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ABSTRACT

A method of analogue signal processing used to produce digital
library tapes of midship bending stress data 1is described in this report.
Examples of retrieval of the data for subsequent analysis using digital
computers are given. A means is described for a) translating midship
bending stress data recorded on analogue magnetic tape to digital form; b)
measuring certain statistical parameters of the data and summarizing and
storing this information; c) providing on the same digital tape the log-
book data concerning environmental and ship conditions at the time of ori-
ginal analogue data recording; and d) providing a means for selective re-
trieval of data for subsequent analysis. The programs used provide a
means of accommodating the several ways in which the original data were
recorded, and permit a consistent analysis of the data which were acquired
over the ten-year duration of Ship Structure Committee Project SR-153,
"Ship Response Statistics." The basic procedures and programs are read-
ily adaptable to handle other analogue signal processing of varying far-
mats, and are not necessarily restricted to handling midship bending
stress data.
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L INTRODUCTION

A.  Background and Objective of Study

Midship bending stress data from four dry-cargo ships, accumulated during
the period 1959 through early 1970 imder Ship Structure Committee Project SR-153,
"Ship Response Statistics" were recorded as analogue signals on frequency modula-
tion (FM) magnetic tape. The data are contained on 163 reels of 10 1/2-inch dia-
meter, l-inch wide magnetic tape. Associated logbooks contain hand-entry data
relative to pertinent ship, sea, and weather information. The data reduction
accomplished prior to the imitiation of the current project had been adequate for
the individual analysis of each ship voyage, but, because of the form of the data,
extensive analysis (particularly comparative analysis between ships or equivalent
sea and weather conditions) became prohibitively difficult, thus limiting the use-
fulness and value of the data collected. TFurther, the method of data acquisition
and handling had improved significantly since initiation of the data acquisition
program, and there had not been a consistent processing of the analogue data——even
to special procedures being required for individual tapes.

Subsequent to the initiation of the data collection program, better tech-
niques became available for digital processing of data by high-speed computers,
thus making the effort under the present project more practicable. The current
project was intended to determine the feasibility of converting the existing
analogue data (including logbook information) to digital form, to develop the
programming required to process the data and to convert the accumulated midship
bending stress data and associated information to digital form.

The feasibility phase of the study (Ref. 1) established the type of data
and purpose for which the data would be required, determined the desired format of
data, and established the constraints on the insertion, extractionm, and agplica—
tion of the data. Consideration was given to the character of the raw material
in hand and the computer capabilities available for processing and analyzing of
data.

During the subsequent effort (Ref. 2), a basic computer program (plus pre-
processor programs) was developed to incorporate the information derived during the
feasibility study. After debugging and documenting the program, verification was
accomplished using sample data from the SS WOLVERINE STATE.

The final effort required the processing of data from the four vesseis
3S HOOSIER STATE, SS WOLVERINE STATE, SS MORMACSCAN and SS CALIFORNIA BEAR. This
effort resulted in the preparation of magnetic tapes that contained, in digital
form, the recorded analogue signal of wave-induced and first-mode frequencies, the
associated loghbook information, and derived stress data for each 30-minute interval
of data originally recorded. Summary tapes of the logbook information and derived
stress data for each interval (deleting the digitized records) were prepared for
more efficient utilization in any subsequent statistical analyses. Following
preparation of these tapes, demonstration examples (of the type of parametric
studies that could be made for statistical analysis) were run to indicate several
posgible uses of the data. These illustrative examples served to define the latent
capability of the digitized materials and to illustrate the method of extraction
of selected information from summary tapes. The examples selected were illustrative
only and were not intended for use in studying any existing physical phenomena.
This report contains the description of the processing of data and the 1llustrative
examples.



—o_
B. Definitions

To minimize possible confusion in this report, certain definitions and
nomenclature, as used herein, are given here for reference,

Interval-~nominally a 30-minute segment of recorded analogue data for
which there was a corresponding loghook entry. An interval normally consisted of a
l-minute zero segment, followed by a l-minute calibration segment, followed by a
28-minute segment of data. An interval was recorded once every four hours, but the
recording time was not necessarily coincident with the beginning of a deck watch.

Long Interval--Under certain conditions (when stress levels exceeded a pre-
set level) the recording system turned on automatically before the next interval
was scheduled, and recorded data continuously until the stress levels fell below
the preset level. WNo zero or calibration signals preceded the long interval data,
but the normal interval would override to record the zero and calibration every
four hours. There were no logbook entries corresponding to long intervals other
than the entry for each watch. Long intervals could be of any duration depending
on when during a watch the preset levels were exceeded, but were never longer than
the remaining 3 1/2 hours of the watch. Long intervals were identified in 30-
minute segments by a letter A-G which follows the immediately preceding interval
number.

Voyage——the passage of a vessel from one port to amother during which
significant open-sea data were recorded. Estuary, river or harbor travel or
travel between intracontinental ports (e.g., northern Europe) were mot voyages,
and a round trip would be considered two voyages.

Pass——a single-chamnel of frequency modulation (FM) analogue data
recorded once through the tape. Normally, only one channel of data and its corres-—
ponding compensation channel were recorded during a voyage. Since the FM analogue
tape had a l4-channel capability, upon completion of recarding one pass, the ship's
crew was able to gwitch the data and compensation to different recording channels
and thus make more efficlent use of the FM tape. Depending on many factors, a
complete voyage could be recorded as several passes on one or more tapes.

Burst-—a group of exponentially-decaying stress variations at the
frequency of first-mode vibration, superimpos<d on the wave-induced bending stress
variations. A burst of first-mode stress variations was usually excited by a slam.
Maximum peak-to-trough amplitude of a burst normally occurred within one or two
cycles of the beginmning of the burst, and was rarely more than about 10% of the
peak-to~trough wave-induced bending stress variation. Bursts were classified by
their maximum amplitudes.

Full Bridge-—All vessels were instrumented with an active stress page and
temperature-compensating gage (half-bridge) on both port and starboard sides,
These four elements were wired into a four-arm Wheatstone bridge (full-bridge).
The output signal was calibrated to represent the average midship vertical longi-
tudinal bending stress. Horizontal longitudinal stress variations were eliminated
by the configuration of the active gages in the bridge.

Half Bridge--On the S5 WOLVERINE STATE only, a number of voyages were made
with the two half-bridges on each side recorded separately on two separate tape
channels. 1In the half-bridge configuration, stress contributions from horizontal
bending were not eliminated, However, by recombining (adding) the two signals dur-
ing data reduction, horizontal effects were again eliminated. In the event of
failure of a transducer or amplifier on one side, the data from the remaining side
were reported, but identified as "half-bridge'".
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Logbook Data—-the information recorded by the watch officer during each
watch relative to sea, weather, and vessel conditions. The format of these data
changed during the program, and certain data were not comsistently reported. There
normally was an appropriate logbook entry for each interval of recorded data, and
correlation was made by comparison of times between the recording instrumentation
time meter and the logbook time recording.

Zero Signal--the automatic recording system initiated the recording of each
interval by imposing a l-minute period in which the excitation to the gages was
interrupted. The purpose of the zero period was to provide a means of -detecting
any drift in the DC amplifiers.

Calibration Signal--immediately following the zero signal, there occurred
a l-minute period during which a calibration resistor was shunted every three
seconds across one arm of the streas-gage bridge, which resulted in the superposi-
tion of ten cycles of offset on the stress signal. The magnitude of the calibra-
tion resistor was selected to produce the equivalent of a 10,000 psi stress, and
thus provided a calibration for each interval.

Peak-To-Trough--the normal c¢yclic stress variation associated with the
longitudinal bending of a vessel was determined from the maximum value of a positive
stress (peak) and the next maximum negative stress (trough).

Mean Value Stress—determined as the average stress during an interval,
The excursion in mean value stress for each interval in a pass was determined
relative to the mean value stress in the first interval of that pass.

Ship Calibration Factor-—determined from comparison of stresses measured
during a dockside loading with the corresponding stresses calculated theoretically.
This enabled the determination of the effects of unfairmess in plating and other
factors that may have yielded slight variations in measured stress from that stress
determined theoretically using the gage location and calculated ship stiffness.

Whipping-—the transient dynamic response of the vessel, occurring at the
first-mode frequency as a result of impact loads (such as from a slam), and not to
be confused with steady-state dynamic loads such as in springing.

C. Scope of This Report

This study resulted in two reports, 25 digitized data tapes, two summary
tapes and computer printouts of the demonstration examples, This report summarizes
the results of the study and provides documentation supporting the results.
Reference 3 contains the necessary documentation on each of the computer, pre-
processor, edit, and post-processor programs used to prepare and digitize the data,
correct and edit data, and read and extract information for statistical study. As
shown in Table I, the digitized data are contained on 3 magnetic tapes for the
SS HOOSIER STATE, 15 tapes for the SS WOLVERINE STATE, 4 tapes for the SS MORMACSCAN
and 3 tapes for the S5 CALIFORNIA BEAR. In addition, included are two summary tapes.
One tape contains summarized data from all four vessels when instrumented in a
"full-bridge" midship bending stress gage configuration and the other tape contains
"summarized data from both port and starboard midship bending stress page configura-
tions (the "half-bridge" configuration available only on certain of the S5 WOLVERINE
STATE voyages). A copy of the computer printouts that resulted from the demonstra-
tion examples is available from the Ship Structure Committee, as are the digital
tapes.



TABLE I - DIGITAL LIBRARY TAPES

Full or No. of

Half No, of No. of Analogue

Digital Tape No.| Ship Bridge Voyages | Intervals Tapes
HOOS 07 55 HODSIER STATE Full 12 574 7
HOOS 02 “ “ " 1 471 [
HOQS 03 " " " 10 LA0 5

WoLY 03 55 WOLVERINE STATE | Full n 540 13 1/2
WoLY 02 " " " 10 576 n e
WOLV 03 " " " 1 601 15 1/2
WOLV 04 " " " 12 575 13
WOLV 05 " " " 6 377 5 1/2
WOLV 10 " " Half 10 611 3
WoLY 11 " " " 8 398 4
woLV 12 " " " 5 572 2
WOLY 13 " " " 597 2
WOLV 14 " " » 617 6
WOLV 15 E u u 604 8
7
7
8
7
4

-

WOLY 16 " “ " 547
WOLY 17 " " " 597
WoLY 18 " " " 603
WILY 19 " " " 404 1/2
SCAN OV 55 MORMACSCAN Full 563 172
SCAN 02 " “ " 561 61/2
SCAN 03 » " " 370 31/2
SCAN 04 " * " 3e8 3
BEAR 01 55 CALIFORNIA BEAR | Full 590 4172
BEAR 02 " " " 872 5 1/2
BEAR 03 " " " 392 3

P

1/2

-

-
M o Mm@ o~ 0D N e o

TOTAL 25

™
~

13,220 163

D. Nature of Data

The data under consideration were obtained from stress gages mounted on
the sheer.strake plating approximately amidships on four dry-cargo vessels:
55 HOOSLER STATE, 5SS WOLVERINE STATE, SS MORMACSCAN, and SS CALIFORNIA BEAR. A
general description of the vessels and of the data is contained in Table IT,
Further details of instrumentation and ship characteristics can be found in previous
Ship Structure Committee reports listed in References 4-9,

The primary objective of Project SR-~153 was to obtain wave~induced mid-
ship bending moment stress data on a number of vessels operating for significant
periods on various trade routes. The stress data were recorded as analogue signals
on magnetic tape. The information was recorded using frequency modulation (FM)
techniques at a tape speed of 0.3 inch per second. Since the system was essen-—
tially unmanned, a mechanical programmer was used to obtain a half-hour sample of
data each four hours except when certain preset levels of stress were exceeded, in
which case the instrument recorded continuously. A typical analogue record is
shown in Figure 1, which shows the system zero, followed by the square wave cal-
ibration, which is followed by the actual record., The system bandpass character-
istic was from O Hz to approximately 50 Hz, such that wave-induced information and
the lower modes of ship wvibratory data were recorded., In addition, higher fre-
quency, nonperiodic data such as spikes (below the 50 Hz bandpass cut off) induced by
slamming or noise were recorded. The recording system thus obtained higher fre-
quency data beyond the primary scope required under the data acquisition contract
(Project SR-153). The objective of the current study was to digitize and process
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TABLE II

VESSEL AND ANALOGUE DATA IDENTIFICATION

I_ APPROX.
SHIP-YEARS
LxBxD PRIMARY oF
VESSEL TYPE (FEET) ROUTES DATA
55 HOOSIER STATE Gencral Cargo, 580 % 70 x 54 North Atlantic 2.5
-5-B!
{Machinery Aft)
55 WOLVERINE STATE General Cargo, 50 x 7 x 54 North Atlantic 5.5
£8-3-B5 and Pacific
(Machinery Aft)
85 MORMACSCAN General Cargo, 4B3 x 68 x 41 North Atlantic 3.5
Type 1624 and East Coast
of Sp. America
55 CALIFORNIA BEAR General Carge, 563 x 76 x M4 Pacific 2.5
C4-5-1A
Standard Mariner

HOTES-

STRESS GAGES: A1l gages located on side shell just below main deck, approx-
imately amidships.

RECORDING MEDIUM: 1-inch wide magnetic tape, mylar-base, 1.0 mil thick.

DATA RECORDED: Imdividual or average (of Port and Starhoard) midship
longitudinal vertical bending moment stress.

RECORDING METHOD, SPEED AND RESPONSE:

Frcquenc:,: modulatien recording at

57'5 Rz center frequency, tape speed of 0.3 ips; data

frequency response flat from DC to 50 Hz.

TYPICAL DATA CHARACTERISTICS: Wave-induced data < 0.2 Hz; first mode (free-
free) vertical natural frequency of vessel < 1.5 Hz; second
mode of stiffest vessel~r 5.0 Hz,

ree’

PROGRAMMING: Data recorded for 1/2 heur qut of every 4 hours except that
when stresscs exceeding preset levels were reached the
recording interval was automatically inereased for anywhere
from an additional 15 minutes up to the full remaining 3 1/2
hours.

‘,| r; 3 SECONDS
M

-1

SE—

10,000
psr

ZERD

1

CALIBRATION

"COMBINED" DATA

FIRST-MODE
"WHIPPING"
SUPERIMPOSED
ON WAVE-INDUCED
STRESSES

1 MINUTE

1 MINUTE

DATA
30 MINUTES ﬁ_—'

FIGURE I - TYPICAL INTERVAL DATA SAMPLE

only wave-induced bending stresses and first mode "whipping' data;
ing of the higher frequency analogue data that was recorded eliminated data not to

be included in the current study.

hence, filter—

Weather and other environmental data, including a qualitative assessment
of the sea state, were available in logbooks maintained by the watch officer on
each vessel and were correlated with the analogue tape data by means of time read-

ings.,
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. PROCESSING TECHNIQUE

A. General

The processing technique was determined by consideration of the following:

1.

2‘

6.

_Reduction in the volume of tapes without sacrifice of informa-

tion, accuracy or ability to utilize or evaluate data.

Efficiency of extracting previously determined summary informa-
tion and of access to "raw” data.

Ability to reproduce analogue data (at wave—induced and first-
mode frequencies) and to develop spectral data at wave frequencies.

Use of nonspecial computational equipment for automatic processing
of data. :

Maximum utilization of existing editing, collating and analysis of
analogue data from all vessels.

Standardization of presentation of data from all vessels, from each
interval and from each voyage.

As a consequence of the above considerations, the data were processed in
the following format:

1.

2.

Fach digitized tape contained more than ome (complete) voyage, butr
voyages from only one vessel.

Intervals were defined as analogue signals recorded for a period

of 30 minutes continuous real time. Recorded data for lomger con-
tinuous periods (the "long intervals") were identified in 30-minute
segments each of which was processed as an interval. Twenty min-
utes (real time) of each interval was digitized and analyzed.

Each interval of data included Identification Data, Logbook Data,
Iuterval Summary Data and Digitized Analogue Signal (See Table III
and narrative under "Digital Data Processing'" for description of
material in each of these clagsifications).

Each voyage was summarized following the recording of the digitized
intervals which comprise that voyage. This summary included both
Identification Data and Voyage Summary Data. (See Table IV and
narrative under "Digital Data Processing" for description of
material included in each of these dlassifications).

