Chapter 8 Applications of Plane Stress (Pressure
vessels, Beams, and Combined L oadings)

8.1 Introduction

Plane stress conditions : buildings, machines, vehicles, and aircraft
In this chapter, the structures to be discussed are

pressure vessels

stressin beams : principle stresses, maximum shear stress

structures subjected to combined |oadings

8.2 Spherical Pressure Vessals /®
L 5
pressure vessels are classified as shell /(R\ _,;:_/?‘J)/

structures, it is subjected to internal pressure p \\/ f l \T\//

to determine the stresses in the wall, let us cut —

through the sphere on a vertical diametral plane,

the resultant pressure forceis A )
P = p@rd ‘

where r istheinner radius of the sphere A

the resultant of thetensilestresses ¢ inthewal is
F = g@nrpt)

where t isthethicknessof thewall and r, isitsmean radius
rm = r +t/2

equation of equilibrium in the horizontal direction



ZFhoriz = O
c@nurnt) - prd) = 0

thetensile stressesin thewall is

pr
g —_
Zrmt (c)
for r > t (r > 10t), rm=>~ r then
pr
o = _—
2t

when we cut through the center of the sphere in any direction, we can
conclude that the sphere is subjected to uniform tensile stress ¢ in all

directions, they are known as membrane stresses

Stresses at the outer surface

pr
o, — 0Oy = —— o3 = 0
21
O- r oy=a
then Tmax — — = p— @)

2 4t | fh=s

Stresses at the inner surface

pr -
g = 0o = ag = - A I
1 2 1 3 P . 15\:6
o+p pr p P r
then T = = — 4+ — = —(— + 1
2 4t 2 2 2t

Limitations of thin-shell theory
1. r > 10t ormore

2. internal pressure must exceed external pressure

2



3. only pressure loading is considered for stress calculation

4. stress concentrations are not considered in the formula derived

Example 8-1
d = 18int = 1/4in
a Oagow = 14000psi,p. = ?
b. Taiow = 6,000ps pp = ?
C.&alow = 0.0003 E = 29x10°ps

y = 028 p. = ?

d. Tfa“ure = 8.1ki p/ln n = 25 Pa = ?
€. pallow = ?
a o = pr/2t
2t oaiow 2 x 0.25 x 14,000
P = —— = = 777.8ps
r 9
b. 7 = pr/dt
41 Taiow 4 x 0.25 x 6,000
pp = —— = = 666.7 ps
r 9
C. & = (ox-voylE
for ox = o = o = prl2t
o pr
then & = —(@-v) = —(1-v)
E 2tE

2t Ecaion 2% 0.25 x 29x10° x 0.0003

thus p.= = 671.3ps

r(1-v) 9(1-0.28)

d  Taow = Traiwe/Nn =81/25=324kip/in= 3,2401b/in



Oalow = Tlaow/t = 3,240/025 = 12,960 psi

21t calow 2x0.25x 12,960
pg = — = = 720.0ps
r 9

€ Palow = MiN[p, Po, P ad pg = 666ps

for this paiow, thetensilestressesinthe shell are

pr 666 x 9 _
g = — = ——— = 12,000 ps
2t 2x0.25

8.3 Cylindrical Pressure Vessels
consider a thin-walled circular tank
AB subjected to internal pressure

o1 . circumferential stressor hoop stress A

o, longitudinal stressor axial stress -
from the free body mpgn, we

have the equation of equilibrium as

o.(2bt) - 2pbr = 0

then o = —
t {b)

and the equation of equilibriumin longitudinal direction

g(2nrt) - par® = 0
pr
then g, = —
2t

now, we have o1 = 20,

Stress at the outer surface



gr=pr/it o,=pr/2t o3 = 0 = _| %=
01-02 pr e
(Tmax)z = — e l e
2 4 t (a)
71 pr 02 pr
(Tmax)x = — = — (Tmax)y = _ =
g p r
thus Tmex = -
2 2t
this stress occurs on a plane that has been rotated 45°  about the X
axis
Stress at the inner surface
0'1=pl’/t 0'2=pr/2t o3=-p ]-“]Gfm
01-03 pr P i o e
(Tma)x = = — + — — %
2 2t 2 o= pp P
02 - 03 pr P mg\: '
(Tmax)y = = — 4+ —
2 4t 2
0102 pr
(Tma)z = = —
2 4t
Example 8-2

consider acylindrical pressure vessel

r= 18m t = 20mm

weldangle a = 55°

E = 200GPav = 030 p =
determine :



01

and go

a
b. the maximum in-plane and out-of-plane shear stress

C. & and &
d o, and 1, intheweded seam
a oy = pr/t = 800x1800/20 = 72MPa
o, = pr/2t = 800x1800/2x20 = 36MPa
b. 01- 02 pr .
(thax)z = = = 18MPa (in-plane shear)
2 4t
01 pr
(tmea)x = — = —— = 36 MPa (out-of-plane shear)
2 2t
C.
e = — (o1 - voy) & = — (o2 - voy)
E E
o, = prit o, = pr/2t
o1 72 (2-0.3) .
then ¢ = 2 - v= = 306x 10
2E 2 x 200 x 10°
o 36(1-2x0.3) ]
& = —(@Q - 2v) = = 72x10
E 200 x 10°
d 6 = 90-a = 35° A
ox=0, =pr/2t=36MPa [ :ﬁq\ ké
o,=0o1=pr/t=72MPa Vi
Ty = 0 |
ox T oy Ox - Oy _
Oyn = + cos20 + 14y Sin20
2 2 ;
O-X - O'y ) ja‘— ;=72 MPa
Tyayr = - sn20 + 1, c0s20 ‘

2

-

o, =03= 36 MPa

‘_—,ﬁ“
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Then
r

P
oy =—— (3-cos20) =47.8 MPa=

41

pr
Tle]_:—S-n 20 = 16.9 MPa.= TW
4t

Oy = o1 t 02 - 0Ox

Mohr's circle

\
N

60,2 M l’;\\

O-Wi

60.2 MPa

= = 54 MPa

0 = 35° 20 = 70°

ow = 54 - Rcos70° =

47.8 MPa

Tw = RSN70° = 16.9MPa

same results as earlier

36 D(g =35
72

8.4 Maximum Stressesin Beams

8.5 Combined L oadings



