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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
stress is not to exceed 12 MPa.

300(10%)(1.5)

pr
Tallow — 271; 12(106) = 2t

t = 0.0188 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
normal stress is not to exceed 15 ksi.

pr 5 200 r;
=L . 15(10%) =
T allow 21 5( 0 ) 2(05)
r; = 75 in.
r, =75in. + 0.5in. = 75.5 in. 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

of the cylinder for both cases if the piston P causes the P
internal pressure to be 65 psi. The wall has a thickness of
0.25 in. and the inner diameter of the cylinder is 8 in.
(a) (b)
Case (a):
_pr _65(4) .
o= A o= 025 1.04 ksi Ans.
oy, =0 Ans.
Case (b):
pr 65(4) ,
g1 = ?; g, = W = 1.04 ksi Ans.
pr 65(4) .
= = = 520 Ans.
27500 727 025 pst s
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*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 g =03 = 44 > 10, then thin wall Oi=3 96 kst
analysis can be used. Applying Eq. 8-1 /
— » =190 85
pr 90(11) . | U
o] =—= = 3960 psi = 3.96 ksi Ans.

t 0.25
Longitudinal Stress for Cylindrical Vessels: Applying Eq. 8-2

_pr_90(11)

927 T 2(025)

= 1980 psi = 1.98 ksi Ans.

e8-5. Thespherical gas tank is fabricated by bolting together
two hemispherical thin shells of thickness 30 mm. If the gas
contained in the tank is under a gauge pressure of 2 MPa,
determine the normal stress developed in the wall of the tank
and in each of the bolts. The tank has an inner diameter of 8 m
and is sealed with 900 bolts each 25 mm in diameter.

Normal Stress: Since% = ()4@ = 133.33 > 10, thin-wall analysis is valid. For the

spherical tank’s wall,

_pr 24

o= o 20003) = 133 MPa Ans.

Referring to  the  free-body  diagram  shown in  Fig. g,

P=pA= 2(106)[% (82)} = 327r(10°) N. Thus,

+13F, = 0; 32m(10°) — 450P, — 450P;, = 0 !

U S

Py = 3556(10°)w N
The normal stress developed in each bolt is then 450& P_ 5 2 7’(/0‘.') N

Py, 35.56(10%)7
— = = 228 MPa Ans.

4 5 (0025?) (@)

gp =

533



08 Solutions 46060 5/28/10 8:34 AM Page 534 $

© 2010 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.

8-6. The spherical gas tank is fabricated by bolting
together two hemispherical thin shells. If the 8-m inner
diameter tank is to be designed to withstand a gauge pressure
of 2 MPa, determine the minimum wall thickness of the
tank and the minimum number of 25-mm diameter bolts
that must be used to seal it. The tank and the bolts are made
from material having an allowable normal stress of 150 MPa
and 250 MPa, respectively.

Normal Stress: For the spherical tank’s wall,

pr
Tallow = E
2(10°)(4)
150(10°) = ——"——
0(10°%) 5
t = 0.02667 m = 26.7 mm Ans.
Since = = v 150 > 10, thi 11 analysis is valid
ince — = o ooeeT = , thin-wall analysis is valid.
Referring to the free-body diagram shown in Fig. a,

P=pA= 2(106)[% (82)} = 327r(10°) N. Thus,

n n
+T2Fy =0 3277(106) - E (Pb)allow - E(Pb)allow =0
32m(10°)
n=py— ¥
(Pb)allow
The allowable tensile force for each bolt is
(Pb)atiow = TaliowAp = 250(106)E(0.0252)} = 39.0625(10°)7N
Substituting this result into Eq. (1),
32m(10°)
= 819.2 = 820 Ans.

" 39.06257(10°)

Ny N
Z (ﬁ’lf/aw P =3271( /06) N %(& )au,,ﬂ

)
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8-7. 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.

pro_ 1.35(10%)(0.75)

= 6 =
; 0,003 126.56(10°) = 127 MPa Ans.

a) g =

b) 126.56 (10°)(0.05)(0.008) = o' (2)(0.04)(0.008) 147 r1ka
o' = 79.1MPa Ans.
c¢) From FBD(a)

E3mp " b33mps
+13F, = 0; F, — 79.1(109[(0.008)(0.04)] = 0

=

F), = 253kN

F, 253125 Tamem
(Tavg)p = A %(0'01)2 = 322 MPa Ans.

]
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*8-8. The gas storage tank is fabricated by bolting together
two half cylindrical thin shells and two hemispherical shells
as shown. If the tank is designed to withstand a pressure
of 3 MPa, determine the required minimum thickness of
the cylindrical and hemispherical shells and the minimum

required number of longitudinal bolts per meter length at
each side of the cylindrical shell. The tank and the 25 mm
diameter bolts are made from material having an allowable
normal stress of 150 MPa and 250 MPa, respectively. The
tank has an inner diameter of 4 m.

Normal Stress: For the cylindrical portion of the tank, the hoop stress is twice as
large as the longitudinal stress.

Catow = s 150(10°) = 109
t c
t, = 0.04m = 40mm Ans.
For the hemispherical cap,
6
Tt = ?; 150(10°) = 3<1(2)l)(2)
ty = 0.02m = 20 mm Ans.

Since% < 10, thin-wall analysis is valid.

Referring to the free-body diagram of the per meter length of the cylindrical
portion, Fig. a, where P = pA = 3(106)[4(1)] = 12(106)N, we have

+12F, = 0; 12(10°) = 2e(Pyatiow = 1e(Pp)atiow = 0
6(10°)
ne = 2~ @
(Ph)allow
The allowable tensile force for each bolt is
a
(Pp)atiow = TattowAp = 250(106){1(0.0252)} = 122.72(10°)N
Substituting this result into Eq. (1),
n. = 48.89 = 49 bolts/meter Ans.

|
b

174 H)a low Pe 1200°)N ﬂc(& Dallpw.

(2)
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¢8-9. The gas storage tank is fabricated by bolting together =
two half cylindrical thin shells and two hemispherical shells
as shown. If the tank is designed to withstand a pressure of
3 MPa, determine the required minimum thickness of the
cylindrical and hemispherical shells and the minimum
required number of bolts for each hemispherical cap. The
tank and the 25 mm diameter bolts are made from material
having an allowable normal stress of 150 MPa and 250 MPa,
respectively. The tank has an inner diameter of 4 m.

Normal Stress: For the cylindrical portion of the tank, the hoop stress is twice as n

large as the longitudinal stress. Eé' (g)‘u[,w
- 3(10%)(2) -

Tatow = 150(10°) = )@

c

t. = 0.04 m = 40 mm Ans.
P=1210% A

For the hemispherical cap,

3(10°)(2)
_pr. 6 —
Tallow = 150(10°) = =~
ty = 0.02m = 20 mm Ans.
l

LT . .. . 1
Since . < 10, thin-wall analysis is valid. ‘:5"‘( Ie )4,[”4
The allowable tensile force for each bolt is Cb )

w

i (0.0252)} = 122.72(10°)N

(Pb)allow = UallowAb = 250(106)|:

Referring to the free-body diagram of the hemispherical cap, Fig. b, where
- - N (42)| = 6
P =pA =310 ){1(4 )} = 12(10°)N,

+ _ 6 1y 1y _
H3F, =0, 127(10°) = = (Po)atiow = % (Po)atow = 0
127(10°)
ny =~ ¢
(Pb)allow
Substituting this result into Eq. (1),
n, = 307.2 = 308 bolts Ans.
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8-10. A wood pipe having an inner diameter of 3 ft is
bound together using steel hoops each having a cross-
sectional area of 0.2 in?. If the allowable stress for the hoops
is 00w = 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

BIF. =0; 2P -4(36s)=0 P =720s

Hoop Stress for the Steel Hoop:

P
01 = Oallow — Z

72.0s
12(10%) =
(10 0.2
s = 33.3in. Ans.

8-11. The staves or vertical members of the wooden tank
are held together using semicircular hoops having a
thickness 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 connect each hoop together, determine the tensile stress 4
in each bolt at A and B. Assume hoop AB supports the 6in.
pressure loading within a 12-in. length of the tank as shown.

6in]

Fr = 2(36)(12) = 864 1b

2F=0; 804 —2F =0, F=4321b

#in
F 432 2
= = " = 432 psi Ans.

oy A, 052) pst ns

F 432
= T T 8801 psi = 8.80 ksi Ans. v

" 02sy /270
Fa
538
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*8-12. Two hemispheres having an inner radius of 2 ft and
wall thickness of 0.25 in. are fitted together, and the inside
gauge pressure is reduced to —10 psi. If the coefficient
of static friction is us = 0.5 between the hemispheres,
determine (a) the torque 7 needed to initiate the rotation
of the top hemisphere relative to the bottom one, (b) the
vertical force needed to pull the top hemisphere off
the bottom one, and (c) the horizontal force needed to slide
the top hemisphere off the bottom one.

Normal Pressure: Vertical force equilibrium for FBD(a).

+13F, =0, 10724 -N=0 N =5760mlb

The Friction Force: Applying friction formula

F; = u,N = 05(57607) = 2880 Ib

a) The Required Torque: In order to initiate rotation of the two hemispheres
relative to each other, the torque must overcome the moment produced by the
friction force about the center of the sphere.

T = Fer = 2880m(2 + 0.125/12) = 18190 1b - ft = 182 kip - ft Ans.

b) The Required Vertical Force: In order to just pull the two hemispheres apart, the
vertical force P must overcome the normal force.

P = N = 57607 = 18096 Ib = 18.1 kip Ans.

c) The Required Horizontal Force: In order to just cause the two hemispheres to
slide relative to each other, the horizontal force F must overcome the friction force.

F = F; = 2880m = 9048 1b = 9.05 kip Ans.

e8-13. 'The 304 stainless steel band initially fits snugly around /\C
the smooth rigid cylinder. If the band is then subjected to a
nonlinear temperature drop of AT = 20 sin? 6 °F, where 6 is

1
in radians, determine the circumferential stress in the band. o4

| 10 in. -

J—[11in.
Compatibility: Since the band is fixed to a rigid cylinder (it does not deform under
load), then

51:‘767‘:0

P@mr) / AT o = 0
AE A aATrdo =

2
2 P P
%r (Z) = 20ar A sin? 0d6 however,z = o,

) 2
%crc = 10« / (1 — cos 260)de
0

o, = 10aE

= 10(9.60)(107°) 28.0(10°) = 2.69 ksi Ans.
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8-14. 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: Form the FBD

—tEFx = 0; 2P — 2priw =0 P = priw

Hoop Stress and Strain for the Ring:

ag =£= priw = pri
! A (I’S_I’i)W rg — 1

Using Hooke’s Law

o1 pri
=—=—"2"t 1
T E T Ee - ) “
2a(r)y — 2@y (ry — i Or;
However, g = oy = p =
m i i
Then, from Eq. [1]
orp _ pri
T - E(rs - ri)
2
pri
or,= ———— Ans.
E(rs - ri)
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8-15. The inner ring A has an inner radius r; and outer
radius r,. Before heating, the outer ring B has an inner
radius r3 and an outer radius r4, and r, > r3. If the outer ring
is heated and then fitted over the inner ring, determine the
pressure between the two rings when ring B reaches the
temperature of the inner ring. The material has a modulus of
elasticity of E and a coefficient of thermal expansion of a.

