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Name (Print)________________________________________________________________ 
    (Last)    (First) 
 

ME 323 - Mechanics of Materials 
Exam # 2 

November 4, 2015  
6:30 – 7:30 PM 

 
Instructions: 

Circle your lecturer’s name and your class meeting time. 

 Krousgrill  Gonzalez Ghosh Zhao 
 11:30AM-12:20PM 12:30-1:20PM 2:30-3:20PM 4:30-5:20PM 
 

Begin each problem in the space provided on the examination sheets.  If additional space is required, 
use the yellow paper provided. 

Work on one side of each sheet only, with only one problem on a sheet.  

Write your name on every sheet of the exam. 

Please remember that for you to obtain maximum credit for a problem, you must present your solution 
clearly. 

Accordingly, 

! coordinate systems must be clearly identified, 
! free body diagrams must be shown, 
! units must be stated, 
! write down clarifying remarks, 
! state your assumptions, etc. 

If your solution does not follow a logical thought process, it will be assumed that it is in error. 

When handing in the test, make sure that ALL SHEETS are in the correct sequential order. 

Remove the staple and restaple, if necessary. 

 
  Prob. 1 ______________________ 
 
 
  Prob. 2 ______________________ 
 
 
  Prob. 3 ______________________ 
 
 
 
 
  Total ________________________ 
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ME 323 - Final Exam Name   

December 15, 2015 Instructor (circle) 
 
 
PROBLEM NO. 4 – Part F (3 points max.) 
 

 
 
A thin-walled tank (having an inner radius of r and wall thickness t) constructed of a ductile material 

contains a gas with a pressure of p. A rigid cap of weight   W = 3π pr2  rests on top of the tank. Ignore 
the weight of the tank. Determine the principal components of stress in the wall of the tank. 

rigid cap of weight W

t

r

g

Problem	4C	–	3	points	

	
A weld is used to join two sections of a closed, thin-walled tank, with the weld line being 
at an angle of  θ  with respect to the x-axis, as shown above. Circle the weld line angle θ  
below that produces the largest in-plane shear stress along the weld: 

i)  θ = 0   

ii)  θ = 22.6°   

iii)  θ = 30°   

iv)  θ = 45°  

v)  θ = 60°  

vi)  θ = 67.4°  

vii)  θ = 90°  

viii) none of the above 

ix) more information about the problem is needed in order to answer this question 
	
	 	

xa	

y

weld	line	

θ
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ME 323 Examination #2     SOLUTION 

November 14, 2017  
 
 
PROBLEM NO. 4 - PART C  – 4 points max. 

 

 
 
Consider the thin-walled pressure vessel above that contains a gas under a pressure of p. The vessel is attached 
to a fixed support at B and has a plate of weight W attached to it at end C. Ignore the weight of the vessel. 
Determine the weight W of the plate for which the maximum in-plane shear stress in the vessel at point “b” is 
zero. 
 
SOLUTION 

 
σ h =

pr
t

  

  
σ a = pr

2t
+ W

2πrt
  

For zero maximum in-plane shear stress: 

  
R = 0 =

σ x −σ y

2

⎛

⎝
⎜

⎞

⎠
⎟

2

+τ xy
2 =

σ h −σ a
2

⎛
⎝⎜

⎞
⎠⎟

2

+ 0 =
σ h −σ a

2
⇒ σ h =σ a ⇒   

  
pr
t

= pr
2t

+ W
2πrt

⇒ W = π pr2   

  
  

B

C

x

t 2r

W

b

g
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ME 323 Final Exam    Name ___________________________________ 
May 3, 2017 
 
 
PROBLEM NO. 4 – PART C – 4 points max. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A thin-walled tank (having an inner radius of r and wall thickness t) contains a gas with a pressure of p. A rigid 

cap of weight   W = 2π pr2   rests on top of the tank. Ignore the weight of the tank. Determine the maximum in-
plane shear stress in the tank wall.  
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ME 323 Final Examination Name ___________________________________ 

August 6, 2015 
 
 
PROBLEM NO. 6 – 8 points max. 
 

