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ABSTRACT

A method of analogue signal processing used to produce digital
library tapes of midship bending stress data is 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 ‘mer@
recorded, and permit a consistent analysis.of the data which w@re 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 for-
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,
“Shi~ Response Statistics” were recorded as analogue signals on frequency modula-
tion (FM) magnetic tape. The data are contained on 163 reels of 10 l/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 initiation 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 dlfficulc, thus limiting the use-

fulness and value of the data collected. Further, the method of data acquisition
and handling had improved significimtly since initiation of the data acquisition

pro~ram, 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 conver~ing 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, extraction, and aQplica-

?ion 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 vessels
SS HOOSIER STATE, SS WOLVERINE STATE, SS MORMACSCAN and SS CALIFORNIA BEAR. This

efforr 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 logbook information, and derived stress data for each 30-minute interval

of data originally record”ed. 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 Lndfcate several
possible uses of che 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 tn studying any existing physical phenomena.

This report contains the description of the processing of data and the illustrative

examples.



-2-

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 logbook entry. An inte~al 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. No 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 immed iately preceding interval

number.

Voyage--the passage of a vessel from one port to another during which
significant open-sea data were recorded. Estuary, river or harbor travel or

travel between intracontinental ports (e.g. ~ northern Europe) were not voyages,

and a round trip would be considered two voyages.

Pass--a single-channel 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 14-channel capability, upon completion of recording one pass, the ship’s
crew was able to switch the data and compensation to different recording channels
and thus make more efffcient use of the FM tape. Depend$ng on many fac~ors, a
complete voyage could be recorded as severhl passes on one or more tapes.

Burst-- a group of exponentially–decaying stress variations at the
frequency of first-mode vibration, superimposed on the wqve-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 nor~lly occurred within one or two
cycles of the beginning 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 amplit~des,

FUI1 Bridge-–All vessels were instrumented with an active stress gage and
temperature-compensating gage (half-bridge) on both port and starboard sides.
These four elements were wired into a four-arm Whetstone bridge (full-bridge).

The outpur 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 SS WOLVERINE STATE only, a number of voyages were made
with the two half-bridges on each side recorded separately on two separate tape

channels. In 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 reporred, 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 nor consistently reported. There
normally was an appropriate logbook entry for each interval of recorded data, and
correlation was made by comparison of times between rhe recording instrumentation
time meter and the logbook time recording.

Zero SiEnal-- 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 stress-gage bridge, which resulted in ~he superposi-
~ion 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 cyclic 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 loadlng with the corresponding stresses calculated theoretically.
This enabled the determination of the effects of unfairness in plating and other
factors that may have yielded slight variations in measured stress from that stress
determined theoretically using the gage locatfon 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 1, the digitized data are contained on 3 magnetic tapes for the

SS HOOSIER STATE, 15 tapes for the SS WOLVERINE STATE, .4tapes for the SS MORMACSCAN

and 3 tapes for the SS 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 borh port and starboard tidship bending stress gage configYa-
tions (the “half-bridge” configuration available only on certain of the SS 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.
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TABLE I -:DIGITAL LIBRARY TAPES

lgftal Tape NC
.

HOOS 01

HOOS 02

1400s03

UOLV 01

!40LV02

WOLV 03

WOLV 04

WOLV 05

WOLV 10

WOLV 11

WOLV 12

WOLV 13

WOLV 14

MOLV 15

WOLV 16

WOLV 17

W(ILV18

WOLV 19

SCAN 01

SCAN 02

SCAN 03

SCAN 04

BEAR 01

BEAR 02

BEAR 03
—.—
‘OTAL 25

Ship

s HOCISIERSTATE
,, ,,

,, ,,

WOLVERINE STATE
., ,,

,, ,,

,, ,,

,, ,,

,, ,,

,, ,,

,, ,,

,, ,,

., 1,

,, i,

,, i,

,, ,,

,, ,,

,, ,,

5S l#RMACSCAN
,, i,

,! ,,

,, ,,

;S C#lIFORNIA BEAl
,, ,,

!, ,,

u1l or
Half
rldge

Full
,,

,,

ml 1
,,

,,

,,

,,

Half
,,

,,

,,

,,

,,

,,

,,

!,

Ful1
,,

,,

,,

Full

,,
_

No. of
Voyages

12

11

10

11

10

11

12

6

10

8

5

6

10

9

7

8

10

5

9

11

6

6

8

10

6
_

217

No. Of
Intervals

574

471

540

540

576

601

575

377

611

398

572

597

617

604

547

597

603

404

563

561

370

368

590

572

392
—.—
13.220

No. of
hnalogue
Tapes

7

6

5

13 1/2

11 1/2

15 1/2

13

5 1/2

3

4

2

2

6

8

7

7

s 1/2

7 1/2

4 1/2

6 1/2

3 1/2

3 1/2

4 1/2

5 1/2

3
—

163

1). 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:

SS HOOSIER STATE, SS WOLVERINE STATE, SS MORMACSCAN, and SS CALIFORNIA BEAR. A
general description of the vessels and of the data is contained in Table II.
Further details of instrwentation and ship characteristics can be found in previous

Ship Structure Commi~tee 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 co obtain a half-hour sample of
data each four hours except when certain preset levels of stress were exceeded, in
which case the instr~nt recorded continuously. A typical analogue record is
she= 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 v<bratory data were recorded. In addition, higher fre-
quency, nonperiodic data such as spikes (below the 50 Hz b~dpass 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 11

VESSEL AND ANALOGUE DATA IDENTIFICATION

~–... —.U....—.—
APP~X

SHIP-YEAR5
L(;E~ D PRIMARY

VESSEL TYPE PJUTES D;;A

5S HOOSIERSTATE Gencr.1 curgo, 520 X 71 X 54 Norto iwlanti c 2.5
C4-S-B5

(Machinery fift)

5S !40LVER1NESTATE Gen,,.1 cargo, 520 X 71 x 54 North Atlafitic 5.5
C4-S-B5 and Pacific

(Mach, “WY Aft)

SS MORMAC3CA! General Cargo, 4B3 X 68 X 41 North Atlantic 3.5
TYPE 1!524 and East Con$t

of so. ATw-icu

5S CAL1FORMIABEAR G,;;m~, WgO. 563x76xti PWifi. 2.5

Standard Mari “, t’

~-
STRESSGOGES: Al 1 gages 1.cated on $fdc shell just b,lw M3iII deck. aPD~x-

immtcly imidzhips.

RECOROINGMEDIUM: I-id! wide nw.gneti. tipc. Mar-b..e. 1.o mj1 thi.k.

DRTARECORDED: Ind, vidu.1 o. average (of Port mndStm’b.d .~~h{p
longitudinal vertical b-ding .~nt $tre$$-

RECORDINGMETHOD.SPEEDANDRESPONSE: FwuencY nwdulati O. ~...di M at
?lb Hz .entcr frequency. tape weed of 0.3 (P5; dat*
frequency response fl.t fn. K 20 50 Hz.

TYPICAL MTA CHPR&mER15T1CS: Wwc-induced dati . 0.? Hz; fi~t ~dc (f~e-
free) vertical natmal frequency of vcs!el . 1.5 Hz; .C.o.d
nmde of .tiffe$t vessel - 5.0Hz.

PROGRAMMING,Dati,,torded for 1/? hour out of CVCI’Y0 ho.t$ ,xc@Pt ‘at
he” .tre!scs exceeding preset level. WI= r,*ched ‘it
wow ng inwvaI w a.titically {ncrea.ed for wf~~
f,mn an addi t40na1 15 minUtC$ UP ‘COWC f.1~ ~m{n<w 3 1t2
hours

lt-
3 SECONDS

I

,, ,.J_...lllT
Io,aoo
Psr I

h

“COMBINED”DATA

l“”-
T-MODE
PING”
lMPOSEO
INOUCED

STRESSES

L ,:,p- ,omws . ~

FIGURE I - TYPICAL INTERVAL DATA SAMPLE

only wave-induced bendin~ stresses and first mode “whipping” data; hence, fiiter-
ing of the higher freque~cy analogue data that was recotdei eliminated data not to

be included in the current s~udy.

Weather and other environmental data, including a qualitative assessment
of the sea state, were avaflable 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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11. PROCESSING TEGHNIQUE

A. General

The processing technique was determined by consideration of the following:

1. ,Reduction in the volume of tapes without sacrifice of informa-
tion, accuracy or ability to utilize tirevaluate data.

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

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

4. Use of nopspecial computational

of data.

5. Maximum utilization of existing

analogue data from all vessels.

6. Standardization of presentation
interval and from each voyage.

equipment for automatic processing

editing,

of data

AS a consequence of the above considerations,

collating and analysis of

from all vessels, from each

the data were processed in
the following format:

1. Each digitized tape contained more than one (complete) voyage, but
voyages from only one vessel.

2. Intervals were defined as analogue signals recorded for a period
of 30 minutes continuous real time. Ikcorded data for longer 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.

3. Each interval of data included Identification Data, Logbook Data,
Interval Summary Data and Digitized Analogue Signal (See Table 111
and narrative under “Digital Data Processing” for description of
material in each of these classifications).

4. Each voyage was summarized following the recording of the digi~ized
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 classifications).

The general flow of data resulted in preparing the logbook information
separately and subsequently merging with the digitized analo@e 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, ancl
compacting af tape was done prior to the prepa~ation of the sunmary tapes. This is

shown schematically in Figure 2, and is described in more detail in subsequent sec-
tions of this report. Programing details and operating instructions are given in
Reference 3.
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TABLE III

DATA INCLUDED FOR EACH INTERVAL

INTERVAL IDENTIFICATIONAND LOF800K DATA,

FM ANALOG TAPE REFERINCE
LOGBOOK INOEXNUh8ER
INTERVAL NUMBER
OATE
TIME (GREENWICH MEAN)
LATITUDE PREvIOUS NOON
LONGiTUDE PREVIOUS NOON
COURSE (DEGREES)
5PEE0 (AVG. PAST 4HRS. IN XNOTS)
ENGINE RPM
BEAuFORT SEA STATE
RELATIVE WINO OIRECTION (DEGREES POFT OR STBD.)
RELATIVE WNO VELOCITY [KNOTS)
TRUE WINO VELOCITY (KNOTS)
RELATIVE WAVE DIRECTION (DEGREES PORT OR STBD.)
WAVE HEIGHT FEET)
WAVE PERIOO SECONDS)
WAVE LENGTH FEET)
RELATIVE SWELL OIRECTION (OEGAEES PORT OR STBD.)
SWELL HEIUIT (FEET)
SWELL LENGTH (FEET)
BARDWTER READING (IN. HG OR MILLIBAR)
SEA TEMPERATuRE (OEG. F)
AIR TEMPERATURE (OEG. F)
WEATHER CODE
COMWNT COOE (SLAMMING, HEAVY GOING, ETC.)

INTERVAL SUMMARY:

Nuh13EROF WAVE-IMllCED PEAK-TO-TROUGHS
NUMSER OF BURSTS OF FIRST-WOE
WAVE-INOUCEO RltjSTRESS
MAXIMUM WAVE-INOUCEO PEAK-TO-TROUGHSTRESS
MIxIMuM FIRsT-CYCLE FIRST-itlOEPEAK-TO-TROUGH STRESS
MEAN VALUE STRESS (RELATIVETO FIRST INTERVAL IN PAsS)
TABULATION OF ALL WAVE-INCYJCEDPEAK-TO-TROUGHSTRESSES

OIFJTAL RECORO OF INTERVAL

oIGITIZEO ANALOG OATA FOR INTERVAL USING SAU’LING RATE OF
10 PER SECONO (12,000 0ATAPOINT5)

TABLE IV

DATA INCLUDED FOR EACH VOYAGE

VOYAGE 10ENTIFICATION:

SHIP NAME
OWNERIS VOYAGE NumER
DATE VOYAGE START
DATE VOYAGE ENO
ROUTE (FROM/TO)
ROUTT COOE
FM TAPE REFERENCES
SHIP CALIBRATION FACTOR
LOCATION OF ACTIVE GAGES PORT/$TBO)

ILOCATION OF ACTIVE GAGZS FORE/A~ POSITION)
ORAFF - FWn
hi+ -miD
ORAFC - AFT

VOYAGE SCNW4RY:

NUM3ER OF wAvE-INOUCED (W.I.) PEAK-TO-TROUGHS
NLN%ER OF BURSTS OF FIRST 1430E
MAXIMUM WAVE-INDJCED RH5 STRESS
MAXIMUM !4AVE-INGtlCEOPEAt-TO-TROUGWSTRESS
t.L4XIMUMFIRST-CYCLE FIRST-MOE PEAK-TO-TROINYSTRESS
M4XIMUMEXCURS10N oF KM 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.

