EN445 – Marine Fabrication Methods
FINAL EXAM REVIEW

The final will be “open notes” and “open references”. If you can answer the following questions, you should have no problem with the final!
1. The design of marine structures traditionally includes separate stages devoted to design and construction. The focus of this course was to give you (the engineers) an understanding of the need to plan for construction at the earliest design stages and an understanding of various fabrication methods. Explain in detail (1 paragraph for theory and 1 for an example) three ways that engineers can include manufacturing concerns up front. (I expect at least six paragraphs total.)

2. Describe how the following effect the durability and weldability of steel:

a) Carbon content/carbon equivalent

b) Shipyard layout

c) Modular assembly

d) Hydrogen attack

e) Cold working

3. A marine structure is possibly exposed to five environments: marine spray, splash zone, tidal zone, fully submerged, and buried in the bottom. Which of these is considered the severest? Why? What additional protection is typically required for metals, composites and concrete in this specific environment?

4. It is now the year 2007 and you find yourself posted to the Naval Academy, which has decided to replace the creosote-covered wood pilings in Santee Basin with environmentally responsible reinforced concrete piles. The Superintendent, hearing from a professor that you excelled in your marine fabrication course, has put you in charge of the fabrication and installation. List the steps required to build and install the 60’ long, 1’ square piles. Include the concrete mix (and type) and rebar specification. You do not need to calculate the amount of rebar needed, but you should identify what the primary installation and working forces are.
5. Although the new 110’ YP’s were planned to be built of steel, a powerful senator from a state famous for its polyester reserves has told the Navy that, “There is no money for training boats, but there is some for Reserve Coastal Minesweepers. If you can figure out how to make them out of fiberglass you can have the money.” Does this make technical sense from both a minesweeping and a training vessel point of view? List (and detail) the fabrication steps required to build a replacement fleet of fiberglass YP’s.
6. While you are posted to Puerto Rico as the CO of a PC, a hurricane hits the island. As the storm surge recedes you find your ship “high and dry” and undamaged, 100 feet from the edge of your pier. The water depth at the pier is 25’. One stroke of luck is that the derrick barge Hercules is anchored out in the harbor! Can you use it to rescue your ship? How will you connect the lifting hook? What is your estimated factor of safety?

7. In spite of the fact that you let your PC end up in a soccer field, the Navy, recognizing your competence (as evidenced by the quick way you got your ship out of the soccer field) has sent you to the Far East to join the International Anti-Piracy Patrol. You feel you would make better “bait” if your vessel was disguised as a merchant. You and the Senior Chief have decided to use numerous steel plates that will “lengthen and heighten” the superstructure. One of these pieces is 25’ x 8’ x 0.5” steel. You have a 2-part lifting bridle that has a 90-degree separation angle that will handle the load. The crane is equipped with a 0.25” stainless steel 6x19 cable. How many purchases will you need to give you an acceptable factor of safety? The crane has a 5” diameter sheave and is A-36 steel. Is it acceptable?
8. The Chief asked you how the temporary structures you built on your PC would be connected. Discuss the different fastening arrangements available to you and choose one as “the best”. The 25’ x 8’ plate is vertically oriented (the 8’ edge is “up”). Assume that the maximum wind is 50 knots, the maximum vertical acceleration is 2 g’s and the area available for connections is 3” at either end. In other words, you have two 3” x 8’ strips at the end of the 25’ plate to connect to. Detail your fastening arrangement.

9. A Dutch company (Damen) is famous for the concept of a “boat in a box”. Essentially they create “kits” of boats that can be assembled on the spot. During your stint in Far East waters you find yourself suddenly appointed AIC (Assembler in Chief) of a fleet of 20 80’ steel patrol boats that are being sent to you as subassemblies in 80 40’ containers. The only piece of land available to you is an empty lot with 300 feet of waterfront that extends 400 feet inland. The local government has offered to help you locate whatever you need. Identify what equipment and minimum yard characteristics you will need and create a sketch (to scale) showing where you would put the primary facilities. 

10. Someone in NAVSEA came up with the concept of using concrete as a building material for mobile, floating naval facilities such as a temporary port. Is this feasible? Discuss the pro’s and con’s of the material characteristics. What steps should be taken to ensure long-term reliability, easy inspection and easy repair of these proposed facilities.
11. This course introduced you to most of the fabrication methods used in offshore structures and ships. We also tested many of the components we built. In the “real world”, fabrication and testing are linked together in the “Quality Control (QC)” concept. The concept of “Quality Assurance (QA)” is that little or no testing is needed because of the “designed in” quality. Using a floating concrete dock as an example:

a) Outline what, if any, testing you might specify, and why.

b) What balance of QC/QA would you use? Consider the entire building, installation and in-service conditions, from the receipt of materials to the ultimate decommissioning.

12. What are the three functional areas of the Civil Engineer Corps?

13. In a welded structure, where is the weld likely to fail and give three reasons why?

14. Describe the two processes and discuss the pros and cons to using brazing versus welding.

15. Various evaluation techniques are used to determine either the basic properties of a material or to check the structural integrity of existing structures. These are commonly called DT and NDE (or NDT). Explain generally what the two classes of tests are. Describe a test that would be applicable to testing of an in-service hull stiffener that experiences bending fatigue. Also describe a test that would be appropriate for evaluating a weld. Finally, describe the process used to find the tensile yield strength of steel.

16. The strengths (compressive and tensile) of concrete are influenced by a number of factors including water-to-cement ratio (w/c). What is the relationship between the tensile and compressive strengths. Explain why this is the case. Explain how this drawback is compensated for. Describe in detail three quality assurance requirements for marine composites that will maximize durability. Describe the process of placing reinforced concrete. During the process of fabricating a new seawall at the Academy the water goes out. The contractor dips a bucket into the Severn and uses that to mix the cement. What issues might this cause? What are the two primary tests used to gage concrete quality?

17. Describe the steps in making a marine composite laminate.

18. Engineering Duty Officers are often given the responsibility of managing ship construction and repair projects, ranging from aircraft carriers to waste barges.  As a project manger, what three major areas are you most concerned with and responsible for?

19. Describe the cost/benefit relationship for tolerances and how an appropriate tolerance is determined. Using as an example the length of a steel pipe where the minimum allowable length is 1145 inches and the maximum is 1150 inches, specify the pipe’s length.

20. A pier pile needs to be secured to the bottom, but the driving depth before it hits bedrock does not provide enough lateral support. One solution is to “cement it into place.” Describe the process used, the material specification for the “cement” and the QA/QC steps.

21. Draw a schematic of a fabrication line process at a shipyard building steel YP’s. Start with where the raw materials enter the shipyard and end with sea trials.
22. Explain the fabrication and design considerations when choosing passive, prestress and post-tensioned concrete.
23. Explain what you feel are the two most important QA steps in fabricating steel, concrete and composite marine structures.