 
 

A thin-walled tank (having an inner radius of r and wall thickness t) constructed of a ductile material 
contains a gas with a pressure of p. A rigid cap of weight   W = 2π pr2  rests on top of the tank. Ignore 
the weight of the tank. If the tank fails under this loading, on what plane will the failure occur 
(describe the orientation of this plane relative to the horizontal)? With your answer, include a sketch of 
the Mohr’s circle for the stress in the tank wall.  

rigid cap of weight W

t

r

g
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Conceptual	question	13.2	

Conceptual	question	13.3	
	
	 	

 

Problem	No.	4A	–	3	points	

	
Consider stress states (a) and (b) shown above, with 

 
σ1 > σ 2 . Let 

  
τ

max,abs( )
a

 and 

  
τ

max,abs( )
b
 represent the absolute maximum shear stress corresponding to stress states 

(a) and (b), respectively. Circle the response below that describes the relative sizes of 
these stresses: 

i) 
  
τ

max,abs( )
a
> τ

max,abs( )
b
  

ii) 
  
τ

max,abs( )
a
= τ

max,abs( )
b

  

iii) 
  
τ

max,abs( )
a
< τ

max,abs( )
b
  

iv) more information about the stress states is needed in order to answer this question 
	
	
	
	 	

x

y

σ1

σ 2

σ 2

σ1
x

y

σ1

σ 2

σ 2

σ1

stress	state	(a)	 stress	state	(b)	
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Conceptual	question	13.4	

	 	

ME 323 – Final examination    Name ____________________________________ 
  (Print)                 (Last)                  (First) 

December 14, 2016 Instructor ________________________________ 
	

Problem 4 – PART	A	(6	points):	
A	steel	cylindrical	specimen	is	subjected	to	tension	until	ductile	failure	is	observed.		
	

	
	
Circle	the	correct	answer	in	the	following	statements:	
	
(a) The	state	of	stress	of	a	point	on	the	top	fiber	of	the	specimen	is	represented	by	the	

following	Mohr’s	circle:	

	
(i)       (ii)         (iii)                  (iv) 

	
	
	
(b) The	state	of	stress	of	a	point	on	the	bottom	fiber	of	the	specimen	is	represented	by	the	

following	Mohr’s	circle:	

	
(i)       (ii)         (iii)                   (iv) 

	
	
(c) Before				/				After						necking	occurs,	a	crack	oriented	at						0°					/					45°					/					90°						from	the	

(i) 						(ii)							 	 													(iii)											(iv)													(v)	

direction	of	loading	will	develop.	
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Conceptual	question	13.5	

	 	

ME 323 – Final examination    Name ____________________________________ 
  (Print)                 (Last)                  (First) 

December 14, 2016 Instructor ________________________________ 
	

Problem 4 – PART	B	(6	points):	
A	concrete	slab	is	subjected	to	bending	until	brittle	failure	is	observed.	As	in	most	
brittle	materials,	the	ultimate	compressive	strength	is	larger	than	the	ultimate	tensile	
strength.	
	

	
	
Circle	the	correct	answer	in	the	following	statements:	
	
(a) The	state	of	stress	of	a	point	on	the	top	face	of	the	specimen	is	represented	by	the	

following	Mohr’s	circle:	

	
(i)       (ii)         (iii)                 (iv) 

	
	
(b) The	state	of	stress	of	a	point	on	the	bottom	face	of	the	specimen	is	represented	by	the	

following	Mohr’s	circle:	

	
(i)       (ii)        (iii)                  (iv) 

	
	
(c) The	first	cracks	develop	on	the				top	face	/	bottom	face			and	are	oriented		vertically/				
											 (i)	 							(ii)																																																	(iii)	

obliquely		/		horizontally.	
					(iv)																		(v)	

  

M M
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ME 323 Examination #2     SOLUTION 

November 14, 2017  
 

 
PROBLEM NO. 4 - PART D  – 4 points max. 
 

 
Consider the state of plane stress shown above left where the two normal components of stress,  σ x  and  

σ y , are 

unknown. The Mohr’s circle for this state of stress is provided in the figure above right. Determine numerical 
values for the two normal components of stress  σ x  and  

σ y . There may be more than one set of answers; you 

need only find one set. 
 
