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ABSTRACT

This report presents predictions of ship motion responses
due to the presence of waves for the T-ACS 4 Auxiliary Crane
Ship, which is representative of a typical military container ship. It
discusses an analytical procedure for considering a combination of
sea and swell conditions.This report specifically addresses the
motion responses of particular points on the ship which correspond
to cargo locations. From these motion response predictions, this
report develops a three-dimensional motion envelope for multiple
wave heading.

ADMINISTRATIVE INF ORMATION
The work documented in this report was conducted at the Naval Surface Warfare Center,
Carderock Division, (NSWCCD) for the Defense Advanced Research Projects Agency (DARPA) and the
Office of Naval Research. This report covers the analytical procedures for prediction of ship motion
responses for the T-ACS 4 Auxiliary Crane Ship in irregular seas. This task is in support of contract
work initiated under the Maritime Platforms Technology Program. Funding for this project was provided
by the Advanced Research Projects Agency (ARPA) Order C251 and was performed under the

NSWCCD Work Unit Numbers 1-1020-622 and 1-1020-623.

INTRODUCTION
A critical issue in cargo transfer at sea is ship motion in the presence of waves. Analysis
of ship motions in wave and swell environments enables those involved in the design of cargo transfer
equipment to develop design criteria. Use of computer simulated wave spectra provides predictions for

ship responses to wave action. Absolute displacement of multiple points corresponding to container




Jocations is then calculated and used to determine a range of motion for each point. From this

information, a motion envelope for possible cargo locations on the ship is developed.

APPROACH
In order to provide a realistic simulation of sea environment most likely encountered during
cargo transfer operations, many parameters were considered. They included, significant wave height for
wind driven sea, modal period, heading and swell. Specific cargo locations were selected for examination
to include the points likely to provide extreme displacement responses to wave action. Finally, the format
of output was selected to provide information on absolute displacement in the longitudinal, lateral and

vertical directions as well as velocities and accelerations along these three axes.

INPUT PARAMETERS

The first parameter considered was significant wave height. Significant wave height is defined as
the average height of the one-third highest waves in an irregular wave train. Significant wave height is a
statistical definition used to standardize references to wave height and sea state. At a specific wave
height, a broad range of modal periods is possible, although a most probable peak modal period can be
identified. For this analysis a significant wave height of 6.17 ft was selected. This wave height represents
a NATO Standard mid sea state 4’ for open ocean northern hemisphere. As can be seen in Table 1, at
this wave height, the range of modal periods is 6.1 to 16.2 seconds, with a most probable peak modal

period of 8.8 seconds.




Table 1. NATO Standard table. Annual sea state occurrences in the open ocean northern hemisphere.
Significant Mean Modal Period Most Probable Sustained
Sea Wave Height Significant Wave Range Modal Period wind speed
State Range (ft) Height (ft) (sec) (sec) (kts)
0-1 0-03 0.16 - - 0-6
2 03-1.6 1 42-13.8 6.9 7-10
3 1.6 -4.10 2.9 51-154 7.5 11-16
4 4.10-8.2 6.17 6.1-16.2 8.8 17-21
5 82-13 10.7 7.2-16.6 9.7 22 -27
6 13-20 17 99-174 12.4 28 - 47
7 20 -30 25 11.7-19.2 15.0 48 - 55
8 30 -46 38 14.4-20.0 16.4 56 - 63
>8 >45.93 >45.93 17.2 -23.1 20.0 >63

Ocean wave spectra depend on wind velocity, duration and fetch. Wave spectra are said to be
fully developed when they reach an equilibrium state independent of duration and fetch. Locally wind-
generated waves are generally shortcrested waves, meaning the wave components advance in various
directions, while longcrested wave components are assumed to advance in only one direction. The
energy from longcrested waves impacts the vessel directly; the energy from shortcrested waves is spread
out and may impact the vessel from many directions around its primary heading. Although analytical
techniques to investigate the effects of shortcrested wave spectra on ship motion are being developed,
information on directional spectra is limited. Therefore, with the presumption that a conservative
estimate of wave effects on ship motion will result, it is customary to proceed with the assumption that
the waves are longcrested”.

Swell is spectrally defined as uni-directional, narrow banded and superimposed on a wind-
generated sea. For examining ship motion responses, a swell modal period closely matching the natural
roll period of the vessel is of interest, particularly where that natural roll period has a reasonable

probability of occurrence’.




T-ACS 4 CARGO LOCATION POINTS

The T-ACS 4 Auxiliary Crane Ship (Figure 1) was selected as representative of a typical military
container ship. To encompass a wide range of possible absolute point motion, eight cargo locations were
considered. These cargo locations (listed below in Table 2) were selected to include the extreme
longitudinal, lateral and vertical cargo placement locations from the center of gravity (CG) of the vessel.
Each point location represents the geometric center of a cargo container and was translated directly from

a MARAD drawing of the T-ACS 4 ship.* Figures 2 and 3 illustrate the selected cargo location points.

Fig. 1. USS Gopher State, T-ACS 4 Auxiliary Crane Ship.
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Table 2. Cargo locations.

FRAME NO. | CELL GROUP | LONGITUDINAL | TRANSVERSE | VERTICAL

POINT 1 47 1 106 -10 17.5
POINT 2 68 2 138 -10 9
POINT 3 90 3 208 28 43
POINT 4 108 4 256 -28 9
POINT 5 H 5 284 -24.27 71.4
POINT 6 118 6 341 28 15.67
POINT 7 138 7 376 -28 26
POINT 8 162 8 437 -28 34.5

The origin of the reference system for importing these locations into the ship motion prediction
computer programs is defined as the intersection of the ship’s forward perpendicular (FP), centerline and
baseline. The x-coordinate (longitudinal location) is measured from the FP to the aft perpendicular (AP).
The y-coordinate (transverse location) is measured from the ship’s centerline with y positive to port. The
z-coordinate (vertical location) is measured from the baseline with z positive up. In Table 2 the units are

expressed in feet.

OUTPUT FORMAT

The computer programs ( discussed below) used in this analysis are able to predict ship responses
in six degrees of freedom (6DOF); they are surge, sway, heave, roll, pitch and yaw. Absolute
longitudinal displacement has components of surge, pitch and yaw. Absolute lateral displacement has
components of sway, roll and yaw. Absolute vertical displacement has components of heave, roll and
pitch. By combining the various motion components and phase angles, the computer programs are able
to determine absolute displacement, velocity and acceleration in longitudinal, lateral and vertical

directions of any point on the ship in an earth reference frame.




In addition the output can be expressed in the form of a significant value, statistically
corresponding to significant wave height; this value is also referred to as twice the root mean square
(rms) amplitude. Absolute displacement responses for each point selected can be provided as a function
of heading and modal period, given a specific significant wave height. These absolute displacement

responses can then be used to generate motion envelopes within a range of headings.

BACKGROUND

SHIP MOTION PREDICTION PROGRAMS

Three mooring cases for the T-ACS 4 Auxiliary Crane Ship were considered; free floating,
moored to the lee side of the Mobile Offshore Base (MOB) and moored to the weather side of the MOB.
For the free floating case, only the standard ship motion program (SMP) computer model was used. For
the moored cases, WAMIT was used to model the interactions between the floating bodies. Then SMP
was used to provide an output format consistent with the free floating case. For each of these cases, the
same eight points were examined for absolute displacement, velocity and acceleration. The following is a
brief description of SMP® and WAMIT,® the computer programs used in this analysis. More detailed

information can be obtained from the respective user manuals for each of these programs.
SMP’

The Standard Ship Motion Program (SMP) was developed at the David W. Taylor Naval Ship

Research and Development Center. SMP provides predictions of translational and angular ship statistical

10




responses in irregular seas. These predictions are obtained from the product of ship Response Amplitude
Operators (RAQOs) and sea spectra. Ship motion predictions in irregular seas are based on two
assumptions of the principle of superposition. The first assumption is that the irregular sea can be
represented as a superposition or sum of simple sine waves whose amplitudes are obtained from specified
spectral densities with random and uniformly distributed phases. The second assumption is that the
irregular responses of a ship are the superposition or sum of the ship responses to these individual sine
waves. Based on these assumptions, predictions of ship responses in regular sinusoidal waves provide the
data base from which ship responses in irregular waves can be predicted.

The six degree of freedom (6DOF) transfer functions are obtained as solutions of two
independent sets of three coupled equations of motion. Because the ship is assumed to have lateral
symmetry, surge and the vertical mode responses of heave and pitch are solved independently of the
lateral mode responses, sway, roll and yaw. The roll motion has been shown to exhibit nonlinear
behavior due to viscous roll damping. This indirectly affects the motions of sway and yaw when they are
coupled with roll. A subroutine in SMP calculates the nonlinear component of roll damping and
incorporates these calculations into the coupled motion equations.

Seaway descriptions of significant wave height, modal period and long ovr short-crested response
spectra are used as inputs to SMP. The 6DOF transfer functions are computed for various ship speeds,
heading angles, wave frequencies and mean roll angles. A procedure has been developed to use these
transfer functions in determining translational displacements of any point on the ship with respect to an

earth reference frame. The motions at a point involve combinations of vertical and lateral mode

11




responses and must be treated as nonlinear and solved for a set of mean roll angles previously calculated
in the roll damping subroutine.

Output from SMP can be configured to suit the user’s requirements. In this analysis the output
was configured to include absolute displacements, velocities and accelerations of selected points in

longitudinal, lateral and vertical directions for each heading, modal period and spectral function.

WAMIT®

WAMIT is a radiation-diffraction panel program for wave-body interactions at zero speed
developed by the Massachusetts Institute of Technology for the linear analysis of the interaction of
surface waves with offshore structures. Its computing capabilities include the removal of the effects of
irregular frequencies, the analysis of second-order forces on fixed structures in bichromatic and
bidirectional waves, including difference-frequency and sum-frequency components.

