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Problem 2. (25 points) To receive full credit, please show your work including FBDs. 

2A. Given: Two systems are given as the figure shown below. In each system, a bar has an axial load 
of 𝐹 applied on the right end and fixed to a wall on the left end with Young’s Modulus of 𝐸  and 𝐸  
respectively. The cross section of the bar in System 1 is a square with each edge length of 𝑑. The cross 
section of the bar in System 2 is a circle with a diameter of 𝑑. Both bars have the same length 𝑙.  
Please answer the following question by circling the correct choice in each given scenario (5 pts) 

 
If 𝐸 = 𝐸 , which of the following is true regarding the normal stress due to the axial load? 

A. 𝜎 > 𝜎  
B. 𝜎 = 𝜎  
C. 𝜎 < 𝜎  
D. Not enough information is given to compare 𝜎 and 𝜎 . 

If 𝐸 > 𝐸 , which of the following is true regarding the normal stress due to the axial load? 

A. 𝜎 > 𝜎  
B. 𝜎 = 𝜎  
C. 𝜎 < 𝜎  
D. Not enough information is given to compare 𝜎 and 𝜎 . 

If 𝐸 = 𝐸 , which of the following is true regarding the normal strain due to the axial load? 

A. 𝜖 > 𝜖  
B. 𝜖 = 𝜖  
C. 𝜖 < 𝜖  
D. Not enough information is given to compare 𝜖 and 𝜖 . 

If 𝐸 > 𝐸 , which of the following is true regarding the normal strain due to the axial load? 

A. 𝜖 > 𝜖  
B. 𝜖 = 𝜖  
C. 𝜖 < 𝜖  
D. Not enough information is given to compare 𝜖 and 𝜖 . 

If 𝐸 < 𝐸 , which of the following is true regarding the normal strain due to the axial load? 

A. 𝜖 > 𝜖  
B. 𝜖 = 𝜖  
C. 𝜖 < 𝜖  
D. Not enough information is given to compare 𝜖 and 𝜖 . 
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2B. Given: As shown in the figure below, bar ABC with total length of 2𝐿 is pinned to a wall at end A 
and attached to a cable at end C. A weight of 𝑊 is attached to the bar at the middle B. Pin A is a double-
shear pin with diameter 𝑑. (9 pts) 
Consider that 𝑊 = 800𝑙𝑏𝑠, 𝑑 = 2𝑖𝑛 and 𝐿 = 2𝑓𝑡. 

 
Find:  

a) The resultant force at A. (3 pts) 
b) Shear stress on pin A. (2 pts) 
c) Whether there is normal stress due to Axial Load and Bending on the bar. (No need to show 

your work) 
d) Whether there is shear stress due to Pure Shear and Torsion on the bar. (No need to show your 

work) 
       
   
 
 
 
 
 
 
                           

𝑭𝑨 =   _____________ lbs           (1 pts) 

𝝉𝑨 =   _____________ psi    (1 pts) 

Is there normal stress due to Axial Load?     Yes     No     (Circle one)    (1 pts) 

Is there normal stress due to Bending?     Yes     No     (Circle one)    (1 pts) 

Is there shear stress due to Pure Shear?     Yes     No     (Circle one)    (1 pts) 

Is there shear stress due to Torsion?     Yes     No     (Circle one)    (1 pts) 
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2C. Given: Consider the following beam’s cross-sectional area with the 
given coordinate system. (6 pts) 
 
Find:   

a) Fill out the following table based on the labeled section. (1 pts) 
b) Centroid of the full cross-sectional area. (3 pts) 
c) Use method of section to find 𝐼  of the cross-sectional area. (2 pts) 

 

Section 
Number Area [𝑖𝑛 ] 

𝑦 [𝑖𝑛] 
(𝑦 centroid of the section) 

𝐼  [𝑖𝑛 ] 
(based on the neutral axis of the section) 

1    
2    
3    

                                                 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝒚𝒕𝒐𝒕𝒂𝒍 =   ___________________ in (1 pts) 

𝑰𝒙 =   ___________________ in4 (1 pts) 

