) Ans —D-i; §2:1MPe.

Shear Stress: Since V =0, then

=0 Ans
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*8-48. The strongback AB consists of a pipe that is used to
lift the bundle of rods having a total mass of 3 Mg and center
of mass at G. If the pipe has an outer diameter of 70 mm and
a wall thickness of 10 mm, determine the state of stress acting
at point D. Show the results on a differential volume element
located at this point. Neglect the weight of the pipe.

Support Reactions:

2Fsin 45°-2(14715) =0
F=20810N

+T2E =0

Internal Forces and Moment:

5 ZF =0; 20810cos 45°+N=0 N=-14715N

+T2F; =0; V+20810sin45°-14715=0 V=0

(;-}'Jlo =0; M+14715(1.5)-20 810cos 45°(0.075)
+20 810sin 45°(1.5) =0
M =1103.625N-m

Section Properties:

A = (0.035% - 0.025%) =0.6007( 107°) m’

L—l.S m——L—l.S m——‘
I Upe781MpPa

Normal Stress:

N M
d:—i__y.
AT
__CMTIS 110362500
90 = 5.600%(103)  0.27757(10-9)

n =-7.81 MPa=7.81 MPa (C) Ans
I=7(0035* -0.025*) =0.27757(10°) m*
Shear Stress: Since V =0, then
=0 Ans
8-49. The sign is subjected to the uniform wind loading. 7
Determine the stress components at points A and B on the
100-mm-diameter supporting post. Show the results on a 2m ﬁ
volume element located at each of these points. —
1 1m
—1
1.5 kPa
3m
1
{™ Y A D
5
Ty
2m
XN 34N /J\
VR
Point A: 34a).
an=ﬁ=wﬂ=1mmpg Ans 34N = lo.C AN
1 £(0.05)*
0= T2 20OHO0) 15 11910 = 153MPa Ans 107mps
J 5(0.05) I$3MPa
Point B A
op=0 Ans
Te VQ g 30(1)(4(0.05)/31!))(%)(#)(0.05)’ .
== - = = 15.279(10°%) - 3
BET- 9(10%) 10.05)°0.1) @If ImpPa
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 z
100-mm-diameter supporting post. Show the results on a
. 2m
volume element located at each of these points. ﬂ
_ r
1m
—1
1.5 kPa
3m
1
4 A D
5
Ty
/2 i

Point C 10TMB
Mc _ 10.5(10°)(0.05) 15.3Mpn
=—= = 107M
% =T T T 5005 PO Ans
C
Tc _ 3(10°)(0.05) 5
=== =15.279(10° = 15.3 MP
Tc 7 ;(0‘05)‘ (10™) MPa Ans
Point D:
op=0 Ans
IS FmP
Te VQ 3(10°)(4(0.05)/37) (3 X(%)(0.05)* @
Tp = — +—= = 15.279(10° z =15.
=Tt H107) + 10050 S8MPa Ans >

8-51. The %—in.-diameter shaft is subjected to the loading
shown. Determine the stress components at point A. Sketch
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 D, D, and D, on the shaft.

A= "{(0.752) = 044179 in®

= %’(0375‘) = 0.015531 in*

0i=0

Vs
W= 0 Ans ﬁ Tesozssi )

0, = & _ 1200319 355 46 =302ksi (O Ans

1 0.015531
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*8-52. Solve Prob. 851 for the stress components at
point B.

n
A= 4—(0.752) = 0.44179 in*

n
I= Z(0.375‘) = 0.015531 in*

, &
,_ 4(0375) 1 4
Qs =yA' = (—3—)(—)(;:)(0.3752) = 0.035156 in’
T 2

05 = 0 K572 A5E
A (4

= ¥Qs _ 125003s156) , - ‘

=== = ) - 0377 ksi Ans R

It 0.015531(0.75)
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8-53. The solid rod is subjected to the loading shown.
Determine the state of stress developed in the material at
point A, and show the results on a differential volume
element at this point.