WAMIT was used in this analysis because it can analyze the interactions between waves and one
or more bodies which interact hydrodynamically and mechanically. Each of the separate bodies may
oscillate independently with up to six degrees of freedom. The bodies may be free floating, fixed, or
constrained by external forces, such as mooring forces. The basic theory for multibody interactions with
waves is similar to that of a single body and is described in Chapter 11 of the WAMIT User Manual. The
principal extension is to increase the maximum number of degrees of freedom from six for a single body
to 6N for N bodies. In this analysis two bodies are present and the maximum possible number of degrees

of freedom becomes twelve, six for each body.

12




For the two mooring cases (T-ACS 4 moored to the lee side of the MOB and the T-ACS 4
moored to the weather side of the MOB), WAMIT provides the transfer functions for the motion of the
ship. The SMP program then uses this information to determine absolute displacement, velocity and

acceleration in the same output format as for the free floating ship.

MODELING OF OCEAN WAVES

As stated previously, prediction of ship motion responses to irregular seas assumes the principle
of superposition in that an irregular sea can be modeled as a sum of regular seas. In SMP, regular
sinusoidal spectra are used to generate a bank of RAOs, or transfer functions. Using this bank of RAOs
with an input of an irregular sea spectrum, ship motion responses are determined. Selection of the

appropriate input spectra becomes critical for design purposes.

Spectral Families

The complex nature of ambient ocean waves is evident. Waves are constantly changing in time
and space, they are dispersive and random. In fact, their primary generating mechanism - the wind - is
itself random. Therefore it is appropriate to describe waves stochastically. For a deterministic solution,
the wave environment cannot be confined to a specific instant in time, but rather should be represented as
a situation that might be expected over a representative period of time”.

Several idealized wave spectral families have been devised to represent these expected situations,
each of which may be useful for specific applications in ship design. The following is a discussion of the

idealized spectra used in this analysis including the advantages and limitations of each.
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Bretschneider’

The Bretschneider spectrum is a single-peaked, two-parameter spectrum which uses modal period
and wave height as independent variables. The Bretschneider family therefore can be used to represent
rising, falling and fully developed seas. Use of the Bretschneider family permits analysis of ship motion
responses to a specific significant wave height coupled with many possible peak modal periods. The
Bretschneider spectrum has limitations in that its form provides a poor fit in the presence of a sufficiently
dominant swell from a distant storm. Depending on the distance from the storm, the shape of a spectrum
of actual wave conditions may have a severely diminished tail. The idealized Bretschneider spectrum
shape has a well defined tail which could lead to a prediction of ship motion responses to higher

frequency waves much greater than would actually occur.

Ochi-Hubble’

Another theoretical family of spectra was developed by Ochi and Hubble (1976). The Ochi-
Hubble spectrum is a double-peaked spectrum which includes components of swell and can provide a fit
to most spectra derived from actual wave measurement. The Ochi-Hubble spectrum is sometimes
referred to as the Ochi six-parameter spectrum. It is a modification of the two-parameter Bretschneider
spectrum and includes a shape factor as a third parameter. A six-parameter spectrum is obtained by
adding two of these three-parameter forms together to represent both a sea and swell component.

Ochi developed a set of 11 specific spectra using significant wave height as an independent
variable. One of these 11 spectra corresponds to the most probable spectrum; the 11 spectra combine to

provide a 95% probability confidence band. Coincidentally, the Ochi-Hubble sea and swell modal period
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of spectrum number 4 for this significant wave height corresponds to the natural roll period of the T-ACS
4 Auxiliary Crane Ship. The estimated natural roll period for the T-ACS 4 in the fully loaded departure
condition is approximately 15.3 seconds. This means that there is a probability that a worst case ocean
environment might be encountered. It should also be noted that the Ochi-Hubble spectrum is not a
statistical representation of all seas, but it can be used to determine ship motion responses for engineering

purposes.

Input Spectra

For either of these spectral families a broad range of modal periods is possible. Analysis to
include all the possible combinations including swell is beyond the scope of this report. However,
McCreight® suggests that when a general analysis is desired for operation in any sea the following three
spectra should be considered:

1. A Bretschneider spectrum that is most probable for the significant wave height of interest.

2. The six-parameter Ochi-Hubble spectrum that is most probable for the significant wave

height of interest.

3. A spectrum with its peak closely matching the natural roll period of the vessel. This

spectrum should be considered if| in fact, there is a likelihood of its occurrence.
METHOD

The following describes the methods used to predict T-ACS 4 ship motion responses and to

determine an envelope of motion that might likely be encountered during cargo transfer operations. The
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background section of this report already addresses much of the justification for selection of ship motion
prediction programs, input spectra and cargo locations, but for clarity, some of those justifications are

repeated here.

CARGO LOCATION SELECTION

The cargo locations selected for analysis are listed in Table 2. The specific locations represent
extreme cargo placement locations along longitudinal, transverse and vertical axes under full load
departure conditions for the T-ACS 4 Auxiliary Crane Ship. For example, cargo point 1 represents the
cargo location longitudinally farthest from the center of floatation of the ship. This point will likely
provide a prediction of extreme longitudinal displacement. Cargo point 5 represents the cargo location
highest above the baseline of the ship. This point will likely provide a prediction of extreme lateral
displacement, especially when sway motion is coupled with an in-phase roll motion. The other points
provide representative cargo locations from all eight cargo cells along the ship. Since the scope of this
report does not allow examination of all possible cargo locations, the points selected for investigation are

those points most likely to provide extreme motion responses.

SELECTION OF INPUT SPECTRA

Although the data provided as output from the SMP and WAMIT programs included ship motion
response predictions to Bretschneider spectra of 6, 7, 8, 9, 11, 13, 15 and 17 second modal periods and

the 11 member Ochi-Hubble family of spectra, this report presents results from only the following input

spectra:
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1. A Bretschneider spectrum of 6.17 ft significant wave height and 8 second modal period.
2. A Bretschneider spectrum of 6.17 ft significant wave height and 9 second modal period.
3. An Ochi-Hubble spectrum identified as the most probable occurring at a significant wave
height of 6.17 ft.
4. An Ochi-Hubble specfrum identified as coinciding with the natural roll period of the
vessel corresponding to a significant wave height of 6.17 ft.
As suggested in the Background/Input Spectra section of this report a Bretschneider spectra of
the most probable modal period should be considered. The most probable modal period for a significant
wave height of 6.17 ft is 8.8 seconds (Table 1). Since Bretschneider data for both 8 and 9 second modal

periods exists, this report presents results for both.

MOORING

For each of the spectra selected as input, three mooring cases were considered; free floating,
moored to the lee side of the MOB, and moored to the weather side of the MOB.The free floating case
represents the motion of the T-ACS 4 unconstrained by mooring forces and free of interactions with
other bodies. For the lee side mooring case, the T-ACS 4 was moored alongside the MOB with its bow
in the direction of the MOB’s bow. The MOB was situated such that the waves encountered the MOB
before reaching the ship. For the weather side mooring case, the T-ACS was again moored alongside the
MOB with its bow in the direction of the MOB’s bow. The MOB was situated such that the waves

encountered the T-ACS 4 before reaching the MOB. For both mooring cases a series of springs and
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dashpots modeled the mooring lines and fendering; the mooring configuration was the same for both

moored cases.

COMPUTER PROGRAMS

The appropriate input spectra were used with SMP and WAMIT RAO files to generate absolute
displacement, velocity and acceleration data for the three different ship mooring configurations. Note
that the data generated by these programs included many more spectra than this report analyzes. The
results section of this report includes only the data from the Bretschneider spectra of 8 and 9 second
modal-periods, the Ochi-Hubble most probable spectrum and the Ochi-Hubble spectrum corresponding to

the natural roll period of the T-ACS 4.

RESULTS

Appendix A contains spreadsheets of displacement, velocity and acceleration data, arranged by
input spectra. Appendix B displays single amplitude graphical representation of this data. It should be
noted that the graphical values may be either plus or minus from the origin.

When transferring cargo at sea, typically, a ship will be positioned such that the waves encounter
the bow of the ship head on. _And although the spreadsheets in Appendix A present data for headings of 0
to 180 degrees in 15 degree increments, it is not reasonable to assume that cargo transfer operations are
likely to proceed in quarter or beam sea conditions. It is more probable that the ship will maneuver,
whenever possible, to achieve optimal wave encounter conditions. Therefore, motion envelopes were

developed for headings of 0 to 30 degrees and for a margin of error, for headings from 0 to 45 degrees.
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Table 3 shows the maximum displacement values from which the motion envelopes (Appendix C) were

developed. Table 4 shows the maximum acceleration values for these same headings. In the context of

this report, a maximum value represents twice the rms value. It corresponds to the statistical definition of

significant wave height. Theoretically, statistics predict that this value will be exceeded a certain

percentage of the time depending on N, the number of waves encountered. The probability that these

values will be exceeded is left for future analysis.

Table 3. Maximum longitudinal, lateral and vertical displacements. Units are in feet.

SPECTRA MAXIMUM DISPLACEMENT | MAXIMUM DISPLACEMENT
Heading From 0 to 30 Degrees Heading from O to 45 Degrees
Free Floating Casé Longitudinal Lateral Vertical Longitudinal Lateral Vertical
Ochi-Hubble Most Probable +/-0.70 | +/-0.62 | +/-2.80 | +/-0.79 | +/-1.09 | +/-3.51
Spectra
Ochi-Hubble Spectra +/-1.67 | +/-283 | +/-3.42 | +/-1.67 | +/-3.69 | +/-3.66
Corresponding to Natural Roll
Bretschneider Spectrum +/-0.59 | +/-0.53 +/-2.44 | +/-0.67 | +/-0.94 | +/-3.16
(8 & 9 Second Modal Periods)

Table 4. Maximum longitudinal, lateral and vertical accelerations. Units are in g x 100.

