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1. MEMORIAL UNIVERSITY OF NEWFOUNDLAND

Faculty of Engineering and Applied Science

Engineering 6003 - Ship Structures

FINAL EXAMINATION
With solutions

Date: Monday December 15, 2014 Professor: Dr. C. Daley
Time: 1:00 -3:30 pm
Maximum Marks: 100

Instructions:
Please write/sketch clearly in the answer book, and keep your answers concise.
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1. General Concepts (10 marks)

Consider the sketch show below. Discuss the meaning of the point called the nominal limit, and
contrast it with the other two limits.

tee bar
flate bar
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—
- ultimate limit
ultimate limit nominal limit
nominal limit
elastic limit - S
elastic limit
Deflection

The elastic limit is the point where some material first reaches yield. It assumes that
there were no initial (locked in) stresses. A very small volume of material is plastic at
this point and there are no visible effects.

The nominal limit occurs when the first mechanism forms within the structure (such as a
set of plastic hinges). At this point the structure begins to lose stiffness but can
often take more load. Some might refer to this as structural yielding (in contract to
material yielding)

The ultimate limit defines the maximum load bearing capacity of the structure. It is
based on a general collapse mechanism which could be a system of plastic hinges, or
overall buckling buckling or fracture.

2. Static Response (15 marks)

For the three beams shown below,
a) find the reactions and draw the shear force and bending moment diagrams (with values)
b) sketch the deflected shapes (ho numbers)
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3. Buckling (20 marks)

a) Consider the rectangular plate in the deck of a ship a shown below. The longitudinal frames are
spaced every 800mm, and the transverse web frames are spaced at 400 mm. The steel has a
400MPa yield strength. What stress would cause the onset of elastic buckling?

p=2.385
o = 294 MPa

4000 mm

b) for the 15mm plating in part(a), what would the frame spacing need to be in order that the buckling
stress and the yield stress were the same?

B =362
B = 1902

b 18 b=638
T = = 638 mm

f
| E

¢) For the 15mm plating in part(a), what is the maximum post-buckling average stress according to
vonKarman’s theory?

o, = 318.7 MPa

All formulae related to buckling from the notes:
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4. Plastic Response (20 Marks)

i |
I—k—ﬁ |
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F=Mp5/5=5kN
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20 F=Mp4/5=4kN

a) For the bar shown above what is the value of the plastic moment?

500 N-m
b) Compute and compare the plastic collapse forces for the two optional collapse patterns?

Option1: F=5kN
Option 2: F =4 kN
The system will respond in option 2.

5. Fatigue (12 Marks)

a) For a Category E detail in a ship, what percentage of the fatigue strength would be used up by the
combination of stresses in the table below? (Assume Miners rule and see table on next page)

set Number of cycles Level of stress
1 80,000 100 MPa

2 1,000,000 50 MPa

3 5,000,000 40 MPa

4 20,000,000 30 MPa

The sum of the partial damages gives 78% of the fatigue limit. The system will fail before this
load is fully applied.

80,000/410,000
+1,000,000/7,400,000
+ 5,000,000/ 22,000,000
+20,000,000/90,000,000
=78%
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Figure 2.3-2 S-N curves in seawater with cathodic protection

6. Failure Probabilities (11 Marks)

The mean of the load Q is 400 kN. The standard deviation of Q is 100kN. The mean of the strength R is
1MN. The standard deviation of R is 100kN. With the above information, and assuming R&Q are
Normal (see Table next page) , answer the following questions;

i) What are the values for Rse and Q1o ?

i) What are the mean and standard deviation of the Margin?

iii) what is the safety index?

iv) What is the probability of failure?

Q=400 kN o= 100 kN
R=1000 kN O = 100 kN

i) Rgy= 1000 - 1.645 x 100

= 835.5 kN lower srength
Q=400 +128x100 i joad
= 528 kN
) M=1000-400 - [100% 1007
= 600 kN = 14142 kN

i) Y =-600/14142 =424
iv) p(fail) <1-.9981 <0.19% (off the chart)
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7. Risk Networks (12 Marks)

The map below shows part of a shipping route. The area has pirates. Route A is closer to the Pirates,
who put two explosive mines in that strait. The Pirates will tell ships the exact coordinates of the mines
for $400,000. The Pirates have put 20 Mines on Route B (to encourage ships to take Route A). If ships
try to run Route A without paying, not only is there as risk of hitting a mine, but there is a risk that the
Pirates will board the vessel and ransom it and the crew. 10% is ships that don’t pay are boarded.
Ship/crew ransom costs are typically $1Million. The navigable channel in both straits are 1 km wide.
The ship is 20m wide. The ship, cargo and crew are worth $25Million if totally lost.

Not all mine explosions cause ships to be lost.

Make a risk/decision network to help determine the best choice of route. Which route would you
choose? Explain why.

Route A and agreeing to pay the toll seems to be the best choice.

weighted values

pay toll' te pirates -$400k -$100k -$400k
route A ship lost -$25M -$500k
50% (est) note 3
ship damaged -$2M{est) | -$20k
refuse to 507
o _ -$616k
captured by pirates -$1M -$96k
miss mines A 10%
96% evade capture $0 %0
90%
ship lost  -$25M -$12.5M
hit mine 50% (est) -$13.5M
ship damaged -$2M(est) -H1M
50%
miss mines  $0 $0
60%

note 1 2x 20m/1000m = .04 = 4%

note 2 20x 20m/1000m = 4 = 40%
note 3 estimated 50% of mine strikes result in survivale damage

0 choice
o chance
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