The general flow of data resulted in preparing the logbook information
separately and subsequently merging with the digitized analogue signals. Processing
of the information was done on—line and the results were merged interval-by-interval
and voyage-by-voyage until a tape was completed. Further editing, as required, and
compacting of tape was done prior to the preparation of the summary tapes. This is
shown schematically in Figure 2, and is described in more detail in subsequent sec—
tions of this report. Programming details and operating instructions are given in

Reference 3.
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TABLE III
DATA INCLUDED FOR EACH INTERVAL

INTERVAL IDENTIFICATION AND LOGBOOK DATA:

FM ANALOG TAPE REFERENCE
LOGBOOK INDEX NUMBER
INTERVAL NUMBER

DATE

TIME (GREENWICH MEAN)

LATITUDE PREVIOUS NOON

LONGITUDE PREVIOUS NOON

COURSE (DEGREES)

SPEED (AVG. PAST 4 HRS. IN KNOTS)

ENGINE RPM

BEAUFORT SEA STATE

RELATIVE WIND DIRECTION (DEGREES PORT OR STBD.)
RELATIVE WIND VELOCITY (KNOTS)

TRUE WIND VELOCITY (KNOTS)

RELATIVE WAVE DIRECTION {DEGREES PORT OR STBD.)
WAVE HEIGHT (FEET)

WAVE PERIOD (SECONDS)

WAVE LENGTH (FEET)

RELATIVE SWELL DIRECTION {DEGREES PORT OR STED.)
SWELL HEIGHT (FEET

SWELL LENGTH {FEET

BAROMETER READING (IN. H& OR MILLIBARS)

SEA TEMPERATURE (DEG. F)

AIR TEMPERATURE (DEG. F)

WEATHER CODE

COMMENT CODE {SLAMMING, HEAVY GOING, ETC,)

INTERVAL SUMMARY:

NUMBER OF WAVE-INDUCED PEAK-TO-TROUGHS

NUMBER QOF BURSTS OF FIRST-WODE

WAVE-INDUCED RMS STRESS

MAXIMUM WAVE-INDUCED PEAK-TO-TROUGH STRESS

MAXIMUM FIRST-CYCLE FIRST-MODE PEAK-TO-TROUGH STRESS
MEAN VALUE STRESS (RELATIVE TO FIRST INTERVAL IN PASS)
TABULATION OF ALL WAVE-INDUCED PEAK-TO-TROUEH STRESSES

DIGITAL RECORD OF INTERVAL

DIGITIZED ANALOG DATA FOR INTERVAL USING SAMPLING RATE OF
10 PER SECOMD (12,000 DATA POINTS)

TABLE IV
DATA INCLUDED FOR EACH VOYAGE

VOYAGE TOENTIFICATION:

SHIP NAME

OMNER'S VOYAGE NUMBER

DATE VOYAGE START

DATE VOYAGE END

ROUTE (FROM/TO)

ROUTE CODE

FM TAPE REFERENCES

SHIP CALIBRATION FACTOR

LOCATION OF ACTIVE GAGES EPORT/STBD)
LOCATION OF ACTIVE GAGES (FORE/AFT POSITION)

DRAFT - FWD
DRAFT - MID
DRAFT - AFT

VOYAGE SUMMARY:

NUMBER OF WAVE-INDUCED (W.I.) PEAK-TO-TROUGHS
NUMBER OF BURSTS OF FIRST MODE

MAXIMUM WAVE-INDUCED RMS STRESS

MAXIMUM WAVE-INDUCED PEAK-TO-TROUGH STRESS

MAXIMUM FIRST-CYCLE FIRST-MODE PEAK-TO-TROUGH STRESS
MAXIMUM EXCURSION OF MEAN VALUE

Three computer systems were utilized in the processing of the data. An
IBM 1130 system was used to prepare paper tapes for inputting the logbook informa-
tion, a DEC PDP-8/I was used for processing and preparing of the data tapes, and
an IBM 360 system was used for editing and compacting the digitized tapes and for
performing the demonstration examples.
A
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M TAPE

SUMMARY TAPE

RARUENDIX N REF, 3 DEMONSTRATION EXAMPLES

FIGURE 2 - SCHEMATIC OF DATA FLOW

B. Logbook Data Processing

Initially, the logbook information and analogue tape records were cor-
 related and edited. Editing consisted of determining the number, sequence and

acceptability of the analogue signals, including identificatiom of long intervals.
Each interval of data to be analyzed was correlated with a corresponding logbook
entry. The logbook data were punched on computer cards, and the punched data were
verified and edited by listing on an IBM 1130 computer-printer, The data then be-
came output on punched paper tape in ASCII (American Standard Code for Information
Interchange) format to be consistent with the PDP 8/I teletype paper-tape reader.
The intermediate step of using punched cards provided simpler and quicker punching,
verification and/or correction of the punched data than would have been possible by
going directly to punched paper tape through the teletype. In addition, the prepara-
tion of logbook data through the use of other existing equipment permitted the un-
interrupted use of the PDP-8/1 and its equipment for the analogue data processing.

The logbook preprocessor program was used to prepare the paper tapes,

Since the data in the hand-entry logbooks were recorded by a crew member of each
particular vessel during each voyage, the amount of data recorded, the manner of
recording, and the correctness of observations necessitated considerable editing
and discretion during the preparation of the logbooks for punching. The pre-
processor program was written to accept the four major formats in which the data
were recorded and to convert (before punching the paper tape) to a single format
whose output is that shown on Tables III and IV.

The details of the program and its operation which accomplished the
editing and punching of the paper tapes is given in Appendix A of Reference 3,
along with a generalized flow chart. A typical printout of a logbook tape is
shown in Table V, and consists of a Header, Interval Identifications, and Voyage
Identifications.



TABLE V - LOGBOOK TAPE PRINTOUT

i

C HEADER INFORMATION

LIBRARY TAPE NUMBER NO39 SHIP STRUCTURE COMMITTEE NOOQ24=69~L~5161

4245610-0.0138 0 0 0149.-0-0-0149-0-0 02107TL2108L2110L2
111021230 2124L3145D4109L4110042320L41360

(::INTERVAL IDENTIFICATION

192W1=1 01023 12=12=62210039=37 NO67=03 WO8117.0000306070P3130101P0«
03030 30420446026PTCOY

192Wl-1 01124 12=13=62010039=37 NO67=03 WOB216s0081305056P2118102P04
05045037P 045030e1750032PTCOY

ROLLING AND PITCHING EASY

192wl-1 01225 12=13=62050039=37 NRO6T=03 WOB216.0081706067P2625102P06
05048 .- 301062093CLDY- : -

ROLLING AND PITCHING EASY

192wWl=1 01326 12=13=62090039=37 NO&T=03 W0OR216s0081607073P3030102P06
Q9040 30404660330CAST

ROLLING AND PITCHING EASY

192wWl=1 01427 12-12=62130039=37 NOST=03 WOB214+5081004072P3130102P06
Q9060062P -- 05003020154036MTCDY

ROLL MOD PITCH EASY

192wWl=1 01528 12=13=62170039=37 NO&7=03 WOBZ216.6080806072P3130102P06
09050 29.9756038CLDY

ROLL MOD PITCH EASY
P Pl
1 ] I l
(|
|l
oy
L | |
{ |
' i
|

192w2=1 00608 12=21=62070049=39 NOO6=54 W 19+007940515853317045P04
05040 292784804 TCLEAR

ROLLING EASY- - —
192wW2-1 00TOT 12=21=62110049=39 NOOS=34 WOI918+007920712653520084P06

07040084P 030029.8248046CLDY

ROLLING AND PITCHING

192wW2-} QOB08 12-21-62150049=39 NOO&=54 WOAOlAe607930711653935075P0B

0B0TOOTSP 040029:90430460CAST

ROLLING AND -PITCHING-- - - - -

192wW2-1 00909 12=21=§2190049-39 NOG&—54 WO4S15.007860400052914000504

05050090P 04003040644040PTCDY

ROLL AND PITCH MOD TQ HEAVY

192w2-1 01010 12=-21-62230049=39 NOO&=34 W 16s20708804033527146070504

05040045P 030030s2242030PTCDY

ROLLING EASY -~ -on — T e e e T T
(ifUOLVERINE STATE 19212~12=6212=21=62PHILADELPHIA TO BREMERHAVEN GER 01=05

VOYAGE IDENTIFICATION

The punched-paper~tape logbook data were loaded in "blocks" (128 char-
acters/block) on the PDP-8/I computer through the teletype and then were converted
to EBCDIC (Extended Binary Coded Decimal Interchange Code), consistent with the
required magnetic tape format. After conversion in the PDP-8/1, the data were
stored on DECtape for merging during the data processing phase.

The magnetic tape label (Header) utilized the first three blocks on the
paper tape for operating instructions for the processor program to control the
data processing phase. TIncluded in this information were the number of voyages to
be written on each magnetic tape, the number of original FM analogue tape passes for
each voyage, the number of intervals in each pass of data, the interval numbers

which were not to be digitized, those intervals which were long intervals and in-
tervals where halts were needed in the processing,
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Each logbook interval consisted of two blocks on the DECtape, which con-
tain the Interval Logbook Data. Four DECtape blocks were left blank after each log-
book interval. These were utilized by the data acquisition pregram for storage of
Interval Summary data (i.e., wave-induced peak-to-troughs, RMS stress, maximum
peak-to-trough first mode, etc., as shown on Table TIT).

The last two blocks of paper tape contained the Voyage Logbook Data and
were handled in the same manner as the Interval Logbook Data. Again, four DECtape

blocks were left blank after each voyage identification for storage of Voyage Sum-
mary data (see Table IV).

C. Analogue Signal Processing

The original data, as recorded on FM analogue tape, were conditioned to
a form acceptable to the data processor. In addition, extraneous or erroneous sig-
nals were eliminated or minimized before processing. The FM analogue data were re-
corded from O to 50 Hz. However, since only wave-induced and first bending mode
data were to be processed, it was determined during the feasibility study that the
only frequency data of current interest was from 0 to 2 Hz which would include all
wave-induced data and first-bending-mode data for the four vessels.

The signal conditioning for the processing of tapes is shown on the flow
diagram, Figure 3. The + 1-volt rms (full-scale) FM analogue signal (and the re-
corded compensation channel) passed through the respective discriminators to achieve
electronic compensation. The square-wave generator, calibration control and zero
control permitted checking of the signal to a consistent basis before conditioning
it for processing by the PDP-8/I. The A/D converter of the PDP-8/I accepts ana-
logue signals only between -10V and OV, hence, signal comditioning was used to
center the signal at -5V and amplify it to maximize the available range., The 2 Hz
low—pass filter eliminated any recorded signal whose frequency was above that of cur-
rent interest (i.e., wave-induced and first mode only).

The compensated, filtered, amplified and offset signal (called “combined"
signal for convenience) was split into three parallel paths for easier processing;
namely, the "combined", "wave-induced" and "first-mode" paths. These three signals
were then used as input into the A/D converter and multiplexer. '

The combined signal (which contained both wave-induced and first-mode
signals) was applied directly to the multiplexer. The function of this signal was
to provide the zero and calibration signals for control and scaling purposes. It
was also the signal which was digitized and recorded.

The combined signal was also passed through a bandpass filter set to
pass only wave-induced signals (0.01-0,2 Hz real time). Because bandpass filters
characteristically do not pass a nomperiodic signal (such as the DC offset used to
center the signal in the available range for the processor) it was necessary to
restore the offset at the output of the filter. This wave~induced signal'was ap-
plied to the multiplexer where it was digitized, and theasurements of wave-induced
peak-to—-trough values, number of cycles, etc., were made.

The combined signal was also passed through a bandpass filter set to
pass only the first-mode signal (0.2-2.0 Hz). Again, the offset had to be re-

stored. This first-mode signal was applied to the multiplexer, and measurements of
first-mode amplitudes and numbers of occurrences, etc., were made.
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FIGURE 3 - SIGNAL CONDITIONING FOR PROCESSING ANALOGUE DATA TAPES

D. Digital Data Processing

The computer system used to perform a particular function is dependent
on the hardware available and the software to make it work. Hardware consists of
the equipment (i.e., central processor, input and output devices, and features
such as clocks, auxiliary storage, etc.) needed to perform the job., Software is
the method by which the computer hardware is told what to do, and consists of the
programs which direct and control the method of operation.

The hardware utilized for the basic digital data processing was a Digi-
tal Equipment Corporation (DEC) PDP-8/1 computer processor. The PDP-8/I and its
peripheral equipment are shown schematically in Figure 4. The system consisted of
the Central Processing Unit, 8192-word core memory, Analogue-to-Digital (A/D) Con-
verter and Multiplexer, ASR-33 Teletype, Peripheral Equipment Corporation (PEC)
IBM compatible magnetic tape unit, DECtape (auxiliary storage), Extended Arith-
metic Element Hardware multiply and divide and Programmable Real-Time clock.
Figure 5 shows the equipment used to process the data,

The Central Processor handled all arithmetic, logic, and system-control
operations. It allowed the computer to store, retrieve, control and modify in-

formation and served as am interface between peripheral input/output equipment and
core memory.

Core memory provided random—access storage for both imstructions to be
performed and information to be processed or distributed. The PDP-8/I, a single-—
address, fixed-word-length, parallel-transfer computer, used 12 bit, 2's comple-
ment arithmetic. Cycle time of the randomaddress magnetic core memory was 1l.6us.
Standard features included indirect addressing and facilities for instruction skip
and program interrupt as a function of the input/output device condition. It was
the program interrupt facility in conjunction with the Real-Time clock that allowed
the programming of a real-time data acquisition system.
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The Analogue-to-~Digital (A/D) Converter and Multiplexer allowed for fast
muitichannel scanning and conversion of analogue data from external signal sources.
As configured, the system could multiplex up to 16 analogue signals concurrently
and could convert the signals (0 to -10 volt range) to binary numbers. The A/D
converter had a successive approximation converter that measured a 0 to -10 volt
enalogue input signal and provided a binary output indication of the input signal
amplitude. Output was binary numbers from 6- to 12-bit accuracy with negative
numbers represented in 2's complement notation.

The ASR-33 (Automatic Send-Receive) teletype was used to type in or
print out information from the computer. The basic code was ASCII. Input was
from either the perforated-paper-tape reader or keyboard. Output was either
printed and/or punched on paper tape. The Teletype was an extremely slow device

{(approximately 10 characters/sec) and was used normally for program editing,
assemblies and operator intervention during real-time operationms,

The IBM Compatible Magnetic-Tape unit was an incremental-write, synchro-
nous-read device. Tape format was 9-track, 800 bpi (bits/inch) consistent with
industry-standard synchronous systems, allowing data acquired with this system to
be utilized by another computer installation. The incremental writing allowed con-
siderable flexibility in the acquisition of data, data reduction, and storage.

Data was written one word at a time, eliminating the need for a buffer memory for
storage of a block of data as would be required with synchronous-write units.

The DECtape served as an auxiliary magnetic-tape data-storage facility.
Information was stored at fixed positions on the systems. This allowed for random-—
access read/write without disturbing other recorded information. The tape con-
sisted of a series of data blocks (128 words/block) numbered from 1 to n. This al-
lowed for the. storage of 188,544 words in 1473 blocks which could be randomly
accessed. Data were written/read in block format.

The Real-Time Clock provided a method of accurately measuring time in-
rervals. The timing frequency was 10 Kidz. The length of time to cause an inter-
rupt was under program control. Using the interrupt facility and setting the clock
alioved multiple processing. The clock was used to set the data sampling rate for
running the program.

The Extended Arithmetic Element provided for hardware multiplication and
divigsion. This increased the speed a hundred fold by which multiplication and
division could take place, and was extremely useful in a real-time environment.

To utilize the computer/processor and its peripheral equipment required
instruction. This was where the software (computer program) came in.

The software requirements for the ship data processing consisted basical-
ly of two programs; the Logbook Pre-processor Program and the Data Conversion and
Analysis Program. Other programs were used for speecial circumstances. All programs
required during the performance of this contract are identified in Table VI and
documented in Reference 3.

Once the data tapes were prepared, and the summary tapes created, data
were available to perform the demonstration examples. The program PARM and its
peripheral programs read the summary tapes and provided the listing of the re-
quired data (and punched cards). Use of commercially-available mechanical sort-
ing equipment provided punched cards ready for computer plotting of the individual
examples.
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TABLE VI - LIST OF PROGRAMS
AVAILABLE IN REF. 3

APPENDIX A - LOGBOOK PRE-PROCESSOR PROGRAM

APPENDIX B - LOGBOOK PAPER TAPE LQAD PROGRAM

APPENDIX C - DATA CONVERSION AND ANALYSIS PROGRAM
APPENDIX D - SUMMARY TAPE AND EDIT PROGRAM

APPENDIX E - FINAL SUMMARY TAPE PROGRAM

APPENDIX F - SUMMARY TAPE CORRECTION PROGRAM

APPENDIX & - SUMMARY TAPE LISTING PROGRAM

APPENDIX H - PARAMETRIC STUDIES PROGRAM

APPENDIX 1 - RELATIVE WIND DIRECTION CORRECTION SUBROUTINE

E. Computer Programs

) A brief description of the function of each computer program follows.
The details are given in Reference 3, along with operating instructions.

A listing of the computer program (Logbook Pre-processor) used to accom—
plish the editing and punching on paper tape of the logbook information is given
in Appendix A of Reference 3 with a generalized flow chart. This program was used
to prepare the paper tapes which provided operating instructions in the header and
included such information as the number of voyages to be written on each magnetic
tape, the number of original FM analogue tape passes for each voyage, the number of
intervals in each pass of data, any interval numbers which would be digitized and
other special instructions,

The paper tape output from the above program had to be read into the PDP
processing computer and stored for use and subsequent merging with the digitized
recorded data. Storage was on DECtape and the data could be input independently
of the actual processing. In Appendix B of Reference 3 are given the details of the
program which accomplishes the DECtape storage (Logbook Paper Tape Load program).

The main processing program, Data Conversion and Analysis program is
given in detail in Appendix C of Reference 3. This program operated in a Real-Time
environment through the Real-Time Programmable Clock., Programming was done in
Assembler Language for DECtape, to take advantage of the shortened processing time,
to work within the 8K word memory, and to utilize the single DECtape auxiliary
storage unit. This permitted the processing to be done at a rate increase factor
up to 25 over the recorded rate (0.3 inches/second for the FM analogue tape) with-
out requiring starting and stopping of the analogue playback unit,

The three basic signals (i.e., the combined, wave-induced, and first-mode
signals) which were fed to the A/D and multiplexer unit weve digitized individually,
although the data processing was done essentially simultaneously and continuously
within the processor without the need to stop and start the analogue playback.