Internal Forces and Moments:

$F, =0, N,-10=0 N, =100kN
}:P;:O; V,=0
IE=0; V=0 oi5m
IM,=0; T,+0.200=0 T, =-0.200kN-m -
o k=0 - Tn o o
IM, =0; M, -10(0.03)=0 M, =0300kN-m I JOKA
KX, .
Section Properties: 2 ;4‘& a:lp ZOOA)'MOCB"‘
M
A=r(003%) =0900(107) = m® oo3m | ‘ bs
r 4 -6 4
= = - A =0.2025( 10
L=1 4(003) (10°)r m . Y
7=2(0.03') =0405(10%) 7 m'
@, = i 77:':/’
4(0.03)[ 1 w1 o s =177 MPa
(@), =—5- [En(o.os )]-18.0(10 )m —~—~
Tea)y=4- MP
Normal Stress: (“)‘ R
o= My M:
AT T

o = 10.0(10°)  0.300(10°)(=0.03)
4709000103  0.2025(10%) =
=177 MPa (T) Ans

Shear Stress: The tranverse shear stress in the zand y
directions and the torsional shear stress can be obtained using

vV
the shear formula and the torsion formula, 7y, = —l—? and

T
Tiwist = —JB, respectively.

(rxz)A = Tiwist +1Vl

2 02000100 (003) 4 75 mpa Ans
0.405(10-5) 7
(Ty)a =, =0 Ans
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8-54. The solid rod is subjected to the loading shown.
Determine the state of stress at point B, and show the results
on a differential volume element located at this point.

Internal Forces and Moments:

IF,=0; N,-10=0 N, =100kN
IE=0; V,+10=0 V,=-10.0kN
IE=0; V,=0
M, =0; T,+0.200-10(0.03) =0
T, =0.100kN-m
M, =0; M, =0
IM,=0; M, -10(0.03)-10(0.15) =0
M, =180kN-m
Section Properties:
o115
A =7(0.03) =0900(107°) # m’ x_® " 03
=1 =2(003%) =0.2025(10°) 7 m '@/
7=2(0.03") =0405(10%) 7 m* . /‘% V*,lv, : Ok
-0;
(Qe)y =0 M}‘? 10 ZOOA).MSM
() =4(°‘°3)[1n(003‘)]=180(10") m’ | M
: kY4 2 ' : 0.03m ,7_
Normal Stress:
N My M :
A L

o = 100(10°)  1.80(10°)(0.03)
87 0900(10°3) x  0.2025(10-6) &
=-81.3 MPa=81.3 MPa (C) Ans

Shear Stress: The tranverse shear stress in the z and y
directios and the torsional shear stress can be obtained using

V
the shear formula and the torsion formula, Ty = I—tQ and

T,
Towist = —jE , respectively.

(T.2)5 = Trwise + 7Ty,
_ 0.100( 10°) (0.03)

= +0=2.36 MPa Ans
0.405(10-¢) «

(T,)g = Ty, =0 Ans
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8-55. The solid rod is subjected to the loading shown.
Determine the state of stress at point C, and show the results
on a differential volume element located at this point.

Internal Forces and Moment:

IF, =0; N,-10=0 N, =10.0kN
$F,=0; V,+10=0 V, =-10.0kN
$E=0; V,+15=0 V, =-150kN

IM, =0; T, +0.200~10(0.03)+15(0.03) =0
T, =—0350kN-m
IM, =0; M, +15(0.15=0 M, =-225kN-m

EM,=0; M, -10(0.03)-10(0.45) =0 En o,
M, =480kN-m X\R 2 -
Section Properties: 'e M 3m
A=n(003") =0.900(107) x m’ /‘Qr v
<
L=1 =5(003*) =0.2025(10) 7 m' My ‘9‘:1)’5 el
J= ;-'(0.03‘) =0405(10°) = m* | ™y 10kn 920 k4
(), =0 ¢
_4(0.03)[1 Nl o 3 003m
(Q), =—5= [zn(om )]_ls.o( 10°) m .
€
Normal Stress:
o N My M: ¥
A L

'y (z:103Mpa,

L . _100(0)  480(10)(0)  -225(10%)(0.03) ¢ \
€70900(10-3)x 0.2025(10-6)z  0.2025(10~%) 7 (T;;)c=354 4 a»
=-103 MPa = 103 MPa (C) Ans

Shear Stress: The tranverse shear stress in the z and y
directions and the torsional shear stress can be obtained using

Vi
the shear formula and the torsion formula, 7y = .I_IQ and

T
Towist = —;—7 respectively.

