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EN358 – Ship Structures
Spring 2003

Asst. Prof. Paul Miller

Final Exam

Instructions

You have 3 hours. You may use your calculator and refer to your three 3”x5” cards. 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.         “Factor of Safety” is commonly defined as the yield strength divided by the applied stress. For multiaxial loading Von Mises is used to calculate the applied stress.

2. ____ The Navier solution is a reasonable check against the Von Mises stress prediction in plate finite element analysis.

3.         “T” stiffeners have a higher section modulus than an equivalent height flat bar stiffener but may lead to more corrosion. “L” stiffeners may reduce the corrosion potential but trip earlier than an equivalent T.
4.         Higher COV’s in loads, analysis method or material properties require higher factors of safety.

5. ____The effective area for shear calculations includes the plating, web and flange areas.

6. ____ With membrane stresses the effective modulus increases but the resulting stresses decrease, giving the plate an effective greater strength.

7. ____Deck crown (camber) allows for more uniform bending stress, counteracting shear lag.

8. ____ In simple column buckling, the effective length, Le, is greater if the end constraints are fixed rather than pinned. Since end conditions are never completely fixed in ship construction, simply-supported end conditions should be used in all beam, plate and column design analysis.
9.         The “K” terms in Bryans buckling equations are a function of the plate’s aspect ratio and boundary conditions. Larger K values give higher structural capacity.
10.         Hull/superstructure interaction is an issue due to the stiffness discontinuities causing stress concentrations. These can be minimized by doublers, fillets, and slip joints.
11. (10 pts) List all the basic failure modes of ship structures and describe a structural characteristic that would make that failure mode likely.
12. (10 pts)  Explain using small deflection plate theory, why a plate in bending is “stiffer” than a row of beams with the same overall dimensions. Justify your solution with equations!
13. (15 pts)  Briefly identify the steps required to solve a structural problem using the Finite Element Method. Make sure you identify all the required information necessary to complete the analysis.

14. (35 points) A rectangular, undecked barge is 200 feet long, 40 feet wide and 20 feet deep. When empty and at rest it has a draft of 7 feet. It is subdivided by 4 equally-spaced transverse bulkheads and has a CVK that is 8 feet high that serves as a washboard. Each hold has a permeability of 0.9. All plating is 1”. Holds 2 and 4 are filled to the top with bunker C fuel oil (s.g. = 0.8). What is the maximum shear and bending moment for the barge in still water?

i. What is the maximum global bending stress at the gunwale?
ii. What is the Factor of Safety on yield if the material is ABS grade A steel?
iii. What additional failure mode(s) should you check? Why?
iv. Describe in two to three sentences the additional steps you would take to account for waves in your structural design.

v. Does this vessel as described have an efficient structural layout? If not, what general changes would you propose?

15. (10 points) From the list of questions below, select the one corresponding to your name and answer it.
Bielik: Describe the times in construction or operation when the loads are highest on a gravity-based offshore structure and identify the primary causes of structural failure of Sleipner A. What should Norwegian Contractors have done differently to prevent the accident?

Cole: Describe the primary causes of the JFK-Belknap accident and structural failure. As a naval architect, propose design changes that might reduce either the extent of damage or avoidance of the accident.

Duggan: List the primary and secondary causes of the Thresher disaster. As a naval architect propose methods to reduce risk of failure in the lead ship of a class. Discuss the desired interaction between the designer, builder and operator for this case.

Fischer: The New Carissa accident appeared to be caused by human/organizational error. Defend or refute this conclusion and present design or organizational changes that would have prevented the accident. Could a change in structural design have saved the ship?
Garrott: The Petrobras oil rig accident was both major and preventable. What were the primary causes of the failure and what changes in design or design management could have prevented it? Was the structure insufficient?

Hamilton: The Edmund Fitzgerald accident is one of the most famous in American history. Was the sinking caused by design or operation error? In either case could better design have prevented it? If so, how? If not, detail how practical changes in operational policy might have prevented the accident.

Imhoff:  Some historians claim the Liberty Ships won World War 2. Others claim that they were completely unsafe and justify their opinion by citing examples of them breaking in half. What caused the problem and what was the structural solution and its rationale? Was this fix required in all cases or was it an isolated problem?
Livermore: Modern naval vessels have numerous redundant systems designed to prevent accidents. Nonetheless, the Valdivia ran aground, causing significant damage. Describe what caused the accident and propose solutions, beginning with a commentary on any structural changes you would make and going on to any design changes that might have prevented the accident.

Patton: Perhaps the most famous of all shipwrecks is the Titanic. From a structural point of view what changes could have been made in the design that might have prevented the accident? Additionally, briefly describe any design changes effecting operational capability that the naval architects might have made to reduce the accident potential. What is the single biggest change in modern design/construction that minimizes the chance of a similar accident?
Waltman: In EN380 you learned that fatigue and corrosion are the major causes of in-service failure of marine structures. The builders of the Alexander Kieland contend it failed simply due to those two conditions. Is that correct, or is there more to the story? What steps could have been taken in design or construction that would have avoided that accident?

Wills: The loss of the Estonia surprised the public but did not surprise some seasoned naval architects. Why did those naval architects feel the accident was inevitable? What were the primary causes and what design changes were done to prevent future accidents of that type?