The practicality of processing and writing a complete digital data tape
without errors, (which would have necessitated considerable rerunning of much al-
ready completed and correct data) early indicated the requirement for the capa-
bility to edit and compact partially filled data tapes onto one essentially filled
data tape. The Summary Tape and Edit program (SUMT) was written to allow for the
creation of a full digital data tape from as many as four partially filled data
tapes. The editing capabilities included options to delete complete intervals and
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to recalculate the voyage summary data, correct selected items in the interval log-
book data, and to provide for the addition of a reprint of the voyage-identifica-
tion record at the beginning of each voyage. Two versions of this program (see
Appendix D of Reference 3) were required because of the incomsistency in the manner
in which the intervals were recorded in the logbooks. In Version I, the intervals
to be corrected are identified only by index number (the majority of data were re-
corded this way). 1In Version IT, to accommodate some of the earlier-recorded data,
the intervals were identified by both the interval number and the logbook index
number.

Two final summary tapes were created from the edited data tapes which
resulted from the above edit, compact and correct routine. One summary tape con-
tained only full-bridge data, and the second contained only half-bridge data.
These summary tapes were created to minimize the computer processing time for the
demonstration examples or any subsequent detailed analysis by eliminating all
digitized signal records and by retaining only the voyage identification, logbook
and summary records and the interval identification,logbook and summary records.
in effect, by elimination of 12,000 pieces of raw data recorded for each interval,
approximately 90 per cent of the information was eliminated, and considerable
economy could be realized. Thus, the identification and processed data from a
maximum of 150 voyages could be recorded on each summary tape. The details of the
Final Summary Tape program (FSMT) are given in Appendix E of Reference 3.

An inconsistency in the Logbook Pre-processor program in the routine
which determined relative wind direction resulted in some values of Relative Wind
to be in error by 180° as punched on the paper tapes and which, therefore, were
carried through to the final summary tapes. A subroutine RELWND was written to
determine Relative Wind correctly and which could be applied to any of the programs.
However, this correction was applied only to the final summary tapes through the
Summary Tape Correction program (CRCT) which ¢reates a correct Final Summary Tape.

In the course of the data processing, it became evident that a simple
listing program which printed the magnetic tape information from the digital data
tapes in a readable format would be very beneficial. This program (LIST--Appendix
G of Reference 3) was not essential to the processing, but it was a considerable
convenience during the processing of data, and, in particular, in the continual
checking of processed data to assure that what was printed on the digital data tapes
was correct. LIST contains an option to suppress the digitized data and print only
the identification, logbook and summary data. This option was used to check and
edit the digital data tapes before preparing the compacted data tapes (using SUMT).

The utilization of the data on the Final Summary Tapes required a program
to read the tapes and perform comparisons or select certain data. The program
PARM was writtem to permit the reading of the summary tape and to extract the re-
quired information as punched cards, printout or stored on magnetic tape for other
processing. As noted earlier, punched card output was used and further processed
with commercial mechanical card sorting equipment. This program is given in de-
tail in Appendix H of Reference 3.

Certain program subroutines are essential to the processing of the data,
To the extent possible, use was made of standard software provided by the computer
manufacturer (IBM) or available through computer service buteaus, and modifications,
where necessary, were incorporated. The subroutines included Relative Wind Direc-
tion (RELWND), Data Compression (ALIGN~EBCDIC), Conversion (BCNV), Shift (SHFT2V)
and Masking (AND). With the exception of RELWND (described in Appendix I of
Reference 3), the subroutines are described in the Appendices where used.
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ILr, PROGRAM VERIFICATION AND TESTS

A. Data Processing

Data handling on magnetic tapes required verification that the intended
data had been placed correctly on the digital tape and were retrievable on command.
To assure that the original data were correctly transferred and processed, it was
necessary to perform two independent checks; mnamely, 1) verify the primary portiomns
of the program, and 2) verify the adequacy of the digitized record to reproduce the
analogue signal.

Prior to the actual processing of data, the primary functions of the
program were verified., These included:

1. Individual subroutine (e.g., read in data,
perform calculations, write out data, etc.)

2. Interpretation of zero stress and calibration signals

3. Handling of wave-induced data

4. Handling of first-mode data
5. Handling of long intervals of data

Critical evaluation tests were performed on data taken from the S8 WOLVER-
INE STATE data library. Since the S5 WOLVERINE STATE was known to exhibit first-
mode whipping and had experienced continuous recordings at times, three intervals
were selected from voyage 263 W2-1l. These corresponded to:

Interval Logbook Index
20 91 ( Average data, slight first mode, two successive
21 92 ( intervals
12 83 Long interval, substantial first mode

Initially, the FM analogue signals of these three intervals were re-
recorded as if they were three consecutive intervals., The analogue signal was
passed through the appropriate filters to yield three separate traces which cor-
responded to the three signals shown on Figure 3, Each of these traces was then
fed into the A/D converter to verify that the programming could interpret properly
the incoming data and perform the required operations. Upon satisfaction that
each element of the program was correct, the re-recorded three-~interval record
was input to the A/D converter and the program checked in its entirety.

To assure that the program performed properly, the digitized magnetic
tape was played back on an IBM 360/50 computer and a complete listing made of the
tape, portions of which are reprinted as Table VII. (The 12,000 actual data points
digitized for each interval are mot reproduced in Table VII.) A typical Interval
Identification and Interval Summary (for Interval No. 20) is shown at the top of
the Table and at the bottom of the Table is displayed the Voyage Identification and
Vovage Summary for the 4—-interval "test" voyage. The digital playback printout of
the identification and logbook data was checked against the original data which
were input by punched tape.
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TABLE VII - PRINTOUT OF DIGITAL RECORD OF TEST CASE

INTERVAL NO. 20 IDENTIFICATION AND SUMMARY

263 J42-11 09102C06/05/6£215C
[l-R it p g ios- L 2. g o

008205029, 765 7C5IMODERATE

ALLUPUWCTOT

Tty Py —a

L 3 l.-l-lu JVT: F S r-all | LA "mi
543 1262 1%B T06 199% 1447 [-1:) |
1366507 1379 598 547 1062448 sota_tme T2
732 2935 2986 1068 1SEL 1467 1228 1760 883 1304
—-1320 865 1018 — 5081531 1E65 182 3566 2055 sous

1708 917 2692 1775 1522 799 2111 1994 Si3 1430

1977 1060 1245 198% 1447 2734 1127 841 3085 219
65 1438 — 1865 65— e —1
1203 B58 1186 1447 1657 174 1194 992 1152 1220
12362337 —1 853 — 101 —2016—1 32 1 306— 190 —1 295 1573
9es ®50 11C2 1287 143C 1265 1270 1321 952 1009

e L] Al l LT Y LY. PN Dol il
23 84— 5581304 £35— 122 8—1-309—t4i-3—]

1539 1935 1287 1758 oCC 1€65 2010 723 091 2561
=B34 1220 1455 . 812 353]  JE15 274215651106 JAQ5— .

1573 1169 1421 1851 1#£9 15%¢
e B O O
o

bopapopoponopodopapopobooaporapabo

[N PR

L P Y -

bohopopbopooopobopaboppbopobobodndod

PODODODO DO(PQ ?Dibﬂ4?0130‘IOIBO(?O"OI?D!DOUUCDO
~N-N-J-K-E-N-E-E-N-N-N-N-R-N-R-N~E-N-E-J E-J-J-N-J-F-R-R-R-R R Rl -N=]
POPOVLPROPOPOURDLDODO 39!?91?01301}0GSU‘LDIDDGSO

bobobobobobobosonbopobobaodbo :a:bo?ocho
bapopapo Lcn:oql:ouod:ooo Lodobopadododa
bopobobopobobobobobopopobodoradord
bohbodpopoponohosopbabopodbopobodobodo
PoDOpPOoOpPO DO!DU rououuuouolbot:c POLDOPOOLPO

VOYAGE IDENTIFICATION AND SUMMARY

(1]
E TO NO. AMERs EAST 05=01263 W2=1 o
% 1+06PORTRIDEH
[

The playback data for one interval of the digitized record was output as
punched cards which were in turn used to generate an x-y plot of amplitude as a
function of time. This resulting curve was compared with an oseillograph record
(to approximately the same scale) of the original filtered (0~2.0Hz) analogue
signal. Comparisons of these curves for a representative portion of the record is
shown in Figure 6. This comparison indicated the adequacy of the digitized record
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to reproduce the analogue signal. It should be noted that the digitized record
reproduced the analogue signal so faithfully that some noise gpikes and other
erroneous sporadic signals which passed the 2 Hz low-pass filter were reproduced
also. Certain of these signals were falsely identified as first-mode bursts in
the subsequent demonstration examples. See further discussion in RESULTS section.

DIGITAL SIGNAL TIME —=

FIGURE 6 - COMPARISON OF DIGITAL RECORD WITH ORIGINAL ANALOGUE

The original (filtered) analogue signal of each of the three intervals
was reanalyzed in accordance with the method used previously for data analysis
(using the Sierra Probability Analyzer). This is described in some detail in
Reference 5, The results of the probability analysis of the analogue record are
compared in Table VIII with the similar information derived from the digital
processor program. It is to be expected that the RMS values will be at variance

TABLE VIII - COMPARISON OF ANALOGUE AND
DIGITIZED RESULTS

(Digital) (Analogue)
PDP-8/1 Sierra
_Computer  Probability Analyzer
INTERVAL 20

Numbar Cycles W.I. 146 437

Number Bursts First Moda 2 --*

RMS W.I. Stress, psi 1506 1150

Maximum Peak-to-Trough W.I. Stress, psi 3045 3100

Maximum Peak-to-Trough First Mode Stress, psi 1497 .-

Moan Value Stress, psi 207 -

INTERVAL 21

Number Cycles W,I. 191 433
Number Bursts First Mode 4 -
RMS W.I. Stress, psi 1088 910
Maximum Peak-to-Trough W.I. Stress, psi 2210 2100
Maximum Peak-to-Trough First Mode Stress, psi 945 -
Mean Value Stress, psi 116 --

INTERVAL 12

Number Cycles W.I, 174 362
Number Bursts First Mode 8 -
RMS W.1. Stress, psf 2593 2570
Maximum Peak-to-Trough W.1. Stress, psi 6135 5700
Maximum Peak=-to-Trough First Mode Stress, psi 1563 —
Mean Value Stregs, psi -193 -

INTERVAL 12-A

Nuwber Cycles W.I. 176 -
Number Bursts First Mode 3 --
RMS W.I. Stress, psi 2452 -
Maximum Peak-to-Trough W.I. Stress, psi 5535 -
Maximum Peak-to-Trough First Mode Stress, psi 1489 -
Yean Value Stress, psi -279 -

*NOTE: Dashes indicate that no data was obtained using the
Probability Analyzer.
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because the digital analysis is truly an RMS determination with each data point
(peak-to—trough stress variation) being considered individually, whereas in the
analogue determination, each data point falls into a histogram of 16 equal-stress-
level bands, and the RMS is determined from the number of points in each band and
the mid-band stress. The maximum peak-to—trough streasses compare quite well. The
digital analysis is based on only peak-to-trough data, whereas the analogue anal-
ysis has twice the number of points due to utilizing both peak-to-trough and trough-
to-peak data,.

From the verification studies summarized above (and including that shown

in Table VIII), sufficient confidence was obtained to proceed with the processing
of the records into digital form.

During the processing of tapes, two types of checks were made., Validation
of selected pieces of data was made from each interval, and a random sampling of
other data was validated.

Subsequent to the processing program given in Reference 2, changes were
incorporated which printed (on the ASR~33 teletype) selected information which could
be compared readily with the previously determined data from the Sierra Probability
Analysis. Included in this printout (one time per interval which occurred after
each interval processing was completed and during the period where the program was
searching for the start of the next interval) were the number, RMS and maximum
stress values of wave-induced peak-to-trough stresses recorded during the interval,
the number and maximum stress value of first-mode bursts recorded, and the mean
value of stress for the interval (relative to the mean value of the first interval
of the pass). A typical primntout (a 5-pass, 4—voyage tape of S5 WOLVERINE STATE
data is given in Table IX. These printouts provided the basis for either rerunning
the data or the selecting, editing and/or deletion of intervals when the data tapes
were combined into the final compacted data tapes.

Correction of logbook data was accomplished either through the editing dur-

ing preparation of the punched paper tapes or during the editing and compacting of
the partially-filled data tapes.

B. Demonstration Examples

The addition of the demonstration examples to the effort provided the
opportunity to demonstrate the capability of extracting selected information from
the digitized data and to illustrate a variety of comparisons which could be made
readily from the many ship years of data accumulated under project SR-153. Using
the original data in analogue form would have made such comparisons prohibitively
difficult.

All intervals were included in these studies (long intervals as well as
the regular once-per—watch intervals) which tends to overemphasize certain condi-
tions., However, for statistical studies it would only be required to determine data
from the numbered intervals and not the number-lettered intervals (i.e., read data
in Interval 16, but not in 164). This can be accomplished quite readily within the
PARM program by changing an input card (i.e., sort on numbered intervals only).



TABLE IX - DATA PROCESSING PRINTOUT
(SS WOLVERINE STATE)

DEGTAPE OR a1

L:L

SFART OF WOYAGE 1

INTERVAL
WO

END OF PASS

TOTAL N0«

(45 192}

MO0. PEAK TO THOEUGHS

Wale

188
138
133
185
114
129

15T #0DE

OF VOYAESs

1821
1363
1549
1284
1425
1534
1477

46
1284
a7

989

8ag
hea7

Lne

AKX PEAM T0 TROUGHS
Wels 15T MODE
674

1298

1385

1764

1879

REETS

2raa

3428

J269

444

3643

2853

22a8

JTEE

3269

4174

4245

ABIE

3858

5738

5349

3758

5497F

MEAN
VALY

[2:1.2 1
Laa7
1735
1979
1708
1T6a
1965
1965
1965
1922
244
1391
L778
1993
1635
Lk
9496
L348
lave
luze
1348
1837
Tel
1345
l43a
1262
1176
75
1998
1Hat
Ligg
184
S8
SH8
487
Tas
674
674
ase
&83
a6
e
1181
1181
1176

E

TABLE IX-2

MOUNT HEW DECTAPEY N

INTEAVAL NO« PEAK TO TROUGHS

NO« Wals 15T MOQDE
el 56
5] &9
a3 63
aa 56
a5 EL]
a6 14
a7 185
38 175
a9 113
@ S8

END OF PASS 2

*#END OF VOYAGE 1

RMS
Vil
1263
Ba 1
587
785
523
294
1388
1398
T36
asg

MAX PEAK T0 TROUGHS

Wele
1879
1783

817
1308

232

&7
3384
2584
[
1783

15T MODE

HTEAN
VALUE

278

736
183
1863

867

745
(R-1'1]
E3T4

TABLE IX-3

MOUNT MEW DECTAPET &

START UF WDYAGE & (w5 2183

INTERVAL NO+ PEAH
MO, Wil
al 151
az 157
a3 15%
aa 153
a5 159
a& 127
BEA 119
268 125
BT 112
574 118
878 1z2e
ag 123
ag k23
18 kg
11 153
12 139
13 153
14 142
15 156
16 135
17 131
18 a5
184 157
18E 183
12 157
an 154
21 164
2 128
23 184
24 85
25 7S
26 129
27 76
28 B2
29 T3
L) 58
kB 56
az 54

ENB OF PAaSSs 1

“«END GF VOYAGE 2

TO TROUGHS

A5

15T MODE W.Il.

