Name





EN358 – Ship Structures
Spring 2006
Final Exam

Instructions

You have 3 hours. You may use your calculator and any books or notes. You may not use a computer. Good luck!
1. 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)

a.         A four-noded shell element has 24 degrees of freedom
b. ____Tripping is defined as the buckling of a stiffener by twisting (or rotating) about its line of attachment to the plating.
c. ____A medium-carbon steel is not generally used in the marine environment due to its corrosion and difficulty in welding
d. ____A stringer is a transverse structural member  
e.         By increasing the distance between the resistance (R) and load (S) curves in reliability analysis, the factor of safety is increased
f.         While there are thousands of steels, they all share the characteristic that their moduli of elasticity are between 27 and 31.5 msi.
g. ____ Smaller HAZs decrease the strength of a weld
h.         If a ship is built to the ABS requirements, it can be considered structurally safe.

i.         In naval architecture, the term “whipping” refers to a specialized condition of “slamming”
j.         The section modulus increases as a function of the section’s height squared.
2. (20 points total) Your ship has received some small damage after hitting a channel marker and there is a 9” diameter hole in the bow. Lucky for you that you have a piece of AISI 1020 (annealed) handy for just such an event! From Matweb and your previous work you have a good amount of data on it. The chemical composition is:
	Component
	   Wt. %
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	C
	0.23
	 

	Fe
	99.08
	 

	Mn
	0.4
	 

	P
	Max 0.04
	 

	S
	Max 0.05
	 


a. (5 points) As the hole is close to the waterline, there is no opportunity to preheat it. Can you weld it reliably? 
b. (5 points) The Chief decides to make a temporary repair. She will cut an opening that is a 12” x 12” (square) and plans to weld the 12.5” x 12.5” 10# repair plate to the outside, covering the square opening. The hole is located about 5’ above the static waterline, directly on Station 0. The freeboard at the bow is 35 feet. Draw a sketch of the repair, showing the hull, repair plate and weld symbol.
c. (10 points) Using your engineering judgment, make an assumption, and state the value of, the maximum pressure head (in feet) that the plate will see. Using that value, determine the likely lowest factor of safety the plate will see during your trip to the shipyard.

3. a. (15 points) You are designing an L-shaped CVK for a new ship and need to check its factor of safety to yield for bending due to hydrostatic loading. The bottom plating is 20.4#, the web is 10.2#, and the flange is 15.3#. All are HTS. The flange is 6” wide and the web is 8” tall. The ABS design pressure head is 58 feet. The bottom longitudinals are 30” apart, and the transverse frames are 36” apart. Clearly state any additional assumptions you make to perform the analysis.
b. (5 points) What additional calculations should you perform to determine if the CVK will be sufficient?

4. (15 points) Determine the stretch (elongation in inches) of the lower shroud of a Navy 44 using the stiffness matrix method. The shroud diameter is 3/8” and is 21 feet long. It is made out of 316L stainless steel. Show your force, displacement and stiffness matrices. The maximum tensile force is 4000 pounds.  As it is relatively easy to change the yield strength of stainless steel by cold-working and heat treatment, what is your recommended minimum yield strength for safety for the given load?
5. (10 points) A fresh water tank on a ship is supported by four legs. The tank’s dimensions are 6’ x 8’ x 10’. After running a seakeeping analysis using a JONSWOP spectrum for Sea State 6, you determine that the maximum combined acceleration in heave and pitch is 1.8 g’s down and 0.8 g’s up. What is the maximum vertical force on the four legs?
6. (20 points) A national emergency requires the reactivation of some reserve fleet vessels. One of those is a LASH (“Lighter aboard ship”) vessel. This high-speed (33 knot) cargo ship carries its cargo in a series of 82 small box-shaped lighters. 
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The principal dimensions of one lighter are: L=60 ft, B=30 ft, D=10 ft.

This is the construction midsection, which is typical of the barge’s construction. It has no stiffeners.
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What is the lighter’s empty displacement?  
 LT

What is the lighter’s approximate full displacement? (State your assumptions!) 

 LT

Three 20 x 8 x 8 foot refrigerated cargo containers are placed side-by-side, centered longitudinally in the lighter and running fore/aft. Each weighs 55,000 pounds and the weight in each container can be assumed to be uniformly distributed. Show the FBD, Weight, Buoyancy, Load, Shear and Bending Moments diagrams for the loaded lighter.

Is the lighter hogging or sagging?_____________

What is the maximum still water bending stress and FOS with a DAF of 1.3? 

 psi
Cl





Plating List


Bottom 81.6#


Side 30.6#


Transoms 81.6#





Mat’l: A36





Midship Construction Plan
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