EN380 – Naval Materials Science and Engineering

Final Exam  – 100 points

Name:






Instructions

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

1. (20 points) You have been tasked with selecting the material for a piling to go in Santee Basin (sound familiar?!). You have narrowed the choice down to these materials: mild steel, reinforced concrete, Douglas Fir, fiberglass. You have also determined that each material will have the same total cost for a 20-year service life. 

a) For each material system describe its primary advantage and a major disadvantage.

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

Finally, choose the one you would recommend and explain why.

c) True or False? If it is not true, it is false. If you aren’t sure, mark it false and provide your reasons.

(1 point/question)

2. ___  Coldworking increases corrosion potential.

3. ___  Large grains make metals more ductile.

4. ___ Spalling is when rebars corrode and the concrete cover cracks off, exposing the rebar. 

5. ___ Although ceramics have strong ionic bonds, their practical compressive strength is limited by their low KIC values.

6. ___  Porosity decreases the elastisity and strength of a ceramic.

7. ___  Martensite is hard and ductile.

8. ___  Cyclic stresses below the endurance limit do not contribute to fatigue damage.

9. ___  All solid phases of steel are magnetic.

10. ___  Kic is a quantification of a material’s toughness

11. ___  Wood’s primary limitations are the variability in material properties and biodegradation. These can be mostly addressed by careful grain alignment and coating the wood with a moisture/critter barrier such as epoxy.

12. ___ Phase diagrams relate material composition to temperature, pressure, and microstructure. Pressure is kept constant as it has a minor effect on solids.

13. ___The higher the heat treatment for steel, the lower the yield strength goes. Ultimate strength remains relatively constant.

14. ___ Composites are isotropic. This means that the loads have to be aligned with the fibers.

15. ___  All engineering materials have dislocations.

16. ___  When materials are cold-worked, their ultimate strength increases.

17. ___  Carbon is often used as a substitutional alloying agent because its atomic radius is much smaller than metallic atoms

18. ___  Diffusion is a temperature dependent property.

19. ___  Stainless steels will not corrode.

20. ___  A high uncertainty in material properties requires high safety factors.

21. ___ Type 5 concrete is preferred in tremie applications.

Match the material with its best definition. (1 point each)

22. ___   Point defect


a. Stiff exterior with low density interior

23. ___   Polymer


b. Material with a moisture content > 18%

24. ___  Composite


c.  Plastic deformation

25. ___  Filler compound

d.  Measure of percent elongation

26. ___  Allotropic


e. Due to variation in grain boundary energies

27. ___  Pitting
corrosion

f. Failure with little deformation

28. ___  Brittle



g. Laminated layers of thin veneers

29. ___  Strain



h. Repeating chain of organic material

30. ___  Laminar composite

i.  Bulk material

31. ___  Sandwich panels 

j.  Matrix and dispersed element

32. ___  Green wood


k. Sand, aggregates and matrix
33. ___  Plywood


l.  Fiberglass
34. ___  Uniform corrosion

m. Occurs only with specific alloys under certain load conditions

35. ___  Ceramic Material

n. Interstitials and vacancies

36. ___  Galvanic corrosion

o. predictable from nobility table

37. ___  Intergranular


p. Abrasive action creates material loss

38. ___  Erosion corrosion

q. Extremely localized attack

39. ___ Stress Corrosion Cracking
r. Localized attack in a shielded area

40. ___  Ductile



s. Two different materials

41. ___  Concrete


t. Continual shifting anode and cathode regions

u.  Linear portion of curve

v. Metal & Non-metal

w. Steel

42. (5 points) Describe the difference between initial and total cost, and give a specific application example using materials for ship or offshore structures where initial vs total cost may be influenced.

43. (10 points) With the growing anti-American feelings overseas, the Navy has decided to build a large offshore structure that will include an airport. It will be built mostly of steel. How many 50 pound aluminum anodes (87% efficiency) would be required for a 50 year life? From previous studies you found the average current density to be 3 ma/ft2. The total steel surface exposed to seawater is 1,000,000 square feet. The atomic weights of aluminum and steel are 27 and 56. Their valences are 3 and 2.

After 10 years in service divers are sent down to inspect the anodes and it appears they were never installed! How much thickness has the steel lost? The density of steel is 0.283 lb/cu in.

44. (4 points) Explain what the term “corrosion is cathodically controlled” means. Give an example.

45. (2 points) After returning to your ship particularly late one night you trip on a WT door sill and land on your face. When your vision clears you notice that the ship frame you are looking at has a crack in it about 1” long. The next afternoon you recall what you saw and confirm it. What do you do next?

46. (5 points) You do some research and find out that the frame is made of 4340 steel, tempered at 260C. It has a yield strength of 65 ksi, a modulus of 30 msi and a Kic of 50 ksi in1/2. You can assume the geometric factor is 1.2 (it almost always is). What is the minimum critical crack length if the ship was designed with a FOS=2.25 on yield.

47.  (2 points) Name two advantages and two disadvantages to cold-working a metal.

48. (2 points) What is the difference between hardness and toughness?

49. (5 points) Every time a wave hits a marine structure or ship, the structure undergoes deformation. Below is a table that relates significant wave height, wave encounters and the resulting stress. Also attached is an S-N curve for the material. How long before the structure fails?
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50. (5 points) A reinforced concrete beam is comprised of 90% concrete by volume (the rest is steel rebar equally placed in the 0 and 90 degree directions). The unreinforced concrete density is 140 lb/ft3 and the tested compressive strength is 10 ksi. What is the modulus of the resulting reinforced concrete in the 0 degree direction?