B0

alye
2383
2519
1646
17HS
eale
2216
2293
27e8
2083
2493
gaae
2339
2198
2354
1908
1769
1614
L1692
1539
las2
lase
2593
2831
2447

1769
l3ae
1138
1831
194
1231

215

iGlé
662
1562
1277

1877

1Gas

HAX PEAK 10 TROUGHS

wWe ke

6325
5371
57109
asas
ITee
489]

4971

43z
8571

5386
5848
aB94y
5171

948
534@
4893
447

278
43856
434
asat
azsg
6325
5679

S863
Jd1e
2677
2216
2277
2431
2293

3128

3278
4348
3493
2578
2354
1923

15T MODE

1938

2831

1692

2816

RIIT

4948
3247

I I R I SN B S B

]



MOUNT WEW DECTAPET N

TABLE IX-4

START OF WOYAGE 3 (W5-2292

INTERVAL N0+ FPEAH

NG

gl
gz
23
aa
@5
[:1.3
a7
B8
a9
12
I
12
13
L4
15
18

Waele

161
149
157
156
159
145
123
Las
127
1186
124
95
121
119
926
114
185
Bi
1L
183
7
v
72
65
64
g1
72
72

END GF PASS 1

=+END

OF WOYAGE 2

TO TROUGHS
L5t MODE

RMS
Wals

442
518
455
484
531
569
4389
543
43e
488
493
534
S69
438
53!
505
458
5649
442
417
$35
g23
1429
1517
I1a1
1875
1238a
121a
796
272
218
ga2
T84
822
181l
734
TR8
554
594
5814
594
5685
a6d
aze
189
177
lsq
227
265

MAX PEAK TO TROUGHS

Wels

961
1875
399
@48
agas
(31
885
1eay
Ea9
986
1237
132
123%
872
1875
1837
iy
lasz
1864
8aT
L7e7
1671
2833
4224
2778
243
2554
2782
1796
2923
1871
13749
leaga
19748
1684
1226
1479
1252
1163
115)
1837
1837
923
556
341
213
177
azs
484

157 MODE

TABLE IX-5

MOUNT NEW DECTAPE? N

START OF VOYAGE a4 (W5 233)

INTERVAL  HO. PEAK TO TROUGHS RS
O, W.la 1ST MODE  W.l.
MEAN
a1 186 165
VALUE a2 184 283
a2 200 as7
84 189 948
253 a5 189 1334
62 85 176 1449
12la a7 19a 1321
lieo 88 183 1614
928 o8A 182 1792
152 12 195 1169
595 11 127 775
6 12 134 635
948 13 288 788
i L4 196 B4
518 s 183 1804
753 16 179 864
1584 17 191 36
1076 18 1882 T4y
613 i 189 435
657 20 184 699
771 21 174 658
772 22 178 17
aqe 23 iTa 273
@iz 24 163 2at
278 25 184 279
dal 26 171 343
177 27 285 124
{48 28 183 877
s19 29 i53 711
58 38 1686 1E30
266 384 121 2173
ag3 at 183 1978
126 az 97 1228
924 33 102 889
1876 a5 89 419
557 e 94 a8l
i26 ar 95 279
292 38 98 483
St a9 a5 1142
1164 40 78 1337
53z 41 78 2148
a7 4z 68 2707
177 43 66 2567
Bl a4 65 1518
eal 45 56 1639
1379 46 57 1334
1850 47 6l 635
a9z 4B 58 432
442 a9 a9 a81
8o
2862 END OF PASS 1
1687

w2END OF VOYAGE a

“¢ END OF JOB #x

MAx FEAK TO THOUGHS

Wels 15T MODE

a3e
ags
97H
2656
2899
3571
dace
3Tl
1854
2974
1817
1698
2885
1766
2237
L728
1949
1817
1360
1499
ress
699
483
559
571
737
1436
1E84
lagl
3635
4418
3876
leza
1828
B51
B2&
571
952
2449
£292
4986
5236
Se20
1862
dzal
J152
1512
838
737

2173

MEAN
WALUE

1131
1867
775
3ge
267
533
BE9
91s
533
954
1399
457
e68
a6
457
T63
835
28a
521
254
185
1894
1564

217
369
a9
673
571
64
1318
1577

--[zz-m
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To illustrate the manner in which comparisons can be made, a series of
twenty-one examples were made. These are summarized in Table X. Examples 1-8
were intended to illustrate a possible correlation between slamming and the ship or
$ea conditions which are responsible. Ezamples 9-15 were intended to illustrate any
correlation between the wind direction and the wave-induced stress, and Example 16
was intended to illustrate correlation between observed conditions. Example 17 was
intended to identify sea conditions encountered on eastbound North Atlantic runs dur-
ing the winter months. 1In that some of the SS WOLVERINE STATE permitted it, (half-
bridges recorded separately) the horizontal longitudinal midship bending stress
could be determined as well as the vertical longitudinal midship bending stress.
Examples 18-21 were intended to retrieve these data to illustrate this possibility.

TABLE X - DEMONSTRATION EXAMPLES

a B c o | _k 3 Tdertification, Plot cee
Ro. Surmary Fig.
Example) Primary Values |Secondary| Values | Print (1) Print {2)] Print (3} | Print (4){Print (5) Prirt (6)] X| Y |Peints| Tape fio.
Na, Sort On of Sort On of
T | Max. 1st Mode! 22.0 ks Max, W.1. Tape Ref. Interval | Ap | 236 |Full Bridge| 7
Peak-to-Tro, Beak-to-Tro. Ho. ho.
2 - v Rel. Wave Rel. Swell - " Al C| 833 " " 8
Direction Direction
3 - . Beaufort - T cfatesr | = < |s’
Sea State
4 . " True Wind " " Al C| &52 . = 11
Speed
5 " " RM5-W, T, ° " Rl C{ 839 ‘ "o
[ " “ Drafe-WD u N Al C] 238 " L B 4
H - . Eng. RPK Eng. RP#  [Ship Speed [ship Speed| © " Ale-F) 290 - * 13
Rext Int. Next Int.
& [ " Comments “ w » ] R
9 |Reavfort a4 Rel, Denels” RM5-HL I, ° " Al € ] 1099 " "ol
S2a_State _ Kind pir
10 R R - 15°<nst5” - = " af ¢ {ra6s . * s
" u . . 459 <75 . " " ¢ {1021 - " 116
12 ] . n 759 cn<l05° * " " Al €1 393 - R RV
13 " » - 105°<n~135° * u " AL C| 13% " o118
It} " " " 135" <n<165° " " " Al C| 30 " "8
15 » " - 165% «n=180° - : - " Al C| &0 - voje0
16 |Baaufort >4 Have Hefght " " Al € [4523 " 2
Sea State
17 | Bauting fade 01205 Darm Oct-Mar  [Roaufort Trup Wing - . o p e " ~ |22
unly Yoyage Sud State Speed
Start
16 | Gage PORT Rel, Wave  |RMSWW.IL » " €] D }1236/ [half Brioga)2d
Location Direction 1675
19 " 578D . g " [ ) ¢l ol sor “ Ty
122
& ¥ PORT Ral, Suet) - “ . oy s/ [ Y 25
Direction 1358
21 @ 5Tad . - . “ c{oj§ 678/ . M2
. 1236
L=l =
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IV. RESULTS

The initial objective of this study has been realized through the processing of’
all applicable data from the four vessels, The results are evident primarily as
the digitized magnetic tape. However, in satisfaction of the requirement that the
data be in retrievable form for subsequent evaluation, a series of demonstration
examples proved that the required data were actually on the data tapes and in a form
suitable for subsequent acquisition of selected information for further study. The
results of these illustrative examples were intended only to demonstrate several
possible ways in which data can be retrieved and to illustrate possible presentation
formats. The scope of the present contract does not include interpretation or
utilization of the data from the demonstration examples, nor was there any intent
to use these examples to study any particular physical phenomena. The results of
the twenty-one examples are given in subsequent paragraphs, but conclusions are
drawn only relative to the satisfactory retrieval of data, and not to interpretation
or meaning of the result themselves.

The results are presented in two ways; namely, a complete printout of pertinent
data, and plots of data (where applicable) for each example. Because of the exten-
sive amount of printout, a complete printout of all examples is not incorporated
in this report. Rather a typical printout (for Example 1 as identified on Table
X) is shown as Table XI. (Copies of other printouts are available from the Ship
Structure Commitfee.) Included are the identification of ship/voyage/interval of
each data point, and the maximum values of first-mode and of wave-induced peak-to-
trough stress. These stresses are plotted in Figure 7 as abscissa and ordinate.
Figures 8-26 present the results of the remaining examples.

As a consequence of reviewing the results of the demonstration examples, it was
obvious that further study would be required to verify the validity of certain of
the first-mode data (e.g., Figures 7-13 display several data points at very high
apparent first-mode stress levels). Initial investigation indicated that these
signals result from spurious transients which have considerable energy in the
first-mode frequency filter bandpass. Comparison of a few of the original analogue
signals with the corresponding filtered digital signals clearly indicate that noise
transients (obviously of significantly differing shape and duration than the first-
mode bursts of interest) are faithfully reproduced on the digitized record. The
criteria used to determine the first-mode bursts did not discriminate between
actual first-mode bursts and the spurious transients and thus listed both. These,
in turn, being on the data tapes and summary tapes, were retrieved in the examples.
Experience with the first three tape-recorder installations on these vessels
indicated that the design of the tape tension arms, the horizontal tape.reel axes,
and unsuitable mounting combined to create transients on the data tapes as a result

of impact on the vessel or the transport system (for further discussion see Ref. 10).
This problem applies only to first-mode data from the S8 HOOSIER STATE, the SS
MORMACSCAN, the S5 CALIFORNIA BEAR, and early data from the 55 WOLVERINE STATE. No
reservations need be entertained about data other than the first mode.

The results reported herein are based on the information presently contained on
the data tapes and the final summary tapes, and no attempt has been made to delete
or suppress any information at this time. Each data point has been plotted with an
"X" symbol, and in many cases of identical values, overprinting has resulted. No
attempt has been made to produce "dot" plots which would show the number of over-
prints; however, these data are available on the printouts. The number of actual
data points plotted on the several figures is included in Table X.

The required data retrieved from the Final Summary tapes were sorted, in most
cases, in ascending or descending order of one of the variables before printing or



TABLE XI - PRINTOUT OF EXAMPLE NO. 1

VOYAGE
1aD4
182H1-1
30MMS =2
141H1=5
EFLL )
L3gHl=8
113Hl=1
139HI~3
25MKS =2
ICMMS1=1
173H1=]
LLEEFE ]
l163H =8
25CH -k
d17TWi=1
21TW2=1
217TW2=1
1&65iH1=2
léaH1=5
2llWle]
170W2=1
23w ]=?
25CBL~4
173HL=1
1E3H1=3
1130 =3
3LMKSY =]
2Bl
183H1=1
183H1=1
JudHle)
189H1=3
181H1=1
2BMMS1-1
Jzcal=a
28MHS L=1
163H1=1
AIMME]=]
JIMME =k
29CHL=Y
32C81-3
1465H1=3
237W1=10
32CEL=3
21TwW2=1
217W3=1
23C8l=-3
151Hl=5
198w2-1
17TH1~1
23KHS LT

INTERVAL
X0

.
a1920
015120
0l401C
Qr&0aB
02402
[l 20 )
024024

01009
00407
01406°
00411
D45 3TE
olaie
0l54%
002024

FULL BRIDGE DATA ONLY
CODE 14 MAX 15T MODE PaTQ=T GREATER 2Ks| VERSUS MAK Wala PaTOs=l

MAK WAVE |NDy
PEAR=TO=TRDUGH

MAL 15T MODE
PEAK=TO=TROUGH

CODE I MAX 15

VIVAGE
=N
2] 5Wl=1
JIMASL=3
155a1=1
33C3L=T
217Wi=]
25CEL1=T
1TamWumy
34CB =4
36Cllay
205Wle]l
l41H1=5
159H =1
153418
A0MHS L=y
23TWi=10
34C81=4
141H1=3
175M el
148k1=1
147Hles
35CBle12
174421
181H1=5
290813
LThWam]
170w2e]
23TWie=?
17in2=]
173Hlea
J2Chi=11
23 THimh
170W2=1
34LB]=)
1Takz=]
33CBleg
LalHl=2
31MMS =)
32CA1=3
229W1my
143Hi=3
29MMEL=2
151H1=3
163H1=5
17THL=1
22CBLw3
28MM51-T
211Wl=]
108w2=1
25CB1=7
L151H1=8%

TABLE XI-2

INTERYAL
NOo

COaGTA

o412l

036204
042254

FULL BRIDGE DATA ONLY

MAX WAVE IND.
PEAK=TO=TROUGH

T MODE P=T0=T GREATER 2KSI VERSUS HAK Wels PeTley

MAX LST MODE
PEAX=TO=TAOUGH
203D

VAYAGE
TeDe
151H1=3
181H =3
21TWG=]
F9(Bl=]
29CE1=k
174u3=1
J4CB1=T
123H1=3
183H1=1
143H1=5
139H1=8
3iMMSla]
ATHMME =k
163H1=1
139H]~3
179H1=3
Y Tawie]
178H]=]
ILLLFLDY
32(BLl=T
Z1Wl=1D
2LlwWl=1
217TwWa=1
A4R1-7
LTundwl
21TWE=1
29CAlma
23TWl=T
A4CBla?
J4CBY=7
1Tawzml
JulBl=?
25MHEL=2
139H1=2
26C8t=-2
139H =8
24HME]ed
139H]~5
163H1=]
143H1=3
25MMS =3
173H1=3
Lilkle=3
A5HMMS =3
163H1=5
F1TWe=1
1=l
21 TWi=1
151H1=5
174W2=]

INTER WAL

qoBOTA

TABLE XI-3

FULL BRIDGE DATA ONLY
CODE 1s MAX 15T MODE PwTOeT GREATER 2KS] VERSUS MAX Wely P=TQ

MAX WAYE ThDg

PEAK=TO=TROUGH

HAN 157 MODE
PEAR=TO=TACUG



TABLE XI-4 TABLE XI-5 TABLE XI-6

FULL RRIDGE DATA ONLY
FULL BRIDGE DATA QHLY
FULL BRIDGE DATA ONLY COBE 1s MkX LST MODE Pe=TO=T GREATER ZKS! VERSUS MAK Wela PmTo=T
CODE 14 MAX 1ST MOGE P=1O=T GREATER 2KS] VERSUS HAX Wela P=TO=T
COBE 1a MAX IST MODE P=TO=T GREATEA 2K5| VERSUS HMAX wWely P=TOsT NOYAGE INTERWAL MAK WAYE LHDa MAX 15T MODE
VOTAGE INTEAVAL HAK WAYE IND. MAX 15T MODE 1eD4 HOu PEAK=TO=TROUGH PEAK=T0=TAOUGH

VOYAGE INTERVAL MAK WAVE INDy MAX 15T MODE T4Ds KOa PEAX=TD=TROUGH PEAK=TO=TROUGH 12081-3 00603E 4900 2200

Tl HO4 PEAK=TO=TROUGH PEAK=TO=TROUGH FLT=TO D5 0044 1700 23%0 25MMSleT  ODADAC 5200 2300
174Wa=1 ORELEL F400 2250 34017 05302 9780 2350 190W3=1 03131 5450 300
174H1-3 03017¢C THEG 2280 1B3H]=3 Ga0zY 950 2400 217H4=] 22804 2800 2300
l563H1=5 06604 TI00 2250 139H1=% 023030 2100 2400 18TWa=1 00101 5700 800
1742l 056548 Tas0 2250 163H1=2 97814 2200 2400 28CR1=2 LFECFETY L1-1.1: 2560
29CE1-3 DeELE 7950 2250 151H1=5 041234 3280 2400 34CR1T LTI 6050 2800
ICBL=i CulOoA 8050 2250 ILMME1aE Qo202 3750 T 25MMS1=7 00404 £080 2500
151H1=% <3 N.I<F:3 1850 2340 LRI T 032857 3750 2800 348817 051064 *030 2500
134H1-% 027034 140c 2200 3MSlas 205060 aeng 2400 35C81-12 03104¢ s100 2500
165H1=3 03088 2280 2300 IBMMS ] =4 012518 3950 2400 29c81=7 032454 £R00 2500
139H1~3 olel? X I 2300 32CH1~3 [ELR:) 3950 2400 23THl=T D&NOZC 480 2800
175H1=1 02728E 4000 2300 163613 06907 B 2400 139415 82381¢ 2800 2350
32¢B1-3 00908E 4u30 2300 29MMS 1 =3 013140 5000 2400 1e3HL=3 0Talz 2900 2550
147H1=5 08403 b4 2300 172ng=1 02222 5100 2400 25HME] =3 G2327C 2440 2550
25HMS w3 Q24280 4500 2300 TusHl=] 04308 5180 2400 163H1=% 071094 2680 2800
155H1=1 00281 4780 2300 15CBEle12 031040 5280 2400 F8HM51=1 B12184 3980 2888
12CB1-3 011100 4900 2300 155H]=3 FETT 2400 2400 39CBI=3 026236 w100 2550
190031 01818 5850 2300 217W3-1 013058 5450 2400 280813 009100 pere 2550
ZSHMS1=T  UDEOED 2690 2300 170W2=1 0098 2430 2400 1614101 thasz *e00 2880
145H1=1 03870 4100 2300 18842=1 02932 5400 2800 320B1-3 010090 4588 2550
151H1=3 0DagaD 8880 2200 163H1=18 6108 8150 2400 25HU5 13 223260 %2060 2450
237Wl=T 063010 1963 2300 33CH1-4 03927 6200 2400 ILMHE 1=8 00303¢ 400 2850
24CBL=2 os301C 7580 2300 2171 011036 4500 2400 33c81-8 038264 5900 25850
163H1=5 065034 8000 2300 231N1-4 02039 TO80 2400 198w2=1 0090¢ 5400 2810
19TW2=1 03723 %00 2300 172wa=1 03980 1950 2400 29¢81=3 044425 &200 2590
25CB1-4 op4nE 5530 2300 2HCEL=4 00303F s 2400 175013 031184 Sbs0 2980
16}H1=L 01811 1500 2130 175Hlm) 021228 8100 2400 790813 8as2C 7200 2580
139H1-14 027048 1850 23%0 29C81=4 03108 9800 2400 20cA1~1 81108 Ta88 2850
175H1=3 03924 2450 2389 183011 aoees 1450 2450 ¥E5CAla? gR113E 200 25%0
I1HHS1=1 015138 21%0 2330 151nlas azT1? 2150 2430 174w2=1 pa2a] #8300 2330
175HL=3 04028 2930 2230 3ZMHEL=) O4hiah 1040 2430 SCBI=h 03502E BASD 2350
141H1=5 oal1s 2950 2230 30MMS1el 002374 3500 2450 29CR1-4 05004 9400 2380
139H1=5 02402D 3100 2330 161013 81341E 3830 2420 139H1-8 23905 2400 2600
143H1=5 01311 3100 2330 165u1=3 62131 %160 2430 lalH1-5 02207 2930 2600
139H1m5 024026 3250 2330 139H1-3 517180 4200 2420 Lu7Hl=2 97053 3000 2000
151H1=1 01684 3200 2290 31MMS1=5  DOSDSC %300 2430 30MMS1=3 013118 3350 2400
151H1=5% OFELY 304 2330 161Hl=1 30535 %4300 2430 28M8E1-1 03229 4380 28600
25HMS1=T  O07DTA 4009 2330 163H1=3 070084 4950 2430 3TMMEI-4  D353p 4550 2800
151H1=5 Q12024 4000 2130 1agHl=1 01940 5300 2430 33ca1-T 061538 5000 2600
25KMS)=5 60303 41650 2350 1TaMam] Q0u04E £009 245L 181H1=5 hE3D 5050 2800
147H1=5 o870Y 4850 2330 200814 08810E 4700 2430 215K1-1 alzil 5180 2800
175H1-3 033204 3130 2330 151H1=3 0oubA &350 2430 o 0z018F 5700 2800
29CB1=3 027240 5250 2330 151H1=3 008050 7800 2430 237Wl=10 07204k &150 2600
24LB1=0 050134 6208 2390 17uwae1 0464EC §50¢ 2430 163K1=5 06503 8500 2400
31HNS1=3 k1264 6400 2380 163H1=5 08522 2600 2300 211Wl=1 pi3lia 7250 2600
34ca1=7 a55080 £800 23%0 135H1=3 01t1eA 2830 2200 29¢01-5 §85094 8350 2600
LTau3=} 04345 £500 2230 12081-3 011198 4100 2500 34CE1mg DLB13F #1080 2600
197W2=1 03420 1639 2330 231Wl=1 02938 4400 2900 Techioe 03902 125600 2600
149H1-1 019404 8a0n 2130 lo1rtl=3 513418 5400 2500
211Wl=3 017150 8980 2390

830
19HL=5 02503 2600 ]
Ras0 2350 175H1=3 927144 4780 2500 1

174Wa=1 aoloic

_gz_.