SOLUTION 
From the above Mohr’s circle, we see that: 

  

σ ave =
12+ 2

2
= 7 ksi

R = 12− 2
2

= 5 ksi
  

Therefore: 

  
σ ave =

σ x +σ y

2
⇒ σ x +σ y = 2σ ave = 14 ksi   

  

R =
σ x −σ y

2

⎛

⎝
⎜

⎞

⎠
⎟

2

+τ xy
2 ⇒

σ x −σ y

2

⎛

⎝
⎜

⎞

⎠
⎟

2

+τ xy
2 = R2 ⇒

σ x −σ y = ± 2 R2 −τ xy
2 = ±2 52 − −4( )2 = ± 6ksi

  

Choosing the “+” sign and solving gives:   σ x = 10 ksi  and   
σ y = 4 ksi . 

Choosing the “-” sign and solving gives:   σ x = 4 ksi  and   
σ y = 10 ksi . 

 
  
  

σ

τ
  12 ksi  2 ksi

 x

 y

  σ x = ?

  
σ y = ?

  4 ksi
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ME 323 Final Exam    Name ___________________________________ 
May 3, 2017 
 
 
PROBLEM NO. 4 – PART A – 5 points max. 
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ME 323 Examination #2    Name ___________________________________ 
July 22, 2016 
 
 
PROBLEM NO. 4 - PART A  – 6 points max. 

 

The Mohr’s circle for a stress state is presented above.  

a) Determine the values of   
σ x ,σ y and τ xy for this stress state. 

b) What is the maximum absolute shear stress for the stress state? 

c) What is the smallest counter-clockwise rotation of the stress element above that will show the 
principal stresses on its faces?  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

60°

60 MPa

σ

τ

y − axis

40 MPa

x

y

σ x

σ y

τ xy
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ME 323 Examination # 1    Name ___________________________________ 

July 2, 2015 
 
 
PROBLEM NO. 4 - PART B  – 5 points max. 
For the state of plane stress shown below, it is known that 

 
τ xy = τ yx  when: 

a) the stress state is in the linear elastic range. 
b) the stress state corresponds to yielding or below. 
c) the stress state corresponds to necking or below. 
d) the stress state corresponds to rupture or below. 
e) always (all of the above). 
f) never: 

 
τ xy = τ yx at no states of stress. 

 
 
  

x

y

σ xσ x

σ y

σ y

τ xy

τ xy

τ yx

τ yx
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Conceptual	question	13.9	
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ME 323 Examination # 2    Name ___________________________________ 

July 19, 2017 
 
 
PROBLEM NO. 4 - PART C  – 3 points max. 
 

 
 

The stress element for a particular state of stress is shown above. Let 
  
τ

max,in− plane
 and 

  
τ

max,abs
 represent the 

maximum in-plane shear stress and the absolute maximum shear stress, respectively, that corresponds to this 
state of stress. Circle the answer below that most accurately represents the relative sizes of 

  
τ

max,in− plane
 and 

  
τ

max,abs
: 

a) 
  
0 < τ

max,in− plane
< τ

max,abs
  

b) 
  
0 = τ

max,in− plane
< τ

max,abs
  

c) 
  
0 < τ

max,abs
< τ

max,in− plane
  

d) 
  
0 = τ

max,abs
< τ

max,in− plane
  

e) 
  
0 < τ

max,in− plane
= τ

max,abs
  

f) 
  
0 = τ

max,in− plane
= τ

max,abs
  

g) More information is needed about the state of stress in order to answer this question. 
 
 

  

x

y

σ 0

σ 0
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ME 323 Examination # 2    Name ___________________________________ 

July 19, 2017 
 
 
PROBLEM NO. 4 - PART D  – 6 points max. 
 

 
 
A cantilevered beam is loaded with a transverse force P and an axial torque T at its left end. Consider points “a”, 
“b” and “c” on a cross section of the beam. In this problem, you are asked to match the stress state at each point 
with a Mohr’s circle (Mohr’s circles #1-#7). For this, circle the Mohr’s circle below that matches each cross 
section point: 

• Point “a”:  Mohr’s circle      #1       #2      #3      #4      #5      #6      #7 

• Point “b”:  Mohr’s circle      #1       #2      #3      #4      #5      #6      #7 

• Point “c”:  Mohr’s circle      #1       #2      #3      #4      #5      #6      #7 
 

 

P

T

a

b

c

a

b

c

τ

σ

Mohr’s	circle	#1	

τ

σ

Mohr’s	circle	#2	

τ

σ

Mohr’s	circle	#4	

τ

σ

Mohr’s	circle	#3	

τ

σ

Mohr’s	circle	#5	

τ

σ

Mohr’s	circle	#7	

τ

σ

Mohr’s	circle	#6	
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ME 323 - Final Examination    Name ___________________________________ 

August 2, 2017 
 
 
PROBLEM NO. 4 - PART A  – 2 points max. 