Equilibrium for the Ring: From the FBD

BIF. =0, 2P-2prw=0 P=prw

Hoop Stress and Strain for the Ring:

_ P _ priw -~ pri
Ul_A_(rnfri)W_ro_ri
Using Hooke’s law
! pri
g =—=="—="""=
E E(r,—r)
2a(r)y = 2mr;  (r)1 —ri Or;
However, g = = =—.
2y T 7
Then, from Eq. [1]
or; pri
no E(r, - 1)
2
pPri
ory = ————
E E(r, —17)

Compatibility: The pressure between the rings requires
8}’2 + 5}’3 =ry —r3

From the result obtained above

2 2
pra pr3

dry =~ bry=——
T Erm - ) SRS
Substitute into Eq. [2]

pr3 prs
E(ry —r)  E(rgy —r3)

Fp — r3

E(ry — 13)

3 7
+

Iy —r Fg — 13

A B

(1]

(21

Ans.
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*8-16. The cylindrical tank is fabricated by welding a
strip of thin plate helically, making an angle 6 with the
longitudinal axis of the tank. If the strip has a width w and
thickness ¢, and the gas within the tank of diameter d is
pressured to p, show that the normal stress developed along
the strip is given by oy = (pd/8t)(3 — cos 20).

Normal Stress:

pr_pld2) pd

Th =0 t 2t
g, o Pr P2 pd
=52y 2t 4

Equilibrium: We will consider the triangular element cut from the strip
shown in Fig. a. Here,
Ay = (wsinf)t and

A; = (wcosb)t. Thus,

pd pwd
F,=o0,A, = En (wsin 0)t = sin 0 and

pd pwd
F,=0dA = Z(W cos )t = T4 cos 0.

Writing the force equation of equilibrium along the x" axis,

pwd

. . pwd
2F. =0 sin 6 |sin § + cos @ |cosd — Ny =6

pwd - )
Ny=—-(2 0+ 0
0 1 ( sin cos )

However, sin’6 + cos*# = 1. This equation becomes

_ pwd

"=y (sin20 + 1)

1
Also, sin> 9 = > (1 — cos 20), so that

pwd
Ny = 7(3 — cos 20)

Since Ay = wt, then

LA,

NLLLLLLLLAS LA

d
UG—L(3_

pwd
. (3 — cos26)

wt

cos 260) (Q.E.D.)

Puwd .
Eq:r- 2 5}”9‘ / x’
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8-17. In order to increase the strength of the pressure vessel,
filament winding of the same material is wrapped around the
circumference of the vessel as shown. If the pretension in the
filament is 7 and the vessel is subjected to an internal 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 a
corresponding length of the vessel.

Normal Stress in the Wall and Filament Before the Internal Pressure is Applied:
The entire length w of wall is subjected to pretension filament force 7. Hence, from
equilibrium, the normal stress in the wall at this state is

T
2 — (@) @) =0 ()=

and for the filament the normal stress is

T

’

(o )fil = wT

Normal Stress in the Wall and Filament After the Internal Pressure is Applied: The
stress in the filament becomes

pr

o= + Vey=—-—"+2+ Ans.
oy = o+ (0 ) t+1) " wt ns
And for the wall,
, pr r
a'w=a'l_(0'l)w:(t+t,)_a Ans.
8-18. 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.
og,=0=0,— 0y
P Mc
0=— - —
A 1
0= P P(0.1 — d)(0.1)
(02)(0.01) L (0.01)(0.2%
P(—1000 + 15000d) =0
d = 0.0667 m = 66.7 mm Ans.
Ta 0y A
TITE
L i
— (o-14)P
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8-19. Determine the maximum and minimum normal 100 kN

stress in the bracket at section a—a when the load is applied 15 mm
atx = 0. X
15 mm
200 nﬁ@/
150 mm

Consider the equilibrium of the FBD of the top cut segment in Fig. a,
+1SF,=0; N-100=0 N =100kN

C+=Mc=0; 100001) =M =0 M =10kN-m
1
A =02(0.03) = 0006 m> [ = E(0.03)(0.23) = 20.0(10"%) m*

The normal stress developed is the combination of axial and bending stress. Thus,

N M

TT AT

For the left edge fiber,y = C = 0.1 m. Then

100(10°)  10(10%)(0.1)
0.006 20.0(107°)

gy =
= —66.67(10°) Pa = 66.7 MPa (C) (Max) Ans.

For the right edge fiber, y = 0.1 m. Then

100 (10°)  10(10%)(0.1)
0.006 20.0(107°)

= 33.3 MPa (T) Ans.

OR =
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*8-20. Determine the maximum and minimum normal 100 kN

stress in the bracket at section a—a when the load is applied 15 mm
at x = 300 mm. x
15 mm
200 &r/
150 mm ;

Consider the equilibrium of the FBD of the top cut segment in Fig. a,
+1SF,=0; N-100=0 N =100kN

C+SMc=0; M —10002)=0 M =20kN-m

1
A=02(003) =0006m> [= E(0.03)(0.23) = 20.0(10"%) m*

The normal stress developed is the combination of axial and bending stress. Thus,

N M
A 1

(o

For the left edge fiber,y = C = 0.1 m. Then

100(10%)  20.0(10%)(0.1)
0.006 20.0(107)

oc =

= 83.33(10°) Pa = 83.3 MPa (T)(Min) Ans.

For the right edge fiber,y = C = 0.1 m. Thus

100(10%)  20.0(10%)(0.1)
0.006 20.0(107°)

Orp =

= 117 MPa Ans.
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e8-21. 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.

- 7“7 8 mm
3$mYn
100 mm ‘f
50 mm
P Mc 40 4(0.004)
= - 4+ = = + = 123 MPa Ans. .
TAT AT T T T (0008)(0.003) T L(0.003)(0.008) e
M 2(0.004 4ow
op = = ](—)3 = 62.5MPa Ans. o Qim
I 1(0.003)(0.008)

4ou

b2, SMp

-'—D—onﬁ‘ P A\"/- Zalm

4ou)

LRI LN

doun

30 mm, 40 mm

L

8-22. 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, determine the maximum
compressive stress in the clamp at section 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 Fomm FOmm
by axial force only. H—f
P 240
=—=——"-—-=107MP Ans.
Tmax = 4T 0.015)(0.015) a s 8o™
Fao®
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8-23. 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 section a—a. The screw EF is subjected only to
a tensile force along its axis.

30 mm, 40 mm

L

There is moment in this problem. Therefore, the compressive stress is produced by
axial force only.
420" (g™

P 240 o
- _107MP
Tmax = 4T 0.015)(0.015) a prz4o™

L.oTmF, EE

“

*8-24. 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.

2F, =0 N — 700 cos 30° = 0; N = 606.218 1b

2F, = 0; V — 700 sin 30° = 0; V =3501b

C+ZM =0; M — 700(1.25 — 2sin 30°) = 0; M =1751b-in.

v N

N  Mc 606218  (175)(0.375) !
Oy =7 — =

AT T T 07905 L05)075) =

o4 = —212ksi Ans. VA4S

74=0 (since Q4 = 0) Ans.

37T 70006
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e8-25. 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.

2F, =0 N — 700 cos 30° = 0; N = 606.218 Ib
3F, = 0; V — 700 sin 30° = 0; V =3501b

C+IM =0; M — 700(1.25 — 2sin 30°) = 0; M =1751b-in.

N  Mc 606.218 175(0.375)
op=—+—-= : :

A I (075)05)  $5(0.5)(0.75)
op = 5.35 ksi Ans.
73=0 (since Qp = 0) Ans.

8-26. The offset link supports the loading of P = 30 kN.
Determine its required width w if the allowable normal
stress is o y0w = /3 MPa. The link has a thickness of 40 mm.

o due to axial force:

P 30(10°)  750(10%)
o, = = =

A (w)(0.04)  w

o due to bending:

_ Mc _ 30(10%)(0.05 + 5)(5)
7T 1(0.04)(w)*
4500 (10°)(0.05 + %)

W2

Omax = Tallow — Oa + gp

750(10%)  4500(10%)(0.05 + %
730105 = (10°) N ( )(2 7) oM
w w
2 _
73w = 0.75w + 0225 + 225w PR—

73w? — 3w —0225=0
a.gf.;g P=30"~
w = 0.0797 m = 79.7 mm Ans.
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8-27. The offset link has a width of w = 200 mm and a
thickness of 40 mm. If the allowable normal stress is
Taow = 75 MPa, determine the maximum load P that can
be applied to the cables.

A = 0.2(0.04) = 0.008 m?

I= % (0.04)(0.2)* = 26.6667(10"%) m*

_ P M
T AT
0.150 P(0.1

75(10%) = P ( 2

0.008  26.6667(10°)
P = 109 kN Ans.

P
M= Plo.r50)

2.150m P

*8-28. The joint is subjected to a 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.

. a A a
o due to axial force: | B
P <0 0.5 in.— ~—
=== = 80 psi 2in.
TTAT 0502 M \‘“
o due to bending: F < lﬁ
M 100(0.25
- Mo 1(7)3 = 1200 psi y12sin
I 5(2)(05) P
(Omax)e = 80 + 1200 = 1280 psi = 1.28 ksi Ans.
(0 max)e = 1200 — 80 = 1120 psi = 1.12 ksi Ans. P-go'
G
y 05—y Me100" 7
128 112
y = 0.267 in. = .
g0t i-28
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*8-29. The joint is subjected to a force of P = 200 1b and
F = 150 1b. 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.

2 in.
F—| \
"1.25 in.
P
A =0.5(0.75) = 0375 in? EYYY
_ . 50 Lo Jin
04 = y4A” = 0.125(0.75)(0.25) = 0.0234375in*;  Qp =0 \ _150lb
1
I= E(0.75)(0.53) = 0.0078125 in* 2w,
Normal Stress: 150 )b l ,
1- 25,
N My zeolb
o=—+—
AT
6.25m.
200 . \
=—+0= T Ans.
T4 = 9375 0 = 533 psi (T) ns 7
7z |etsi
200  50(0.25 z
op 025 _ —1067 psi = 1067 psi (C) Ans. e |A

T 0375 00078125

Shear stress:

_Vvo
T
| 15000234375) N
T4 T 0.0078125)(0.75) P ns:
3=0 Ans.
tﬁsm'
boopst
0% ps¢
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8-30. If the 75-kg man stands in the position shown,
determine the state of stress at point A on the cross section
of the plank at section a—a. The center of gravity of the man
is at G. Assume that the contact point at C is smooth.

12.5 mm

Sectiona—aand b - b

Support Reactions: Referring to the free-body diagram of the entire plank, Fig. a,
C+ZMp = 0; F¢sin 30°(2.4) — 75(9.81) cos 30°(0.9) = 0
Fc = 477.88N
XF,=0; By — 75(9.81)sin 30° — 477.88 cos 30° = 0
B, = 781.73N
2F, =0, By + 477.88sin 30° — 75(9.81) cos 30° = 0

B, = 39824N

Internal Loadings: Consider the equilibrium of the free-body diagram of the plank’s
lower segment, Fig. b,

2F,=0; 78173 — N =0 N =781.73N
2F,=0; 39824 -V =0 V =39824 N
C+ZMp = 0; M — 398.24(0.6) = 0 M = 23894 N-m

Section Properties: The cross-sectional area and the moment of inertia about the
centroidal axis of the plank’s cross section are

A = 0.6(0.05) = 0.03 m?

