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EN358 – Ship Structures
Spring 2005
Final Exam

Instructions

You have 3 hours. You may use your calculator and any books or notes. You may not use a computer to access the internet. Good luck!
1. 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)

a.         In the matrix stiffness method, a “truss” element can transmit moments at its ends (nodes), while a “beam” element can not transmit moments.  
b. ____Tripping is defined as the buckling of a stiffener by twisting (or rotating) about its line of attachment to the plating.
c. ____For a flat plate under pure in-plane shear, characteristic buckling occurs at 900 to the x-y axis.
d. ____The “hungry horse look” is undesirable for hydrodynamics and aesthetics, but is beneficial for plate bending strength vs. lateral and in-plane tensile loads.  It is, however, generally undesirable vs. in-plane compressive loads.  
e.         Deck crown (camber) allows for more uniform bending stress, counteracting shear lag.

f.         To reduce the weight penalty required by a high factor of safety, an engineer can require a smaller than standard COV of material properties.

g. ____ An advantage of gas welding is the lack of a needed electrical source, another advantage is the low heat, which means the HAZ is small.

h.         If a ship is built to the ABS requirements, it can be considered structurally safe.

i.         A stanchion that is welded to a deck plate is not considered to be a fully fixed end condition.

j.         It is more important for an engineer to check shear lag effects when the stiffener is long, rather than when it is short.

2. (10 points) Bethlehem Steel has proposed their proprietary steel (ASTM A242 Steel, type 1) for your commercial ship project. The yield strength is 45.7 ksi, the ultimate is 66.7 ksi, and it has the following chemistry:
	Component
	Wt. %
	

	C
	0.15
	

	Cu
	0.2
	

	Fe
	98
	

	Mn
	1
	

	P
	Max 0.15
	

	S
	Max 0.05
	


a. Comment on its weldability. 
b. You have decided to use their steel throughout the ship and need to weld an L-stiffener (web thickness 10#) to the hull topside plating (20#). Sketch the joint and specify the weld by using a complete weld symbol.

3. (20 points)  A 14 in long turnbuckle (effective area 1 in2) is connected in line with a 20 ft steel cable (diameter 0.5 in).  The fixed end of the turnbuckle is rigidly connected to a very large and stiff padeye welded to the deck of the ship.  The “free” end of the cable is pulled with a horizontal force of 10,000 pounds.  The steel turnbuckle has a yield strength of 40 ksi and elastic modulus 29.5 msi.  The steel cable has an effective yield strength of 55 ksi and effective elastic modulus of 17 msi.
a. Sketch a diagram of this setup, and draw appropriate 1-dimensional matrix stiffness elements, clearly labeling the appropriate elements, nodes, and degrees of freedom.  
b. Write the total structure force vector, displacement vector, and stiffness matrix.  

c. Write the total stiffness equation relating forces to displacements.  Apply the boundary conditions for the forces and displacements, solve the matrix stiffness problem for the displacements.  Specifically, provide the displacement of the connection between the turnbuckle and cable, and the displacement at the “free” end of the cable at which the load is applied.  

d. Determine the axial strains in both turnbuckle and cable.

e. Determine the axial stress in both turnbuckle and cable.

f. Determine the factor of safety vs. yield for both turnbuckle and cable.   
4. (20 points)  A rectangular barge is 225 ft long, 25 ft beam, and 20 ft depth.  When empty in still water, it has a draft of 4 ft.  It is subdivided by two transverse bulkheads located 12.5’ fore and aft of midships.   The two bulkheads are the ends of a midship decked over area that bounds a ballast tank. The remaining portions of the barge are undecked. The barge is constructed entirely of 40.8# A36 steel plating. The ballast tank has a permeability of 0.95.
a. Sketch the plan and profile views of the barge, identifying the decked-over ballast tank.

b. For the barge in still water with ballast tank full of salt water, plot the shear force and bending moment distributions. Identify the maximums, minimums and inflection points, and where they occur. Show your work.
c. What is the minimum FOS vs. yield for global bending stress?  Show your work.

5. (5 points)  ABS provides ship design and construction standards for primarily stability and structures. ABS asks three basic questions regarding the structural safety of the vessel. The third relates to strength evaluation, which includes both material selection and failure modes. Correlate the four basic ABS failure modes to those you have studied in this class and EN380.  Are all the failure modes covered by both ABS and the USNA ENA classes?
6. (5 points) You run a series of tensile tests of an E-glass/vinyl ester laminate for the new Navy 44 Sail Training Craft. The test results give the following:

strength mean = 46.2 ksi

strength standard deviation = 2.2 ksi

modulus mean = 2.65 msi

modulus standard deviation = 0.2 msi

This laminate is similar to the standard laminate specified by ABS in their Guide for Building and Classing Offshore Sailing Yachts. What would you use as your design values? Explain your answer.
7. (10 points) You are performing a finite element analysis of a decked, empty barge with a series of stanchions connecting the deck to the hull. The barge has no bulkheads and the stanchions run down the longitudinal centerline and one is located at each station (it is a 10 station ship). At this stage you need to analyze the deck. Sketch the deck plan view (NTS, and assume an aspect ration of L/B of about 5).  For each edge and for each stanchion location, identify the constrained DOF for the FEA.  What loads are there on the deck and how would you model them in the FEA?
8. (5 points) A square box beam is being used as a stanchion for the deck in the previous problem. It is made of 1020 cold worked steel. The dimensions are 4” x 4” x 0.25”. The length is 10 feet. How much load (in pounds) can it carry?
9. (5 points) A transversely framed ship has deep longitudinals in the stern that act as engine beds. The T-shaped longitudinals are made of 15# A36, they are 3 feet apart, 4 feet long and 18” high. The flange width is 16” and the bottom plating is 20#. Determine the following effective dimensions necessary to calculate the moment of inertia of the stiffeners.

Bottom plate thickness = 


in

Bottom plate width = 


in

Web thickness = 



in

Web height = 



in

Flange thickness = 



in

Flange width = 



in
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