VIYAGE
40
161H1=1
165HL=3
l161HI=1
29MH51~3
163HI=1
25MMS =3
1E65HL=3
143H1=1
25C31=3
259HMS =3
33CBl=7
28CB1=]
23TWI=a
35CBL-12
FuCBl=?
1T0W2=1
ISCBl=-7
159Hl=]
25CBL=0
1TuW=]
23TW1=7
la3nles
139Ml=5
L4jH1=5
139H1=5
I1MMS =3
32¢B1=3
163H1l=3
31MM51=5
163H]1=-%
163H1=5
3scal=T
29CY Ly
34C8l=8
29C8 1=y
34CB1-T
J4CBl=T
143H1=2
35£91=1
139H1=5
163H1=4
161Hl=1
32CAl=3
21TWa=1
21 TW3=]
32(81l=3
188W2=1
17aWl=]
21TWl=1
17aWa=]

TABLE XI-7

THTERVAL
.
JLE6B

FULL BRIDGE DATA QNLY
CODE 1 MAK 15T MODE PeTO=T GREATER 2KS| WEREUS MAX Wuls PeTle?

MAX WAVE
PEAR=TO=TROUGH

2500

MAX LST WMODE
PEAX=TO=TROUGH

CUBE 1s MAX 1ST MODE PaTO=T GREATER 2KS] VERSUS MAN Welg PaTO=T

VOYAGE
(1N

139HL=4%

139HL=2

3
21W2=1
33CE1-8
IEELEESS
l14lHLw3
AQHMS1=1
liaTH1=1
29LB1=4
29LB1=T
34CB1=T
25CE1-g
139HLwS
139H1=2
1ulHl=g
183HL~3
1637 1=5
115H]1=1
174W2=1
155H1=3
32CML=3
143H1=~}
I1MMS =5
I0MMS 1=1
25MAS1=T
25CBl=7
29CBl=T
LaTH1=%
ascal=7
29CB1=3
29CBL=4
139Hi=5%
29MMS]=5
139H1=3
J1HMS1=5
165HL-3
175HL=-3
35CBL=12
175HL~1

TABLE XI-8

INTERVAL

023034
9331328
415200
D0&0&
w1525
02815
03306C
g2lzac

FULL BRIDGE DATA OMLY

MAX WAWE INDy
PEAK=TO=~TROUGH
2909

MAX 1ST HMODE
PEAK=TO=TAOUGH

TABLE XI-9

- FULL BRIDGE DATA ONL

CODE 1» MAX 15T MODE P=TO=T GREATER 2K51 VERSUS M4

ZIMMS1~3
14THL=1
217Wa=1
EFLLEIC )
369H1=1
165H1~2
151H1=2
190W3e]
25CBL=T
29CB1=3

IOHH5L=1
215W]l=1
32C81=2
198K2a)
151H1=%
23 IH1=a
2ILwl=n
25CAL=-4
196U 2=]
2CALl=k
34CRLl=7

32CBL=3
173H1~=1

ITHTERYAL

HOw
950040
Q4065
alald

031110
027280

MAL WAVE [KDy M
PEAX=T&=TROUGH PE
Tiod

TLSO
7950



CODE 1w MAX 15T MODE Pe=TO-T GREATER 2KST VERSUS MAX Wels P=TO=T

VOYAGE
talln
21MHS1-5
217W2=1
lt2wi=l
181H1=9
lasslag
FEILTE
J4cal-7
3508112
188112
21iWl=1
163H1-8
32081-0
165H)=3
1g5H1=3
133H1-8
165H1=3
320913
19742=1
35¢BI=12
L75H1=3
237w~k
1%9H1=1
125H) =5
163H1=5
143H1=1
25MM51~3
39HMEL=3
14THl=1
23514
31HU51~5
175H1=1
3CH4SL=1
23C01-7
33CB1-7
203Wl=1
17aH1=3
3000 ]1=4
29CH 1=k
217TW151
25MM51=5
197W2=l
FRCBL-G
170%21
ASCHL=T
1E3H1=2
141H]l=5
139815
16341=5
31UMEL~L
L41H1=3

TABLE XI-10

THTERVAL
D4
a0363A
Qo306D
02526
0&53TR
ol727a
039274
056040
03205E
$3306D
gz018C
J6&02C
J3216E
:ET%-1-1
02a3d
B2u02C
J0818
a9807A
93925
93306
030178
093204
0R966
438084
07513
22355
012160
g2lle
03458
02428
09606E
oavzac
002378
003634
00363
03332

FULL BRIDGE DATA ONLY

HMAX WAYE INDa

PEAK=TO=TROUGH
3500

Max 15T MODE
PEAK=TO~TROVGH

CODE 1s MAX 15T HODE P=TQ=T GREATEA 2KS] VERSUS HAX Wels P=TO=T

WOYAGE
Iubs
J1IMMS =5
29CHL=T
1T4Wa=1
211Wl=1
2FCBL=s
2FCBLes
J4CBles
143H1=5
2IMMS =3
EFLLEFCS )
165H1=2
151H1=5
34CB1=7
174wW2=1
29CB =4
139H1=5
L3TH1=58
25HMS =3
i8C8L=2
151Hi=5
29CRl=4
131H1=3
JALBL=T
131H1=8
135H1=5%
135H1=8%
LbAM1=8
Z5HMS1=8
JZMMS 1=
2¥MMS ) =3
32CEL=3
LFLLEYES ]
147H1=3
34Cpla=?
175H1=1
23TWl=n
29MMS1=3
173H1=13
35CAM=]12
29CBL=é
25CHL1m7
174Wz2=1
34CB1=T
151H1=%
14THL=5
151H1=1
Elel LEYES]
153H1=-2
153H1=1
151H1=5

INTERVAL
.
006064
OQ&lT
Q2429
GINlEF
051030
Q%1010
05114k
Q856244
91415E
J02028
93545
LETELTY
054034
BE2504
V4802E
2006
Tul0A
D2128¢
d0F10L
e
08307A
003038
J5906E
93324
02705E
02804E
085624
Qi2l3E
93736%
q08080
Q0705A
qoa0s8
00
03304E
022234
951188
J13L4HE
01704
EFaitln
O57LLA
038188
G4 GhT
o201
02416
11232
02a41A
0l3lli
Q8927
J40854
039304

TABLE XI-11

2 FULL BAIDGE DATA ONLY

MAX WAVE INDa

HAX 15T MODE
PEAK=TO=TROUGH

PEAR=TO=TROUGH
4500 3250
5450 3230
LT 3230
&400 3230
BEQ0 3280
F800 3250
11280 2%
2050 3300
4550 LELD)
5150 3300
3100 3300
5800 3300
000 3300
9200 3200
3680 3300
1300 3380
2058 ELED]
4000 2330
3000 3330
4900 350
Fio0 3350
T80 350
F450 3380
17100 3400
1730 1400
108 400
2130 3401
2500 3400
3050 3400
3980 2500
w80 2400
%780 3400
5980 300
2250 1400
5350 400
5500 300
5750 3400
5809 3400
6050 3400
6500 3400
800 3400
280 1400
9700 3&00D
1500 25530
1730 3450
3200 3450
H4000 35450
4050 LY
4700 50
4800 3430

CODE 14 MAX 15T MODE P=TO=T GREATER 2451 YERSUS MAX Wala PeTO-T

YOYAGE
TaDy
3OMUS =1
207W2=]
29HHS =3
2E5MMS =T
158H1=1
131H1=2
JalBlaT
AaCBlT
34(B1=7
29CE1=4
139H]1 =8
29HMS =5
32{A1=3
141H1=8
32CB1=3
151Hi=%
163HL=8
d1Tdl=]
235K1=30
14THIw?
174H1=3
32CB1=7
25CB1=T7
29CELes
23TWl=T
AeLBle=?
2508 1=k
131H1=%
29HHS1=3
ILMMS =3
172w2=1
2llwi=1
21TWi=1
34LB1=0
34CB1l=4
129H1=2
139H1=5%
153H1=2
135H =3
163H]=5
217d2=1
34CH]1=T
29C81wma
29C81~n
178H1=3
lalHl=5%
31MMSL=5
32081=1
29HME =3
EILLESES ]

INTERVAL
ADs
Fl2es
J1819
L I-1EY
006058
DOBELA
00303C

048023¢
I040TA
022018
052088
049038
03828
02409
op3030
GOTO6C
014153
-1t Dle

TABLE XI-12

FULL BRIDGE DATA QKLY

MAK WAVE [ND4

MAX 1ST MODE
PEAR=TO=TROUGH

PEAK=T0-TROUGH
050 3459
5550 3450
3150 3500
2153 3500
£700 3500
6750 3860
8708 3500
9250 3809
9500 3500
11100 3500
20%0 3850
3500 1559
4250 3350
4600 3580
5150 3850
5600 3850
8400 3850
9300 3380
1500 3600
3330 3500
4600 34040
2480 3600
5700 3800
s690 3809
&900 3400
7900 3500
230 3600
1700 3650
2500 3650
4830 2650
4200 2550
&850 2550
7150 2850
9950 3650
10%90 650
2050 3100
2480 3100
4030 3700
4359 3700
1000 3700
7100 3700
BODD 3100
1l1s0 3700
11500 3100
1700 3750
2950 3750
4899 3750
LA90 3750
5500 3750
5580 3750

1
[
~

1



TABLE XI-13 TABLE XI-14 TABLE XI-15

FULL BRIDGE DATA ONLY FULL BRIDGE DATA ONLY FULL BRIDGE DATA ONLY
CODE 14 MAX 15T MIDE Pu¥O=T GREATER 2451 VERSUS MAX Wela PeTOaT CODE 1o MAX LST MOOE P=10-T GREATER ZKS! VERSUS MAX Wels PeTO=T CODE 1a MAX 15T MODE P=TOeT GREATER K31 VERSUS MAX Wels P=TO=T
VOYAGE INTERVAL WAK WAVE TND+ wAX 157 H05€ VOVAGE INTERVAL MAX WAVE INDa MAX 16T MODE VOYAGE TNTERVAL MAX WAVE [ND» MAK LST MODE
1304 NG P St A e 14Ds O PEAK=TO=TROUGH PEAK~TO~TRAUGH labs HOw PEAR=T0=TROUGH PEAK=TO=TROUGH
217W3=1 GLIOKE &400 1750 29MHS1=3  01518B 4500 4300 163H1=5 AEAZEE 1080 4580
23TWi=4 05219 6750 3750 197w2=] 03824 8550 %146 29HM5§=3 01415¢C 3300 4580
A5CBL-T 04113F %100 2788 29CA Lk o701 200 3108 30UHS =) azezen 253 4540
29CRL=4 B4BOZA 9750 3758 12¢a1=-11 05 TQLF 8500 100 J4CBI=T 052014 7780 4550
163H1=5 cHBISC 3lsg 2400 29CHL-s 0uB02 8750 %100 235W1=19 01521 2100 4400
163H1=5 QEB26B AGB0 860 2ZIMMS1=5 glalaE 2800 %150 151H1=1 a11331 2380 S500
25¢R1=4 053078 7140 2800 18EW2el J2447 5000 %150 217Wim1 00204¢ 4300 4600
29Ca1= LERTT 9950 3800 175HE=3 033208 5000 2130 135H]1 =5 027480 1500 4590
29MHS =8 013134 2450 2850 149H =1 025u6A 585D alss 141Hl=8 0150k 2680 4580
141H1-3 01341 4250 350 211H2=1 a3407E 2550 A150 JMMSI=E  DOwo4B 4100 4598
175M1=1 02T20A Pre 2380 148H1=1 03284 %200 4200 14TH1=3 asoT3 3000 %700
15CB1a7 Qh214F 5100 80 2LIWz=1 oDe0eC 5380 4200 175H1-1 009504 8050 700
178H1=3 azels 5700 50 211lWl=] 017158 #7040 4200 151H1=% 02826 18040 4750
042148 6200 2850 24CB1-7 o110k 11200 4200 nc81-7 Dazlac 5880 Wrsg
01319 700 2880 151H1=4 83122 2580 4280 23561=10 02228 2700 300
0&503C 10000 aas0 25HM51=3 011138 3180 4280 139H1=~% 023010 2999 4300
a8004m 10640 3530 23MM5L=13 022268 4200 4250 235W1m4 02224 3500 4100
QuIEE 750 1gon 172w2=1 05587 5250 #250 35C81=12 D3308€ 4150 AZ0L
FTTE T 2400 1900 2TCH L= B270% prted 4280 34C081=H Davozr 95090 #8300
021094 2980 %00 181H1=8 a8 TA §750 azag 29CB1-4 04TO1E L0209 prer
[TELF 4 2000 1900 141H]1=5 01702F 1538 4300 217W2=~1 DO305E 5534 &850
D3%4S 1280 2530 139H1=5 02301E 2880 %300 17uwz=1 051494 1100 %880
Gi401F 1700 3950 29MMS1a3 ogT0ED T 4240 24CA1T Q6110 10000 4450
01403C 2080 3950 145H1=1 035718 4100 %300 21MMS1~] 021250 10650 4330
07210 1580 3550 FRRLTE 004078 4630 %300 29MKS1 =8 01313C 3300 4900
oa7250 1500 1950 1758H1=3 03421 4700 4350 2BMMS j=3 011154 3602 %500
29MHS1=5 009088 B0 3519 174Wa=1 004D4E &850 %350 FLELILS! 012%4 4300 4900
17omz=1 62322 3130 1980 21 7wa=1 045264 7500 %350 284M5 =3 ozl258 5300 w900
A4CHL=& osGlan Moy 1990 29CB1~4 Q4701A 9200 #3580 165H1=2 91020 L 1Y %950
ARCBI=d 033018 12300 3980 29CB1=4 D4 802C 10300 4350 215W1=1 C15184 6§34 4950
27CBl=4 02408 2550 4000 24C81=1 061108 12300 %350 25MHS1=7  ODaDGA 4550 2000
17%H1-3 ol50e 00 &80 238W1=10 02837 1530 400 183415 088044 5000 2000
ALHMHE =8 20303E &350 %000 165H1=2 G293 1900 4400 1élHle5 417028 2080 2050
23¢81=T t20028 &700 4000 14iH1=8 01702E 1950 4400 151H1=2 Da434L 3950 5050
Z9CAL=4 QaB026 TR0 4000 235Wi=10 01522 3300 4400 235W1=19 020248 2800 5100
211Wl=1 014124 500 4800 217w2=1 003068 4050 4400 225W1=10 01824 3000 5100
34CB1~4 Q40034 10680 %000 173HL=3 0271k 4250 %400 22C81-3 00E054 5050 5106
320813 00908 3800 4080 IIMHE = 00303 %400 4400 29C81=3 04tk 8500 5100
163K1=8 087258 4000 &0%0 38CAIm12 0340TA 7150 #4400 139H}=8 028064 2050 5180
29MM5 L= 00708 4100 4050 29c81=3 029264 2630 4400 239W1=10 02634 2280 5150
131H1=3 009104 4350 #0850 163H1=5 08422 3650 4450 35CB1=7 040124 3050 5150
163H]~1 05340 4500 %080 31MESL=3 003038 5150 4450 175H1=3 032174 6250 5150
350817 041130 £900 %050 LB5W3=1 o118 5430 Wh80 29C81=4 082064 10800 5180
29C81=4 08305¢ 7430 4050 34C81=T 054031 8200 4480 141H]1=% FETE 2150 5200
25ca1=3 045438 7608 %050 172W2=1 B6162A 8250 B0 235W1=10 02329 2200 5200
29CB1=4 047018 CETT 4050 183H1=3 03720 3200 4900 14%H1=2 01828 4480 5200
29¢B1=4 048020 5800 4050 147H1=1 02849 4000 45300 31MM51=s 005D5E 8100 5200
29MMS1=5 014148 2680 4140 25MHES1=T ©03030 5300 500 38EBI=12 03407 6350 5200
139H1=1 01148 4350 4100 151H1=5 04337 7300 4800 139H] =% 024048 2100 52890