,J~[<,l
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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 identification 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 8/1 teletype paper-tape reader.
The Intermediate step of using punched cards provided simpler and quicker punching,
verification and/o~ 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/I 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
?articular 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 111 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 typ%cal printout of a logbook tape is

shown in Table V, and consists of a Header, Interval Identifications, and Voyage
Identifications.
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TABLE V - LOGBOOK TAPE PRINTOUT

\

c

HEADERINFORMATION

LIBRARY TAPE NUM3ER li039 SHIP STRUCTURE COMMITTEE NO0024-69WC-Slbl

424&lo-n..ou&nn..o4P4&..&
1I1L2I23L2124L3145D4109L411OD4132L4I36D

c

INTERVALIDWTIFICATION

192W1-1 01023 12-IZ-6221OO39-37 N067-03
03030 30*2046026PTCOV

192W1-1 01124 12-13-62010039-37N067-0%
05045037P 04S090.1750032PTCOY
ROLLING AND PITCHItAG IIA5Y

192W1-1 01225 12-13-62050039-37 U067-03
09049 3001042033CLOY-

ROLLING AND PITCHING EASY
192W1-1 01326 12-13-62090019-37 N067-03
09040 30*04b6n330cAsT

ROLLING AND PITCHING EASY
192W1-1 01427 12-13-62130039-37 14067-03
0Q060062P -05003490154036MTCDV

ROLL MOO PITCH EASY
192W1-1 01528 12-13-62170039-31 N06743
09050 2909756030CLDY

ROLL MOD PITCH EASY

il
II

II

‘1

WOO117.OOOO3O6O7OP313O1O1PO4

WO8216.OOO13O5O56P211O1O2PO4

WOO216OOOOI7O6O67P26Z51O2PO6

UO0216.0001607073P3030102P06

WOS216OSOB1OO6O72P313O1O2PO6

UOOZ16m60~OO0607ZP3130102P06

II
II
II

192W2-I 00604 12-21-62070049-39 U006-5+ W
05040 2t.7040047cLEAR

19*O079405158S3317045P04

ROLLING EASV- .— ..—,. ._.——— .—...—— — .———

192W2-1 00707 12-21-621100+9-39 N006-54 wO391OOOO792O7126S392DOS4PO6
l)70boo84P 030029sB240046CLDY

ROLLING ANO PITCHING
192WZ-I 0080@ l+Z1-421BOti+99 UO06+4 W04014ab079S0711b53935075POB
00070075P 040029e90430460CAST

ROLLING AND-PITC#ING-—--- __ . .- ——--- —.-—..—-——--——

192W2-1 00909 12-21-62190049-39N006-54W04S1S.0070604000S2914000S04
090SO090P 040030.0644040pTC~Y

ROLL AND PITCH MOD TO HEAVY
192W2-1 0101012-21-62230049-99N006-54W 16.2070006033S2716070504
0S040045P 030030m2Z42030pTCOY
BOJ.L.XMGEASv------–.-—-- _ -—. ..—.—-..-——.......------

r

MOLVERINE STATE 19212-12-6212-21-62PHILADELPHIA TO EIREMERHAVEN GER 01-03

\ vo’fAGE IDE~l ~IcA~IoN

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 progr~ to control the

data processing phase. Included in this information were the number of voyage~ 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 nor co 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 Ehe Interval Logbook Data. Four DECtape blocks were left blank after each log-
book internal. These were utilized by the data acquisition program for storage of
Interval Summary data (i.e., wave-induced peak-to-troughs, l?MSstress, maximum
peak-to-trough first mode, etc., as shown on Table 111).

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, tt was determined during the feae.fbility study that the
only frequency data of current interest was from O 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 + l-volt rms (full–scale) FM analogue signal (and the re-
corded compensation chan~el) passed through the respective discriminators to achteve
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-811. The AID converter of the PDP-8/I accepts ana-
Iogue si~als only between -1OV and OV, hence, signal conditioning 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 thfs 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 nonperiodic signal (such as the DC offset used to

center the signal in the available,,range for,the processor) i: was. necessary to

restore the offset at the output of the filter. This wave-induced s~gnal’was ~p-
plied to the multiplexer where it was digitized, and <neaaurements 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 softwar,e 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
Che 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 dtgital data processing was a Digi-
tal Equipment Corporation (DEC) PDP-8/I 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 progra~ble 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 co~uter to store, retrieve, control and modify in-
formation and served as an interface between peripheral input/output equipment and
core memory.

Core memory provided random-access storage for both instructions to be
performed and information to be processed or distributed. The l?DP-8/1, a single–
midress, fixed-word-length, parallel-transfer computer, used 12 bit, 2’s comple-
ment arithmetic. Cycle time of the random-address magnetic core memory was 1.6ps.
Standard features %ncluded 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) Canverter and Multiplexer allowed for fasr
mul~ichannel scanning and conversion of analogue data from exrernal signal sources.
As configured, the system could multiplex tip to 16 analogue signals concurrently
and could convert the signals (O to -10 volt range) to binary numbers. The AID
converter had a successive approximation converter that measured a O to –10 volt

analogue input signal and provided a bina~ 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/see) and was used normally for program editing,
assemblies and operator intervention during real-time operations.

The IBM Compatible Magnetic-Tape unit was an incremental-write, synchrs-
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 was written one word at a time

data reduction, and storage.
, 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 auxillary magnetic-tape data-storage facility.
Information was stored at fixed positions on the systems. This allowed for random-

access read/wri~e 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-
tervals. The timing frequency was 10 KHz. The length of time to cause an inter-
rupt was under program control. Using the interrupt facility and setting the clock
allowed multiple processing. The clock was used to set the data sampling rate for
running che program.

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

TG 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 special circumstances. All programs
required during the perfo~nce of this contract are identified in Table VI and

documented in Reference 3.

Once the datti tapes were prepared, and the summary tapes created, data
were available to perform rhe demonstration examples. “The program PAM 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 - LOG800K PAPER TAPE LOAD PROGRPF

APPENDIX c- DATA CONVERSION AND ANALYSIS PROGRAM

APPENOIX D - SUMMARY TAPE AND EDIT PRCiGR4M

APPENDIX E - FINAL SUMMARY TAPE PROGRPM

APPENDIX F - SUMMARY TAPE CORRECTION PROGRAM

APPENDIX G - SUMMARY TAPE LISTING PROGRA$I

APPENOIX H - Parametric STUOIES PROGRAM

APPENDIX I - RELATIVE WINO DIREcTION CORRECTION SUBROUTINE

F,. 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
%ncluded such information as the number of voyages to be written on each magnetic

tape, the number of original ~ 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 PK)P
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 rhe actual processing. h 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, Da~a Cofiversion and Analysis program is
#iven 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-
ou’c 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 were digitized individually,
although the data processing was done essentially simultaneously and continuously
~.Jithinthe processor without the need to stop and start the analogue playback.

The practicality of processing and writing a complete d%gital data tape

without errors, (which would have necessitated considerable rerunning of much al-

rzady 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
capes. 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 inconsistency in the manner
in which the intervals were recorded in the logbooks. In Version I, the intervals

co be corrected are identified only by index number (the majority of data were re-

corded this way). In Version 11, to accommodate some of the earlier–recorded data,
the intervals were identified by both the interval number and the logbook index
numb er.

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 minirqize the computer processing time for the
demonstration examples or any subsequent detailed analysis by eliminating all

Sigftized signal records and by retaining only the voyage identification, logbook
afidsummary 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. !l!hus,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 che Logbook Pre-processor program in the routine
which determined relatlve 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 creates a correct Final Summary Tape.

In the course of the data processing, it became evfdent 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, buc 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 ~he Final Summary Tapes required a program
to read the tapes and perform comparisons or select certain data. The program
PARM was written to peruiit the reading of the summary tape and to extract the re-

quired information as punched cards
processing.

9 Prlntou~ or stored on magnetic tape for other
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 posstble, use was made of standard software provtded by the computer
manufacturer (IBM) or available through computer service bureaus, 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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111.

data

PROGRAM VERIFICATION AND TESTS

A. Data Processing

Data handling on magnetic tapes required verification that the intended
had been placed correctly on the digital tape and were retrievable on command.

To assure that the original data were correctly ~ransferred and processed, it was
necessary to perform two independent checks; namely, 1) verify the primary portions
of the program, and 2) verify the adequacy of the digitized record to reproduce t’he
analogue signal.

Prior to the actual processing of data, the primary functions of the
?rogram 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 SS WGLVER-
INE STATE data library. Since the SS WOLVERINE STATE was known to exhibit first-
rnodewhipping and had experienced continuous recordings at times, three intervals
were selected from voyage 263 W2-11. These corresponded to:

Interval Logbook Index

20 91 ( Average data, slight first
21 92 ( intervals

12 83 Long interval, substantial

mode, two successive

first mode

Initially, the FM analogue signals of these three intervals were re-
recorded as if they were three consecutive fntervals. 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-intewal 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 not reproduced in Table VII.) A typical Interval

Identification and Interval Summary (f-orInterval No. 20) is shown at the top of
the Table and at the bottom of the Table is displayed the Voyage Identification and
Voyage Summary for the 4-interval “test” voyage. The digital playback printout of

~he identification and logbook data was checked agafnst the original data which
were input by punched tape.
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TABLE VII - PRINTOUT OF DIGITAL RECORD OF TEST CASE
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The playback data for one interval of the digitized record was output as

punched cards which were in turn used ro generate an x-y plot of amplitude as a
function of time. This resulting curve was compared with an oscillograph record
(to approximately the same scale) of the original filtered (0-2.OHZ) analogue

signal. Comparisons of these curves for a representative portion of the record is
shown in Figure 6. ‘l’hiscomparison indicated the adequacy of the digitized record



co reproduce the analogue signal. It should be noted that the dig%tized record
reproduced the analogue signal so faithfully that some noise spikes and other

zrroneous 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.

I DIGITAL SIGNAL TIME —

FIGURE 6 - COMP~RISON OF DIGITAL RECORD NITH ORIGINAL ANALOGUE
The original (filtered) analogue signal of each of the three intervals

was reanalyzed in accordace 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

(:jf$;) (Analogue)
Si .,..

Compu;ir

lNTERvk 20

Number Cycles W. 1, 146
Plumber Bursts First Mode
RMS W.1. $tress, psi 150:
Maxjmum Peak-to-Trough W. 1. $tress, psi 3045
Maxlnmm Peak-tio-Trouqh First Mode Stre$$, psi 1497
M@an Vdlue Stress, psi 207

INTERVAL 21

INTERVAL 12

Number Cycles W, 1. 174
Number Bursts First Mode
RMS W. 1. stress, psi 259;
Naximum P@ak. to-Trough M.1. stress, psi 6135
Maximum Peak-to-Trough FI t-st I/ode Stress, psi 1563
Mean Value Stress, psi -193

lIITERVAL 12-A

Nutiei- Cycles w. I. 176
Number Bursts F<r$t hde
RM$ W.I. Stress, psi 745:
I“laximvm Peak-to-Trough W. 1. Stress, psi 5535
,Maxi mum Peak- to-Ttvugh First Mode Stress, psi 1459
!kan Value Stress, Dsi -279

Probabi lity-Pmalyzer

437
+

11;6
3100
..
--

433

9ii
2100
.-
--

362

25;;
5700

..

--
--
--
..
..
-.

‘~ Oashes indicate that no data was obta~ned us>nq the
Probability Analyz?r.
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because the digital analysis is truly an EMS determination with each data point
(peak-to-trough stress variation) being considered individually, whereas in the

analogue determination, each da~a point falls into a histogram of 16 equal-stress-

level bands, and the ~ is determined from the number of-points in each band and
the mid-band stress. The maximum peak-to-trough stresses 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 preciously 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 co the mean value of the first interval

of the pass). A typical printout (a 5-pass, &voyage tape of SS 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
rhe 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

dtfficult.

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 16A). This can be accomplished quite readily within the
PAR.M program by changing an input card (i.e., sort on numbered intervals only).



TABLE IX-3
TABLE IX - DATA PROCESSING PRINTOUT

(SS WOLVERINE STATE)

MOUNT N!iw DSCT,WE, N

STAI?T OF VOYAGE 2 (WS 2161

DECTWE Ot+ .7 TOTAL !40. or UOY’WF.+

0.
S.1A2T 07 VOW.GE 1 (U5 192)

lNTZS”M. NO. PE4K TO TROUGHS kfi S
!40, U.1. 1S1 l+WJE V.I.

l!JTEWJAL
No.

01
02
03
06
05
06
06 II
06 B
07
w A
07B
08
09
10
11
12
13
14
15
16
17
16
16A
18B
19
28
21
22
23
24
25
26
27
m
29
38
31
32

No. PEAK TO THOUGHS M!,
U.[. 1ST MODE U.1,

M: JEW 10 TROUGHS
1ST MODEMAX PEAd

,.1.
10 TMUGHh

Isr Mom
nEm
URLUE

1864
Li3B7
1735
1979
1106
1764
1965
1965
19&5
192?

Zha
1391
1778
1993
>635
m?.
946

13.8
12’/6
1u2@
13U8
1s37
764

1305
143,
1262
1176
975

1090
1147
1 Ioa
10B4
918
508
4n7
7 U5
67JI
674
060
803
ma6

1110
1161
L161
1176

151
157
159
J53
159
127
119
1m
112
118
120
123
123
116
153
139
153
IC12
156
!35
131
125
167
153
151
154
160
120
1e4
85

1;;
78
62
73
50

2

3170
2323
2539
164fJ
1785
E016
2216
2293
2708
2385
2493
e200
2339
2106
2354
190S
1769
1616
1692
1539
1462
1462
Q693
2831
2ua,I
1769
1308
1136
1031
19’J6
1231
1215
1616
1662
1662
12?7
1877
16i16

6325
5311
5709
39 F.9
3709
400!
11971
4324
6571
!,986
5&4 8
4694
5171
3949
53u0
4093
3447
3270
43s6
4340
38ti7
3232
6325
6679
5~63
3816
2677
2216
2077
2431
2293
3106
3278
4340
3493
2570
2354
1923

23

::
26
2,
28
2g
30
31
32
33
34
35
36
3?
36

:;
.1
“2
43
44
45
i36
47
40
49
50
51
52

315 674
1290
1385

631
616
769

1047
1219
13*5
k706
17al
L620
1036
12L9
1198
1606
1491
2051
1879
E160
2108
22s0
2323

1

1
1

k
1

9
4

1939

2031
1692

2.516
30h6

U9J4C.
3047

1?6cI
1s79
3026
278E
3420
3069
*O4 Q
36U 3
2653
220 a
3786
3069
a17Q
*24 5
469 B
3850
5700
5+709
3’15e.
5a93
3610
3557
2.60s
37e 0
3973
5551
3Llb3
am Q
3305

IH
I 63
146
161
1m
165
130
89
89
77
90
86
93
99

1821
1520
1979
1606
1686
2B06
182L

73
79
93
77
88

53
54
55
S6

1663
1021
1,63
1549
I 2SU
1425
153e
1r,77
946

262 a
306 q
2667
2811
2911
2940
e094
FM 6
2a5 z
21.50
1692
1979
2’223
2206

61
62

H
65
66
6,
68

12W
1147

END OF Pass 1

.*EMD OF “OY*GE 2

PASS

TABLE IX-2

lMTEWJAL NO. PEAK 10 Ti70UGHS
No. V.I. 1ST I! ODE
01 66

Ff4s MAX PEAK TO TROUGHS H EAN
W,l. d.1. 15T MODE V& UE
1063 1979

801 1783 27 S
507 817 6!35
785 1306 736
523 932 1030
294 670 I ab3

1368 3384 667
139G 2504 7a5

736 b7!7 1096
e.99 1753 1374

B2 69
a3 63
0.4 56
05 56
06 104
07 165
08 175
89 113
10 50

llJD OF PASS 2

.. END CX= UOYAGE 1

●



TABLE IX-5
TABLE IX-4 MOUNT NEU DE CTAPE7N

5TART OF VOYAGE 4 (WS 23D)XLW DECTAPE? N

OF VOYAGE 3 (US-229)

MOUNT

5TART lNTEKUAL
No.