SPECTRA MAXIMUM ACCELERATION | MAXIMUM ACCELERATION
Heading From 0 to 30 Degrees Heading from 0O to 45 Degrees
Free Floating Case Longitudinal Lateral Vertical Longitudinal Lateral Vertical
Ochi-Hubble Most Probable 0.79 0.77 3.68 0.96 1.44 493
Spectra
Ochi-Hubble Spectra 0.94 1.62 2.71 0.94 2.16 3.21
Corresponding to Natural Roll
Bretschneider Spectrum 0.665 0.694 3.445 0.96 1.321 4.746
(8 & 9 Second Modal Periods)
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DISCUSSION OF RESULTS

As expected, the longcrested Ochi-Hubble spectra corresponding to the ship’s natural roll period
provided the most extreme predictions of ship motion responses. It was surprising though, that in the
moored cases for both the Bretschneider and Ochi-Hubble spectra, motion response predictions were
significantly greater than in the free floating cases; the mooring forces were expected to constrain motion.
Factors such as resonant horizontal motions resulting from elastic mooring may be partially responsible
for the greater motion responses. It is more likely, however, that the mooring forces were not optimally
modeled in WAMIT. For this reason, the results of the moored cases are considered inconclusive and are
not presented. Further analysis with variations in the mooring forces are required to determine a more

realistic simulation of those forces.

PROBABILITY OF EXTREMES

The results of ship motion presented here do not address the probability of their occurrence.
Instead the analysis focuses on the possibility of extreme displacements occurring, and chooses those
values to describe an envelope of motion. Further analysis incorporating environmental probabilities

could be useful in determining a smaller but acceptable envelope of motion and corresponding system

availability.
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CONCLUSION

The ship motion responses presented here for the free floating case provide reasonable predictions
for an envelope of motion. The moored responses, however, are questionable, not just because they are
greater than the free floating responses, but because in some instances they are nearly double. Clearly
more investigation of the mooring forces and how they are represented in WAMIT are necessary. With
that noted, the values derived for the free floating case from the Ochi-Hubble most probable spectrum,
the Ochi-Hubble spectrum corresponding to the natural roll of the vessel and the Bretschneider mean
modal period spectrum, have been used to determine an envelope of motion presented in Figure C.1.

The method for detérmining this envelope of motion can be easily duplicated for other significant
wave heights and modal periods. By choosing an appropriate Ochi-Hubble spectrum, sea and swell
conditions can be combined. The T-ACS 4 auxiliary crane ship was selected as representative of a typical
military container ship for this analysis, but once a particular ship has been defined as SMP or WAMIT

input, its unique motion responses can be determined using the methods set forth in this report.

FURTHER ANALYSIS
Recommendations for further analysis of ship motion responses include analyzing the motion
responses at other significant wave heights and modal periods using both the Bretschneider and Ochi-
Hubble input spectra. Probability of occurrence statistics for wave data exist in various forms. For

example in Principles of Naval Architecture (PNA)’ there are tables of observed percentage frequency of

occurrence of wave heights and periods both for specific ocean areas and worldwide. Databases such as
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the Spectral Ocean Wave Model (SOWM) and the Global Spectral Ocean Wave Model (GSOWM)® have
been developed and provide a hindcasting model. By selecting a particular set of motion criteria in which
cargo transfer equipment would be designed to operate and using the databases for probability of
occurrence, it would be possible to predict when the equipment would be able to operate and when the
equipment might fail. This information could be used to predict an availability of the cargo transfer
system.

Alternatively, SMP is capable of providing a time history of absolute displacement at a point. A
three dimensional plot of this information, with each point representing an instant in time, could provide
an envelope of motion corresponding to extreme displacements. In addition, this graphical method would
provide visualization of the frequency that these extreme displacements were occurring. It could also be
seen if there was a smaller more densely populated region of occurrence, thereby addressing the
probability of occurrence of motion and not simply the extremes. The drawback in this method is that
theoreti;:ally there are an infinite number of time histories that produce the same spectra in the frequency
domain. A large time sample would be required to gain a measure of confidence in time history results.

Lastly, since mooring has proven to be a critical issue, modeling of the mooring forces can not be
arbitrary. The ship motion response prediction programs provide results which are extremely sensitive to
how the mooring forces are represented. The stiffness and damping coefficients considered in the
mooring cases may even change the natural frequencies of the vessel (when considered as a system
including the vessel, the mooring lines and the fendering) and cause the responses to be excited at even
the most probable input spectra. Investigation into accurately modeling these mooring forces in WAMIT

may include model testing.
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Table A.1. Longcrested Ochi-Hubble displacement data. Free floating case.

T-ACS 4 free floating/ Significant Wave
Height 6.17/0Ochi-Hubble
LONGITUDINAL HEADING
DISPLACEMENT (FT) (DEGREES)
CARGO| O 15 { 30 | 45 | 60 | 75 | 90 | 105 | 120 | 135 | 150 | 165 | 180
MP Point 1 0.53| 0.55| 0.61] 0.68] 0.67] 0.44| 0.08] 0.54 0.72[ 0.69] 0.59| 0.52| 0.49
4 Point 1 1.57| 1.55] 1.45] 1.25| 0.94| 0.51{ 0.1| 0.64| 1.05] 1.34| 1.51] 1.6] 1.62
MP Point 2 0.6| 0.62] 0.69] 0.77{ 0.77| 0.5 0.1 0.63| 0.83| 0.79] 0.68| 0.6 0.57
4 Point 2 1.67| 1.64] 1.54] 1.34| 1.01] 0.55{ 0.11] 0.69] 1.13| 1.42| 1.61] 1.7| 1.72
MP Point 3 0.38] 0.37| 0.39] 0.4] 0.36] 0.22| 0.07| 0.24] 0.3| 0.31] 0.29| 0.28] 0.29
4 Point 3 1.3| 1.26/ 1.15/ 0.98| 0.71] 0.37| 0.12| 0.47{ 0.79| 1.03| 1.19| 1.28] 1.33
MP Point 4 06| 062 0.7/ 0.79] 0.79] 0.53] 0.1] 0.67| 0.89| 0.84| 0.71] 0.61} 0.57
4 Point 4 1.67| 165 1.55] 1.36/ 1.04] 0.57[ 0.1} 0.71] 1.16] 1.46| 1.63] 1.71] 1.72
MP Point 5 0.37| 0.41] 0.5| 0.64| 0.76/ 0.61| 0.18| 0.61] 0.54| 0.39| 0.28| 0.23| 0.21
4 Point 5 1.03| 1.03] 0.97| 0.87| 0.74| 0.51| 0.16] 0.6} 0.75] 0.9] 0.99| 1.03[ 1.03
MP Point 6 0.54| 0.57| 0.63| 0.7 0.68 0.44] 0.09] 0.51} 0.66] 0.63| 0.56/ 0.51 0.51
4 Point 6 1.6| 1.55| 1.44] 1.25| 0.94| 0.5 0.12] 0.62] 1.01] 1.3] 1.48{ 1.59| 1.64
MP Point 7 0.47| 0.5 0.56] 0.64| 0.65] 0.45| 0.06| 0.52| 0.68| 0.64| 0.54] 0.46| 0.42
4 Point 7 1.48| 1.46{ 1.38] 1.2[ 0.92] 0.51] 0.09] 0.62| 1.02| 1.29] 1.45| 1.52| 1.52
MP Point 8 0.42[ 0.45 0.51] 0.59] 0.61| 0.44| 0.07| 0.48| 0.6| 0.55] 0.46/ 0.39| 0.35
4 Point 8 1.39

LATERAL

DISPLACEMENT (FT)

CARGO| 0 90 | 105|120 | 135 | 150 | 165 | 180
MP Point 1 0| 0.28] 0.62] 1.09] 1.6/ 1.93| 1.87| 1.78 1.49| 1.03] 0.61| 0.28 0
4 Point 1 0| 0.55| 1.09] 1.57 2| 2.35] 25| 2.55| 2.37{ 1.98] 1.43| 0.76 0
MP Point 2 0| 0.24| 0.55| 0.96] 1.43| 1.77| 1.76] 1.64] 1.35] 0.93] 0.54| 0.25 0
4 Point 2 0| 063 1.17] 1.65 2.1| 2.52| 2.8] 2.91 2.77[ 2.37| 1.75] 0.97 0
MP Point 3 0| 0.15/ 0.35| 0.67] 1.17} 1.77| 2.08 169 1.1] 0.63] 0.34] 0.15 0
4 Point 3 0| 0.83| 1.51| 2.08| 2.53| 2.82| 2.84| 2.46] 1.97| 1.48| 1.03| 0.57 0
MP Point 4 0| 0.11| 0.26] 0.5| 0.91| 1.42| 1.69] 1.36| 0.89] 0.52| 0.28| 0.12 0
4 Point 4 0| 0.65| 1.17| 1.65] 21| 2.54] 2.84] 2.82| 2.59| 2.16| 1.58] 0.88 0
MP Point 5 0| 0.19] 0.41| 0.76] 1.31| 1.96| 2.36| 1.96] 1.28| 0.73] 0.4/ 0.19 0
4 Point 5 0| 1.67| 2.83| 3.69] 4.29] 4.6| 4.61] 4.25| 3.75| 3.16] 2.43| 1.47 0
MP Point 6 0| 0.13| 0.29| 0.53] 0.91] 1.41| 1.71] 1.4] 0.91{ 0.52} 0.28 0.12 0
4 Point 6 0| 0.56] 1.07] 1.53] 1.96] 2.35| 2.58| 2.48] 2.18] 1.76] 1.25] 0.67 0
MP Point 7 0l 0.18 04| 0.7] 1.1 1.54] 1.81] 1.56] 1.09] 0.66{ 0.36] 0.16 0
4 Point 7 0] 0.47] 0.94| 1.4| 1.83| 2.18] 2.35 2.21| 1.87| 1.44] 0.97| 0.49 0
MP Point 8 0] 0.27/ 0.59 11 1.44| 1.74] 1.87| 1.79] 1.41| 0.94] 0.54| 0.24 0
Point 8 0 0

MP = Most probable Ochi-Hubble spectra
Ochi-Hubble spectra which corresponds to the natural roll period of the T-ACS 4

N
|
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Table A.1 Continued.