FEMMEL=3 G212%A G450 4100 23CH1=T7 932458 8200 4300 1Taw2=1 qoR07s &500 5280



CODE Ly MAX 15T MODE PaTo=

VOYAGE
LeDe
151H1=3
1T4W2=1
17ow2=1
205W2a)
21%1=-10
Iscel=lz
a9CaAl-a
A4CAl=k
141H1=-8
162H1=8
217TW2=1
31MKs1=5
J4LBL=T
141H1=
139H1=8
3Cel-a
FELL TSN
l41Hle8
170W2=1
155H1=2
163H1=5
CRL-Y
29CB1=3
16841~
F1Twhe])
1B2wW2=}
238W1=1p0
23MMS 1= T
23i5Wl=10
14lH1l=5
153H1=5
1T0w2et
155HL=3
FL 1= PR
131H1=5
FERLOETY
1b5H1=3
235Wl=10
1klHi=Y
141H1=5
25MME1=7
147Hlas
197W2=1
130H1=8
133H1=8
1i9H1=3
1359H1=%
139H1~E
153H1~E
17awWl=1

TABLE XI-16

JNTERVAL
.
od708
DB5544
GLylmh
40102
Q1123
0320&F
G4T01C
Q3m01g
317102
ouE2sh
0r30ss

a17g2¢
Q0803
o302
93218
02604
82705
a2705C
03909<
028040
0B8260
00a11a

. FULL BRIDGE DATA ONLY
T GREATER 2KSI VERSUS MAN Welg PaTO=7

HAx WAVE INDa
PEAK=TO=TRIUGH
TioQ

MAK 15T MODE
PEAK=T0=TRONGH

CODE 1» MAX 15T

YOTAGE
TaDa

139H1=5

237Wl=s

235% =10
LalHl=2
2llwlel
19TW2m]
35CBi~-12
1TawWi=]
235Wle=10
198wW2e]
14lH1=2
29CRLal
139H1 =8
23TWE=1
lalHLl=3
31MM51 =3
23HM51=T
1T0WE=1
151H1~1
1alHl=2
25HH5 L=
139H1=5
170Wz-1
141H1=2%
174w b=l
lilHl=2
239W1=10
25MMS =T
3eCal=1
141H1=5
141H1=2
23HMS =7
151H1-8
l4lKl=5

[
02806C
059274A
023048
e1llo1s
2127
02Tas
02428
olo51
012038
053514
B2404F
cEsale
oQT0TD
Q4031
T2101A
Q903086
02538
J2108

018010
oo202
Qu43s8
02005

TABLE XI-17

FULL BRIDGE DATA ONLY

MAX WAVE THDy
PEAK=TO=TROUGH
L]

HOOE P~TQeT GREATER 2KS[ WERSUS sax Wele PuTO=T

FNTERVAL MAX 15T WODE

PEAR=TO=TROUGH

TABLE XI-18

FULL BRIDGE DATA QHLY
COBE ls MAX 15T MODE P=TO=T GREATER 2ZKSI VERSUS MAX Wels PeTOm=T

VOTAGE INTERWAL MAY WAVE
l1aDa HOw
IECAL~G Fislec 4900
FLLLEYEL] 015143 9850
141Hi=3 [ L K] 25350
170W2=~1 01110 4500
235Wl=10 9131% 2700
235W1=h 91810 3250
LT15H1=1 QB0 5500
174Wl=l O&5&35L 5850
170We=1 q3837 10640

NUMBER OF DATA POINTS = a5%
KUMBER OF DATA POINTS = L1

PEAK=TO=TROUGH

MaY LST MDDE
PEAR=TO=TAOUGH

11600
12450
12500
12800
13850
13450
15050
22200
26050

_.(52:..
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plotting. This served two purposes; namely, 1) to illustrate a more useful format
if further detailed analysis of similar data were anticipated; and 2) provide for
more efficient plotting. In some instances (e.g., Examples 18-21) an additional
item of data was acquired from the tapes which could be used for further detailed
sorting. Typically, each Beaufort Sea State (BSS) value could yield a plot of data,

or, as in the cases of Figures 23-26, selected values of BSS could be combined for
plotting.

Example 8 does not lend itself readily to plotted presentation, therefore, only
the printout has been presented in this report (see Table XII). For illustrative
purposes, additional information which could help in evaluation of this type of
study has been included in the printout.

Review of Figures 7-26 indicates that, in some instances, definite trends appear.
In other instances, no substantial pattern emerges, possibly due to the apparent loss
from overprinting data, For a particular detailed analysis, alternate forms of
presentation would be worthy of further investigation.

Figures 7 and 8 exhibit clearly the effect of establishing a lower limit (i.e.,
delete data less than 2.0 Ksi of maximum first-mode stress). It is evident that
elimination of the higher first-mode stresses which are attributable to the spurious
transients, and replotting of the data, to an expanded scale would improve the
visibility. Again, alternate presentation formats should be investigated when per-
forming a detailed analysis.-

In Figure 9 is indicated the result of data missing from the logbooks. Data
handling within the computer has been prescribed to substitute a value of zero if a
data field were left blank. Thus, the indicated high stresses at BSS of zero are in
reality an indication of lack of logbook data, The apparent high stresses at BSS of
one are attributed to the spurious tramnsients in the first-mode data.

The results given in Figure 12, are indicative of relatively sparse data on
draft recorded in the logbooks.

The effect of experiencing first-mode slamming, as evidenced by possible action
by the ship captain to change speed, introduces an interesting set of data (Figure
13). While the preponderance of data indicates little, if any, change in speed
from one 4-hour period to the next, there does appear to be an incidence of increased
speed. Review of the logbooks in these instances indicates some anomalies. In many
cases the ship was hove-to when it experienced slamming, but the weather improved
sufficiently during the next four hours to permit getting underway.

Figures 14-20, taken collectively, show the obvious trend that beam seas are
avoided in heavy weather. TFurther refinement of these data, as for example,

determining the average RMS stress for each BSS might be of benefit in amnalysis of
such data.

Figure 21, as in previous results, does not indicate clearly where the bulk of
the data fall due to overprinting of data points. A total of 4,528 data points have
been plotted and the tabulation in Table XIIT shows the degree of overprinting,

From these data, the average observed wave heights have been determined and plotted
as filled circles on the figure. The average heights appear quite reasonable, even
though certain of the logbook entries are questionable and tend to bias the average
(e.g., 16 data points actually recorded as 35 to 40 feet—-which are plotted as

38 ft.-—result from the inclusion of long intervals). Again, it should be noted
that for these examples, all intervals (whether regular or long) are included, and
thus tend to skew the statistical sample toward the severe weather conditions,



TABLE XII - PRINTOUT OF EXAMPLE NO. 8

CODE §47MAX 13T MODE BEAR=TO=TROUGH GREATER THAN ZKE1JLIST COMMERTS

VOYAGE INTERVAL HAX LST HODE COMMENTS
Tebu NOx PEAK=TC=TROGGH_
139H1=5 02402 - PITCH  ROLL MODERATY
139H1=5 024024 2000 PITCH  ROLL M
TTLA3HL=1T Tple20 2000
1834 4402 2000 _ - e
163H1=5 C&503D 2000 HOVE TO
163H]1 =5 058050 2000 _ _ PLTCHING HEAYILY _
1T0W2=1 03934 2000
217Wael QOADTC 2000 PITCHING HEAVY
TTELTW2e] Goa0pN 2000 FLTCHIRG HEAVY
21Tw2el ooe0%A 2000 e [,
21lWl=1 Ol8L4E 2009
23TWleT G4502F 2000 MOLL AND PITEH
25CBl=a o202 T 2000 SEAS OVER MOW
23¢Bles Qoabak 2000 OCC SLAMMING
ZICEL=G GOE0EA 2000
3OMM51=1 0292% 2000 PITCHING DEEFLY _  _ __
BIMMSI=1"  02324A 7T zooo LABORING HOVE TO
25HME 13 021290 2000 _ HEAWY PITCHING HEAD_
A0MME1=3 T Oll0%A T aepo PITCHING MODERATELY
A04M51=3 018130 2000 VESSEL ROLLEING EASY
IEAST=3 DEAOSE 2004 PITCHING DEEPLY
1T5H1el 92122A 2006 _ __ MOLLING  YAWING HEA _
T O1TSHI=T T TTDOMAY T T T 2000 PITCH MOD NOLL EASY
1T5H1=3 011337 2000 PITCH HEAVY AOLL
- VESSEL WOVE 10
5LAMMING

REOUCES SPEED AVSED
BITCHENG HEAWILY

PITCH HEAVY ROLL EAS

ROLLING AND PETCHING
_ ROLLING FITCH HOD .

PEITCHING WEAVY
PITCHING ROLLIKG WE
")

PLTCH HD
23TH1=10  §TH04 2010 PITCH AND ROLL HEAVY _
23¢B1-3 00411 2030
25CH1=7 02003¢ 2030
3aCALed 039024 2050
34CBL=4 040018 2080
ZVCEI=T 027248 2050
32CB1=2 00201 2680 L
32813 01009 T 2080
12813 0100%€ 2030
33CB1=T 039404 2050
__3MMSI-1_ BiTieE 2080 ICING O DECK _ HAT

CADE dr MAX 15T MODE PEAN=TO=TROUGH GNEATER THAN ZRITALIST COMMERTS

VOYAGE
Tale
29MME L=
2BHM5 1=
2A5MME] =T
LI ELENES )
ABMMEY =4
1hSHl=1
181Hi=}y
1a5H1=3
168H1=3
LaTHla%
191HI=5
15%HL=1
143H]=3
iTOWz=1
170wz~
209Wi=1
1Tawzay
1TaN4e]
1Tawz-1
1T8W2=1
23TWi=-n
23TWL=T
23TWi=10
32CBl=11
JaCBleh
Jucel=?
I5CE1=12
29CBL=3

L88%2=1
TR =4
2llWl=}
730817
ACHL=T
33CB1=8
2rcel=3

TABLE XII-2

ENTERVAL MAX 15T MODE
LI:1} PEAK=TO=TROUGH
02225¢C 2050
p2azve 2050
002024 2053
OhlaC 2050
03251 2050
LEITES 2050
01282 2050
00212 2050
01727 2050
05010 2100
On&3s 2loe
Q3731 2100
08321 2100
01814 2100
02T 2100
00103 2lo0
05952 2100
005054 2100
LELLY] 2100
Dkt Gh 2100
0392TE 2100
0660&C 2100
or12% 2100
057014 2100
Danlle 2100
04009F 2100
03208 2100
Qahh2h 2100
o1s11¢ 2100
al2s3 2100
03017 2140
Ol2604 2100
Dlaly 2180
03042 2189
01521 2150
J1348 2180
901014 2180
00203 21%0
dO5054 2180
G 3354 2150
Oaa02h 2130
QB nh 1%
ael02D 2110
02E31E 2130
082304 2130
g21l9 21390
035204 2190
(L3014 2148
d1004 2199
Chdhah 2130

COMMENTS

HEAWY SEAS
MEAYY ROLLING MOD LA
ROLLING PITCHIAG LAR

PITCHING MODERATE TO
RCLLING  PITCHING M
ROLL  YAW MOD LY
ROLL PITEH ¥AW MEAYD
ROUGH
PITCH HEAYVY ROLL MOD
ROLL  Yaw EASY
CLOUDY VESSEL ROLLIN
ROLLING HOD TO HEAY
ROLLING AND PITCH W

ROLLING PITCH YAW H
ROLLING PITCH HOD

MED SPEED TO PREVEN
ROLL  PITCH HEAVIL

ROUGH SEAS

PITCHING HEAWY AT

PASSED THROUGH CoL
ROLLING  PITCHING H
ROLL W30 PITCH DEEP
ROLL HODw PITCH DEEP
PITCH ROLL MO
RIDING EASILY
PITCH ROLL HEAVILY
PITCHING AOLL MOD

PITCHING MODEMATELY

ROLL AND PITCHING HE
PITCH  ROLL HEAVILY

AOLL PITCH YAW HEAY
PITCH ROLL HEAVY
ROLL PITCH MOD TO H

PITCHING  HEAYY

PITCHING HEAVILY

CODE #» ®WAX 15T MODE PEAK=TO=TROUGH GREATER THAN TRETILLST COMMENTS

YOVAGE

31MMS L=l
25MHS 1=
ZEMHS1~T
T41H1=3
183H1-1
139HI=1
139H1e3
102H1e]
143H1-1
14H1=2
1Tewzel
17ai3=1
1T4whal
21TWz~1
FiTWgel
188W2e1
Zlinlel
237W1-1
217W1=10
24CHIeT
24C8l-7
145817
3aca1-1
2%CBI=h
azcml=-7
LRLLEYES S
1TMMS L=y
ZAMHE L=
173H1=1
173H13
183r1=3
L39H1=5
13H1=8
139H1-5
13iH1-8
163H1~1
1b2H1-3
143H1=3
17hwz=]
1Tawg=1
1Taw3=1
27wie1
217Wam1
217Whal
24c81e3
34CR1ma
29c81-3

TABLE XII-3

ENTERVAL MAX 1ST MORE
N PEAK=T0=TROUGH
08204 218
ONOTD 2180
0100%¢ zis0
aLiila 2180
028238 2130
Q707 2180
ais4ac 2130
oalss 2200
o1316" 2200
02303E 2200
00607 2200
029344 2200
21220 2200
EH) 2200
] 2200
01818 2200
004570 2200
G0S0B0 2200
02348 200
920180 2200
6301 2200
ovEzs 2200
09201F 2200
093040 2240
4005 2200
ab110F 2200
C40EE 22400
CAO0LA 2200
51813C 2200
93238 2200
OI814E 2z00
az1220 2200
o2ion 2200
02204 2280
023018 2280
a3ngec 2250
k010 2250
04335¢ 2250
o410 2248
OhECH 1280
oTOON 2280
SOBOTA 2250
0946348 2250
CASASA 2250
L1381 2280
91314 2280
02920 2250
8048 2280
G4106A 2280
Qéddn 2280

COMMENTS
FPITCHING HEAVILY RE

PITCHING YERY HEAWY
ROLLING  PLTCH MEAY
OCCe POUND=NDDY PITG

ITCHING
PITCH

MOLLIAG M
ROLL MOD 5OM

JHCREASIHG WIND 5w
CLOUDY YESSEL ROLLIN
ROLLING PITCH YAW H

ROLLING PITCHIAG EA
PITCHING HEAVY

PITCHING HEAVY
ROLL WOD TO HEAVY

PITCATHE HEAVILY RE
ICING OVERALL

ROLLING  PITCHING D
HOUMTAIHQUS SEAS S
ROLLING  YAWING HEA

PITCH MODe TO HEAWYs

PITCH  ROLL MODERAT
PITCH ROLL MODs
PITCHING AND ROLLING

ROLLING  PITCHING H
VEASEL ROLL PITCH
PITCH  YAW MOD LY R
PITCH HEAVY

HOLLING PITCH YAW H
ROLL PITCH YAW HEAW

PITCHING HEAVY

FPITCHING HEAYILY

1
(9]
=

I



TABLE XII-4 TABLE XII-5 TABLE XII-6

CODE 84 WAX LAT YODE PEMK= COOE s MAX 1ST HDOE PEAK=TO=TAOUGH GREATER THAN 2KS1sLIST COMMENTS CODE By MAX 15T MOOE PEAK-TO=TROVGH GREATER THAN ZRE1sLIST COMMEWTS