1 -
1 =5 06)(0.05%) = 625(10°)m?*

Referring to Fig.c, O, is
04 =y A = 0.01875(0.0125)(0.6) = O.140625<10’3) m’

Normal Stress: The normal stress is the combination of axial and bending stress.
Thus,

For point A, y = 0.0125 m. Then

~781.73  238.94(0.0125)
o, = -
4003 6.25(10°°)
= —503.94 kPa = 504 kPa (C) Ans.
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8-30. Continued
Shear Stress: The shear stress is contributed by transverse shear stress. Thus,

398.24{0.1 40625(1073 }
VQA ( )

T4 = = = 149 kPa Ans.
It 6.25(107°)(0.6)

The state of stress at point A is represented on the element shown in Fig. d.

M A
4

0

0.6m
Be'=781730 By =39824N
(b)

| 0-6m I

RIS LT

0-0125m

ﬂgio.m/sm
)

504 KPa,

/4.9 kfa

)
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8-31. Determine the smallest distance d to the edge of the a
plate at which the force P can be applied so that it produces

no compressive stresses in the plate at section a—a. The

plate has a thickness of 20 mm and P acts along the P
centerline of this thickness. d

Consider the equilibrium of the FBD of the left cut segment in Fig. a,

C+3IMc = 0; M—P0O1—-d)y=0 M=P0.1-d)
1
A=02(002) = 0004 m* = E(o.oz)(o.?) = 13.3333(107°%) m*

The normal stress developed is the combination of axial and bending stress. Thus

N N My
o=—+—
A I
Since no compressive stress is desired, the normal stress at the top edge fiber must

be equal to zero. Thus,

P P(0.1— d)0.1)

0=
0.004 ~ 133333 (1079

0 =250 P — 7500 P (0.1 — d)

d = 0.06667 m = 66.7 mm Ans.

©1-c)m M

1 C
P <

< > N

(@)
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*8-32. The horizontal force of P = 80 kN acts at the end a
of the plate. The plate has a thickness of 10 mm and P acts
along the centerline of this thickness such that d = 50 mm.
Plot the distribution of normal stress acting along
section a-a.

Consider the equilibrium of the FBD of the left cut segment in Fig. a,
LsF =0 N-8=0 N =80kN

C+IMc =0, M —80(0.05) =0 M =400kN-m
1
A =001(02) = 0002m> [= ' (0.01)(0.2%) = 6.667(10°%) m*

The normal stress developed is the combination of axial and bending stress. Thus,

Atpoint A,y = 0.1 m. Then

80(10°)  4.00(10%)(0.1)
0.002 6.667(107°)

O =

—20.0(10%) Pa = 20.0 Mpa (C)

At point B, y = 0.1 m. Then

~80(10°) N 4.00(10%)(0.1)
0.002 6.667(107%)

Op
= 100 (10° Pa = 100 MPa (T)

The location of neutral axis can be determined using the similar triangles.

A
o.osm M

80 kﬁkﬁ_ c >N

@)

02-d
20.0MZ

l
0-15m
80 kN—IJ'-l J
5 ' 100 Mfa,
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¢8-33. The pliers are made from two steel parts pinned 0.18 in. 101b
together at A. If a smooth bolt is held in the jaws and a
gripping force of 10 1b 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.

A SF,=0; N —10sin30°=0; N =501Ib
N' 3F, =0 V — 10 cos 30° = 0; V = 8.660 1b
C+EMc=0;, M—-103)=0 M =30Ib-in.
A = 02(0.4) = 0.08 in?

I= %(0.2)(0.43) = 1.0667(1073) in*

0p=10

Oc = y'A’ = 0.1(0.2)(0.2) = 4(1073) in®

Point B:
N My =50 30(0.2)
=—4+ — = + = 5.56 ksi(T Ans.
TET AT T 008 ¢ 1.0667(10°) si(T) s 6
14 ¢ M~
T = T? =0 Ans. /Z; Tg=01in
Point C:
N My -50 . .
— L =T 4 = —62. = ) o
ge =7 7 0.08 0 62.5 psi = 62.5 psi(C) Ans
Shear Stress :

_ VO 8600(4)(107%)

R — 162 psi Auns.
TCT T T 1.0667(107%)(0.2) Pt e
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8-34. Solve Prob. 8-33 for points D and E. 0.18 in. 101b
C+=IM, =0, —F(2.5) + 4(10) = 0; F=161b
Point D:
op =20 Ans.
Vv 16(0.05)(0.1)(0.18
= V2 _ 1600900018 _ (o Ans
It [17 (0.18)(0.2)°](0.18)
Point E:
My 28(0.1) .
op=— =7 ————= = 233ksi(T) Ans.
I 15 (0.18)(0.2)
=0 Ans.
A
AH
F
J—
T Zgin 4in
10lb
V=lGlb
Y M=16(175) =28 lbin
1TSin
F<lélb
556
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8-35. The wide-flange beam is subjected 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.

1 1 :
1= @) -7 (35)(6) = 5133 in’

A = 2(0.5)(4) + 6(0.5) = 7in®

Qp = Sy'A" = 3.25(4)(0.5) + 2(2)(0.5) = 8.5in®

04=0

_ —Mc _ —11500 (12)(3.5) .
Ca= = 5133 = —9.41 ksi
TA = 0

My 11500(12)(1) .
o= T 5133 = 2.69 ksi

|4 2625(8.5

ty = O _ B3 869 ksi

It 51.33(0.5)

3000 1b
500 1b 2500 1b
Voo l ,
|
‘ 4 ft 6 ft |
21t 1 2ft T 21t
0.51in.
N 4
05in—[— T
4 in.
B 2in.
FdinA T
0.51in.
5"
¢ ;
il P
Ans.
T
o5 *
Ans.
Ans. E* " ®
G0 I A l r@ »
Ans. !
A e f
J;‘J' em 4! M l i
(J x5 5
K941 050
N
<0 L69R%
022 69 05¢
%
~vs2ees't
|) Mes1500 411
1272
rst

557




08 Solutions 46060 5/28/10 8:34 AM Page 558 $

© 2010 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.

*8-36. The drill is jammed in the wall and is subjected to
the torque and force shown. Determine the state of stress at
point A on the cross section of drill bit at section a—a.

Sectiona —a

Internal Loadings: Consider the equilibrium of the free-body diagram of the drill’s
right cut segment, Fig. a,

SF, =0 N—lSO(%>=O N = 120N

—_ . 3 —_ —_
SF, =0 1503 ) - v, =0 V, = 90N
SM,=0;20-T =0 T =20N-m

=M, = 0; —150(%)(0.4) + 150(%)(0.125) + M, =0

M,=2IN-m

Section Properties: The cross-sectional area, the moment of inertia about the z axis,
and the polar moment of inertia of the drill’s cross section are

A = 7(0.005%) = 257(107%)m?

1. =77 (0.005") = 0.156257(10~?) m*
o —
J = (0005") = 031257(10~") m*

Referring to Fig. b, O , is
04=0
Normal Stress: The normal stress is a combination of axial and bending stress. Thus,

N My
A T

g
z

For point A, y = 0.005 m. Then

_ o -120 21(0.005)
257(107%)  0.156257(107°)

o4 = —215.43 MPa = 215 MPa (C) Ans.
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8-36. Continued

Shear Stress: The transverse shear stress developed at point A is

Vv yQA

[(Txy)vL = 7 =0 Ans.

The torsional shear stress developed at point A is

Te 20(0.005)

=—=——"""—=101.86 MP
(=7 031257(10°) :
Thus,
(Txy)A =0 Ans.
(o) = {(TXZ)T} = 102 MPa Ans.
A

The state of stress at point A is represented on the element shown in Fig c.

o
o0 \
(2 Sy




08 Solutions 46060 5/28/10 8:34 AM Page 560 $

© 2010 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 drill is jammed in the wall and is subjected to y
the torque and force shown. Determine the state of stress at
point B on the cross section of drill bit at section a—a. 400 mm

Internal Loadings: Consider the equilibrium of the free-body diagram of the drill’s y|
. . A 5 mm
right cut segment, Fig. q,

4 7— 150N
2F, =0 N—150§ =0 N = 120N B
3 Sectiona—a
EFy =0 150(5) - Vy =0 Vy = 90N
SM,=0; 20-T=0 T =20N-m

4
SM, = 0; —150(%)(0.4) + 150(§>(0.125) + M, =0

M,=21IN-m

Section Properties: The cross-sectional area, the moment of inertia about the z axis,
and the polar moment of inertia of the drill’s cross section are

A = m(0.005%) = 257(10°) m?

1, = (0005*) = 0.156257(10") m*
J =7 (0.005*) = 031257(10")m*

Referring to Fig. b, O is

Op=yA = @ E (0.0052)] = 83.333(10™°) m’

Normal Stress: The normal stress is a combination of axial and bending stress. Thus,

_N _My

TTAT I,

For point B, y = 0.Then

—120

p=—"7—-— 0= —1528 MPa = 1.53 MPa(C) Ans.
257(10°°)

(o8
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8-37. Continued

Shear Stress: The transverse shear stress developed at point B is

V.0 90{83.333( 10*")}

Lt 0.156257(107)(0.01)

= 1.528 MPa Ans.

{(Txy)VL =

The torsional shear stress developed at point B is

Te  20(0.005)
_te o TR 0186 Mp
{(T”)TL 7 031257(107) :

Thus,
(TC)B =0 Ans.
(s = ()] = | (],
= 101.86 — 1.528 = 100.33 MPa = 100 MPa Ans.

The state of stress at point B is represented on the element shown in Fig. d.

0-{26m

()
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8-38. Since concrete can support little or no tension, this a

problem can be avoided by using wires or rods to prestress e e B T

the concrete once it is formed. Consider the simply R R R S L | 16in. 18 in.
Tt

supported beam shown, which has a rectangular cross A4 oo s — B
section of 18 in. by 12 in. If concrete has a specific weight of a

150 Ib/ft3, determine the required tension in rod AB, which 1 4 ft | 4 ft 1
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.

b
b

6 in. 6 1n.

Support Reactions: As shown on FBD.

Internal Force and Moment:

LSF.=0, T-N=0 N=T

C+=M, = 0; M + T(7) —900(24) = 0
M = 21600 — 7T

Section Properties:

A = 18(12) = 216in?
I= i(12)(183) = 5832 in*
12

Normal Stress: Requires o4 = 0
N  Mc
=— 4+ —
A I
=T (21600 — 7T)(9)
- 216 5832

CTA:0

0

T =21601b = 2.16 kip Ans.

150(1.5)1)(8) =/8001b

2¢in.| 24in
Qoolb
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8-39. Solve Prob. 8-38 if the rod has a diameter of 0.5 in. a
Use the transformed area method discussed in Sec. 6.6.
Ey = 29(10%) ksi, E, = 3.60(10°) ksi.

Support Reactions: As shown on FBD.

