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PROBLEM # 1 (25 points)

A thin-walled pressure vessel shown on Figure 1.a is subjected to an internal pressure which results in
normal stresses o, = 0, = 50 MPa and o, = o, = 100 MPa on its outer surface. An accidental event
causes a torque to be applied on the entire structure resulting in the in-plane stress state at point A on the
structure shown in Figure 1.b. The added unknown shear stress causes point A shown to experience a
maximum in-plane shear stress of Tpax in-piane = 40 MPa. Use this information to provide answers to the
following questions.

(a) Calculate g44,4.

(b) Calculate R, the radius of the Mohr’s circle.
(c) On the grid provided, indicate the center of the Mohr’s circle and draw the Mohr’s circle
corresponding to the state of stress.
(d) On Mohr’s circle draw and label the x and y axes.
(e) Use this_Mohr’s circle to calculate:
1. The principal stresses in the x-y plane.
ii. The absolute maximum shear stress.
iii.  The shear stress 7, acting in the x-y plane.

iv. Calculate the angle of rotation between the x-axis and the direction of the positive principal
stress. Draw a stress element to show the in-plane principal stresses correctly oriented with
respect to the x-axis.

v. Calculate the angle of rotation between the x-axis and the direction of the positive in plane
maximum shear stress. State whether this rotation angle is measured clockwise or
counterclockwise fromthe x-direction. Draw a stress element to show the in-plane maximum
shear stress and the normal stresses correctly oriented with respect to the x-axis.

(f) What would be the values of the principal stresses if the shear stress applied could be avoided, ie.,
if Ty =0?
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PROBLEM # 2 (25 points)
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A cylindrical deformable body has a radius R and a length L = 20nR, and it made of a material with a
yield strength equal to gy and a Young’s modulus equal to E = 10000y. The cylinder is fixed to a
wall at one end, and it is loaded axially by a compressive force P and by a positive torque T = 2PR on
the other end. The figure illustrates the configuration.

Follow these steps to determine the smallest radius R that will prevent yielding and buckling of the
cylindrical body.

a) Determine the state of stress at point B located at a radial g
distance R from the axis (see figure) on the cross-section located
at x = L. Express the stress components in terms of P and R.

b) Draw the state of stress at point B on the stress element provided. -4

X
c) Determine the Mises equivalent stress at point B. Express the /
stress in terms of P and R. z

d) Is there any other point on the deformable body with a Mises equivalent stress larger than the one
at point B? Answer Yes/No and justify your answer.

e) Utilizing the maximum-distortion-energy failure theory, determine the smallest radius R that will
prevent yielding of the deformable body. Express the smallest radius in terms of P and gy .

f) Utilizing Euler elastic buckling theory, determine the smallest radius R that will prevent buckling
of the deformable body. Express the smallest radius in terms of P and ay.

g) Utilizing the result from (d) and (e), determine the smallest radius that will prevent both yielding
and buckling of the cylindrical body.
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PROBLEM # 1 (cont.)
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PROBLEM #3 (25 points)

¥

Rigid bar AC (having a length of 2L and aligned with the z-axis)) is welded to the top end of
the elastic shaft OC, where shaft OC has a radius of . Loads of P and 3P act at end A of the
bar, where P acts in the negative x-direction and 3P acts in the positive y-direction. In this
problem, we are asked to determine the state of stress at points “a” and “b” on the shaft at
location B (located a distance of L below end C). To this end, complete the following steps:

Part (a): Draw a free body diagram (FBD) of the bar and upper portion of the shaft using the
figure below.
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Problem #3 - continued

Part (b): Using your FBD above, determine the internal resultants acting on this upper
portion of the shaft at B.
MF =B -P=0 = B =P
2 F,=-B,+3P=0 = B =3P
Yy =-Ti-M j- MZI:'+(Lf —2L12)><(—Pf +3F))
0=(-T, +6PL)i+(-M  +2PL)j+(-M,+3PL)k =
-T,+6PL=0 = T =6PL=24Pr
—My +2PL=0 = My =2PL=8Pr

R o>~

-M_+3PL=0 = M _ =3PL=12Pr

Part (¢): Transcribe the internal resultants found above to the figure of the lower portion of
the shaft provided below.

Part (d): Show the resulting stress distributions for the internal resultants on the figures of the
lower portion of the shaft provided below.

