ME 323: Mechanics of Materials Homework Set 9
Spring 2026 Due: Friday, Apr. 10, 2026

Problem 1 (10 points)

A cylindrical vessel has an inner radius r = 1000 mm and a wall thickness t = 10 mm. The
internal pressure is p = 1.5 MPa and the maximum allowable stress of the vessel is 0,0 =
200 MPa.

(1) Determine the axial stress g, and the hoop stress gy, in the cylindrical part of the vessel.
(2) Determine the principal stresses, g3, 0, and os.

(3) Determine the maximum in-plane shear stress 7,,,,,-

(4) Determine the maximum allowable pressure p ;0w SO that o, doesn’t exceed a,45101 -




Solution:

Sincer/t = 100 > 10, it is a thin wall vessel.

Axial stress:
_pr_ 15x1 _ 75 yp
% = ot T 2%001 @
Hoop stress:
_pr 1.5%1 — 150 MP
= T 001 @

The principal stresses:
0, = o, = 150 MPa
0, =0, =75 MPa

0-3:0

Maximum in-plane shear stress:

Oy, — O,\2 0, — O
Tmax:j(h ) +02= =375 MPa

Maximum allowable pressure:

_ Paitow”
Oaliow = t
Paiiow * 1
200 =——
0.01

Patiow = 2 MPa



Problem 2 (10 points):

The stress element shown below represents the state of stress measured along the x'y' axis in a component
loaded under plane stress. No information is known about the stress o except that it is compressive.

(a) Determine the magnitude of the maximum compressive normal stress that can be applied, if
the component is made of a material which can withstand a maximum in-plane shear stress of 100
MPa.

(b) Determine the stress components when the element is oriented along the x-y axes.

(c) Draw a stress element oriented along the maximum in-plane shear stress directions. (Show the
angle of this rotated element with respect to the axis x')

Figure 2: Stress element for Problem 2

(a) Let the stress along the y'direction be . In the x"y’ orientation as seen in the problem

figure, the element is in oriented along the principal stress direction (as shear stress 7,1, s is 0).

y
Hence 0,/(= 70 MPa) and o, are principal stresses.

Given max shear stress that the material can withstand is 100 MPa, we have

|Tmax] = 100 MPa

= 100 MPa



=>0, — 70 = +200
=>0, = +270 MPa or — 130 MPa

Since g,/ is a compressive state of stress

o, = —130 MPa
Hence magnitude of o/, i.e.,
a = 130 MPa
Y
y’

70 MPa
X
\130 MPa
(b) The stress components along the xy axes can be obtained by rotating 8 = —30°
O'xl+0'yl Ox! — Oyt .
Oy = 5 + ( > ) cos(20) + Tory! sin(26)
o,y = 20 MPa
O'xl+0'yl Oyl — Oyt )
o, = 5 — ( 3 ) cos(260) — Tyry! sin(26)

o, = —80 MPa
0.1 — 0.,/
Tyy = — (%) sin(20) + Tyly! cos(26)

Tyy = 86.603 MPa



(c) Max shear stress is oriented at an angle of +45° to the principal axis. In this problem, the
principal axis is oriented along x"y’ axis. For the solution we will consider a rotation of f =
—45° to get to max shear orientation

o,/ — 0.1
Tyrryt = Tmax = — (%) sin(2p)) + T,y cos(2)

Tmax = 100 MPa

The correspnding normal stress along x” is

Oy + oy Ox! — Oyt
O, = 5 ( 5 ) cos(2p) + T,y cos(2p)
O, + 0,0
O = % = —30 MPa = gy,

And along y” axis is

O, + 0, O, — Oyt
oy = al > 4 —( ad 3 y)cos(Z,B)—Tx:y/ cos(2f)
O, + 0,
ayuz%z—BOMPaz%ve

30 MPa

100 MPa

4) MPa



Problem 3 (10 points)
Use the given state of stress

(1) Draw the Mohr’s circle.

(2) Using the Mohr’s circle, determine the principal stresses o4, g, and g5.

(3) Sketch a 2D element under the principal stresses with proper orientation.

(4) Using the Mohr’s circle, determine the maximum shear stress.

(5) Sketch a 2D element under the stress state found in (4) with proper orientation.

)

———
30 MPa

60 MPa

20 MPa



Solution:

70 J(MPu)V

T(MPa) v

Radius of the Mohr’s circle:

2
60 — (—20
= (Y = s

(2) Pricinpal stresses:
01 = Ogpg + R =20+ 50 =70 MPa
0-2 = 0
03 = 0gyg — R =20 —-50 =—-30 MPa

30 MPa\

70 MPa

70 o(MPa)

T(MPa) !



0 —1t <30>—1843°
p = 5atan 20) = 18

(counter-clockwise)
(4) Maximum shear stress:

Tmax = R = 50 MPa

]
|
|
50 MPa |
I 60 .
-30( —20 20 B ES o(MPa)
20, !
[
[
20 MPa S e
20 MPa 50 [,
©(MPa) |

1 40 .
0, = Eatan <%> = 26.57

(clockwise)



Problem 4 (2.5 + 2.5 points):

I A moment M (about positive z) and torque T (about positive x) are applied to a circular rod as
shown in Figure 4.1. Choose the correct in plane Mohr's circle, from the given options, for
the stress states at Point a and Point b. Justify. (Note that location of Point a is at (1./2, 0, -R)

where R is the radius of the cross section.)

y
C D Y
b® b
ha - a
a® W, z

.

v

A J

Figure 4.1: Loading of circular rod for Problem 4.1

T T (4 v7T
Mohrs circle #1 Mohr’s circle #2 Mohr’s circle #3 Mohir's circle #4
= AL = LA A 5
{1 T T v7T
Mohr’s circle #5 Mohr’s circle #6 Mohr’s circle #7 Mohr’s circle #8

(Mohr’s circle is a point!)



Point a - The correct Mohr’s circle is #4
Tyy >0

o, =0, g, =0

g, + o
g =B

Point b — The correct Mohr’s circle is #5
Ty, >0

o, <0, o,=0

+
Oqvg = (O'x Z_Jy) <0

IL
Consider stress states (a) and (b) shown above, with |gy| > |, ]. Let (|‘r|max‘abs)a and (|‘r|max’abs)b
represent the absolute maximum shear stress corresponding to stress states (a) and (b), respectively.
Choose the response below that describes the relative sizes of these stresses.
y Y
[ (o))
X
s, 25 ¢c0 o o 6, <(0C5,

Stress state (a) Stress state (b)

1 (I7hmarans), > (ITlmaxass), em &99\ 3 “\&Alb C.Ckﬁg% 1V
i (IThaxass), = (ITlmaxass), '
(Ithnaxavs), < (I7lmaxas), d’“’“‘*’“: (Q ‘ o 3

wac, G4





