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ABSTRACT

This report contains data, with appropriate evaluation and discussions, col-
lected during the first season on board the S.S. SEA-LAND McLEAN. Data collection
began with westbound Voyage 1 on October 8, 1972 and terminated with the eastbound
passage of Voyage 12 on April 5, 1973. A total of 80 data tapes were recorded con-
taining in excess of 50,000 separate data intervals from more than 100 transducers.

Discussions include a description of the digitized data, comparisons of
stresses with sea state, simultaneous response data from all transducers during
selected portions of a rough voyage, and a consideration of torsional responses.

The reports from the second and third data-collection seasons are not peing
published in the Ship Structure Committee series of reports but they are.ava11able
through the National Technical Information Service under the following titles.

SL-7-9 - Second Season Results From Ship Response Instrumentation Aboard The
SL-7 Class Containership S.S. SEA-LAND McLEAN In North Atlantic
Service. 1976.  AD-A034162.

SL-7-10- Third Season Results From Ship Response Instrumentation Aboard The

SL-7 Class Containership S.S. SEA-LAND McLEAN In North Atlantic
Service. 1976.  AD-A034175.
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I. INTRODUCTION

The S.S. SEA-LAND McLEAN is the first of the new SL-7 class of high-speed con-
tainerships. Salient particulars of the vessel are given in Table I, and the ves-
sel is shown in Figure 1. A multifaceted program of analysis and experiments,
coordinated by the SL-7 Program Advisory Committee of the National Academy of
Sciences--National Research Council, has been instituted to study this ship's
structure and its responses to imposed loading. One important facet of this
program is the collection of data on structural and dynamic responses of the actual
(i.e., full scale) ship's structure. This is being accomplished by an on-board
instrumentation system with sensors located throughout the vessel measuring strains,
stresses, accelerations, various sea characteristics and ship operating parameters
(see Reference 1). Presented in this report is a cross-section and summary of the
data gathered during the first season of operation on North Atlantic Voyages 1-12
during the period 8 October 1972 to 5 April 1973.

Collection of full-scale data is necessary from a number of standpoints. Any
predictions resulting from mathematical analyses or experimental models must ac-
curately characterize the actual structure, or must be correctable, in a known way,
to correlate the technique to the actual structure. Full-scale data, properly
interpreted, provides the criterion against which all predictive techniques of
structural response must be judged. A second but equally important use of full-scale
data is to provide the input loads which form the basis of the rational design. Such
load criteria can be gathered directly from a characterization of observed service
conditions, such as wind and wave probability distributions, or inferred from the
response of the vessel to the combination of these conditions. The latter scheme
requires a knowledge of the structure's input-output or transfer function which again
can be provided by adequate full-scale data describing loads and responses. In sum,
full-scale data provides three indispensable parts of rational design: input loads,
responses, and the derived characteristics of the 1ink between the two.

Since different aspects of the full-scale data are of interest to different in-
vestigators, no summary can provide an exhaustive or even adequate characterization
of all the gathered data. Indeed, the basic form of the data, analog or digital
records on magnetic tape, is not reproducible here. The objective of this report,
therefore, is to document the quantity, limits, and formats of the data now available
and to present a cross-section and summary of it in a few of the forms most obviously
useful to investigators. As a further aid to those interested, a description is
given of some further possible data summary characterization and analysis schemes,
along with their relative costs.

II. INSTRUMENTATION SYSTEM

The shipboard instrumentation system is described in detail in Reference 1;
therefore, no attempt will be made in this report to duplicate that information.
Rather, a brief description of the important features, with special emphasis on the
data flow, will be presented as a convenient summary.
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Figure 1
SS SEA-LAND McLEAN

TABLE )

OUWARACTERISTICS OF §.5. SEA-LAND McLEAN

Namc: SEA-LAND McLEAN

Buflder: Rotterdas Dry Dock (Hull 330)
Class: SL-7 Containership

Length, overall 946" 1 1/2"

Length, between perpendiculars ' "

Bean, wolded 105' 6"

Depth to main deck, forvard 64" 0"

Depth to main deck, aft 68" ¢

Draft, design %' o"

Draft, scantling Mo

Dead veight - Jong tons 27,315

Displacemsnt (34' 0" draft) - long tons 50,315

Mechinery Tvo separate cross-compound

otesm turbines driving twvo
propeller shafte

Shaft horsepover-maximum coatinuous, both shafts 120,000
Propeller WK 135
Speed, maximm, knots »
Center of gravity - full load 399.32" forvard of aft perpen-

dicular 42.65" above base line

Container Capacity
' x8.5" 535" 40"  Totel
Below deck 354 94
Above deck M2 0 402
ToTAL 6 200 1,09
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A. Shipboard

A1l of the information obtained from the various transducers located through-
out the vessel is recorded on two 14-track analog FM tape recorders located in the
instrumentation room. Recorder No. 1, designated the primary recorder, records the
same 13 signals whenever it is placed in operation. The fourteenth channel is used
as a noise compensation channel during reproduction.

The second recorder has its first thirteen channels switched through four
modes, designated A, B, C, and D. Each mode is recorded for thirty minutes sequen-
tially. Channel 14 is again used as a compensation channel in all modes. Each 30-
minute period is a data "interval", and is assigned an interval number. Any
particular segment of data can thus be identified by referring to the folloying nomen-
clature.

1. Tape number--(A11 odd numbers are from No. 1 Recorder
and a;1 even numbers are from Recorder
No. 2).

2. Voyage number and direction (E = East, W = West).

3. Index number (sequential numbering of each four-hour log-
book entry accompanying each data tape).

4. Channel number and mode letter (Recorder No. 2 only)
5. Interval number.

Thus, by specifying "Tape No. 1, Voyage 1-W, Index 1, Channel 1-A, Interval 1"

a very specific 30-minute data interval is identified. A complc‘e summary of the
signal assignments is provided in Table II. This presentation is in the same format
used in Reference 1. Table III contains a list of sensor and signal abbreviations
used in Table II and throughout this report.

Each interval of 30 minutes, whether on Recorder No. 1 or No. 2 is auto-
matically preceded by a one-minute electrical zero and a one-minute period of cal-
ibration signals.

1. Strain Gage Signals

The majority of the transducers used in this system are obtained from
various configurations of single-element strain gages with associated bridge comple-
tion and calibration resistors. These gages are attached to the surface of various
hull structural elements. Each strain gage is constructed with inherent temperature
compensation. That is, if the gage is attached to a plate which is subsequently
warmed (or cooled) but is otherwise unrestrained, no change in strain will be in-
dicated. If that plate is now restrained from expansion due to the temperature
change, a strain, associated with the degree of restoring stress necessary, will be
indicated even though no change in length occurred. Such a restraint is generated,
for example, when the sun warms the deck or upper hull girder while the lower hull is
in cooler water. This diurnal variation tends to induce compressive deck stresses
and tensile stresses under the waterline even though the displacement tends to hog
the ship.
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TABLE 111

SENSOR AND SICNAL NOMENCLATURE

After Deck House Longitudinal (Acceleratton)
After Deck House Transverse (Acceleration)
Aft Rosettes, (&) denotes gage element:

A 1s longitudinal orientation
B is diagonal (45°) orfentation
C is transverse (athwart) to longitudinal

Box Girder Shear Bottom

Box Girder Shear Top

Yorvard Acceleration Vertical (Hull)
Yorward Acceleration Transverse (Hull)
Porward Deck House Transverse (Acceleration)
Forward Deck House Vertical (Acceleration)
Hull Longitudinal Strain Port Bottom

Rull Longitudinal Strain Port Top

Hull Longitudinal Strain Starboard Bottom
Hull Longitudinal Strain Starboard Top

Longitudinal Horizontal Bending (Combination of
LHBP and LHBS)

Longitudinal Horfzontal Bending Port (Stress)

longitudinal Horizontal Bending Starboard (Stress)

Longftudinal Stress Bottom Port
Longitudinal Stress Bottom Starbosrd
Longitudinal Stress Mid Port
Longitudina) Stress Mid Starboard
Longitudinal Stress Top Port
Longftudinal Stress Top Starboard

v
Longitudinal Vertical Bending .(Combination of
LVBP and LHBS)

Longttudinal Vertical Bending Port (Stress)
Longitudinal Vertical Bending Starboard (Stress)
Midship Acceleration Transverse (Hull)

Midship Acceleration Vertical (Hull)

Rosettes (Forward), (3) denotes gage element:

A {8 longitudinal orieatation

B s diagonal (45°) orientation

€ 1s transverse (athwart) to longitudinal
Shear Aft Port

Shear Aft Starboard

Shear Forvard Port

Shear Forvard Starboard

Transverse Girder Aft Starboerd (Strain)
Transverse Girder Forvard Starboard (Strain)

Transverse Cirder Midship Starboard (Strain)

Transverse Girder Midship Starboard (Strain, midpoints)

Transverse Girder Shear Starboard
(Midships, vertical quarterpoints)

Torsional Shear Midship (Combination of TSMP and TSMS)

Torsiora) Shesr Midship Port

Torsfonal Shear Midship Starboard
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Sketches summarizing the locations of the strain gage sets are presented
in Figures 2 and 3. It should be noted that the single-element strain gages used
are installed in various configurations which have different properties. These
are described in detail in Reference 1, but can be summarized as follows:

a. Single element (quarter bridge) - a single strain gage element. Its
output is proportional to the strain along the element.

b. Dyadic gage - two single elements at an angle of 56° to each other.
In this configuration the output is proportional to the stress along the axis of sym-
metry.

c. A dyadic pair of gages oriented longitudinally on each side of the
ship, each mir connected to one arm of the bridge circuit. Depending on whether the
arms are opposite or adjacent, the output of this arrangement is proportional to the
vertical or horizontal bending stress.

d. Shear gage (half bridge) - two single elements at right angles to
each other. The output is proportional to the shearing stress along the axis of sym-
metry.

e. A shear gage half bridge on each side of the ship connected to form
a full bridge. Depending on the polarity of the connection, the output is propor-
tional to the vertical or torsional shearing stress.

f. Rosette - three single strain gage elements, each in a different
direction, near a point. This is a special case of the single element gage. Each
signal output is recorded separately and simultaneously. These readings completely
define the state of strain (both the normal and shearing strains, in any direction)
at this point. In the McLEAN installation, the rosette gage elements were oriented
in a I?ngitudinal, athwartship and diagonal (from forward port to aft starboard)
direction.

2. Transducer Signals

In addition to the strain gage signals discussed above, 10 additional
transducer signals are provided as inputs to the recording system. These signals,
eight linear accelerometers and two angular displacement pendulums, are fully
described in Table IV. The primary function of these signals is to provide a record
of ship motions occurring at the same time as the recorded strain gage information.

3. Ship Operating Parameters

In order to supplement the logbook information, several of the ship oper-
ating parameters are obtained from various ship transducers using repeater devices
located in the instrumentation room. Electrical outputs are taken from these de-
vices and multiplexed prior to recording on Channel 10 of Recorder No. 1. The five
parameters obtained in this manner are rudder angle, port and starboard shaft RPM,
and wind speed and direction. A physical record of ship's course is obtained from
an analog recorder located in the sea cabin behind the bridge. These records are
available at any time and will be obtained for the manned voyage when no longer re-
quired by regulation to be kept aboard the vessel.
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4. Wave Height Radar

One parameter which has always presented a problem to the researcher is
the measurement of the actual wave condition in a continuous manner. A new attempt
to solve this problem has been made by including an "Ocean Wave Height Radar System"
(OWHRS) developed by the Naval Research Laboratory as part of the instrumentation
package. This device was operational for several voyages during the past season and
the data, in the form of slant-range information, was recorded on Channel 3 of Re-
corder 1.

The signal, as recorded, contains the components of the various ship
motions. These parameters must be removed before the true sea profile can be re-
produced. No detailed analysis of this information will be presented in this docu-
ment, but several samples of the data will be presented in subsequent sections.

5. Tucker Wave Meter System

A second attempt to achieve wave data has been made in this program by
the inclusion of a Tucker Wave Meter aboard the vessel. This British device, which
consists primarily of pressure cells and accelerometers mounted both port and star-
board, was installed at the end of the first season's operation. Evaluation of data
from this device will be one of the tasks undertaken when reducing second-season
data. :

6. Scratch Gages

As a supplementary program, mechanical scratch gage installations at a
midship location have been installed on all eight vessels of the class. The device
consists of a simple extensometer with mechanical amplification which causes a stylus
to mark on sensitive paper. The paper is advanced once every four hours and the
record thus obtained shows the maximum positive to maximum negaiive excursion of the
stylus in a four-hour period. One scratch gage is located in each ship's starboard
tunnel near the midship frame except for the McLEAN, which has one scratch gage in
each tunnel. Data tapes are being sent directly to the Ship Structure Committee after
collection by Teledyne. No data analysis is presently being undertaken by TMR, nor
is the data presented in this report.

7. Logbook

An important adjunct to the data recorded on the two magnetic tape re-
corders is the data logbook kept by the instrumentation observer. Figure 4 shows
typical logbook entries. Environmental conditions are noted here along with informa-
tion to index the tape recordings. All sea, wind and wave conditions reported in
this document are derived from this source.

8. Quick-Tooks

The data reduction process actually begins with "quick-Took" playbacks
made aboard the ship. Each tape is played back on an oscillograph at a relatively
high speed, with a low paper speed. This produces a compact hard-copy record for
review. Signal pneaks, relative levels and overall variations may be judged from
these records but details of the waveform cannot be seen.
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In sum, shipboard data gathering produces analog magnetic tapes of the recorded
data from two tape recorders running simultaneously. In addition, a manval logbook
record is maintained which correlates the magnetic tape data with the conditions
existing at the time of the data. Quick-look records are also produced for on-site
quality control purposes, but tliese have 1ittle application to most data analysis
procedures except for scaling an overall maximum value for each interval.

B. Data Analysis Operations at TMR

1. Hard-Copy Analog Records

As shown in Figure 5, the preponderance of data reduction takes place
after the recordings are removed from the ship. After review of the logbook records
and taking into account the notes of the on-board observer, certain sections of data
are played back onto hard-copy oscillographic records. Details of this operation
depend on the type of analysis being done; it may be desired to compare one channel
relative to another for a long period, or only the response for a short period around
some event such as a slam. Examples of hard-copy analog records are presented in
later sections.

2. Filtering and Digitizing

Most large-magnitude stress records, especially those associated with
slamming and similar dynamic events, can be separated into two components: wave-
induced, and first mode ("whipping", or "springing"). Each component is character-
ized by its frequency. First-mode frequencies are typically on the order of 1 Hz,
while wave-induced components are lower in frequency (i.e., longer in period).
Separation of these components is accomplished by passing the electrical signal repre-
senting the stress level or sensor output through electrical filters adjusted for
the appropriate bandpass frequencies. The resulting filtered signal (or the original
combined signal) may then be reproduced on an oscillograph to produce a hard copy,
or it may be digitized in order to change its format for further processing.

Certain channels are selected for digitizing and further processing in-
to library tapes. The details of this process are presented in Reference 2. In
this step the logbook record is collated with the corresponding stress or motion
data. In addition to a digitized data record, this operation also computes numbers
characterizing each data interval, such as the maximum peak-to-trough, root-mean-
square (RMS), number of peaks, etc. Some of these data have been used further in
various analyses described below.

The library tapes can be further summarized by deletion of the complete
digitized record. This summary tape can provide a computer-generated 1isting of
environmental and characteristic data. Examples of these data are provided as a
separate Appendix to this report. The summary tape also provides the data base for
the parametric studies discussed below. Header block and data summary block formats
for summary tapes are given in Tables V and VI, respectively. It should be noted
that summary tapes do not contain data on which to base spectra, nor, as presently
structured, do they contain computed values for the original waveform. Values re-
ported are only for the wave-induced (maximum, RMS) and first-mode (maximum only)
components.

A general summary of the SL-7 data formats currently available is
presented in Table VII.

e ———— e ———
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TABLE V

DIGITAL TAPE HEADER BLOCK FORMAT

Byte Information Format

1 - 134 Tape Identification 8-bit EBCDIC
135 - 138 Number of Voyages on Tape 32-bit binary
139 - 142 First Voyage Number 8-bit EBCDIC
143 - 146 No. Intervals in First Voyage 32-bit binary
147 - 150 Second Voyage Number 8-bit EBCDIC
151 - 154 No. Intervals in Second Voyage 32-bit binary
155 - 158 Third Voyage Number 8-bit EBCDIC
159 - 162 No. Intervals in Third Voyage 32-bit binary

and so forth

unused bytes zero-filled




i SR G A1) 5

o

215
TABLE VI

INTERVAL SUMMARY BLOCK FORMAT

Byte

1-7+11-12
8 10
13- 15

19- 26

i 27- 30

31- 37
38- 45

46— 48
49- 52

57- 58
59- .62
63- 64

65— 66

67- 70

71- 72
73- 74

75= 77
78- 81
82- 84
85- 88
89- 93

94~ 95
96- 98

99- 118

Information Format Byte ; Information | Format
rd) - - SRR . - ——— e ——— - —— e - 1 S,
Analog Tape Number | 8-bit | 119- 128 Blanks | 8-bit
Voyage Number & Direct. I EBCDIC | 129- 157 |Comments EBCDI
Logbook Index Number ! I 158- 256 |Zeros I ¥
Interval Number : 257- 260 (No. Wave Induced | 32-bit
| Cycles Binary !
Date I
Time (Eastern Std.) 261- 264 [No. of Bursts !
of Wave-
Induced Stress '
]
Latitude |
Longitude " 265~ 268 |RMS Wave-Induced i
Stress, psi '
1]
Course '
Ship Speed (MPH) | 269- 272 |Max. -1 vave- ! |
Induced Stress, | i
psi 1 :
Shaft RPM 273- 276 |Max. P-T lst Mode ;
Stress, psi H
Beaufort Sea State H ;
Relative Wind Dir. t
Relative Wind Vel. 277- 280 |Mean Relative f
(knots) Stress Level
True Wind Velocity 401- 404 |1st Wave-Induced 32-bit
(knots) P-T Detected Binary
Relative Wind Dir. 405- 408 |2nd Wave-Induced g
P-T Detected
Wave Height (feet) ﬂ !
Wave Period (sec.) ' 409- 412 |3rd Wave-Induced ! i
P-T Detected i |
] ]
Wave Length E :
Relative Swell Dir. ; . i :
Swell Height (feet) . g |
Swell Length (feet) . i !
Barometric Press, "Hg ! 2273-22761469th Wave-Induced! l
[ | P-T Detected :
| '
Sea Temp. (°F) | i
, !
Air Temp. (°F) : | 2277-22801470th Wave-Induced ' :
| ¥ P-T Detected ’
Weather i !
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Format

Analog Tapes

Oscillograph Records

Digital Library Tape*
Summary Tape*

Logbook

TAB Printout*
PARM Data Cards*

SPLOT OQutput

*See Reference 2-b.
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TABLE VII
SUMMARY OF CURRENT DATA FORMATS

Characteristics

Recorded at 0.3 ips, FM IRIG low-band, 270 Hz center
frequency--13 data tracks, 1 compensation track--tape 1"
wide, 0.001" thick, 3600 feet on 10 1/2-inch reels. Each
30-minute interval preceded by zero and calibration signals.

Quick-1ooks reproduced aboard ship at 200:1 speed up--3 to
4 tracks per record--all tracks reproduced--30 minutes
occupies about 3 inches of record.

Expanded time-histories of selected tracks--used for
instantaneous comparisons.

12,000 data points at 10 samples/second (real time)
(unfiltered) from each interval of selected transducers

on Recorder No. 1, plus logbook data, plus computed values--
approximately 700 intervals.

The Digital Library Tape with the digital record deleted,
leaving computed results and logbook data. One Summary
Tape contains data from the entire season from one trans-
ducer.

Environmental and ship operational data manually entered
by system operator. Data is coded and entered on Digital
Library Tape.

A11 Togbook data plus computed data characteristics for
each transducer, from the Summary Tape.

RMS and maximum data values plus selected logbook data
for parametric studies.

Plots of data means vs. any parameter (such as Beaufort
Number), classified into families of five subgroups.
Tabulations also available (see Appendix B).
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ITI. RESULTS

In general, the results of the first season of manual data acquisition were
gratifying. Large quantities of high-quality data were recorded. In any equipment
of this complexity operating over an extended period, some failures or breakdowns
are expected. However, due to the presence of the observer/operator, the effects
of these were minimized and they were quickly corrected. His preserce also assured
proper correlation of the vital environmental data.