WOYAGE INTERVAL

TROUGH GNEATER THAN 2K534LLST COMMENTS

YOYAGE INTERYAL WAX 18T MODE VOYAGE THTERYAL MAK 15T MODE HAX 1ST MODE COHHEN
T N PEAK=TC=TRIUGH COMHENTS Lolse, e PEAK>TO=TROUGH ConmERTS LA tenase PEAK=T0~TROMGH Ents
- Q6947 e FITCH HEAWY - & 2350 NCLLING EASILY - 200 ROLL AND PITCH
2MNSIe3 Q24280 2295 HEAVY P TEHING Jelniel o1s6s 2230 RobERATE moLCinG T JeEBL-T  D370e4 2200 !
25MN5 =Y 0ahiBE 2390 HEAYY BITCHING 182H1=2 0&024 2600 N f ot 059044 25800
175H1=3 021084 2250 PITCH MODa TO HEAWYs 132H1-3 oonol 2400 23chl=1 032434 2300 ROLLING MEAVY
173H1-3  odalrc 2290 NOLL MODy PIYCH DEER 13015 023030 2600 PITCH  ROLL MOD $0M Jani-lz aanc 2500
14iHl=3  plilsc 2280 ROLLING MODERATELY 151415 041334 2400 ROLLING AND PITCHING Hea- ozl 2100
03040 2300 AL MOD LY 163Ml=8  oatns 2400 VES RUNNING BEFOAE 3ico1a oaeose 2300
00341 2300 PITCHING MIDERATELY 163H1-5 06907 2400 VESSEL. AOLLING 32ch1ma oliies 2500
01617 2300 163H1=2 o7ela 2400 VESSEL ROLLTRG Mop L IMASL=T  004D4 2500 ROLLING  PITCHING W
oIT084 2300 PITCHING AND ROLLING 119w2=1 0908 2400 EIMMIL=T  D0WDaC 2500 ROLLING  PITCHING H
oBa03 2300 NOUGH 172421 02222 2400 PITCHING AND ROLLIN 178512 o2114k 2500 SITCH WOD To HEAVY A
Q0404D 2300 ROLLING WIOLEWTLY 172W2=1 o5960 2400 ROLLING EASY 141M1ea 013418 2360 PITCH  ROLL WOD DCC
o1m0m 2300 PITCH  MOLL EASY 21TWiel 01103€ 2400 139M1-5 oza01¢ 2510 PITCH  NOLL MODERAT
B4503A 2100 HOVE TO 2173l 013058 2400 163K1~4 PEFLLTS 2580 PITCHING  AOLLING H
03723 2300 ROLL PITEH MOD TO W 221W1-4 02039 2400 183013 07412 2550 ROLLING  PITCHING M
o181 7300 ROLL EASY #1TCH NOD 100nze] 02982 2400 ROLL PITEH MOD T8 HE 1%4az=l 08351 2530 ACLLIAG WETCH YAW H
ds3cie 2300 25C81=% 00303F 2400 SEAS OVER BOW 193u2~ a090% 2550
004048 2300 0CC SLAMMING 33C81-0 03927 2400 JacHl-d 239028 2550
as301c 2300 35CBl=12  03M04D 2400 ;:5::'; g;::;; 2530
Q0908E 230 29C01-4 L) 2400 PITCHING HE : 2530
oL1103 2300 32C81=3 008078 2400 i O HEAVILY. RE [t 01108 2990
Biei8d 2100 HEAWY BITCHING IMESIe1  B13LaD 2400 ROLLING MDD 29012 o25238 2530
23MHS1=T 006040 2300 ROLLING  PLTCHING M 3LMH51=3 00202 2400 VESSEL MITCHING DEEP [0 Qeha2l 2590 PASSED THROUGH £AL
175H1~1 02728E 2300 ROLLING MOD, 31MMSI=3  0O#0SD 2400 PITCHING DEERLY 29Ch1-2 D4442C 2550 PASSED THAOUGH COL
145H1=1 03470 2300 PITCHING ROLLING WEA 3AMMS1=d Q32818 2400 29CB1-4 03004 2910 PEYCHING HEAVILY RE
149H1=] 015e04 2350 ADUGH IMHSI=L  03BNT 2400 12¢81-3 010080 2580
135H1=5 024028 2380 PITCH  ROLL “JDERAT 178H1=1 Da1z2w 2400 ROLLIAE  YAWING WEA I3Ch1~T QR113E 2%99 PITCH AND ROLLING
130H1=3 028020 2350 PITCH  ROLL HODEMAT 145H122 04903 2400 ROLLING PITCHING HEA IMHS1=3 012144 2510 PITCHING HEAVILY MOL
195H1-3 027058 3m0 PITCHIAG ARD ROLLING 165H1-2 21131 He ROLL PIYCH VAW HEAW] IHMMSL=1  02327C 2550 HEAVY ROLLING MO0 LA
14THI=5 FEH 2350 BUsH 143H1=1 e 2450 ! 25MMSI~) 028790 2550 PITCHING VERY HEAVY
151H1-3 012024 2350 ROLL HEAVY 135H1=3 Q17100 Zus0 31MMSLe3  DD303C 2550 LIGHT SLAHMING
151HL=5 042340 2350 MOLLING EASY PITCHIN 2650 ROLLING ¥{OLENTLY 175LL-0 031184 2550 WESSEL MOVE TQ
183H1=5 oTall 2350 ROLLING 30/&0 DEG 24350 PITCH ROLL HEAY LY I61H]=1 [LT.1 F4 25850 HEAVY RALLING PI1TC
197W2=1 03424 2380 RGLL RITCH MOD TO H 2850 RIDING EASTLY 139HL=3 QATONE 2600 PITCHING AND ROLLING
174w3=] 04345 2350 2450 14THL=1 27083 2600
1Tupin] 90101 2350 ROLLING PITEH HOD 2450 PITCH  WAN MOD LY R 151H1-4 04828 2800
Z11Wl=l 017150 2350 2450 MOLL PITCH Yhil HEAV 163H1-5 06803 2600 HOVE To
¥cBlmg as0134 2350 2430 AOLLING FITCH HEANY 713W1=1 01211 2600 ROLLING AND PITCHIN
IncI-7 oR302E 2350 Frer PITCHING MOD REDs 21iW1-1 012118 2600 FITCHING HEAVY
34cBla? 039080 2350 2430 ROLLING  PITCHING E e 0Z018F 2600
29813 o2TR4D 2350 Fper RITCHING MODy Z3TN1=10 072044 2800
29CEL=a 08004k 2350 PITCHING HEAVILY AE 2640 RITCHING DEEPLY 34CALed 03502 2600
3MMsL=-1  plalam 2350 TCING OVERALL 2480 FITCH  ROLL MOD DCC 24C81-4 05013F 2800
Z5MMS1=5 00303 2380 HEAWY PITCHING  WOL 2450 13¢81~7 003838 2600
2EHMSL=T  DOTOTA 2350 ROLLING  PITCH HEAY 25040 298G 055094 2600 PITCHING HOD REDy
EMEI~2 DelZeH 2350 2500 O CAST DEC L L RATH 23MMS1~1 03229 2600 HEAWY SEAS
161H1=1 01615 2350 AOLLING EASILY 2500 NGLL PLTCH MOB I7MMS1~k 03539 2600 PITCHING HEAVILY
175H1l=3 033204 2350 RAILL PITCH MOOD 2100 IOMMS1=3 0123118 2600 ROLLING PITCHING R
175H1=3 01825 2350 ROLLING  PITCM MODs 217Wam1 02808 2500 ROLL AND PITCHING M 141H1~5 2207 2600 PITEH  ROLL MOD
175H1=-3 04028 2350 MOLLING  PITCH MODa 150W3=1 03131 2800 WOLLING PITCHING HE 15541-1 1552 2850 ROLLING  PITCHING H

-.ZS_



CODE 84 MAN 15Y MODE PEAK=TO=TROUSH GMEATER THAN ARS1ALIST COHKENTS

VOTAGE
Ta%s
L38H1=%
1&3HLm]
163H1~3

aacal=7
ISCBl-12
20CHl=3
29CH1=3
I5CB1mT
29HM51m2
29MM5 L=y
28HMEL=
l181Ml=]
151Hl=1

163H1=%
1741wl
174 4=l

217W3
21TWh=1
21TWi~1
1BEWZ=1
32CHLw2
52CB1=3
L6LlH1-1

TABLE XII-7

INTEAVAL HAX 15T MADE
e PEAK=TOmTROUGH

62503

059848 240
0agss 2830
0373k 2ido
agz020 26890
oi977 2490
063034 2600
Q044D 2890
052008 2850
D022 2550
03I 104E 2650
003104 26350
D2234 2640
OA214E 2650
0L&1%A 2850
018164 2850
022264 840
01787 2650
a1msh 2680
01122 250
D144 2809
01343 2100
ol&2ec 1700
0z503¢ 2100
03909 27100
LEELIEN 1104
053018 2100
036248 2106
05304C 2100
QAT08C 2100
04500C 2100
04391E 2700
083098 2100
04711C 2100
[IETT 2100
04214 2100
13X 1) 2104
0504 2700
BleDI M 2100
C2804C 2750
oaris 2750
glzisc 2758
40101 2150
Gl20uF 2750
03718 2740
QOTOEC 27190
u2e518 27190
00505C 2159
00B0TE 2150
0217 2188

SOMMENTS

PITCH  ROLL MJD §0M
INCAEASTAG WIND 5w
RALN ROLLING AND PTT
AOLLING PITCHING MO
MCLLING PITCH HEAWY

OCC SLAMMING

PITCH AND ROLLING
K LY STORM

VESSEL PITCHING LA
HEDENATE MOLLING
HODEMATE PITCHING

RILL ARD PLITCH HEAV]
FITCHIKG AQLL MOD

PITCH  AGLL MOD SOM
FITCHING AHD ROLLING

F GLOUDY ROLLING MOD

PITCHING MOD REUs
PITCHING MOD RECe

PLTCH AND ROLLINSG
VESSEL PITCHING HEAY
PITCHING DEEPLY
SLAMMING
FITCH  ROLL HODERAT
ROLLING EASY

ROLLING AkD PITCHIN
ROLLINKG PITCH KOD

ROLLING AND YAWIKG
ROLL PITCH HID TO H

HODERATE PITCHING

CODE &1 MAK 15T VYODE PEAK=-TO=TROUGH GMEATER THAN ZKS1eL1ST COMMENTS

VOYAGE
LaDs
168H]=3
139+ a5
139H1a8
139H1=5
217Wia}
21TwWiay
FELLYER]
RCElmT
29CR1-T
33C81=g
2FCB1mk
32CR1e3
30MHS1 =]
24MES T -t
A1MHS =3
JLIMNS 1=
I1MHS =Y
14THLI=1
174H1=3
178H1=3
141HL=3
1eaHl=]
141H]=3
LaSHlmY
183H1=3
139H1=%
13%H1=3
1&7Hlm

[LELIEE]
17kwin]
25CB1~Y
25CB1=-7
29CBl~3
29CBL=-4
29Ce1=7
a2cel-3
0MM5]=1
25MMS =T
JLHHEL=3
175HL=1
L4lHL-%
130HL-3
136H1=3
178w 2=l
211Wl=1
J4CBLl=T
Iscal-l2
29CRL~4
29CHEL-4

TABLE XII-8

INTERVAL HAE 1ST MADE

KOs PEAK=TC=TROUGH
LECTEY
d2903F

Q8307

CONBENTS

ROLL AND PITCH HEAWI
PIFCH  ROLL KOO 50M
PITCH  ADLL MCDERAT
FITCH  AOLL MOB,

OCC SLAMMING

PITCHING MOD MED.

ROLLING PITCHENG WD
PITCHING MOD TO HEAY
COHFUSED SEAS  SWEL
PITCHa MODs
FITCHs 0D

PITCH MOD TO HEAWY A

MOLLING  PITCH NOD

PITGH  NOLL MDD

MITCH MOD ACLLING EA
PFITCH  AOLL MODERAT
MOLL AND PLTCH HEAVE

PITCH  ROLL Mobs
PITEHING AND MOLLING

YERY MOWGH VESEEL IW

RALN ROLLING AND PIT
FULL SEA SPEED
PITCH MOD

PITCHING

PETCHING HEAWILY ME
PITCHING MOD RECH

ROLLING PITCHING MGD
MOLLING  PETCH HEAY
PITCHe MIDa

ROLLING MODa

FITCH  ROLL HEAVILY
PITCH  ROLL HODERAT
PETCH  AOLL HaD S0H
ROLLING PITCHING PO

PITCHING HEAVILY AE
PITCHING HEA¥ILY AE

CUDE 8¢ MAK 15T MOOE PEAK=TQ=TROUGH GREATER THAN 2KSIsLIST COMMENIS

VOYAGE
1sDs
29HMEL =5
ETEL ]
178H1=1

3
29C8 =n
FELLEYEE]
LT ]
la7Hl=1
181H]=3
131Hi«%
19892=1
A3In1=h
23IW1=4
188l
218Wl=1
A3CHL=a
1hCAle=y
3LCHLmk
3aCBl=7
29CA1=-4
32CB1=3
APYHS]m]
lilHl=3
188H] =)
151H1=]
163M1=
163H1=]
217w2=1
A15W1=1
ALCAL=T
29CH1=7
290 i=4
2EMNE L =3
31MES]=3
131H1=3
Le3HL=1
163H1=
163H1=5
1T2w2=1
217u2=1
211wWl=1
Jacel=7

INTEAVAL
N
Glizae
ooE06

a6518
SEL02C
11 H)