(7)) = Tewise —TV,
_ 0.350( 10%)(0.03) 10.0(10%)18.0(10°%)
" 70.405(10%) & "o 2025(10-6) £(0.06)
=3.54 MPa Ans

(T =7y, =0 Ans
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*8-56. The 1l-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.

IF, =0, ¥ +100=0, V= ~-100Db

IF, =0 N-75=0; N, =75b 80 1b
=0 % -80=0 ¥=80b

IM =0 M +8)(8) =0 AM=-640b in
IM =0, T +803) 30 L= -240b-in
M,

=0; M, +100(8) -753)=0; A= —575k-in.

x X 2 _1_.2
A :4' ‘(l)- x i

(Qy)d = 7
A
(Q)s =YA= «05) 3(:)(05’) = 0.08333 in’
Ix 2 z
L=4= :'r‘ = f(os‘) = 0.015625% in*
Normalstress : 0 = : + ‘—‘l + EL‘
75 640 (0.5) .
= o~ + ———= 4+ 0= 661 ksi
o i-‘ * 0.0156x + . m Ans 0;"-‘/[3(
Shear stress : »
T= Q + If ..:/'37“‘
It J
_ 100(0.08333)  240(0.5)
(%a)a = 00IS6x(1) | 00312x
= 1.39ksi Ans
’\fly)A =0 Aus
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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.

80 1b

IF =0 K +100=0:. Y= -100B

IF =0 N -75a0, N =750

If, =07 ¥ -80=0;, V =8

IM, = 0; M +80(8) =0, M= - 640Ib-in.

IM =0, 7. +303) =0, T,= -240lb-in

IM, =0, M, +1008) - 715(3)= 0; M, = - 575B-in.

x x _ 2 X .2
Ax ~ B - - -
‘d’ ‘(l) ‘m

J= ;:‘ - -z‘f(o.s‘) = 0.03125 x in*

- ——-—‘(0'5) l 5 ) - in’
Q) In 2(‘)(l ) = 008333 in

Lek= ’:',‘ - ‘;‘(os‘) = 0.015625% in*

Normal stress: 2z i/‘\
P My | M
o I, +£2— \d—/

75 S15(05)

Oy = — +0 - i i
/] : 0.015625% = — 576 ksi = 5.76 ksi (C) Ans
Shear swess:
T= —vgundr = Z-f
I J

(f,)e = 16 YR 24005)  80(0.0833)

77 T omnsx T oosemsmn) - 6E Am

(Ta)s = 0 Ans
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8-58. The crane boom is subjected to the load of 500 Ib. |
Determine the state of stress at points A and B. Show the
results on a differential volume element located at each of
these points.

51t |

Internal Forces and Moment:

4
(Mo =0, M- 3(500)(8) - 3(S00)(5) =0 o5 ]
M=44001b-ft T 3 in.
53E=0, V-2(500=0 V=300Db ﬁ =B
3 I3 in. 1
0.5 in 0.5 in.
4 -
+TZE=0; N+S(500)=0 N=—4001b A B

Section Properties: R R PRI

A=4(3)-3(25) =450 in’

34t
- 1 3 _l 3} _ . 4
1-3(3)(4) 12(2.5)(3 ) =10375in '
Q‘ =Q =0 /

1\
’ 50016
Normal Stress: 8t
N My

=—t—2 B

TTAET y o
? M
o = —400+4400(12)(2)

47450 10.375 N

= 10089 psi = 10.1 ksi (T) Ans

0 =101 k3¢ (p=/03 ks
. o 900 _4400(12)(2)
87450 10375
=-10267 psi=10.3 ksi (C) Ans
Shear Stress: Since Oy = 0y =0, then