A. 1972-1973 Operating Season

It was originally planned to have the system operational in time to take
part in both builder's and owner's sea trials. Unfortunately, due to the number of
additional passengers scheduled during these tests, it was not physically possible
to have Teledyne engineers aboard the vessel. At the time of the first trial, the
system had been fully installed but had not had its final adjustments completed.

1. Manned Operations

Two Teledyne engineers met the vessel in Rotterdam upon her return
from her first sea trials on September 16, 1972. These engineers worked aboard
until September 28, 1972 when the vessel went on its second trial. It was decided
that it was still impossible for Teledyne engineers to take part in the trials, al-
though the system was operational and ready to record data. The ship left on Sunday,
October 8, 1972, for New Jersey with two Teledyne engineers aboard. Recordings be-
gan on that date and continued throughout the westbound leg of Voyage 1. Both engi-
neers rode the vessel to New Jersey. During this voyage and subsequent roundtrip
Voyages 2 and 3, two Teledyne engineers rode the vessel. This manning scheme al-
lowed TMR to have four engineers trained in system operation, and provided the addi-
tional manpower required during the system start-up.

2. Voyage Summaries

A summary of the voyage and data as recorded by dates and tape number
is listed in Table VIII. With the exception of the westbound leg of Voyage 5, the
vessel was manned by TMR personnel during each crossing from Voyage 1 in October,
1972 to Voyage 12 in April of 1972. Manning was terminated for the season when the
ship returned to Rotterdam for drydocking in April, 1973.

3. Logbook Data

During each crossing the operator kept a data log in which he made in-
dicated entries once every four hours. Logbook index numbers begin at No. 1 for
each crossing and typically there are 30 to 32 entries per crossing.

The recording plan during the past season was to record for two out of
every four hours when operating in the automatic mode. Thus, there are normally four
data intervals associated with each log index entry, and, since a tape can run for a
maximum of 40 hours real time and each data interval is 30 minutes in length, it is
theoretically possible to have 80 intervals per tape. In practice, the operators
have changed tape in each machine at the beginning of each voyage. These first tapes
normally contain 68 to 72 intervals, allowing for unused tape at the beginning and
end of each reel. Usually a little more than half way across two new tapes are
loaded. These second tapes have varying numbers of intervals dependent on such items
as the ship's speed, associated progress, and just when the system is secured. This
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TABLE VIII

ANALOG TAPE AND VOYAGE SUMMARY

Data Collection Data Tapes
Direction Dates Produced
(Tape Numbers)
West 10/8/72 to 1,2,3,4
10/13/72
East 10/15/72 to 5,6,7,8
10/19/72
West 10/23/72 to 9,10,11,12
10/27/72
East 10/29/72 to 13,14,15,16
11/2/72
West 11/6/72 to 17,18,19,20
11/10/72
East 11/12/72 to 21,22,23,24
11/16/72
West 11/19/72 vo 25,26,27,28
11/24/72
East 11/26/72 to 29,30,31,
12/4/72 32,33,34
West Vessel Not Manned
No Data Collection
East 12/29/72 to 35,36
1/4/73 One Recorder
Time-Shared
West 1/7/73 to 37,38
1/12/73 One Recorder
Time-Shared
Fars Y 39,40,41,42
Rest :ﬁ;;;: to 43,44 ,45,46
East 1/30/73 to
2/4/73 47,48,49,50
Lot o 1 B g 51,52,53,56
East 2/15/73 to
2/20/73 55,56,57,58
West 2/24/73 to
3/1/73 59,60,61,62
East 3/3/73 to
3/8/73 63,64 ,65,66
West 3/11/73 to
byt 67,68,69,70
oy e 71,72,73,7
West 3/26/73 to
3/30/73 75,76,77,78
Bast 4/1/73 to
/15173 Ty

Number of
_Tapes
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past season an average of 48 to 50 intervals are found on the second tapes. In
summary, during each crossing 2 tapes are usually recorded on each tape machine.
The interval numbers on each tape can run from 1 to 80 and these intervals are as-
sociated with logbook indexes 1 to 32 for each crossing.

4. Sea State Profiles

To assist in understanding the distribution of sea states encountered
during the first data season, Figure 6 has been prepared. This figure depicts the
occurrences of the various Beaufort Numbers reported divided into eastbound and
westbound voyages. The basis for these data is the logbook entry for sea state re-
corded once every four hours by the operator. A total of 623 entries were made dur-
ing the recording season; 324 during eastbound crossings and 299 during westbound.
Normally, four data intervals (30-minute recording periods) are associated with each
log entry. Thus, to obtain the total number of data intervals available at each sea
state, it is necessary to multiply the number of Togbook entries by four. The
dominant Beaufort Numbers are in the range of 3 to 7, with the most entries obtained
at Beaufort 4.

A summary of the more important logbook data is presented in Appendix A.
This listing contains the following data:

Voyage Number and Direction
Recorder No. 1 Tape Number
Interval Number

Index Number

Date

Time (GMT)

Ship Speed in Knots
Beaufort Number

Relative Wave Direction
Weather Observation
General Comments

- TQ HD A0 O
S L - T i ey

5. Static Calibration

In order to obtain verification of the accuracy of the instrumentation
system operation a static calibration test was performed on the vessel at the loading
terminal in Rotterdam on April 9 and 10, 1973. This test sequence, by judiciously
controlling the unloading sequence, was designed to create known, or at least cal-
culable levels of bending and torsional stresses. By comparing calculated values with
system outputs a judgment of instrumentatiocn system performance is obtained. The re-
sults of this experiment are not reported here but have been issued as a separate
document (see Reference 3). However, the following general conclusions can be drawn
based on the data gathered during the calibration experiment:

a. The maximum observed normal stress for the calibration loadings oc-
curs in the hatch corner doublers (Hatch 9) just forward of the aft house in a direc-
tion parallel to the deck and at an angle of 22 degrees to the ship centerline.

Other hatch corners, at stations where hatch width changes are encountered, exhibited
high shear stresses near the stress relief cutouts.

b. The maximum calibration stresses are one-eighth to one-half of the
maximum peak-to-trough stress observed under normal seaway conditions. To put it
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another way, the applied calibration loads, or load distributions are approximately
one-eighth to one-half of those generated in a seaway for most gages.

c. Due to the low strain levels induced and the temperature differences
encountered during the calibration, thermal effects could account for a substantial
portion of most measured strains.

d. The midship transverse girder is a more sensitive indicator of
torsion than the midships torsional shear sensor installation.

6. System Reliability and Performance

System performance during the first season was consistent with that
expected from an installation of this magnitude. No strain gage circuits experienced
any failures. During Voyage 6 and part of Voyage 7 tape recorder problems were en-
countered which required the time-sharing of one unit until an additional machine
could be obtained and the defective unit repaired. It should be pointed out that
most of the equipment in the system is not new and has seen previous sea duty on
both the ABS "Large Tanker Program" and two years of operation aboard Sea-Land's
$.S. BOSTON.

Several data amplifiers did fail but on-board spares permitted replace-
ment within a short time. In addition, failure of several of the acceierometer units
were experienced. By selective switching of units, it was possible to keep the
signals of primary interest operational during most of the data intervals.

In general, system performance was good and the fact that it was oper-
ator-controlled contributed to its overall excellent reliability.

The system was re-energized in the Fall of 1973 prior to the first
manned voyages of the second season.

B. Data Presentation

1. General

As listed in Table VIII, 80 analog data tapes were produced during
the past operating season, 40 from each recorder. A data summary book has been
prepared for reference wherein every interval on every tape is identified by trans-
ducer.

During the first season, Voyage No. 4 presented some of the most in-
teresting data from the standpoint of exhibiting the heaviest weather with a variety
of relative sea directions. Since some characterization of the response data from
all transducers was desired, but the volume of data available was large, this voyage
was chosen for presentation in detail. Parametric studies were undertaken for all
voyages, however.

2. Parametric Studies

Starting with the Summary Tapes, eight Recorder No. 1 data channels
were selected for processing by the parametric studies computer program (see
Reference 2 and Figure 5). These channels were:
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Channel 1 - Longitudinal Vertical Bending (LVB)
Channel 2 - Torsional Shear Midships (TSM)
Channel 4 - Roll

Channel 5 - Pitch

Channel 8 - Forward Vertical Acceleration (FAV)
Channel 11 - Longitudinal Horizontal Bending (LHB)
Channel 12 - Shear Forward Port (SFP)

Channel 13 - Shear Forward Starboard (SFS)

T @ H 0O O 0 o W
Pt e L gt PRy

The RMS and maximum peak-to-trough wave-induced component of each
of the above parameters was plotted against Beaufort Number (although this is a wind
scale, the number reported corresponds generally to a well-defined sea condition) in
various families of ship speed or relative sea directions. In order to derive a
single characteristic value within each Beaufort Number, the mean of both the maximum
and RMS values per interval were plotted. These results are presented in Appendix B.
Three types of data presentations are included for each data set:

a. A dot-plot of all values, interval RMS or maximum peak-to-trough.

b. A mean value plot of interval data set against ship speed or rela-
tive wave direction groups.

c. A tabular listing giving the number of points upon which the curves
are based and the set of standard deviations.

Extensive tabulations of digitized stress, motion, and lTogbook data
are available to those interested through the Ship Structure Committee.

3. Maxima Observed on Recorder No. 2, Voyage 4

In order to present a sampling of the extreme data seen by Recorder 2,
all of the data for Voyage 4 (E&W) was played back on an oscillograph, annotated, and
scaled. In this manner a maximum peak-to-trough value was measured for each trans-
ducer for each interval. These data are presented in Table IX. As noted previously,
Recorder No. 2 data are monitored in four consecutive modes. Some of these modes
are switched, however, to record other data. This is reflected in Table IX. It
should also be noted that the various maxima listed for any one interval did not
necessarily occur at the same time.

4. Simultaneous Response Data

It is often useful to compare a response waveform occurring at one spot
with that occurring at another spot at the same time. The complete records (all
Recorder No. 1 and No. 2 signals recorded at the selected instances) from four ex-
amples of high sea state conditions are presented in Figures 7, 8, 9, and 10, each
representing a different relative sea direction; i.e., head, broad-on-the-bow,
quartering and following.

5. Averaged Midship Maximum Stresses, Voyage 4

Six longitudinal strain gage arrays are located at midship, on the top,
mid and bottom sideshell, port and starboard. These are some of the most interesting

(Text continued on Page 105)
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FIGURE 7

SAMPLE SIMULTANEOUS RESPONSE DATA

The following pages present representative simultaneous
samples of all recorded signals on both tape recorders for:

Voyage
Index
Interval

Tape
Beaufort Sea State

Relative Sea Direction
Ship Speed

4 Westbound
5
17 ("A" Mode)
18 ("B" Mode)
19 ("C" Mode)
20 ("D" Mode)
25 (Recorder No. 1)
26 (Recorder No. 2)
10
Head
22 Knots
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FIGURE 8

SAMPLE SIMULTANEOUS RESPONSE DATA

The following pages present representative simultaneous

samples of all recorded signals on both tape recorders for:

Voyage
Index
Interval

Tape

Beaufort Sea State
Relative Sea Direction
Ship Speed

4 Westbound

7

25 ("A" Mode)
26 ("B" Mode)
27 ("C" Mode)
28 ("D" Mode)
25 (Recorder No. 1)
26 (Recorder No. 2)
10
Broad on Stbd Bow
20 Knots
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FIGURE 9
SAMPLE SIMULTANEOUS RESPONSE DATA

The following pages present representative simultaneous
samples of all recorded signals on both tape recorders for:

Voyage 11 Westbound
Index 22
Interval 13 ("A" Mode)
14 ("B" Mode)
15 ("C" Mode)
16 ("D" Mode)
Tape 77 (Recorder No. 1)
78 (Recorder No. 2)
Beaufort Sea State 8
Relative Sea Direction Quartering

Ship Speed 29 Knots
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FIGURE 10
SAMPLE SIMULTANEOUS RESPONSE DATA
The following pages present representative simultaneous
samples of all recorded signals on both tape recorders for:
Voyage 4 Westbound
Index 26
Interval 33 ("A" Mode)
34 ("B" Mode)
35 ("C" Mode)
36 ("D" Mode)
Tape 27 (Recorder No. 1)
28 (Recorder No. 2)
; Beaufort Sea State 9-10
Relative Sea Direction Following
Ship Speed 29 Knots
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gages recorded on Recorder No. 2. The maximum peak-to-trough combined values
were scaled from oscillograph records for each interval on Voyage 4, separated
into sets by Beaufort Number, and the maximas averaged and plotted. Figures 11-A
and 11-B present the results from this process. For general comparison, the
averaged results from the Longitudinal Vertical Bending (LVB), the Longitudinal
Horizontal Bending (LHB), and the Torsional Shear Midship (TSM) stress gages have
been plotted against Beaufort Number in Figure 12. These results are from the
wave-induced digitized data.

6. Wave Height Radar Data

As part of the continuing effort to obtain accurate information as to
the exact nature of the waves incident to the vessel, a wave height radar system
was installed aboard the SEA-LAND McLEAN. The output, in the form of a slant
range signal, is provided for recording on Channel 3 of Recorder No. 1. The anten-
na for the device is at the bridge level on the outboard starboard side. The
signal, of course, contains components of ship motions. Figure 13 compares the

slant range signal with Vertical Bending Stress, Bow Vertical Acceleration, and Roll
Sensor outputs.

7. Torsional Response Data

The simultaneous waveforms have been used to develop data plotted in

Figure 14, which shows the.relationships between strains at the upper corners of

the midship transverse girder, and overall midship torsional shear.

8. Simultaneous Comparison of Longitudinal Gages

Figure 15 illustrates the set of instantaneous values from the six
longitudinal stress gages as functions of their locations. This figure is designed

to be comparable to similar figures presented in the calibration report (Reference 3)
for static conditions.

IV. DISCUSSION OF DATA

The following discussion is-based on the data presented from the first season.
In some cases points are discussed which are the results of observations made during
the calibration experiment (Reference 3). :

Many relationships can be inferred from the data presented. It is the objective
of this discussion to explore some of the more salient features of the ship's
response characteristics. No attempt has been made to summarize or correlate all
available data. Various forms of data summaries have been used to indicate the be-
havior of the signals originally recorded on analog tape. Oscillographic display of
the magnetic tape data results in time histories from which instantaneous comparisons,
waveform analyses, and other manual studies can be performed. The manual studies
include a table (IX) of maximum values for Voyage 4. In addition, eight channels
of all data from Recorder No. 1 have been digitized, summarized, and parametric
studies performed, as mentioned above.

Due to the mass of data collected, it is not possible to publish an all-inclusive
summary of results which will not lose some features of the data. Selected analyses
have been performed which present some of the more important data comparisons and
evaluations. Other areas of interest should be defined by other Investigators (SR-217,
for example) or Advisory Committee members. An attempt will be made to include the




————
H
%
©
X e
O uw
o L
13000 [~
13000F X Lew
O s
ium-
i 3
8,
g - !
100004
gnu- !
ini- i
: ; e |
-
1900 B
asoop
° L) { L L) { 3 i L] T | 2 i |
° (SR Rl IR RO N S A R R R . e T
' P L PN L N N R
FIGURE 11-A L
Port Longitudiaal Cages et
Averags Values - Voyage & Starboard loungitudinal Cages
v Average Values - Voyags &
owm
3 IML o us
& x ™
s 12500 |-
3
i
&
€ ;m'
B‘-.
o I
L} Y T
] 1 2
SEAUPORT SEA STATE
flam 12

AVERAGE MAXIMUM MUALL STRESS VALUES
VOYAGE 04




-107-
’ : CH-1 LoGITUDINAL VERTICAL BembDING STRESs
A 8214 s
=
44 FT.
)
CH-3 Wavé HeEigiiT Rapawr ff{,.*:;_\___-‘,ss'_wp;_
b .Y V.Y V.V o -
20° CH-4 RoLL
e —
e —
I
2 G
c_//—'- 8 Bow VCRTICAL Ac €LeRATION
| Vovaee |0 wesr, I/nvpex 22, InTeRvAL 18, Sea STATS 9

Figure 13-A - Sample Wave Height Outputs

—_

8214 Psi

4T ~| 10 seconos

CH-3 WAvE HeienT RMApAR

!
:

"_1["—

2o0°

A -
WW'WW
CH-4 Roet v ¥ s

Voynee 10 East, INDEX 19, INTERVAL /, Sea Stare 7

!

Figure 13-B - Sample Wave Height Outputs




,: l E

BEST AVAIUBLE Copy

<5

._..s 20 - -
i
:‘ -~ Figure 14 - Comparison Between Mid-
T 8 droad o the Jov ship Torsional Shear and Horizontal
! o Bending of Midship Transverse
. e e Girder.
_..i 10

l

e

i Total Stress
£ Vertical Beading Cospoment
f‘ Sorisontal
5 Seading l
§ Componenc !

. LSTS

.

A

3 azn L
?
% 1 Beading (1329)
H Neutral Axis 5
i Figure 15 - Instantaneous o e Bwen
! Seaway Data from Midship \\ 2
Longitudinal Gages. T Vs318) (e _uswp
MEDERIP SECTION
] r ' rr st
Stress Scale
i
|

.




e S

:
b 4
i
g
3
k
&
Lr
:

e — 1

-109-

desired data or format in future reports or, if the need is pressing, to issue
appropriate supplemental reports.

A. Voyage 4 Simultaneous Response Data

As indicated by Figure 6, no sea conditions in excess of those correspond-
ing to Beaufort 9 were encountered during eastbound voyages, and only two indexes
had Beaufort Numbers of 9. In either direction the most commonly reported Beau-
fort Number was 4, whereas the median value was 5. During westbound voyages
Beaufort Numbers of 9 and 10 were reported about equally. Westbound voyages are,
therefore, used for high-sea-state, instantaneous data presentations. Voyage 4
had the highest average and peak sea states. It was, therefore, used to provide.
simultaneous response data for signals assigned to Tape Recorder No. 2 for Figures
7, 8, 9, and 10.

Figures 7, 8, 9, and 10 present recorded high sea state response data for
head, broad-on-the-bow, gquartering, and following relative sea conditions. Ship

speed is reduced from about 30 knots to about 20 knots in the head and broad-on-the-
bow cases.

As expected, the most obvious difference between the four sets of data is
the period of the wave-induced (long period, low frequency) responses. In the head
or broad-on-the-bow data, the 8-9 second wave encounter period is obvious along
with the constant 0.8 Hz first-mode structural frequency. For the quartering or fol-
lowing sea cases, a much larger and Tess well defined wave-induced stress period is
present along with the 0.8 Hz first mode response. The magnitude of the peak-to- ‘
trough longitudinal vertical bending stress (LVB) is dependent on and approximately
equal for similar sea state numbers.

1. Head Seas

An example of slamming is exhibited during Interval 17 (Mode A) of {
Tape 25 (head sqa). A fairly clean hogging stress is followed by sagging and high
first mode stresses. The first mode stresses gradually decrease over a period of
40 seconds. Vertical accelerations at the midship and forward deckhouse accelero-
meters are also evident and closely follow the vertical bending stress curve. At
the same instant there are similarly shaped but opposite longitudinal stresses in
the top and bottom hull sideshell gages (LSTP, LSBP, LSTS, LSBS, all on Recorder \
No. 2, both port and starboard) with virtually no stress exhibited at the vertical
bending neutral axis (LSMP and LSMS). The bottom stresses are lower than those
measured by the top gages because they are closer to the neutral axis.

The small differences, port to starboard, between the respective mid-
ship top, neutral axis (mid) and bottom sideshell gage outputs are due to horizontal
longitudinal bending components. This component, along with the longitudinal warp-
ing stress, also contributes to the nonzero output of the mid sideshell gages. !
Neutral axis shear gages (SAP and SAS) show similar responses with the opposite
polarity (due to the port and starboard wiring convention).

Another example of slamming is shown near the reference lines of the |
"B" Mode (Interval 18) of the same tape. In this case the aft rosette responses
are monitored on Recorder No. 2. Although AR-1 and AR-2 are located in similar
positions but opposite sides, they nevertheless exhibit dissimilar responses in
magnitude for the longitudinal and transverse gages (elements A and C, respectively).
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In comparing the diagonal gaoe outnuts, however, it should be kept in mind that
these elements are parallel to cach other and are not symmetric about the ship's
longitudinal centerline.

It is interesting to note that although the response period of these
gages is similar to that of the longitudinal vertical bending stress gages, their
peaks are more rounded and the waveform lags the bending sensor output slightly.
The largest output for this gage group is exhibited by the longitudinal element of
AR-4 which is located in the starboard longitudinal tunnel top. It reflects the
longitudinal bending stress at this location.

