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PROBLEM #1 (25 pts)

The compressed-air tank is fabricated of steel plate that is welded along a helix that makes
an angle of f=60° with respect to the longtigudinal axis of the tank. The inside diameter of
the cylinder is 48 inch, the wall thickness is 0.5 inch, and the internal pressure is 200 psi.
(a) Determine the axial stress o, and hoop stress o, .

(b) Draw the Mohr’s circle on the given graph.
(c) Use Mohr’s circle to determine

(i) the principal stresses ( 0,,0,,0;), and the absolute maximum shear stress 7*”

max *

(ii) the stresses in the directions perpendicular (n) and tangent (t) to the weld. Mark the

two stress states on Mohr’s circle. And show the stressesin a properly oriented stress
element.

(d) Knowing that the Young’s modulus of steel is E=29x10° psi and the Poisson’s ratio is
v=0.3, determine the strain &t tangent to the weld.
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PROBLEM #2 (25 points)

The effect of driving a screwdriver is represented by the cylinder with the
/'/ applied force P and torque T at the tip. The cylinder has a radius R and a
length L = 207R, and it is made of a material with a yield strength equal to

§ oy and a Young’s modulus equal to E = 5000y. The cylinder can be
e modelled as being fixed to a wall at one end (x = 0), and loaded axially by a
‘ compressive force P and by a positive torque T = SPR on the other end (x =
L).
A y
7 y
o T = PR B4
> X e
P z
7 . .
circular cross-section
) L = 20mR R with radius R

a) Determine the state of stress at point B located at a radial 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.

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

<

c) Calculate the principal stresses and the absolute = t}.J
maximum shear stress at point B.
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d) Determine the Von Mises equivalent stress at point B. Express the stress in terms of P
and R.

GW\ 3‘/—&.“0-00_1. "'ral

o -
= 2 [(0.18) = (0. 610)(~ 1. €12) + (1.618)*

—
=2APTR®
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 ay. i el?
Tm =0y =7z

: F/P
Kube:f_Z_P_ - 0. 748 q‘if

7 Gy
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f) Do you expect the Maximum shear stress theory to result in a larger or smaller value R
than the one predicted in part e)? Explain your answer. -
mD g,

MSS iy mere conservative Fha

n R,
so it will vesy 6t i~ LARGER

g) 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.

Ppr = ntedl Fixed- frae B.Cs
(Le)® _ v‘-e““—
"Pcr - 753'(6‘000'-3)(’_‘“5)
(40 TR)=
=0.018 G-Y TR

P
- ’ P - 2.02)—
R = 5.018 T U3y Ty
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h) Utilizing the results from (e) and (g), determine the smallest radius that will prevent both

yielding and buckling of the cylindrical body. P
> Uy

59 ”'L&- ewfef' Ré
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PROBLEM #3 (25 points)

BCD is an “L-shaped” structure made of a solid cylindrical rod with a diameter of d that is
fixed to a wall at node B. A force of 2P is applied in the negative z-direction at node D and a
force of P is applied in the negative x-direction at node C. The structure is made of a
material with a Young’s modulus of E and a shear modulus of G.

P‘-““‘C :\' ¢ : -
4 ‘.‘\ P*T.J ®2P

Y

Z,/TW;;?”

(a) Determine the internal reactions at cross-section H.

b

Y,
12 SRS

v z
n.‘lnh .
B b

Vol
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(b) Determine the stresses at points a and b (which are located on the cross section at H)

and write them in Table 1.

Table 1
Loading Stress component a Stress component b
: - ST
F'K =0 O 0O
s - T = —q 3? - __3;9
E -3 R O
= M ol
My =-2L O % J w&L
A.
= WL e = -0 L 330 :Q?L(ol,: L
My s L S o 5 8
= - () 39
Mz = fL T‘G T}_ = 0
Y = =N\ % M
1 & Ty
k. 2 Y
SN TR O 26

SANNNANY
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(c) Draw the stress element at points a and b.
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PROBLEM #4 - PART A - 2 points

Consider the state of stress shown above in a ductile material. Let oyss and oypg be the
values of the normal stress o above that correspond to failure of the material using the
maximum shear stress and maximum distortional energy theories, respectively. Circle
the answer below that best describes the relative sizes of oyg¢ and oy pg.