MO. PEAK TO
w.I.

ROUGHS .%?s

ST MODE W.I.
Max PEAK T4

V.I.
‘THOUGH5

ST +IODE

2173

mm
WLUE

1131
1067

775
362
267
533
1369
915
53.3
954

- 1399
457
660
546
457

. T63
636
2s2
521
25b
305

- i094
- 156.4

979
56

25
118
865
508
699
59-1
6a6
229

- 1907
- 1920

267
317
279
279
217
369
140
673
571
6ti

- 1310
- 1577

lNTERUAL
NO.

01
02
03
04

05
06
07
08
09
18
11
12
13
14
15
!6
17
18
19
2g

21
22
23
24
25
26
27
2a
29
30
31
32
2.3
34
35
36
37
35
39
an
41
.42
43
40
46
47
4a
49
50

NO. PEAK TO TROL43HS
W.1. 157 MODE

161

iws
*.1,

442
51S
455
404
53 i
569
430

KM PEAK
W.1,

TO TROUGHS ME2N
1ST MODE VALUE

01
02
03

166
I 64
2@0
L69
160
17’6
190
183
1B2
195
127
13.4
20a
196
la3
1’/9
191
162
189
ia4
‘1-?4
178
174
163
184
171
205
]a3
153
106
121
103

97

J@2
a9
94
96

!65
203
z!57
94 D
133.4
1449
132b
1614
1792
>169
775
635
7a8
664

1300
864
U36
749
&3%
699
61~

330
lJ06
978

2656
2a09

961
ta75
999
94a

3006
1315
a05
1087
809

04
05253

63
isla
*lOa
948
152
595
76

06
07
08
08A
10
11
12
13

3571
3050
3711
4054
297.4
1817
1690
208a
1766
2237
1’/28
19J9
1017
1360
i499
t2a3

69g
483

559
571
737

1436
1804
1461
3635
4410
3E76
1224
1830

B51
626

5U3
430
480
493
594

906
103’?
13a2

94a
771
516

14
15
16
17
18
19

20

!239
572

759
- 1506
- 1076

619
657
‘T71
7’72
1442

- !012
2’/6
341
177
i4a
519
50

366
493
126
92u

- 1076

43a
581
505
Uskl
569

96
114
105

ai
11s
)09

i7
77
72
65

21
22
23
24
25
26
27

3i7
2-? 9
241
279

.417
935
923

1429 2a33 343
72Q
677
711
1530

15)7
1151
1075
1226
1214

4224
2770
2a03
2554

64

81
72
72
aa

28
29
30
30s4
31

2782
1796

Q173
19?6
1220
i3a9
419

65
-la
67
77
a3

973
91a
a22
7a4

2023
157i
1479

32
33
35
36
3’?

1602
19?8

557
J26
202
5!

38 I
279
483
11a2
3037

571
953

2.440
6202

10IJ
708
‘708
594
594
5E. J
594

5E5
467

1804
1226
1479

38
39
40
41
42

90
85
7E
70

69
70
72

- li6ti
532

37
177

50
241

- )379

1252
1163

214?3

2707
2567
Ji ia
1639
1334

635
432
3a I

.!906
68
66

5236
5B20
1962

69
67
70
66
54
4a

1151
1037
1037

43
4U
45
46
47
48
49

65
56
57
61
5@

3241
3152
1512
e3a
73?

923
556 - 1050

392
442
380

189
177
I 64
227
a65

341
215
177
32a

49
45
63
47

- 2062
- 1607

DD OF PAS5 1

*. END OF VOYAGE II

.* END OF’ JOB **

404

~D ~F PASS 1

●*END 13F VOYAGE 3
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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
uere intended to illustrate a possible correlation between skmming and the ship or
sea conditions which are responsible. Examples 9-15 were intended to illustrate any
correlation between the wind direction and the wave-induced stress, and Example 15
was intended to illustrate correlation between observed conditions. Example 17 was
intended to identify sea conditims encountered on eastbound North Atlantic runs dar-

ing the winter months. In that some of the SS WOLVERINE STATE permitted it, (hal.f-
hridges recorded separately) the horizontal longitudinal midship bending srress

could be determined as well as the vertical longitudinal midship bending stress.

Examples 18–21 were in~ended to retrieve these data to illustrate this possibility.

TABLE X - DEMONSTRATION EXAMPLES

—.— . .——

A B c 0 E F Idcr?iftcation, Plot

Ex~;plP

<ee

Primary Values Secondary
Ro. Sumary

values
.+Sort On

Print (1)
Fig.

Print (2) Print (3) Print (4) Print (5)
of Sort OP

Prir,t(6) x Y Pcicts
of

T3pe rb.

1 flax. 1st Made ?2.0 k.1 MM. W,I.
Peak.to-Tro.

Tape Ref. Interval A c
Pcik-to-:ro.

259 ],,,,,,5,,, ,-
No. ho.

2 . . Rel. Iiave Rel. SWcll . ,,

Dirmtlon D{rection
A c X3 “ “ 8

3 “ “ Bmufmt . “
Sea State

c A 857 ““ 9’

4 . “ True Hind .

Speed
A c 652 ““ 10

5 ,’ m FOIS-U.1, “ h h c 0>9 ““ 11

6 ~ ,! Drift-i-w ,, ,,
—-- -—

?
“~”

. .. —
E.g. RPIII Eng. FW Ship Speed Ship SpWt ‘~ . A E-F 2?0 ““ 13

Meat Int.

State + a

Next !nt.
-—-... -, - .—-. —. ..-.

81”
.

—-—

-—k——- --
Ccmirmts

{, ,, . !, -

9 ?eaufort :4 Re:. 0~n~15” W-M.!.
. i,

. . -R
A c 1099 “ “ ‘Ic

— -. - .—

10 n
“ . 15”~Y45’ “ * ,, A c 1864 “* 15

11 . . . 45°.ng5. “. m ,, k c 1021 ““ 16

1,
,

—L”- i i- -

n ,, A c 353 ““ 17
—-.

lo5”dl< 1350 * u “ A c 13& “ “ 18

?4
.—

. “ . 135”.n>l 65” “ . ,1 A c 30 “ “ 19

15 “ ‘“
—.

. 165qan:lED” “ . ,, A c 60 ““ 20

lG E+aufort :4 MJti~Height N “
Seu State

A c :52a ““ 21

17 D“j,t{”a Cm,f. ql.nq Mm Ott-Ha? M#m:e ,TwJiw- — — — . —
l-mIy Vdydge

L p 1121 ~. 22

start
—— l’

lFI Cagh PORT RF1, Hake ii’5.u.1, “ “

Locctit+l Direction
. . . “- * . c 0 yg~ u

-’v -7

k ;&& --] =–--; ~*–– : ‘~-

. ..---—... W- .— m,.-.. * —.--? .&. .i.m! -m+ati.-w...
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Iv.

all
the

RESULTS

The initial objective of this study has been realized through the processing of”

applicable data from the four vessels. The results are evident primarily as
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, no!rwas there any fntent

ro 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 relat<ve to the satisfactory retrieval of data, and not ‘tointerpretation
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 Committee.) 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

?he first-mode data (e.g., Figures 7-13 display several data pofnts at very high
apparent first-mode stress levels). Initial investigation indicated that these
sfgnals 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 berween
actual first–mode bursts and the spurious transients and thus listed both. These,
i.nturn, being on the data tapes and summary tapes, were retrieved in the examples.
Experience wi~h 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 SS HOOSIER STATE, the SS

MORMACSCAN, the SS CALIFORNIA BEAR, and early data from the SS 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 SUIry 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 $n 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

FULL BR10GE DATA ONLY

CODE 14 MAx 1ST MDE P-To-7 GRE&l ER 2t$l vERSUS HhK W,I. P-TO-T

VOYAGE
1,0,

1a3H1-1
30 HMS1-3
lhlH1-$
;;;;;2;5

175HL-!
13*H1-5
25 M14S1-3
3onns.1.l
115H1-1
;:y:f:;s

25 CB1-4
117WI-1
21’IH2-I
2i1u2-1
161HI-3
1b3H1-3
212W1-2
170W2-1
237w I-7
25 CB1-4
175HL-1
lfi3.41-5
113H1->
:~zw:;l

183H1-I
2E3HI-2
Iti5H1-L
149H1-3
141!31-1
23XM51-1
32ca1-3
25!SMS1-3
1b3H1-1
31 HMS1-1
31!434s1-6
2qcB1-3
32ca L-3
265H1-3
237 M1-10
32 CB2-3
217W2-I
21?W3-1
25 C01-3
131H1-5
19 SU2-1
177H2-1
25 W.MS1-7

;tiTERvh L
&o.

01920
016130
01401C
00406B
02402
00849
02402A
02!25D
02929
01152
O11O9A
06806<
DObObA
0040 7C
00409a
D050~B
Obolm
04402
01416E
03~3a
0*402F
00202
02122A
045030
0311#0
028248
oo404k
01514
00405
Osbbe
IIQ2L2
01262
CL322*C
00201
023270
Osbkv
01714E
03231
0272U7
O1OO9E
0i7i’7
07503
01009
00407
01406-
00411
04537E
Q1a>3
01549
00202A

1330
225D
;;::

2koo
3130
3 boo
3100
3300
6200
k65b
*4O 0
4a$o
5000
5LO0
51$0
9190
3350
5650
3650
5800
5650

HAN 16? MODE
PEAK;~cw

2000
2000
2000
?000
2000
2000
;:::

2000
2000
2000
2000
2.000
2000
,?000
2000
2000
2000
20e0
2000
.?000
2000
2000
20 Do
2000
2000
2030
20s0
20>0
2030
2050
2050
2030
2050
20$0
Z050
20s0
2030
2030
2050
205D
2050
2050
2050
2050
2050
2050
2090
.?030

TABLE XI-2

FULL BR1OGE OATA ONLY

CODE I* MAX 1ST .~ODEP-TO-TGUEATER 2&st“Eilsus MAxU.S. P-To.,

KWAGE
1,0.

215di-1
31 MMSI-3
155ti1-1
33 C91-7
211d4-1
.?5CB1-?
17 bu&.1
34CB1.6
3* CSI-*
203U1-I
142H2-3
159Hi-1
163HL-5
30 MHS1-3
237 U1-10
34 C91-4
141H1-3
175H1-1
16581-1
1f.?nl -5
;;;; ;::2

151H1-3
29ca1-3
L74U4-1
170,,2-1
237WL-7
27td2-1
17W1-3
32cal-11
237*1-*
170W2-1
3&<B1-7
174H2-1
33 CB1-8
i&l Hi-2
31 MMsl-i
32 C52-3
2Z9U1-4
143H1-3
ygW$2

163H1-5
177H2-I
32<01-3
2W4M.EI-7
:yj-~

.3SCB1-?
!51H1-5

IN7ERVAL
No,

00b07A
0412bc
00765
03*40h
03739
020 03C
00909
0J,0030
Q>mah
00103
02429
09731
08321
CW;C

04*1151
01240h
01233
020b3
09010
43205
03063
04436
0b4ti2A
00+35A
01514
0&60bc
0611bM
03017
057Dlb
05927E
0272b
06000F
05553
Olaoh
02543<
OIIIIA
09&07D
C423b&
01631
02529D
Oololh
0b402A
32349
21OO9C
00?07C
02119
02951E
03620A
04335A

MAX WAVE lNO.
PEAK-To-l RwGH

6000
6030
6koo
6050
7000
?boo
#500
9230
3950
450
9s0

2200
2200
35’30
4000
4200
+250
6650
h150
5250
5a58
5700
3b$o
6 0%2
4200
6200
a400
6S00
6650
7100
7$00
7700
*250
9050
3S00
9*O9
9900
4350
44 Do
44 Do
kbO 0
4900
3000
5100
5100
5400
550Q
5boo
5750
4150

MM 1s1 MODE
PEAX-TO. H4W.ZH

2030
2054
2050
2050
2050
2050
2050
30s%
20$0
2LOD
2100
2Loo
2100
2100
2100
Zioo
2Mo
2100
2100
2100
2100
2200
2100
Z1OO
2100
2100
2100
2100
2100
2100
2100
2LOQ
2100
Z200
.2130
2150
2!50
213C
215k
2150
2150
2150
2150
2150
2150
2130
2150
2150
2150
2130

TABLE XI-3

FULL eRIOGE oATfi OMLV

CODE L. MAX 1S1 40DE P-To-7 GREATER 2KS1 vERSUS HAX w,l, P-To-7

WYAGE
I.D.