Intervals 19 and 20 (Modes "C" and "D" of the same index) present similar
sea conditions and similar responses on the respective Recorder No. 1 sensors. The
longitudinal element of rosette Rl (located aft of the forward house) exhibited the
largest stress of the rosettes in this group. Second largest was the longitudinal
element of the similarly placed gage on the opposite (starboard) side. Virtually
identical stresses were measured by the diagonal element of this gage and the longi-
tudinal element of the gage located in the tunnel top (R3). A still Tower stress
was present in the longitudinal element of the outboard tunnel top gage (R4). To
summarize, the line load seems to be dropping off towards the outboard sides with
the forward house a significant factor in the transmission of bending stresses.

Only moderate stresses were recorded in the mid and aft transverse girder
corners (in the transverse direction). It is interesting to note that response ex-
hibited by the mid girder gages are predominantly wave-induced, while the aft
responses contain obvious first-mode components. The tensile stresses on the forward
plate of the transverse girder, coupled with compressive stresses on the aft (bulk-
head) plate, indicate a horizontal bending mode. Notice also that the midship
torsional shear sensor indicates some small torsional stresses of a similar shape.

2. Broad-on-the-Bow Seas

On the whole, the major characteristics of ship responses to this con-
dition are similar to that for head seas. Vertical bending stress is somewhat re-
duced while torsional shear, horizontal bending, and roll are slightly increased.
The pronounced first-mode slamming stresses are gone from the sample record.

A1l of the remaining sensor records are at or below the levels for the
head sea conditions. Although both sets of intervals were recorded at Sea State 10,
the present set is followed by a Sea State 9, and it is possible that the sea state
had, in fact, moderated to a small degree. Other studies of the overall Voyage 4
data indicate that the maximum peak-to-trough stresses are very strong functions of
sea state for levels of eight, and above. This may well explain the reduction in
stress magnitude. Logbook entries of the observer for this Index indicate spray
over the ship but no slamming. This is probably the result of the reduction in sea
state and not the change in relative sea direction.

3. (uartering Seas

The most obvious characteristic of the quartering and following sea
conditions is the long-period wave-induced responses. Another striking difference
is the indicated roll + 13 degrees in Interval 13 ("A" Mode). This is accompanied
by virtually no pitch or vertical acceleration, but significant transverse accelera-
tion in phase with the roll. In this case the longitudinal neutral axis stress
midships is not negligible, but is composed primarily of horizontal bending. Note
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the out-of-phase relationship port and starboard, and the similarity to the longi-
tudinal horizontal bending stress sensor output. It should be noted that although
torsional stresses may contribute to this signal, the period of the torsional shear
sensor output is different from that exhibited by the neutral axis or horizontal
bending sensors.

0f the aft rosettes only the diagonal element of AR-1 (port side, near
hatch cutout) showed significant strains, probably due to its being cligned with a
stress trajectory from the aft house around the hatch opening.

The measured roll period does not correlate to the vertical or horizontal
bending or torsion sensors. Roll does, however, correspond generally to the forward
hull Tongitudinal strain sensors (HLSP/T-T/B).

Only small stresses were recorded for mid and aft transverse girders.
The forward and aft signals seem to be uniformly out of phase.

4. Following Seas

The sample record presented for the following sea condition has a higher
associated sea state than the preceding quartering condition. Many more instances
of first-mode excitation are present on all traces. In general, the peak-to-trough
stress levels are higher than for the quartering sea case. This is due, however, to
the increased sea state rather than the relative sea direction. (A later section in
this discussion will present data to affirm this assertion.)

Another characteristic of this data set is the nonperiodic nature of
most output traces. This feature makes comparisons of phase behavior among the
responses difficult.

The vertical bending sensor shows some evidence of slamming (a rela-
tively clean hogging moment followed by first-mode excitation and an increasing sag-
ging moment.) As would be expected from the following seas, vary little torsional
shear is present. Roll motions were significant at 20 degrees peak-to-trough.

This trace is not a smooth sinusoid as in the case of the quartering sea, but re-
flects a continuous forcing function application without a steady state or decaying
component. /

Although virtually no pitch is present, a midship vertical acceleration
in excess of 0.1g (peak-to-trough) was present, indicating a heaving translation.
A decoupled (i.e., not at the same or harmonic frequency) transverse acceleration
component of about 0.4g peak-to-trough was also exhibited. The horizontal bending
signal correlates reasonably well with the roll angle. It can also be seen that
the forward shear sensors correspond closely to the midship longitudinal stress
sensors (available only in the "A" mode) including phase, indicating that these
shears are generated mainly by overall vertical bending.

A large (approximately 20 Ksi, peak-to-trough) stress was again present
in the diagonal element of the pert aft rosette (AR-1). However, there again was
no correspondence between the longitudinal and lateral elements of this gage and
the symmetrically placed elements on the starboard side. This may be due to the
nature of the cargo loading. If the net load in each hold has a port or starboard
component the static and dynamic effect of this offset may be to induce these
types of stresses.
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Gages located in the longitudinal tunnel exhibit the largest stress
in the longitudinal direction both forward (gages R-13 and R-14) and aft (gages
AR-3 and AR-4). In all cases these stress outputs closely follow the midship
vertical bending sensor output.

B. Extreme Variations with Sea State

A1l maximum peak-to-trough values (combined wave-induced and vibratory) of
the six longitudinal stress sensors have been averaged for each Beaufort Number of
Voyage 4 and plotted in Figures 11-A and 11-B. In addition, Figure 12 shows similar
averages for the LVB, LHB, and TSM transducers taken from the digitized wave-induced
records. In all cases, each average contains all ship speeds and relative wave
directions.

Average vertical bending and individual midship longitudinal stresses (port
and starboard, top and bottom) all increase with increasing sea state. However, at
Beaufort Numbers of eight and above, they increase at a faster rate. This situation
does not seem to hold for the Torsional Shear Midship or Longitudinal Horizontal
Bending sensors. The midship longitudinal neutral axis gages (port and starboard),
which see the combined horizontal bending and restraint-of-torsional-warping stresses,
similarly do not exhibit the marked stress increase above Beaufort 8. It is there-
fore probable that the vertical bending stress increases are real and not due to a
systematic error in Beaufort Number estimation.

The stresses measured by the six Tongitudinal gages include components from
vertical, horizontal, and torsional loads. The values for the neutral axis pair
(X's in Figures 11-A and 11-B) are relatively insensitive to vertical bending, how-
ever, so the moderate increase with increasing Beaufort Number must be an indication
of increasing horizontal and/or torsional loads. This is confirmed by inspection of
Figure 12, which shows an equally moderate increase in those components. The fact
that the individual stresses at the bottom on each side are consistently lower than
the comparable deck stresses is because of the location of the neutral axis at about
44% of the depth, measured up from the baseline. The significantly higher values
for vertical bending at Beaufort Numbers above eight are probably the result of the
existence of waves, or combinations of waves and swells, considerably higher and
longer than those observed at the lower sea states. Inspection of the logbook data
for Voyage 4 in Appendix 4 shows many intervals of reduced speed operation with
pitching and slamming noted.

C. Sample Wave Height Signals

Two intervals of wave height radar outputs are presented in Figure 13.
This instrument measures the slant range from a position on the forward house to the
ocean surface at a constant relative bearing. A minimum of two corrections are re-
quired in order to correlate these data to the wave height. Although the angle
between the ship's vertical axis and the radar transmission axis is constant,
ship's roll alters the angle between the transmission axis and the ocean surface.
This, in turn, changes the slant range. In addition, the vertical height above
the ocean changes due to pitching and heaving. This also changes the slant range.
Some of the required correction signals are available from the instrumentation
system. Roll angle can be utilized directly. A double integration of the forward
vertical acceleration signal will yield the change in vertical height of the radar
from any reference level.
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In reviewing the output traces of the wave height radar some correla-
tion can be seen between the roll and radar output. Although this correlation
could be due to the waves affecting the ship's roll, it is probable that the re-
verse is true; the roll is affecting the measured wave height. A lesser corres-
pondence is seen between the vertical acceleration and the radar output. In some
instances, however, the periods of these two signals coincide.

(This discussion has ignored the second-order effect on true wave height
from changes in angular relationships due to the accelerometers being mounted in
the strap-down configuration.)

D. Torsional Stress Indicators

One of the conclusions of the Calibration Report (see Reference 3), is that
the midship transverse girder gages (TGMS) are a more sensitive indicator of torsion-
al loading than the midship torsional shear sensor (TSM). Seaway data provide an
additional reinforcement of this assertion. Figure 14 presents a plot of the tor-
sional shear sensor output against a measure of the horizontal bending in the midship
transverse girder. Each point represents a randomly-selected peak-to-trough stress
reading with ordinate and abscissa values taken at the same instant in time. The
data from which these points were drawn represent the higher sea states. The dif-
ference between the signals from the upper (fore and aft) corner gages in the trans-
verse girder is taken as the measure of horizontal bending in the girder. Since the
output of these gages is 180 degrees out of phase, their algebraic difference re-
sults in their absolute values being additive. A pure horizontal bending component
is thus generated with twice the sensitivity of a single gage. (This bending results
in an “S")curved transverse girder with the ends at each longitudinal tunnel acting
as fixed. '

It can be seen from Figure 14 that the horizontal bending stress generated
in the transverse girder is higher, by a factor of approximately 16, than the cor-
responding torsional shear stress for all sea directions.

E. Midship Longitudinal Gages

The odd behavior of the six midship longitudinal stress gages during the
calibration experiment (see Reference 3) raised some questions as to the correct-
ness of the instrumentation system with regard to these gages. Seaway data can be
used to verify their proper operation under the assumed conditions.

Figure 15 presents a plot of the output from these six midship gages for
an instant in time. A head-sea condition was chosen so as to minimize the torsion-
al contribution to longitudinal stress which cannot easily be separated from the
horizontal contribution. As shown in the figure, the stresses are well behaved and
what one would expect of a vertical bending condition with a small horizontal compo-
nent. This representation is typical of that which was observed in many instances
for the seaway data. It thus affirms the proper operation and configuration of
these gages.

F. Parametric Studies (Appendix 3)

To aid in the interpretation of the results of the parametric studies
(which are, in effect, a presentation of the entire season's data from eight of
the most important transducers), the plots and tables from the Longitudinal Vertical
Bending (LVB) stress data will be considered in some detail.
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Figure B-1 is a "dot-plot" of the RMS stress value from the LVB trans-
ducer by Beaufort Number for the entire season. There are 2,078 points shown.
The great scatter in each Beaufort Number is caused by the fact that these points
are from all relative wave directions and all ship speeds. Figure B-2 has been
plotted from these basic data points analyzed into five classifications of ship
speed. The classification nomenclature is given in Table B-II, and in all of the
Tables B-III through B-XXXIV at the end of Appendix B. Again, the average values
given for each ship speed also contain some range of relative wave direction.
Figure B-2 shows that the highest mean values of RMS vertical bending stress were
measured at Beaufort 10, at ship speeds between 20 and 25 knots. Note that at the
next higher speed range the stresses were lower at the highest Beaufort Numbers,
which is probably due to predominantly quartering or following seas. There are
no reported cases of operation at full speed at Beaufort Numbers higher than 9.

Figure B-3 is a similar classification of the data by relative wave
direction. The values for Beaufort 10 (which contain a range of ship speeds as
shown in B-2) indicate that the highest stresses were experienced in head seas,
the next highest at relative wave directions from 31 to 60 degrees, and the next
highest in quartering seas. Beam seas produced the lowest vertical bending
stresses at Beaufort Numbers 8 and above.

Figures B-4 through B-6 are organized in the same way except that they
present the distributions of the maximum peak-to-trough stress variations. The
stress amplitudes scales are doubled, but the general distributions are the same.

The tables following these figures in Appendix B present the basic data
for the figures, and, in addition, the standard deviation of the mean values.
These provide a measure of the scatter of the data.

Some brief comments can be made concerning the results of these para-
metric studies:

1. Horizontal bending stress is much lower than vertical bending stress,
and is less sensitive to variations in ship speed and relative wave direction,
although quartering seas appear to contribute significantly to higher stresses at
Beaufort 10.

2. Torsional Shear Midship is even lower, with less scatter at Beaufort
9 and 10. Quartering seas are a factor at Beaufort 10.

3. Forward Shear Port and Starboard results are essentially the same. The
largest shearing stress variations occurred at Beaufort 8, in broad-on-the-bow
and quartering seas.

4. The Roll results show more rolling at higher Beaufort Numbers with
higher speeds. Quartering and beam seas cause the most rolling. A maximum
dynamic roll of + 18° was recorded at Beaufort 10.

5. The maximum pitching angle was + 2.5 degrees at Beaufort 9. The most

pitching occurred at head seas, the least at beam, quartering, and following.

6. The Forward Acceleration (Vertical) showed a maximum of + 0.45 g.
Highest values were recorded in head seas.
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V. POSSIBLE DATA FORMATS

This report presents data in a number of forms, those which seemed most ap-
propriate for an overall survey of the data from the first season. Included are
expanded time-histories, logbook tabulations, tabulations of maximum values scaled
from compressed time-histories, and plots derived from parametric studies of
digitized response and logbook data. Also available, but too voluminous for
publication, are tabulations of response and logbook data for each interval, all
season, for all eight digitized transducers. As a quide for the consideration of
possible expansion, modification, or deletion of these data formats, Figure 16 has
been prepared to indicate the various possible data presentation formats.

0f the formats illustrated, all but the spectral computations and manual tabula-
tions of logbook data have been used in this report. From the standpoint of rela-
tive cost the manual formats shown at the top of the figure are least costly, but
are cumbersome where a number of transducers are to be compared. An expanded time-
history is essential for the instantaneous comparisons, since the digital data from
different transducers have no common time base once a specific interval is defined.

Digitizing the data is relatively expensive, both in man-hours and in computer
costs, but this method has great advantages for rapid tabulations and plots of both
logbook and response data. At present the data is filtered so that RMS and maximum
values are computed from essentially pure wave-induced response, for comparison with
design data derived on the same basis. Vibratory components from slamming or other
excitations are retained in the basic digitized record of 12,000 data points from
20 minutes of each 30-minute interval. Spectral computations are made from this
record.

In considering decisions on data formats, the basic questions concerning the in-
formation desired should be formulated in terms of choice of instantaneous vs.
statistical data, a few samples under specified condions vs. the entire season, need
for future use of the same data, one transducer or many, and so forth, in order to
arrive at a rational decision balancing information desired against cost.

VI. SUMMARY

The first season of data acquisition from the S.S. SEA-LAND McLEAN was a suc-
cessful one. This report has presented a Targe amount of data with brief discussions
and evaluations. As additional data are acquired during the second season, and the
first season data is analyzed more completely, a comprehensive picture of the struc-
tural behavior of this unique class of vessel will emerge.
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APPENDIX A
Partial Listing of Logbook Data

First Season
S.S. SEA-LAND McLEAN

Nomenclature

Voyage number, East or West

Analog magnetic tape number

Data interval number

Logbook index number

Month/Day/Year

GMT

Ship speed, knots

Observed Beaufort Number (appearance of sea)

Relative Wave Direction (degrees, Port or Stbd)
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Fue 10731772 1400
DENSF FOG 10731772 1800
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10731772 1600
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UCAST SuvaLLS — 10731772 1600
0CAST Palws 10731712 1,00
OCASY Raln 10/%17712 1800
NCAST walws —_— 10/31/772 2100
NCAST Ralw 10/%1772 2100
neasy 10731772 2100
ncasy - — 10731712 2100
ncasy 10731772 2100
OCAsTY 10/%1/72 2100
3 CLOUDY WUUGEH — 0731772 2400
S FLOUNY RNDUGH 10731772 2400
S CLOUDY WHUGH 10/%1/172 2400
S CLUUNY HOUGH —_— 10731772 2abo
S CLOUNY RIfUGH t0/3tr72 2400
S rLOUNY NG \n/81/772 2400
3 CLOUDY WOUGH 10751712
S CLunY ROUGH 1073772
$1,7 06 0908 PIC DY 11701712
A9
wOY TP INT 10X DATE TI¥E 3P0 BN WwVD wEaTHER
B3 15 032 019 1/01/72 05 1508 (DY
AV 15 03) R LIvaLd 8% 1508 CLDY
O3E 15 034 019 (1/N /T2 A% 500 CLRY -+
03E 15 0%S 020 11/01/02 04 1728 CLhY
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022 (V0212 precoy
02y /M2 CLMnyY —
028 (100272 CLnuoy
828 y1/0y712 cLnuoy
02y (10 /12 cLouny -
028 (1/Ms12 PreLhy
s2a (1701712 PICLOY
001 (1708772 08P e
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DATE

11701772
V700212
11707712
101272
101712
1arzsr2
/061772
1012
w02
1nsorsr2
11707712
11/02772
11/01712
1108772
11708772
11708772
11708772
[SRALY2 2
11708772
IAVELYS F
11708772
11/08/772
11708772
11708772
11704712
11708772
11708772
11708772
11708772
11708772
11708772
11708772
11708712
11708772
11708712
11/08712
11708772
11709772
11709772
11709772
11709772
11709772
t1/nery2
109772
11709772
11709712
11709772
11709772
1170912
11709772

TIMNE  SPD BN RWVD wEATHER A1
. vay TP INT (DX DATE TIME SPD BN RWVD
1200 31,9 0A 318 NCAST A IR B o e - - —_—
1600 %2,0 0% 1318 Ciouny 03% 19 002 020 11/09/72 {ADO 31,9 07 1579 NCAST
1804 82 .0 05 1518 fLfuny 03w 19 003 020 11/09/72 1400 V1,9 A7 1575 PCAST
1800 32,0 65 1318 CLOUDY O3 19:004 020 11/09/72 1600 ¥1,9 07 1575 OCANT
1ANG $2,0 05 1318 CLOUNY 03W 19 005 020 11/09/72 1600 V1,9 AT 1575 NCAST
2000 12,1 A4 1545 CLuuDY = O3W 19 008 020 11/0%/72 1600 31,9 07 1578 NCAST
2000 $2.1 04 1548 CLOLNY 19 007 020 11/09/72 1600 31,9 A7 {%]S NCASY
2006 ¥2,1 0a 1548 (LouDY 19 008 020 11/09/72 1A09 31,9 07 1578 NCAST
2000 32,1 04 {SaS CiLhuby 19 009 021 11/09/72 2000 32,2 07 162P 1CAST
2a60 31,9 03 (1a¥ PICLOUDY 19 010 021 11/709/72 2000 32,2 07 1427 (:CASY
2400 51,9 A3 11aP PICLOUDY 19 011 021 (1709772 2000 32,2 07 162¥ NCAST
2400 31,9 03 11eP PICLOUDY 19 012 021 11709772 2000 32,2 07 |A2¥ OCAST
2an0 31,9 03 J16P PICLIWDY 19 013 021 11/09/72 2000 32,2 07 {hed OCAST
0400 $2.% 03 060¥ PICLOLDY 19 014 021 11707772 2000 52,2 07 162% NCAST
nub0 32,1 03 060F PTCLOLDY 19 015 021 11/09/72 2006 32,2 07 1629 NCAST
0400 32,1 0% 060P PICLIWNY 19 016 021 (11709772 2000 §2,2 01 (s2¥ NCAST
A4OD 32,1 A3 ga0¥ BICLOLDY 19 017 022 11709772 2400 32,0 07 0929 NCASY
NAO0O0 31,9 06 OASE PICLOLDY 19 018 022 11/09/12 2400 32,0 07 0925 NCAST
HR06 31,9 06 OK4P BICLOLOY 19 019 022 11/09/72 2400 82,0 07 0925 OLAST
ABND 31,9 06 ORSK PYCLOUDY 19 020 022 11/09/72 2400 $¢,0 07 09¢S (CAST
NAN0 $1,9 06 gASK PTCINLDY L 19 021 022 11/09/72 2600 32,0 07 0925 (CASY
1200 V1,7 6 0ATP NCAST O 19 022 022 11/09/72 2400 32,0 01 0923 NCAST
1200 31,7 06 06IP NCAST B3W 19 023 022 11/09/72 2400 $2,0 0/ 0923 PrasT
1200 31,7 N6 A67¥ nCAST b 03% 19 024 022 11/,09/72 26400 32,0 07 0925 OCAQY
1200 31,7 08 0A/P (CAST —O3¥ 19 025 025 11/10/72 NG00 $1,5 O 0205 PICLDY
1R00 $1,A 05 OATP OCLST 11710772 0400 31,5 06 0208 PTCLDY
1600 §1,7 05 0A7F NCAST 11710772 0400 51,5 06 0208 PTCLOY
1600 31,8 05 067F (CAST 11/10/72 7400 51,5 06 0205 PTCLNY
1600 31,8 0% 24T7P NCASY 11710/72 AG00 31,5 08 0205 PICLOY
2000 31,7 09 090P NCAST 11710772 6400 31,5 06 0205 PICLDY
2000 31,7 05 090P (CAST 11719772 0600 0208 PICLOY
2000 $1,7 05 094P NCAST 11719772 nuon 0203 PTCLNY
2070 31,7 05 090P OCAST . 11710772 oBoo 0698 OCAST
2400 31,7 05 090P nCasy 11/710/72 0c0n 0k4s NCAST
2an0 31,7 05 090F NCAST 11710772 0800 0698 OCAST
2600 0%0F OCAST 11710712 oAb 0693 NCASTY
2400 090F NCASY 11/10/72 0800 31,6 OB 0A9S5 (ILASY -
LI 1878 piCOLY \1/710/772 0ROQ 31,86 08 0895 UCASY
nano 1578 PICOLY 11710772 0400 31,6 08 0695 NCAST
oao0c 1575 PrCOLY 11/710/72 0800 31,6 08 0695 NCAST
nano 1878 PrcoL Y 11710772 1200 31,2 04 06,8 OCASY
0400 1125 nCagt 11710772 1200 31,2 06 0655 ('CASY
0800 1123 NCAST 11710772 1200 51,2 06 0ASS NCAST
0AND 1128 vcasy 11710772 1200 51,2 06 0655 rCASY
LLLL 1128 NCAST 14710772 12006 31,2 06 0ASS GLASY
1200 %2,0 06 1488 NCASY 11710772 1200 31,2 06 0853 DLASY
1200 32,0 ans NCAsY 13740772 1200 31,2 06 0655 OCAST
1200 32,0 AL, NCASY 11710772 1200 31,2 06 0653 NCAST
1200 32,0 06 1485 (ICAST 049 11710772 1600 30,1 06 1Lod CLEAR
1600 31,9 07 1S7E OCASY 034 19 050 026 11/10/72 1600 30,1 04 10ed CLEAR
gy TR 03W 19 0S1 026 11/10/72 1600 30,1 04 10Ls CLEAW