02526

003040
o014
QBE05D

TABLE XII-S

MAX 15T MCDE
PEAR=TO=TROUGH

COMHENTS

PITCAING DEEPLY
PITCHENG DEEPLY |
ROLLING  YAWING HEA
PITCHIRG HEAWY

ROLL PIYCH YaW HEAV]
ROLL FETCH AW HEAV]
g

NOLLING EASY PLICHIN

ROLL EASY PITCH MOD
FITCHING

PITCHING HEAVILY RE
PITCHING MODERATELY
PITLHING DEERLY
MOUGH
SPEED REQUCED TO AvQ
PITCH HEAYY ROLL EAS

ROLL EASY
_HEAVY POUKDING

ROLL PITCH MOD TO K
ROLLING AND PITCHIN

PITCHING HEAYILY AE

ROLLING PLTCHING #OD
PITCH  ACLL MAD

HOVE T0 STAONG NW 0k
YESSEL MOLL  PITCH
O CAST FOO PATCHES

ROLL MOD

PITCHING HEAVIWLY
HEAWY PITCHING
PITCHING DEEPLY
PITCH HEAWY MDLL EAS
ADLLING  PLTCHIMG H

RED SPD TO PMEVENT P
ROLLING HEAYY

|
(S
T



TABLE XII-10 TABLE XII-11 TABLE XII-12

CODE B4 MAX 15T MODE PEAK-TO=TROUGH GREATER THAN IKS[+LIST COMMENTS
CODE 81 MAX 157 WODE PEAK=TO~TROUSH GREATER THAN 26SDsLIST COMMENTS
CODE W¢ MAX 1ST WODE PEAK~TO-TROUGH GREATEN THAX 2KSIsLIST COMMENTS VOYAGE INTERVAL MAX 15T MODE COMMENTS
¥OYAGE INTERVAL MAX 15T MODE COMMENTS TeOa MOy PEAK=TO=TROUGH .
VOYAGE INTERVAL HMAX 15T HODE COMMENTS i HOg PEAK=TQ=TRIUSH 10MMS1-] 08244 1450 PITCHING MEAYILY &
14Dn HO. PEAK=TO=TROUGH 29CB1~? 05417 1239 PITCHING HEAVILY I0MMSI=3  G3311n 1380 ROLLING  BITEAING W
A3ACHL =B Q39274 Ao 29CB1=4 0&TD10 azma - PITCHING MEAVILY _ 155H1=1 [ETTTTY 3500 FITCHING HMEAVILY
As{Bl=12 0323%E 3100 PITCHING HEAVY AT Z9CBled 31080 3219 PITCHING HEAVILY ME 151Ml~3 003030 ELTT ROLL AND PITCHING HE
ICBI=12 032040 3100 JLEMSI=L  p1714A 3230 ICING ON DECK  WAT 34c81-7 053024 1500
32¢B1-3 B1116E 3159 314MEL=5  0OkD&A 2240 PITCHING DEEMLY 340817 051028 3800
32¢A1-3 03216E 3160 i 141H1=3 o113 3210 ROLLING MODERATELY 24CBLaT 04403 3500
ALMAMS =] Gl5I3A 3lon ICING OVERALL LalMlwd a1eal 3250 SLAMMEING 29CBLak 049030 3800 PITCHING HEAYILY
259M5 =3 012168 3100 PITCHING HEAVILY ROL 165H1=3 03345 2300 NOLL AND PITCH HEAVE 29MMETa 008094 1580 ROLLING  PITCHING H
3MMS1=5 003034 3100 LIGHT SLAHMING 151H1~5 Gandeh 3300 PITCH HEAWY ADLL MGD 28MM51=T  posdED 3500 ROLLING  PITCHING W
175H}=1 Q27280 300 ROLLING HODa 163H1=5% oRa2an 3200 P CLOUDY ROLLING HID 1301 =1 02907 3550 PITCH ROLL NDD»
1a1HL=8 63217 1100 ROLLING EASILY PITCH 174W2=1 082404 3100 ROLLING PITCH YA H P 043358 3350
165HI=Y 00313 3160 ROLL  YAW HOD LY 3LBl=T 024034 3300 163H1=1 065033 %50 HOVE TQ
163HE=3 017274 a1o0 ROLL PITCH YaW HEAWI 25CR1mG 04BOZE 3300 PITCHING MEAVILY 217W1=] 0090k 3550 AOLLING YANING HEAY
T65H]=3 Q2424 3150 ROLL PITCH YAW HMEAW] ELETES BYY D181%E 3300 H LY STORM 2CR1=3 01005FA 3550 .
165H1=3 04458 3150 AOLL HOD PLTCH HEAWY ILMHE1 =4 002028 2308 VESSEL PITCHMING DEEP 32cm1o2 010097 2550
135H1=3 ozanze 2150 PITCH  ROLL MDOERAT 13941-2 02808 3380 STEADY 29MM51=3 001014 38850 VESSEL AOLLING P17
197u2m1 a3p2s 3150 ROLLING PITCHLKG EA 137K1=8 040104 3380 PITCHING ARD ROLLING 1a1H] 03615 aa5g ROLLING EASILY PITCH
23Td 1=k O3320A 3lso 131H1=3 003038 3380 ROLL AND PLTCHING HE 235wWl=10 P13 ELLL] .
28CBI-12 03305 380 151H1=4 046308 3350 237Wl-7 065030 2600
320811 20B0TA 180 bEER 34CAL=T 08908E 3330 FACB1=4 LLFI P 3800 SEAS OYER BOW -
175H1=1 030178 3180 s BN R 28€B1=1 80910¢ 3330 ) 250887 p1902¢ 3600
168H1=3 ool 150 ROLL PLTCH HMOG L 29CBilwa £33074 1240 PITCHIKG HEAVILY RE JuCBl=T a8201¢ 3800
159H1=1 ozRaE azou ROLLING EASY 25MHS1=3 e225C 2359 HEAYY PITCHING HEAD 29C8 -4 DE4084 800 PITCHINS HEAVILY AE
LAgH1=a QIBOAA 3200 PITCH  ROLL HDﬁ;D L 135H] a8 02606E 3400 MITCH  ROLL MODERAY 32CR1-1 o4102A 3500
163HL=% 07812 3200 VESSEL ROLLIKO eep 137H1ag 0270%E 2500 PITCHING AWD ROLLING 16TH~E o802 3600 MODERATE
170u2e1 01817 300 POUNDENG RED § Toou 147H1=2 67710 P AQUEH 173K1=3 034714 1500 PITCHING MODEMATELY
197W2~1 03821 1200 ROLL PITCH “39 151HI=B 03324 05 BITCH  NOLL EASY 1ntHi-n 61606 Eret PITCH  ROLL MOD,
203n1e] 03312 3200 S S 163MH1=8 Dab24 3400 P CLOUDY MOLLING MOD 1720201 02324 1850 PITCHING MOD
217W1=1 007048 3200 ROLLIAG AxD 17uwz=1 44947 3400 1Tzl 008024 3430 PLTCHING MEAVY
238K 1=y nzez2A 200 23w lms 051188 400 211N1=1 FSETE 3580 PFITCHING HEAWY
INCH1=4 049128 3200 25C81=7 a381BC 3400 PITCHING 14CB =5 03801 580
ey 3200 siais  basaie 35 emiane,  o3enac ] ROLLING  PITCHING H
ceL=y 003434 . 34CH1~ i51m 2450 LLIN
Iooi-e  baerom 3200 PITCHING MOD MED. ascpl=lz  p3zoac 3400 BITCHING HERvY AT Ieios  oesoen Jone PITCHING DEERLY
A4t o A H411 RITCH HOD 25cE1~4 At oy eos FLTCHING MoR REDs issH1es oowo1n jro0 BITCH  ROLL MODERAT
- Q4012E Pl AZCBl=3 Ki=t BQuA aTen
;;E:_&,;:n 01214€ 3200 PITCHING HEAVE:; H°_'; ROMHE1m] a090aD 3480 ROLLING  PITCHING H i;:ﬂ}.-ﬁ g:ag“ 1700 STEADY
25MMS1e  01314D 3200 HOUNTA Lo 29MM51~3  O131AE 3400 ROLLINS MODs 163K1-5 06503¢C 3700 HOYE 10
20MME 11 002378 3200 PITCHING HEE;EV R Z9MMS1=8  01313F 1400 PITCHING DE "y T S89235 3740 FULL SEA SPEED
20MM5I=3 02118 azng :};E:::s gEEP" 3IMMSI~E  00S0SE izgg PITCHING DEE! 217u2m1 004074 3700 PETCHING HEAVY
- 0060&E 320 ZEMM5] =4 037564 =7 EFLE] 3Teo
i:?:?if 0356 az00 “095“*“”” 175H1~1 02223 3400 AGLLING YAHFItNG HE; i;‘éii.* &.ma 3700 PITCHING HEAVILY
175H1=1 027208 3200 ROLLING ' 175H1-3 01704 3400 PLYCH HEAVY) You. acois 4 3100 PITCHING HEAVILY RE
1TAHL=3 D3zl 3200 THG YAWLNG RITCH 181H1=1 02a&41k 3580 FlOLLINEEE SIL o 01204E arag
1&5HLmL LFELY) 3200 RALL NG AND AGLLING 14TH1=% 11233 3430 KODERAT M 05318 178n
139H) =5 oawasn ;i:; g;:é::uc ROLLIAG H 151H1=5 Ozals :::g Ei?éﬂﬁugﬁs:kﬂ. EASY 29CBI-4 DaAnh 3750 PITCHING HEAVILY
‘;:::i:; 3;3.?38 3250 CLOUDY WESSEL ROLLIN i:;:i-i 3332331 ELELS RAIN ROLLIKG AKD PIT 320812 0070860 3180
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TABLE XIIT - MODIFIED

PRINTOUT OF EXAMPLE

TABLE XIII-2

SEAUFURT SEA STATE= §

WAVE HEIGHT = 2

NOe OF DATA POINTS=

29

TWAVE HEIGHT = 3 NUs OF DATA POIRTS= 5@

NO.16 WAVE HEIGHT = & NOs OF DATA POINTSw 34
s ~ WO, OF DATA POINTSs 81
WAVE HEIGHT = & NDs OF DATA POINTSs 146
S + OF DATA POINTS 7
WAVE HEIGHT = 8 NOs OF DATA POINTS= 69

WAVE HEIGHT © § WUs OF DATA POINTS=" 29

BEAUFORT SEA STATE=s &4

- WAVE HEIGHT = 10 NOas OF DATA POINTS= &1
IAVE HEIGHT = 117~ NOws OF DATA POINTSs &~
[ El L]
WAVE HEIGHT = 1 NOs OF AATA POINTSe 239 Ll LA, LA T N
WAYE HEIGHT = 2 NOs OF DATA POINTSs 239
WAVE HEIGHT = 3 NOWw OF DATA POINTSE 352 . ol _
AAVE HEIGHT = &4 MOa OF DATA POINTS= 355 WAVE HEIGHT = 14 NOs OF DATA POINTSs 2
WEVE HEIGHT = 5 %0« OF DATA POINTSa 199 WAVE HEIGHT = 15 NOs OF DATA POINTSe &
WAVE HELIGHT = 5 NOs OF DATA POINTSe 37) WAVE HEIGHT = 186  NDs OF DATA POINTSs 34
T WAVE HETGRT =7~ 7 THO« GOF DATA POINTSe 325 WAVE HEIGRHT = 17 HOs OF DATA POINTSe 2
WAVE HEIGHT = 8 ND« OF DATA POINTS= 28 “WEVE HEIGHT = 18 M0s OF DATA POINTS®
WAVE AFIGHT = § ~ ~ NOv OF DATA POINTSs 1 WAVE HEIGHT = 20 MOs OF DATA POINTSs 7
WAVE HEIGHT = 10 NDs OF DATA POINTSs & TWAVE HEIGHY = 25 NG« OF DATA POINTS= 3
WAVE HEIGHT = 12 NOs OF NATA POINTSa 1
WAVE HEIGHT = 15 N3s GF DATA POINTS= H
T WAVE HEIGHT = 20 ~~ NOs OF DATA POINTSe 1~ BEAUFORT S$FA STATE= 7
WAVE HEIGHT = 30 NG« OF DATA POINTSa 1
WAVE HEIGHT = 2 NOs OF DATA POINTSw 7
FEAQFORT SEA STATE= 5 WAVE HEIGHT = 3 NQs OF DATA POINTSe 26
WAVE HEIGHT = & NOs OF DATA POINTSs 12
WAVE HEIGHT = 5 NOs OF DATA POINTS= 23
WAVE HEIGHT = NOs OF DATA POINTEa 12 WAVE HAEIGHT = & NOs OF DATA POLINTSa &0
WAVE HEIGHT = 2 NO« OF DATA POINTSa 7% WAVE HEIGHT = 7 NGO« OF DATA POINTS= 38
WAVE HEIGHT = 3 NOs OF DATA POINTS= 169 TWAVE HEIGHT = 8 RGe OF DATA POINTSe 924
WEVE HEIGHT = & NG« OF LATA PGINTG= 194 WAVE HEIGHT = 9 NOe OF DATA POINTS= 38
WAVE HEIGHT = 5 NOs OF DATA POINTS= 230 TWAVE HETGHT =16 FOs OF DATA POINTSe 92
THAVE HETGHT = &7 7 RO« OF DATA POINTSa 182 ~ WAVE HEIGHT = 11 NCe OF DATA POINTS= 14
WAVE HEIGHT = 7 NO« OF DATA POINTSa 61 WEVE HEIGHT = 12 fOs OF DATA POINTSa 31
T WAVE HEIGHT = 8§ 7 T NGs OF DATA POINTSs 71 WAVE HEIGHT = 13 NOe OF DATA POINTSs 2
WAVE HFIGHT = 9 NCs OF DATA POINTS= 10 WAVE HEIGHT = 1& " NOs OF DATA POINTSH 1
TAVE HEISAT = 10 NGe OF DATA POINTS= 195 WAVE HEIGHT = 1% NC+ OF DATA POINTSE 16
WAVE HEIGHT = 11 NOs OF DATA POINTS= 43 TWAVE HEIGHT = 1T HO« OF GATA POINTS: 5
TWAVE METGHT = 17 " NOe OF DATA POINTSa 9 WAVE HEIGHT = 18 MOe¢ OF DATA POINTSs 3
WAVE HEIGHT = 13 NOe OF DATA POINTSa 1 W = 0 -
WAVETHETGHT = 15 THOs OF NATA PGINTS® 3 WAVE HE1GHT = 25 NQs DF DATA POINTSe 5
HAVE HEIGHT = 14 NOs OF DATA PGINTS= 1 TWAVE HETGHT & Z&~ 7 TUs UF DATA POINTS® 5
TTWAVE AEIGAT = 20 NOs OF DATA POIGTGE 1 WAVE MEIGHT = 27 NOe OF DATA POINTS= &
VAVE HEIGHT = 25 NOs OF DATA POINTSe 1 WAVE HECTGHT = 30 ROs GOF DATA POINTSs 3
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TABLE XIII-3

BEAUFORT SEA STATEe @

TWAVE HETGHT & 5 KOs OF BATA POINTSe 4~
WAVE HEIGHT = & NOs OF DATA POINTSs 15
TWAVE RETGHT = 7 WO« OF DATA POINTSs &
WAVE HEIGHT = 8 MO« OF DATA POINTSm 29
“WAVE REIGHT = 9~ TOs OF GATA POINTS= 3§
WAVE HEIGHT = 10 NO» OF DATA POINTS= &7
WAVE HEIGHT = 11 NOs OF DATA POINTSs 1
WAVE HEIGHT = 12 NOs OF DATA POINTS= 45
% T TA POINTS™ &
WAVE HEIGHT = 14 NOs OF DATA POINTS= 15
WAVE REIGHT = 15 WOs OF DATA POINTS» 26
WAVE HEIGHT = 18 NOs OF DATA POINTS= 6
TWAVE HETGHT = 17 NOs OF DATA POINTSs 2
WAYE HEIGHT = 18 NOs OF DATA POINTS= 11

E =
WAVE HEIGHT = 25
WAVE HEIGHT = 27 ~
WAVE HEIGHT = 37

NOs OF DATA POINTSw
HOw OF DATA POINTS»

2
T TOe OF DAYA POINYSs ~ 7
i

TWAVE REIGHT = 38 — ~NO, OF DATA POINTS» 1

BEAUFORT SEA STATE= ¢

TABLE XIII-4

. 10

OF DATA POINTSs

WAVE HEIGHT = & NOW
WAVE HEIGHT 3 & RO OF TATA POINTS=
WAVE HEIGHT = ¢ MO

—WAVE RETGHT & 10 — WO«

5
2
OF DATA POINTS= 2
OF DATA POINTSes 7

) 5=

WAVE HEIGHT = 4 HOs OF DATA POINTSwe 7 WAVE HEIGHT = 12 NOs OF DATA PQINTSw 1
TWAVE HEIGHT = & WCs OF DATA POINTSS [ WEVE HEIGHT = 1R RUs OF GDATK FOINT &n L]
WAVE HEIGHT = & NOs OF DATA POINTSm 19 WAVE HEIGHT = 20 NOs« OF DATA POINTSs_ 18
TWAVE HEIBHT = 97 T NOs OF DATA POINTS= ~ 3 T WAVE HETGHT = 2§~ NO0s OF DATA POTRTSa — 8
WAVE HEIGHT = 10 KOs OF DATA POINTSs 12
TWAVE HETIGHT =711" " ~ NOs OF DATA POINTS~ 2
WAVE HEIGHT = 12 HOs OF DATA POINTSe 1 SEAUFCORT SEA STATE= 11
T WAVE HETGHT = 13 M0s OF DATA POINTSw 2
WAVE HEIGHT = 15 NOs OF DATA POINTSx 2 o
TWAVE HEIGHT = 18~ T NOe OF DATA POINTS= 18 = . DATA POINTSw 3
WAVE HEIGHT = 1A NGs OF DATA POINTSm 5 WAVE HEIGHT = 20 MOs OF DATA POINTSs 1
T WAVE HETGHT = 19 "7 RO, OF DATA POINTS= 14 = . TNTS 11
WAVE HEIGHT = 20 H0s OF DATA POINTS= 15 WAVE HEIGHT = 24 MO« OF DATA POINTSe 14
1
1

7 =
WAVE HEIGHT = 30

! DA
NO« OF DATA POINTSa

TOTBER OF JATR PUTNIS = #5720

_Og_
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In addition to the plots, as defined in Table X, the number of data points to
be plotted in certain examples appears to be excessive to interpret results.
Recognizing that each of the examples numbered 18-21 would contain half of the total
intervals recorded on the half-bridge summary tape (approximately 2,775 data points
per example), the Beaufort Sea State was read in addition to the required data.
Thus, the total number of data points could be sorted further by B.S,8. Example 18
has been plotted for values of B.S.5. between zero and three in Figure 23a, and
B.8.S8. between four and twelve in Figure 23b. Similarly, Figures 24-26 break the
total data into groupings by B.S.S. With the data on cards as output from the
program, considerable further processing can be done quite readily with additional
card sorting and/or other simple programming.

In any computer analysis system, the computer time and/or cost to perform the
several tasks is very important. The approximate computer times for processing 100
intervals and output to a Final Summary Tape follow. The key punched logbook data
were loaded onto perforated paper tape using a standard IBM 1130 computer with paper-
tape punch. Approximately one hour of computer time is required to list, edit and
prepare the paper tape (including verification printout). The paper tape was read
into a PDP-8/I Computer and the data stored on DECtape using approximately 30
minutes of computer processor time. To digitize and process 100 intervals
(originally recorded for approximately 32 minutes each at 0.3 inch/minute) at a
speed-up factor of 25, requires approximately 2 1/4 hours of PDP-8/I computer time.

The preparation of a Final Summary Tape from several tapes is dependent on
several factors, The generation of a tape equivalent to the full-bridge data tape
(approximately 7700 intervals from 15 data tapes) required approximately 1 hour of
IBM 360/65 computer time. It requires approximately 10 minutes to run a Final Sum~
mary Tape through the IBM 360/65 to retrieve the data from the PARM program. How-
ever, judicious use of the program permits several studies to be run with each pass
of the tape through the computer. For example, the first eight of the demonstra-
tion examples were retrieved in one pass. Depending on the output specified, mech-
anical card sorting and preparation of computer plots are very dependent on equip-
ment used and operator experience. Typically, plots equivalent to Figure 24b
{using a Calcomp 565 plotter operating through an IBM 1130 computer) require

approximately 1.4 hours of computer time., The simpler plots (and with fewer data

points) require less time, but are not necessarily linear with the number of data
points.

V. CONCLUDING REMARKS

The data from 13,220 intervals of midship bending stress and accompanying
loghook information have been processed to digital form. The original data from
163 analogue tapes, covering 217 voyages of the 85 HOQSIER STATE, S$S WOLVERINE
STATE, 55 MORMACSCAN, and SS CALIFORNIA BEAR are now available on 25 digital tapes
to permit easier access for further study.

In addition, two summary tapes (which retain only the logbook data and the
derived data) have been prepared. These tapes were used to retrieve selected data
to illustrate the manner of retrieval, to indicate possible formats for presenta-
tion of data, and to show the type of statistical information available from these
data. Inasmuch as these demonstration examples were intended as illustrative of
capabilities, no interpretive analysis was done of the data.

The computer programs which were written to process the data and perform the
demonstration examples are documented in Reference 3,
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The data available on the digital tapes have been edited, as required, to
provide a single consistent basis for treatment of the original information {(ana-
logue tape and logbook). The analogue signals are faithfully reproduced by the
digital recprd to permit reconstruction of the wave-induced and first-mode signals.
80 faithful is the reproduction that some spurious transients, attributed to noise
and other factors, are also included in the reconstruction. On all of the full-
bridge data, because of the hard-mounted, vertical tape-reel configuration of the
tape-recording system, these spurious transients occur in the first-mode data (only)
and further study and editing of these data should be undertaken before full con-
fidence in the total first-mode data can be established.
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