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Appendix A

A.1 Other Types of Graphs

The data collected was analyzed to see what types of behavior the breakwater exhibited

during its period in motion.  The primary method of evaluating the response of the

breakwater was to produce and examine several types of graphs.  The trajectory and

normal velocity before impact vs. time plots were primarily used in this investigation.

However, several other plots were produced during the investigation and typical

examples of these will now be discussed.  The additional plots include: x vs. time, y vs.

time, and θ vs. time for time histories; 
•
x  vs. x, 

•
y  vs. y, and 

•
θ  vs. θ for phase diagrams;

impact Poincar  plots; and total and kinetic energy vs. time plots.  The following plots

were produced from the standard conditions of the point-mass breakwater (PMBW) and

rigid-body breakwater (RBBW) under free motions, as seen in Chapters 3 and 5,

respectively.

The time histories describe the position of the breakwater during the time in which it

moves about the region.  A typical time history of the horizontal position x of the

breakwater (Fig. 2.2) may be seen in Fig. A.1.  In this plot it may be seen that the position

is oscillating about the x=0 axis as expected from the geometrical configuration of the

breakwater and it settles down to zero with time.  Also, this plot is piecewise linear in

nature because of the linear analytical solution developed in Chapter 2.  A typical time

history of the vertical position y of the breakwater may be seen in Fig. A.2.  In this plot it

may be seen that the position stays above the y=0 axis as required and settles to zero with

time.  Also, this plot is piecewise quadratic in nature because of the quadratic analytical

solution developed in Chapter 2.  Time history plots of the rotation angle θ of the

breakwater may be seen in Chapters 5 and 6.
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Fig. A.1. x vs. t, PMBW Standard Case

Fig. A.2. y vs. t, PMBW Standard Case
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A phase plane plot is a plot where the velocity in one direction is plotted against the

position in the same direction.  These plots were produced for the x, y, and θ velocities

and displacements.  Figures A.3 and A.4 are the x and y phase plane plots for the

standard case conditions of the PMBW under free motions from Chapter 3, respectively.

Since rotations are not involved in the point-mass problem, Fig. A.5 was used to show a

rotation phase plane plot and was produced from the standard case of the RBBW under

free motions of Chapter 5.

The phase plane plot of the x velocity versus x position may be seen in Fig. A.3.  It may

be seen that in this plot the values of x and 
•
x  are decreasing towards the middle of the

plot which occurs when the breakwater settles its motions.  This is because as time goes

on, energy is dissipated and the position and velocity go to zero.  The position and

velocity in the x direction may be either positive or negative as defined by the problem

formulation, which explains why the motions go towards the center of the graph.  The

abrupt vertical jumps in the graph indicate that the breakwater has impacted a boundary,

and since it was assumed that the position of the PMBW does not change during an

impact, the velocity changes sign and abrupt jumps appear.  Between the jumps, the

velocity 
•
x  is constant because of the analytical solution in Chapter 2.  Similar jumps may

be seen in the 
•
y  vs. y phase plane (Fig. A.4).  In this case, though the velocity may be

positive or negative, the position can only be positive because of the geometrical

formulation of the problem, and thus the motion settles towards the center of the left side

of the plot.  The y position between impacts is quadratic with respect to the velocity 
•
y

because of the analytical solution.

The phase plane plot of 
•
θ  versus θ (Fig. A.5) is similar to Fig. A.3.  This plot should

settle towards the center, but Fig. A.5 shows that the plot stops before it reaches the

center of the plot where position and velocity both equal zero.  This is because at this
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point g1=g2=0 but the breakwater is rotated and not settled to the equilibrium state.

However, in the RBBW under free motions it was assumed that the breakwater would go

into a rocking motion at this point and then settle to the bottom of the region.  Again, the

vertical jumps are caused by the position not changing during an impact and the velocity

changing direction, and the analytical solution for θ is linear between impacts so that 
•
θ is

constant.
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An impact Poincar¡ plot is a plot of the velocity just before impact versus the position at

the time of impact.  The impact Poincar¡ plot puts a dot corresponding to the impact

velocity versus the position in the x, y, and θ directions.  The x and y impact Poincar¡

plots for the free motion PMBW problem with standard conditions are shown in Figs. A.6

and A.7, respectively. The θ impact Poincar¡ plot for the free motion RBBW problem

with standard conditions is shown in Fig. A.8.  Corresponding to Fig. A.5, the dots do not

converge to the point (θ, vθ)=(0,0).  In the plots, as time goes on, the impact velocities

tend to decrease in magnitude, and x and y approach zero.  This is indicated by the dots

clustering towards the zeros on the plots.
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The total energy and the kinetic energy were both plotted against time for the cases

analyzed in this investigation and are shown in Figs. A.9 and A.10, respectively.  These

are typical plots where the energy in the system is decreasing as the breakwater dissipates

energy during impacts and starts to settle to the equilibrium state.  Figures A.9 and A.10

were produced from the data collected from the free motion PMBW standard case and

exhibit this decreasing nature.

The plots of the cases where forcing was introduced were very similar to the plots

discussed here when the motions tended to settle.  The motion between impacts is not

linear or quadratic because of the introduced sinusoidal forcing.  The plots discussed here

show the typical nature of the response of the breakwater during its motions.
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