Section Properties: [50(15)1)(8) =[800Ib

E, _ 29(10°) r !
= 5 = 8.0556 4
E.n  3.6(10°) T | T

n =

Agon = (n — 1) Ay = (8.0556 — 1)(%)(0.52) = 1.3854 in2 oo 1b goo Ib

A = 18(12) + 1.3854 = 217.3854 in>

2/n.
— ZyA  9(18)(12) + 16(1.3854) 0.04461 i —
YT sa T 217.3854 T ’iT

1
I= E(12)(183) + 12(18)(9.04461 — 9)% + 1.3854(16 — 9.04461)?

= 5899.45 in*

Internal Force and Moment: Joolb

4

LSF.=0, T-N=0 N=T

C+3M,=0; M + T(6.9554) — 900(24) = 0 T | 6955
9oorb

M = 21600 — 6.9554T

Normal Stress: Requires o4 = 0

N Mc
= 4 =

O'AZO A 7

A A (21600 — 6.9554T)(8.9554)
T 217.3854 5899.45

T = 2163.081b = 2.16 kip Ans.
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*8-40. Determine the state of stress at point A when
the beam is subjected to the cable force of 4 kN. Indicate
the result as a differential volume element.

Support Reactions:
CH+SMp=0;  40.625) — C,(3.75) = 0

C, = 0.6667 kN
A SF, =0, C,—4=0 C,=400kN

Internal Forces and Moment:

L SF,=0; 400-N=0 N =400kN
+1SF, =0, V —06667=0 V =0.6667kN
C+IM,=0; M —06667(1) =0 M = 0.6667kN-m

Section Properties:

A = 024(0.15) — 02(0.135) = 9.00(103) m?

Q4 = Sy'A’ = 011(0.15)(0.02) + 0.05(0.1)(0.015)
= 0.405(1073) m?

Normal Stress:

N My
T AT

4.00(10%)  0.6667(10%)(0)
o=
47 9.00(1073) 82.8(107°%)

= 0.444 MPa (T)

Shear Stress: Applying shear formula.

VO,
T

_0.6667(10%)[0.405(10%)
C o 82.8(1079)(0.015)

= 0.217 MPa

1 1 B
I= E(0.15)(0.243) - E(0.135)(0.23) = 82.8(10%) m*

4 kN

4—======ﬁ250 mm

© \y \v375mm A
H’ouo 0\M:ﬂ
Dl e — .
\
|

s IO Y

Ans.

Ans.

564



08 Solutions 46060 5/28/10 8:34 AM Page 565

—p—

© 2010 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.

*8-41. 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.

Support Reactions:
C+IMp =0, 4(0.625) — C,(3.75) = 0

C, = 0.6667 kN

LSF, =0, C,—4=0 C,=400kN

Internal Forces and Moment:
L SF.=0, 400-N=0 N =400kN
+1SF,=0; V —-06667=0 V =06667kN

C+=ZM, =0, M — 0.6667(1) = 0 M = 0.6667 kN - m

Section Properties:

A = 024(0.15) — 02(0.135) = 9.00(107%) m?

1 1 .
1 =5 (015)(024°) = = (0.135)(02°) = 82.8(10°) m

0p=0
Normal Stress:
N My
= — 4+ —

TT AT

4.00(10%)  0.6667(10%)(0.12)
gp — -
57 9.00(107%) 82.8(107°)

— —0.522 MPa = 0.522 MPa (C)

Shear Stress: Since Qp = 0, then

’TB:O

4 kN

4—%250 mm

YV

375mm A
H? 3 k‘OMﬂ
ba— ' N

B

C
| 1 m—
0.75 m
20 mm

100mm] |[A T

15 mm —

B 4_,‘T

e - 002 m

—r g o
LO-ln
0-0Lm

Ans.

ﬂ;-asmﬁ'D_

Ans.
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8-42. The bar has a diameter of 80 mm. Determine the
stress components that act at point A and show the results
on a volume element located at this point.

Consider the equilibrium of the FBD of bar’s left cut segment shown in Fig. a,

3
SF, = 0; vy—5(§)=0 V,=3kN
4
SF,=0; Vz+5(g>:o V.= —4kN
—_ . 4 — —
SM, =0 M, +5(5)03)=0 M, =-12kN'm
3
SM, = 0; M. +5(5)03) =0 M= -09kN-m

I,=1,= %(0.044) = 0.64(10 )7 m*

Referring to Fig. b,
(Qy)A =0

Q=T a' = 4(0.04)
Ja=z 37

E (0.042)} = 42.67(107%) m?

The normal stress is contributed by bending stress only. Thus,

sz MyZ
o= - e

LI,

For point A,y = —0.04 m and z = 0.Then

_ —09(10°)(-0.04) N

= 0 = —17.90(10°)Pa = 17.9 MPa (C) Ans.
0.64(10"%)7r

The transverse shear stress developed at point A is

V(Q))a
(T'W)U - y[Z: =0 Ans.

V04 4(10°)[42.67(107%)
(sz)v - Iyt a 0.64(10_6)77 (0.08)

= 1.061(10°% Pa = 1.06 MPa Ans.

The state of stress for point A can be represented by the volume element shown in
Fig. ¢,

566

o



08 Solutions 46060 5/28/10 8:34 AM Page 567 $

© 2010 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. Continued

Py
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8-43. The bar has a diameter of 80 mm. Determine the
stress components that act at point B and show the results
on a volume element located at this point.

Consider the equilibrium of the FBD of bar’s left cut segment shown in Fig. a,

3

SF, = 0; Vy—S(g):O V,=3kN
4

SFo=0 Vo+5(g)=0 V.= 4N

4
SM, =0, M, + 5<§)(o.3) =0 M,=-12kN-m
3
IM. =0 M. +5(2)03)=0  M.= 09KkN'm
I,=1. = %(0.044) = 0.64(10 %)z m*

y

Referring to Fig. b,

(0,)s =y A = [4(;24)} {%(0.042)] = 42.67(10°%) m®
(Qz)B =0
The normal stress is contributed by bending stress only. Thus,
o= —sz %
I, I,

For point B, y = 0 and z = 0.04m. Then

- —1.2(10°)(0.04)
0.64(10 %7

= —23.87(10°%) Pa = 23.9 MPa (C) Ans.

The transverse shear stress developed at point B is

Vy(©Q)s 3(10%)[42.67(107%)]

TX v =
(7o) It 0.64(10~%)ar (0.08)

= 0.7958(10°) MPa = 0.796 MPa Ans.
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8-43. Continued

V.(Q,)
(sz)v = 73

=0 Ans.
It

The state of stress for point B can be represented by the volume element shown in
Fig.c
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*8-44. Determine the normal stress developed at points
A and B. Neglect the weight of the block.

Referring to Fig. a,
SF,=(Fpy —-6-12=F F=-180kip

SM, = (Mg),; 6(1.5) — 12(1.5) = M, M, = —9.00kip-in

SM, = (Mg),; 12(3) —6(3) =M, M, =180kip-in

The cross-sectional area and moment of inertia about the y and z axes of the cross-
section are

A =6(3) = 18in?
=L (6)(3)° = 13.5in*
Y12 ’

1
L= (3)(6%) = 54.0 in*

The normal stress developed is the combination of axial and bending stress. Thus, ?f.
M M,z g
g = E — 72}7 + ! é k’F
A I, 1, C

For point A,y = 3in.and z = —1.51n.

180 18.0(3) . —9.00(—1.5)
~ 180 54.0 13.5

~1.00 ksi = 1.00 ksi (C) Ans.

For point B,y = 3inand z = 1.5 in.

~180 180(3)  —9.00(1.5)
18.0 54 135

op =

—3.00 ksi = 3.00 ksi (C) Ans.

(@)
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*8-45. Sketch the normal stress distribution acting over the 6 kip
cross section at section a—a. Neglect the weight of the block.

Referring to Fig. a,
SF,=(Fg)s —6-12=F F=-180kip
SM, = (Mg),; 6(15) — 12(15) = M, M, = —9.00kip-in

SM, = (Mg),; 12(3) —6(3) =M, M, =180kip-in

The cross-sectional area and the moment of inertia about the y and z axes of the
cross-section are

A =3(6) =18.0in?

~
I

1 3y — .4
o (6)(3°) = 13.51in

I, % (3)(6%) = 54.0 in*

The normal stress developed is the combination of axial and bending stress. Thus,

F sz M)’Z
o=——— E—

A I,

For point A,y = 3in.and z = —1.5in.

180 18.0(3) —9.00(—1.5)
18.0 54.0 135

O =

~1.00 ksi = 1.00 ksi (C)

For point B,y = 3in.and z = 1.5 in.

180 180(3)  —9.00(1.5)
18.0 54.0 135

op =

—3.00 ksi = 3.00 ksi (C)
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8-45. Continued

For point C,y = —3in.and z = 1.5in.

—18.0 18.0(—=3)  —9.00(1.5)
18.0 54.0 13.5

oc =
= —1.00 ksi = 1.00 ksi (C)

For point D,y = —3in.and z = —1.51n.

—18.0 18.0(=3) —9.00(—1.5)
18.0 54.0 13.5

Op

= 1.00 ksi (T)

The normal stress distribution over the cross-section is shown in Fig. b

x

b kip
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8-46. The support is subjected to the compressive load P.
Determine the absolute maximum and minimum normal
stress acting in the material.

Section Properties:

w a+x

A = a(a + x)
I=%(a)(a+x)3=%(a+x)3

Internal Forces and Moment: As shown on FBD.

Normal Stress:

-p 0.5Px[% (a+ x)]
ala + x) 5 (a+ x)?

_rp -1 L 3x
ala+x " (a+x)?
__ Pk 1 . 3x
7a ala+x (a+x)?

P| 4x + a
= - = 1
a[(a+x)2j| 1]
Pl -1 3x
R +7
ala+x  (a+x)?

P| 2x —a
a a[(a + x)z] 21

do A
In order to have maximum normal stress, dr =0
X

op =

do, P|:(a +x)2(4) — (4x + a)(2)(a + x)(l)i| o

dx a (a+ x)4
P
——=Qa—4x) =0
a(a + x)* (2 %)
P
Since ————— # 0, then
a(a + x)
20 —4x =0 x = 0.500a
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8-46. Continued

Substituting the result into Eq. [1] yields

P [4(0.50051) + a}

~a| (a+ 05a)>

Umax

_ 1.33p _ 1.33P

2

— (O Ans.
a a

.. dU'B
In order to have minimum normal stress, Ir =
X

dx a

doy _ P[(u +O7(2) = 2~ )@)a + x><1>] o

a (a + x)*

W(M—Zx) =0

P
Since ————5 # 0, then
ala + x)
4a —2x =0 x = 2a

Substituting the result into Eq. [2] yields

_P 22a)—a | P
Omin = a |:((1 +2a)2j| - 3(12 (T) Ans.

= P

= A

a
W Mz=o. B
0% [N o5k

N=p
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8-47. The support is subjected to the compressive load P. P
Determine the maximum and minimum normal stress acting
in the material. All horizontal cross sections are circular. r

Section Properties:
d =2r+ x
A= 7(r + 0.5x)°

1= %(r + 0.5x)*

Internal Force and Moment: As shown on FBD.