D Oyss > Oups O—M - 9: R = —z

-
D g <
MSS = OMDE

©) OMss < OMDE Q‘F. 20—0.’- +2 :G-
S i =0
Up, = &

Ty

b -—— Mg, = M)E
/ / ’

o 1 P (0-"6}‘

— “’

Page 10 of 17



ME323 - Mechanics of Materials

Evam 3 E PURDUE

May 2, 2024 .
Name: SDLUT)D’J UNIVERSITY
(Last) (First)
PROBLEM #4 - PART B - 2 points
Yy
__> T
—

Consider the state of stress shown above in a ductile material. Let 7y;5¢ and typr be the
values of the shear stress T above that correspond to failure of the material using the
maximum shear stress and maximum distortional energy theories, respectively. Circle
the answer below that best describes the relative sizes of tyss and typg-

D Tyss > Tupe G-M =0 RzC

GTP‘-;— <

b) Tymss = TMDE GPO = Z

C
C ) Tmss < TMDE )

Zw.St < Z“aﬁ,
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PROBLEM #4 - PART C - 2 points

O] Q

Consider the truss shown above made up on members (1) and (2).

TRUE ohe stress in member (1) depends on the material makeup of member
(2).
Shresia s do wo
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PROBLEM #4 - Part D - 2 points

@

O] \O) D

3

o]
=

Consider the truss shown above made up on members (1), (2) and (3).

r FALSE: The stress in member (1) depends on the material makeup of members

Se?nd (3).
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PROBLEM # 4 Part E - 6 points

A cylindrical shaft is subjected to a torque T, and a beam of rectangular cross-
section is fixed at one end and loaded with vertical load P on its other end.

’(‘ A

#1

W
N,

-
Tl [~

¢ ()
N

\4
#6 #7 #8 #9 #10

Referring to the ten Mohr’s circles shown above, circle the number of the correct in-plane
Mohr’s

circle for the state of stress at

e PointA: #1 #2 #3 #5 #6 #7 #8 #9 #10
e PointB: #1 #3 #4 #5 #6 #7 #8 #9 #10

e PointC: 41 #2  #3 5 #6 #7 #8 #9  #10
o Py

At A Ak Z Pt €5 )b <
== -

Posut B: __ 1 | —> Page 14 of 17
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PROBLEM #4 - Part F
Stress state 1 Stress state 2 Stress state 3
Y Y Y
t 40, 0 # 40, 0
To —— —_ s
I Og 20, 0 1
« —>—x || < —>—x || —> —x
l | 20,
| |

Consider the states of stress shown above. Let || ;qx,in-piane aNd |T|max,aps represent the

maximum magnitude in-plane and absolute shear stress, respectively, for a given stress
state. Choose the correct responses below for the above three states of stress.

4.F.1 (2 points) - stress state 1 (0o, - [ )

a) |T|max,in—plane > |T|max,abs

a-

(7t Ty 8, e
max,in—plane max,abs -

fore ) bo Z v, ive p lane ‘“"L"
C) TlTmaxjin—plane < [Tlmax,abs Z ’ P

d) More information is needed on g, and t,, in order to answer this.

4.F.2 (2 points) - stress state 2

e) |T|max,in—plane > |T|max,abs

r
f) |T|maxin—nlane= |T|max,abs o - L m‘
G o x )t e
g) |T|max,in—plane < |T|max,abs ' z ! P ‘.h

h) More information is needed on g, and 7, in order to answer this.

4.F.3 (2 points) - stress state 3 ( y 0o, - i‘,)
. ' Jd
l) |T|max,m—plane > |T|max,abs
< J) |T|max,in—plane = |T|max,abs 0-—
k) |ﬂ7nax,in—plane < [Thnax,abs (*20;'19’_ - IS - z h
(= Cwax v plane = Cwana

1) More information is needed on g, and t,, in order to answer this.
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PROBLEM #4 - Part G - 2 points

Consider the beam shown above.

What is the number of redundant reaction loads on the beam? (circle one)

O

Dy
_ Lj? MH
Ma(,i., ) T
5 @k
mc})ms : MB)BQ,CJ: )J)M“

5 unlenswn

o &3@*‘\’“5 _
# "‘ reshiwolat loads = 54 =3
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PROBLEM NO. 4 - PART H - 3 points

P
% N
L
L/2
TN -
A B C D

Consider the four columns (A, B, C and D) shown above with differing boundary
conditions and lengths. The loading is the same for each column, each column is
made up of the same material having a Young’s modulus E and each column has

the same circular cross section of radius R.

a) Which column has the largest critical Euler buckling load? @ BCD

b) Which column has the second largest critical Euler buckling load? A B C @

¢) Which column has the smallest critical Euler buckling load? A B @ D

22X

Pee =10 ——;
Le)* P
> ‘)e;) . p.25L =0 Lagget T
A . Le =LO'S)L »J - -p 3 lerpesy Ter
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