HW 21 SOLUTIONS

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

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 o exceed 15 ksi.

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
waler at 60 psi pressure, determine the state of stress in the
walls of the pipe.

0y = ~= = —— = 600psi Ans
o= Ans

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

8-7. If 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.

cr‘:--;-=—=600p5i Ans

02 = — = —— = 30psi Ans

Guiow = 2L 120105 = 3000005
2 2t
t=00188m = 18.8 mm Ans
Guttow = ’%; 15(10%) = %
= 75in.
ro = 75in. + 0.5in. = 75.51n. Ans
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8-15.

0.5 in. and a width of 0.75 in.

Internal Force and Moment: As shown on FBD.
Section Properties:

A =0.5(0.75) = 0.375 in®
1
1= E(0.5;[0,75‘) =0.01758 in*

Allowable Normal Stress: The maximum normal stress P
occurs at the bouom of the steel bracket

o =0 = N . Mc
max allow = A !
5 P 2.375P(0.375)
24(10°) = 0375 " 001758
P=4501b Ans

*$-16. The steel bracket is used to connect the ends of
two cables. If the applied force P = 500 Ib, determine the
maximum normal stress in the bracket. The bracket has a
thickness of 0.5 in. and a width of 0.75 in.

Internal Force and Moment: As shown on FBD.
Section Properties:
A=05(0.75) =0.375 in*

1
/= 35(05)(0.75°) = 001758 in*

Maximum Normal Stress: The maximum normal stress
occurs at the botom of the steel bracker

N Mc
6mn =—4—
AT
_ 500 1187.5(0.375)
T 0375 0.01758
=267 ksi Ans

The steel bracket is used to connect the ends of two
cables. If the allowable normal stress for the steel is
T = 24 ksi, determine the largest tensile force P that
can be applied to the cables. The bracket has a thickness of

0.75 in.
2in. T
P —a) = r—
M=2375p
N=p
2:375in
0.75in.
2in. r
P - I — P

M=/181.6 1b-in.

N=8p01
5601b 2375 int.



*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
awall thickness of 10 mm, determine the state of stress acting
atpoint D. Show the results on a differential volume element

located at this point. Neglect the weight of the pipe.

Support Reactions:

+TEE =0; 2Fsin45°-2(14715) =0

F=20810N
Internal Forces and Moment:
:)ZF; =0;

+TZE =0; V+20810sin45°-14715=0

L:-IM‘, =0; M+14715(1.5)-20 810cos 45°(0.075)
+20 810sin 45°(1.5) =

M =1103.625N-m

Section Properties:

A = (0.035% - 0.025%) =0.6007( 107*) m®
I= ;( 0.035* -0.025*) =0.27757( 10°*) m*

20810cos 45°+N =0 N=-147I5N

V=0

8-49. 'The sign is subjected to the uniform wind loading.
Determine the stress components at points A and B on the
100-mm-diameter supporting post. Show the results on a

volume element located at each of these points.

Point A:
op= M _1050CX00) 17 \1p,  ame
I $0.05)*
Te  3(10°)0.05) ]
-l ——————— = |5, 10%) = 15.3 MP: A
LA 7 50,05y 279(10%) 2 ns
Point B:

ay=0 Ans
3000(4(0.05)/3m)) (4 )(x)(0.05)
$0.05°0.1)

T Y2 \sama0%)-
T T h 9(107)

p=148MPa Ans

1= . @
- =l
2_111/ v
2, 3EN S L
Shadrr * R7AN
3da T loc A

K ' Uz<781 MpPa

Normal Siress:

N My
o=t
-14715 1103.625(0)

0 = §600R(103) | 0.27757(10-6)
- —7.81 MPa=7.81 MPa (C) Ans
Shear Stress: Since V =0, then

Ans

la7Mmpy.

5 I53MFa

A

?

1£. 5 MPa



9-7. Solve Prob. 9-2 using the stress-transformation

equations developed in Sec. 9.2.

O, =5ksi o,=3ksi 1, =8ksi 6=130°
Oy = d—‘;ﬂ + &% o520+ Txy Sin 26

= 1§3+§-—;:-3-cos 260° +85in260° =-4.05ksi  Ams

The negative sign indicates g, is a compressive stress.

Taye = _""‘_;’Lsm 20+ 7, cos 20

- _(%E)sm 260° +8c0s 260° = ~0404 ksi  Ans

The negative sign indicates T, is in the —y’ direction.

9-10. Determine the equivalent state of sitress on an
element if the element is oriented 30° counterclockwise from
the element shown. Use the stress-transformation equations.

o, =0 oy =—300 psi Ty =950psi 6=30°

_0:+0 4570

Oy 2 cos 20+ Ty, sin 26
= g +-0-:5-;£!oos (60°)+950sin (60°) = 748 psi  Anms
Toy = (=% )5in 260+ 7, cos 26
-—-—(9-'-5-53@):&1 (60°) + 950 cos (60°) = 345 psi Ans
= 20 %m0 o5 26~ 1, 5in 28
2
= E'—??Q _(9_“_(%_,3?23)005 (60°)—950 sin (60°) = —~1050 psi

Ans

—+—> Sksi P
.

40°
o E—
o
A J
3 ksi
300 psi
950 psi
-—tr
jas5e fl‘l

349 ?:i

AKX

5 ksi



9-11. Determine the equivalent state of stress on an
element if the element is oriented 60° clockwise from the
element shown.