151H1-3
L31H1-3
21’PWJ-1
29 CB1-2
29 CB1-b
174u3-2
3WB1.7
1P3H1-3
1R3H1-1
143H1-5
339H1-5
31 M”SI. L
37 W5J-6
1b3H1-1
i39H1-3
II YH1-3
1~4w4-J
175H1. I
130U2-1
32c01-7
237 U1-10
211W1-I
217U2-1
24 CB1-7
11*+(3+
217w2-1
2qc91. a
231u1-7
36<01.7
3KB2-7
174W2-1
Ybc B1-7
.25UH2.I-5
L39H1-3
26C8 1-3
139HL-5
2UW21-5
13!HI-5
163H1-I
189H1-3
25 MH.EI->
17W1-3
lbl HS-3
a5W4.31-3
l&3H1-5
?17HQ-1
211U2-I
2L7W4-1
151H1-5
27 AU2-I

INTERvAL
No,

00505k
00303
061020
O&644A
0520b
04848A
0622Dc
04123
00607
04220
02503E
01513C
03234
05*5*A
0151+
O21OB
02515
02122D
0234b
04002A
0!221
0201aD
00503D
053040
Oh>tim
004070
0540U8
06301
05201P
:M;:c

Obllor
02516E
04010
03041
03800c
06967
02301B
056510
02204
02b2aE
O21OSA
02139C
02az80
07008
03920
oOsilD
0331b
04333C
00007A

MAX u&vE IAD,
PEkC:;+&TRWGH

1030
7700
7B50
S350
9050

10350
1>50
1250
1850
2130
2500
3600
2.600
3630
4700
4s30
4950
3300
5309
3 Voo
6250
6800
6750
6DO0
723D
7550
7700
m800
*350
9550
95S0

20350
2150
2600
2900
3090
3100
3330
3*QO
33s0
41OD
4450
32!0
EbOO
6090
b650
6#30
7050
7230

HAx 1S7 MODE
PEA C-70 .Th CWG

;:;:

2150
2150
21$0
2130
21$0
2200
2?00
2200
2200
2200
2200
2200
2200
2200
2200
,2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
220D
2200
2200
2200
2200
2230
2250
2250
2230
2250
22s0
2250
2250
2250
2230
2250
2210
2290
2250
2250
2250
2230



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

FuLL BRIDGE DATA ONLV

COOE I* MAX 1ST MODE P-TO-T GREATEm .2KSI VERSUS 61AZ w.), P.TG.T

VOYAGE
1.0,

174M3-1
175H1-3
L63HI-5
17&w2-1
29 CB1-3
Ybc B1-4
15i Hi-5
139H1-5
16!H1-3
1Z9H1-3
175H1-1
32 CB1-3
147H1-5
25 YMS1-3
155H1-I
32 C81-3
190M3-1
25!JMS1-7
l&5ul-1
151H1-3
237*1-7
3&CB1-8
163+41-5
19W2-1
25 CB1-4
161 Hi-i
13qH1-5
175H1-3
31 MMS1-1
i75H1-3
14i Hi-5
i39H1-5
143HI-5
139H1-5
161H1-I
151H1-5
25 HMSi-7
151H1-5
25 FWS1-5
141H1-5
175H1-3
29<01-3
34 CB1-ti
31 W+31=3
3&ca1-7
L1W3-;
197!42-1
L69H1-I
211U1-Z
174wl,-1

ZhTERvAL
w ●

C14646A
03cli7c
06604
056540
Obbuti
Of,l D4A
01008
02703A
03040
D161?
02729E
00908E
oa403
024200
00361
011100
01616
U0606C)
03B70
004040
06301n
ob301<
06503A
03723
004040
01415
027030
0392b
015130
06028
0311b
02402D
01311
02.+020
01666
01123*C
0070?A
01202.4
00303
08707
03320A
027240
03013?,
0b126A
059080
04545
D3a20
019b0A
01715D
OO1O1C

MAx wAVEIN>,
PEAK-Tc-l RWGH

7*O 0
7450
7700
7a50
7950
8050
1550
laoc
2250
370JI
4000
4*30
4450
4s00
4750
4900
5650
9650
4100
6 ?50i9bo
>950
a 000
0500
6530
1500
L550
2450
2730
2950
2Q50
3100
3100
3250
3300
3700
4003
6000
6100
4850
3150
5250
6200
6#00
.2000
6900
1632
0400
0990
9290

MAx 1ST MODE
PEAK-TO-TRWGH

2250
223Q
2250
22s0
2250
2250
2300
230Q
2300
2300
2300
2300
2300
2300
230D
2300
2300
2300
2300
2300
2300
2>00
2300
2300
23D0
2350
2350
.23!.0
2350
2350
2350
2350
2350
2350
2390
2950
2350
2s90
2350
2350
2350
2350
2350
2330
2350
2350
2350
2350
2330
2350

FULL BRIDGEOATA ONLY

C2DE 10 WX 1ST MODE P-10-1 GREATER 2Ks1 VER3,U$ HAX u,l, P.TO-,

VOYAGE
I.E.

Zvml-.
3LC9 1-7
183H1-3
139H1-5
163H1-5
151M1-5
31!+%51-,
3 WUS1-4
31. F51-5
3BW4SI-4
32 CB1-3
163H1-5
29 M!+.1-3
172h2-1
1b5H1-3
35 CB1-12
155H1-3
2k1W3-1
170’d2-i
1Bad2-1
163H1-3
?.3c81-a
Il?u>-1
.?31M1-4
172W2-1
2! CB1-6
115H1-1
29 CB1-6
183x1-1
151H1-5
32 MMS2->
30 M.W1-I
161H1-3
165H1-3
139H1-3
31 M.W1-5
161 Hi-i
1&3H1-3
lWH1-1
17 GU*-L
2.cel-Q
151H1-3
151H1-3
17k W3-1
163H]-5
139H1-3
3 ZC81-3
231W1-I
161HI-3
175H1-3

KO.
Q5004A
05302E
04024
023030
0761&
O&333A
00202
03851
006060
032518
ooa OTB
06907
0131GD
02223
O&qos
O31OGD
Oomol
013050
Oo-oa
02952
06705
03927
O11O3E
02039
039b0
00303F
021220
05105
00009
02?17
06444k
00231A
01341E
C2131
0111 BD
D0608C
00595
07008h
019+0
oOk OkB
O561OE
Oohoflh
00505D
0&646C
08523
olll Oh
011100
02936
013410
9.?llAA

KM( WAVE j F4D.
PEAK-TO-TROUGH

9700
9750

950
2100
2200
3230
3750
3750
3030
3950
3?50
4800
5000
9100
3130
5230
9400
5450
3450
sboo
nl$o
bd00
*QOO
709 D
?9 m
0030
8300
9boo
16$0
2150
3050
3500
3b50
&loo
4200
6300
4300
4950
5300
6000
b 700
6950
7800
9900
2boo
3a50
4100
4400
bboo
4730

Ma 1s? MODE
PEAK-7 D-l ROUGH

2350
2350
2*00
2400
Z400
2400
2+00
2490
2+00
2400
2+00
2400
2400
2400
2400
2400
Zkoo
2b00
2400
2a00
2400
?40 o
2*OO
2400
2e00
2600
2*O 0
2&0D
2450
2450
2450
2450
2430
2450
2450
2450
245 D
2*5G
2430
2*5C
2450
2450
2430
24S0
2500
2500
3500
2500
2500
2500

FULL BR[OGE DATA 0f4LY

cODz 11 MAX 1S1 WOE P-To-T GREkTER 2KSI VER5US HAM w.1, P-TO-T

VOYAGE
I,D,

32 C51-3
25 MMs1-7
190U3-1
211W4-1
197U3-1
2$ CB1-3
36 CB1-1
25 HMS1-7
34c51-7
35<91-12
29 C81-7
237n1-7
139H1-5
1E3H1-5
25 MHs1-3
163H1-5
Z3W451-3
29 CB1-3
2BCB1-3
161 Hi-i
>3C81->
Z5M951-3
31 MHS1-5
33c B1-n
1VOW2-1
29{S1-3
175H1-3
29 C9L-3
29 C81-3
35ca1-7
11 bw2-1
34c01-b
2VCB1-4
139H1-3
1*1 Hi-5
147H1-3
301WS1-3
23 MW1-2
?.7HH5L-4
33ca 1-7
151H1-5
215k1-1
211W1-1
237 M1-10
lb3m-5
211W1-1
29c0 1-4
34ca1-4
34 CB1-b
139HL-5

IN; :VAL

00603E
oo4r24c
03231
0260d
00101
02825h
09903A
00404
05706h
O31O4C
03265A
Obkozc
02303C
074i2
bt327C
O71O9A
01216A
026236
00910D
04852
O1OO*O
025290
00303<
0342bA
00909
044420
9311Ek
Obhbzc
01108
06t13E
05351
03903E
05004
:;;WE

07063
01311B
03229
03539
aa3633
ob631
Olzll
0201UF
07.?obh
ob503
oi3110
05509A
0501W
03902
02503

HAX UhVE lND,
F’EAR-10-TRWGH

4900
S200
5430
3 bcm
5700
3950
4050
6050
4030
6100
6600
7450
2800
2900
3boo
3650
2950
Iblao
b400
6400
4630
?doo
5400
5300
5600
6200
?0$0
7200
7450
a200
3300
8fi50
9600
2400
29s0
3000
3530
A350
4630
5000
5050
5350
5700
6150
b900
7250
8330
8300

12400
2600

MAX 151 MOaE
PEAU-TO-lRO*H

2300
2300
2500
2s00
2500
2500
z 500
250?
2s00
2500
2500
2*OD
2550
2550
2350
2550
2550
2550
2550
2330
2550
2350
2$50
2550
2330
2550
2350
2590
2350
2530
2530
2950
2550
.2600
2400
2t00
2d00
2600
2600
2600
2boo
2600
2 boo
2boo
2600
2600
2600
2600
2400
2650



TABLE XI-7

FtiLL BRlDGE OATA ONLY

CODE 1, VAX 1ST WQDE P-TO-T GqESIEm 2KSI VERSUS

WY4GF
1.3.

16 LH1-1
165HI-3
161 Hi-i
29 Mq51-3
163HI-I
25M?s 1-3
165W1-3
163H1-1
29 C31-3
29 MMS1-3
32 CB1-7
28 CBI-3
237W1-4
Y5CBI-12
34 CBL-7
11 OU2-L
;:;m]:;

25 CB1-6
lTlbw4-1
237W1-7
163M1-5
13 VH1-5
161H1-5
139H1-5
31 MM51-3
32 CBi-3
165H1-3
31nM51-5
163HI-5
163H1-5
34cal-7
zvcai-ti
3&ca1-8
29<ai-4
34c0a-7
26<01-7
143H1-3
35 C91-1
139H1-5
lb3H1-5
161 Hi-i
32 CB1-3
ai7N4-1
217W3-1
32 CB1-3
1.38W2-1
17 JJU1-1
217W1-1
17&u G-1

11C1EEV4L
No,

01S6B
01323
01?67
01514A
04055
02226A
OIJ.26
05g5k B
0Zb23A
01413A
00262
OO91OA
0592?
O31O6E
059080
03736
04214E
01552
00404D
00202D
06503A
0ab2h B
02503C
01601A
03909
00101
009080
03343
00$05C
0d90iA
0b301a
05706C
05509a
06301E
05711C
05504c
05908C
01h29c
04214
0260&C
0a725
02171
00007C
0371a
01204F
00605C
020510
01215C
00706<
00201

MAX %AvE ltl D,
PEW. -T3-TROUGM

2900
3550
3700
4 Boo
4000
6000
4150
&430
b%so
50S0
5290
3750
5950
6000
m 30
6700
b7 m
7100
m 00
8 Too

10150
2300
2400
2 Too
2900
3750
33.50
4500
5300
5300
5km
62m
4 b50
6750
7150
7200
7300
7900
aQ90
.?050
aboo
?800
3 ?50
5050
3409
5650
3700
85s0

10900
12550

HAX U,l* P-To. ?