T, =173=0 Ans

8-59. The masonry pier is subjected to the 800-kN load.
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?
) 4
L = —(3)(4.5%) = 2278125 m* ~
12 4 800 KR
1 74
= 2 3 4 —
I = 12(4.5)(3) 10.125m L3
Normal stress: Require o4 = 0
o= Py My Mx
A I 1 1
4
R {L M1= BOOR
0= -800(10°) . 800(10%)y(2.25) . 800(10%)x(1.5)
13.5 22.78125 10.125 Mc=800Y
—] H— A
0 = 0.148x + 0.0988y — 0.0741

y=075 - 15x Ans A ‘
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*8-60. The masonry pier is subjected to the 800-kN load.
If x = 0.25m and y = 0.5 m, determine the normal stress
at each corner A, B, C, D (not shown) and plot the stress
distribution over the cross section. Neglect the weight of

the pier.
t
— I-—o-z;m
'L/-oaa KN
osn
A =3(45) = 135m®
L = L3)45) = 2278125 m* "
[, o . = 22. m 4
1 > P sztzoo KN.»
I = —(45)(3) = 10.125 m* Ne=4oo kiin
12 N
3 A
a=£+M,y+M 800 kpy
a 2 1 A 8 . 125 EpPa
o, = -800(10%) 4 400( 10%)(2.25) . 200(10%)(1.5)
135 22.78125 10.125 ‘l
= 9.88 kPa (T) Ans A‘ !
9.6 xfe " 14
3 (7] 494 e
op = -800(10°) 400(10°)(225)  200(10°)(1.5) o "',I'
13.5 T 2278125 10.125 z <
= -49.4kPa = 49.4kPa (C) Ans 7’
0.50'

_ —800(10°) _ 400(10°)(2.25) _ 200(10°)(1.5)

135 2278125 10.125
=-128kPa = 128 kPa (C) Ans
op = —800(10°) _ 400(10°)(2.25) _ 200(10°)(1.5)
13.5 22.78125 10.125
=-69.1kPa = 69.1 kPa (C) Ans
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8-61. The symmetrically loaded spreader bar is used to lift A
the 2000-1b tank. Determine the state of stress at points A BB}E& '
and B, and indicate the results on a differential volume - 1 in.l 1n.

elements.

Support Reactions:

+TZE =0; 2000-2Fcos30°=0 F=1154701b
Internal Forces and Moment: <000 1b

BEE =0, 115470sin30°-N=0 N=577.351b
+TZF=0; V-115470cos30°=0 V=10001b

(+EM; =0;  M~-1154.70cos 30°(1.5) = 0 P 7 -
M=15001b-ft F
Section Properties: N v
Z RN
A=1(2)=2.00in M
1 3 .4 I5ft 9
=E(1)(2 ) =0.6666 in 115470 1

0, =y'A’=0.5(1)(1) = 0.500 in®

Q=0 °Z=2Z3&D Lo ”“'—I DI
Normal Stress: Ug=0289ksi —
c= d + y_?.
A I

_577.35 | 1500(12)(1)

=4
9% =2 0.6666
=27 300 psi =27.3 ksi (T) Ans

_ 57135 1500(12)(0)

Oy = —— t —————
2.00 0.6666
= 289 psi = 0.289 ksi (T) Ans

Shear Stress: Applying the shear formula,

Vo

T= T
7, =0 Ans
.. - 1000(0.500)
5" 70.6666(1)
=750 psi = 0.750 ksi Ans
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8-62. A post having the dimensions shown is subjected to
the bearing load P. Specify the region to which this load can
be applied without causing tensile stress to be developed at
points A, B, C, and D.

Equivalent Force System: As shown on FBD.

Section Properties:

A =2a(2a) +2[% (20) a] =6a’

_1 3,1 5, 1 ay’
L= (20 (29 +2[§(2a)a +500 a+3)

=5q*

1 3 1 ;3 1 ay?
=502 +2[R(2a)a +E(2a)a(3)]

"3

x
N

oo My M lo

A L X
=_—_}"_f’_ey_y_+P;ez_z /E
622 Sat  igt M,sPe’
4 2

=—(—Sa -6e,y+18ezz) My=Po
30a* {{

Atpoint A wherey = —a and z = a, we require 0, <0.

