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PRESSURE VESSELS
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() PROBLEMS

Problem 1 (Gere & Goodno, 2009, w/ permission)

Arubber ballis inflated to a pressure of 60 kPa. At that pressure the diameter
of the ball is 230 mm and the wall thickness is 1.2 mm. The rubber has modulus of
elasticity E=3.5 MPa and Poisson’s ratio v = 0.45. Determine the maximum stress and
strain in the ball. Determine the maximum stress and strain in the ball.

A) 0., =1.44 MPaand g, =0.226
B) 0,,.x =1.44 MPaand g, = 0.452
C) 0pnax = 2.88 MPaand &, = 0.226
D) 0,,.x =2.88 MPaand &, = 0.452

Problem 2 (Gere & Goodno, 2009, w/ permission)

A large spherical tank contains gas at a pressure of 450 psi. The tank is 42 ftin
diameter and is constructed of high-strength steel having a yield stress in tension of
80 ksi. Determine the required thickness of the wall of the tank if a factor of safety of
3.5 with respect to yielding is required.

A)t=1.61in.
B) t=2.05in.
C) t=2.48in.
D) t=3.021in.

Problem 3 (Hibbeler, 2014, w/ permission)

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 0.25in., determine
the hoop stress and the longitudinal stress components acting at point A.
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A) Ghoop =3.96 ksi and Gjppg =0.97 ksi
B) Ghoop =3.96 ksi and gjopg =1.98 ksi
C) Ghoop = 525 ksi and gjopg = 0.97 ksi
D) Gho0p = 5-25 ksi and Gjg g =1.98 ki

Problem 4A (Philpot, 2013, w/ permission)

A tall open-topped standpipe has an inside diameter of 2750 mm and a wall
thickness of 6 mm. The standpipe contains water of mass density of 1000 kg/m?. What
height of water will produce a circumferential stress of 16 MPa in the wall of the
standpipe?

A) h=3.24m
B) h=5.21m
Q) h=712m
D) h=9.04m

Problem 4B

What is the longitudinal stress in the wall of the standpipe due to the water
pressure?

A) Olong =0

B) Gjong =4 MPa
C) Glong =8 MPa
D) 0iong =12 MPa

Problem 5 (Philpot, 2013, w/ permission)

The pressure tank shown in the next figure is fabricated from spirally wrapped
metal plates that are welded at the seams in the orientation shown, where 8 = 40°.
The tank has an inside diameter of 480 mm and a wall thickness of 8 mm. Determine
the largest gage pressure that can be used inside the tank if the allowable normal
stress perpendicular to the weld is 100 MPa and the allowable shear stress parallel to
the weld is 25 MPa.

P
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A) Daiow = 2.03 MPa
B) Pajow =338 MPa
C) Palow = 420 MPa
D) Paitow =554 MPa

Problem 6 (Hibbeler, 2014, w/ permission)

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 of the ring is E. What is
the change in internal radius if p= 80 kPa, 7, =20 mm, r; =19 mm, and E = 200 GPa?

A) 57, =1.44 um
B) 67, =4.29 um
C) 6r;=7.05um
D) 67;=9.71um

Problem 7 (Hibbeler, 2014, w/ permission)

The innerring A has an inner radius r; and outer radius . Before heating, the
outer ring Bhas aninnerradius r; and an outer radius r,, and r, >75. If the outerring 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 ar.

Problem 8A (Hibbeler, 2014, w/ permission)

A closed-ended pressure vessel is fabricated by cross-winding glass filaments
over a mandrel, so that the wall thickness t of the vessel is composed entirely of
filamentand an epoxy binder as shown in the figure. Consider a segment of the vessel
of width w and wrapped atan angle 6. If the vessel is subjected to an internal pressure
p, show that the force in the segment is Fy = g,wt, where g, is the stress in the
filaments. Also, show that the stresses in the hoop and longitudinal directions are

0, = 0,5in%0 and o; = g,c0s20, respectively.
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Problem 8B

Atwhatangle 8 (optimum winding angle) would the filaments have to be so
that the hoop and longitudinal stresses are equivalent?
A) 0 =25.4°
B) 6 =40.2°
C) 6=54.7°
D) 0 =69.3°

Problem 9 (Gere & Goodno, 2009, w/ permission)

A cylindrical tank subjected to internal pressure p is simultaneously
compressed by an axial force F=72 kN (see figure). The cylinder has diameter d =100
mm and wall thickness t = 4 mm. Calculate the maximum allowable internal pressure
based upon an allowable shear stress in the wall of the tank of 60 MPa.

