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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 internal pressure to be 0.5
MPa. The wall has a thickness of 6 mm. and the inner diameter of the cylinder is 200 mm.

l

200mm

Case a;
pr 0.5*x100
01—7; o1 = 6 =8.33 MPa
0'2=O
Case b
pr 0.5+100
O'1=T; 01=T=8.33MP(1.
_pr_0.5*100_4167MP
GZ—E——2*6 =4, a.

— P

l_

_‘.”

(b)

Ans.

Ans.

Ans.

Ans.




Sem. 131 Key Solution HW 12

CE 203

8-4. The tank of the air compressor is subjected to an internal pressure of 0.63 MPa. If the internal
diameter of the tank is 550 mm, and the wall thickness is 6 mm, determine the stress components
acting at point A. Draw a volume element of the material at this point, and show the results on the

Hoop Stress for Cylindrical Vessels:r = ? = 275;

Since % = % = 45.83 > 10 , then thin wall

analysis can be used. Applying Eq. 8-1

pr 275
o =—=0.63 %
t

= 28.875 MPa. Ans

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

= 14.4375 MPa. Ans

o, = 28.875 MPa

o, = 14.4 MPa
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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 = 7_’

L 2(10%) @)
< 6) —
150(10°) = —
t = 0.02667 m = 26.7 mm Ans.
S : L : R .

Smce? = 002667 150 = 10, thin-wall analysis is valid.

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

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

n n
+12F, = 0; 327(10°) = = (PoYatiow — S(Po)atiow = 0
327(10°)
R =g (1)
(Pb)allow
The allowable tensile force for each bolt is
(Ppatow = TatowAp = 250(10“){%(’0.0253)] = 39.0625(10° )N
Substituting this result into Eq. (1),
32m(10°)
n=——"—=8192 = 820 Ans.
39.06257(10°)

N/ .
7@)‘%«, P=327110°N %C fi).u,,,,
)

CE 203
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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.

2 5KN 12.5KN 15KN
| Jr Ay Y
—~
B e
- i . - -— 1 m PR —
05 lo05 |0.5 1.5m
1 1 12mm
[ =—%100% 1743 — — 88 % 150% = 19150200 mm*
12 12 Ay |
— _ 2
A=2%12%100+ 150 * 12 = 4200 mm Lomm _“__T
_ 100m
Qp = Zy’A’ =81%100%12+ 5050 % 12 = 127200 mm?3
Y
Q4 =0; B 50mm
| I
MC 6 87 ,
12mm

T4 =0 Ans.

MY 143754106 25 18.76 MPa A
% =77 19150200 a Ans
VO, ; 127200
=B _13125%10% « — 7.265 MPa Ans.

5= 19150200 = 12
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8-63 The uniform sign has a weight of 7.5 KN and is supported by the pipe AB, which has an inner radius
of 68 mm. and an outer radius of 75 mm. If the face of the sign is subjected to a uniform wind pressure of
p= 8 KN/m? determine the state of stress at points C and D. Show the results on a differential volume
element located at each of these points. Neglect the thickness of the sign, and assume that it is supported

along the outside edge of the pipe.

7500 N
1.8m

LI

S ———

| 8KN/m?

8*3.6*1.8*1000=

\\Q 51840N
al «% " Y M | N
$n ¢+ |
X

Internal forces can be found from the FBD above as follows:
FE,=0;7500—N, =0 - N, =7500N. ; ZFy =0;—51840+Vy =0 - V= 51840 N. ;

ZFZ=0;VZ=0; zMx=O;—51840*1.8+Tx=0 > T, =93312N.m. ;
ZMyzo;—518407500*1.8+My=0 ~ M, =13500N.m. ;
ZMZ=O;51840*1.8+MZ=0 - M,=-93312N.m.

T
A =m(75% - 68%) = 1001 tmm? I, =1, = Z(754 — 68*%) = 8057595.32 mm*;

Q0 = @)y = 05 Q) = @), =4 # 5o (3752) 4 o~ (T 682) = 7162667 mm?
r T Ry m T ARy m R T R \2 3+ \2 '
J= 5(754 —68%) =16115190.64 mm”"4

Normal stresses as follows:
N M.y M,z

o=——-——+ -

A1,
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_ —8x 103 —-9331+x1000+0 13500 * 1000 * 68

9% ="1ooim 805759532 ' 80575953z _ r0o-4MPa(l) dAns
_—8x107° —9331+1000:75 13500:1000+0 .. 4
’0=71001mr  8057595.32 8057595.32 ¢ ns.

Shear stresses

- _93312+1000%75 _
(Tx2)p = Tewist =~ 775100, 62 O+ a.  Ans

(txy)D =Tyy = 0 Ans.

51840+ 71628.67 93312+ 1000 * 68

(Txy)e = Ty ~ Tewist = g057595.32-277  16115190.64 o > MPa.  Ans

(Txz)c =Ty =0 Ans.
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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 375 N.

50mm

375N

>

0 24mm

(a)

{ N\
1 w7 a
»]5

. 12mm

sectiona—a

75N
50mm 375

Internal Loadings: Considering the equilibrium for the free-body diagram of the femur’s upper

segment, Fig. a,
+15F, = 0;

r'\,. —E."r‘f,::;u =

N-375=0 ; N =375

M-375 *50 =0; M=18750 N.mm

Section Properties: The cross-sectional area, the moment of inertia about the centroidal axis of

the femur’s cross section are

T
A=m(24* —12%) =432mtmm?; 1= Z(244 —12%) = 77760m mm?;
Normal Stress: The normal stress is a combination of axial and bending stress.Thus,

N My
= — 4 —
CTAT

By inspection, the maximum normal stress is in compression.

—375 18750 * 24

Tmax = 33571

777601

= —2.12 MPa = 2.12 MPa (c)

Ans.