0> _P_[—Saz -6(-a)e, +18(a)e, ]

30a*
0> ~5a+6e, +18e,
e, +18¢, < 5a Ans
When e, =0, & <ga
5
When e, =0, & <338

Repeat the same procedures for point B, C and D. The region
where P can be applied without creating tensile stress at points
A.B, C and D is shown shaded in the diagram.
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8-63. The man has a mass of 100 kg and center of mass

at G. If he holds himself in the position shown, determine 300 mm P, G
the maximum tensile and compressive stress developed in 2
. . . Y 300 mm
the curved bar at section a—a. He is supported uniformly by
two bars, cach having a diamcter of 25 mm. Assumc the a— a) A
. 150 mm 0
floor is smooth. /
e =
035m 1m |

Equilibrium: For the man

(+m,=o; 981(1)-2F, (1.35) =0 K, =363.33N 100(3.81) = 981

Section Properties:

=2r(0.1625 - /0.1625? - 0.01252)
=3.02524(107) m [ o3sm 7m
A =x(0.0125%) =0.490874(10°) m®
A 0.490874(10°%)
Rer— =1 =0.162259
A&~ 302524(107) m R=363.234

F-R =0.1625-0.162259 = 0.240741(107) m

A
I\
N

Internal Force and Moment: The internal moment must be

computed about the neutral axis. 0I5m
M
+ TZI:', =0; -36333-N=0 N=-36333N
E+ IM, =0; —~M-363.33(0.462259) =0 M=-16795N-m .L Rt03=0.462259 m ’]
N
Normal Stress: Applying the curved - beam formula.
For tensile stress
N MR-
(al)mu = — #
A AnR(f-R)
_ -363.33 . -167.95(0.162259-0.175)
7 0.490874(107) ~ 0.490874(10%) (0.175)0.240741(1073)
=103 MPa(T) Ans
For compressive stress,
_N MQR-n)
() = 2+ T R
_ —363.33 + -167.95(0.162259 - 0.15)
7 0.490874(103) ' 0.490874(10-2) (0.15) 0.240741(10-3)
=-117 MPa= 117 MPa(C) Ans

439




© 2008 by 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.

*8-64. 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.

&KX
|

1 3 1 3 . 4
L = — @13 2(—=)(2 = 5
12( )(137) + (12)( )(3") = 74133 in

1 3 1 3 4
I, = — (3)8%) + 2(—)5)4*) = 181.
ly 12()( )+ (12)( )47) 81.33in
A = 4(13) + 22)(3) = 64 in’

P Mx My
(o) 2 4y ==

A I, L
400  700(4)  -200 (- 1.5
Op = — — — +
64 181.33 741.33
= —-213psi Ans
400 700(2) -200 (-6.5)
Op = — — — +
64 181.33 741.33
= —122psi  Ans

8-65. If P = 15kN, plot the distribution of stress acting

over the cross section a—a of the offset link. P ' P
4 30 mm
a
50 mm
Internal Force and Moment: As shown on FBD.
Section Properties: 10 mm % P

A =0.01(0.05) = 0.500( 10*) m’

1
I=—(0.01)(0.05) =0.104167( 10°*) m* 15 ki :
12 0.055m
Normal Stress: | N=/50 KN
[ M=0825 kn-m
N Mc [4
o=—t—
AT
15.0(10°) . 0.825(10%)(0.025)
T 0.500(10-%) ~ 0.104167(10-%) ‘ =
g:z&emm
6, =30.0+ 198 = 228 MPa (T) 50mm
05 =30.0- 198 = —168 MPa = 168 MPa (C)
y so-y s 168MPa
228 168 y =288 mm
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8-66. Determine the magnitude of the load P that will
cause a maximum normal stress of o, = 200 MPa in the
link at section a—a.

Internal Force and Moment: As shown on FBD.