F F
e ~fr—

A) Pallow =9-6 MPa

B) P.jow =141 MPa
C) Pallow =19.7 MPa
D) paijow = 28.4 MPa

Problem 10 (Gere & Goodno, 2009, w/ permission)

A cylindrical tank having diameter d = 2.5 in. is subjected to an internal gas
pressure p =600 psi and an external tensile load T=1000 Ib (see figure). Determine the
minimum thickness of the wall of the tank based upon an allowable shear stress of
3000 psi.

A) t,i, =0.0413in.
B) t,,i, =0.0584 in.
C) tin =0.0837in.
D) t,,;, =0.125in.

Problem 11A (Gere & Goodno, 2009, w/ permission)

A pressurized cylindrical tank with flat ends is loaded by torques T and tensile
forces P (see figure). The tank has a radius of ¥=125 mm and wall thickness t = 6.5 mm.
The internal pressure p =7.25 MPa and the torque T= 850 N-m. What is the maximum
permissible value of the force P if the allowable tensile stress in the wall of the cylinder
is 80 MPa?

P 4" TJA \'\ P
e R
\ J

A) P...=15.4kN
B) P,.,=271kN
C) Ppax =39.8 kN
D) P, .x =52.5 kN
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Problem 11B

If forces P=114 kN, what is the maximum acceptable internal pressure in the
tank?

A) Py = 2.35 MPa
B) ppax =6 MPa
C) Pinax =10 MPa
D) p,ax =14.5 MPa

() SOLUTIONS
P.1=) Solution

The tensile stress in the wall is given by

60x10° )x(230/2
2t 2x1.2

The maximum strain in the ball is determined as

£, =%(1—V)—)£x =%(l—v)

60x10° )x(230/2
.-.gx:( - )X( /)x(1—0.45)=O.452
2><1.2><(3.5><106)

C The correct answer is D.

P.2 =) Solution

The radius of the tank is r= (42 X 12)/2 =252 in. The tensile stress in the wall
of the vessel is given by

”
O-max = p_
2t

From the definition of factor of safety, we have

o o
L _> O-max = r
o FS

max

FS =

Substituting in the first equation gives

&:ﬂ_)t:perS

O-max =
FS 2t 20,
"t :w: 2.48 in.
2x(80x10°)
C The correct answer is C.
P.3 =) Solution
The hoop stress follows from the formula
90x(22/2
T 00x(222) s

t 0.25

The longitudinal stress, in turn, is determined as

Oiong = % = [1.98 ksi

C The correct answer is B.
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P.4 =) Solution

Part A: The hoop stress in the wall is given by

_Pr

O
By

The hydrostatic pressure p = pgh. Substituting and solving for the height h, we

obtain
Uh :K:&m_)hza_ht
t ! per
(16><106)x(6x10‘3)
h= =(7.12 m
1000x9.81x(2.75/2)

C The correct answer is C.

Part B: Since the standpipe is open to the atmosphere at its upper end, the
fluid pressure will not create stress in the standpipe’s longitudinal direction.
Therefore, 015 =0.

C The correct answer is A.

P.5 =) Solution

The longitudinal axis of the cylinder is defined as the x-axis and the
circumferential direction is defined as the y-axis. Accordingly, the normal and shear
stresses on longitudinal and circumferential faces of a stress element are

o P px024
Y2t 2x0.008
_pPr_
Gy—T—?)Op
. =0

Xy

The weld is oriented at 40° as shown, but the angle 8 required for the stress
transformation equations is the angle normal to the weld. The angle in question is 8 =
40°+90°=130° Now, the normal stress perpendicular to the weld can be determined
with the transformation equation

o =|o, cos’ 0+0,sin’ O +27, sinfcos 6?| <100 MPa
Substituting the pertaining variables yields

15pxcos*130° +30p xsin” 130° +2x 0xsin130° cos130°| <100 MPa

~[6.2p+17.6p+0|<100 MPa
- p. =420 MPa

The shear stress parallel to the weld can be determined with the
transformation equation

T= —(Jx — ay)sinﬁcose +7,, (cos2 0 —sin’ 9) <25 MPa
Substituting the pertaining variables yields

7 =|-(30p ~15p)sin130" cos130° + 0x (cos* 130° —sin’ 130° )| < 25 MPa

~.15psin130° cos130° <25 MPa
- p.. =338 MPa

The lower result governs the analysis, and hence p,ow = 3.38 MPa.