Normal Stress:

= 4
T AT

-P N 0.5Px(r + 0.5x)
w(r + 0.5x)? Z(r + 0.5)*

P -1 2x
- 7 E 3
7| (r + 0.5x) (r + 0.5x)

P 1 2x
= —— +
| (r +05x)*  (r + 0.5x)°

P| r+ 25x
o w[(r + 0.5x)3:| &
D
TETm r+ 05x)7 | (r + 0.5x)
Pl 15x—r
a ﬂ'[(r + 0.5x)3} 21

. do 4
In order to have maximum normal stress, I =
X

TA

do, P|:(r + 0.5x)°(2.5) — (r + 2.50)(3)(r + O.5x)2(0.5):| o
dx ™ (r + 0.5x)°
P
- (r—25x)=0
w(r + 0.5x)* r %)
Since % # 0, then
7(r + 0.5x)
r—25x=0 x = 0.400r

Substituting the result into Eq. [1] yields

p[ r + 2.5(0.400r) }
[

~w| [r + 0.5(0.400r)]

O-max

_ 0368P _ 0.368P

}’2 r2

©) Ans.
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8-47. Continued

dO’ B
In order to have minimum normal stress, —— = 0.

dx
dog P [(r + 0.5x)*(1.5) — (1.5x — n3)(r + 0.5x)2(0.5)} o
dx ™ (r + 0.5x)°
P
———@Br—15x) =0
w(r + 0.5x)* Gr »)
Since ————— # 0, th
e o+ 0.50)° e
3r=15x =0 x = 2.00r

Substituting the result into Eq. [2] yields

p[ 1520010 —r T 0.0796P
[[r + 0.5(2.00r)]3} == @ Ans.

Omin =

m r

2M

ELALE: }

*8-48. 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.

Require oy = 0

P Mc —-P  (Pe)
—0="+"% 0=—5
74 AT PR
e—% Ans.
e
/1P P
M=Pe
A
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*8-49. If the baby has a mass of 5 kg and his center of
mass is at G, determine the normal stress at points A and B
on the cross section of the rod at section a—a. There are two
rods, one on each side of the cradle.

Section Properties: The location of the neutral surface from the center of
curvature of the rod, Fig. a, can be determined from

A

o [dA
Al

R =

where A = 7(0.006%) = 367(107°) m?

dA
> [ == 27T<r - Vi - c2> = 27-r<0.081 - V0.0812 — 0.0062> = 1.398184(10%)m

AT

Thus
s (a
36m(107°) /
= —————— = 0.080889m
1.398184(107%)
Then

e =7 — R =008l — 0.080889 = 0.111264(107*) m

Internal Loadings: Consider the equilibrium of the free-body diagram of the
cradle’s upper segment, Fig. b,

+13F, = 0; —5(9.81)—2N =0 N = —24525N

C+3M, = 0; 5(9.81)(0.5+0.080889) —2M = 0 M = 142463 N-m

Normal Stress: The normal stress is the combination of axial and bending stress.
Thus,

N M(R-r)
o=—+—-—=
A Aer
Here, M = —14.1747 (negative) since it tends to increase the curvature of the

rod. For point A,r = r, = 0.075m. Then,

—24.525 —14.2463(0.080889 — 0.075)
g4 =
36m(107°)  36m(107°)(0.111264)(107%)(0.075)
= —89.1 MPa = 89.1 MPa (C) Ans.

For point B, r = rz = 0.087 m. Then,

~24.525 —14.2463(0.080889 — 0.087)
op =
36m(107°)  36m(107°)(0.111264)(107%)(0.087)
= 79.3 kPa (T) Ans.
A 0251 = 0.055786
AT 4

577




08 Solutions 46060 5/28/10 8:34 AM Page 578 $

© 2010 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.

8-50. The C-clamp applies a compressive stress on the
cylindrical block of 80 psi. Determine the maximum normal

stress developed in the clamp.

A 1(0.25)
= = T = 448142
J44 0.055786

P = oyA = 807 (0.375)> = 353429 b
M = 35.3429(8.98142) = 317.4205 Ib - in.

_ M(R-r) P
TTAaG-R A

| S17A05(44B142 — ) | 35349 _ N
(@max = (1)(025) (@) (45 — 448142) | (1)(025) _ o7 K s

317.4205(4.48142 — 5) 35.3429 .
(Uc)max = = —6.95 ksi
1(0.25)(5)(4.5 — 4.48142) ~ (1)(0.25)

35.3429 4\
317.4205 L-in.

35342944
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8-51. 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:
1 2
A = 2a(2a) + 2 E(Za)a = 6a

I, = % (2a)(2a)® + 2 31—6(2a)a3 + %(Za)a(a + ‘3’)2}

= 54*

I, = % 2a)(2a)° + 2 31—6(2a)a3 + ;(Za)a(;l)zJ

5
= §a4
Normal Stress:
_ E _ sz M)’Z
TTaA 1,
_—P Peyy  Pez
6a> 5a* %a“
- 2
= m(fSa — beyy + 18ezz)
At point A where y = —a and z = a,we require o4 < 0.
0> 2[5 — 6(- + 18
20073 — 6(=a) ey + 18(a)e.]
0> —5a+6e, + 18e,
6e, + 18e. < 5a Ans.
5
When ¢, =0, e, < P
When e, =0, e, < 3

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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*8-52. The hook is used to lift the force of 600 Ib. 300 Ib 300 1b
Determine the maximum tensile and compressive stresses =
at section a—a. The cross section is circular and has a
diameter of 1 in. Use the curved-beam formula to compute
the bending stress.

Section Properties:

r=15+05=200in.

9A _ lr - VE= )

— =27 =

A F
= 2m(2.00 — V2.0 - 0.5?)

= 0.399035 in.

A =m(0.5) = 0257 in’

A 0257

R = =
fA@ 0.399035

= 1.968246 in.

¥ — R =2 — 1968246 = 0.031754 in.

©001b

Internal Force and Moment: As shown on FBD. The internal moment must be
computed about the neutral axis. M = 1180.951b - in. is positive since it tends to
increase the beam’s radius of curvature.

Normal Stress: Applying the curved-beam formula.

For tensile stress
N M(R - rl)
(0)max = — e oy
A  Ari(r — R)
600 N 1180.95(1.968246 — 1.5)
T 0257 0.257r(1.5)(0.031754)

= 15546 psi = 15.5 ksi (T) Ans.

For compressive stress,
o - N, ME 1)
Temas = AT A (7 — R)
_ 600 1180.95(1.968246 — 2.5)
T025m | 0.25m(2.5)(0.031754)

= —9308 psi = 9.31 ksi (C) Ans.
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*8-53. 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?

1
Li=13 (3)(4.5%) = 22.78125 m*

1
Iy=1 4.5)(3% = 10125 m*

Normal Stress: Require o4 = 0

. :£+Mxy Myx
AT A 0, I

y

~—800(10%)  800(10°)y(2.25) . 800(10*)x(1.5)
135 2278125 10.125

0 = 0.148x + 0.0988y — 0.0741

y=075—-15x Ans.

+
LY
'4 Hoo kR
|
Ty

X

H1- Boon
Meeoo0y
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8-54. The masonry pier is subjected to the 800-kN load. If
x = 025m 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.

A =3(45) = 135m?

I, = % (3)(4.5%) = 22.78125 m*

1
I, = E(4.5)(33) =10.125m*

P M M x
S ) At
A1, I

g
y

—800(10%)  400(10°)(2.25)  200(10%)(1.5)
O =

13,5 22.78125 10.125
= 9.88 kPa (T) Ans.
~—800(10°)  400(10°)(2.25)  200(10%)(1.5)
BT 35 22.78125 10.125
= —49.4 kPa = 49.4 kPa (C) Ans.
~—800(10°)  400(10°)(2.25) ~ 200(10°)(1.5)
7¢T T35 22.78125 10.125
= —128 kPa = 128 kPa (C) Ans.
~ —800(10%)  400(10°)(2.25)  200(10°)(1.5)
S EX 22.78125 10.125
= —69.1 kPa = 69.1 kPa (C) Ans.
t
. '-—»d—:;n
| A-do0 &N
“/T' ;;\

4> L00 KN
'3

Ne=4oo kia
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8-55. 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:
SF, =0; N,=0
SF,=0; V,+300=0 V,=-300N

SF,=0; V,-50=0 V,=500N

SM,=0; T,=0

SM,=0; M,-5000.15)=0 M,=750N-m

0-0Zm
SM,=0; M,-3000.15)=0 M,=450N-m b
Section Properties:
A = m(0.022) = 0.400(107%) 7 m?
_ .7 4y _ -9 4 g )a=0318 Mpa.
I, =1,=—(002") = 40.0(10"°) 7 m
4 Ga=1-IMpe.
~
J =7 (0.02) = 80.0(10°) 7 m*
(Qa): =0
4(0.02) [1 ) RN
Qa)y =3 {5 m(0.02 )} = 5.333(10 %) m
Normal Stress:
N My Mz
o =— — + -
A I, I,
45.0(0) 75.0(0.02)
[y

40010 %7 40.0(10 )7

11.9 MPa (T) Ans.

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

. Vo
using the shear formula, 7, = 7R
300[5.333(10%)]
(T4 = =7, = 00010 %Ym (0.04)
= —0.318 MPa Ans.
(sz)A =Ty, = 0 Ans.
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*8-56. Solve Prob. 8-55 for point B.

Internal Forces and Moment:
SF, =0 N,=0
SF, =0, V,+300=0 V,=-300N

2F, =0 V,—=500=0 V,=500N

SM,=0; T,=0

SM,=0; M,-5000.15)=0 M,=750N-m

0zm
SM,=0; M,—300015 =0 M,=450N-m
&

Section Properties: 8

A = m(0.02%) = 0.400(107%) 7 m? ¥

1= 1, =" (0.02%) = 40.0(10°°) 7 m* G Mm

(a0
J =7 (0.02°) = 80.0(10°) 7 m*
(QB)y =0
4(0.02)[ 1 , o

(Qp): = =5 {5 m(0.02 )} =5333(10°) m

Normal Strees:

_ ﬁ _ sz MyZ

A 1 1

o

4 y

45.0(0.02) 75.0(0)
40.0(10°%) 7  40.0(107%) 7

~7.16 MPa = 7.16 MPa (C) Ans.

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

. 149
using the shear formula, 7, = I

_ 500[5.333(107°)]
(Te)p =7y, = 40.0(107%) 7 (0.04)

= 0.531 MPa Ans.

(T =11y, =0 Ans.
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¢8-57. The 2-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.

Consider the equilibrium of the FBD of the right cut segment, Fig. a,

SF,=0; N, +80=0 N,=-8001Ib

800 Ib

SF,=0; V,+600=0 V,=—600lb

SF,=0; V,-500=0 V,=500Ib

SM,=0; T,-600(12)=0 T,=72001b-in

SM,=0; M, +800(12) + 5008) =0 M, = —136001b-in

M, =0; M, + 600(8) =0 M, = —48001b-in
L=L="0%="in* A=n1®=nin?
4 4
=T 4y =Tt
J > (1% 5 in
Referring to Fig. b,

_ 41) [ )
©Ia=0  (QJa=yA =—_— {— (12)} = 0.6667 in®
37 |2
The normal stress is contributed by axial and bending stress. Thus,

N Mz M
A I, 1

o

Z

For point A,z = 0and x = 1in.

800  4800(0)  —13600(1)
T /4 /4

o =

= 17.57(10%) psi = 17.6 ksi (T) Ans.

The torsional shear stress developed at point A is
T,C _ 7200(1) . .
(T = = e 4.584(10°) psi = 4.584 ksi |
The transverse shear stress developed at point A is.