Section Properties:

A =0.01(0.05) = 0.500( 10™) m®
I= Tli(o.m) (0.05%) =0.104167(107°) m*

Allowable Normal Stress: The maximum normal stress
occurs at point A.
N Mc
Omax = Oultow = X+ T
P . 0.055P(0.025)

200( 10°%) =
(10°) 0.500(10-3)  0.104167(10-5).

P=13158 N=13.2kN Ans

4 30 mm

¢

A 10mmﬂ%

0.055m
N=p
"M=0-055P

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,
determine the state of stress in the wall of the cylinder.

» =§ = 249)__ 31438013Pa

~ 7(0.045%)

314 380.13(0.
oy = £L o 2M43B0BOS) _ ., Ans

o =0 Ans

The pressure p is supported by the surface of the pistons in the longitudinal direction.

.

47 mm

*8—68. Determine the maximum force P that can be
exerted on each of the two pistons so that the
circumferential stress component in the cylinder does not
exceed 3 MPa. Each piston has a radius of 45 mm and the
cylinder has a wall thickness of 2 mm.

pr 3 p(0.045)
= —; 3(10°) = ———m —
i 3 (109 0.002

p = 133.3kPa Ans

P =pA=1333(10") (x)(0.045)* = 848 N Ans

47 mm
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8-69. The screw of the clamp exerts a compressive force
of 500 Ib 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.

Internal Force and Moment: As shown on FBD.

Section Properties:

A =0.5(0.75) = 0.375 in’
1
I=15(0.5(075°) =0017578 in*

Maximum Normal Stress: Maximum normal stress occurs
at point A.

N Mc
amu=64=;+7

500  2000(0.375)

= e o —
0.375  0.017578
= 44000 psi = 44.0 ksi (T) Ans

)

7
©

500 1b

4in.
L» N=5001b

B mM=2000 ib-in.

8-70. 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 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.

(+2MA =0; F(10) — 10(2) - 12(7) = 0;  Fg = 10.40 kip
I= 2[%5(0.25)(2)’] =0333in; A = 2(025)(2) = 1in®
Atpoint C :
Oc = f = w = 10.4 ksi Ans
A 1
Tc = 0 Ans
Atpoint D :
P . .
op = — — Mc_ 2520 [26201(D) _ 55y Ans
A T 1 0333
7p =0 Ans

2 kip/ft

A

f ¥V

—---=

10Kip *"f‘) 2R kip

[

O —

S

3§+
A C
-, 5.20 kjp
lin 5.20kipin
0,40 kip
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8-71. The support is subjected to the compressive load P.
Determine the absolute maximum and minimum normal
stress acting in the material.

\%"

|

8|
N

Section Properties:

w=a+x
A =a(a+x)
= -l-(a)(a+x)3 = —a—-(a+.\:)3
12 12

Internal Forces and Moment: As shown on FBD.

Normal Stress:

a
o= ; + - H
P ,05Pi}(a+n)] \

" a(a+x) iz (a+x)?

o = Pr 1 + 3x
47 alatx  (at+x)?

=_P[ﬁ‘:1] (]

al (a+x)?

_Pr-1 + 3x A
"“Z[E (a+x)2] d
M=0-5& -]

P[ 2x-
= _[ﬁ] (2] - osx

s _ﬁ_] =7
ala+x" (a+x)? L
P

a

do,
In order to have maximum normal stress, ?‘ =0,

do, __P (a+x)2(4) - (4x+a)(2)(a+x)(1) =0
& Z[ (a+x)* -

P

- ey (a4 =0

P
Since ——— #0, then
a(a+x)3

2a-4x=0 x =0.500a
Substituting the result into Eq.[1] yields

max

- (a+0.5q)?

1337 1.33P
== =22 (0) Ans

a? at

a

_ _f[4(0.500a)+a]

a(—ﬂ;;;*o. then

do,
In order to have minimum normal stress, -EB =0.
4a-2x=0 x=2a

do, P[(a+x)%(2) - (2x-a)(2)(a+x)(1) . . .
7;"— = Z[ L ]= 0 Substituting the result into Eq.[2] yields

P
— (4a-2%)=0 _P 2(2a) ~a _ P
a(a+x)? min = ;[m] =32 (T) Ans
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*8-72. The support is subjected to the compressive load P. P
Determine the maximum and minimum normal stress acting
in the material.