 
Consider the state of stress shown above in a ductile material. Let  σ MSS  and  σ MDE  be the values of the 

normal stress σ  above that correspond to failure of the material using the maximum shear stress and maximum 
distortional energy theories, respectively. Circle the answer below the best describes the relative sizes of  σ MSS  

and  σ MDE . Provide a written explanation for your answer. 

a)  σ MSS <σ MDE   

b)  σ MSS =σ MDE   

c)  σ MSS >σ MDE   

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

σ
x

y

τ

x

y
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ME 323 - Final Examination    Name ___________________________________ 

August 2, 2017 
 
 
PROBLEM NO. 4 - PART B  – 2 points max. 

 
Consider the state of stress shown above in a ductile material. Let  τ MSS  and  τ MDE  be the values of the shear 

stress τ  above that correspond to failure of the material using the maximum shear stress and maximum 
distortional energy theories, respectively. Circle the answer below the best describes the relative sizes of τ MSS  

and  τ MDE . Provide a written explanation for your answer. 

a)  τ MSS < τ MDE   

b)  τ MSS = τ MDE   

c)  τ MSS > τ MDE   

 
 

 
  

σ
x

y

τ

x

y



Conceptual	questions	 53	 ME	323	
	

Conceptual	question	15.3	
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ME 323 - Final Examination    Name ___________________________________ 

August 2, 2017 
 
 
PROBLEM NO. 4 - PART E  – 4 points max. 
 

 
 
Loading (not shown) acting on the structural member above produces the x-y components of the state of stress 
for point “a” shown above. This state of stress is known to have produced failure in the ductile material of the 
structural member at point “a”. What is the angle θ  that defines the failure plane at point “a”? 

 
  

 a
 x

 y

 a   45 ksi

  15 ksi

  40 ksi

 failure plane at a

θ
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Name (Print)________________________________________________________________ 
    (Last)    (First) 
 

ME 323 - Mechanics of Materials 
Exam # 2 

November 4, 2015  
6:30 – 7:30 PM 

 
Instructions: 

Circle your lecturer’s name and your class meeting time. 

 Krousgrill  Gonzalez Ghosh Zhao 
 11:30AM-12:20PM 12:30-1:20PM 2:30-3:20PM 4:30-5:20PM 
 

Begin each problem in the space provided on the examination sheets.  If additional space is required, 
use the yellow paper provided. 

Work on one side of each sheet only, with only one problem on a sheet.  

Write your name on every sheet of the exam. 

Please remember that for you to obtain maximum credit for a problem, you must present your solution 
clearly. 

Accordingly, 

! coordinate systems must be clearly identified, 
! free body diagrams must be shown, 
! units must be stated, 
! write down clarifying remarks, 
! state your assumptions, etc. 

If your solution does not follow a logical thought process, it will be assumed that it is in error. 

When handing in the test, make sure that ALL SHEETS are in the correct sequential order. 

Remove the staple and restaple, if necessary. 

 
  Prob. 1 ______________________ 
 
 
  Prob. 2 ______________________ 
 
 
  Prob. 3 ______________________ 
 
 
 
 
  Total ________________________ 
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  Prob. 1 ______________________ 
 
 
  Prob. 2 ______________________ 
 
 
  Prob. 3 ______________________ 
 
 
 
 
  Total ________________________ 

  
  

ME 323 - Final Exam Name   

December 15, 2015 Instructor (circle) 
 
 
PROBLEM NO. 4 – Part C (4 points max.) 

 
 
Columns A, B and C shown above are made of the same material (Young’s modulus of E) and have 
the same circular cross-section. The same compressive axial load P is applied to each column. 

a) Determine the critical load for in-plane buckling for each column. 

b) For which column is the critical load the least? 
 