1% 600(0.6667
(1,.), = {Qo)a _ 60X ) _ 254.64 psi = 0.2546 ksi |
vy It -
7 ()

Vx(Qx)A 500(0) =0

(Tx'v)yz 1.t - T
1(2)
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8-57. Continued

Combining these two shear stress components,

Tyz = (TyZ)T + (Tﬂ)v

= 4.584 + 0.2546

= 4.838 ksi = 4.84 ksi Ans.
Ty =0 Ans.

The state of stress of point A can be represented by the volume element shown in
Fig. c.
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8-58. The 2-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.

Consider the equilibrium of the FBD of the right cut segment, Fig. a,

2F, = 0; N, + 800 =0 N, = —3001Ib

800 Ib

SF,=0; V,+600=0 V,=—-6001Ib
SF,

Il
2

V,-500=0 V,=5001b
SM,=0; T,—600(12)=0 T, =7200lb-in
SM, =0, M, +800(12) + 500(8) =0 M, = —136001b-in

SM,=0;, M,+6008)=0 M, =—48001b-in.

The cross-sectional area the moment of inertia about x and Z axes and polar
moment of inertia of the rod are

. N T T . T T .
A=a(®>)=7in> [,=1,= Z(14) = Zm4 J = 5(14) - 5“‘4
Referring to Fig. b,
_ 401
Q=0 (Q)p=7A" = % [g (12)} = 0.6667 in*

The normal stress is contributed by axial and bending stress. Thus,

_N+MXZ MZX
A I, I,

o

For point B,x = 0and z = 1 in.

_ 800 4800 (1) N 13600 (0)
T /4 /4

5.86 ksi (C)

The torsional shear stress developed at point B is

r,C 720001

(Txy)T = 7 77_/2

= 4.584(10%) psi = 4.584 ksi —

The transverse shear stress developed at point B is.

1% 500 (0.6667
(Tay)o = Qs _ 500( ) _ 212.21 psi = 02122 ksi —

1.t T
T

V.(0, 600 (0
(1 = L2 _ WO _,,
7@

1t
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8-58. Continued

Combining these two shear stress components,

Txy = (Txy)T + (Txy)v
= 4.584 + 0.2122

= 4.796 ksi = 4.80 ksi Ans.

Ty, =0 Ans.

The state of stress of point B can be represented by the volume element shown in
Fig. c.
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8-59. If P = 60kN, determine the maximum normal
stress developed on the cross section of the column.

Equivalent Force System: Referring to Fig. a,

+13F, = (Fg)s  —60 — 120 = —F F = 180 kN
SM, = (Mg),; —60(0.075) = —M, M, = 45kN-m
SM, = (Mp).; ~120(0.25) = —M, M, = 30kN-m

Section Properties: The cross-sectional area and the moment of inertia about the y
and z axes of the cross section are

A = 02(0.3) — 0.185(0.27) = 0.01005 m?

I, = 11—2(0.2)(0.33) - 11—2(0.185)(0.273) = 0.14655(1073) m*
I, = 2{%(0.015)(0.23)} + % (0.27)(0.015%) = 20.0759(10~°)m*

Normal Stress: The normal stress is the combination of axial and bending stress.
Here, F is negative since it is a compressive force. Also, M, and M, are negative
since they are directed towards the negative sense of their respective axes. By
inspection, point A is subjected to a maximum normal stress. Thus,
ﬁ M 124 M ¥

= +
A I, I

_—180(1yo3) [—30(10°) [(—0.15)  [—4.5(10%)](0.1)

Omax = 04 = -

0.01005 0.14655(10?) 20.0759(107°)
= ~71.0 MPa = 71.0 MPa(C)
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2P

*8-60. Determine the maximum allowable force P, if the
column is made from material having an allowable normal
stress of o0 = 100 MPa.

Equivalent Force System: Referring to Fig. a,

+13F, = (Fr)s —P—-2P=-F 15 mm
F =3P 1001/n<

100 mm
EMy = (MR)y; —P(0.075) = —My
My = 0.075 P
M, = (Mg); —2P(0.25) = —M,
M, = 05P

Section Properties: The cross-sectional area and the moment of inertia about the y
and z axes of the cross section are

A = 02(0.3) — 0.185(0.27) = 0.01005 m’
= 1 3 1 3) — -3 4
I, = 15(02)(03°) = (0.185)(0:27°) = 0.14655(10°) m

1 1 -
I, = 2[5 (0.15)(0.23)} + 15 (027)(0.015°) = 20.0759(10°) m*

Normal Stress: The normal stress is the combination of axial and bending stress.
Here, F is negative since it is a compressive force. Also, My and M, are negative
since they are directed towards the negative sense of their respective axes. By ZP
inspection, point A is subjected to a maximum normal stress, which is in
compression. Thus, f'

_ E _ sz M,VZ

+ -
TTA 1,
P —0.5P)(—0.15) .~ —0.075P(0.1
~100(10°) = 3P _( X ), ©D
0.01005  0.14655(107%)  20.0759(107)

P = 84470.40 N = 84.5kN
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*8-61. 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.

A = m(0.5%) = 0.7854 in?

J= %(0.54) = 0.098175 in*

1= %(0.5“) = 0.049087 in*

(QA)X =0

(Qa); = % (% ()(0.5%) = 0.08333 in®
N M,

(@ay= =

75 1600(0.5)
0.7854 ' 0.049087

= 16202 psi = 16.2 ksi (T)

(TA)yx = (Ta)v = (T)wist

_ Vx(QA)z o TyC

It J

~125(0.08333)  600(0.5)
"~ 0.049087 (1) 0.098175

= —2843 psi = —2.84 ksi

VZ(QA)x

=0
It

(TA)yz =

SF,=0; V,—125=0; V,=125Ib

SF,=0; 75-N,=0; N,=75Ib

SF,=0; V,-200=0; V,=200Ib

SM,=0; 2008) — M,=0; M, =16001b-in.
SM,=0; 2003)—T,=0; T,=600Ib-in.
SM,=0; M,+753)—1258)=0; M, =775b-in.

Ans.

Ans.

Ans.

TA ),‘ 284 KS{
m' =162 kst
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8-62. 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.

SF,=0;, V,-125=0; V,=1251b
SF,=0; 75-N,=0; N,=75Ib

SF,=0; V,-200=0; V,=200Ib

SM,=0; 2008) — M,=0; M, =16001Ib-in.
SM,=0; 2003)—T,=0; T,=600Ib-in.

SM, =0, M,+753) - 125(8) =0; M, =775Ib-in.

A = 7(0.5%) = 0.7854 in?

= %(0.54) = 0.098175 in*

I= %(0.5“) = 0.049087 in*

(QB)Z =0
4(0.
(©@p)x = % (%)( )(0.5%) = 0.08333 in’

(O-B)y:_7+ 1

75, 775005)
0.7854 " 0.049087

= 7.80 ksi (T) Ans.

(TB)yz = (TB)V + (TB)twisl

VAOp)x N Tyc

It J

_ 200(0.08333)  600(0.5)
~0.049087 (1) 0.098175

= 3395 psi = 3.40 ksi Ans.
V. (Q
(TB)yx = (Il B)Z =0 Ans.
592




08 Solutions 46060 5/28/10 8:34 AM Page 593 $

© 2010 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.

8-63. The uniform sign has a weight of 1500 1b 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
is subjected to a uniform wind pressure of p = 150 Ib/ft?,

12 ft

B
determine the state of stress at points C and D. Show the —I=
results on a differential volume element located at each of [ 2
these points. Neglect the thickness of the sign, and assume 61t 150 Tb/ft

that it is supported along the outside edge of the pipe.

w*.
=
o%@i
o

\
/

Section Properties:

A = m(3* = 275%) = 143757 in’

1,=1,=

, =1, =—(3* - 275%) = 18.6992 in*

A~

(Q0), = (QD)y =0

43) 1 42.75) [1
(QC)y = (Qp). = By |:5 (77)(32):| B 5(#)(2.752)
= 4.13542 in®
J =7 (3" - 275") = 37.3984 in’
Normal Stress:
_ ﬁ _ sz M)’Z
TTaAT L,
150 (—64.8)(12)(0) | 9.00(12)(2.75)
¢ T 1 43757 18.6992 18.6992
= 156 kSl (T) Ans.
_ 150 (=64.8)(12)(3) | 9.00(12)(0)
D " 43757 18.6992 18.6992
= 124 kSl (T) Ans.

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

shear stress can be obtained using the shear formula and the torsion formula,

Tp .
V= and T = e respectively.

- _6480120) _ A
(x)p = Toist = 373984~ 024k .
(Txy)D oy = 0 Ans.
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8-63. Continued

(Txy)C = TVy  Ttwist

10.8(4.13542)  64.8(12)(2.75)

T 18.6992(2)(0.25)  37.3984
= —52.4 ksi Ans.
(Tx)e =Ty, =0 Ans.

Internal Forces and Moments: As shown on FBD.
SF, =0 1.50 + N, =0 N, = —15.0kip

2F, =0 V,-108 =10 Vv, = 10.8 kip

y
SF,=0;, V,=0

SM,=0; T,—108(6) =0 T, = 64.8 kip - ft
SM,=0; M,—1506)=0  M,=9.00kip-ft

SM,=0;, 10.8(6) + M, =0 M, = —64.8kip - ft

(1;7):62-4 K¢
0,= 124 ksc
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12 ft

#8-64. Solve Prob. 8-63 for points E and F /

\Ud

150 b /ft?

=

=2}
=S

w*.
=
o%@i

o

\
/

Internal Forces and Moments: As shown on FBD.

SF,=0;, 150+ N,=0 N, = —1.50 kip

2F, =0 V,—-108 =0 V, =10.8kip

2F, =0 V,=0

M, =0; T,—10.8(6) =0 T,=648kip-ft

M, =0; M, — 1.50(6) =0 M, = 9.00 kip - ft

M, =0 10.8(6) + M, =0 M, = —648kip-ft
Section Properties:

A = w(3? = 275%) = 143757 in’
I, =1, =7 (3" - 275') = 186992 n*

(QC)Z = (QD)y =0

43)1 42.75)[1
(QC)y = (Qp); = ?{5 (77)(32)} - T{E (77)(2.752)}
= 4.13542 in®
_ T (a4 _ - 4
J =5 (3"~ 275") = 37.3984n
Normal Stress:

_ ﬁ _ sz MYZ

TTA 1,
L 150 (—648)(12)(0)  9.00(12)(-3)
TF T 143757 18.6992 18.6992
= —17.7ksi = 17.7 ksi (C) Ans.
CS150 (—64.8)(12)(-3) | 9.00(12)(0)
TE T 1 83757 18.6992 18.6992
= —125ksi = 125 ksi (C) Ans.
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8-64. Continued

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

shear stress can be obtained using the shear formula and the torsion formula,

Tp .
V= and Ty = 7 respectively.
64.8(12)(3) )
(TeE = —Towist = T 373084 —62.4 ksi Ans.
(Txy)E = 7'V'v =0 Ans.

(Txy)F = 7-Vy T Tiwist

10.8(4.13542)  64.8(12)(3)
18.6992(2)(0.25) = 37.3984

= 67.2 ksi Ans.

(To)r =7y, =0 Ans.

e el

o""'
--- 0.150(12)¢6)
=/0f kip
z ._‘a" Ve l‘N M,
Ma & Yo
~ Ny
T
X
3in.