INT 10X DATE  TImE sp0 W wwvd M7 aratuie COmENTS

11710772 1600 30,1 04 1005 CLEAR

11712772 0400 32,8 04 0 CLDY wAlN

WV /12712 nann 32 A 04 0 CLOY wAlN SO N—

11712772 0400 32,8 04 0 CLDY WAIN

11/12712 06400 32,8 04 0 CLDY WAIN

11712717 7800 52,0 05 090P OCAST — Sty s

11712717 7800 32,0 08 090F NCASY

11712772 9600 52,0 03 090P NCAYY

11712772 n800 32,0 63 090P (ICAST it i

11712772 1200 32,8 64 {0LP CLDY

11712712 1200 32,0 oa AP CLDY

11/127712 1200 32,0 04 101P CLDY RN P—

11712772 1200 32,0 cLey

11712772 1800 32 .8 PICLDY

11712772 1600 32,0 PYCLDY SRR S S a——

11712772 1800 V2.0 PYCLDY

11712772 1A00 32,0 PICLDY

11/12712 2000 32,0 OCAST Ralwn ~SHIP PITCHING T+

11712712 2000 32,0 OCASY RALN SHIP PLICHING In

11712712 2000 32,0 NCASY Ralw SHlp PLICHTING T

11712712 2000 32,0 OCASY RAIN . SwIp PLICHING IN

11712772 2400 $2,0 NCASY SPRAY OvEM nilw AN

11712772 2400 52,9 neasy SPRAY OVER ANn AN

11712712 2400 32,0 neAst e SPRAY OVIK B0 AN

11712712 2u00 32,0 OCASY SPRAY (IVEW BOw AN

11718772 0600 $2,0 preLhY

11713772 0ano 52,0 PIC Ny - x -

11713772 0a0o 32,0 PYCLOY

11713772 dapo 32,0 eTCLOY

11718772 o800 32,0 cLoy e e B TEM AND SLIGH

11713772 n8oo 32,0 cLby PLTCN AND SLIGHT

11718772 nnoo 32,0 cLov PLTCH AND SLIGwY
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025 11/16/72
02p 11716772
026 11710772
026 11/18/72
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027 11716772
027 (1 /16712
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001 11/19/72
001 11719772
001 11719772
001 11719772
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002 11720772
002 (1720772
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S 11720072
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a0 t1/20212
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our 1720772
007 11720772
01 11/20/72
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o
2400
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e AWELLS ON AUA PR
SwELLS (N ROs 8P
SwELLS ON Wus SPe
e e SWELLS 1IN KU SP R
SPEED BeOUCLD
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e SPLRD. REOUCLD
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10x  oate  rime 3e0 ow AwvD A5 aearen coMmENTS

0tL 11721772 a0
3 11721712
11721772 o800
11721772 1200
11221772 1200
11721772 1200
11721772 1200
11721772 1600
11721772 1a00
11721772 1800
11721772 1600
14724772 2000
11721772
1721712
121272
ws21712
12
121772
121212
11722772
11722772
11722772
11722772
11722772
1722/72
11722772
11722772
122712
11s22s72
11722772
117227712
122712
11722772

ROLLING 3 NP6 In
AOLLING S DEG IN
—-AOALING 5-PEG I -

S AOLLING 1M -BuELL-
ROLLING TN SWELL
ROLLING IN SwhiL
e AOAL ING N Bkl b

11722/72 0258

11722272 0259

11722/72 0258 e i
11722772 0708

11722712 0708

\Lr22/12 0708 S S NS
1722772 0708 OC

11723772 0258

11723272 0258 ——
11723772 0258

11723772 0253

1rs2dsr2 0258 "t

2y 025
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04w 27 026 024 11723/72

0258 nc
1ne
1

" romce 7 weatwes o
FPORCE 7 weATHER O

vOY TP INT 10x  DATE TIME SPD BN RWVD

11223772 1200 29,0 07 177P
11723772 1200 29,0 07 (7/P
11723712 1600 30,0 09 {77P
11723772 1500 $0,0 09 177P
11723772 1600 30,0 09 |77P
11/23/72 1600 80,0 09 177V
11725772 1800 29,0 09 (77®
11723712 1800 29,0 09 |77
11223/72 1800 29,0 09 (7P
11723712 2000 29,0 10 13AS
11723772 2000 29,0 10 1188
11728772 2000 29,0 10 1348
11728712 2000 29,0 10 |VAS
11725772 2200 28,0 10 0935
11723712 2200 2K,0 10 0948
11723412 2200 28,0 10 0935
1728712 10 0253
11728712 10 0738
11228772 10 0738
11728772 10 0743
12y 10 07348
11726772 08 0735
11728772 08 0738
11728272 08 0735
11r2a/72 08 0745
11228272 05 o04ns
11720772 05 04ns
11728772 05 04ns
112472 09 0uns
11728712 0% 9238
11\ 724/72 N 0SS 0248

11726772 0 05 0238
11728772 0238
1r2er12 1A0

1r28/72
11720772
1s26/12
11720/72
11728/12
11726/72
11728/72 0800
11726/172 1200
11728/72 1200
L1726/12 1200
11726772 1200
11720/72 1800
11728772 1400
1172n712 Vabo
11720772 1600
Wr72es12 2

e —— I ——

A-16

neasy
ocasy
neast
ocasy
ncasr
neasr
ncasy
nuast
0casy
ocasr
NneasY
neasy
neasY
HeASY
NCAST
neasr
0LANY
neasr
ncasr
0cast
NCASTY
neasY
UcAsTY
neast
DCAST
oy

oy

Loy

Loy

CLOY

Loy

Loy

CLoyY

NCAST
ncasr
ocisr
neasY
neasy
NCAST
ncasy
neast
0Casy
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Leasy
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neasy
ncasy

wEATHER COMRENTS
FORCE 7 WEATHER ()
FORCE 7 abafuih o
Halw e RIDING_EASY. mEATH
walw RIDING EASY wtals
RAln RIDING EASY wEATH
Haln e MIDING EASY wEalr
LIS £ ROLLING “Eavy 15~
Nala RULLING Webavy 15~
NAIN ROLLING MLAVY 15+
L L MOLLING wedvY
LIy L NOLLING Weavy
RAIN - ROLLING HLavY

HAlN ROLLING WEAVY
wAIN ROLLING WEAvVY
RAln —ROLLING HEAYY
RAlW RULLING weavy
aaln ROLLING MEavy
RAln e MUDFRATE NULL
WAl MIDERATE NULL
Halw PODERATE WOLL
Kaln — ML RATE RULL
Naln RIDING eaSY
Qalw RIDING EaSY

HAIN o MIDING kANY
Ralw RIDING EASY

RAln
Ralwn

faln
Raln
LT} DI

NOLLING WEAVY




T M e S S VA S Ewm - -—— - -~ -
A-17
voY TP T Ihx DATF TINE 3P0 BN RWVD wEATHER COMMENTS
00S 11/28/72 2000 30,0 0908 NCASY AAlN RULLING
005 11/26/712 2000 30,0 0908 NCAST RAIN NULLING
005 11/26/72 2000 30,48 0905 NCAST HAlN ~ROLLING
006 117426772 2200 30,0 0RAS NCASY Walw ROLLING
006 11726772 2200 30,0 0R83 (CAST Weln NOLLING
006 11726712 2200 30,0 OAAS DCAST RaAIN ~ROLL1nG
206 11/28/72 2200 30,0 O8ES (CAST waln ROLL ING
007 11/26/72 2400 30,0 0755 UCAST @alw EASING
007 11/26/72 2400 30,0 0753 (CAST Ralwn e EAB NG <o
007 (1/26/72 2400 50,0 0758 NCAST Raln EaSING
007 11726772 2400 30,0 0755 OCAST WAl EASING
0N8 11/27/72 0400 30,0 6755 NCAST Ralw e e e
008 11/27/12 040 30,0 0758 NLACTY Waln
NOA 11/27/12 2400 30,0 0758 OCAST RAIN
0N 11727772 6400 30,0 0755 UCAST WAlw e
008 11427772 0800 30,0 0308 (CAST
a09 (1727772 0800 30,0 Qvos 0CAsY
009 11/27/77 0800 30,0 0308 CCaST — —
009 11727772 0800 30,0 0308 nCast
010 11/27/72 1200 30,0 0758 0CasY
010 11727772 1200 30,0 0758 (CAST — - .
010 11/27/72 1200 30,0 0758 0CAST
011 11727772 (000 o 0758 PYCLOY
031 13/27/72 Ye00 0 0758 PICLOY
011 11/27/72 1800 0 0758 PICLDY
011 11427772 1660 [ 0758 PTCLOY
012 11/21/72 2000 L) 09AS NCAST -
012 11/21/72 2000 0 098S OCAST
012 11727772 2000 0 0968 NCAST
012 11/27/72 2000 - 0 0945 (UCAST -~ —
013 11727772 2400 0 0985 OCASTY
018 11/27/72 2600 0 0985 OCASY
01y 11727712 2600 L] 0988 ncasT
013 11727772 2400 0 0965 NCAST WUvE 10
014 11/28/72 0600 0 1435 OCAST START=STNP
0la (1/28/77 0400 0 1638 DCAST o BTARTaSTOP
014 11/28/72 n400 0 1638 NCast START=STNP
016 11/2A/72 fao0 0 1438 0CAST START=STNP
015 11/28/77 0800 [ 1658 OCAST —HOYE- T
015 11728772 o800 [] 1658 0CAST MOVE TO
015 11/28/72 neco L} 1658 0CAST MOVE 10
015 11/28/72 N800 0 1655 OCASY S e e——MVE-T0
016 11/2%/72 1200 0 CLEAR NOVE 10
01A 11728712 1200 [ CLEAR mOVE TU
016 11/2A/72 1200 (] 1658 CLFaR e MQVE-TO
018 (1724777 1200 L4 1853 CLEaR MQVE TOD
017 11728772 1600 L 1438 CLiaAR MOVE TO STARY 9 K
01T 11728777 1800 0 1838 CLEAR e MOVE TO BTARY O K
017 11722772 800 [ 1438 CLFAR HOYE 10 START S &
0SF 31 Q0@ 017 11/28/72 1600 0 1458 CLEAR MOVE 10 STARY ¢ K
vOY TP INT 10x oATE  TIME 38D B awv0 M'%  eareen CONmENTS
€ 31 005 o1n 11/28/72 2000 09,0 04 @ KTS STAD ENGIAY
OSF V1 006 Q1A {1/28/72 2000 09,0 04 9 ATS STAD Eauins
~0SF 31007 018 (1/2K/17 2000 09,0 04 = O K15 STAD ENLIN
OSE Y1 008 oiA 11/24/72 2000 09,0 04 @ KIS STHU ENGLAt
F 31 009 019 {1/28/72 2400 15,0 03 15 KT8 Stan NuLy
F-31 010 019 (1/28/72 2400 13,0 05 B3 ATS SThD OnLY
F 31 01t 019 11/28/77 2a00 13,0 03 13 KTS Stmn 0N v
OSE V1 012 019 1/24/72 24%0 13,0 08 13 xTS STe0 (wLy
~0%F 31 013 020 11729777 0n00 13,0 03 e ~STBD ENGINT DALY
ASE 31 014 029 {1/29/72 Aano 13,0 03 STBU ENGIR Dy
05E 31 015 020 11/29/72 Aann 13,0 03 STBD FNGINE Dniy
~@SE- 31 018 029 11/29/72 nano 13,0 03 Se—— Y { T T E T
OSF 31 017 021 (1/29/72 nnoo 13,0 Ne STHU ENGINE il v
0SE %1 018 021 11729772 AEoo 13,0 04 STBO ENGIRE Oued v
~8S€ 31 019 02y (1/29/72 anon 15,0 0@ SE— Y 7 TS DTS
OSE 31 020 021 11729772 nuoo 13,0 04 BYIBO ENGINE OnLY
OSF 31 021 022 (1/29/72 (200 13,0 04 STHD ENGTINE i v
9€-31 022 022 11729772 1200 13,0 04 STHD ENGINE Ol v
€ 31 023 A2 {1/29/72 1200 13,0 Da STB0 ENGING Oy
€ St 024 a422 ((/29/72 (200 t3,0 04 STRD ENGINE DNy
~@SE-31 025 023 11/29/72 1800 } 4,0 Oa e BTBO ENGINL ONLY
OSE 31 026 023 11/29/72 (600 13,0 04 8100 ENGINE OniY
OSE 31 027 023 11/29/72 1400 13,0 04 STBO ENGTIE (LY
~8%F -31 028 023 11/29/72 1800 13,0 04 - e 8T8 ENGINE DL Y
11729772 2000 15,0 0a STHD ENGINE OaLy
11729772 2000 13,0 04 BTHD ENGINE O Y
11729712 2000 13,0 Do e STBU ENGINF DMLY
0S¢ 31 0%2 gla 11/29/72 2000 13,0 04 SYBO ENGINE OnLY
OSE 31 033 025 11/29/72 2an0 13,0 0% STRAD ENGINE Dty
e ~4%€ V1 038 n2S || /29/72 24nn 13,0 05 e STBO ENGINE . Ol ¥
;‘ OSE 31 035 028 (1/29/72 2400 13,0 0% ENGINE Ly
3 € 3 & 02% 11729712 2ang 13,0 0% ENGINE DMLY
. T 026 11730772 13,0 Os “aln ENGINE DNl Y
3 026 11/%0/72 13,0 nes Raln CNGINE Dy
¥ 9 026 11730772 nano 13,0 O faln ENGINE NNLY
0 026 11730772 gaoo 13,0 N RAlN ENGINE ONLY
1 027 11730772 ondn 13,0 b walw ENGINE ONLY
2 027 11730772 8800 13,0 06 ENGINE OWLY
1 3 027 11/30/72 nmoo 13,0 Oa ENGINE ONLY
& 027 11/30/772 ARoA 13,0 08 ENGINE ONLY
S 028 (1730772 1200 13,0 0e ENGINE ONLY
& 028 11/%0/72 15,0 08 - EMGINE ONLY
1178500772 15,0 0s STH0 ENGINE Nt Y
: 11730712 13.0 08 ENGINE ONLY
l 12700712 15,0 01 -— ENGINE UNLY
G 127040772 13,0 07 ENGINFE ONLY
1201712 13,0 ENGINE ONLY
'S¢ 33 004 034 12/01/772 13,0 - L ENGINE UL Y
12701772 13,0 8180 EMGINE DMLY
12701712 13, STBD ENGINE DwLY




00Y
00}
003
L)
aase
o0
ooe
LLs]
nos
0es
LLE)
a0
0ne
006
o0e

2 A2/01/71%

02/08/7%
1]

Yoy TP INT

0SF 33 o007
8SF 33 nos
~0SF 33 one
0SE 13 ot0
05 33 o011
0SE 33 ny2
0SE 33 013
0SE 33 014
~95E 33 01S
0SE 33 oOte
0SE 33 o017
OSF 33 ot8
0SE 33 019
oSE 33 020
~05€ 33 021
o%E 33 o022
0SE V§ 023
~—0SE 33 024
aSE 3\ 02S
0SE 33 02e
~95€ 3y 027
0SE 33 028
0SE ¥y 029
—~90SF-33 030
0SE 31 03}
eS€ 33 o0%2
—9%E 33 033
0SF 3% o%a
0SE 33 0YS
—e5¢-35 03¢
oSE 33 o037
0SE 33 0%
—o5€ 3% 03¢
0SE 35 oeo
0SE V3
—a5F 33
05€ 33 oas

DATE TImE  seO

01731/7% ARBO 28
01/51/17%
LIVAIRAAY
01781773
aL/vsTy
01/%1/77%
01/5%1/73
LIVAIRRA
or/51/0y
01/81/77%
LINAITEA )
LITASNALY

1731773
e1/¥1 /7%
0178177y
LARAIRZA)
otz3127%
0y/31/73
LATAST AL
02701773
A2/ON/TS
A2/00/T3
02/01 /7%
02/01/77%
a2/01/7%
02/M /773
2/00/7%
02/0177%
02/00/7Y
02/04/77%
a2/00273
02/0177%
A2/00 27N
02/01/73%
A270177%
a2/0027%

02701773
a2/00/7%
n2/04/7%
AP/0NITS
020477
s2/04/7%
AI/RR/TY
02708773
LEZLLYAA)
02/08/7%
027071

708773

08 12702772
038 12,02/72
939 12702772
039 12/02712
039 12/02/72
0V (2/02/72
04q 2702772
080 12702772
080 12702712
12/02/72
12702772
12/02/72
12/02772
04y (2702717
082 12/02/72
082 (2702772
082 12/02/12
042 y2/02/12
083 12,02/72
nas 12/02/712
083 13702772
083 12/02/72
084 12/03/72
o4a (2703772
084 12/03/72
12703772
065 12703772
08S (2/0V272
084S 12703772
001 a1/30/7%
001 01/36/7%
0ol ot/30/7%
001 01/%0/73
002 01/%1/73
0r2 01731778
002 n1/%1/73
002 01/%1/73
003 at/dL/Ty

oag
nay
04y
081

0da

N RuyD

06 13
ne 13
0o | 34P
or 179eP
8T (190
07 179
a1 1790
o7 1S7P
ar 15w

10x OATE TIME 3PD BN
035 12/01/72 1800 o7
0%% 12/01/72 140D 07
0Ya 12/01/72 2000 or
ale (2/91/12 2004 [}
038 12/01/72 2000 0
036 12/01/72 2000 o7
037 12/01/72 2400
037 (2/01/7272 2400
037 12/01/72 2400
037 12/01/72 2400
n3A 12702772 0400
04 (2/02/72 NaQg

faoo

nano

na0g

LLLY

LLLL

LT

1200
1200
1200
1200
1600
1800
1600
1500
2000
2000
2000
2000
2ang
24no
2600
2a00
0400
oaoo
fnaoo
oa00
LAY
LLIT]
LLLT)
2400
24ng
2400
2400
nang
nany
0
0ac00
LLLTY

05
(3]
0y
o>
0e

A2 Learurn

1159
1200
1200
1eaor
1200
144P
Lagy
Voap
1uep
14ap
Lasr
1aup
1au®
1670
16/pP
167F