C The correct answer is B.
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P.6 =) Solution

Using a free-body diagram, the force P exerted on the ring is determined as
2P-2prw=0— P=prw
The corresponding stress is

P , .
o Do _pw P

A (ro—rl.)w (r —r.)

Using the stress-strain relation, we have

o,
o,=FEg > ¢ =—"
E

Since strain &, = §1;/r;, we can write

or, , 2
O Ph s P

“ r E(r,-r) " E(r,-r)

Inserting the data we received, it follows that

(80x10%)x0.0197
or, = =1.44 pm
(200x10”)x(0.02-0.019)

C The correct answer is A.

P.7 =) Solution

Using a free-body diagram, the force P exerted on the ring is determined as
2P-2prw=0— P=prw

where r; denotes the inner radius of either ring and wis the width of the ring. The
corresponding stress is

P prw rr;
O'IZZ: =

(r,=r)w (r,-7)

where 1, denotes the outer radius of either ring. Using the stress-strain relation, we
have

o,
o,=FEg > ¢ =—"
E

Since strain &, = §1;/r;, we can write

2
_on__ pn Ser=—PT

& 7 E(ro—ri) ' E(ro—rl.)

1

Compatibility between the two rings requires that
or,+0r,=r,—r,
In view of equation (l), we have for rings A and B respectively,

2 2
51”2: prz ’ 5}%: pl"3

E(r,-1) E(r,-1)

Substituting and solving for pressure, we find that
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P.8 =) Solution

Part A: Considering a portion of the cylinder, it is easy to see that, given the
area A =wt of the filament wire, the force in the 8-direction is given by

F,
o,=—2—>F,=0c,wt

The force in the circumferential direction is F;, = Fy sin 8 = gywt sin 8, and
the area is A=wt/sin 8. The corresponding hoop stress is determined as
F, owtsing .
Oy = =————=0,sin’ 0
A wit/sind
In a similar manner, the force in the longitudinal direction is F; = Fy cos 8 =
o,wt cos 8, and the corresponding longitudinal stress follows as
F, o,wtcos@
Oy =—=—————=0,c08 0
A wt/cos
Part B: We know that the hoop stress can be calculated with the expression
Ohoop = pr/t, while the longitudinal stress can be computed with g4, = pr/2t.
Combining these expressions with the results of the previous part, we have, at the
optimum wrap angle,

Ohp _ Pr/t _ 0,sin’ @

Cine  Pr/2t 0,c08” 0
s.tan’@ =2
Stand =141

Solving this trigonometric equation, we obtain the optimum angle 8 =54.7°.
With some additional calculations, it is possible to derive an interesting conclusion
about this result. To begin, note that the hoop force on the filament could have been
written as

F _p_a’>< wt  pdw
P o¢ sin@  2sind

while the longitudinal force could have been cast as

pd  wt pdw

= —X =
"¢ 4t cos@ 4cosd

F,

The force in the 8-direction is the resultant of the two preceding forces; that s,

dw pdw ?
Fy=JF +F, = £ j{ )
¢ hoop = = long \/( 2sin @ 4cos@

) pdw | 4 1
R \/ ——+ >
2 Vsin“@ cos O

Plotting the trigonometric component of the equation above, we obtain the
following graph.
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There is a point at which this trigonometric term, and therefore the force Fy,
attains a minimum value. Inspecting the graph, we see that the abscissa of this point
happens to be 54.7°. That is, the angle at which the stresses in the hoop and
longitudinal stresses become equivalent is also the angle for which the resultant force
in the cylinder reaches a minimum. To verify this mathematically, we can differentiate
the term in question with respect to 8 and, after some simplification, obtain

do Jacsc? O+sec? 0

dF, (1—4c0t4 9)se02 Otan6 0

Setting the term in parentheses to zero, we get

1—4c0t46’:0—>c0t49:%
stan* @ =4
Stanf =1.41
with the result that 8 =54.7°, as expected.

C The correct answer is C.