Ochi-Hubble Spectra Corresponding to the Natural Roll Period of the T-ACS 4

IMAXIMUM DISPLACEMENTS

UNITS OF FEET

|Headings from 0 to 30 degrees

Headings from 0 to 45 degrees

Longitudinal 1.67
Lateral 2.83
Vertical 3.42

Longitudinal 1.67
Lateral 3.69
Vertical 3.66

Ochi-Hubble Most-Probable Spectra

[MAXIMUM DISPLACEMENTS

UNITS OF FEET

[—Ieadings from 0 to 30 degrees

Headings from 0 to 45 degrees

Longitudinal 0.7|Longitudinal 0.79]
Lateral 0.62}Lateral 1.09
Vertical 2.8}Vertical 3.51

28

VERTICAL HEADING
DISPLACEMENT (FT) (DEGREES)
CARGO| O 15 | 30 | 45 | 60 | 75 | 90 | 105 ] 120 | 135 | 150 | 165 | 180
MP Point 1 220 2.41] 2.8 3.51] 4.28] 4.23] 3.7] 4.11| 3.73| 2.98| 2.42| 2.13] 2.04
4 Point 1 3.36| 3.39] 3.42] 3.48] 3.61] 3.46] 3.13] 3.42| 3.26| 3.18| 3.22| 3.25| 3.28
MP Point 2 1.99] 2.09] 2.43] 3.07] 3.81] 3.96] 3.62| 3.74| 3.26| 2.57| 2.08] 1.83| 1.76
4 Point 2 3.03] 3.05/ 3.1 3.18] 3.33| 3.31] 3.09] 3.2 3| 2.9] 2.91]| 2.92| 2.85
MP Point 3 1.37| 1.43] 1.62] 1.98] 2.55] 3.21| 3.62| 3.38| 2.63] 1.89] 1.45| 1.24| 1.16
4 Point 3 2.30] 2.7| 3.18] 3.66| 4.13] 4.56| 4.8] 4.67| 4.26| 3.79| 3.29| 2.76| 2.32
MP Point 4 1] 1.05] 1.23] 1.65 2.43] 3.26] 3.34| 2.53] 1.65| 1.12| 0.89] 0.8/ 0.8
4 Point 4 2.06] 2.1] 2.39] 2.65] 2.91] 3.19] 3.18 2.83| 2.56| 2.39| 2.18| 1.93| 2.01
MP Point 5 0.83] 0.86] 0.99] 1.35] 2.13] 3.1] 3.3] 2.43[ 1.47| 0.93| 0.72] 0.65] 0.65
4 Point 5 1.04] 1.92| 2.14] 2.38] 2.64| 2.99] 3.05] 2.64] 2.35] 2.18| 1.98| 1.78] 1.89
MP Point 6 0.73| 0.76] 0.82] 0.98] 1.62] 2.8] 3.38] 2.72| 1.77| 1.16| 0.86] 0.7| 0.63
4 Point 6 1.89| 2.46| 3.05| 3.56 4| 4.48| 4.72] 447 41| 3.65 3.1] 2.47| 1.86
MP Point 7 0.86| 0.87| 0.93] 1.15 1.84] 2.88] 3.15| 2.43| 1.66] 1.2| 0.95 0.83| 0.81
4 Point 7 1.99| 1.83| 2.05| 2.3 2.58 3| 3.11| 2.78] 2.51| 2.29| 2.05| 1.82] 1.97
MP Point 8 1.3| 1.32] 1.45] 1.71] 2.24] 2.94| 3.08| 2.83| 2.37| 1.88] 1.53] 1.33| 1.28
4 Point 8 2.38 2.69| 3.03




Table A.2. Longcrested Bretschneider displacement data. Free floating case.

6.17/Bretschneider Longcrested

T-ACS 4 free floating/ Significant Wave Height

LONGITUDINAL
DISPLACEMENT (FT)

MODAL
PERIOD |CARGO] 0 15

165

Point 1 [0.262| 0.275

0.268

Point 1 [0.459|0.475

0.457

Point 2 {0.297| 0.31

0.315

Point 2 |{0.514]0.532

0.523

Point 3 10.208| 0.204

0.14

Point 3 ]0.337]0.332

0.259

Point 4 10.297| 0.31

0.322

Point 4 |0.514]|0.532

0.533

Point 5 |0.268| 0.285

0.194

Point 5 [0.342]0.372

0.234

Point 6 | 0.269| 0.283

0.265

Point6 [ 0.47]0.487

0.452

Point 7 | 0.2341 0.248

0.231

Point 7 | 0.41}0.429

0.405

Point8 [0.215] 0.23

0.193

O[O0 ]|O|00]|©O]|00]|W]|00IWO[C0[O]|00]|O|00{O|C0

Point 8

0.368

LATERAL

DISPLACEMENT

(FT) (DEGREES)

MODAL

PERIOD |CARGO{ 0 15 45 165
8 Point 1 0/ 0.158 0.686 0.15 0
9 Point 1 0} 0.242 0.938 0.238 0
8 Point 2 0] 0.146 0.599 0.138 0
9 Point 2 0] 0.218 0.83 0.219 0
8 Point 3 0} 0.086 0.382|0.742 0.091 0
9 Point 3 0] 0.144 0.598 0.143 0
8 Point 4 0] 0.082 0.289| 0.584 0.077 0
9 Point 4 0] 0.115 0.441|0.795 0.121 0
8 Point 5 0/ 0.139 0.422{0.751 0.148 0
9 Point 5 0] 0.22 0.745 0.221 0
8 Point 6 0/ 0.079 0.317/0.582 0.066 0
9 Point 6 0/ 0.118 0.463|0.794 0.108 0
8 Point 7 0] 0.097 0.421/0.732 0.077 0
9 Point 7 0/ 0.153 0.604 0.135 0
8 Point 8 0] 0.146 0.623 0.122 0
9 Point 8 0 0]




Table A.2. Continued.

VERTICAL
DISPLACEMENT HEADING
(FT) (DEGREES)

MODAL
PERIOD |CARGO| 0 15 | 30 | 45 | 60 | 75 | 90 | 105 | 120 | 135 | 150 | 165 | 180

Point 1 | 1.535| 1.588| 1.832] 2.549] 3.659] 3.916| 3.48|4.042] 3.11{2.019|1.518] 1.402 1.387
Point 1 | 2.041| 2.129] 2.441] 3.157| 4.131] 4.243] 3.751| 4.259| 3.553| 2.599( 2.083| 1.89 1.845
Point 2 |1.364| 1.41]1.616]2.227]3.229] 3.635 3.39|3.599| 2.684|1.729]1.307| 1.211] 1.201
Point 2 | 1.791| 1.868| 2.138] 2.764] 3.667] 3.957| 3.665| 3.834/ 3.092| 2.239| 1.794] 1.63|1.593
Point3 | 1.02| 1.07|1.224]1.551]2.159/2.939] 3.351/2.915] 1.906| 1.199| 0.964| 0.88/0.819
Point 3 |1.276| 1.324] 1.496] 1.844] 2.456[3.221] 3.65| 3.3] 2.39|1.666|1.321|1.154]1.069
Point 4 | 0.832| 0.842|0.892]1.109] 1.856] 2.871]| 3.052]2.124| 1.2|0.762| 0.623| 0.585/ 0.605
Point4 |0.979] 1.02|1.151]1.483]2.257[3.205] 3.34]/2.435| 1.5/1.008|0.816|0.749]0.765
Point 5 | 0.754] 0.757] 0.778] 0.886{ 1.565] 2.723| 3.011[ 1.938| 0.973] 0.632| 0.552) 0.513 0.523
Point 5 | 0.852| 0.879] 0.969] 1.213] 1.949] 3.043[ 3.295| 2.28| 1.293| 0.848| 0.692| 0.629| 0.64
Point 6 |0.705| 0.759| 0.803]0.753] 1.122] 2.516] 3.101] 2.121] 1.178( 0.861) 0.712/ 0.586/| 0.526
Point6 |0.775| 0.829] 0.896] 0.952] 1.464] 2.791] 3.387| 2.535| 1.581( 1.122| 0.876/ 0.708 0.627
Point 7 |0.757| 0.743| 0.744] 0.731.281]2.557| 2.869] 1.929| 1.173[ 0.889| 0.764| 0.67|0.637
Point 7 | 0.871]0.869] 0.915] 1.034] 1.658| 2.842| 3.141(2.273| 1.499| 1.121) 0.926 0.78
Point 8 | 0.963] 0.956[ 1.018[ 1.181]1.728]| 2.689| 2.821(2.474| 1.878] 1.386| 1.121 0.93
Point 8 | 1.21{1.216[1.312] 1.53|2.079] 2.937| 3.075/ 2.757) 2.222| 1.723

O ||| |O[00}©O]|00]¢O|00]||00|O|00|O|C

MAXIMUM DISPLACEMENTS JUNITS OF FEET

Headings from 0 to 30 degrees |Headings from 0 to 45 degrees

Longitudinal 0.589]Longitudinal 0.671

Lateral 0.534]Lateral 0.938

Vertical 2.441Vertical 3.157
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Table A.3. Longcrested Ochi-Hubble velocity data. Free floating case.