A1 eatnen CammenTs
neast SYBD ENGIMF Omi v
neast STHD EwWGTHE finLy
neast @ THD BN INF Ol y
ocast STHO (NGINE iy
neasr SYTBO EHOINE LNl
neasr - e STBD ENGINE Ol Y
rrICLDY STHO ENGINF DNl Y
PTCLOY STRU EMGINE Oy
PTCLNY —~BTHD ENLINE NNl Y
PTCLOY STHBD EnGINE ONLY
ercLny STBN ENGINE NNl v
PICLOY e SIAL EnGINE Dingy
I oy STB0 ENGINE Onl v
PICLDY STHO ENGINE Oniy
»ICLDY e 8 THD ENGINE ORL ¢
erceny STBO ENGINE Nl ¢
PICLDY STHD ENGINE Unl Y
PrO DY - e e 8TH0 ENGINE ON €
SICLDY STRD ENGINE OML Y
PICLOY STHD ENGINE Onty
PTCLDY e 8TBU ENGINF NI 7
prCLnY STHO ENGINME DN ¢
PICLOY STBD ENGINE gy
PrcLoy e B TBO ENGINE Dl v
pICLDY STHD ENGTRE Ol
PICLDY STHO ENGINF Ol v
necast —— = ATBU ENGINE Ny
ncasr STBU ENGINE Ny
NCASTY ATAD ENGINE Ont v
nCasT e BTB0 - L 4GINE UM
ncasy 878D ENGINF (N
ncase BT8O ENGINE N ¢
ncasy e e BVROENGTME ON Y

STBD ENGINE UbLY
ENLINE DNty
pICLnY e 2480 ENGINE Oy
PYCLOY STBD ENGINE DALY
PTICLDY BTBD ENGINF O~
CLOY e e S THO ENGINE_ONL Y
cLoy SYBD EnGINE NNLy
cLoy STAU ENGINE DONL v
Lty —mMm
CLEar
CLFAR
CLfae ettt
CLfar
CLEAR
CLbam - e —— —
CLtar
cLoy
vOY TP INT DX DATE TInE SrD
03% 02/08/7% (600 24.n
010 #33 02/08/7% 1800 cu A
011 033 02/08/7% 1600 24 A
012 033 A2/08/7% 1600 24,A
013 034 02/nB/7% 2000 ¢4 A
014 AYG n2/AA/TY 2000 24,8
019 034 n2/0K/7% 2000 24,
016 0% N2/70K/7% 2000 24 A
017 838 02708773 2400 24,A
018 035 02/08/7% 2400
019 0Y5 02/08/73 2600
020 035 02/,08/7% 2400
021 236 N2/09/73% nane
022 nls N2/09/7% ouo0
~~0Aw 51 023 03e 02/09/73 o400
D36 02/09/7% pu00
037 02/09/7% o8O0
037 02/0877% o800
OV1 n2709/1% gbo0
037 AP/N%/7Y ABOD
038 02709773 1200
03K 02/09/7% 1200
038 02/06/7% 1200
03 02709773y 1200
089 02709773 (AN
0%Q 02/709/7% 1800
N39 12709778 (600
0639 02709773 (an0
0an 02/09/7% 2000
040 02/09/7% 2000
040 N2/09/7% 2000
040 02/09/7% 2000
a8y D2/09/7% 2000
VL) AP709/1% 2400
o4y N2/09/1% 2400
084 02/09/7% 2400
N42 02/10/7% oedn
082 02/10/7% 0u00
042 82/10/7% nebO
042 82710773 ned0
043 02/10/73 a8nn
043 n2/710773 0800
043 02/10/7% o800
0 02710773 6800
084 02/10/7% 1200
08a n2/10/7% 1200
88 A271077% 1200
044 n2/1071% (200
04S A2/710/7% ab0
4 02/10/7% te00

A-21

cLoy
cLoy
cLoy
cLoy
Loy
cLoy
cLoy
cLoy
cLoy
cLoY
cLoy
Loy
cLoy
cLoy
cLovy
cLoy
cLoy
cLoy
QoY
cLoy
cLov
cLoy
Loy
cLoy
cLoy
Loy
Loy
cLoy
cLoy

cLoy
cLoy
cury
oy
cLoy
cLov
cLoy
cLov
cLoy
cLoy
cLoy
CLoy
Loy
cLoy
cLoy
cLov
cLov
CLoY

cLoy -

wEATHER




e < g = e

—

obw
L
LLE
oew

nes
04s
nun
ous
oan
o4n
nat
047
04
0ar
oen
Lre
naR
nen
049
049
049
nae
05n
059
asn
ose
054
as1
051
051
52
0s52
052
0s2
083
05s
(53]
nsy
0S4
054
654
0Se
08y
05%
085S
055
056
0%
056
05n
1334
ns?
057
0s?

DATE

02/10/7%
a2/710/73%
n2r0/TN
a2st001%
02710713
a2/10/7%
02790713
82710778
N2N02TY
27107173
a2y
n2/11 /7%
02741473
n2/11/173%
02/11/13
M2/11/71%
02/41/7%
02714478
02/114/7%
a2741/7%
027117738
LrYARVRA]
a2/0471%
02/11/7%
N2/01213
LETARYAAl
LEVASVAA]
A271071758
02/11/7%
02/11773
a2//1y
02740473
02711773

a7

02/12/7%
02712773
82/12/7%
o2s12/1%
a2/12/7%
02412713
02712713
02/12/7%
a2s12/7%
02712713
a2/02/13%
02/12/7%
a2s12/1%
02712773
02712773
02/12/13

Tint  8PD

1600 25,0
1600 25,0
2000 25,0
2000 25,6
2000 25,0
2000 25,0
2600 25,0
2600 ¢5,0
2800 25,0
2400 25,0
0600 25,0
AGOO 25,0
naoo 25,0
naoh 25,0
ABAD 25,0
0800 25,0
0800 25,0
ARDA 25,0
1200 ¢5,0
1200 25,0
1200 25,0
1200 25,0
1600 20,0
1600 20,0
1600 20,0
1600 20,0
2000 20,0
2000 20,0
2000 20,0
2000 20,0

-127-

A22 garuen

AN RwVD
06 0A2P CLOY

06 0R2P CLOY

ab 0YVIP CLOY st
0b Q37P CLOY

06 037P CLOY

06 037P CLOY. - e et
0% 037° CLDY

05 037¥ CADY

05 0%IV CADY. . - - e
05 03/P CLDY
04 AP CLDY
04 0RZP CLDY
04 0A2P CALOY
04 QR2P CLDY
064 0R2¥ CLOY
04 OR2P CLOY
04 0R2P CLOY
04 omew¥ CLOY — ————
02 0P2P CLOY

02 0r2P CLDY

02 0R2P CLOYV .. — ————
02 oReP CLDY

04 Rl FUG NENSE

04 OKCP POG OENSE - o
064 0R2P FOG DENSE

N4 0R2P FOG DENSE

03 104P FOG e

127P FOG LIFTING
1279 FUG LIFTING
121P FOG LIFTING
121P +0G LIFTING

150P

OR2P PY CLDY
082P PT CLOY
0R2P PY CLOY
08P PY CLOY — _—
T CLoy
150 PY CLDY
150 PY CLOY e
180¢ PY CLOY
1507 PY TLODY
180P PY CLOY e

150P PY CLOY
1600 150P PT CLOY
VOY TP INT 1ox  OATE  YIME $e0 BN AMvD 2 wEavmee CONmENTS
0w 53 041 ASH a2/12/7% 2000 24,9 05 1208 FOG mI8T o —
s3 82/12/7% 2000 KOG »1ST
n2/1277% 2000 Fub wps8t
0274277\ 2500 FOG mpsY ot e e RS,
802712713 2400 FUG wist
0271271 2600 FOG m1S8T
Fuk w18t - e
FOG “IST
PY CLOY
40% 3 050 ohg 82713771 0400 ®1 CLDY PRSES = =
o8n 33 051 neo 92/13/7) 2600 PT CLDY
08w S3 092 060 02713774 D400 PT CLOY
0w 53 ] 02713773 onoo PT CLOY s — .
3¢ 02713713 o PY CLOY
S %% o8 927130V PY CLOY
S5 056 08y 02713773 0 P CLOY iy i
$3 087 082 02713773 1200 PYoCLLY
00w $3 098 082 92/13/7% (200 PT CLOY
82713773 1200 #T CLOY i i e
[ cLor
L34 ncasy
~o%e ncasy o -
ot ucasy
" 02/18/7% (800 ocast
el 02715773 2900 0CagT AR ANE AL b AR
”r s 02715773 2
oot & AZI1SITY 2
R il 02718773 2 ¢ I
e 88 02/15/7% upn
" s N2/15/7Y 240
~HE- 5% 02715773 2 e
0% 55 02715774 2.
oL 5 02718773
~9% %% 02/1877Y TR Sy A ey RETS TE
oo 58 02718773
o°or 8 02716773
4% — R S s B —
"r s
ot 9%
5 S ———
0%E 5% ] 1
e 58 02718473 120
—a0e 5% a271u/7% 1200 -— .
o 5% 02/18/7) 120
"e 5 02/718/78 ¢
—e%t % 02718773 ¢ —
" 58
" s
—e%t 5 o 20 e ARAY_OVER-3780.
" 6,8 87 1028 SPRAY Ovkk 318D B




g

VoY TP INT

0
028
A% S7 09
09F S7 ol
09E S7 oVI
9% 7 03¢
0% S7 033
09F 57 03¢
“99€ S7 035
09F S7 03s
09%€ S7 037
~Q9€ S7 o03e
09F S7 o3V
#9F S7 dao

-
-
-

b

(1]
s
.

E

hod

mindsinainatnatainaiaits

3

021 n2/18/7%
021 02/18/7%
022 A2/19/1%
022 82/19/77%
022 22219773
022 A2/19/770
028 n2/1\9/70
023 A2/19/73%
02y 02/19/7%
023 02719/7%
624 02/19/7)
n2a 02719713
024 02/19/7%
028 02/19/1%
025 a2/719/1%
025 02/19/7%
025 n2/4971%
082S 82219773
026 02/19/7%
926 02719778
026 2719773
026 92/19/7%

027 02/19/7% ¢

027 02719713
027 02719773
027 62/19/7%
028 02/20/17%
8 02/20/7%
A 02720773
028 02/20/7%
029 02/20/73
820 02/20/7%
029 82/20/7%
02720773
0.3 92/24/7%
0% n2/2a/773
030 02/728/7%
0%0 02/24/7%
031 n2/724/7%
3| 02/28/7%
1 02/20/7%
31 02724773
032 n2/24/7%
052 02720778
032 82/28/7%
432 a2s2a/10

AVS 02706778
.

3 0272571y
033 62725773
033 o2/2%/1%

INT oX

0%1 004
032 00A
0%3 009
034 009
035 009
036 000
037 oto
038 ot0
039 oto
040 o010
o4l oty
082 o011
043 a1y
oaa 011\
045 nte
046 012
08T ny2
48 ot
049 013
050 01§
051 713
05° at3
055 ota
056 01
001 015
002 015
003 o015
004 01S
005 016
006 016
0A7 016
008 016
009 017
010 o7
o1l 017
012 017
013 018
014 ota
015 o018
016 018
017 o012
018 o019
019 019
020 a9
021 a2q
022 a2n
023 020
024 020
025 021
026 021

TiME 3P0 eN mwvD A-25

2e00 2%,
2400 23,
0400 2%,
ae0n 2%,
0400 2%,
fano 2%,
os6n 2%,
ARNG 2%,
AR00 2%,
ARAY 2%,
1206 23,
1200 2%,
1200 28,
1260 23,
1600 2%,
1600 23,0 €4 1Ys¥ PT (4

DATE TIME

N2/16/7% 2000
02/16/1% 2000
02716718 2400
n2/16/1% 2an0
n2/16/7% 2400
02/18/73 2400
N/VT/TY 0400
n2/17/7% Aaoo
n2/\T/1% fabo
02/11/13 0400
02/17¢7% A809
02/17/7% 0A0Q
02717713 0800
ne/17/7% 08BN
A2/1T/7% 1200
022177473 1200
n27V7/77% 1200
02/\7/73 1200
02/17/7% 1600
0e/17/73% 1600
02/17/78 1800
0271777 1600
02/17/73 2000
02/17/1% 2000
0271777y 21200
a2/17/73 2400
02/1777% 2400
02717773 2400
02718773 naoo
02/18/73 0400
n2/18/7% 0400
02718773 0naond
02/1A/73 0800
02/18/73 0tuo
n2/16/7% 0800
n2/18/773 0800
02/18/73 1200
02/18/77% 1200
02/18/7% 1200
02/18/7% 1200
n2/718/7% (600
02/18/73 1600
02/18/73 (600
02/18/71% 1800
a2/18/7% 24008
027187173y 2000
02/18/7% 2000
02/18/73 2000
02/1A/73 2400
02/18/73 2400

n 03 1a4s ncasy

seo0

2a,0
2u,0
76,0
2a,0
4,0
24,0
23,0
23,0
23,0
23,0
23,0
23,0
23,0
23,0
23,0
23,0
2Y.0
23,0
24,0
2a,0
ea,n0
26,0
2a,0
24,0
2a,0
24,0
24,0
24,0
26,0

23,0
23,0
23,0

0 03 1448 DCAsT
N 03 1395 DCAST
0 05 1395 NCASY
0 03 1395 ncasY
0 A3 1395 ocasy
0 02 175F DCASY
B N LTHF NCasT
0 ne 175F NCaASY
0 62 L75F OLASY
H A8 1SS nCasT
0 08 155¢ NeaANY
0 0% 155F NCASY
A 04 I8SP OCAST
A 08 13%P AT 1 OY

1

1600 23,0 064 133P PT 10V
1860 23,0 0% 135¥ PY CLOY

o0 08 12GP PT CLUY

2000 25,06 04 L2uP BT TLDY

Q9RP CLDY
09AP CLDY

1338 cLoy
1338 (oY
1338 cLbY
1338 cuoy
1118 CLoY
1115 cLoy
1118 CLoyY
1118 Loy

cLov
Loy
oy
Q24P CLOY

L0 08 124aP PT CLOY

na (2a® Py rLDY

0 08 24P NLASY

124¥ OCASY -
124P CASY

124P (CasY

vcasTt

1568 ncasy
1563 nCasy
1568 nCasy
1568 (cast
L]

BN RWVD

07 1028
07 1025
0% 1028
0% 1025
0s 10es
05 1028
05 1005
05 1028
05 1025
05 1028
fa 0S78
o4 0575
04 0578
04 0578
04 1028
04 1028
o4 025
04 1025
0h 1028
0o 1025
Ao 1025
06 1028
06 11¢5
06 1108
Qe 1275
06 12/5
06 1275
08 1275
1275
1275
1275
1278
04 0993
04 0995
04 0995
oa 999s
05 0993
05 0998
05 0998
05 0995
04 0998
04 0995
04 0998
04 0998
24 a4Q8s
04 0955
04 0995
04 009§
03 1448
03 1468

wEATHER

-128-

A-24

ncasy
ncast
OCAST FDG
Nneast Fub
Neasy FuG
NCAST FUG
neAsY
neasr
0CASY
necase
CLEAR
CLEAR
CLtam
CLEAR

PT cLOY
P1 CLDY
£1 CLDY
PT CLOY
a3y
neasy
0ncasr
ncasy
cLoy

Loy
nCAST
0cast
0cast
0CasT

PT CLOY
PY cLOY
1 CLDY
PT CLOY
cLoy
Loy

cLoY
cLey .
PT CLOY
PT CLCY

BT CLEY e

BT CLOY
Loy
cLoy -
cLoy
Loy

oy S

cLoy
CLoY

cLoy —.

0cAsTY
ocasy

WEATHER

COMMENTS

RAY OVER STRD K
HAY OUVER STHOD R

ROLLING EASTILY
e ROLLING HASILY
ROLLING FASILY
ROLLING EASILY

¥OY TP INT 10X QATE TInE

09% S% 051 02/76/7% {800
~49%-59 05¢ 02/26/7% 1600
09w &1 001 02/26/7% 2000
09 &1 002 02/726/73 2000

SPD AN

02/2S/7% 0800 24,0 06
M2/25/7% omno 24,0 06
02/25/1% 0R0A Za,n b6
A2/25/7% 0RO 24 0 N
82/2S77% 1209 24,0 0OF
02/2571% 1200 24,0 O7
02/25773 1200 2a.n 07
0272571V 1200 cJa,n 07
02/25/73 1600 25,5 07
02/25/717% 1600 25,8 07
02/725/7% L8060 25,0 °7
027257713 1600 25,8 07
02/2%/1% 2000 25,0 07
02725713 2000 25,8 07
02725718 2000 25,0 o7
02/25/7% 2000 ¢5,0 07
02725773 24b0 25,0 05
02/25/1% 2400 25,0 05
02/25/773 26400 25,0 0S
02/2%/73 2400 25,0 05
02726713 fang 25,0 05
02/28/77% 04n) 25,0 0%
n2726/1% 0400 2%,0 05
02/26/73 0400 25,0
02/26/1% 0RDC 25,0
02/2677% a8ng 25,0
n2/26/7% BR0O 25,0
02/2677% AEND XS 9
02/26/73 1200 25,9
02/26/7% 1200 05,8
02/26/7% 1200 25,0
02725773 1200 25,0
02/26/7% 1600
02726773 1800

02/26/7% 2000
n2/26/1% 2000
02/26/1% 2400
02/2677% 2a00
02/26/713 2400
n2/26/13% 2600
02427773 dadd
02727/7% oano
02/2177% ne00
02727718 aeoo
02/27/7% nAng
N2/72777% 0800 25,0

Ruv0

0218
0els
0213
0213
063w
06~
042
06 ¥
0215
0215
0218

A% earmen

ocas?y

ngasr

ngasry -
neast

PT CLOY

PT CLDY

PY CLDY

PY CLDY

PT CLOY

PY CLLY

PY CLOY

P CLUY

ngasey

fLasy

nCast

neasy

PY CLUY

BT CLuY

P1 CLOY

PT CLODY

oY CLoY

PY CLOY

PT CLny

FT LY

TICAST

TQCast

7GCA8T -
o

neasy

NCAsT —
oCesT

ncasy

nCast =
nCasy

neasY

neasy —
NCASY

aeasy

neasy ——
neasy

PY cCLOY

ocasY




R A A a3

M arnen VOY TP INT 1DX  OATE  TIME 8eD BN Awv0 A7 Lgaymee

VOY TP INT IDX  DATE

08n 82/27/7% nA00 OCASY

nGe 02/21/7% nK00 0958 0CASY

047 02/21/7% 1290 25,0 03 005P CLOY -~
087 02/27/7% 1200 25,0 03 005° CLOY
08T 02/27/7% 1200 25,0 03 00SP CLOY
06?2 A2/2T7/77% 1200 25,0 03 005 CLDY-
NGA 02/27/7% 1600 23,0 05 045P PT CLOY
048 02/27/7% 1600 23,0 05 0°5P PT CLOY
008 02/27/7% 1600 23,0 05 0P PY CLOY
04A 02/27/7% 1606 23,0 05 0a5P PT CLOY
62/2171% 2600
08 42/27/7% 2000
069 02/27/1% 2000

0AS 059 AY/01/7% 1200 25,0 03 (V3P CLEAR
0hh 089 0%/01/7% 1200 25,0 03 133P CLEAW

OAT 059 03/01/7% 1200 25,0 A3 |33P CLFAR
0A8 059 6Y/A1/73 1200 25,0 03 |35P CLEAR
0A9 06O 0Y/01/7% 1600 25,0 05 0a2P P1 CLOY
070 n60 03/01/7% 1600 25,0 05 0427 PT CLLY —
071 060 03/01/7% 1600
072 060 03/01/7% 1600
001 001 03/n3/73% 2400
0n2 001 03/03/15% 2400
005 001 03/03/7% 2400
10F &3 004 004 03/03%/73 2400
10E &3 005 007 03/04/7% 0400

089 02/27/73% 2000 067P CLOY 10F h3 006 002 03%/0a/7% 0400
080 A2727/7% 2400 0858 CLOY —————————— 4 OF &3 007 002 03/04/73 0400
050 02/27/7y 2e00 S CLoY 10F 63 008 002 03/04/7% Nnuoo
050 3272777 2600 8 CLOY 10F 63 009 00y AY/04/7% DROD
080 02/27/7% 2400 8 CLOY e JOF AV 010 NDS NY/06/7Y 0800
aS1 A2/24/73% natn 0ass pY cLOY 10F 63 011 00% 03/0a/73 0800
0%1 n2/28/7% naoo 0658 PT CLOY 10F 63 012 003 nl/na/7% 8RN0

051 A2/28/7% naebQ
aSt 42/,28/73 rago

0458 PY CLO¥———————— 10t &% 013 004 03/04/73 1200
0458 PT CLOY 10E A3 D14 0Ds D3/0a/T) 1200

29,6
NS2 02/28/7% 0800 0673 RAIN 10E 63 015 004 03/04/73 1200 29,6
052 02/28/1% 6800 s 40F 63 016 004 O%/na/73 1200 29,6 05 0518 CLOY  — —
952 02/28/1% nbdo0 10F 63 017 005 03/04/73 1800 29,7 65 0783 CLOY
052 02/28/7% okoo 10€ 63 018 005 03/64/7% 1600 29,7 05 0785 PT CLOY
0S4 02/28/7% 1200 40E &3 019 005 03/04/7% 1600 29,7 065 0748 PT CLOY — ——
nSY 82/2%/7% 1200 1JsF 63 020 005 n3/04/73 te00 Py oy

10E 63 021 006 03/04/73 2000 29,7 04 0798 PT CLDY .
e —10F 63 022 006 03/04/73 2000 29,7 04 0795 3IPT CLOY ——

10E 63 023 004 03/0a/f% 2000 29,7 04 0795 3pT CLOY

10E 83 024 006 A3/04/7% 2000 29,7 0& 0795 3PT CLOY

0SY 82/2%/7% 12008
n2/28/7% 1200
02/28/7% 18600
02/28/7% 1600

ASa 02/28/7% 1600 1658 0CABY J0F &3 025 007 0V/04/7% 2400 29,3 04 0798 IPT CLOY.