Section Properties:

d'=2r+x

A = n(r+0.5x)*
x 4

I=—(r+0.5.
4(r x)

Internal Force and Moment: As shown on FBD.

Normal Stress:

Ny Me
AT
P, 0SPx(r+0.51) 2N

T E(r+05x)? - E(r+050)° -

S [ SR
’n[(r+o.5x)1 (r+o.5x)3]

S R SR -
A7 L(r+05x)2 " (r+0.5%)° o
P[ r+2.5
S| A e . (1
[ (r+0.5x)
P 2x
Tzl (r+o0. 54\:)2 (r+0.5x)°
Pl l5x-r
= 2
ﬂ[ r+0. 5x)’] (2
. do,
In order to have maximum normal stress, r =0.
do, _ P[(r+0.5x)3(2.5) = (r+2.5x) (3) (r+0.5x)%(0.5) _
& = (r+0.5x)% -
e _(r-250)=
A0St 2
Since il #0, th
inct P —TY | )
m(r+0.5x)* en
r-25x=0 x = 0.400r

Substituting the result into Eq.[1] yields
P,: r+2.5(0.4009
Oy =~ =
7 [r+0.5(0.4009)] 3]
0.3682 0.368P

T (O Ans

In order to have minimum normal stress, %ﬂ- =0.

doy _ [(r+05x)3(15) (1.5x- r)(3)(r+05x)2(05)]
4

dx (r+0.5x)%
W (3!‘— 151) =0
Since P 0 Substituting the result into Eq.[2] yields
7re050s " ten

O = P{ 1.5(2.00n) - r ]_ 0.0796P Ans

- = T
3r-15x=0 x=2.00r 4 ["4‘05(400")]3 r M
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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
(O-allow)b = 180 MPa.

750
Hoop Stress for Cylindrical Tank : Since £= W

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

L

pf
Oy = O4jlow = T
(750)
150( 10°) =2
p =3.60 MPa Ans .

|

Force Equilibrium for the Cap: ’ 360MPa.

Nans
+T2E =0;  3.60(10°)[2(075") ]-£ =0
F,=63617(10°) N
A

Allowable Normal Stress for Bolts:

(Gutow)s = a
130(10%) = 6.3617(10%)
n[£(0.022)]
n=1125
Use n =113 bolts Ans

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 ;= %’

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

1.20(108) (750
a,="7’=-——(—#=50.oma Ans

Longitudinal Stress for Cylindrical Tank :

—=—— =250MPa Ans

0;:1,5-0MPA-

Force Equilibrium for the Cap :
p '=50,0MP4.
+TEE =0,  1.20(10°)[#(0.75%) ]-16F, =0
F, =132536 N = 133 kN Ans
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8-75. The crowbar is used to pull out the nail at A. If a
force of 8 Ib 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: 8 1b

(+ IM, =0, 8(3)-P(1697)=0 P=1414D

Internal Forces and Moment:

SAIE. =0, N=0
X +EIE. =0; V-1414=0 V=144
(+w‘, =0, M-1414(5=0 M=7071lb-in.

Section Properties:

A = n(025%) =0.0625% in®
1= 2(025*) =097656257(107") in'
=0

0 =yar= 4029

3z

[%(x) (o.zs’)]ao.omuﬂ o’

Normal Stress: Since N = 0, the normal stress is caused
by bending stress only.

Mc  7.071(025) ,
e M 0S) g6 A
% = = goresezsm(i0) o oM Am

v 1414 1b
_ My 7071(0) M
%= T = 09765625m(109) Ans N
Shear Stress: Applying the shear forroul, . Te=960ps¢
= ._h_ =0 Ans \
Ur=576 psi
= Vo 1.414(0.0104167) =960psi  Ans

It T 0.9765625%(10-%)(0.5)

*8-76. 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.