Mm 1s1 kJODE
PEAK- P3. TROUGH

2630
2450
2650
2650
2b50
2650
2*5O
2650
245 D
2650
2650
2650
Za 50
2690
2** 0
2650
2b50
?.650
2b50
2650
2*5D
2700
2700
2700
2700
2700
2100
2700
2’300
2700
2700
2700
2700
2700
2700
2700
2700
2100
2140
2730
2750
.?750
2150
2150
2750
2750
2730
2730
2750
2750

TABLE XI-8

FULL BRloGE DA, & OhLy

c9bE 1* **X LS7 90DE P-70-T GREATER 2K.51 VERSUS MAx M,[, P-TO-1

VOYhGE
1,0,

139H1-5
139H1-3
175Hi-3
L39H1-5
24 MHS1-5
16 lHI-3
31 MMS1-5
32 CB1-3
1151i1-3
217M3-1
31 MUS1-3
31++51-5
16 YH1-3
217U2-1
33cal-a
14 YH1-1
141H1-3
30HMS1-L
l&?H1-i
29 CB1-4
29<01-7
34ca1-7
25 CE1-4
139HL-9
:;; ;;-;

163H1-3
i63H1-5
175H1-1
174*2-1
165H1-3
32<01-3
163H1-i
31 MM51-5
30 MM51-I
25 W!51-7
25 CB1-7
2! C91-7
147H1-5
25 CB1-7
29ca1-3
29cak-4
139HI-!
29 MM51-5
139H1-3
31 HM.51-5
165H1-3
175H1-3
35 CBL-12
175HI-1

INIERVAL
No,

02503F
02604D
0h028A
098080
c13?3b
Ozaob
04&04A
0090aD
02714e
0L305F
Q*Z27
0040fiE
0344k
00306
0j7.25A
030b2
012h0B
02727D
01337
0971LB
02136
06009A
0060.<
03808
Q390~A
02310
03k17
08q27A
027206
01009
a37h?
alltoc
060550
Ooaob
0282aA
007010
02.5100
0?90LA
101210
010014
01209
05 L09C
02903A
013130
019200
00606
0L525
02815
03306C
02122C

MAX WV.? IND.
PEAK; d&lnouGH

22$0
30$0
3203
3200
3750
4500
4bO0
4750
4900
49s0
4950
5000
5000
5150
5200
3500
Sb$o
6000
+1$0
4500
9150
9290
1500
2500
2600
3a 00
2300
4400
4b50
kbso
JA50
5000
5290
5300
5350
5650
7350
7%50
7500
al!oo
9490
2550
2600
2950
3?90
4500
4090
6000
6900

MAX K-T HODE
PEA!+T@,flOUG”

2100
2000
2s00
2=0 D
2s00
2800
2800
2E00.,_
2800
24 Do
2800
2100
2100
2000,
2000
2000
Uoo
2800
2800
2600
2800
2000
2000
2430
22!30
2030
2 MO
2a90
2850
2#30
2050
2850
2850
2830
2050
2b50
2850
2a30
2$%2
2650
2050
2#50
2900
2900
2900
2*OO
2900
2900
2900
z 900

TABLE XI-9

VOYAGE
I.D.

2qcal-6
174U2-1
21:W1-1
34C91-7
2X91-4
151H1-5
22 HM51-2
141H1-1
Z17W4-I
31 Y.MSL-5
11.qH1-1
i65HI-3
161HI-3
190W3-L
25cai-7
2~ca1-3
29 CB1-4
l&luL-%
30 HU51-1
215u1-1
32<2!1-3
198W2-1
151!41-5
231 N1-b
231ul-k
25 CB1-6
18 BW2-1
2vCB1-U
34 CB1-7
s4ca1-4
34c01-b
163HL-5
255H1-3
31 f4MS1-3
25!AMS1-3
215H2-1
151H1-3
162H1-5
29c0L-7
217W2-1
29ca1-4
>&CC.1-7
141H1-5
~imsl-1
1b3H1-1
163H1-3
163H1-3
25 MMS1-3
32 C0i-3
i73H1-1

ltiTERvhL
no.

0500bD
06065
01412
:;;:;C

042349
00305
02?51
09337
005050
09152
04355
06422
ot513
03513E
02724C
050D4E
02309
02727C
0i312
0!0090
02323
olb537c
0.2443
07.lGO
O0505A
027500
o51O5A
060090
038CJ1A
03902D
09422A
Oooolh
00505
02b2Bh
0i91aa
O060J2D
ob604A
03366
O0609E
0h903
092010
03217
01523.4
05b51a
Ooezb
00313
o1216a
o111OE
0272a D

FULL aRIDGE DATA OtiLY

GREATER 2KS2 “ERSU3. HA

MAx HAVE IND,
PFA%-TL2-TRDuGH

?100
7L30
7350
!2500
8930
3150
3150
3600
4800
4950
5100
5100
555a
4630
7750
6500
8750
3000
3B00
4100
3150
5*$O
$950
5730
?600
8130
6900
s950
910 D

10150
11850

2800
4700
5050
6000
6700
7300
?300
7$.50
7500
9650
9850
1800
2600
3350
3+00
2.450
3550
3700
3900

M
pEA



TABLE XI-10

FULL BR1 DGE OATA 0!4LY

CODE 10 HA% 157 tiODE P-10-T G2EATER 2x51 VERSUS MX u.1, P-lo.,

VOYAGE
1,0,

31 MHSI-5
.?17.,2-1
L?2W2-1
151H1-Y
145H1-3
33ce1 -2.
34 C91-7
35 C91-12
!!<s1-12
211U1-1
163H1-5
32 CB1-4
165H1-3
165+1-3
139H1-5
165H1-3
32(91-3
197+2-2
35<01 -12
1?5H1-3
Z3Tn1-&
15 VH1-1
1?9nl-5
16351-5
1f+3H1-1
25 MM51-3
3$ HM52-3
lh-rnl-l
235U1-*
>1H451-3
1?5.41-1
30 Mq51-1
33 CB1-7
33 CB1-7
203W1-1
175531-3
3om 1-4
29 C81-*
217w1=1
25!6!4S1-5
197W2-1
3hCB1-*
1Krdz-1
35 CB1-7
163H1-5
lkl Hi-5
139X1-5
163H1-5
31MPS1-I
141H1-3

]H7EQUAL
Ho.

09303h
003069
02526
0&5378
01727A
0392 7A
05603D
03Z05E
03306D
020iec
t16402C
032i6E
04456
02636
D2140ZC
202.18
Ooao?k
0?.925
03306
030178
0Y323A
0.?966
03808A
07513
02353
01216C
02118
0363a
0262e
09606E
02-r2ac
0023?0
00363A
00363
03332
03219
03903A
05610A
00706B
01511. D
03521
04912B
01017
0L012E
08119
01601
039090
C71098
0171GA
01139

MAX lib”E
PEAC-TO-1

3900
4700
5000
50 S.o
5290
5300
5550
5b0C
5050
6330
6700
6900
2330
2950
3830
3950
4500
5850
5900
6 bOO
Bkocl
1000
2050
2150
2230
3300
3500
3600
6000
4430
4b50
4 ?00
5090
5390
5730
6150
6200
: ;:!

a330
0400
8700
9050
9100
1s50
2890
2850
3350
3400
3bO0

MAX 1ST
JEAK-lO-

3100
3AOV
3100
3100
3200
3200
3100
3 Lo@
3LOC
3100
9100
3100
3130
3150
3130
3150
3130
3150
3130
3150
31s0
3200
3200
3200
3200
3200
3200
3200
3200
3200
3200
3200
3200
3200
3200
3200
3200
3200
3200
3200
3200
3200
3200
3200
3250
3250
3250
3250
3250
3230

mm
TROUGH

TABLE XI-11

:FULL WiIDGE OhTA ONLY

CODE 2, U*X 157 MODE P-10-1 GREATEa 2Ks! VERSUS HAx W,], P-TO-T

vOYAG E
1.0,

31 MMS1-5
;;:::.:

212*1-2
29 CBI-4
29 CBi-4
36 CB1-4
1b3H1-3
29 MM51-3
31 MMS1-3
163H1-3
151H1-5
3&c91-1
174U2-2
Z%cnl-b
239+! 1-5
139H1-5
25 HMS1-3
28<01-3
151H1-5
29 CB1-b
151H1-3
34 C5.I. I
151H1-5
139H2-5
139H1-5
163H1-3
29 HMS1-5
38 HM51-b
2W4MSi-3
3X62-3
glMH51-5
147HI-3
36 CB2-7
273H2-2
237U2-4
29 MM5A-3
275H2-3
S5CB1-12
29 CBL-4
25CU 1-7
174U2-!
34c01-7
151H1-5
2a1tf1-5
151H1-1
30 MMS1-3
16!HI-5
163H1-1
151H1-5

Iti1E17vhL
do,

03606A
00617
02a29
01116F
O51O5D
OfoTolo
051i4A
00624A
01415E
0G202S
03543
04436A
D5403k
05230h
04802E
02806
Okolok
D2125C
oo910c
0663BB
05307.J
C10303tJ
05?08E
93324
02705E
02a04E
03.6Z4
01313E
03’756A
005060
00706A
00303B
0?770
05504E
0222n
Osilne
o1314E
017b4
03205<
0371JA
03513.C
049+7
05201
G24L4
1L233
02 b41.4
023118
0892?
abo55h
03930h

HAX UAVE I,YD,
PEAK-T3-7ROUGM

*500
3105G
3600
6400
0800
9800

11350
2050
4650
4750
5100
5000
9000
9200
9630
1300
2050
4300
5000
3900
7100
7750
9.430
1100
2750
L1OO
2130
2600
3050
3930
6650
4750
5050
5250
5350
5$00
5750
5000
bO50
6500
baa 0
0250
970G
2600
1700
320D
4000
i1050
4700
4000

MAx 1sT MODE
PEAu-70-7FIouGH

3250
3250
3230
3250
9250
3250
3250
33 DO
3300
3300
>300
3300
3300
33 Do
3300
3330
3350
2350
3350
S350
3250
3350
3330
3400
*400
3400
3m
34 Oc
3400
3400
3400
3400
3400
9400
3400
340G
3400
3400
3400
3400
2400
3400
3ho D
3630
3630
3430
343D
3430
3450
3450

TABLE XI-12

FULL 9RIDGE OArA ORLV

cOoE1, wx 1s7 MOOE P-TO-T GRE.4TER 2<51 VERSUSNAXw.i, p.70-r

VOYAGE
l.c.,

30W2.)-L
20W2-1
2QHw.1-3
25 HMs1-7
135H1-1
152H1-3
3*<B1-7
3bCB1-7
34<2!2-7
29cn2-&
139H1-S
29 HUSJ-3
32 CBI-3
141H1-5
32 CB1-3
151H1-5
163H1-5
22 T41-1
235w1-10
167H1-3
17!Hi-3
32 CBI-7
2XB1-7
29 C81-&
237ti1-1
36<01-7
25 C0i-4
131H1-5
29 HHS1-3
31 HH3L-5
172U2-1
2! IW1-1
21?u2-i
3ac01-&
34 C02-4
23 VH1-5
139H1-!
263Hi-3
135Hi-3
163H1-3
217d2-1
34 C81-7
29c91-&
pm:;

lfIIH1-5
32 HHS1-5
32031-3
29 MMS1-3
3U4M3.1-3

tHTERVA!.
m.

01246
Olalg
00809A
006069
D066bA
00303C
0!.3028
05302A
D5b03
0&*03D
02907
OO1O1A
O1OO9F
03015
O1OO9A
01.3359
065030
00Q0OA
G101 b
05002
03423&
0&102h
01902C
05&0BA
065030
05201C
002020
0160&
0050bEi
00505A
023zb
91311A
oo30eA
03001
03902C
02006E
02604A
009270
008010
0b503C
oo407k
D5z01B
05204B
04903B
03823
02409
00?D3D
00706C
016153
004D4C

mm Ukw [ho.
PEAK-70 -7R0MH

5000
5550
3150
5250
6700
6750
B?00
92$0
9900

11100
2050
3’200
4250
4600
5150
5600
BhOO
9900
1500
3330
&600
3 bn
s ?00
6630
6900
7900
9250
1700
3500
4a50
5200
6050
1150
9950

10900
2050
245G
4030
&350
7GOO
7100
9000

11150
113G0

17G0
2950
4850
GB30
5500
5650

nhx 1sT MODEF-5kK-70.7RouG31
3430
%39
3500
3500
3500
3500
3300
33DQ
3500
3500
3550
3550
3550
3550
3550
3530
3550
3530
3600
3600
3600
3600
3600
3600
3600
3600
3600
3650
3630
3650
3650
3650
3650
3650
3650
3100
3-I 00
3700
3700
3700
3700
3700
3700
3700
3750
3750
3750
3750
3750
3790

I
m
-.2



TABLE

CODE 1, FAX 1ST V9DE P-To-I

VOVAGE
1.0,

217W3-1
237w1-&
35 CB1-7
29 CB1-4
163H1-5
163H1-5
29 CB1-4
2%c01-*
29 HMSI-5
L41H1-3
175H1-1
33 CB1-7
175H1-3
33ce1-7
197W2-1
29 C@l-k
::; ;-;

197W2-1
2TCB1-4
36 CBI-7
233 U1-10
141H1-5
14i Hi-5
1b3H1-5
163H1-5
23 MMS1-5
1?0 Hz-l
34c01-b
34 CBI-+
.27C81-6
17$H1-3
31!IM51-5
23 C61-7
29[01-4
221U1-1
34 CBI-4
32 CB1-3
163H1-5
29MM5 L-3
131t11-3
162.H1-1
35 C91-7
2qca1-&
2qca]-3
29 CB1-6
29c B1-a
2970451-5
1S9H1-2
2WMSL-3

INTERvAL
ho.

0120*E
05219
0411W
Oh 802A
0#BZ6C
000260
053078
05105B
a1313A
01341
Ozlzmh
01.214F
02015
o&21h0
03319
04903C
05006B
06966
0k632
02709A
05302F
03545
01601F
0La03c
072L0
037250
0090ea
02322
050130
03801~
02608
01906
00303E
020038
Ofoeoze
01412A
04003A
aD9wc
08725B
0070bA
Ooqloh
a53b3c
041L3D
05509C
045430
04701B
048020
0341W
o114a
0212W

XI-13

FULL BRIDGE Ohr.4 OMLY

GREATER 213.1 vERSUS MAX W,!. P-10-T

MAX UAVi 1Nc.,PEAK- TO-TQOUG”
6 boo
6750
V1OO
9750
3150
4450
7130
99s0
34$0
4250
4900
5100
5700
6.200
73 Do

10000
10650

750
?.4Do
?.930
an Do
1250
1100
2030
3550
3900
6050
8150
3900

12300
5650
5300
6350
4700
7&oo
3500

lobw
3900
4000
4100
4350
h5aJl
69dfi
745 D
7boa
0330
9900
2630
h350
44s0

Wx MT Mom
PEA K-TCI-l ROUGH

3750
3750
3150
3-/50
3800
9800
3800
3800
3850
3830
3aso
3*5O
3b50
3C50
3850
3850
3850
3900
3900
3900
3900
2950
395D
39$0
3950
3950
3930
3950
3930
3950
4000
boo 0
4000
eoo 0
4000
4000
4000
40s0
boso
6050
40$0
ko$o
bo50
4050
6050
4050
4050
6100
&loo
4100

TABLE

CODE j, MkX 1s7 PD, E P.,0.,

VOYAGE
I.D.