054 72/28/7% 1600 1659 NCASY 10E 63 026 007 03/04/73 2400 29,3 04 0798 PT CLOY

0SS 02/24/7% 2000 1853 OCASY 10E &3 027 007 03/04/73 2400 29,3 04 0798 PY CLOY

055 02/28/1% 2000 458 0CAST —— e 1 0F 63 028 007 03/04/73 2400 29,3 04 (795 PY. CLOY- —

055 02/28/73% 2000 1453 OCAST 10F 65 029 00A 0%/05/7% 0600 2A,8 03 0798 FOr

05% 02/28/7% 2000 16458 OCASY 106 63 030 008 n3/05/7% na00 28,8 N3 0798 FOG

0Ss 02/728/13 aa0 1458 CLOY-—— ——————— 40F &3 031 008 03/05/73 0aNo 28,A 03 0798 FOG.

a6 02/2A/1% 2a00 1658 CLOY 10E 63 032 008 03/05/73 06400 28,8 03 C798 FUG

05k 02/2R/TY 2400 1453 CLOY 10F &5 033 009 03/05/73 0600 29,1 04 0793 PT CLDY
1 056 02/28/7% 2400 1658 CLOY — ~40€ 63 034 009 03/05/73 000 29,1 04 0798 PT CLOY.
; 087 AY/NL/TY nedo 1653 PT1 CLOY 10E 635 035 009 03/05/7% NAOO 29,1 04 0798 PT CLOY

687 a3/01/1% naoo 1658 PY CLOY 10F 63 036 009 n3/0%/73 0AN0 29,1 D& 0798 PT CLDY

057 a¥/01/73 aano 1855 PT CLOV - s —$0F 83 D37 010 H3/P5/73 4200 2A,9 D& 1028 PT CLOY

057 03/01/7% 0400 25, 1658 PT CLDY 10E 63 038 010 03/05/73 1200 28,9 04 1028 PY CLOY

05A 03/01/73% NANG 25,0 05 1008 CLEAR 10E &3 039 010 0V/0%/73 1200 2A,9 04 1025 PT CLDY

05K A3/01/78 0800 25,0 05 1008 CLF e A 0F - 63 080 010 03/05/7% 1200 2A,9 04 1023 PT CLODY

054 03/01/7% 0RO0 25,0 05 1003 CLEAR 10E 63 041 011 03/05/7% 1600 28,9 04 1028 PT CLOY

058 03/01/73 0800 25,0 05 1008 CLEAR 10E 63 042 011 03/05/73 1600 28,9 04 1028 PY CLDY

A-29
¥OY TP INT 1IDX DATE TINE 3PD BN RWVD mEATHFR COMMENTS

0483 011 03/05/7Y 1800 2A,9 04 1028 pT CLDY
044 011 a%/05/7% 1600 26,9 04 {025 @1 CLUY
045 n12 n3/05/7Y 2000 0 06 1025 PT CLOY - e e
0as 0i2 03/0%/7) 2000 06 1025 ¥T CLOY
047 A12 A3/05/7Y 2000 29,0 06 1028 pT CLOY
048 012 03/05/7% 2000 29,0 86 108 PT CLLY
049 013 A%/05/73% 2400 28,9 05 1023 PT CLOY
050 013 03/05/7% 2an0 ¢A,9 ~% 1028 P CLODY
051 013 03/05/1) 2400 24,9 05 *1¢5 o1 (LOY - ———
052 01s 03/05/7% 2400 20,9 05 10.% PT CLOY

053 014 nY/06/73 0400 24,9 65 12043 PT CLOY

054 014 03/0A/7% 0400 ¢5,9 05 1248 PY OV ——————
0%5 014 03/06/7\ 0uno ¢A,9 05 1245 PT CLUY

056 014 03/0A/7\ 0400 26,9 05 cLoy
087 015 03/0A/7% 0400 28,9 05 oy g 3
058 015 03/06/7% 0A00 2R .9 05 cLoy
059 015 AY/NA/TY AROO 24,9 0S5 cLuy

060 015 0Y/06/7Y 0A00 2A,9 05 1245 PT CLVY - —
016 03/066/7% 1200 28 B 05 0575 (CAST

03/9A/7% 1200 28, 05 0578 nCacT

NS/0K/77% (200 26 A 05 0878 (casT — —_— —— ——
03/0K/73% 1200 28,8 05 0573 (CAST
63/06/7) 1600 28,7 05 0575 nCasT
03/08/7% 1600 28,7 05 0578 sy
03/06/78 1600 26,7 05 0575 wCast
A3/06/7% 1600 26,7 05 05/3 DCAST
03/0K8/1% 2000 /A 6 OF O0S/S NCAST
0%/06/7% 2000 28,8 07 05/3 ncr ¥
0V/0A/TY 2000 2A.6 07 0578 NCAST .
0%/06/7% 2000 0573 OCASY i
0V/068/1Y 2490 Q798 ncasT

AY/08671Y 2400 0798 (Cast

0%/08/1% 2400 0795 UCAST i pmenep i

03/06/73% 2400 0798 neayT
’ 03/07/7% hedo 0345 OCAST
0%/00/7% naoo 0343 OCASTY P TR ———
03/07/7% oduod 0348 ST
03/07/7% 0400 0348 LCAsY
03/01/7% As00 1008 ncast et i
03/07/7% 0800 1008 NCAST
0%/701/7% 0800 1009 Neast
2 03/07/7% ne00 1008 OCasY
0%/07/7% 1000 cAsT
03/07/7% 1000 neAsTY
05/07/7% 1000 AT ——
o3/07/7% 0casy
03/0171% | 1008 OCASY PORY L1IST
' 68/07/T% {260 26,6 08 108 ACAST ————ee e PORY-4, 1 AT —
‘ 03/07/7% 1200 28,6 08 1005 LAY PORT LIST
] 107 85 020 023 03/07/7% 1200 28,6 08 1003 (CASTY PORT LIST
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-
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.
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voy TP INT

S
L3
oS
5
.5
..
5
S
5
65
5
L3
o5
A
o5

024
022
023
024
02s
02s
027
o2
029
(21
ov
(3 74
A%}
nsa
LEEY

10x DATE TI®E 8pPO
024 93/07/7% 14600

024 nV/0r/1% (800

A2a a3/07/7% 1400

024 6%/07/7% (a00

N2S 03/NT/TY 1600 2R.S
025 0%/07/7% (a0 28,5
025 aY¥/07/77% 1eh0 24,5
D2% BY/NTATS \hOH 2R.S
028 AV/07/78 2000 2R 6
076 03/07773 2000 28,6
028 QY/07/13 2000 28 .8
026 0%/0777% 2000 <A N
027 AV/0T413 2400 28,A
N2T a3/0T/7% 2400 PR,A
A27 QY/0T/1% 2400 24 A
027 A3/07/7% 2400 5,8
02" p\V/08/1% 0a00 2R,8
02A aY/0AZ7Y 0400 28,48
Q2R 03/0K/7% 040N 2A A
Q28 0V/NA/TY NG00 2A,A
029 n3/0A/7% 0800 2R .9
029 03/0n/13 0808 2R .9
029 A3/NA/TY ARAD 2A.Q
029 03/06/7% 0800 2A,9
401 03/141/7% 1800

001 83/11/773 1600

0y AY/V1/7) 1abD

001 a3/11/73% 1600

002 03/11/7) 2000 28,%
002 n¥/11/7% 2000 28,3
002 03/11/7% 2000 28,3
08¢ 03/1147% 2000 28,3
603 03/11/73 2400 28,9
00% aV/11/7% 2400 24,9
008 a3/11/13 2400 28,9
00% a3/11/7% 2600 24,9
004 03/12/73 na0) 28,8
004 03/12/7% NG00 2A .8
004G 63712713 0400 28,8
004 n3/12/77% 0aub0 28,8
00S 0%/12/7% 0N00 28,6
A0S 03/12/7% 0RO0D 2R,
00S 03/12/7% 0800 28,4
005 03/12/7% 0800 7R b
006 08/12/7% 1200 ¢A,Y
606 03212773 1200 &R )
006 03/12/7% 1200 28,7
008 03/12/7% 1200 28,7
007 03/12/7% 1600 2R.6
007 03/12/7% 1600 28,6

voY TP INT

A-30

neasy
Ocasy
neast
ocast

06 0779 NCayY

06 0773 0

ast

08 0775 0CASTY
90 U175 NCAsY
06 0775 L0V

06 0778 LOY

04 0775 LOY

06 07/S LOY

0% 0SSS P71 CLOY
05 0%%3 PT cLbY

05 0855 P

cLoy

05 0555 PT CLOY
04 0335 CLEAR
Q4 Q315 CLEaR
06 038S Criaw
04 0335 CLEan
A2 0305 CLEAR
a2 0305 CLtaw
N2 0303 CLEAR
02 0305 Ctan
08 325° OCASY
A3 125¢ (ICASTY
03 125 nLasy
03 125 oce
08 164F UCASY
03 164P OCACT
03 thaP CLASY
A3 Le4y NCHST
N4 QP CLFaR
04 1a1P CLEAR
04 1a1P CLEAR
N4 141P CLLAR

05 0T4P PY
0S Q74P PY
05 0TeP PY

Loy
cLov
oy

05 074P ¢T CLOY
06 119° PT CLDY
06 119P PT CLOY
06 119¥ PT CLOY
06 119¢ PT CLODY
06 09sP PT CLOY

B DOAP BY

LDy

06 096P PT (IDY
06 096P PT (LOY

05

05 1197 PY

10x

10% 89 009 020

10w 69
LpOw 4O
10w 69
10% 69
10" 69

020
020
nee
0214
021

10w 89 015 021
10% 89 010 N2y
—q0W &9 017 027
10% 69 018 022

622
022
nes
02y
02s
023
024

02e
nee
02e
024
02e
n2a
a2s
02s
n2s
02s
n2s
02s
02s
a2s
L
02e
026
026
02a
02e
ars
02s
027
027
02y
027
LEL]
LT
a2a
02n
[T4]
029

cLoy
cLoy

DATF

LAYALTAM)
av/14/78
nY/1as73
LRVARVAA
o%/1a/7d
0814778
n¥/s16s78
03714773
n3/Lasry
03/16/73
03/14s7%
03/14/7%
[RYAL V2R
[AYALYAA)
oN/1asry
A3/ a7
as/z1as7y
alzrarsty
0%/14/7%
03710772
LAVALVRA
[AZATVEA]
0¥/1477%
0%/ 4778
avsiss1y
03715773
LATALYAA)
LATASTRE
a3/1527%
03/15/7%
a3yz1s/1%
LAVASYAAY
as/15/1%
o3/18/1%
ns/s1577%
AV/ASZIN
n3/1577%
[RYALYRA
RIS TAAY
03715773
aY/1577%
0v/18T8
03718774
03/1571%
as/15/748
83/4577%
LAYAS YA
oV/18/7%
asz1s/13%
o3/15/1%

wEATHER

-130-

COMMENTS

PORT L18T

e PORTY 18T

POKT LIST

PORT L1%1

TINE  SpD
1600 29,8
1600

16500
1600
1600
1500
1400
1ARD
2000
2000
2000
2000
2200
2200
2200
2200
2400
2480
2un0
sann
2uno
2a00
2600
2400
8400
400
nang
LCTL
LULL}
Auoo
nano
Auna
LT}
LLLYY
AB00
0ro0
0800
LLLT ]
0860
AROO
1200
1200
1200
1200
1600
AL
1804
1600
2000
2000

BN AWVD

10
10
10
10
10
10
10
10
v

136P

001P NCasr

(L21g
onip
qnLe
001P
001°
one
001P
any
LAt
a01P
onye
(131
Lo td
ante
ane
0aes
Quss
naas
0des
n6as
nuas
nouy
o4as
na4s
oaus
0aus
0ass
084S
oues
oass
Dues
Qu4es
04us
0a4s
0L
oauy
Quds
LR
0uss
oues
0048
n4us
ouaes
0
oaLs
saus
Oaus
8 L1d

vov

10w &7 0?7

109

10% A% 008 019 03/14/7%

A-32

NCAsT
ncasy
NCAST
ocasT
0CAST
OCAST
NCAST
oy
CLoY
cLoy
cLoy
oy
cuny
Loy
€Ly
cLoy
Loy
Loy
cLoy
Loy
Ly
Loy
Loy

Ll
rr
et
LA
er
er
Pr
L8
Pr
(44
PT
Pr
(A4
44
3
PY
PY
e
Py
et

Loy
cLoy
cLoy
Crivy
CLor
CLoy
cLuy
Loy
cLoy
Loy
cLoy
CLovy
crov
Ciuy
ooy
cLny
cLoy
cLoy
cLoy
cLoy

nease
neasy
ncasy
ncase
neastY
ocasy

wEATNER

TP INT IDx  DATE TinE

007 63/32/7% 1600 28 .6 05
67 02A 007 N3/12/73 1600 28,6 0%
67 0729 a0A A%/12/7% 2000 28, 4 05
67 0%0 00A 03/12/73 2000 2A.6 05
67 031 00K n3/12/7% 2000 28,6 05
032 00A AV/12/7% 2000 28,6 0%
033 009 63/12/73 2400 ¢A,S 05
034 009 n3/12/7) 2400 28,5 0%
035 009 AY/12/73 2400 28,5 05
036 009 n3/12/7% 2400 28,5 05
037 016 n3/13/73 nuno 28,5 0%
03A 010 03/13/73 0an0 28,5 05
039 o1p 63/13/7% 0400 24,5 05
040 010 03/13/7% nubo ¢8,5 05
081 031Y 03213/73 rAdD
042 61) AV/13/7% AROO
043 011 03/15/73 nAOO
044 01y a3/13/7Y aA0Q
045 n12 03%/13%/73% 1200
0ae 012 03/13/73 1200
047 012 03/18/7% 1200
048 012 03/13/73 1200
04% 013 03/13/73 1600
050 013 9%/1%/7% 1600
0S1 0ty a3/13/7% 1sa0
052 013 n3/13/7% 1600
0S5 014 03/13/73 2000
0% o014 AY/13/7% 2000
059 014 03/13/7% 2000
056 014 03/15/73 2000
057 015 A3/15/7% 2400
0S€ Q1S 03/18/73 2400
059 015 aV/13/73 2 00
060 1S A3/13/73 2400
0kl 016 N3/14/73 0Oand
062 016 03718773 naoo
0h3 016 0V/14/7% nano
0h4 nie 03/1as7Y 0und
06% 617 al/1a/7y an0e
066 017 03/14/7% 0800
067 017 03/14/73 0800
068 017 03/14/73 0800
001 018 03/14/73 1200
002 01A 03/14/7% 1200
008 Ate 03716773 1200
904 QLA alzlarTy (2008
005 019 93/14/7% 1400
606 019 0t/14a/73 fan0
007 019 n3/14/73 1400
1400

COMMENTS

PITCHING
PITCHING it
TCHING
y PITCHING
e BETCNING
PIYCHING

PITCRING

—ee —RLTENING

4-5 DEG, PORY (S
MeS QG, PORT LLS
45 DRG, WOKT (16
@8 DEG, PORY (15

R —,

BP0 BN RWVD




e b o P e

14

SRR TR N g €t S

YOY TP INT 1Dx  DAVE

1w 69 059 029 o8/1S/7S
10% 69 080 029 nY/1S/7Y
L1E 71 001 a0y 33/19/7%
e T 002 00t 03/19/7)%
11€ 71 0035 00y 03/19/7%
11E 71 008 00y a3st9/7Y
118 71 005 002 AY/19/78
11E 71 006 002 03/19/7%
11€ 71 007 02 03/19/70
110 TL 00A a0y alstes7t
11€ 71 009 001 03/19/7)Y
ete 003 a3ste/7y
—41€ 74 011 00Y a3/1v/TY
11€ 71 012 003y a¥/19/7Y
11€ 71 015 00a a3/19/70
=11€-74- 018 00 gS/19/77%
11E 71 015 ofa aVN/t9/7Y
11E 71 016 00a 03/19/7%
—11€-71 017 005 03/19/7%
11E 71 018 005 a3/19/7%
019 005 03/19/7%
“41€ 71 020 005 03/19/7%
118 71 021 006 03719773
11E€ 71 022 006 03/19/70
“~41€-71 025 00s aY/19/7}%
11€ T1 028 00s 03/19/73%
11E 71 625 007 gV/2n/7Y
“$1€- 7Y 026 007 03/20/7%
116 T1 027 007 a3/20/73
11€ 71 028 007 03/20/7%
“14E 71 029 00A 03/20/7}%
112 71 030 008 n3/20/7%
11E 71 031 o0A n3/20/7%
~$3E 74-032 008 03/20/7)
11E 71 035 009 o3/s20/7%
11€ 71 034 077 03/20/73%
035 o009 o3/20/7%
11€ 71 036 009 03/20/73
11€ 71 037 o010 n3/20/73
n3s20/1%
03/20/7%
03/,20/7%
03/20/73
03720773
03s2071%
63/20/7%
0Vs20/7%
037207173
03/20/7%
11E 71 048 012 03/20/73

TIME 8D BN ReVOD

2000 29 A 02 (%6¥ OCAST - —

2000
1260
1200
1200
1200
1400
16400
1400
1uge
1600
1400
1600
1600
1600
100
1a00
1800
2000
2000
2000
2000
2600
2600
2600
2a00
0300
nung
0e00
0400
0k00
LI
0800
0800
12°0
1200
1200
1200
1600
1600
1600
1600
2000
2000
2000
2000
2eno
2600
2400
2600

voy ¢

$11€ 13
116 73
“11€ 13
11E 73
11E 158
35€-13
11F 78
11€ 13
11E 13
11E 7%
11€ 1%
11k 74
11F 73
11E 7%
14€-78

1He 78
1He 75

1 72eP

[T
[ETLA

1any

INT T0X

1248 NCaASTY
124F 0CASY
1264P 0CAST

186% NCaAsY

136k NCAST
LaAP (Cas?