T in.

F
L

596



08 Solutions 46060 5/28/10 8:34 AM Page 597 $

© 2010 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.

*8-65. Determine the state of stress at point A on the A
cross section of the pipe at section a-a. 0.751n.

o 501b

y 1in.

Section a-a
60°

10 in. 12 in.

Internal Loadings: Referring to the free - body diagram of the pipe’s right segment,

Fig. a,

2F,=0; V,—50sin60° =0 V, =43301b
2F,=0; V,—50c0os60° =0 V,=251b

2M, =0; T + 50sin60°(12) = 0 T = —-519.621b-in
ZM, =0; M, — 50cos60°(10) =0 M, =2501b-in
EM_,=0; M, + 50sin60°(10) = 0 M, = —433.011b-in

Section Properties: The moment of inertia about the y and z axes and the polar
moment of inertia of the pipe are

w .
I, =1, =, (1* - 075') = 053689 in’

_ T (4 _ 4\ _ 4
J = (1* = 075%) = 107379 in

Referring to Fig. b,
(QY)A =0

_ _ a1 4(0.75
(0.)4 = VAL — WAy = %E(P)} - %E(msz)} — 0.38542 in®

Normal Stress: The normal stress is contributed by bending stress only. Thus,

M M,z
o= zy+7y

1, I,

For point A, y = 0.75in and z = 0.Then

 —433.01(0.75)

= + 0 = 604.89 psi = i (T Ans.
oA 053639 0 = 604.89 psi = 605 psi (T) ns

Shear Stress: The torsional shear stress developed at point A is

_ Tp,  519.62(0.75) .
{(7“)4 == o - 36293 psi
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8-65. Continued
The transverse shear stress developed at point A is

(o], -0

{( ) } Qs 2s03ssa) o
VT T T 0536892 — 1.5) o PY

Combining these two shear stress components,
(Txy>A =0

(sz>A = [(T“)TL - {(TXZ)VL

= 362.93 — 35.89 = 327 psi Ans.

Ans.

50 /b

-I=4(0'75)-
Iin. %W 3an

(b)
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8-66. Determine the state of stress at point B on the cross A
section of the pipe at section a—a. 0.751n.

o) 501b

y 1in.

Section a-a
60°

10 in. 12 in.

Internal Loadings: Referring to the free - body diagram of the pipe’s right segment,

Fig. a,

SF,=0; V,— 50sin60° =0 V,=43301b
SF,=0;, V,—50cos60° =0 V,=251b

XM, =0; T + 50sin60°(12) =0 T = —519.621b-in
XM, =0; M, — 50cos60°(10) = 0 M, =2501b-in
SM,=0; M, + 50sin60°(10) = 0 M, = —433.011b-in

Section Properties: The moment of inertia about the y and z axes and the polar
moment of inertia of the pipe are

o .
1, = I, = (1* = 075%) = 0.53689 in’*
J=7(1* - 075%) = 1.07379in*
2

Referring to Fig. b,
(Q:)s =0

(0,)5 = ¥iA1 — s = @{z (12)} 4075

KB 2\ | — -3
13 E { 5 (0.75)} 0.38542 in

Normal Stress: The normal stress is contributed by bending stress only. Thus,

1

sz MYZ
o=——+=

1, y

For point B,y = 0 and z = —1.Then

L 2500 _

o= — 053689 —465.64 psi = 466 psi (C) Ans.

Shear Stress: The torsional shear stress developed at point B is

_ Tpe  519.62(1) .
{(M)T} = = Tomae - 48391psi
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8-66. Continued

The transverse shear stress developed at point B is

[m)v} 0

B

{ () } _VlQ)s _ ass003ss)
TV T T T 0536892 — 1.5) o P
Combining these two shear stress components,
(s = (] = | (],
= 48391 — 62.17 = 422 psi Ans.
(TXZ)B =0 Ans.
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*8-67. 'The eccentric force P is applied at a distance e, from X
the centroid on the concrete support shown. Determine the
range along the y axis where P can be applied on the cross
section so that no tensile stress is developed in the material. P z

%h\‘ \<? Y

w‘:‘

Internal Loadings: As shown on the free - body diagram, Fig. a.

Section Properties: The cross-sectional area and moment of inertia about the z axis
of the triangular concrete support are

_1 L
A= bh I =3 bh

Normal Stress: The normal stress is the combination of axial and bending stress.

Thus,
sV M.y
A,
o= —pP (Pey)y
1 1
—~bh %b}ﬁ
o=- %(hz + 18¢,y) (1)

h
Here, it is required that o4 = 0 and o3 = 0.For point A,y = 3 Then. Eq. (1) gives

2P [, h
= - |n+
0= - 2% | + 150, (4]

0 = I? + 6he,

> _
e, =

o | >

2
For Point B, y = — 3 h.Then. Eq. (1) gives

2P [, 2
=K+ -=
0=-5 [h 1Sey( 3hﬂ

0 = h* — 12he,

h
eySE

Thus, in order that no tensile stress be developed in the concrete support, e, must be
in the range of

h
=e, = ——

Y12

Ans.

ol
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located at this point.

1 1
I=7m rt = n ()(0.02% = 0.1256637 (10~%) m*

A =7 r? = 7(0.02%) = 1.256637 (10 %) m?

*8-68. The bar has a diameter of 40 mm. If it is subjected
to aforce of 800 N as shown, determine the stress components
that act at point A and show the results on a volume element

04=Fa" = (4(0.02))<w(o.02)2> _ 53333 (1079 m’

3 2
P Mz
P M
TAT AT
M:[38.56 A-m
400 =
=———————+0=0318MPa Ans. :
1.256637(107%) ( 30
Prason #4m T N gmd
v 692.82 (5.3333)(10°° r
Ta= On _ ( VA0 735 MPa Ans.
It 01256637 (107°)(0.04)
A
T, 0 BSHPe
._-:..L.‘:." 7
G ro38my,
*8-69. Solve Prob. 8-68 for point B.
800 N
a1 4 — 6y M:88.56 A-m
I=gmrt = (m(0.02") = 01256637 (10~ m (teeseon
A =7 r? = 7(0.02%) = 1.256637 (10)m? ?—c‘a"’
P-anon 7°7 1 \gwt
Q=0
P M 400 138.56 (0.02
op=——-25= — ©0) 7 MPa Ans.
A 1 1256637 (107%)  0.1256637 (10°9)
3
5 =0 Ans.
G20 700,
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8-70. The 3-in.-diameter shaft is subjected to the loading D
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.

2 in.

A= %(0.752) = 044179 in?

I = %(0.3754) = 0.015531 in*

04=0
’TA:O

M,ye _ T125000375) —30.2 ksi = 30.2 ksi (C)
I 0.015531

Op =

@/ Tosocxs:

8-71. Solve Prob. 8-70 for the stress components at point B.

A= %(0.752) = 0.44179 in

I = %(0.3754) = 0.015531 in*

_ 4(0.375)

(1)(77)(0.3752) = 0.035156 in®
37 2

Op =y A

O'B:()

V.05 125(0.035156)
BT e T 0.015531(0.75)

g % = A7 A5F

= 0.377 ksi
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*8§-72. The hook is subjected to the force of 80 Ib. 80 1b
Determine the state of stress at point A at section a—a. The

cross section is circular and has a diameter of 0.5 in. Use the

curved-beam formula to compute the bending stress.

The location of the neutral surface from the center of curvature of the hook, Fig. a,

can be determined from

A

dA
s [ &2

R =

ATl

where A = 7(0.25%) = 0.06257 in’

s [44_ 2a(r = Vi* = &) = 2m(1.75 — V1.75% - 0.25%) = 0.11278 in. )
Jar R. lx:[.5lﬂ.

Thus,
A

0.06257 .
R = m = 1.74103 in. J

Then

e=r— R =175— 174103 = 0.0089746 in.

Referring to Fig. b, I and Q , are

1= %(0.254) = 0.9765625(10 %) in*
Q4=0

Consider the equilibrium of the FBD of the hook’s cut segment, Fig. c,

E3F =0, N — 80cos45° = N =56.571b
+13F, =0; 80sind5° —V =0 V =56571b

C+=M, = 0; M — 80co0s45°(1.74103) = 0 M = 98.491b-in

The normal stress developed is the combination of axial and bending stress. Thus,

N MR-r) 49
o=—+———
A Aer

N  Retmi03im
Here, M = 98.49 1b - in since it tends to reduce the curvature of the hook. For point

A,r = 1.51in. Then N_( ,
_ 56.57 N (98.49)(1.74103 — 1.5) /}l\l 0.
v

T 006257 0.06257(0.0089746)(1.5)

9.269(10%) psi = 9.27 ksi (T) Ans.
)
G427 ks

Vi
T = 2 =0 Ans. g
It

The state of strees of point A can be represented by the element shown in Fig. d.

The shear stress in contributed by the transverse shear stress only. Thus

@)
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¢8-73. The hook is subjected to the force of 80 Ib.
Determine the state of stress at point B at section a—a. The
cross section has a diameter of 0.5 in. Use the curved-beam
formula to compute the bending stress.

80 1b

o
The location of the neutral surface from the center of curvature of the the hook,
Fig. a, can be determined from

Where A = 7(0.25%) = 0.06257 in’
dA o 2 2 2 2 :
S| =2m(r = VP = &) =27 (175 - V1.75% - 025) = 011278 in. )
Al R. lzr-' [eimn.

Thus,

~0.06257
T 0.11278

= 1.74103 in J

Then

e=r— R=175— 174103 = 0.0089746 in
Referring to Fig. b, I and O are computed as
I= %(0.254) = 0.9765625(10 )7 in*

. _ 4025

af
Qp=yA W b (0.252)} = 0.0104167 in®

Consider the equilibrium of the FBD of the hook’s cut segment, Fig. c,
EIF, = 0; N — 80cos45° =0 N = 56.571b
+13F,=0; 80sind5° -V =0 V =5657Ib

C+=M, = 0; M — 80cos45°(1.74103) = 0 M =98.491b-in

The normal stress developed is the combination of axial and bending stress. Thus,

_N_ MR=n)

7 A Aer

Ret-74103 i
Here, M = 98.49 1b - in since it tends to reduce. the curvature of the hook. For point

B,r = 1.75 in. Then N'("':

_ 5657, (98.49)(1.74103 — 175)
77006257 | 0.06257 (0.0089746)(1.75)

= 1.62 psi (T) Ans.

The shear stress is contributed by the transverse shear stress only. Thus,

148 psi
VQp 56.57 (0.0104167) )
T = = - = 3.84 psi Ans.
It 0.9765625(10")ar (0.5)

The state of stress of point B can be represented by the element shown in Fig. d. 334F

&,
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8-74. 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.

M, = —250(1.5) — 100(1.5) + 50(6.5) = —200 Ib-in.

M

, = 250(4) + 50(2) — 100(4) = 700 1b - in.

L= @03 +2( 5 o) = a3

= 117 (3)(&) + 2(%)(5)(43) = 181.33 in*

A = 4(13) + 2(2)(3) = 64 in?

