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EN358 – Ship Structures
Spring 2004
Asst. Prof. Paul Miller

Final Exam

Instructions

You have 3 hours. You may use your calculator and any books or notes. You may not use a computer to access the internet. Good luck!
True or False? If it is not true, it is false. If you aren’t sure, mark it false and provide your reasons.

(2 points/question, 20 points total)

1.         Required minimum “Factors of Safety” vary depending on uncertainties in loading, material properties, analysis methods and risk of failure.
2. ____ Load eccentricity will cause a column to fail at a lower load.

3.         The basic ship structural design process is to start with the global ship girder bending, then design the frame scantlings, and finally decide the frame spacing.
4.         Oxyacetylene welding does not require an electric power source, making it amenable to field work, but the larger HAZ creates a lower strength joint than MIG or TIG welding.
5. ____The effective area for shear calculations includes the plating, web and flange areas.

6. ____ With membrane stresses the effective modulus increases and the resulting stresses decrease, giving the plate an effective greater strength. This only occurs if the amount of bending exceeds the plate’s short span, “s”.
7. ____Deck crown (camber) allows for more uniform bending stress, counteracting shear lag.

8. ____ In “real life” a structure’s end conditions are never really “fixed” or “pinned”, so a naval architect must check both to find the maximum stress.
9.         When solving for displacements in FEA or matrix methods, the stiffness matrix is inverted. To avoid singularities, the matrix is either partitioned or the zeros are replaced with very small stiffness values.
10.         A well-designed structure will buckle at the same time it yields.
11. (5 pts) Show the weld symbol for a 100% effective butt weld shown below on the 20.4# bottom plating of a ship built with A36.


12. (5 pts) HY80, the primary material used in the hulls of current US Navy vessels has the following material components. Comment on its weldability. 
	Component
	   Wt. %
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	C

	0.12 

	 


	Cr

	1 

	 


	Cu

	Max 0.25

	 


	Fe

	93.1 - 96.4

	 



	
	Component
   Wt. %
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Mn

0.1 

 

Mo

0.2 

 

Ni

2 

 

P

Max 0.025

 


	Component
   Wt. %
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S

Max 0.025

 

Si

0.15 

 

Ti

Max 0.02

 

V

Max 0.03




13. (10 pts)  You are asked to design a piece of ship structure for a new design. List as many failure modes of ship structures that you will need to initially consider (even though you may later decide that they are not a design driver).
14. (10 pts)  A ship has a T-shaped CVK that is 2 feet tall and 24” wide attached to 40.8# bottom plating. The web is 15.3# and the flange is 20.4#. The frame spacing is 10 feet and the longitudinal spacing is 26”. a) What are the values of the structurally effective dimensions you will use to find the moment of inertia for the CVK if it is in bending? b) What would be different in your determination of the effective dimensions if the CVK was loaded in compression (such as when the ship is hogging)(just describe, don’t solve)?
15. (35 points) A rectangular, undecked barge is 300 feet long, 50 feet wide and 20 feet deep. When empty and at rest it has a draft of 4 feet. It is subdivided by 2 equally-spaced transverse bulkheads and has a full depth CVK that serves as a washboard (there are limber holes in the bottom of the CVK). Each hold has a permeability of 0.95. All plating is 40.8#. Hold #2 is filled to the top with fresh water. 
a. Sketch and dimension the plan and shear views.

b. What are the maximum shear force (lb) and bending moment (ft-lb) for the barge in still water?

c. What is the value of the maximum global bending stress (psi) and where is it located (specifically)?
d. What is the average shear stress (psi) at midships?

e. What is the Factor of Safety on yield at the midships gunwale if the material is ABS grade A36 steel?
f. What additional failure mode(s) should you check as likely? Why? (Don’t actually check them, just list them.)
g. Describe in two or three sentences the additional steps you would take to account for waves in your structural design. Which wave condition due you expect to give the highest stress?
h. Does this vessel as described have an efficient structural layout? If not, what general changes would you propose, and why do they make the design more efficient?
16. (15 points) You have a vertical ensign staff at the stern of your ship that you need to design! You decide to do it by FEA instead of by hand.
a. You assume that the flag is connected to the 9’ staff at two points (the top and 2/3rds of the way up) and the staff is connected to the deck at one place. Sketch the problem, showing what your global nodal and element locations and names are.

b. You make the assumption that the staff should be analyzed in 3-D (X is fore and aft, Y is to starboard, Z is up). Identify what kind of element you would use. Show the variables assigned to the global force and global displacement arrays. Show your answer in array format, identifying which forces and displacements are known, and the matrix relationship between forces and displacements. Do not solve for the components of the stiffness matrix but do identify how big the stiffness matrix is.
c. List the material and structural characteristics you will need to know in order to solve the problem.
