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Problem ## (25 points) 

A small boat is suspended by a davit-like lifting system.  The boat hangs from two curved davits 
(arched metal arms), one on each side.  The davits support the boat through vertical hanging 
cables ending in ring-shaped connectors.  The load on each cable is equal to P.  The davits are 
fixed to a platform at A and have a solid squared cross-section of side d.   

 

a) Determine the internal reactions at the cut labeled B. Classify the reaction forces as either 
axial, or shear forces, and the reaction moments as either bending moments, or torsion. 
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b) Determine and list the stresses induced at locations “a”, and “b” on the cross section at B 

due to each reaction calculated in a).  
Leave your answer in terms of P, H, and d. 

 

Internal resultant “a” “b” 
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c) Draw separate stress elements for “a” and “b”, and indicate both direction, and magnitude 

of the stresses induced. 

 stress element at ‘a’ 

 
 

 

 stress element at ‘b’ 
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PROBLEM NO. 2 – 25 points max. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The xy-components of a state of plane stress are shown in the figure below left. The in-plane Mohr’s 
circle for this state of stress is shown in the figure below right, where ! = 53.13°. 
 
For this problem, you are asked to do the following: 
 

a) Determine the principal components of stress ((!"	*+,	(!#) and the maximum in-plane shear 
stress. 
 
 
 
 
 
 
 
 
 
 

b) Draw the two out-of-plane Mohr’s circles on the Mohr’s circle figure provided above. 
 
 
 
 
 
 
 
 

c) Determine the absolute maximum shear stress for this state of stress. 
 
 
 
 
 

SOLUTION

I ex

EYE III a
Jp Gave R 10MPa

Tpa Tave R 704Pa

Imax abs radius of the largestMohr's circle
4 30 35M Pa
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d) Determine numerical values for the xy stress components of ($ , (%	*+,	.$%. 
 
 
 
 
 
 
 
 
 
 
 

e) What is the smallest counterclockwise angle through which the stress element must be rotated 
in order to expose the principal stress (!"? 
 
 
 
 
 
 
 
 
 

f) What is the smallest counterclockwise angle through which the stress element must be rotated 
in order to expose the largest magnitude in-plane maximum shear stress, |.&'$,)*+,'*-|? 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

From figure
Tx Ta ve t 12050 40 30606 224Pa

Ty Fave 12050 40 300 6 58M Pa

Ixy R Sino 300 8 24M Pa

2Op 3600 0 360 53 130 306.870

Op 31287 153.440

drop
X

2"!" = 180° − ) = 180° − 53.13° = 126.87°	 ⇒ 	 "!" = 63.44°

and the principal stress #!"? 
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PROBLEM NO. 4  
Part 4A (4 points) 
Two cantilevers have the same length L and have a transverse load applied at the end. The two beams 
have the same cross-sectional area A, but one has a circular cross-section and the other has a square 
cross-section. 

 
 
 
4A.i  Which beam has a larger maximum shear stress? 

3890,: > 	 3890,<  

3890,: = 	 3890,<  

3890,: < 	 3890,<  
 
 
4A.ii  Which beam has a larger maximum flexural stress? 

(890,: > 	(890,<   

(890,: = 	(890,<  

(890,: < 	(890,<   
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Part 4B (1 point) 
Two cantilevers have a transverse load applied at the end. Both have the same square cross-sections, 
but they have different lengths. For which beam is the equation for shear stress (3 = >?∗AB∗/DE) the 
most accurate? (circle one) 

 
 
 
 
 
Part 4C (4 points) 
A beam is made of two materials that have different Young’s moduli F* and F/.  
 
4C.i  When a transverse load is applied to the beam (7*), 
the external reaction(s) depend on the value of the Young’s 
modulus F/. 
 

TRUE        FALSE 
 
 
 
 
 
4C.ii  When an axial load is applied to the beam (7/), the 
external reaction(s) depend on the value of the Young’s 
modulus F/. 
 

TRUE        FALSE 
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Part 4D (6 points) 
The axial system below will be analyzed using the finite element method using 4 nodes. 

 

 
 
4D.i  Fill in the missing terms of the stiffness matrix prior to the enforcement of the boundary 
conditions: 
 

 [H] 	= J:
KL M

1 −1
__ 4

0 0
−3 0

0 __
__ __

__ −2
__ __

Q  

 
 
4D.ii  Fill in the force vector prior to the enforcement of the boundary conditions: 
 

    {S} = M
1___	
1___
1___
1___

Q 

 
4.D.iii  If the number of nodes was increased to 8, the accuracy of the finite element calculations 
would improve (circle one). 
 
 TRUE          FALSE 
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Part 4E (4 points) 
A column is long and slender so that it undergoes Euler buckling. The column is pinned on both ends 
and has a diameter of D, a length of L, and a Young’s modulus of E. 
 
4E.i  If the column is fixed on both sides, how does the critical buckling force change? (circle one)  

7UV,WX0YZ[WX0YZ = 47UV,\X]]YZ[\X]]YZ  

7UV,WX0YZ[WX0YZ = 27UV,\X]]YZ[\X]]YZ  

7UV,WX0YZ[WX0YZ = 7UV,\X]]YZ[\X]]YZ/2 

7UV,WX0YZ[WX0YZ = 7UV,\X]]YZ[\X]]YZ/4 

None of the above 
 
 
 
 
 
 
 
 
 
4E.ii  If the Young’s modulus of the pinned-pinned column is doubled to 2E, how does the critical 
buckling force change?  (circle one) 
 

7UV,/J = 47UV,J  

7UV,/J = 27UV,J  

7UV,/J = 7UV,J/2 

7UV,/J = 7UV,J/4 

None of the above 
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Part 4F (6 points) 
 

 
 
 
4F.a A spherical pressure vessel has positive pressure inside and is made of a 
brittle material with (^_ > (^`.  
 

4F.a(i)  Circle the correct Mohr’s circle for this stress state: 
  A     B     C     D     E     F     G 
 
4F.a(ii) What is the condition for failure? (circle one) 
()* = (^`                             abcade

= abf
adg

+ 1                                  ()/ = (^_  

 
 
 
 
 
 
 
 
 
4F.b A circular bar has a tensile force and a torque applied 
and is made of a brittle material with (^_ > (^` .  
 

4F.b(i)  Circle the correct Mohr’s circle for this stress 
state: 
 A     B     C     D     E     F     G  
 
4F.b(ii)  What is the condition for failure? (circle one) 
()* = (^`                             abcade

= abf
adg

+ 1                                   ()/ = (^_  


