EN380 – Naval Materials Science and Engineering

Fall 2001

Exam #3 make-up – 100 points

Name:






Instructions

You have 50 minutes. You may use your calculator and refer to your 3”x5” card. 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)

1. All practical engineering materials have microcracks.

2. A transversely isotropic material has fewer independent stiffness terms then a orthotropic material.

3. Approximately 90% of structural failures (ie those not attributed to human error) are due to fatigue.

4. Fatigue causes reduced residual strength and changes the modulus.

5. Applied stresses below the fatigue limit do not add to accumulated damage.

6. It is due to the typical construction form, rather than the material characteristics, that allows wood construction to be analyzed with Euler Beam Theory.

7. Moisture content >18% in wood results in strengths half those of dry wood.

8. Glued joints are typically 1 ½ to 3 times stronger than a mechanically fastened joint.

9. Tremie refers to a process used to place concrete, as well as the mix.

10. Types 2 and 5 concrete are commonly used in marine applications.

11. (4 points) Define “Poisson’s Effect”.

12. (4 points) Define a brittle and a ductile material in terms of crack development.

13. (4 points) What is the specific purpose of adding reinforcing bars or cables to concrete?

14. (4 points) What are two ways to increase wood durability in the marine environment?

15. (4 points) In a composite material, is it more important to match the failure strengths or failure strains of the constituent materials? Why?
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(20 points) What will the plate thickness need to be to get a factor of safety of 2.5 on yield? The ultimate strength is 100 ksi and the yield is 75 ksi. The modulus is 10 msi.

17. (20 points) Shown below is the fatigue data graph for a proposed interior deck material on a DDG51. The primary loads seen by the deck include machinery vibration (110 Hz), and wave-induced bending  (0.3-1.0 Hz). If the factor of safety is 2.0 on fatigue, how many years will it be before the deck has reached its useful life?


18. (20 points) The design process for the new YP’s is just starting. One desire is to make a lighter hull, but for various reasons you must still use wood. One option is to glue up wood using a low density wood in the middle and higher density woods on the outside (called “glu-lam”). The problem is that the “composite” must have the same modulus as the original. Currently the YP’s are planked with a wood that has a modulus of 1.78 msi. The core material will be Western Red Cedar, which has a modulus of 1.1 msi. The outer skins will be Douglas Fir, which has a modulus of 2 msi. 

a. What percentage of the “glu-lam planking” will need to be Douglas Fir to match the modulus of the original?

b. What would be the failure strain of the original planking and the glu-lam if the strength of each wood is 15 ksi?
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