1as® nCasy
Leed neasy

a8 OCAST
1ASR nCAST
1358 ncasy
1359 ncast
135F nCAST
1358 NCasyY
1358 0C4sT
1353 ucasy
1358 0casy
1579 CLOY
1579 c 0¥
157® (LOY
1579 CLov
1352 cLoy
1358 CLOY
135P CLOY-— —
135% € 0y

1878 PT CLOY
1578 PT CLOY
1578 PT CLOY
1573 P1 CLOY
1355 P1 CLOY
1358 P11
1398 pY CLOY
1358 PY CLOY
1355 PY CLOY
1358 P CLOY
1358 PY CLOY
13.3 PT CLOY

DATE

024 225
025 026
026 Nos
027 026
026 noe
029 021
030 a27
031 027
03¢ 027
033 028
034 n2s
015 n2A
036 024
037 n29
038 029
039 029
040 029
o0ai 0o
042 0%
84l 030
ned 4%V
045 %y
0es 0%y
067 03y
0u8 ovy
(LA LA}
0r2 631
003 001
004 001

als23/7y
LAYZETAA
av/23/1y
AY/28/1%
0s/23/17%
03/23%/1%
assP73/7%
03/23/7%
LAYZEVAR)
038/28/7%
[AYZEVAA1
0%/23/7%
ass28r1s
n3/23/7%
aV/2s5/0y
0372877y
a3/2%/7%
nys28/1y
a3/28/7%
61/24/7%
0v/2%/1y
AY/24/7%
03s2ar/1y
0ds2u/1y
0vs2ally
03728003
0%/26/1%
LAYRLTAA Y
03/2671%

005 002 03/28/7%
0ne 002 03/76/7%
007 002 03/28/13%
00R 002 03/78/7%
009 ¢S oS/7n/18
010 003 03/26/7%
011 008 o8s28/78%
012 003 nd/28/7}%
0138 006 03/26/7)
014 goa AV/28/0%
015 004 03/26/7%
016 00a aV/28/70
017 00% ads21/73
018 00S 03/21/1%

008 0%/27/01%

020 00% 0V/27/7)
021 o0n 03/27/77%
02¢ ofe 03/27/1)
023 00s 03727773
024 006 03/27/7%
025 007 0%/27/7%

-131-

VoY TP INT 10Kk O4TE

11F 71 049 01Y AV/21/70
11E 71 080 Aty ns/s21/770
116 710 081 013 ns/21/7%
052 018 oS/21/7%
11€ 71 055 ote o%/21/7%
11 71 0%a o014 n3/21/7%
116 71 055 Ara 03/241/7%
116 71 0Sm n1a al/21/78
16 71 057 01s av/21 /7y
116 71 058 015 03/21/73
11E T1 059 015 a3/21/7Y
11F 71 080 01S 08%/21/73
11€ 71 061 016 03/21/7%
115 71 042 01A 03/21/73
116 71 083 n1e 0V/21/78
11€ 71 0A4 are 03/21778
11€ 71 085S 017 03/21/1%
116 71 0ne 017 03/21/7%
11E 71 047 017 03/21/7%
11F 71 06K 017 0V\/21/78
116 71 069 018 03/21/7%
11F 71 070 018 03/21/7%
11€ 71 071 o018 03/21/7%
11E-71 072 0148 03721773
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APPENDIX B

PARAMETRIC STUDIES

This appendix contains the plots and tabulated summaries resulting from the
parametric studies program, designated "SPLOT". Each plot presents either a
five-curve family of various ship speeds or a five-curve family of relative wave
direction groups for a transducer output against Beaufort Number. Within each-
Beaufort Number, the magnitude of a particular point is determined by calculating
the mean of the appropriate data. A superscribed note on each plot designates
which value is applicable. The measured data set is composed of the maximum wave-
induced peak-to-trough value within each 30-minute data interval, or the RMS value
determined for that interval. The graph title notes which characterization is ap-
plicable. Eight measurements, all from Recorder No. 1, were selected for study:

Longitudinal Vertical Bending Stress
Longitudinal Horizontal Bending Stress
Torsional Shear Midship Stress

Forward Shearing Stress-Port

Forward Shearing Stress-Starboard

Rol11 Angle

Pitch Angle

Forward Hull Vertical Acceleration

ONOOT s WMN —

Each tabulated summary (Tables III-XXXIV) presents a listing of all plotted
points along with the number of data points comprising each plotted mean point and
its standard deviation.

Table B-I provides an index for all parametric plots and summaries.

Table B-II gives the code for the ship speed or relative sea direction curve
families as used in the plots.
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TABLE B-1

Fiqure and Table Index for Parametric Studies

For value within

each 30-minute

For Sensor

interval of:
Lve LHB TSM SFP SFS ROLL PITCH FAV
For values within
each Beaufort No. S S |Max |RMS | Mex | RMS [Max |RMS |Max [RMS |Max |RMS [Max [RMS [Max [Rus |Max
A1l Data Points 1 4 7 10 13 16 19 22 25 28 k)| 34 37 40 43 46
by Ship
Mean of Sneed 2 5 8 n 14 17 20 23 26 29 32 35 38 4] 44 47
A1l Data
3 by Relativp
Points iave Directibn3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48
Summary 'S‘ge(z;fﬂ 188 v Vit 1 X1 X111 XV O PAVIE P XIX ] XXT XXTTTP XXV P XXVIT) XXTx | XXXI | xxxIl
LisSi09 by Relative
Wave v Vi 2084 X XI1 XIV | XVI | XVITI] XX | XXIT | XXIV [ XXVI | XXVIIf XXX | XXXIT{XXXIV
Direction
Note: Arabic numbers are Figure Numbers B-1, etc.

Roman numberals are Table Numbers B-I1I1, etc.

*See Table [II for definition of Sensor Abbreviations

TABLE B-11

LEGEND FOR PARAMETRIC STUDIES

Ship's Relative Sea
SYMBOL Speed, Knots [pirection, Deq. P or S
O 1-15 0-30
JAN 15-20 31-60
+ 20-25 61-120
X 25-30 1214150
O 30-35 151-180
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MMS ol EODTINAL VEWTICAL WENUING STHESS VS BEAUFUKT NUMBLEN

SHEP SPHED oblafen 1,0 AND 15,0  PLOT SY®BUL  OCTAGONAL -

HEAUFLRT N, UF DATA nEAN LLE) 3T, PEVIATION = 111
NuMALR PUINTS
1 [}
e 0 - ” - -
) . 3485, ar7,
. 23 e, 856, -
s 1e 3218, %7,
. 12 2a78, 300, e
1 3 aer, a%0,
L) L] g 815 = i —
° °
10 0 =
1" 0
12 ° - 3 =
8WIP SPEED BETAEEN 15,0 AND 20,0 PLOT SYMBUL TRIANGLE
AEAUFLRT N, OF DATA nEAN LLE) 8T, DEVIATION
NUMAER POINTS
1 0 &
2 [}
3 L] ase, 6856, 35, -
. ] 1192, 1193, ba,
S 0
3 [
? {1l e £ Tt < T P e R e WL - R,
. [} “a20, aa32, 130,
° 0 :
10 . 5689, Se9s, 206,
1" 0
12 0
BHIP SPEED WETwERN 20,0 AND 25,0  PLUT SYmBUL PLUS
KEAUFORTY N, UF DATA MEAN RMS ST, VEVIATION
NuMBER POINTS
\ (]
2 [} 137¢, 2le,
s 56 2560, 1051,
. 155 1919, 1039,
S 139 2413, 1272,
. " 2332, Aba,
? L) 3189 1881,
s 7 5508, 1962,
. 12 8213, Q03,
10 12 1518, 904,
1" (]
12 °
SHIP SPEED METabty 25,0 AND 30,0  PLOT SymeiL X
BEAGF Y N, OF DATA “lan LLE] 8T, ObvIATION
Noval W PLINTS
1 0
? 16 Nre,
3 1] 823,
« 1.2 1220,
5 iTe 1200,
n ay 7%,
7 T4 Taa,
[} s2 1484,
A 3 1766, -
19 20 1627,
1 0 »
12 [}
SHIP SPELD weTwbin 40,0 AND  $5,0  PLOT BYMBUL OL1AMOND —
BEAUFORT NO, Ut DATA MEAM (L1] 87, VEVIATION
NUMAEN PuUlNTS
1 . asy,
2 22 e,
) (L] 1213,
. 9% 1397,
Y "0 1887,
L] 126 11%0,
’ [} 2265,
. 1" »2,
. L]
1" L
" 0
12 L]
R— — - - — S —
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AMS LONLTTUDINAL VERTICAL MENOING STWESY v8 BEAUFUMT wUrBLR

RELATIVE wave DIMECTINN BETWEEN 0,0 AND 31,0 PLOT 3YMBUL OCTAGUNAL

BEAUF IR ~0, UF DATA rEAN LD} 8, LEVIATION
NUNHER POINTS IV

1 °
2 16 1372, 1551,
) a0 232, 2310,
. (1] 1839, 2204,
s . 1951, 2268,
. (1] 2069, 2400,
7 20 3131, 3165,
. . 3988, a3le,
. 1. 1115, 7161, -
10 1. 522, 005,
1" (] e
12 (]

RELATIVE WAVE DIMECTION BETWEEN

BEAUFORT
NUMBER

OB NP VBN -

RELATLVE wWAVE DIRECTION BETWEEN

BEAVIORY
NUMBER

CoB~O T BN~

-
P

RELATIVE wAVE DIRECTION BETWEEN 321,0

BEAUFURT
NUNBE R

N=—C IOV B -

-

RELATIVE wavE DIRECTYION OETWEEN 151,0

BEAUFURY
NURBEN

N CARO T A m -

DATA
PUINTS

w0, OF DATA
PUINTS

13
10
12
179
190
128
108

3s

L]

Nilg UF DATA
POINTS

NO, OF DaATa
POINTS

AND 51,0

MLAN

253,
1673,
111,
1887,
1810,
2027,
a71ss,
5301,
8098,

AL 121,0

MEAN

AND 151,0

AND 180,0

HEAN

PLOYT SYMBUL TRIANGLE - e e

2871,
1907,
1321,
1835,
1937,
2234,
abts,
317,
s130,

37, DEVIATION SR

PLOT SympOL  PLUS

1087,
21%8,
193y,
2241,
1939,
1370,
1821,
3283,

ST, OEVIAYION

PLOT SY™BOL X

LLE}

888,
1718,
2408,
2980,
2341,
312e,
$38s,

w2y,

ST, GEVIATION

PLOY SYNBOL DP1AMOND

87, DEVIATION

e e e r—{ ————
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MANIMUM LUNGITUOINAL VERTICAL BENDING BTRESS VO BEAUFORT NUMBER

nlp SPEED AETHlEN

BEAVFORY
LU

T B L

-

ONIP gPEED BEYMEEN

BEAUFORY
NUNBER

coeevCvLwN~—

-
~ -

$H1P BPELD BETWEEN

sgaurony
NUMBER

eevensrwNn-

SHIP BPELUL BETWEEN

REAULFORY
LULLIL

N O AR C V-

BMIP BPEED PETNEEN

SEaUFORY
NURBER

-
P

1a0 AND 19,0

NO, OF DATA
POLINTS

15.0 AND 20,0

NO, OF DATA
POINTS

cosoecocosmoce

20,0 AND 29,0

NO, OF DATA
POINTS

25,0 AND 30,0

NO, OF DATA
POINTS

30,0 AND 39,0

NO, OF DATA
POINTS

PLOT BYMBOL OCTAGONAL

o763,
w892,
1255,
5003,
w2,

PLOT sYMBOL

KEAN

1787,
2640,

10950,
14559,

PLOT SYMBOL
REAN

3034,
5589,
2236,
5386,
s34s,
8975,

11730,

15204,

17374,

PLOT 8YWBOL

rEAN

seer,

8T, DEVIATION

YRIANGLE

1760,
2094,

11088,
1ae47,

PLUS
L1

30%a,
6062,
as7y,
599,
s782,
1758,
12408,
15587,
17507,

X
RMS

13162,
10323,

8Y, DEVIATION

116,
sas,

1587,
1303,

$T, DEVIATION

ues,
2348,
2408,
2623,
2208,
339,
403s,
3160,
2190,

8Y, OEVIATION

PLOT 8YNBOL DIAwOND

NEAN

87, DEVIATION
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MAXTMUM LONGTITUDINAL VERTICAL RENDING STRESS vS BEAUFOKT NUMBER

RELATIVE wave OTRFCTION BETxEEN 8,0 AND 34,0 PLOT SYRBOL T OCTASDNMAL T

REAUPONT N0, OF DatTa AN R BT BEVTATLON - o ittt e VI
NUMAER POINTS
1 0
2 R p i3] TR ECT T gk e e
3 a $231, 189y,
. [34 0333, e | e e s
L] 1) aarr, 529,
. kY LLTYEN o a4 4 R s SUrOn;
7 20 127y . 1978,
L] [ i b PR L 1) ¢ iR . i P s g
’ 1. 17077, 17730, 1377,
10 1. 1319, 13792, = e et e
11 0
1t (] i R I R S e WL TR Ly P e e R e T R e 1

RELATIVE wavE DIRFCTIOr BETWEEN 31,0 AND 81,0  PLOT SYMBOL TRIANGLE

BEAUPORY ~O, OF DATA MEAN RMS 8T, DEVIATION
NUMBER PUINTY + e T e R e P g o e i
' ° e e e e
2 3 sas, sa7, 6,
3 24 30, a266, - T T R i = S 8
@ 110 2483, 2761, 1812,
s 1y b Pl | ¢ ¢ s 1999, N S s
) 2 &029, 306, 1543,
7 80 4609, e 1 e
L] 32 1175%, 11210, 3302,
L 12 12052, 12082, za22, S e
10 [ 15081, 19220, 2118,
1" 0 a5 T R
12 0
PELATIVE AAVE DIRPCTYION AETWEEN 61,0 AND 121,0 PLOT SYNBOL PLUS B TN R
BEAUFORY w0, UF DATA MEAN LEE 3T, OEvlaTiON e
NUMAER PUINTY
1 0
2 10 210, 2189, TRET = = e
3 72 4154, aBby, 2528,
. 179 3830, au2s, 293, = e e e
b ] 190 as4ly, 5094, 2303,
. 128 093, TS RN TP e e e e
1 108 498e, 7h99, 3238,
L] 19 éaan, LA L10% 3319, b = -
9 A 8599, s,
10 (] r211, 1784, e
1" ]
12 0 @ ok i

RELATIVE AavE DIRECTION BETWEEN 121,0 A%D 181,0 PLOT SY=30L X

BLAUFORT «0, UF DATA “FAN CET) 2T, NEVIATION
Rusar R #3118
1 [}
2 12 1969, 420,
] «s s, 1088,
) % a9, 2504,
s ”? wree, 299y, 2t —
[ 52 648, 1694,
7 ay (LT aoey, o
[} (3 10109, 6074,
’ ¢ . .
10 . 10248, 16272, 136,
i ® MPERER Al G = = S =
12 0
RELATIVE wavE OIRECTION BETWEEN 151,0 AND 160,0  PLOT SYNBCL OIANIOND e T
srLayrony NO, OF OATA MEAN - g gT, DEVIATION ——— =
NURBLR POINTS
1 °
] B SRR : L i 045 S R
3 0 39 2204
. (14 » 3037 e i
s 2 LLTLN
s 20 1610, - i
1 " dees,
. 12 1rey, —— = TR
. ' 1688,
1 ° e - R i sl i L
1 0
i1 0 i i
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AMS LONGITUDINAL MNRIZONTAL BENOING STRESS vS BEAUFOHRT NUMBER

BHIP SPERD AP TWEEN 1,0 AND 15,0

BELAUFORY NO, OF DATA
NUNHER POINTS
1 [}
s °
3 8
. 23
b 18
. 12
y 7 3
8 0
9 0
10 [}
11 0
12 0

SHip SPEED BETWEEN 19,0 AND 20,0

BEAUFORT NO, OF DaATa
NUNAER PUINTS

AN COB~e Ao
cosocscoocamoo

SHIP SPEED BETWEEN 20,0 AND 25,0

BLAUFONT NO, OF DATA
NUMBER POINTS

N @ OB P S
-
°

-

SHIP SPEED RETWEEN 29,0 AND 30,0

REAUFORY N0, OF DATA
NUNBER PUINTS

N @@~ Ao -
-
-

SHI® SPELD BETWLEN 30,0 AND 39,0

| BEAUFORT NO, OF DATA
NUNBEN POINTS

4
2e
“r

N D OB ad A -
>
-

MEAN

PLOT 8Y®BOL

HEAN

s20,
.95,

17q0,
1378,

MEAN

129,
981,
839,
1002,
1103,
1375,
179,
1531,
1600,

MEAN

325,
114,
TeS,
193,
Asb,
12064,
1264,
1736,
1586,

PLOT symBUL

WEAN

PLOY 3YMBOL  OCTAGONAL

LLT] 87, DEVIATION
1820, 215,
1201, sor,
2009, 542,
1%%e, 174,
2983, . 28},
TRIANGLE
LLT) §7, OEYIATION
s21, T 29,
89, 22,
1754, 224,
13790 63,

PLOT SYNBUL PLUS

RN

759,
1028,

91a,
1er,
1200,
1680,
1833,
1575,
1603,

PLOT symBUL X

LLE )

a0l 238,
808, 371,
861, 395,
LLLM a0y,
932, 3ea,
1288, 6s0,
1316, 360,
1708, s21,
1017, e,
DIaxOND

ary 3T, OEvIATON
860, 9",
504, 168,
s, 190y ...
rea, ine,
1019,

AL

1036,

118,

8T, DEVIAYICN

VII
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RUS LONGITUDINAL mORTZONTAL MESDING STRESS v8 BEAUFORT NUNBER

NMELATIVE wave CIRECTION BETWEEN

BLAUFORT
Nus4ER

-

O X Y A T

NO, OF DATA
POINTS

RELATIVE wAVE DIRECTYION BETWEEN

BEAVFORY
NUMBER

CLBET LB N

ND, OF DATA
POINTS

RELATIVE WAVE OIWECTION BETWEEN

BEAUFORY
NUMBER

MELATIVE wavE DIRECTION BETWEEN 121,0

-
NeQ oI P o N~

REAUFNRTY
NumBES

RELATIVE waAVE ODIRECTION BETWEEN (91,0

BLAUFON

z
<

N OB wO NS -

-

1
2
1]
L]
S
L]
’
L]
‘
1"
1"
12

NN, OF OATA

PUINTS
s

10

70

179
189
128
108

35

]

NN, OF OATA
POINTS

NO, OF DATA
POINTS

3.0

8140

AND 31,0

MEAN

o5y,
398,
708,
629,
758,
Tas,
1314,
1376,
1730,
1537,

AND 121,0

MEAN

a7,
805,
To8,
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1838,

288,

SyvanL  DLAmOND

ST, DEvIaTION

180,
1284,
1478,
1072,

198,

958,

vy,
1267,

XVIII
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AU FOGQAEN §HFARING STUPSYATARANARD VS BEAUFNAT NUYSER

SHIR SPFEA RETSPEN 1,0 AND 19,8 PLOT SYMROL  OCTAGONAL XIX
AvayrnRY NA, OF OATA MEAN g 8T, DEvIatiOw
Nov4ER POINTSY
1 °
2 0 - . .
3 ) 1661, 1678, 208,
‘. 3] 1181, 1288, a9,
s 1 1A18, 1888, S04,
. 12 1ary, jare, 137,
’ 3 2621, 2633, 23y,
) 0
2 0
10 [}
1" [
12 ]

S 1P SPEEN RETWIEN  (§,1 AND 23,0 PLAT SYXBOL  TRIANGLE

AFALTORY NA, OF DATA “EAN Aug 8T, DEVIATION
NyuArR POINTSY
[} ]
2 L] P y
3 ) a90, a0y, 30,
] . 612, el2, 19,
s L)
A (]
b 0 5 -
A L 2149, 2199, 154,
° ) s i 4
18 [ 2634, 2030, 1608,
1" [
12 (]

SHI® SPFFN AETOFEN 24,4 AWD 25,0  PLNY svmMaOL  PLUS

arsrney N, AF DaTA NEAN axy ". DEVIATION
LA L1L POINTS
) 0 r
2 [ A0S, LI 193,
1 S 1391, 1538, sa3,
a 152 1012, 1173, 592,
s 138 1274, (ELE N TAL,
A Te 1189, 1266, ey,
’ 44 1851, teu2, 1o2a,
L) 7" 3098, 1314, 112a,
8 12 3184, Vi8S, aap,
1a 12 388%, tehd, ary,
1" n
12 0
SHIP QPEED REYLFEN 29,0 AND 30,0 PLAT SYSSOL X
Rpaipnany NAL AP DaTA MFAN [TL} 8T, cEvlavion
nyvare potuTy 5
1 ) :
2 1s 303, 386, 240,
' 70 AATY, iy, 394,
4 195 "W, 1192, T,
s 144 1n1a, 1178, S0,
) ay 1020, 1197, 545,
? vy (LI 1080, 350,
b s2 1ass, 1643, 702,
ce LI 2522, r2r, 1039,
11 20 1899, 2087, 138,
1t L}
12 (]

410 SPFAD AETWEFY 38,0 AND 39,0  PLOT sYXR0L  O1AMOND

arayrner NA, P BATA WEAN wup AT, DEVIATION
NuvBrR POINTS

1 . s, 3.
] ’ e, S,
' 1 2, 207,
. L) 0, ha,
L) L 1129, 3004
. " 1ai, 04,
7 (1) 181, LRI
) 12 1700, N
.4 ¢
(L] [}
" 0
12 0



-168-

QMY FO@wANN A=k AR INE ATUr S8aSTADACARN VY BEAUFORT NUNAFW

RPLAYIVE wAVE NIRFCYINN AP TwEPN

REAUFORY NA, OF DATA
NUNArR LLIAEY

CR R R R

~

RELATIVE WAVE NIRFCTINN RETWEFY

REAUFORY NA, OF PaTh
Nuwsge POTINTS

CoIwPL An N~

-

~

RELATIVE wAVE preectine RPIvggy

LITULNLA L 0F Data
NUMBER POINTS

B

"
.
ss
160
(L
127
1o
W

[}
[
]
]

0,0

L0

wLe

RPLATIVE wave OIRFCTINN RETWRPN 121,0

REAUEORY NAL, NP Dats
ieare iy Ty
1
?
1
.
>
.
’
L]
.
1o
"
AL

RPLATIVE #AVE ATEECTIAN BETREEs 11,0

APALFARY wn, OF Pava

Ny

N B OB s AR ey

L POINTA

L]
.
20
“
?
L)
2
124

’
0
°
L]

AND  Vy,0

reAN

Qr,

338,

oys,
1ors,
1088,
12aa,
18e8,
2012,
31,
1A,

AND 81,0

1810,
vo1,
AS0,
a7,

2800,
anee,

AND 124,98

MEAN

AND 1S81,0

MEAN

Yo,

1180,

2110,

AND 100,00

nean

LINaAd

(T}

s,

a0,
1088,
1208,
1215,
1382,
1642,
2110,
3726,
1108,

rLOY

LLLN
1213,
1030,
1190,
1082,
1700,
227y,
1438,
1270,

pLOY

oy,
1003,
1308,
1hAD,
1348,
2218,
AT

1%,

rLoY

Symany NCYaGnvay

87, DEVIATION

2.