T-ACS 4 free floating/ Significant Wave Height
6.17/Ochi-Hubble
LONGITUDINAL VELOCITY HEADING
(FT/SEC) (DEGREES)
CARGO| 0 15 | 30 | 45 | 60 | 75 | 90 | 105 | 120 | 135 | 150 | 165 | 180
MP Point1 | 0.31] 0.32] 0.37[ 0.42[ 0.43{ 0.3] 0.06] 0.37| 0.46| 0.42| 0.35 0.31 0.29
4 Point1 | 0.65| 0.64] 0.61] 0.54| 0.43| 0.25] 0.05/ 0.32| 0.47| 0.57| 0.63| 0.66| 0.67
MP Point2 | 0.35] 0.37] 0.41{ 0.48( 0.5] 0.34] 0.08] 0.44| 0.54| 0.49] 0.41| 0.35 0.34
4 Point 2 0.7| 0.69] 0.65] 0.58| 0.47| 0.28| 0.06] 0.36| 0.52| 0.61| 0.68] 0.71| 0.71
MP Point 3 | 0.22| 0.22] 0.23| 0.25[ 0.24{ 0.16] 0.06| 0.16] 0.19| 0.18| 0.17| 0.16] 0.17
4 Point 3 | 0.53] 0.51] 0.47| 0.41( 0.31] 0.18| 0.06| 0.21]{ 0.33] 0.42| 0.48] 0.52| 0.53
MP Point4 | 0.35] 0.37| 0.42| 0.49] 0.51] 0.36] 0.08] 0.47| 0.58{ 0.52] 0.43| 0.36] 0.34
4 Point 4 0.7] 0.69 0.66| 0.59] 0.48| 0.29| 0.06] 0.37{ 0.54| 0.63| 0.69| 0.71] 0.7
MP Point5 | 0.24| 0.26] 0.32| 0.43] 0.56] 0.5 0.16] 0.51{ 0.39| 0.27] 0.19| 0.16] 0.14
4 Point5 | 0.42| 0.43| 0.41] 0.4] 0.43| 0.39] 0.13] 0.42] 0.37] 0.38] 0.4] 0.41| 0.41
MP Point6 | 0.32] 0.33] 0.38/ 0.43| 0.45{ 0.3] 0.07| 0.35] 0.42{ 0.38) 0.33f 0.3 03
4 Point6 | 0.66| 0.65| 0.61| 0.54[ 0.43{ 0.26] 0.06| 0.31| 0.45| 0.55| 0.62| 0.66/ 0.68
MP Point7 | 0.27| 0.29] 0.33] 0.39 0.42{ 0.33] 0.05] 0.36] 0.44! 0.39] 0.32] 0.27| 0.24
4 Point7 | 0.61] 0.6 0.58] 0.52| 0.42{ 0.27| 0.04| 0.31] 0.46] 0.55] 0.6f 0.62| 0.62
MP Point 8 | 0.24| 0.26| 0.31] 0.37{ 0.41] 0.34| 0.06] 0.34] 0.38| 0.34] 0.27] 0.23| 0.2
4 Point8 | 0.57| 0.57| 0.54| 0.48| 0.4] 0.28/ 0.05] 0.31} 0.42} 0.51| 0.56] 0.58| 0.58

LATERAL VELOCITY HEADING
(FT/SEC) (DEGREES)

CARGO] 0 | 15 | 30 | 45 | 60 | 75 | 90 | 105 | 120 | 135 | 150 | 165 | 180
MP___ |Point 1 o 0.17] 0.38] 0.69] 1.07] 1.4] 1.34] 1.22] 0.97| 0.65] 0.37] 0.17] 0
4 Point 1 0| 0.24] 0.47] 0.7] 0.94] 1.21] 1.24] 1.2| 1.05] 0.86] 0.61] 0.32] 0
MP___ |Point 2 0/ 0.15] 0.34] 0.61] 0.96] 1.28] 1.28] 1.13| 0.88] 0.58] 0.33] 0.15] 0
4 Point 2 0| 0.27] 0.5 0.71] 0.94] 1.21] 1.31] 1.3] 1.19] 1] 0.74] 041 0
MP ___ |Point 3 0| 0.00] 0.21] 0.41] 0.74] 1.2| 1.47] 1.1] 0.68 0.38] 0.21] 0.09] 0
4 Point 3 0 0.35] 064] 09| 1.12] 1.33] 1.42] 1.16] 0.88] 0.65] 0.44] 0.24] 0O
MP __ |Point 4 o[ 0.07] 0.16] 0.31] 0.58] 0.97| 1.22] 0.91] 0.57| 0.32] 0.17] 0.08] 0
4 Point 4 0 0.26] 0.47] 0.66| 0.86] 1.11] 1.31| 1.21] 1.07| 0.89] 0.65 0.36] 0
MP __ |Point 5 o 0.12] 0.25] 0.45] 0.8 1.27] 1.63] 1.26] 0.78] 0.44| 0.25] 0.12] 0
4 Point 5 0] 0.71] 1.21] 1.59] 1.86] 2.05] 2.14] 1.91| 1.64] 1.36] 1.04] 0.62] 0
MP___ |Point 6 0| 0.08] 0.18] 0.33| 0.58| 0.94] 1.23] 0.94] 0.58] 0.32] 0.17] 0.07] 0
4 Point 6 0] 0.23] 0.43] 0.62| 0.81] 1.03] 1.22| 1.08] 0.91] 0.72] 0.51] 0.27] 0
MP ___ |Point 7 o[ 0.11] 0.24] 0.43] 0.7] 1.03] 1.29] 1.04] 0.69] 0.41] 0.22] 0.09] 0
4 Point 7 o[ 0.19] 0.39] 0.59] 0.8 1.01] 1.17| 1.02] 0.81] 06| 0.4] 02 0
MP __ |Point 8 o 0.16] 0.36] 0.63| 0.94] 1.19] 1.32] 1.22] 0.91] 0.58] 0.32] 0.14] 0
4 Point 8 o 0.25] 0.49] 0.72] 0.93] 1.12] 1.2] 1.13] 0.92] 0.71] 0.48] 0.25] 0

=

Most probable Ochi-Hubble spectra
Ochi-Hubble spectra which corresponds to the natural roll period of the T-ACS 4

NN
|
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Table A.3. Continued.

VERTICAL VELOCITY HEADING
(FT/SEC) (DEGREES)
CARGO| 0 15 | 30 | 45 | 60 | 75 | 90 | 105 | 120 | 135 | 150 | 165 | 180

MP Point1 | 1.45] 1.53] 1.79] 2.32] 2.98| 3.05| 2.67| 3.03] 2.58| 1.94] 1.52| 1.34] 1.3
4 Point1 | 1.55] 1.58] 1.63] 1.77| 2.09] 2.15 1.91| 2.2| 1.79| 1.53| 1.47) 148] 1.5
MP Point2 | 1.27] 1.33] 1.56] 2.03] 2.65] 2.84] 2.61| 2.73| 2.24| 1.67| 1.31] 1.16] 1.12
4 Point 2 | 1.39] 1.41] 1.46] 1.59] 1.88] 2.02] 1.88] 1.99| 1.6| 1.36] 1.32] 1.32] 1.34
MP Point 3 0.9] 0.94] 1.08] 1.34] 1.77] 229 26| 2.36] 1.73| 1.2] 0.92| 0.79] 0.74
4 Point 3 | 1.07] 1.18] 1.39] 1.62] 1.9] 2.23| 2.42| 2.28] 1.95] 1.68| 1.45 1.22] 1.01
MP Point4 | 0.68] 0.7] 0.79] 1.06] 1.63] 2.29] 2.39] 1.75| 1.09| 0.72] 0.58} 0.52] 0.52
4 Point 4 0.9] 0.94] 1.07] 1.21] 1.43[ 1.76] 1.81] 1.42| 1.12| 0.99] 0.9 0.8] 0.85
MP Point 5 | 0.58| 0.59] 0.65] 0.85] 1.41| 2.17| 2.36| 1.65| 0.94| 0.59| 0.47| 0.43| 0.44
4 Point5 | 0.84] 0.84] 0.95] 1.07] 1.27] 1.66] 1.76] 1.31] 1.02] 0.9 0.81] 0.73] 0.79
MP Point 6 | 0.52] 0.55] 0.59] 0.65] 1.05 1.98] 2.43| 1.84] 1.14| 0.75| 0.58| 0.48] 0.43
4 Point6 | 0.81] 1.05] 1.3] 1.52] 1.72] 2.13] 2.35] 2.05| 1.8| 1.58] 1.33| 1.05| 0.77
MP Point 7 06| 059 062] 0.72] 1.2] 2.03] 2.26] 1.66] 1.09| 0.79] 0.64| 0.56] 0.54
4 Point7 | 0.86] 0.8] 0.9] 1.01] 1.19] 1.63] 1.75/ 1.38] 1.14] 1.01] 0.89] 0.78] 0.84
MP Point8 | 0.85] 0.86] 0.94] 1.11] 1.5| 2.1] 2.22| 2.01] 1.62] 1.25 1/ 0.87] 0.83

4 8

MAXIMUM VELOCITIES [UNITS OF FEET/SEC

[Headings from 0 to 30 degrees |Headings from 0 to 45 degrees

Longitudinal 0.7]Longitudinal 0.7

Lateral 1.21|Lateral 1.59

Vertical 1.79]Vertical 2.32
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Table A.4. Longcrested Bretschneider velocity data.

Free floating case.