.2W4iml-s
19?W2-1
29 C4L-4
32ca L-la
29 CB1-&
29 MHS2-3
10 Odz-1
i75H1-3
149.41-1
217!42-1
145H1-L
217M2-I
211U1-L
34 CE.1-7
151 Hi-5
25 MW31-3
25 MMS1-?.
172U2-1
27 CBh-4
151H1-5
161HI-5
13 QH2-3
29 MM51-3
145H1-1
?17H2-1
175H1-3
17hU4-1
211W4-1
29 CB1-4
29cn1-&
36 CB1-1
235u1-20
1J5H1-3
141H1-3
235 W1-10
211d2-1
273H1-3
3114M51-3
33 CB1-12
29ca1-3
l&3H1-5
32 MNS1-$
106W3-1
34 C91-7
172U2-1
1B3H1-3
147H1-1
25 M.4S1-7
151H1-5
29CB 2-7

INTERvAL
m ●

01516B
0302A
Ob701
05701F
04B02
01b14E
02467
03320B
025b6A
00407E
032bk
00609(
017130
O611OA
.23122
012159
02?24<
0666?
02709
04527.4
01702F
02201E
007080
03971s
004070
03421
004D4E
04526A
ob7 OIA
04a0zc
061109
02037
0293t
01702E
02622
003obe
0271b
00303
03 b07A
029zbA
08422
0030!30
Olala
05403a
06162A
03720
02549
003030
04337
0321,59

XI-14

FULL BRIDGE DATA ONLY

GREATER 2K3. I VERSUS HAX U,[, P-TO-T

P.AX UAVE 1ND.
PEAu-rO-TROuGH

45 Do
55S0
3.oDO
8500
8750
2100
5000
5000
6450
7550
f.20D
9390
0700

11.?00
2530
3150
4200
5230
d 550
4130
1s30
2 n30
2750
4100
d 000
4700
6650
7500
9300

10300
12300

1530
1900
1950
3300
4050
4250
4400
71!20
*630
2.650
5150
6430
nzoo
8250
3200
&OOo
5300
7300
8200

Mhx 13.1 HODE
PEAK; ~IRO”LW

41OO
+10 o
4100
4100
4150
6150
4150
*190
4150
&200
6200
a200
4200
4250
.3250
4250
b250
*25a
4250
4300
4300
+30 o
4300
6300
4350
4350
4350
4350
4350
6330
4400
4400
4*O 0
4400
hboo
4400
4400
4400
tiboo
44$0
4f050

TABLE XI-15

FULL OR IDGE DAIA ONLY

CODE 29 HaX 1S1 MODE P-TO-T GREATER IK51 vERSU5 MAX u,I, P-7o-1

vOYAGE
1*D*

163Hi-5
29 W+SI-3
30 WS2-I
3hc B1-7
235 W1-10
151H1-1
217w2-1
139H1-5
161 Hi-5
31 HMS1-5
147H1-3
175H1-1
151H1-5
35 C01-7
235 U1-10
1393+ 1-5
295u1-4
35 Ca1-12
34 C81-4
29 CB1-$
217W2-1
) 7W2-1
3J!C81-1
31 HM5.I-1
29HM51 -5
Zmw 1-3
:031’tl-I
25 HMS1-3
165H1-3
215U1-1
25 MUS2-7
1635! 1-5
2bi Hi-5
15iH1-5
295 W1-10
235w L-10
32cnl-3
29 CBI-3
139HI-5
235 WI-10
3+ CBL-7
275H1-3
29 C01-b
i&l Hi-5
235w1-10
145H1-3
31 W452-S
39 CB1-12
139H1-5
174W2-L

TNTFMVAL
no.

0B026E
01415C
02a28B
05201A
01521
01331
0030bC
02705D
0190k
004040
08073
~;;:A

oh21bc
02225
023010
02226
0330&E
03902F
D4701E
00306 C
05149A
O&l LO
03125D
D1313C
02115A
01254
02125B
01020
O291OA
O0404A
06806A
017023
0663*C
02024
01024
00605A
04563C
02006k
02634
04012A
02219A
0520bh
02611
02329
01828
00505E
03&o 7
026040
000078

MAll UAVE [NO,
PEAK-TO-TROUGH

3050
4300
6250
7750
zloo
23$0
4300
isoo
2630
4100
3000
5050
1800
6 B50
2?00
Z 900
3500
6150
$900

L0300
5550
3100

10000
L0650
3.200
9603
4300
$100
395D
6330
4650
3000
2030
5950
2 aoo
3000
5050
0900
20!0
2250
3030
6250

lo boo
2130
2200
4 bso
5100
6350
2100
4600

MAx 1ST FODE
pEAU.TO-TR0U6H

4550
4550
4590
4550
44 on
460U
4600
6690
46-30
4630
4700
4700
4750
6750
4800
4S00
4100
4:0 c
4300
4800
4s5 o
4b50
4*5 0
4650
Wo 0
*9O 0
4900
4900
4950
4930
5000
9000
9050
5050
5100
31OD
5100
520D
5150
5150
5150
3250
51!.0
520D
5200
5200
5200
5zD0
5230
5250



TABLE XI-16 TABLE XI-17

VOVAGE
l,D.

151H1-3
174W2-1
170W2-1
209w2-1
235M1-10
35ca1-11
29cal-4
34cf31-&
141HI-9
163H1-S
217W2-1
31!4HSI-5
34<01-?
141”1-5
139H1-5
33cnl-a
235 W1-10
141H1-9
170U2-1
1b9H1-3
lb3H1-5
35 CB1-7
29 CB1-3
i65H1-3
217U4-1
1B2w2-I
Z33U1 -10
?Y46sl-?
2?,5U1-l Q
lbl Hi-5
1b3H1-5
170”,2-;
155H1-3
2Qcal-4
151H1-5
237U1-*
lb5H1-3
235 U1-10
lhl Hi-Y
141H1-S
.25M!4S1-7
147HL-5
197W2-1
139H1-5
199H1-S
13 WHi-S
139H1-5
139H1-!
1b3H1-5
174U1-1

INTERVAL
No.

00700
0565&h
0i91Bh
00102
01723
03306F
04701<
03 B01C
01702
O1O26A
0030bA
00404D
03303C
01702A
02bOhF
03826
00915
0331B
02221
00616
00725C
0b0L28
04343A
00919
0b930A
ob33b
01925
0040*D
02533
OtbOIB
a8725A
Ol?lb
o1812
06q03A
0*4360
05118A
0k25a
03140
00230
Q1702C
00505
08302
03218
02404
02705
0.?705C
03909<
02806D
008260
00811A

MAX WAVE lND,
PEAK-TO-TROUGH

7100
9400

10300
5050
3700
?200

10130
I&bso
2100
3150
6800
5900

10800
)000
2000
9330
i#90
1200
a%oo
3600
420 b
4a30
amo
9050
5850
3930
2650
9500
2500
2900
2900
bla 0
1000
Ssao
4950
5*OO
5900
1730
1150
1750
5050
4130
5900
2150
lboo
2000
2h00
2050
3703
9550

5600
5600
5b30
5650
5650
Shso
5700
5700
5750
5300
3000
33s0
3850
5430
5830
5900
5900
6000
6000
6000
6050
6100
6100
6100
*3O 0
4300
6&00
fisoo
6500
6500
6550
4530
6350

FULL BR1OGE0A7AOtiLV
c09E lk MAX 1.51 vOOE P-10-T GRF&7ER 2c$[ VERSUS +lAX “.1. P.tO-T

VW

139H1-5
237U2-4
139H1-5
l!.l MI-3
235 W2-10
235u2-Lo
Z35W1-4
175H1-i
141H1-3
274W2-1
13?H1-3
139HI-3
25!6!451-7
132HI-3
217w&-1
217U1-I
::mi~:-o

235 V1-10
l&l Hi-,
211*1-1
19 Tw2-1
35 CBI-l Z
17&u2-1
235 H1-10
190W2-1
1&2H1-3
29 CBL-3
119HI-3
237wk-7
241H1-3
21 MM52-3
25 U!!52-7
270,2-1
231H1-5
141H1-3
25HHS1-7
L39H1-5
170w2-I
141H1-5
2?4W4-1
141H1-5
Z35M1 -10
25 HHs1-’2
32c01-3
141H1-5
141H1-5
23 HHS1-7
151H1-5
lJ, ]H1-5

INTERvAL
Ho,

02406C
05927A
0230bB
011010
02127
02739
02&26
02051
010030
05351A
02&0GF
025030
00701D
04031
Ozlolh
009030
02933
02106
02432
013039
0201EIE
03622
033060
05S53A
03241
02020
D1343A
04543
023o1
06806B
01601E
04126
006D6C
02019
034.?5
027020
0060&E
038080
Olbls
0i#03E
00202C
01003A
01420
OO1O7E
0070 b
0292+
016010
00202
044369
02005

HAX WAVE TND,
PEAK-TO-TROUGH

2100
4200
2000
3900
2650
1300
4150
k350
1#50
7boo
2 &oo
2390
3750
2a00
7050

12250
1300
2150
2500
2150
665C

10350
6500
9700
1150
40$0
r1550
9350
2550
5*OO
2700
QODO
5550
8200
4200
22s0
5*3O
2630
7000
2500
g650
z~oo
2300
4030
53D0
2100
2630
5600
5650
2s90

MAX 1S7 VDDE
GEAK-TO-7RWGH

6600
6400
6650
6650
6’?00
6730
6800
6900
6 a5b
6950
1000
7050
7030
7100
7100
7i00
7200
7300
7300
7490
7500
7550
7600
7boo
1650
1150
7750
-)eoa
7900
7900
0000
6050
8100
8200
0250
9000
9050
9150
9200
9450
9500
9950

10030
10150
10?00
20230
10500
11000
11150
11550

TABLE XI-18

CODE L, KAX 1$1 l?OEIE P-lo-T

vmhGE
I.D.

32 CB1-4
25 MM51-5
142 HI+
170 W2-i
235u1-10
235U1-k
115H1-1
i7@M3-1
Ilow-1

MuM3’ZR OF DATA
NUMUER OF DhTA

INTERVAL
Ho,

03413c
015169
0L803
01110
01?.29
01020
00950
Oh$tisc
03037

P0x14Ts .
POINTS .

359
0s9

FuLL BRIoGE OA1h ONLY

GREATER 2K2.1 VERSUS MAX U.1. P-70-T

!4hx uAVE IND.
PEAK-TO-TROUGH

4900
955D
2550
6500
2100
3250
5500
6B50

10650

HA$. 1ST MODE
PEA<-f O-T flOUGH

11600
12450
12500
23400
13a50
13450
1s030
22200
26#5t
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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 ~lot 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, definfte 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 repotting 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 srresses 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 transients in the first-mode data.

The results giveri 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 incfdence 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 durtng 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. Further refinement of these data, as for example,
determining the average RMS stress for each BSS tight be of benefit in analysis 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 fn Table XIII 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 tntervals (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 i,-MkX 137 MODE ?EAK-lC-TkbUGH- GfiEAIER THAN ZKi J,LIST CCUU2M1S
-.-——

....,.
_139H1

14331-1
1b3H1-3
163H1-5
L63H1-5
170W2-1
217W2-1

—ZIW2-1
217W2-1
21 LU1-1
237W1-7
.25CEL-6
Zscel-a

—m

. .... .... . . .... ....~.;_ _02402h 2000 ._P_l TCH_RQLL !40DERA1

-—

PIICHIHG OCEPLY
LhEORING HOVE 70–
HEAVr PlTCH1fla HEAD_
PITCHING UODEUATELV

_w~5sl
PiTcll,l!u ,,,,.,
ROLLING TAW!HG HCA
pzlci+ moo ROLL–EAsv
PITCH HZAVY ROLL _
VESSEL HOVE 10

—-
.—. .

iEL ROLL[tiG EASY1,. .-. .--.. .

183H1-1 0060B ---— -- 2050
103H1-1 015 ib

—-rrmr-l
2050
2030

LT6W4-1
ROL1.1tl~it~

Oovo;
211W2-1

ROI.LIHG PITCH #3D .
fi:~ –-––- %% PlTCHI MC! HCdVV

211M3-I ,...
227M4-1 05739- ‘-
101”> - . . .

.. ..
- 2030 PI TCHIUO ROLL1kQ HZ ‘“

,., .l al, _2050 PITCH MOD
F1-----aof07A — ::::--——

-. —.-. .—

1-10 07504 PITCH AND ROLL HEAvY.
,-, . . . . . .“. .i3c0i..