T M By

X zZ

top view

front view front view

side view side view
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Problem #3 - continued
Part (e): Complete the table below providing the stress components at “a” and “b” for each of

the internal resultants shown in your figure in Part (c). Express the components in terms of P
and r.

resultant stress @ “a” stress @ “b”
B B
B, . gt
A gr A gr
B
B 4B, af3p)_ 4P 5
£ > 3A 3\gr2) nr?
P Ter (24Pr)r 48P Ter (24Pr)r 48P
T, = =—fb—= — 1T, =—fb—= =
X 17 g 4 2 1 4 2
p_mr /2 mr p wrej2 mr
M r (8pPr)r
M_}' 0'2 = Y = ( ) — 32P 0
I mr*/4 nr?
12Pr)r
MZ 0 o‘l-:MZr:( ) :481)
I #rt/a  gmr?

where: 1:7tr4/4,1 =xr* /2 and A=nr?.

Part (f): Show the components of the state of stress on elements “a” and “b” provided below.
Be sure to include the non-zero components for ALL faces of each element in your sketches.

1P X X
02703=—35 44p ol+o3=49—P
nr Tl—Tz=—2 nr
nr i / 48P
1= 2
r
] Z il Z
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stress element “a” stress element “b”
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PROBLEM # 4 (25 points)

Part A (4 Points):
Circle the loading conditions that produce the given bending moment diagram.

0
M(x) i

AO”C

(A)Z/ﬁ——r—mT o LIy

o el @ T

(c)% lD ' (F)Zu,l.,l.,l,%

Pordodic = M=K () \ Posihasr  vertical
=48 =7 V8 omg W M) consed
X&y \\\e 3:\3&\’{ QF?\\QA
counp\e

= dwnde. (D, | | = Chowse ©

| —

p* %\‘; = v consant




ME 323 — Mechanics of Materials
Final Examination E PURDUE Mechanical Engineering

December 12t 2022 UNIVERSITY

Name (Print)

(Last) (First)

PROBLEM # 4 (cont.)

Part B (6 Points):

B(i) and B(ii) refer to these in-plane Mohr’s circles:

‘ ./# 1\. a Viz a A/# 3\ a /# j.\\ a 1/ i, g
‘ N %_/ */ N N
kﬂ K_/ T T‘ T T

An axial torsion assembly is subjected to torques as shown below:

NN

DR,

Pue
B(i): /‘ 1/ o

SNSU
Choose the Mohr’s circle that corresponds to the loading at point b. (3 Points)

41 42 43 45 46 47 48 49 410

B(ii):

The torsion assembly is subjected to a uniform temperature decrease of AT (the temperature of all
members in the assembly decrease by AT). Choose the Mohr’s circle that corresponds to the loading at
point b after this temperature decrease. (3 Points)

#1 #2 #4 #5 #6 #7 #8 #9 #10
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PROBLEM # 4 (cont.)

Part C (4 points):
The axial structure shown below is analyzed using the finite element approach with four elements. All
elements have a Young’s modulus of E, and the lengths and areas are shown in the figure.

Node (1) (2) (3) (4) (5)
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matrix?
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Part D (3 points):
A beam with a “T-shaped” cross-section is composed of a material that exhibits brittle fracture and has
an ultimate compressive stress that is 4 times larger than its ultimate tensile stress.

(oyc = 40, oyr = o).
% M
y Z ¥
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When the moment is positive (as shown), the moment at which the beam will fail is referred to as
Mg qi1pos- When the moment is negative (oppesité to shown), the moment at which the beam will fail is
referred to as Mg,y 04. HOW are the magnitudes of these two failure moments related?

(a) Mfail,pos > Mfail,neg “‘BQ >7 ‘.\TV .@ \’J.\\\ %‘\\ QV\ \'QN\‘Q\I\.

(b) Megiipos = Mfail,neg
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PROBLEM # 4 (cont.)

Part E (6 Points):

A pressure vessel with hemispherical caps is subjected to a positive pressure of P. Py refers to the
pressure at failure predicted by the maximum shear stress theory. P,y refers to the pressure at failure
predicted by the maximum distortional energy theory.

(1)  Atpoint a, circle the answer that describes the relative sizes of Pyss and Pypg. (3 points)

Pyss < Pype Pyss > Pupe
(i)  Atpoint b, circle the answer that describes the relative sizes of Py g5 and Py pg. (3 points)
Pyss = Pupe Pyss > Pupe
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In the structure shown above, using Castigliano’s second theorem to solve for the slope (also referred
to as angular change, or 0) at D would require:

(a) A dummy load at C ’b\)
(b) A dummy moment at C —_— .e.
(c) A dummy load at D BN\

dummy mament at D
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