T-ACS 4 free floating/ Significant Wave Height

6.17/Bretschneider Longcrested

(FT/SEC)

LONGITUDINAL VELOCITY

HEADIN

G

(DEGREES)

MODAL
PERIOD {CARGO| 0

15

30

45

60 75

90

105

120

135

150

165

180

Point1 { 0.165

0.172

0.201

0.26

0.32| 0.266

0.056

0.331

0.345

0.257

0.197

0.174

0.167

Point 1 | 0.266

0.276

0.309

0.361

0.391{0.291

0.059

0.363

0.421

0.36

0.301

0.268

0.256

Point 2 | 0.187

0.195

0.228

0.301

0.372| 0.296

0.086

0.407

0.42

0.306

0.233

0.208

0.2

Point 2 | 0.299

0.31

0.348

0.412

0.452/0.328

0.086

0.44

0.502

0.42

0.348

0.311

0.297

Point 3 { 0.143

0.141

0.15

0.167

0.197]0.168

0.074

0.156

0.126

0.113

0.1

0.093

0.097

Point 3 | 0.203

0.2

0.208

0.22

0.227{0.168

0.068

0.164

0.166

0.164

0.154

0.148

0.154

Point 4 | 0.187

0.198

0.235

0.318

0.408( 0.337

0.099

0.405

0.374

0.271

0.216

0.201

0.2

Point 4 | 0.299

0.313

0.353

0.425

0.479| 0.359

0.098

0.429

0.451

0.377

0.323

0.299

0.297

Point 5 | 0.204

0.214

0.251

0.374

0.584] 0.609

0.216

0.641

0.408

0.252

0.175

0.155

0.147

Point 5 | 0.234

0.251

0.296

0.417

0.597/0.575

0.196

0.602

0.419

0.267

0.191

0.167

0.156

Point 6 0.17

0.179

0.21

0.276

0.345[0.281

0.073

0.323

0.308

0.23

0.186

0.173

0.174

Point 6 | 0.273

0.284

0.318

0.374

0.412({0.303

0.075

0.35

0.38

0.327

0.285

0.265

0.265

Point 7 0.15

0.158

0.187

0.25

0.33| 0.327

0.053

0.34

0.327

0.242

0.177

0.149

0.136

Point 7 | 0.238

0.25

0.284

0.34

0.391]|0.334

0.051

0.363

0.4

0.337

0.273

0.235

0.217

Point 8 | 0.142

0.151

0.179

0.245

0.344/0.361

0.07

0.345

0.288

0.21

0.151

0.125

0.112

OO0 [O][00[O|00[|W]|00|O|00|©O]|00[O|00IcO|00

Point 8

0.216

0.356

0.064

LATERAL VELOCITY
(FT/SEC)

MODAL
PERIOD |CARGO| 0

180

Point 1

Point 1

Point 2

Point 2

Point 3

Point 3

Point 4

Point 4

Point 5

Point 5

Point 6

Point 6

Point 7

Point 7

Point 8

O|00[O]|00|O[00[O]|00]|O]|00|O]|00[CO|00|cO]|00

Point 8

(o]l[s]l{=][=][=][=][=]l[=][=][=]l{=][=]{=]][=])[=][=]
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Table A.4. Continued.

VERTICAL VELOCITY
(FT/SEC)

HEADING
(DEGREES)

MODAL

PERIOD 15

CARGO

30 [ 45 | 60 | 75 20

105

120

135

Point1 | 1.11[1.139

1.3]11.841[2.777| 3.08|2.723

3.234

2.326

1.434

Point 1 |1.348]1.398

1.604) 2.153| 2.997(3.195| 2.824

3.281

2.548

1.735

Point 2 |0.992(1.018

1.153] 1.61]2.445/2.845| 2.65

2.857

1.998

1.224

Point 2 | 1.191]1.235

1.411[1.883] 2.65|2.965]2.754

2.925

2.204

1.489

Point 3 |0.758]0.795

0.912] 1.165] 1.643[ 2.284| 2.625

2.223

1.372

0.843

Point 3 [0.872| 0.91

1.036]1.299| 1.776| 2.396| 2.733

2.394

1.616

1.071

Point 4 [0.633]0.638

0.664| 0.794] 1.363| 2.21]2.385

1.6

0.864

0.54

Point 4 |[0.695/0.712

0.775/0.972| 1.558] 2.351| 2.493

1.747

1.016

0.662

Point 5 |0.582| 0.584

0.594] 0.639( 1.135| 2.096 2.359

1.433

0.685

0.458

Point5 | 0.62| 0.63

0.668| 0.789] 1.325| 2.231]| 2.462

1.604

0.847

0.557

Point6 {0.552| 0.6

0.647)0.618] 0.813] 1.964| 2.457

1.589

0.878

0.663

Point 6 [0.576] 0.62

0.667| 0.67]0.974|2.067] 2.547

1.779

- 1.05

0.759

Point 7 | 0.586/0.575

0.575|0.534/ 0.916] 1.997| 2.272

1.468

0.881

0.686

Point 7 | 0.629| 0.622

0.638{ 0.666/ 1.103| 2.102| 2.359

1.616

1.021

0.774

Point 8 }0.723/0.712

0.754]0.861] 1.284]| 2.143| 2.261

1.976

1.439

1.051

O]|00}O|00{O]00|O]|00|¢O|00|CO]CO|CO}ICO]O}00

Point 8 | 0.828

MAXIMUM VELOCITIES

UNITS OF FEET/SEC

Headings from 0 to 30 degrees

Headings from 0 to 45 degrees

0.353]
0.334
1.604

Longitudinal
Lateral
Vertical

0.425
0.611
2.153

Longitudinal
Lateral
Vertical
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Table A.5. Longcrested Ochi-Hubble acceleration data. Free floating case.

T-ACS 4 free floating/ Significant Wave Height
6.17/Ochi-Hubble
LONGITUDINAL ACCELERATION HEADING
(g x 100) (DEGREES)
CARGO| 0 15 [ 30 | 45 | 60 [ 75 | 90 | 105 | 120 | 135 | 150 | 165 | 180
MP Point1 | 0.57] 06| 069 0.83] 0.9/ 0.68| 0.14] 0.82| 0.96| 0.82| 0.67| 0.58] 0.54
4 Point1 | 0.88] 0.87| 0.83] 0.77[ 0.68| 0.48 0.1] 0.59| 0.74| 0.81| 0.86| 0.89; 0.89
MP Point2 | 0.65 0.68| 0.78] 0.94| 1.03] 0.75| 0.2| 0.98| 1.14| 0.96| 0.78| 0.67| 0.64
4 Point2 | 0.94| 093] 0.9] 0.84] 0.75] 0.52] 0.14] 0.7{ 0.84| 0.88| 0.93| 0.96| 0.96
MP Point 3 | 0.43] 0.43] 0.46| 0.5| 0.52} 0.41] 0.17| 0.39] 0.38{ 0.35] 0.32| 0.3] 0.31
4 Point3 | 0.71] 0.69] 0.65 0.57| 0.48] 0.34| 0.15| 0.37| 0.47| 0.57| 0.64| 0.67] 0.7
MP Point4 | 0.65 0.68[ 0.79] 0.96{ 1.06| 0.82] 0.21| 1.05] 1.22| 1.03| 0.81| 0.69| 0.64
4 Point4 | 0.94| 0.94| 0.91] 0.85/ 0.77[ 0.57| 0.15] 0.73| 0.89| 0.92| 0.95] 0.97| 0.96
MP Point 5 | 0.51] 0.56| 0.68| 0.96/ 1.34| 1.38| 0.48/ 1.38| 0.95| 0.63| 0.42| 0.36| 0.33
4 Point 5 0.6 0.61] 0.63] 0.7] 0.95| 1.06| 0.39/ 1.11] 0.72| 0.61] 0.57] 0.56 0.55
MP Point6 | 0.59| 0.62| 0.72| 0.86| 0.93| 0.69| 0.16| 0.78| 0.86| 0.75{ 0.63| 0.57| 0.56
4 Point6 | 0.89] 0.88] 0.84| 0.78 0.7 0.5/ 0.13| 0.58| 0.69| 0.77[ 0.84| 0.89| 0.91
MP Point7 | 0.51] 0.54| 0.63| 0.78/ 0.9/ 0.81] 0.16| 0.83] 0.91] 0.77| 0.6] 0.5 0.45
4 Point7 | 0.82| 0.81| 0.79| 0.74] 069/ 06| 0.11] 0.62] 0.71| 0.78{ 0.81] 0.83] 0.82
MP Point 8 | 0.46| 0.49| 0.59| 0.74[ 0.89{ 0.87| 0.19| 0.82] 0.8{ 0.67| 0.51] 0.42] 0.38
4 Point 8 | 0.76{ 0.76 0.69 0.14| 0.64{ 0.66] 0.72] 0.75| 0.77{ 0.76

LATERAL ACCELERATION HEADING
(g x100) (DEGREES)
CARGO| 0 15 | 30 | 45 | 60 | 75 | 90 | 105 | 120 | 135 | 150 | 165 | 180
MP Point 1 0| 0.33] 0.77| 1.44] 2.39] 3.51| 3.35| 2.75| 2.04; 1.32] 0.73} 0.33 0
4 Point 1 0] 0.35] 0.7] 1.11] 1.7| 2.59| 2.52| 2.16] 1.64| 1.24] 0.86] 0.45 0
MP Point 2 0] 0.3] 0.68/ 1.27| 2.14| 3.18| 3.19| 2.53| 1.86] 1.18] 0.65] 0.3 0
4 Point 2 0] 0.38| 0.72] 1.07| 1.59| 2.42| 2.51| 2.16] 1.74] 1.39 1] 0.55 0
MP Point 3 0| 0.18| 0.41] 0.81| 1.54] 2.71| 3.57| 2.34| 1.37| 0.75| 0.42| 0.19 0
4 Point 3 0] 0.47] 0.87] 1.25] 1.65| 2.27| 2.78| 1.91| 1.31] 0.93| 0.62| 0.33 0
MP Point 4 0] 0.16] 0.34] 0.65] 1.24| 2.21| 3.06] 1.96{ 1.17| 0.63| 0.35| 0.17 0
4 Point 4 0| 0.35] 0.63] 0.89] 1.21| 1.83| 2.44| 1.82| 1.45| 1.17| 0.85| 0.47 0
MP Point 5 0] 0.26] 0.52| 0.9] 1.61| 2.69] 3.91| 2.65 1.55| 0.86] 0.54| 0.27 0
4 Point 5 0] 0.94| 1.62] 2.16] 2.58| 3.03| 3.6| 2.84| 2.3| 1.88] 1.42| 0.84 0
MP Point 6 0| 0.17| 0.36| 0.66] 1.18| 2.04| 3.07| 2.04| 1.18] 0.63| 0.33| 0.14 0
4 Point 6 0| 0.29| 0.56| 0.82] 1.14] 1.67| 2.36]| 1.72] 1.25] 0.94| 0.66] 0.35 0
MP Point 7 0] 0.21] 0.47| 0.86] 1.44] 2.25| 3.19| 2.29| 1.42| 0.79| 0.41] 0.17 0
4 Point 7 0| 0.26{ 0.54| 0.84] 1.21] 1.74| 2.38] 1.77| 1.21| 0.84] 0.54| 0.27 0
MP Point 8 0] 0.31] 0.7[ 1.27/ 1.99| 2.69] 3.28] 2.75| 1.89| 1.15| 0.61] 0.27 0
4 Point 8 0] 0.35] 0.7] 1.08] 1.54| 2.07| 2.44] 2.09| 1.46] 1.04| 0.68| 0.35 0

MP = Most probable Ochi-Hubble spectra
4 = Ochi-Hubble spectra which corresponds to the natural roll period of the T-ACS 4
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Table A.5. Continued.