300 psi
Normal and Shear Stress: In accordance with the established
sign convention,

-—
0=-60° &, =300psi o,=0 17, =120psi
Stress Transformation Equations: Applying Eqs. 9~1. 9-2
and 9-3.
g, +0d, 4, -0
g, = =L+ —=——Lcos 28+ r,,sin 26
300+0 300-0
=+ —os (=120°) + [ 120sin (=120°)]
= ~28.0 psi Ans
F,~-0, O, -0
g, = '2 L =L cos 261,y sin 26
300-0 300-0 5
= —5— -5 —cos 1=120% = [ 120810 (=120°)} 3297
= 329 psi Ans
£9.9 psi
c, -0, .
Ty = ————sin 20 =Ty 08 28 %]
0-0 289 P5¢

=-—5—sin (=120%) + [120cos (—120°)]

= 69.9 psi Ans




9-15. 'The state of stress at a point 1s shown on the element.
Determine (a) the principal siresses and (b} the maximum
in-plane shear stress and average normal stress at the point.
Specify the orientation of the element in each case.

&, =30 ksi
)

g, =0 Ty = ~12ksi

P 1"-%‘-'1:1[(-“-'-;—"&%:,,‘- : ;01:1/("';'“)14-11;1

o =42l Ans oy ==M2ksi  Ans

Onentation of principal stress:
7 -12
28, = ——te = e = {8
- (0, -0,)i2 (~30~002

6, =1933° and -T70.67°
" Use Eq, 9- 1 w dewermine the principal plane of &, and o7y

ay -%+9§—;¥'lmm+c,, sin 28
§=1933
o=t :g?ms 2(19.33)+ (~12)sin 2(19.33%) =342 ksi
Therefore 8,, =193°  Ans and 8, =-70.7° Ans

)
r...m=1hﬁ§&)=+¢,,= . ?;m—m - 192 ksi

Tuvg ;.”‘_;_‘"i:i';ﬁ*-xsm' Ans

Onentation of max, in - plane shear stress ;

¥2_ 002 g
0

26, = 9=
Ty
6 ==257 ad 64F Ans

By observation, in arder to preserve equilibium along AB,
Tuan has 10 261 i the direction shown in the figure,

30 ksi

— 12k

Ans

19 KSi

as.’ '
ISks;




#0-16. The state of stress at a point is shown on the
clement. Determine (a) the principal stresses and (b) the
maximum m-plane shear stress and average normal stress at
the point. Specity the orientation of the element in each case,

3 o= - 00MPs o, =250MPs 1, = ITSMRa

ST v

52 X0L 20 (#31 + 1752

g; = JIDMPa o = - MR Ans
Orieniasion of principal suss:

uzg-ﬁnﬂ_ﬁ%ﬂ--mn

B, == 18.94 and 71.06°

Use Eq. 9- 1 w deserm ine e principal pline of @, and oy

6+8 &-4@ )
g = -’-2-J-+-'-1—J-ewu+r.,mm

B=4, = - 84°
_H0e 2025

o T T8+ DSt (- 368) 2 - W0MRa =

Thewloe dy, = 711¢ 8, = -189° Aus

B gy = t‘; Ped = M]*ms’-:smm Ams
i Flua

;ﬁ.ﬂg—@.muh A

Oy = =2

Orientasion of maximun n - pline shesr swess:

it - am-
un 26, ;'s-:_]f‘. = ,i.ulf = 12857

Y 175
6 =261" Am wd -639" Ans

By observation, in onder o preserve equilibrium, 1,,,, = 285 MPahas w it in the directon
shawn in the figure.

250 MPa

— 1 " 1I5MPa

200 M Fa

10 Mpa
H*

Zbo HFPa

25.0MP




9-22. The clamp bears down on the smooth surface at E

by tightening the bolt. If the tensile force in the bolt is
40 kN, determine the principal stresses at points A and B
and show the results on elements located at each of these
points. The cross-sectional area at A and B is shown in the
adjacent figure.

Support Reactions: As shown on FBD(a).
Internal Forces and Moment: As shown on FED(b).

Section Properties:
I= ;5(0.031 (0.05") =0.3125(107°) m*
0,=0
05 = FA" =0.0125(0.025)(0.03) =9.375( 107} m’

M
Normal Stress: Applying the flexure formula o = -T‘vl

240010°)(0.025) _

A T =-192 MP:
2400 10y (D)
Fp = ———————smm =
87 T n3125(108)
Vo

Shear Stress: Applving the shear formula ©= T
r
_oaoaoh
03125(105)(0.03)

2401107y 9.3?5(10-*‘;]
= = 24.0) MPa

Ty =
031250 10-4)10.03)

Ta

In- Plane Principal Stresses: g, =0, ¢, =-192 MPa. and
1., =0 for peint A. Since no shear siress acts on the element.

a =g, =0 Ans
oy =a, =-192 MPa Ans

o, =0, =0 and t,, = -24.0 MPa for point B, Applying Eq.9 -5

(=]

=01y 0+(-24.0)°
=0+24.0

d, =240 a, ==-24.0 MPa Ans

Orientation of Principal Plane: Applying Eq.9 -4 for point B,

g o Fu 20

(o.-0) 0
8, =-450° and 450°

Subsutuung the results into Eq.9- | with 8 = =45.0° yields
g, + g, a -d,
a,. = —2—+ ———c08 28+ 1, sin 28
= 0+0+[=24.05im {-900.0°]
=.0MPa= o,
Hence,
8?. =-450° g s = S5.0° Ans
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