BYMROL  TRIANGLE

8T, OEVIaATION

syEpOL  PLUS

87, DEVIATION

269,
61S,
S7a,
S,
490,
782,
1519,

23,
230,

Sysane  x

8T, DEVIATION

14y,
a7,
500,
179,
w20,
129,
1201,

1,

SYMBOL  OIAMON®
8, DEVIATION

XX
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ETY AL Svaaun SxbaR)ng STEESSATAKRIARD VS HPAUPORY s MAFR

ANIP SOEEDN RET PPN

LI UL

CUCELE

N A NP I B oA

SHIP SPEED AFTYNFFN

yeie

e

Jule

REAEARTY
CUCEY

G mNT AL aN—-

APFFN BNy LEEy

RFayFoar
NiNus o

OBAP A -

APEED WETaFFW

wagFORY
PR

R e P

12

PEEN AFTWPRY

Araarney
CURLIE)

1.0 AN 18,0

wA, N Mata
PNINTY

18,0 anD 20,6

in, 0F Mata
BATsTY

o328 3mw33 330>

2A,0 aND 25,0
wr, NF PaTh
POINTS

)
A
Sa
152
138
™
044
R
12
"
o

)

FATLEN UL L)

s, OF Nava
POINTS

L]
1.
L

158
1es
ar
”"
52
bl
2n
L]
L]

3A,0 AND 18,0

NA, OF NaTa
enINTY

a
L]
1
"
L
%
L3
2
L

PLOT svmeOL

3182,
FITIN
ane2,
02,
s18e,

PLOTY SYMANL

MEAN

tra2,
1287,

s2st,

LALLM

PLOT SYmANL

NEAN

1882,
204A,
e,
2r0,
2138,
1598,
bARE,
159,
aang,

PLAT SYWBOL

*Ean

a2,
2610,
FALIN
2131,
2388,
218>,
Vine,
sl0a,
CLEL

fLnY synAnL

NEAN

NCTAGNNAL

auy AT, DEVIATION

137,
2659,
a2ay,
30%a,
5238,

TRIANGLP

axs 8T, OEVIATION

1080, 60,
1239, R AN

LEAR Y ALY
871, toar,
PLUS

aMs  av, DEVIATION

3

o™y AT, oFvlavins

(LIN
22%,
2,
2718,
»

ALLT™

8999
a2a1,

oramann
(L) 8T, OEVIATION

A2e,
1818,
1880,
M,
r5%0,
2522,
009,
aveY,
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MANIN 4 BB LANS AuFaR[VG

RECATINE wavf DISFrIINN AFTWFFY

LN AT ]
Nuware

R T 2 R

N,

nr rata
PAINTS

.
12
a7
L1}
(3]
s
2
20
18
1s

n

0

RPLATIVE wave N1QFCTINN AFTWEFN

RpaUs ey
NiMarg

NS B N A an-

CLN

nE nata
PNINTS

RPLATIVE “Avhe NIQFCTINN RETWRFN

A Lkney
NoeAr e

N3O PNT R -

i,

ne nafa
POINTY

s
~
ss
149
18
127
e

3
A

'y
A
'}

0.0

3.0

81,0

RELATIVF wavh NIQFCYInN RFTwEps 121,0

Ararnar
NiNaE R

BELATIVE wAVE ATRPCTIAN P TepEN 1510

RFasnay

ViR R

vn,

v,

ne navTa
pAIuTY

nE Darth
PAINTS

)

.
20
ay

-170-

AND V) ,0

MFAN

a2,

vae,
2282,
2881,
2499,
FLTEN
yr2r,
asyy,
(TTEN
17%a,

21148,
1542,
194as,
1893,
2292,
5953,
b308,
7581,

AND 21,0

MEAN

LLLLM
2339,
1oy A,
2%94q,
2238,
152y,
[LPAN
ALLA M
ALL LN

AND 181,90

PN

AND 180,00

“FaN

192,
2197,
2112,
Yiea,
Ny,
vy,
LEAL RN
LLTY 9

ATWl SS-NTARROARD VA ATAUPDRT Wimafa

PLOT Syman,  NCYAGONAL

LLL]

are,

98,
2817,
1089,
2838,
LT
910,
arrs,
esay,
R0S0,

LA

DFVIATION

s,
a0,
1043,
1ane,
1338,
1213,
1183,
1519,
1102,
2231,

PILNT gymanL  TRTANGLE

2820,
2026,
2168,
1987,
2648,
6296,
AGTH,
Y681,

LA

DEYIATION

11Re,
1265,

9Qas,

boa,
1360,
1021,
1a6s,
103z,

PLOT Syman, PLUS

wny

AT,

DFVIAYION

nan,
1339,
1412,
1210,
129a,
1782,
3811,
8At,
#29,

PLOT Symang X

oMy

AT?Y,
2113,
284A,
LTS
snan,
asye,
A22a,

LELTN

v,

DFvIATION

308,
1056,
1079,
1522,

LIT
2187,
2821,

801,

PIAT SyMANOL  DIANONA

8T,

OEVIATION

187,
1033,
wis,
1750,

91y,
153,
v,

XXII




UM PR AKaTRaTUN I 80 |

QLD APFEN RETbpW

AEayENeT
NiMar e

P L

BHIP SPEFN RFTAFFN

arauFney
CL]

N2 OB AC -

SUID APFEN AFTUPFY

AFAIEORT
NyMAER

BarPAE ~ -

i 4
"
1"
2

SuIP SPFEN REYwFEN

aravFAe T
iMara

SHID SPFFN AEYWFFN

ArAEnEY
LULL T

ACRLF VA RFAIFNRY niMAER

1.0 AND 18,0

N, NF DATA
POINTS

18,0 ANR 28,0

NN, NF DATA

PATNTS

2283203283233

27,0 ANM 2%,4

NA, OF DATA
paINTS

L]

L]
54
154
140
"
™
1
12
12

o

25,0 AND 40,0

NA, b DAYA

PATNTS

16

34,0 AND Y80
NR, OF Bata
’V\'N"

°
124
an

102

“EAN

6803,
5423,
1211,
ania,
1918,

PLNT SYMAOL

HEAN

2034,
1218,

Staa,

alay,

“EAN

w210,
8111,
amnt,
281,
asAn,
6867,
AR
wrnn,
ursa,

PLAT SYWAOL

MEAN

FLLLIN
ALLLN
PLTT
S184,
s197,
1294,
LT
T92A,
orna,

PLAT SYMANL

HEAN

av2?,
ALTL
SANA,
yoat,
anoa,
ante,
S,
18ar,

-171-

neas,
“Try,
7603,
asys,
LLLI'N

RmS

2981,
1220,

s2%0.

ajaa,

PLNT SYMANL Pl US

LA AR
AvTS,
29y,
§778,
200,
258,
ayAe,
a3n2,
u2%9,

-

1380,
aavy,
LUA TN
IR LN
aBYG,
T9R7,
auns,
ROV,

10398,

arTAY,
8198,
a9y,
abaa,
Y20,
€298,
4520,
sary,

PLOT SYMAOL DCTAGONAL

8T, OFVIATION

TRIANGLF

sy,

8T,

s

DIAMOND

LA

OEVIATION

aze,
181,

*s0,

168,

OEVIATION

1918,
1815,
22%%,
21488,
2%%0,
s001,
2013,

928,

209,

DEVIATION

1789,
2125,
2718,
Nean,
2802,
124,
3898,
4128,
ke7S,

DEVIAYION

852,
1880,
1688,
2aAa,

XXIII
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ANY PRANTASTRN UGN QAL ANGLP vy RPALIFNAT wi'<BER

RFLATIVE waVP DTRFCTINN APTNEFN 0,0 AND 33,0 PLOT SYMAOL OCTaGOvAL XXIV

wparney Nn, 0F pata nEAN ang s, OfviatroN
NUMHT R POINTS

1 . ar22, arer, e82,

? 20 e, 3523, 1854,

3 ay ALLT aae, 2151,

] 8 e, 2003y,

1 ” syra, trae,

» 2 g0z, 2981,

v 22 ALely a2y,

L} 20 *has, 10887, %0,

. e 3783, 1888, 817,

10 14 asss, ayae, Jas,
Ll )
12 )

RECATIVE WAVE DIRFCTIAN RETWEPN V1,0 AND 61,0 PLOT SyMANL  TRIANGLE

| REAuPneY NA, NF DATA NEAN LLT) ST, OFYIATION
vivarFg PNINTS

1 ] .

2 a 229, 37,

] 2a a2y, 182e,

a 1 3887, eiaz,

) Th 1539, 1828,

A 32 aiar, 1504,

1 8 asy2, 1782,

L] v 5K20, 197y,

L] 12 anya, 390,

1a " 4193, 154,
1" n
1”2 0

y RALATIVF WAVF DTRFCTINN AFTWERN n.'o AND 121,0 PLOT SywANL  PLUS

} BEAHEONT NN, PF Pava “Ean L] 8T, DEVIATION
NiUMAFR POINTS
t A .
2 1o 3288, ao0ae, 2351,
3 72 ange, 204 aanrs,
a 17y Cinn, arse, P2%a,
5 190 ST, 8361, 2800,
L) 12 s0ya, 5502, 2219,
T 1he 6S0A, LU 2198,
. ‘e 817y, AOVa, In0a,
? ) 11540, IKRLTN 2080,
18 " 10500, 173y, 169%,
1 0
12 0

BFLATIVE wavE DIWPLYINN RPTWEPN 121.0 AND 1%1,0 LAY SyManL X

AR ENRY NAL OF DAYA MEAN amy 8T, OEVIATION
NyMArR pOlnTy

1 (] &
2 12 arae, aods.
3 (1} aves, aras,
a L1 blhe, A808,
s 0 sesy, 7128,
. s2 a2, Ahag,
1 L1} 1193, 880,
. [ 1) 107a¢1,

L

10 16307,

AFLATIVE wayr ATercTINN RETWFEN 181,0 AND 1A0,0  P(NT SyMyOL OFANONN

e ——————
- —
o=

sceo

arirnaey NA, OF DaTs MEAN [T v, OCvIATION
nivara POINTS
' a
2 « sr09, s214, 217,
) 20 3302, s824,
. (1) 8327, CLLEN
s 24 1532, 1798,
. 2n anry, a2,
r LB 1872, LYLTYN
A 12 1088y, 10840,
° 14 12180, 1233,
10 0
" ]
L L]
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AXISN Bh AR losTuigtn WLl ANGLE VS BEAUPORT NUMBER

SHIP AFRLD AR TLEEN 1,0 AND 18,0

MEAURORT N, 0F DaTA
ENEETRE PulNTS

N=D OB~ L=V
-
>

SHIP SPELD RLTabbh 15,0 AND 2040

HEAURORT an, ik DATA

NIMHE @ PiLNTS
1 0

2 [

3 L]

i a

S L}

~ o

1 L

8 "

a ’

e “
1 L]
12 L)

SHIP SPEER AFTFEN 20,0 AND 24,0

BCAUFORT N, UF DATA
UREET Poalaty

o
A
Sy
154
Las
1
TR
TR
12
11 17

GINT SN

SHIP SURET WpTabbn 25,0 AND 30,0

AL ALE WY Wi, b DATA

PLOT SYPBOL  DCTAGONAL

®EAN RMS ST, OEVIATION
12215, 12656, 21%2,
arss, 9817, ap1e,
15032, 16138, s8t0,
8242, 8360, 1271,
Ie9ee, 11468, ajts,

PLOT SyMBUL  TRIANGLF

MEAN L1 ) 8T, OEVIATION
arey, az212, bub,
ass2, sy, 89a,
8521, AT762, 2045,
1947, 8001, 923,

PLOY SY¥AOL  PLUS

“EAN ans 8T, OEVIATION
nSeu, 6888, 2086,
10944, 11681, aoss,
Aluh, 69502, 4889,
9190, 10399, 5034,
1941, Gelu, 5360,
11948, 13723, 6760,
1747A, 1RuTa, 9945,
1024, 1525, 2110,
T¥8, T422, 754,

PLUT SYRBOL X

e R RPN = =N

0
s
Ao
162
176
ay
s
St
13
0
L)

0

[ e

SHIP SPECD RETAERN 39,0 AND 35,0

AFALFOLY NA, NF DATA
DU POINTS

/

u
44
CL}

1n2
o
125
L]
s
o

e L

L}
L}
0

mEAN [TX} EvIATION
anre, 5010, 3520,
5790, BeTh, arsi,
LIRA N 10548, 5704,
9461, 11516, 65h8,
107, 13244, 8896,
13934, 15535, 6862,
15888, 17559, 0998,
14507, 16273, 7373,
18117, PIRLLM 97181,
PLNT SYMBUL OTAMOND

NEAN aus 8T, OEVIATION
rasd, 1827, 1689,
5970, hT06, 3053,
85172, Tauy, 3398,
1027, AT64, 5237,
LTS N 12148, $84n,
LLTT N 10600, arar,
911, 10881, avie,
15133, 17309, 8401,

XXV
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MAY[MUM PEANTNATANAM BOLL ANGLP V3 BEAUFORY NUNMAER

RFPLATIVE wave DIRPFCTYINN APTwppn 0,0 ANO 31,0  PLOTY ByMAOL OCTAGONAL

REAFNRT NA, OF DATA MEAN LIS ) 8T, DEVIATION XXvI

NUMAFR PAINTS
1 a 7438, 1627, 1609,
? ”» LLIU N a, 3122,
) ay sAY0, acre, vy,
a [1] w2, AREn, 4026,
L1 12 1701, 9518, 5593,
) %3 SAey, L3 LYY 5931,
1 22 10y, 15000, T70%,
L] 20 16801, 10008, Sorr,
9 1e 6914, 146, 1668,
10 1. 1870, 122, 02,
1" 0
12 (]

RELATIVE WAVE DIRFCTINN APTWEFN 31,0 AND 81,0  BLOT SyMBOL TRIANGLE

REAUFNRT NA, OF DaTA MEAN Mg 87, OEVIATION
Ninare PAINTA
\ ° 5
2 a LT 1187, 98,
) 20 s9TA, 8022, Jo%4,
] 1 171, I, aan9,
s 6 6120, 7228, 3819,
" 32 aeTS, 1678, 3204,
7 L1 7693, R4, 3938,
L} 32 1041y, 111AT, aosa,
9 12 8626, R702, 11a8,
10 L} 1764, 7810, 838,
1" 0
12 ]

RELATIVE WAVE NISECYINN RPTWEEN 61,0 AND (21,0 PLOY Sy¥ROL PLUA

REALBORY NA, NF NATA MEAN LT ) AT, DEVIATION
NUMBER POINTS
1 0 d
2 10 anpa, h20s, Yah7,
3 1 ANOY, o2, $123,
a iy se21, A%20, vise,
L] 190 10au0, 12037, 5690,
[ 12n 91, 10598, S29%,
7 109 1288, 16018, $535,
L] % 1S31A, 1728y, veva,
s A nsha, 219%4q, ayrr,
" a ?31ap, 21003, ar,
1" 0
12 L]

RPLATTIVE WaVvF DIPECTINN AFTWERN HI,’O AND 191,0 PLOT SymMROL X

nEaUFORY NA, NP BATA MEAN M 8T, OFVIAYION
NiMArR POTINTS
1 0 .
2 1" shna, LLYY 1848,
3 an TuoA, 208, 3548,
[} ”" 11119, 12207, S133,
s L}) 12300, 1%une, 5183,
L3 L1 11816, 12810, Seil,
r ae tarne, aser, 7807,
L] (34 1903%, 2n1%e, ayyy,
. 0
10 ] A ILLIN 114, 319y,
1" L]
12 0

RECATIVE aaVE NTRFCYINN AFTHRFN lll;o AND 1R0,0 PLOT SyY“BOL Or1anNNND

Sraurony N, OF DATH meaN L ) 8t, OEVIATION
Nywnre POINTS
1 [
2 . as2r, 8879, LIL N
' 2 9788, 1092y,
] M 12191, 1009
L] 1 7] 18904, 18022,
. 1 950, s8%0,
' o 15007, 180090,
L] " POUIN, ankie,
L] 1 21448, 21740,
10 (]
" 9
12 ]
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R4S FITCR ANGLF VI APALFNET NUMRER

S4IP SPELD SETePEN 1,0 AND 19,0

BEAvFDRTY NO, NF DATA
NUSHER PULATS

NO OATA PUINTS

S%IP BPEED BETWFEN 15,0 AND 20,0

BEAUPORT NO, OF DATA
NuvBeER POINTS
1 0
2 0
3 [}
L) 0
S [}
. 0
7 o
L] 0
e °
10 .
1" 0
12 ]

SHIP SPRED RETWEEN 20,0 AND 23,0

REAUPORY NO, OF DaTa
NUMAER POINTS
1 o
2 L]
3 0
L} 0
S [
L] [}
7 n
L) (]
9 ‘.
19 12
1" a
12 0

SH1P SPEPO AETAEEN 25,0 AND 30,0

REALFORY NO, UF DATA
LR 2] PAINTS
1 0
? °
3 .
] L)
5 2n
L 0
r .
Ll 12
A 1
10 11
11 0
12 0

B4IP SPEED RET<EEN 30,0 AND 33,0

REAUPURTY 0, GF DATa
NJusER PUINTS
1 0
2 L}
] .
“ 18
L ] 8
Ly 28
) § L4
[] ]
L 0
| 44 9
8] L]
12 a

=175~

PLOT ayrsuL

“EAN

PLOT sYmBOL

MEAN

1848,

PLOT sYMAQL

MEAN

1785,
1732,

PLOT SYHRUL

PEAN

687,
a8y,
Bub,

AS1

125,
938,
548,

PLOT sY™BULL

E AN

Te1,
ryo,
ass,
s08,
1228,
1748,

0CTAGONAL S ; . XXVII .
Rn8 8T, OLVIATION e ]

TRIANGLE
AMS g7, OEVIATION

1851, 102,

PLUS = - e e
LLT] 8T, OEVIATION

1761,
1738,

RMS a1, DEVIATION

890, .8,
L 149,
899, 310,
(S AT 8,
ane, 388,
1062, b0,
$9%4, 8,
D1aMOND

axs ST, DEVIATION

92, ittt st
a7,

2ay,

aan, S

222,

108,




AMS PITOR ANGLE VS ARAUP KT NUMNER

RELATIVE @aVE DINFCYINY BETWEEN

REAUFORY
NusArR

N DB RS -

- -

Ny

DF 0ava

POINTS

comeeroemeco

RELATIVE waAvE NIRECTINY BETWEEN

REAUR AT
w eIt R

e L 2 R L

N,

OF Nata

POInTY

osr»rem»azxno0o

RELATIVF WwaVE DIRECTION BETWEEN

AR ALEAY
NUMBER

N OB LD N

RELATIVE wavE DIWECTYIOAN

ALAUFOTY
Lieare

NeC OB NS AR - -

“0,

.,

0% NavTa
POINTS

HETHAEEN

ELL TS Y
enLnTy

e

0,0

3.0

81,0

21,0

RELATIVE wave DIRECTIOV WETWEEN 15),0

BEAyrORY
NUsBER

N OB P A -

-

CL

0F Data
POLINTS

~
eooNr vo8OO0O D>

-176-

AND  ¥1,0

HEAN

687,
bub,
698,

86i,
1054,
1765,
1780,
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