VERTICAL ACCELERATION HEADING
(g x 100) (DEGREES)
CARGOl 0 | 15 | 30 | 45 | 60 | 75 | 90 | 105 | 120 | 135 | 150 | 165 | 180
MP  IPoint1 | 2.99] 3.13| 3.68 4.93] 669 7.15] 6.19] 7.24| 5.72| 4.05] 3.08] 2.75] 2.68
4 Point1 | 2.52] 2.56| 2.71] 3.21| 4.39] 4.91] 4.3] 518 3.64| 2.64] 2.37| 2.36] 24
MP  |Point2 | 2.64] 2.75| 3.22| 4.3] 592 6.62| 6.05| 6.45| 4.95 3.47| 2.65] 2.37| 2.31
4 Point2 | 2.24| 2.29| 2.43| 2.86| 3.91| 4.54] 4.19] 4.57| 3.16] 2.31] 2.08] 2.07| 2.11
MP_ |Point3 | 1.91] 2.01| 2.32] 2.93 3.99] 529 6.04| 5.29] 3.66| 2.44] 1.88] 1.66] 1.55
4 Pont3 | 1.7| 1.83] 2.13| 2.55 3.2| 4.11] 4.65] 4.08] 3.05] 2.48] 2.14] 1.82| 1.54
MP  |Point4 | 1.5| 1.53] 1.68] 2.19 3.49] 52| 552 3.88] 2.3 1.49] 1.2 1.11] 1.12
4 Point4 | 1.42] 1.48| 1.67| 1.91] 2.52| 3.63] 3.89] 2.68] 1.76] 1.42[ 1.26] 1.15| 1.24
MP  IPoint5 | 1.33| 1.34] 1.42] 1.76] 2.98] 4.92] 5.47| 3.59] 1.94| 1.22[ 1.02] 0.94] 0.95
4 Point5 | 1.31] 1.33| 1.49] 1.65| 2.17| 3.43] 3.83] 2.41| 1.54] 1.29] 1.16] 1.04| 1.13
MP _ |Point6 | 1.22| 1.3| 1.38| 1.48] 2.24] 4.56| 5.73| 4.08] 2.43] 1.63] 1.28] 1.06| 0.96
4 Point6 | 1.26| 1.56| 1.91| 2.18| 2.46| 3.78] 4.5| 3.35] 2.66] 2.28] 1.88] 1.47| 1.11
MP  |Point7 | 1.35] 1.34| 1.36] 1.49] 2.5] 4.65] 5.31] 3.71] 2.37] 1.73] 1.42| 1.25] 1.19
4 Point7 | 1.35 1.28| 1.41] 1.52| 1.02| 3.37] 3.8] 2.62[ 1.9] 1.62[ 1.41] 1.21| 1.25
MP  |Point8 | 1.82| 1.83| 1.99] 2.35 3.27| 4.93] 5.29| 4.73| 3.63] 2.73] 2.16] 1.88] 1.78
4 Point 8 | 1.68] 1.56 4

MAXIMUM ACCELERATIONS

UNITS OF g x 100

Headings from 0 to 30 degrees

Headings from 0 to 45 degrees

Longitudinal 0.94
Lateral 1.62
Vertical 3.68

Longitudinal 0.96
Lateral 2.16
Vertical 4,93
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Table A.6. Longcrested Bretschneider acceleration data. Free floating case.

T-ACS 4 free floating/ Significant Wave Height

6.17/Bretschneider Longcrested

LONGITUDINAL
ACCELERATION (g x 100)

HEADIN

(DEGREES)

. MODAL
PERIOD

CARGO

0

15 [ 30

135

150

180

Point 1

0.339

0.35| 0.407

0.546

0.409

0.361

Point 1

0.497

0.516] 0.585

0.714

0.574

0.49

Point 2

0.382

0.393] 0.459

0.656

0.49

0.44

Point 2

0.559

0.58; 0.66

0.841

0.672

0.579

Point 3

0.33

0.325]0.358

0.272

0.234

0.218

Point 3.

0.408

0.402] 0.428

0.331

0.301

0.293

Point 4

0.382

0.39/0.457

0.705

0.51

0.44

Point 4

0.559

0.578)| 0.662

0.898

0.7

0.579

Point 5

0.508

0.525/0.617

0.679

0.456

0.376

Point 5

0.534

0.564) 0.665

0.665

0.458

0.376

Point 6

0.347

0.364/0.428

0.485

0.39

0.377

Point 6

0.509

0.532) 0.606

0.643

0.544

0.509

Point 7

0.313

0.326]0.387

0.521

0.365

0.292

Point 7

0.447

0.47]0.542

0.672

0.518

0.409

Point 8

0.142

0.15110.179

0.21

0.151

0.112

O] |00[©[00{O]|00}j©|00{WO]|0|WO]|00|©]|00

LATERAL

Point 8

0.216

0.229

ACCELERATION HEADING
(g x100) (DEGREES)
MODAL

PERIOD |CARGO| 0 15 | 30 | 45 | 60 | 75 [ 90 | 105 | 120 | 135 | 150 [ 165 | 180
8 Point 1 0] 0.26/0.582[1.166}2.261|3.913| 3.691| 2.833| 1.728| 0.984| 0.509] 0.252 0
9 Point 1 0] 0.31]0.694]1.321| 2.363|3.718| 3.523| 2.889| 1.943| 1.176/ 0.639) 0.301 0
8 Point 2 0| 0.26]0.557{1.046(2.002| 3.529| 3.544| 2.589| 1.565| 0.892| 0.479| 0.248 0
9 Point 2 0/0.293]0.637{1.172[ 2.096| 3.368| 3.372| 2.649| 1.757| 1.06|0.587) 0.284 0
8 Point 3 0/ 0.144| 0.313] 0.628{ 1.275| 2.679| 3.844| 2.093| 1.001| 0.536| 0.341} 0.155 0
9 Point 3 0{0.173/0.386] 0.751] 1.442| 2.735| 3.717| 2.299| 1.232| 0.677| 0.399| 0.181 0
8 Point 4 0] 0.17/0.339[0.537]1.014]{2.229|3.378| 1.843| 0.913/ 0.478/ 0.301| 0.161 0
9 Point 4 0/0.174] 0.356] 0.598] 1.133[ 2.265| 3.219| 1.972| 1.064| 0.576| 0.338| 0.169 0
8 Point 5 0/0.272/0.517[ 0.747[ 1.193] 2.374| 4.108} 2.294)| 1.128| 0.75|0.551)0.284 0
9 Point 5 0/0.291}0.569] 0.882[ 1.458| 2.625| 4.019] 2.562| 1.398| 0.871| 0.594| 0.303 0
8 Point 6 0/0.132]0.279] 0.488| 0.913] 1.953{3.367| 1.931| 0.91]0.426| 0.24|0.114 0
9 Point 6 0] 0.155/ 0.335| 0.595| 1.078( 2.068| 3.214| 2.048| 1.075| 0.548| 0.296)| 0.134 0
) 8 Point 7 0/0.136/0.313]{ 0.621] 1.177| 2.164| 3.465| 2.219| 1.106| 0.517| 0.249| 0.104 0
9 Point 7 0]0.181]0.412{ 0.773] 1.359( 2.278| 3.319| 2.324| 1.302 0.682| 0.348| 0.148 0
8 Point 8 0] 0.206| 0.472] 0.944{ 1.748| 2.749| 3.529| 2.784| 1.549| 0.803| 0.373| 0.168 0
- 9 Point 8 0 1.93412.789 0
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Table A.6. Continued.

VERTICAL ACCELERATION HEADING
(g x 100) (DEGREES)

MODAL .
PERIOD |[CARGO| O 15 | 30 | 45 | 60 | 75 90 | 105 | 120 | 135 | 150 | 165 | 180

Point 1 | 2.605| 2.659| 3.01]4.274[6.732| 7.788] 6.788| 8.287| 5.539| 3.317| 2.438| 2.367| 2.398
Point 1 | 2.926] 3.015| 3.445| 4.746] 7.003[ 7.786| 6.829] 8.149| 5.862| 3.764| 2.851| 2.676| 2.667
Point 2 | 2.336] 2.386| 2.68|3.742( 5.914] 7.151] 6.603| 7.252| 4.733| 2.815| 2.093| 2.043 2.075
Point 2 | 2.602| 2.681| 3.045| 4.153] 6.172| 7.185]6.651[ 7.191| 5.04|3.215| 2.451| 2.309| 2.306
Point 3 | 1.808| 1.898| 2.194| 2.826] 4.014] 5.663[6.577| 5.403| 3.163| 1.943| 1.648| 1.541| 1.418
Point 3 | 1.954| 2.047] 2.348| 2.984] 4.162] 5.743] 6.613| 5.602| 3.538| 2.264) 1.855| 1.693| 1.566
Point 4 | 1.532| 1.544]1.592| 1.844] 3.198[ 5.435] 5.972{ 3.835| 1.986| 1.229| 1.048| 1.01]1.064
Point 4 | 1.604| 1.629] 1.726| 2.094] 3.484] 5.569| 6.016( 4.034] 2.223{ 1.415/1.176/ 1.112] 1.156
Point 5 | 1.424] 1.432]1.451| 1.51|2.633[5.148| 5.931{ 3.369] 1.562| 1.077| 1.003| 0.925| 0.938
Point 5 | 1.462| 1.476] 1.527]1.703] 2.92[5.279| 5.96|3.627| 1.807| 1.207| 1.071} 0.986| 1.001
Point6 | 1.366| 1.496| 1.654] 1.673| 1.934[ 4.911/6.296( 3.878| 2.21| 1.666| 1.342| 1.085| 0.977
Point6 | 1.38| 1.499| 1.634] 1.644] 2.143[ 4.965| 6.252( 4.094] 2.367| 1.741/ 1.399| 1.137] 1.021
Point 7 | 1.446] 1.42]1.431[1.307/2.112]5.003| 5.821|3.651| 2.216 1.741/ 1.511| 1.281] 1.18
Point 7 | 1.483| 1.46] 1.482|1.451] 2.39]5.053|5.784] 3.785| 2.339| 1.801/ 1.543| 1.327/ 1.243
Point 8 |1.755] 1.723| 1.828] 2.063] 3.081| 5.504| 5.896( 5.169| 3.62| 2.633| 2.126| 1.828| 1.695
Point 8 1.856 3.294|5.446| 5.79