25CB1-7
3* CB1-4
3G<B1-h

—-r2rE2-r
32c BI-3
32CB1-3
S2C81-3
S3CB1-T
31 HMsi-1 _—

“.. ,,

02D03C
03902&
04003B

—02 7ZK
00201
01009
O1OOPE
03940k

TABLE XII-2

C3DE 1. .Ar 157 MODE PE22.T C-TROUGH GREATER THAN 2KSI, L151 connEhT$

v% L

2YHMS2-1
25MM52-2
2!#Ms1-7
31UMS1-3
28KM51-6
2b5H1-1
lalnl-1
2&SH1-2
165H1-3
141H1-5
lYIHZ-5
159!+ 1-1
163H1-3
I? OW2-2
17’0W2-1
203ul-2
17tiw 2-1
174U4-1
1T8WZ-1
175U2-I
237U1-*
237* 1-7
2?? U1-10
$zc Ol-11
34 CB1-,
3&c01-7
S5CB1-12
Z!cnl-!
20XM51-3
215H1-1
115H1-3
1ti2H1-2
241H1-5
I*YH1-1
1*3H1-3
ll?H1-L
151H1-I
151H1-3
131H1-?
131H1-3
Ibxnl -5
17*W>-1
217U5-1
Lbml 2-1
229*1-4
21 lU1-1
z3CB1-7
34CB1-7
33c01-B
27CU1-3

:NTERVhL
No,

032.?9<
02327S
00202A
Ohltdc
02351
02664
012nz
00212
02721
OQO1O
ob43b
03131
00321
ol~lti
02?2h
00103
05353
00505A
03ab3
04h&9A
0392?E
06604C
09135
05701A
Dllmlln
04009F
03203
04hh.2h
01312C
01253
03011
01240A
O>blv
010h3
02631
01348
Oolalh
00303
00505h
O* 335A
Ob*ozk
0444BA
0b102D
02 B31E
0a230A
02119
02620A
ablkot
Otooh
Oubbtik

WJx 1ST M03E
PEAK- TO-TROUZH

2050
.C050
2050
20s0
2050
2050
2050
2050
2050
2100
2100
2100
2100
2100
2200
2100
2100
2100
2100
2100
2100
2100
2100
.?100
2100
2100
.?100
2100
2100
2200
2100
2100
2100
2100
2150
2130
2>50
>140
2130
2150
2130
21s0
2130
2190
2190
2150
2190
2130
2130
2130

ROLLING PlmIvw H
ROLLING plrci+ HOD
RED SPEEO 10 PREVEK
no u, P17c,4 HEhVIL

PITCI+IHG M09EmATELv
ROLL MD PITC” ING HE
PITCH ROLL HEkVILt

ROLL PITCH ?Au HrAV
PITCH ROLL HEAVY
RoLL QIICH MOO TO H

PITCMING HEAVILY

TABLE XII-3

cOO~#.*kKlsl.00E PEAK-TO-TROUGH GREATER lnhn 2KC.Z,LIST COILMEHTS

VOVAGE
I.D.

2VCB1-*
2ZCBI-3
32<01-3
12!0!s1-1
.2Slwsl-l
;:~:;7

283+11-3
23r Hi-3
23!H1-!
212H1-1
2*3H1-I
1*2H1-3
174w2-I
2-W13-1
174U4-1
Z1TU2-1
Zl?ua-i
Iabuz-1
21iu1-1
237U2-I
217UI-10
34C01-T
24cnl-7
34CB1-7
94C91-T
19cB1-h
32ce2-7
91 MMS1-1
37 HMs1-b
:; W+::;5

173H1-3
2D3H1-3
iS9H1-3
i>+H1-5
1!?H1-3
231H1-5
2&3H1-1
lbl Hi-5
1+3H1-5
174uZ-1
174w2-1
1?4U3-;
217U2-1
217W*-I
217W4-1
2* CL!1-3
34CB L-*
2* CC!2-I

no,
09206
00#070
02009c
011 LIA
02529s
00707C
025&1c
04133
0131&-
02403L
0O&O?
0399&A
04220
03230
O&s&30
01513
004070
0090 &o
02 ?.&&
020) to
04s01
0*224
09201F
09 %040
06009c
04120F
0Y40t6
OhOOIA
01513<
0s234
0t914E
021220
O.?*OO
02204
O.zsola
03B0Bc
04010
04295C
034510
0b604
0700 b
00407A
054s48
0ti64 &h
000110
03314
03920
0Y04&
0410hA
06646

MAX 1S1 MODE
PEAK-TO-TROUGH

2130
2130
2150
2130
2L30
2190
2130
2200
2200
2200
2200
2200
2200
2200
2200
2200
2200
1200
2200
220C
2200
2200
2200
2200
2200
2200
2200
Z200
2200
2200
2200
2200
2200
2250
2250
22!0
2250
2250
2238
?.?30
2230
2230
22!0
2250
2250
2250
2250
22!0
2250
22!0

COMMFHIS

P1l CH!NG MEhLflLV NE

ROLLING *IrcHItiG CA
PI rCHING liEAv7
P1TcH2tiG HEAVV
ROLL non 70 HEAVY

?ll CiiThG HCAVILV RE

lc m OUERALL
ROLLIHG P2TCMIHG D
Wh1A2HCU5 sEAS S
ROLLltiG YAU!NG HEA
PITCH HOD. 70 H!AVV,

PITCH ROLL M0DEnA7
PITcn ROLL MOO,
P2rcHIHG AND ROLL2HG

ROLLING PITCHING H
VE35EL ROLL PITCH
P1lCH VAU HOD LY R

P1 TCi+ HEAVY
ROLL2NG PITCH YAW H
ROLL P1lCH YAw HEAV

PITCHING HEAVILV



TABLE XII-4

CODE 0, WAX 131 40DE PEA%-I D-7 ROUGH GUEATER 1H4k 2ESI, LI$7 COMMENTS

Vor Au
I.D.

24 HW.1.5
.?3MUS1-S
2$)

17$HI-?
141H1-3
I*$H1-3
i9sH1-1
t9?H1-3
13QH1-5
1U7H1-S
151H1-3
151H1-5
lbYH1-5
1S7U2-1
190US-1
ZY7U1-T
a5C01-4
9+CB1-D
32CB1->
>2CB1-3
24 HHS1-3
23 W.HS1-7
175HI-1
145H1-1
149H1-I
t39M1-!
13 VH1-3
139HI-*
i47H1-5
131H1-3
191H1-5
1B3H1-}
197W2-1
1?4W3-L
17b W4-1
211w L-1
34 C81-6
3mcB1-7
3flcB L-7
29 CB1-3
2VCB1-4
!lHMs I-1
Z3XMS1-5
2SHM51-?
Y1RM51-3
161H1-1
17 SH1-3
175!+ 1-3
1?5H1-3

lMWRWL
m,

069b7
02b20B
02429E
02i0m4
03017c
01)19C
01040
00361
01417
Oa’co$h
0*403
Ooholin
01008
04503A
0s723
01616
01301S
00h048
0ti301c
0090S E
011109
02*>89
D06060
0a728E
0s870
Olwoh
026020
024020
D270SB
om707
012024
O&zS&c
07311
03420
04545
OO1OLC
D17>5D
03013A
05302E
03*OBD
0.2’224D
050D4A
01313B
00303
00707A
0*L26A
0161s
03920A
0392b
VQ02B

MAX 131 M02E
PEAI.-lC.l ROUGH

2390
2250
2230
12s0
2330
1150
2300
2300
i30D
.2300
?.300
2300
2300
2300
2300
?300
2100
2>00
2300
2300
2300
2>00
2300
2300
2300
2330
2s30
2350
2>50
2330
.?350
2350
2350
2350
2!50
2350
2350
2350
2350
2330
2350
.?350
2350
2350
2350
2330
2350
2350
21!0
2350

COMHEH7S

P[rc H n~kv?
HEAVY P17CHI.W
HEAvY PITCHING
BITCH MOD, 10 HEAVY,
flOLL MOD, PrTcH DEEP
ROLL1ti.2 MOOERArELY
MOLL MOD LV
?11CHIf2G MODERAIELV

PITCHING h)l D ROLLIUB
MOUGH
WJLLIMG V1OLEH7LV
PITCH ROLL EASY
HOVETO

ROLL PITCH m 70 H
UOLL ck5v *17cH Mb

OCC SLAF!#l NG

HCAVV ?17<H1tiG
ROLLING P11CY31NGM
ROLLIHG HOD,
PITCHING ROLLING MEh
ROUGH
PITCH ROLL 41 DEP.A1
P[TCH ROLL HDDERk7
p17cHltic ANb ROLLING
*OUGH
nOLL HEAvv
ROLLINS EASV P17CH 121
ROLLi N3 30)60 DEG