(@)

A = 0.75(0.5) = 0.375 in®

I= 1—12-(0.5)(0.75’) = 0.017578 in*

P Mc_ 500 _ 2000(0.375)
a, = - —= —— + 0" - 44.0ksi
e I~ 0375 0017578 ksiM Hoks,

>

P Mc_ 500  2000(0375)

Opig = — = —— = ———— — " "7 = _4]. i
™ T AT 0315 0017578 N3kt (O

0Tsin
y _ (05—

am 0

y = 0.363 in.

446




© 2008 by 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.

8-77. 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 DE is subjected only to a tensile force along its axis.

7.5 mmLJJ.S mm

] 37.5mm
/BOIJ______ F 17.5 mm
00¢m

Te 0:03m

Ay

— ;[I 180N
0-04m
o-015m 420/

Q IM, =0; 180(0.07) ~Tp;(0.03) =0 v
Tog =420N N

Support Reactions:

Internal Forces and Momens:

B IE =0, 420-180-V=0 V=240N

+TZF =0; N=0

+IM, =0; 180(0.055)~420(0.015)-M=0
M=360N.-m

Section Properties:

A =0.015(0.015) = 0.225( 10°) m?

I= .’_(0.015)(0.015’) =421875(10") m*
12 [=6-40mpa
=0

Normal Stress: Since N = 0, the normal stress is caused
by bending stress only.

_ Mc_ 3.60(0.0075)

T =T = 32187s(109) - CAOMPA(C)  Ans

Shear Stress: Applying shear formula, we have

Vor
f”—l;-'o Ans
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8-78. The eye is subjected to the force of 50 Ib. Determine
the maximum tensile and compressive stresses at section
a—a. The cross section is circular and has a diameter of
0.25 in. Use the curved-beam formula to compute the
bending stress.

S01b

Section Properties:

r= l.25+2§2 =1.375in.

J dTA =2r(7F-y7F2-c?)
A
=2x(1.375- /1.3752-0.1252) 501b

=0.035774 in.

A = x(0.125%) =0.049087 in’

R A _OO04087 . is3in.
[ & " 0035774

"M=éa.6oe Ibin.
R=1.3725%i,

F-R =1.375-1.372153 = 0.002847 in.

Internal Force andMoment: As shown on FBD. The internal N=501b
moment must be computed about the neutral axis. M = 68.608 Ib - ir
is positive since it tends to increase the beam's radius of curvature.
Normal Stress: Applying the curved - beam formula, For compressive stress
For tensile stress
N M(R-n)
o = —
(o). =N MR-n) (O = 3 Ar, (F-R)
Pmax A An (F-R) _ 500 . 68.608(1.372153 - 1.50)
_ 50.0 + 68.608(1.372153 - 1.25) " 0.049087 ' 0.049087(1.50) (0.002847)
0.049087 ~ 0.049087(1.25) (0.002847) = —40826 psi = 40.8 ksi (C) Ans
= 48996 psi = 49.0 ksi (T) Ans
8-79. Solve Prob.8-78 if the cross section is square, having 501b

dimensions of 0.25 in. by 0.25 in.

Section Properties:

0.25
=125+ == 1.375 in.

“

501b

dA L5
& b =025 1= = 0.045580 in.
A r 25

rn L.

A =0.25(0.25) = 0.0625 in®

R=+—=———=1371204in.
'M=66-560 1b-in
F-R =1.375-1.371204 = 0.003796 in.
N=50.01b
Internal Force and Moment: As shown on FBD. The internal

moment must be computed about the neutral axis. M = 68.560 Ib - in.

is positive since it tends to increase the beam's radius of curvature.

Normal Stress: Applying the curved - beam formula, For Compressive stress

For tensile stress
N MQR-n) (0. =N MR-n)
-n D =+
(o] S —— A An(fr-R
(Fans = 3 * X0 =R) 2 (F-R)

500 68.560(1.371204—1.25 _ 500 + 68.560(1.371204-1.5)
=+ — (1. 129 70.0625  0.0625(1.5) (0.003796)
0.0625  0.0625(1.25) (0.003796)

=-24011 psi=24.0ksi (C) Ans
= 28818 psi = 28.8 ksi (T) Ans
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