_ £ _ My X Mx y
TTa 0, T
400 700(4) =200 (~1.5)
TAT T 64 18133 741.33
= —21.3 psi Ans.
400 700(2) | =200 (—6.5)
9B 7 64 18133 74133
= —12.2 psi Ans.
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8-75. The 20-kg drum is suspended from the hook
mounted on the wooden frame. Determine the state of
stress at point E on the cross section of the frame at _
section a—a. Indicate the results on an element. 25 mm|

Sectiona—a

0.5m 0.5m

Support Reactions: Referring to the free-body diagram of member BC
shown in Fig. a,

C+EZMp = 0; F sin45°(1) — 20(9.81)(2) = 0 F = 55494N

BIF, =0; 554.94 cos45° — B, =0 B, = 3924N

+T2Fy =0; 554.94 5sin45° — 20(9.81) — B, =0 B, = 196.2N

Internal Loadings: Consider the equilibrium of the free - body diagram of Section b — b
the right segment shown in Fig. b.

B 3F, =0 N —3924=0 N = 3924N

+13F, = 0; V —192 =0 V =1962N

C+ZMe = 0; 196.2(0.5) — M =0 M =981N'm

Section Properties: The cross -sectional area and the moment of inertia of the cross
section are

A = 0.05(0.075) = 3.75(1073) m?

1 -
1 =5 (005)(0075) = 1757810~ ) m"

Referring to Fig. ¢, O is
Qp = y'A" = 0.025(0.025)(0.05) = 3.125(10 ) m?

Normal Stress: The normal stress is the combination of axial and bending stress.
Thus,

For point A, y = 0.0375 — 0.025 = 0.0125m. Then

392.4 98.1(0.0125)

- — 802 kP Ans.
" 3a5(103)  1.7578(107) ) ”

Shear Stress: The shear stress is contributed by transverse shear stress only. Thus,
Vo, 1962[31.25(107°)]
It 17578(107°)(0.05)

TR = = 69.8 kPa Ans.

The state of stress at point E is represented on the element shown in Fig. d.
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8-75. Continued

Im Im

Bx

<« p
7

b3t v
N

v A
Ey =/?é.3” 0.5”4
(b )

0 0Z5m lf_oﬂ"

0-0375¢
ooztsm| \ | F | (,
?:0.0,35!’"
0.0/25m

(¢ )

698 Kb

(-—‘- 802 Kfa
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*8-76. The 20-kg drum is suspended from the hook 50 mm
mounted on the wooden frame. Determine the state of ‘
stress at point F on the cross section of the frame at
section b-b. Indicate the results on an element.

Support Reactions: Referring to the free-body diagram of the entire frame
shown in Fig. a, D

C+SM, =0;  Fypsin30°(3) — 20(9.81)(2) =0 Fpp = 261.6N

+T2Fy =05 Ay — 261.6c0s30° — 20(9.81) = 0 A, = 422/I15N

Section b — b

B IF, = 0; A, — 261.6sin30° = A, = 130.8N

Internal Loadings: Consider the equilibrium of the free - body diagram of the lower
cut segment, Fig. b,

BSF, =0 1308 =V =0 V = 130.8N
+13F, = 0; 42275 = N =0 N = 42275N
C+EMc =0 130.8(1) = M =0 M = 1308N-m

Section Properties: The cross -sectional area and the moment of inertia about the
centroidal axis of the cross section are

A = 0.075(0.075) = 5.625(107) m?

1 -
1 =5 (0075)(0.075°) = 2.6367(10"°) m*

Referring to Fig. ¢, O is
Or = y'A’ = 0.025(0.025)(0.075) = 46.875(10’6)m3

Normal Stress: The normal stress is the combination of axial and bending stress.
Thus,

For point F, y = 0.0375 — 0.025 = 0.0125 m. Then

—42275  130.8(0.0125)
O = -
5625(1073)  2.6367(10°°)
= —695.24 kPa = 695 kPa (C) Ans.
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8-76. Continued

Shear Stress: The shear stress is contributed by transverse shear stress only. Thus,

—6
va, 130.8[46.875(10 )}

Ty = = = 31.0 kPa Ans.
It 2,6367(107°)(0.075)

The state of stress at point A is represented on the element shown in Fig. d.

Am

&n
KR

3m

095 kba

F10 Kk

(&)
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*8-77. 'The eye is subjected to the force of 50 Ib. Determine 50 1b
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.

Section Properties:

r=125+ % = 1.3751n.
dA -
f=277(r— ;z_cz)

AT
= 27(1375 - V1375% - 0.12?)

= 0.035774 in.

A = 7(0.125%) = 0.049087 in

A 0.049087

R= =
f,44 0035774

= 1.372153 in.

r — R = 1.375 — 1.372153 = 0.002847 in.

Internal Force and Moment: As shown on FBD. The internal moment must be
computed about the neutral axis. M = 68.608 1b-in is positive since it tends to
increase the beam’s radius of curvature.

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

ﬁ n M(er)
A Ar(r — R)

(Ut)max =

500 68.608(1.372153 — 1.25)
"~ 0.049087  0.049087(1.25)(0.002847)

= 48996 psi = 49.0 ksi (T) Ans.

For compressive stress

7ﬁ M(R_rz)
A Ar(r — R

(Uc)max

_ 500 68.608(1.372153 — 1.50)
"~ 0.049087  0.049087(1.50)(0.002847)

= —40826 psi = 40.8 ksi (C) Ans.
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8-78. Solve Prob. 8-77 if the cross section is square, having
dimensions of 0.25 in. by 0.25 in.

501b

Section Properties:

r=125+ % = 1.375in.

A " Z 0251 = 0.45580 in.
AT r 1.25

A = 025(0.25) = 0.0625 in®

A 00625
dA ~ 0.045580
f AT

R =

= 1.371204 in.

r — R = 1.375 — 1.371204 = 0.003796 in.

Internal Force and Moment: As shown on FBD. The internal moment must be
computed about the neutral axis. M = 68.560 1b-in. is positive since it tends to
increase the beam’s radius of curvature.

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

N M(R - rl)
=— 4+ — -7

(o-t)max A Arl(r _ R)
500 | 68.560(1.371204 — 1.25)
T 00625 | 0.0625(1.25)(0.003796)

= 28818 psi = 28.8 ksi (T) Ans.
For Compressive stress

_N M(R_rz)

(a-c)max - Z Arz(; _ R)

500  68.560(1.371204 — 1.5)
0.0625  0.0625(1.5)(0.003796)

—24011 psi = 24.0 ksi (C) Ans.

612




08 Solutions 46060 5/28/10 8:34 AM Page 613 $

© 2010 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.

8-79. If the cross section of the femur at section a—a can
be approximated as a circular tube as shown, determine the
maximum normal stress developed on the cross section at
section a—a due to the load of 75 1b.

Lin 0.5 in.

Sectiona —a

Internal Loadings: Considering the equilibrium for the free-body diagram of the 7'5 [ b
femur’s upper segment, Fig. a,
Rin.

+13F, = 0; N-75=0 N =751b

C+IM, = 0; M —1752) =0 M =1501b-in

Section Properties: The cross-sectional area, the moment of inertia about the
centroidal axis of the femur’s cross section are

A=m(1? - 05) = 0757 in’ M

S

I=—(1* - 05%) = 02343757 in*

m
4
Normal Stress: The normal stress is a combination of axial and bending stress. Thus,
N My Ca )
o="—+—
A 1

By inspection, the maximum normal stress is in compression.

—75 150(1) o _
Tmax = 075, T 0234375, 220 Psi = 236 psi (©) Ans.
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*8-80. The hydraulic cylinder is required to support a
force of P = 100 kN. If the cylinder has an inner diameter
of 100 mm and is made from a material having an allowable
normal stress of o, = 150 MPa, determine the required
minimum thickness ¢ of the wall of the cylinder.

Equation of Equilibrium: The absolute pressure developed in the hydraulic

j00(0*) N

cylinder can be determined by considering the equilibrium of the free-body
diagram of the piston shown in Fig. a. The resultant force of the pressure on the

pistonis F = pA = pE (0.12)} = 0.00257p. Thus,

SF,=0; 0.00257p — 100(10°) = 0

p = 12.732(10°) Pa

Normal Stress: For the cylinder, the hoop stress is twice as large as the
longitudinal stress,

\{ @
12.732(10°)(50) 0006y P (a)

pr
Tatlow = 150(10°) = ;
t = 424 mm Ans.
. r 50 . .. .
Since — = 104" 11.78 > 10, thin -wall analysis is valid.
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¢8-81. The hydraulic cylinder has an inner diameter of
100 mm and wall thickness of 1 = 4 mm. If it is made from
a material having an allowable normal stress of ooy =
150 MPa, determine the maximum allowable force P.

Normal Stress: For the hydraulic cylinder, the hoop stress is twice as large as the
longitudinal stress.

50
Since% =7 " 12.5 > 10, thin-wall analysis can be used.

50
Tallow — ptr ; 150(]06) = %)
p = 12(10°) MPa Ans.

Equation of Equilibrium: The resultant force on the piston is

F =pA= 12(106)[% (0.12” = 30(103)77. Referring to the free-body diagram of
the piston shown in Fig. a,
SF.=0; 30(10°)m — P =0

P = 94247(10°)N = 942 kN Ans.

@)

Pﬁ- bs
F=30.25260007 N
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8-82. 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.

.

lha
(©

Section Properties:

A = 0.5(0.75) = 0.375 in?

_ 1 3\ _ - 4
1 =5 (05)(0.75') = 0017578 in

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

N  Mc
O'max:(TA:Z—i_T

_ 500 2000(0.375)
"~ 0375 0.017578

= 44000 psi = 44.0 ksi (T) Ans.

500 1b

4in.

L W2500 14
8 M=.2000 Ib-in.

8-83. 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.

P 2(10°
p="t =~ 31438013 Pa
A 7(0.045)

r 314 380.13(0.045)
o=—=—""""7

; 0.002 = 7.07 MPa Ans.

g, =0 Ans.

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

47 mm

*8-84. 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.

0.045
o=PT 3a0n = 2O

t 0.002
P = 1333 kPa Ans.

P = pA = 1333(10°) ()(0.045)% = 848N Ans.

47 mm
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¢8-85. 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
(Taliow)s = 180 MPa.

750
Hoop Stress for Cylindrical Tank: Since % BRTE 41.7 > 10, then thin wall
analysis can be used. Applying Eq. 8-1
pr
01 = Oallow — —,
t
p(750)
150(10°) =
50(10°) = =2
p = 3.60 MPa Ans.

Force Equilibrium for the Cap:
+13F, =0;  3.60(10°)[7(0.75%)] - F, = 0
Fj = 6.3617(10°) N

Allowable Normal Stress for Bolts:

P

(Uallow)b = X
6.3617(10°

180(10°) = S361110)
n[% (0.02%)]

n=112.5
Use n = 113 bolts Ans.
\ 36omPa.
11
R
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8-86. 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 each of 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.

750
Hoop Stress for Cylindrical Tank: Since — = 18 - 41.7 > 10, then thin wall
analysis can be used. Applying Eq. 8-1
r - 1.20(10%)(750
oy = P72 L20UOT0) _ g 6\, Ans.
t 18
Longitudinal Stress for Cylindrical Tank:
1.20(10%)(750
=P & = 25.0 MPa Ans.

2T T 208)

Force Equilibrium for the Cap:

+13F, =0, 1.20(10°)[7(0.75%)] — 16F, = 0

F, = 132536 N = 133 kN Ans.
.20 MPa.
16F,
Q:H-OMP‘-
O=50.0MPa.
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