EN380 – Naval Materials Science and Engineering

Final Exam 2006 – 100 points

Name:






Instructions

You have 3 hours. You may use your calculator and refer to your four 3”x5” cards. Good luck! 

True or False? If it is not always  true, it is false! If you aren’t sure, mark it false and provide your reasons in order to potentially get partial credit.(1 point/question)

1. ___  “Carbon equivalent” is calculated to determine an aluminum’s suitability for welding.

2. ___  In order from most to least, the primary components of stainless steel are: iron, carbon, chromium, and nickel.

3. ___ Type 5 concrete is commonly used in the marine environment due to its increased sulfate resistance. 

4. ___ To determine the maximum stress around a geometric discontinuity, an engineer calculates or estimates the SCF.

5. ___  Annealing is commonly used to increase yield strength.

6. ___  Erosion corrosion is often associated with cavitation of ship propellers.

7. ___  One common characteristic of most aluminum alloys is that they typically do not have an endurance limit.

8. ___  All solid phases of steel (including stainless steel) are magnetic.

9. ___  The Rockwell Hardness test gives a good indication of the yield strength of a quenched steel plate.

10. ___  Wood’s primary structural advantages are its high specific tensile, compressive and flexural properties. These advantages are generally lost however when the wood becomes “wet”.

11. ___ A structure made of 6061 is placed in the ocean. To combat galvanic corrosion an engineer specifies an anode made of 1012. You agree that this is acceptable.

12. ___After running a tensile test you review the computer’s printout shows that E varies by 11% from initial loading to yield, and 12% from yield to fracture. Based on this, the material can be classed as linear elastic-plastic.

13. ___ Wood is anisotropic.

14. ___  Poisson’s effects must be considered in orthotropic or plate analysis.

15. ___  When materials are hot-rolled, their toughness decreases significantly.

16. ___  When small amounts (<0.08% by weight) of carbon are added to pure iron, the volume of the alloy is no different from the original volume of the iron.

17. ___  Fretting corrosion can be avoided with good coatings such as paint.

18. ___  Steel can experience galvanic corrosion in the absence of any other metals when submerged in seawater.

19. ___  Galvanic corrosion, creep and fatigue are all examples of time-dependent processes.

20. ___ All woods float, and all concretes sink in seawater!

21. ____Ceramics are compounds comprising metal and non-metal elements. They are characterized by their high K1C values.

22. ____Depending on whether they are “active” or “passive”, stainless steels may either highly noble or very anodic. The conservative design engineer will assume they are “active” unless good evidence proves otherwise.

23. ____RT and DP are two NDE methods that test for the same type of flaws.

24. ____Galvanizing steel will delay the onset of significant galvanic corrosion.
25. ____The three primary causes of structural failure in the marine environment (in no particular order) are: human and organizational error, corrosion, and fretting.

26. (5 points) The Navy has adopted an environmental policy where material selection is influenced by considering every aspect of its life, from mining to recycling. What is this philosophy called?

27. (5 points) The Rule of Mixtures is often used to predict the stiffness of a composite such as concrete or fiberglass. What is the stiffness of a reinforced concrete beam, in the direction that the steel rebar is aligned (all the rebar is aligned in one direction), if the rebar comprises 10% of the volume of the beam, and the modulus of the concrete is 4 msi?

28. (10 points) You have designed a steel structure for the marine application. You now need to write the inspection guide. In the guide to writing the guide, it requires you to write the following sentence, “When inspecting the structure, any cracks that have a length greater than 75% of X, must be immediately reported.” If the maximum cyclic stress on the part is 15 ksi, and the material has a fracture toughness of 30 ksi(in)0.5, what is the value of X? 

29. (10 points) A few years after graduation the Navy realizes that it has a critical shortage of well-trained engineers. Noting that you are a graduate of the prestigious Naval Architecture and Ocean Engineering Department of the Naval Academy, you are given an early promotion and transferred to the Engineering Duty Officer community and are assigned as a Dry Dock Officer. When you show up, you find that your crew is about to relaunch a fiberglass minesweeper. A Chief comes up to you and asks , “How many 1 pound zinc anodes (85% efficiency) should we put on the boat, Sir/Maam?” The boat will be out for four years before the next drydocking. Notes left from your predecessor say: “hull A=5600 ft2 carbon/epoxy composite prop A=55 ft2, carbon/epoxy composite shaft A=4 ft2.” The atomic weight of carbon is 12, and for zinc it is 65. Their valences are 0, and 2, respectively. What is your answer to the Chief? State any assumptions about standard corrosion density, etc.

30. (20 points) You have an A36 plate that is 20” long and 8” wide and 1/8” thick. The loads are shown below. What is the factor of safety (to yield) on the plate?
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31. (5 points) What is the traditional trade off between quality and cost over the life of a component?

32. (20 points) You have been tasked with selecting the materials for new floating docks going in Santee Basin (sound familiar?!). You have narrowed the choices of materials down to these:

· A36 steel

· reinforced concrete (Type 1/2)

· 9010 copper/nickel

· fiberglass (polyester/E-glass)

You have also determined that each material will have the same total lifecycle cost for the desired 25-year service life. You may mix and match the materials in the same design (deck, hull, connectors, etc.)

a) For each material describe its primary advantage and a major disadvantage for this application.

b) Describe how you would address the major disadvantage if you are forced to use that material. 

c) Finally, specify the material(s) you used in the design, and explain why. Specifically you must address:

a. Pontoons

b. Decking

c. Gangway
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