O|[00[O]|00{O]|00 |||} ]|00|O|00|cO|00

MAXIMUM ACCELERATIONS UNITS OF g x 100

Headings from 0 to 30 degrees _|Headings from 0 to 45 degrees

Longitudinal 0.665|Longitudinal 0.96

Lateral 0.694|Lateral 1.321

Vertical 3.445|Vertical 4.746
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APPENDIX B

DISPLACEMENT CHARTS
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ABSOLUTE DISPLACEMENT (FT)

LONGITUDINAL DISPLACEMENT VS HEADING
SIGNIFICANT WAVE HEIGHT 6.17 FT
LONGCRESTED OCHI-HUBBLE MOST PROBABLE SPECTRUM
T-ACS 4 SHIP FREE FLOATING

0 15 30 45 60 75 90 105 120 135 150
HEADING (DEGREES)

165

—&—Point 1
~8—Point 2
~&—Point 3
——Point 4
—¥—Point 5
—&—Point 6
—+—Point 7
Point 8

Fig. B.1. Absolute longitudinal displacement vs. heading for the most probable Ochi-Hubble

spectrum. Significant wave height 6.17 ft. Free floating case.
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ABSOLUTE DISPLACEMENT (FT)

LATERAL DISPLACEMENT VS HEADING
SIGNIFICANT WAVE HEIGHT 6.17 FT
LONGCRESTED OCHI-HUBBLE MOST PROBABLE SPECTRUM
T-ACS 4 SHIP FREE FLOATING

25

—&—Point 1
—&—Point 2
~&—Point 3
—¥—Point 4
—¥—Point 5
—e—Point 6
—+—Point 7
—=—Point 8

75 90 105
HEADING (DEGREES)

Fig. B.2. Absolute lateral displacement vs. heading for the most probable Ochi-Hubble spectrum.

Significant wave height is 6.17 ft. Free floating case.
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ABSOLUTE DISPLACEMENT (FT)

VERTICAL DISPLACEMENT VS HEADING
SIGNIFICANT WAVE HEIGHT 6.17 FT
LONGCRESTED OCHI-HUBBLE MOST PROBABLE SPECTRUM
T-ACS 4 SHIP FREE FLOATING

45

0 15 30 45 60 75 90 105 120 135 150 165 180
HEADING (DEGREES)

—&—Point 1
—&—Point 2
—&—Point 3
—¥—Point 4
—¥—Point 5
—&—Point 6
——Point 7
Point 8

Fig. B.3. Absolute vertical displacement vs. heading for the most probable Ochi-Hubble
spectrum. Significant wave height 6.17 ft. Free floating case.
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ABSOLUTE DISPLACEMENT (FT)

LONGITUDINAL DISPLACEMENT VS HEADING
SIGNIFICANT WAVE HEIGHT 6.17 FT
LONGCRESTED OCHI-HUBBLE SPECTRUM CORRESPONDING TO THE NATURAL
ROLL PERIOD OF THE T-ACS 4 SHIP FREE FLOATING

/

0.2

0 15 30 45 60 75 90 106 120 1356 150 165 180
HEADING (DEGREES)

—&— Point 1
—&—Point 2
—&—Point 3
—¥—Point 4
—¥—Point 5
—&—Point 6
—+—Paint 7
Point 8

Fig. B.4. Absolute longitudinal displacement vs. heading for the Ochi-Hubble spectrum

corresponding to the natural roll period of the T-ACS 4 ship. Significant wave

height 6.17 ft. Free floating case.
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LATERAL DISPLACEMENT VS HEADING
SIGNIFICANT WAVE HEIGHT 6.17 FT
LONGCRESTED OCHI-HUBBLE SPECTRUM CORRESPONDING TO THE NATURAL
ROLL PERIOD OF THE T-ACS 4 SHIP FREE FLOATING

)

-—&—Point 1
—&—Point 2
—&—Point 3
—¥—Point 4
—¥—Point 5
| —e—Point6

~—t—Point 7
——Point 8

I

ABSOLUTE DISPLACEMENT (FT)

0 15 30 45 60 75 90 105 120 135 150 165 180
HEADING (DEGREES)

Fig. B.5. Absolute lateral displacement vs. heading for the Ochi-Hubble spectrum corresponding
to the natural roll period of the T-ACS 4 ship. Significant wave height 6.17 ft. Free
floating case.
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ABSOLUTE DISPLACEMENT (FT)

VERTICAL DISPLACEMENT VS HEADING
SIGNIFICANT WAVE HEIGHT 6.17 FT
LONGCRESTED OCHI-HUBBLE SPECTRUM CORRESPONDING TO THE NATURAL
ROLL PERIOD OF THE T-ACS 4 SHIP FREE FLOATING

15 30 45 60 75 ) 105 120 135 150 165 180
HEADING (DEGREES)

—&—Point 1
—&—Point 2
—A—Point 3
—¥—Point 4
—¥—Point 5
~— Point 6
—+—Point 7
—=—Point 8

Fig. B.6. Absolute vertical displacement vs. heading for the Ochi-Hubble spectrum corresponding
to the natural roll period of the T-ACS 4 ship. Significant wave height 6.17 ft. Free

floating case.
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ABSOLUTE DISPLACEMENT (FT)

LONGITUDINAL DISPLACEMENT VS HEADING
SIGNIFICANT WAVE HEIGHT 6.17 FT/LONGCRESTED BRETSCHNEIDER SPECTRA
MEAN MODAL PERIODS (8 & 9 SECONDS)
T-ACS 4 SHIP FREE FLOATING

0.9

08

RN RN

0.1

0 15 30 45 60 75 90 105 120 135 150 165 180
HEADING (DEGREES)

—&—Point 1
—&—Point 1
—A—Point 2
——Point2
—¥—Point 3
—#—Point3
—+—Point 4
Point 4
——Point5
—o—Paint5
—{3—Point 6
—A—Point 6
—¥—Point 7
—%—Point 7
——#—Point 8
—+—Point8

Fig. B.7. Absolute longitudinal displacement vs. heading for Bretschneider spectra of 8 and 9

second modal periods. Significant wave height 6.17 ft. Free floating case.
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ABSOLUTE DISPLACEMENT (FT)

LATERAL DISPLACEMENT VS HEADING
SIGNIFICANT WAVE HEIGHT 6.17 FT/LONGCRESTED BRETSCHNEIDER SPECTRA
MEAN MODAL PERIODS (8 & 9 SECONDS)

25

T-ACS 4 SHIP FREE FLOATING

—e&—Point 1
—&8—Point 1
——Point 2
—¥—Point 2
—¥—Point 3
—&—Point 3
—+—Point 4
——Point 4
——Point 5
—0—Point 5
—O—Point 6
—A—Point 6
—¥—Point 7
—¥—Point 7
—%—Point 8

—+—Point 8

75 90 105 120
HEADING (DEGREES)

Fig. B.8. Absolute lateral displacement vs. heading for Bretschneider spectra of 8 and 9 second

modal periods. Significant wave height 6.17 ft. Free floating case.
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ABSOLUTE DISPLACEMENT (FT)

VERTICAL DISPLACEMENT VS HEADING
SIGNIFICANT WAVE HEIGHT 6.17 FT/LONGCRESTED BRETSCHNEIDER SPECTRA
MEAN MODAL PERIODS (8 & 9 SECONDS)
T-ACS 4 SHIP FREE FLOATING

45

—&—Point 1
~&8—Point 1
—&—Point 2
—>—Point 2
—¥—Point 3
—&—Point 3
—+—Point 4
——Point 4
—=—Point 5
—O—Point 5
—{—Point 6
—&—Point 6
—¥—Point 7
—¥—Point 7
—&—Point 8
—+—Point 8

0 15 30 45 60 75 %0 105 120 135 150 165 180
HEADING (DEGREES)

Fig. B.9. Absolute vertical displacement vs. heading for Bretschneider spectra of 8 and 9 second
modal periods. Significant wave height 6.17 ft. Free floating case.
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APPENDIX C

MOTION ENVELOPE
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LEGEND BOX DIMENSIONS (FT)
LINE STYLE SPECTRA X Y Z
Ochi-Hubble spectrum ‘
corresponding to the natural | 4+/.1 67 | +/-2.83 | +/-3.42
roll period of the T-ACS 4
Ochi-Hubble most probable
....... spectrum +/-0.70 +/-0.62 +/-2.80
Bretschneider spectrum of
......... the most probable modal +/-0.59 +/-0.53 +/-2.44
period

Fig. C.1. Maximum predicted ship motion response envelope for the T-ACS 4 in irregular seas of
6.17 ft. significant wave height, for wave headings from 0 to 30 degrees.
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Fig. C.2. Maximum predicted ship motion response envelope for the T-ACS 4 in irregular seas of

6.17 ft. significant wave height for wave headings from 0 to 45 degrees.
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