 
  

column'A'

2 ft

P

P

3 ft

column'B'

P

2 ft

column'C'
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Conceptual	question	18.5	

	
	
	
	 	

ME 323 – Final examination    Name ____________________________________ 
  (Print)                 (Last)                  (First) 

December 14, 2016 Instructor ________________________________ 
	
Problem 4 – PART	D	(4	points):	
	

	
Cylindrical	columns	A,	B,	C	and	D	shown	above	are	made	of	the	same	material	
(Young’s	modulus	of	E	and	yield	stress	of	!! = !/100)	and	have	the	same	circular	
cross-section	of	radius	R.	A	compressive	axial	load	P	is	applied	to	each	column.	

The	critical	buckling	loads	!!"! ,	!!"! ,	!!"! ,	and	!!"! 	for	columns	A,	B,	C,	and	D,	respectively,	
are	such	that:	

(i) !!!!!/2 > !!"! >  !!"!  >  !!"!  > !!"! 	

(ii) !!"! >  !!"! >  !!"!  >  !!"!  	

(iii) !!!!! > !!"! > !!!!!/2 >  !!"!  >  !!"!  > !!"! 	

(iv) !!"!  >  !!"!  >  !!"!  >  !!"! 	

(v) !!"!  >  !!"!  >  !!"!  >  !!"! 	

(vi) None	of	the	above.	
	

(A) (B) (C) (D)

2R2R 2R

2R

L/R=50L/R=50 L/R=50 L/R=10

P

P P

P
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Conceptual	question	18.6	

	
	
Conceptual	question	18.7	
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ME 323 - Final Examination    Name ___________________________________ 

August 2, 2017 
 
 
PROBLEM NO. 4 - PART G  – 6 points max. 
 

 
 
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 
and each column has the same circular cross section.  

a) Which column has the largest critical Euler buckling load?    A    B    C    D 

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

c) Which column has the smallest critical Euler buckling load?    A    B    C    D 

 

 

A	

 P

  L / 2

 P

 L

 P

 L

 P

  L / 3

B	 C	 D	
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ME 323 Final Examination    Name ___________________________________ 

August 2, 2018 
 
 
PROBLEM NO. 4 - PART A  – 3 points max. 
Consider a column that is loaded with a compressive axial load P. The material of the column has a 
yield strength of   σY = 60 ksi . The applied load produces an axial stress having a magnitude of 

  
σ x = 40 ksi . It is desired to determine the largest length of the column for which the column will not 

buckle under this load of P. Should you use the Euler theory or the Johnson theory in your buckling 
analysis? Explain. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PROBLEM NO. 4 - PART B  – 3 points max. 
Consider the column shown below with a length   L = 100 in  that is loaded with a compressive axial 

load P. The material of the column has a Young’s modulus   E = 30×103 ksi  and a yield strength of 

  σY = 40 ksi . The column cross section has a second area moment of   I = 10 in4  and an area of 

  A = 10 in2 . It is desired to determine the in-plane critical buckling load  Pcr . Should you use the Euler 
theory or the Johnson theory in your buckling analysis? Explain. 
  

 P

 L
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Conceptual	question	18.8	
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ME 323 Final Examination    Name ___________________________________ 

August 2, 2018 
 
 
PROBLEM NO. 4 - PART A  – 3 points max. 
Consider a column that is loaded with a compressive axial load P. The material of the column has a 
yield strength of   σY = 60 ksi . The applied load produces an axial stress having a magnitude of 

  
σ x = 40 ksi . It is desired to determine the largest length of the column for which the column will not 

buckle under this load of P. Should you use the Euler theory or the Johnson theory in your buckling 
analysis? Explain. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PROBLEM NO. 4 - PART B  – 3 points max. 
Consider the column shown below with a length   L = 100 in  that is loaded with a compressive axial 

load P. The material of the column has a Young’s modulus   E = 30×103 ksi  and a yield strength of 

  σY = 40 ksi . The column cross section has a second area moment of   I = 10 in4  and an area of 

  A = 10 in2 . It is desired to determine the in-plane critical buckling load  Pcr . Should you use the Euler 
theory or the Johnson theory in your buckling analysis? Explain. 
  

 P

 L