18 7 6
18 3 54
24 1 8

At 9in 2in 18 in

Az 6in 3in 18in
As Rinx 2in 241m

joy 18 7 18 3 24 1 11 2.6 in
18 18 24

Ix 9.23 6in4

1 2 3 63 54in

1 3 12 23 Sink

Itotx Ix 18 17 26 1 2 18 3 2.614 1 3 24 1 1 2.672

730,4 in4

26

730.4
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2D. Given: Consider the shaded area shown. (5 pts) 
 
Find:  (a) Using the method of integration determine the moment of inertia of the area enclosed by 

function 𝑦 = 𝑥 and 𝑦 = 𝑥  about the given x-axis. Length units are in meters. (4 pts) 
 (b) Intuitively, do you expect the moment of inertia about the y axis 𝐼  to be larger, the same or 

smaller than 𝐼 .  No work need be shown. (1 pt) 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

𝑰𝒙 =   ___________________ m4 (1 pts) 

𝑰𝒙 > 𝑰𝒚           𝑰𝒙 = 𝑰𝒚            𝑰𝒙 < 𝑰𝒚       (Circle One) (1 pts) 

141 X x2 X 0 or L
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2
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PROBLEM 3. (25 points)  
Given:  Consider the following shaft under torsion. Section AB has an outer diameter of 2𝑑 and a 
circular hollow with diameter of d. Section BC is a solid cylinder with diameter of 𝑑. Use the following 
parameters: 𝐿 = 2𝑚, 𝑑 = 2𝑚. Feel free to include 𝜋 in your expression. 

 
Find: 

a) Assume 𝑇 is known and is given in 𝑘𝑁, determine the magnitude of torque carried by Section 
AB and BC. (2 pts) 

 
 
 
 
 
 

 
 

b) Determine the polar moment of inertia for Section AB and BC. (4pts) 
 
 
 
 
 
 
 
 
 
 
 
 

|𝑻𝑨𝑩| = __________________________ kN           (1 pt) 

|𝑻𝑩𝑪| = __________________________ kN    (1 pt) 

𝑱𝑨𝑩 = __________________________ m4            (1 pt) 

𝑱𝑩𝑪 = __________________________ m4    (1 pt) 

8

A B C
TBC 4T TAB a T

TBT 4T
TAB 3T 47 0 TAB T

T m

4T m
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c)  Assume 𝑇 is known and is given in 𝑘𝑁, determine the maximum and minimum magnitude and 
location(s) of shear stress on Section AB. (8 pts) 

 
 
 
 
 
 
 
 
 
 

d)  Assume 𝑇 is known and is given in 𝑘𝑁, determine the maximum and minimum magnitude and 
location(s) of shear stress on Section BC. (8 pts) 

 
 
 
 
 
 
 
 
 
 
 
 

|𝝉𝑨𝑩|𝒎𝒂𝒙 = __________________________ kPa            (1 pt) 

|𝝉𝑨𝑩|𝒎𝒂𝒙 location(s): (2 pts) 

|𝝉𝑨𝑩|𝒎𝒊𝒏 = __________________________  kPa            (1 pt) 

|𝝉𝑨𝑩|𝒎𝒊𝒏 location(s): (2 pts) 

|𝝉𝑩𝑪|𝒎𝒂𝒙 = __________________________  kPa          (1 pt) 

|𝝉𝑩𝑪|𝒎𝒂𝒙 location(s): (2 pts) 

|𝝉𝑩𝑪|𝒎𝒊𝒏 = __________________________  kPa             (1 pt) 

|𝝉𝑩𝑪|𝒎𝒊𝒏 location(s): (2 pts) 

m

TABmax N.mn If kPa KPa

TABMin d
KPa

Outside layerofthe AB section

Inside layer hollow of the ABsection
M

Iemax d 8 KPa

Bemin 0

8

OutsidelayerofBCsection

0

Centerline neutral axis of BCsection
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e) If the material of both Sections fails at 𝜏  given in 𝑘𝑃𝑎, what is the maximum allowable value 
for 𝑇 when the design requires a Factor of Safety of 2. (3 pts) 
(Hint: Your expression for 𝑇 should include 𝜋 and 𝜏  and be in units of 𝑘𝑁. 

 
 
 
 
 
 
 

 

 

  

|𝑻|𝒂𝒍𝒍𝒐𝒘𝒆𝒅 = __________________________  kN        (1 pt) 

Bcmax 8 If
8 If

T if

TEY m