P.9 =) Solution

The circumferential stress in the wall of the tank is

_K_pXSO

Ghoop - t 4

=12.5p

The longitudinal stress, in sequence, consists of contributions from the
pressure of the fluid and the axial load F. In mathematical terms,

o P F
e o 2t
72.000
o =625p——2"  _625p-573
ong P x50%4 P

where the units are in MPa. The cylinder of course is subjected to biaxial stress. Using
the relation for maximum in-plane shear stress, which we label case 1, the maximum
allowable internal pressure is determined as
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_ Ooop ~Tong 12.5p—-(6.25p—57.3)

Tmax = = 60
2 2
S Do =10 MPa
Considering out-of-plane shear we have, for one of the stresses (tag it as case
2),
o
= —hoow o 60 = 125p
2
S Dy = 9.6 MPa

Finally, considering the remaining out-of-plane shear, we find that (case 3)

 6.25p-57.3

max

= Zine 60
2
" Do =284 MPa

Case 2 controls, and we conclude that the pressure in the cylinder should be no
larger than p,jjow = 9.6 MPa.

C The correct answer is A.

P.10 =) Solution

The circumferential stress in the wall of the tank is

pr_ 600x1.25 750
t t t

Ghoop =

The longitudinal stress, in sequence, consists of contributions from the
pressure of the fluid and the axial load T. Mathematically,

o =2 T
2t 2t

375+ 1000 :502
t 2 x1.25%xt t

S Oy =

The cylinder of course is subjected to biaxial stress. From the relation for
maximum in-plane shear stress, which we label case 1, the required thickness is
calculated as

750 502

_ O-hoop _Glong __t t = 124 =3000

Tmax
2 2 t

ot =0.0413 in.

Considering out-of-plane shear, we have, for one of the stresses (call it case 2),

O,
- _ T, 3000 =L 10
2 2t
Lt _375 _61250n.
3000

Lastly, considering the other out-of-plane shear, we find that (case 3)

O
- _ G 3000 = L1292
2 2t
t= 2L _60837in.
3000

Case 2 controls, and we take t,,;, = 0.125 in. as the minimum thickness of the
tank wall.

C The correct answer is D.

10
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P.11 =) Solution

Part A: The circumferential stress in the cylinder is given by the usual equation

7.25x10°)x0.125
o, =ﬂ=( ) =139 MPa
P 0.0065

The longitudinal stress, in turn, is made up of contributions from the pressure
of the fluid and the axial load P. Mathematically,

7.25%10°)x0.125
GlongZK_'_ P _( ) + &

2t 27wt 2x0.0065 27 x0.125%0.0065
S Oy =609.7+1.96x107* P [MPa]

We should also consider the shear stress created by torque T, which follows
from the torsion formula,

C_Tr_ 850x0125 oo

J (27r><0.1253 ><0.0065)

The maximum tensile stress in the wall is obtained by dint of the stress
transformation equation

2
O +O'l O — O,
— hoop ong +\/[ hoop long] +T2 380 MPa

O-max
2 2

Substituting the pertaining variables, it follows that

139+(69.7+1.96><10‘4P) [139(69.7+1.96><104P
_l_
2 2

2
)] +1.33* =80 MPa

P, =52.5kN

max

C The correct answer is D.

Part B: The circumferential stress is now

_pr px125
O-hoop —7—7—192]7

while the longitudinal stress becomes

pr P px0.125 114x10°
O_lon =+ = +
£ 2t 2t 2x0.0065 27x0.125%x0.0065

L Olng = 9.62p+2.23x10]

F O =9.62p+22.3 [MPa]

The shear stress due to torque T remains T =1.33 MPa. Considering the
equation for maximum tensile stress, we have

+1.33% =80 MPa

19.2+(9.62p +22.3) +\/[19.2—(9.62p+22.3) ’
2 2

| Poax = 6 MPa

C The correct answer is B.

11
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() ANSWER SUMMARY

Problem1 D
Problem 2 C
Problem3 B
4A C
Problem
4 4B A
Problems B
Problem 6 A
Problem7 Open-ended pb.
8A 0] -ended pb.
Problem 8 pen-endedp
8B (of
Problem9 A
Problem1o D
1A
Problem 11 D
11B B
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Got any questions related to this quiz? We can help!
Send a message to contact@montogue.com and we'll

answer your question as soon as possible.
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