ROLL PITCH MOD 10 H

ROLL!HG P17CH MD

P; TCHIMG HEAVILY ME
rcIhG OvE*ALL

~~~[Wk~lTCi- lHG mOL
PI rCH HEAV

80 LL1MG EASrLY
ROLL P1lCH MOO
ROLLi Hc PITCH !400,
ROLLTMG P ITCH MOO,

TABLE XII-5

CODE~.MAX 151 !JO05 PEAR-T c-TROUGH GnE&TER lHAN 2XSI, LIST C0NMEt4T5

VOYAGE
1,0.

14iH1-5
iblnl-1
1Z3H1-3
155H1-3
13*.41-3
L5 1+41-5
163!41-$
163H1-S
149H1-3
170 W.?.L
172dz-i
172*2-1
217W3-1
2i-/w 3-l
Z31W1-b
Lo#u2-1
25 C31-*
33CB 1-3
33 CB2-12
29 CB1-I.
32ca 1-!
2*. X51-3
II MMS1-Y
31 MMS1+
S8MNS2-*
3W!!S 1-*
175H1-1
145.1-3
1S5!! 1->
lb QH1-1
13v Hi-3
151H1-3
lSIH1-3
151H1-9
:E3H1-1
lb SH1-S
174u3-1
1?6U+.1
Z9CB1-4
32 MM51-3
?OMM51-1
31RM5J-5
lGIH1-3
161H1-L
13 VH1-3
163H1-S
197W3-1
231u L-1
117W4-2
190s3-1

lHTERVhl
No,

03116
Olbbb
oko24
00B01
023030
06133A
04705
06~0T
O?il*
00903
02223
03960
01203C
j;;;;B

02952
00303F
039Z?
O31O6D
05105
000078
0131.0
00202
00b06D
0325LB
0>437
021228
04905
02L31
01960
0t713D
004 04A
005030
02717
00s09
0700m A
O+&h&c
0040h B
05b10E
0G666A
oo337k
00606C
013til E
00555
01718A
00523
oD1o1
0293~
02606
03131

MAE 1s7 Mom
PEA+TC+ROUGH

2350
23!0
2k00
2boo
2400
.2400
2400
2400
2600
2400
2400
2400
2600
2400
2400
2600
Z*O 0
2400
Zboo
Zhoo
2*OO
2400
2600
2400
2400
2*OO
2d00
2bD0
2b50
24S0
Zkso
2,50
2G30
Zh$o
2650
2450
2450
2650
2490
2450
2450
2630
24so
2650
2500
2s 00
2500
2300
2500
2300

COHMEUT6

ROLLIHG EA51LV P1lCH
MODERATE ROLL12L5

PITCH ROLL Moo scm
R0LL2NG Atib P17CHIHG

W5 RUAti I NG BEFORE
VESSEL ROLLJNG,
VE55EL- ROLLlfLa MOD L

PITCHING AND ROLLIH
fiOLLIMG EASY

ROLL PITCH HOD 10 HE
SEAS OVER BOW

ROLL lti G MOD.
vEsSEL PITCHING DESP
P17Ci+1tiG DEEPLY

flOLLliiG YAUINGREA
ROLLING PITCHING HEA
ROLL P21c H YAU HEhVI
ncu w

ROLLIHG Vt0L02TLV
P]rcti ROLL HEAV1L7
RIDING EA5:LY

PITCH VW MOD LYR
tio LL PITCH vAu HEhu
#o LLING P17CH HSAV1’

PITCHING MOD RED.
ROLLING PITCHING C
PIT CHIMG MOO,
PITCHING DEEPLY
PITCH ROLL Mob Occ

O ChST DCC L L Rhlti
ROLL PIICH MOD

ROLL ktiD PITCHING H
ROLLtfLG PITCHING HE

TABLE XII-6

CODE t, +*X 1S1 VOOE PEAK-10-TROUGH G%2AVER lHW 2c61, LIs1 COMHEh,S

VO~AGE
I.D.

237111-7
>bCO1-7
3* C81.T
.2VCB1-7
35 CB1-I?
29CU 1-3
32 CS1-3
32 CBi-3
29MMS!-7
25 MIJ!J1-7
173.1-3
141H1-3
199* 1-5
L63u1-Y
163H1-3
l’24d2-1
lqawz-1
#*c El-*
33 CB1-4
ZBCB1-3
2! CB1-3
2VCBI-3
2*CS 1-3
29CB1 -3
29CB1-h
12 C91-3
13<91-7
23M*S 1-3
Z5M.%51-3
25 HHSI-3
31 MS$1-5
i75H1-1
lS.2H i-1
139H1-5
147HI-3
)31H1-Y
163H1-5
Zlsn]-i
Z:lul-1
211W1-1
Z37U1 -10
34ca I-*
3&cB1-h
33 C91-I
2vcB1-&
25 MM51-1
37 MMS1-b
30 MH51-3
i41H1-5
13 VH1-1

IM7ERVAL
no,

0bh02c
O51O6A
059D8A
032&3A
O31O4C
02325h
00S056
011102.
00&04
Oohouc
0211h A
013b10
02301C
0710qh
07412
05351
00909
O>qozc
0302bh
00*20D
02108
026238
Obhhzn
0&h4ZC
Cl$oob
O1OO9D
0*213E
01216A
0Z327C
023?90
00303c
0112SA
04052
03909E
37063
06630
06303
01211
01311B
0201BF
072064
03902
05013F
003630
05509A
03229
33539
023119
02207
D155Z

HAx
PEAK

i37 MODE
.;:; :?OUGM

2300
2$00
2$00
2500
.?300
2300
2500
2500
2500
2500
2300
25!0
2550
.?550
2s30
25’30
2550
2!50
2530
2550
2550
2550
2550
2530
2550
2530
25!0
2550
23s0
2350
2550
2550
2600
2600
2600
2600
2600
2600
260a
2600
2600
Zboo
26D0
2600
2600
2600
2400
2600
2650

COWEN13

ROLL A%D P,, c.

ROLLING HEhv Y

ROLLfNG P17CHlf5G H
ROLL1fLG PITC”!MG H
QITCH KOD 10 HEAvV R
PITCH ROLL I(CD OCC
PITC” moLL wDERhT
P17CHIMG ROLLING H
ROLL t.w PIICHIHG u

ROLLI,+5 Pttc H vAw H

PASSEO lHRCUGH COL
PASSED lHnWGH COL

P1lCHING HEAVILY RE

P3TCH AID ROLLING
PITCHING HEhv ILY MOL
HEhw ROLLIhG Moo LA
PITCHING VEUT HEAvV
LIGHT 5LAHHING
VESSEL HOVE TO
HEAVY ROLL2NG PIT<
PITCHING A21DROLLIHG

HOVE TO
ROLLIHG A31DPITCHZN
PITCH!HG HEAVf

PITCHING HOD KC!,
HEhVY 5EA5
P!l CHIHG HEAVILY
ROLLING P2Tcti1fiG n
PITCH kOLL t40tI
ROLLING P17CH12CG H



TABLE XII-7

VWM E
1,9.

lMH1-3
141H1-1
163H1-I
170u2-L
174 W*-L
237u1-4
.E31W1-7
23c81-&
3* CU1-7
33 CB1-7
a5cB1 -12
2#c01-3
39 CE1-1
35 CC.1-7
29 NP51-3
2QNM51-3
25 HM.S1-9
161H1-1
16iH1-i
165H1-3
1b5H1-3
16YH1-3
143H1-3
l~~H1-!
139H1-$
161H1-$
14a Hi-5
163H1-3
34 C31-7
34 C81-7
34 C01-7
3* C81-B
2WE1-4
2~c81-&
32 C81-!
15C81-7
>lMMSI-5
>lMUS 1-5
l&lW1-5
139H1-3
163H1-5
17*W1”1
17&w4-i
217w3-i
217W4-I
217WI-1
10 bn2-1
?.zcO1-3
>2<01-3
161HI-h

PEAK-70 -TROUCH GnE&l ER THAN JZ.31, LIS? co P.kEtiTs

Zaao
2b50
2s50
2650
2650
2650
2s50
.?150
28$0
2650
2650
2650
2150
269b
2700
2700
2700
2100
2700
2700
2700
27B0
2100
2700
2700
2100
a700
27o0
2700
2700
2700
2’!00
2750
2750
2730
2’/50
2750
2130
2730
2750
2750
2150
2150

OCC &L&#UIN$

● ITCH AND fiOLLi NG
!4 LY STORM

P CLOUOY ROLLING HOD

PIT CHIHG MOD R’2U,
P1l CHIHG MOD RED.

PITCH ANO fiOLL1llG
vEsSEL P1TCH116G HCAV
PIICHING DEEPLY
$L&HMl hG
PITCH ROLL IE9DERA7
ROLLIHG EASY

ROLLING h!tD P17CH1H
7+0LLl MG prtc H HOD

ROLLING AHD V&WlkG
ROLL P17CH HOD 10 H

H9cIER47E PllCHIMG

TABLE XII-8

C02E 3, WAX 1ST ‘3DE PEhK-7 C-TROUGH GREAT.2i? lMAU 2KS1 ,LI S7 CQMHEM,A

VOYAGE
1,0.

163H1-3
13W1-5
13%+1-5
139H1-5
217WI-2
217w9-i
z3cal-b
34 C91-7
29[81-7
33 CS1-#
29cB1-&
32 CBI-3
30ws1.1
2WWSI.,
31 WS1-3
31!4!+31-5
31 MMS1-5
147!+ 1-1
17!”1-3
173H1->
141.1-3
IUH1-1
161H1->
165H1-3
IS3H1-3
L39H1-$
139!41-3
i*7H1-$
163H1-1
163H1-5
17kw2-1
23c01-7
Z5CB1-7
2QCB1->
2~CC!1-4
2gC01-7
!2CB!-!
30 MH51-I
25.YMS1-7
3 lP.HS1-!
175H1-1
l&l Hi-Y
139H1-3
13wi2-5
178U2-I
2 IIW1-1
9,CB1-7
35 CB1-l?
29c@l-&
29CB i-k

IMERVAL
m,

03,66
02Y03F
0.26040
03803s
oo30b
01309F
Oobobc
0&009A
02134
03725A
057110
009080
02?270
03734
06227
OO&OGA
0040&E
0133?
D271h E
04028A
012 bon
03062
02806
031+7
O>hll
03800
0> ’709A
20;210
0bD550
0B937k
0203*
010010
0!.5160
01109
O51O5C
Osgolh
D111OC
02020A
007010
Oohoh
027280
02510
01920D
?) Z503A
0406 s
01612
03403C
03306C
03004D
03307

1ST MOOE
.: c#OuGH

2a00
2s00
2400
Zmoo
zavo
2800
2800
2800
2s00
2*OO
2a00
2800
2#00
2800
2800
2a00
2*OO
2m00
3400
2000
Zmoo
2#00
Z#so
2n50
2#90
Znso
2B30
zB50
2440
2s50
2B30
2&5b
2$$0
2e50
2050
2050
2030
2630
2850
2830
2B50
?900
2900
2900
2?00
2900
2900
2900
2900

<03!,3 NTS

ROLL kMD PITCH HEW I*17c01mu W,oo m!
-ITCH ROLL MDDERAI
PIILH ROLL MOD.

OCC $LAk41 NO

P1TCH2ti G MOD nEO.

ROLLING PITcHtNG I+2Q
P1l CHIUG MOD 10 HEAV
CONFUSED SEkS sw.
PITCH, F.OD,
P[TCH, HOD,

PITCH HOD 70 HEAVY R
nOLL lNG P1l CH UOD,
PITCH mOLL MOO
*tTcH HOD ROLLZNG Eh
PITCH flOLL MDOSRAT
nOLL Atiu PITCH HsAvs

P1lCH ROLL !400,
PIVCHING AILD RDLLZNO
VERY ROUGH VE2CEL 1.4
2$A1N ROLLING MLO PIT
PuLL SEA SPEED

P!TCH HOD

PtlcHlu3

Pt7CHt HG HEAVILY nS
P11CH1H5 UOD REO,

ROLLING ?ITCIEIMG MOP
ROLLIHG PITCH HEAti
PITCH, HOD,
ROL1.1f6G MOD,
PITCH ROLL HEAv!LY
PITCH ROLL V.0DERA7
PITCH ROLL MOO $OH

R0LL1f6G P11CH2NG PO

PIICMIHG HEAVILV RE
PITCHING HEAVILY aS

TABLE XII-9

CODE 8, MfiK 1s1 MOOE PEAK-Tc-TROUOH GKEA7ER THAN 2KS1, L1ST CONMCM15

VOYAGE
1*O,

2W+51-5
;: MM:1;5

173H1-3
165H1-3
165H1-3
Zb*H1-1
292M1-9
217i4.r
190U3-1
25 C81-7
Z!ce!-!
2qc0i-b
22 MM51-3
31!4M$1-3
1,7H1-1
141H1-%
131H1-5
J9~M2-i
1!lM2-i
2! SWI-*
1!Onl-1
21 $M2-1
2ECBh. h
Swnl-b
3bCB1-&
3f, cB1-7
29 CB1-*
32 CB1-3
Youw.1-i
141H1-3
155H1-3
151H1-3
163H1-3
163H1-!
217WJ-1
215U1-1
3kC81-7
29 CB1-7
?9CB 1-4
25!4% 51-3
91M”.S1-5
131H1-5
163H1-1
i63Hi-5
163H1-5
172W2-1
217,,2-1
211U1-1
3LCB1-7

lti TEUVA1
:40.

01!130
00606
02121c
02b25
01325
0*353
03152
0423bB
0933?
01513
0>330!
0272&c
05004E
00503
009050
02?91
04422
:j;;y

02160
02443
027500
01312
00505A
03803A
03902D
04009B
O31O5A
010090
027z1C
Oz.lom
00e02h
Ooboab
04&04A
0B*22*
00&0QE
01v2mB
05201D
03344
0&903
Oz+zek
00505
0*537B
056510
06 b0.?c
08826
02526
oo30bD
02018C
03605D

MAx Lsf MODE
PEAU-TC-l ROUGH

2900
2900
2!00
2900
2q00
2990
2950
2950
2950
2950
29$0
2950
2930
29!0
2930
2990
J9J0
3000
3000
3000
2000
3000
3000
3000
3000
3000
3000
3000
3000
3000
3000
3050
3050
9090
3050
3050
3030
30S0
3050
30s0
3050
3050
3100
3100
3100
3100
3100
3100
3100
3100

c0K4Ef6Ts

PIT CJ+IMG DEEPLY
PIT CHtti O OE’2PL? _
ROLLItiG YAU1ti G HEA
PTTCH112G HEAvY
ROLL PITCH YAM H.2AVI
ROLL PtTCH YAM HEhV1
w.

PITCMING Whvli.? M
PITCH1)IG M0DERd7E47
P1l<HING DESPL’1
ROUGH
5?EE0 REDUCED 70 AVO
PITCH HSAVV ROLL SAS

ROLL 2*SY
.HEAVT PODMDIHG

ROLL PIICH MOO TO h
ROLLIND itio pzTc6u N

?ll CHIHG HEAVILY RE

ROLLING P1lCHltia MD
PITCH ROLL HOD

HOVE 10 S7P.OHG“Nti Gh
VESSEL ROLL PITCH
0 ChST FOO PA?CME$

ROLL MOD

PITCHING HEAVIL?
HEAVY P1TCH164B
P1l CHIHG DEEPLY
PITCH HEAVY ROLL EAS
ROLLING Ptl CHIfi G H

RED 5PD 10 PREVENT P
ROLL214G HEW!’

l!.)y



TABLE XII-10

CODE a, wAx 157 NODE PEAK- rO-7R0U6H GQEhTEn THAM 2K51, LIsr cOM.4ENrs

VOVAGE
1,D,

33 CB1-0
3! CB1-12
93<01-12
3ZCB1-3
32CB1-4
3WM51-1
25 WM51-3
31 HM51-3
175HI-1
ltill ii-$
165H1-3
163H1-3
14 X+1-3
143H1-3
139H1+
197U2-1
237d1-b
35CB1-12
32CB1-3
il~tll-+
163M1-3
159H1-1
139H1-Y
163.1-$
170W2-1
197.2-1
203U1-1
217.1-1
235.1-*
3hC01-+
33[01-?
33 CB1-7
29 CB1-4
30 C81-4
3YCB1-7
25 HM51->
25.HM51-5
30 MM51-1
30 UM51-3
314 M51-5
;;]:; -;

1T9H1-3
165H1-1
139)41-5
163H1-Y
163H1-5
174W3-I
211W1-1
S6C81-4

INTERVAL
No,

03927A
032a5E
03z0b0
O111OE
0321i E
01513A
01216@
00303A
02728D
03211
00313
01721A
02436
04456
02A02C
03923
03>20A
03306
00B0Th
0>Di78
Oomla
02966
03000h
07313
0>B17
03521
a3332
00706B
02624
04V12B
00363
oo3b3h
O561OA
03933A
0G012E
0121*C
01514D
0023?B
0211B
00604E
03.50
02728C
03219
02333
039090
071090
0811?
02829
O1O16F
0511&A

1S1 MODE
-ID-TROUGH

3100
3100
3100
3109
3100
3100
3100
31OU
3100
3190
3100
3100
3150
3150
2.190
3130
3150
3150
3150
3190
3150
920 u
3200
?200
>200
3200
3200
3200
3200
3200
3200
3200
3200
3200
3200
3ZO0
3200
3200
3200
32D0
3200
9200
3200
3200
325;
3250
3250
3250
325@
3250

PI TcHtilG MOD RED.

TABLE XII-11

<ODE0IMAX 1S? HODE PEAK-Tc-lRou$H GREATER THAN 2?. s1,LXST COHHEhTS

VOYAGE
imtl,

2QCB1-7
a9c81-b
29 CB1-4
31HMS1-1
31* M$1-5
lLIH1-3
l&l Hi-5
165H1->
151H1-5
163H1-3
174M2-1
3*CB 1-7
2vc01-4
2W48S1-8
31!+?s 1-5
19VH1-3
13vH1-Y
131H1-3
151!41-3
36<01-7
2nc51-3
29 CB1-b
::;::;3

13 VH1-5
l&7Hi-3
151H1-5
;61”1-!
17.W2-1
2371i 1-.
25 CD1-7
3* CB1-7
3bC01-7
35 CB1-LZ
29(01-6
32 CB1-3
29W4S1-3
2’+U+.1-3
29HMS1-3
31MMs1-!
36%!451-6
175H1-1
175H1-3
191N1-1
14n+1-5
151.1-5
151H1-5
163H1-1
16 X+1-5
207W2-1

l!ilERvhL
Ho,

09417
0ti731Ll
031030
0171*A
00b06A
01139
01601
03365
04.3 6A
0m&2GA
03290A
05403&
04802E
01615E
002020
02006
04010k
003030
0463,0
0$908E
OO91OC
03307A
02125C
0260bE
02703E
0777D
O?.32b
08424
04967
051103
033LBC
05201
0550&f
03203C
03711a
0070bA
00Y06D
01314E
01313F
005050
03756h
02223fi
01706
02ti41k
k1233
02.14
0>930A
obo55A
06927
01019

PITCH1ti G HE&VILT
H LY S1ORH
VESSEL PIIC” ZMG DEEP
STEADY
P1l CH1fiG AhD ROLLIMG
ROLL AND P ITCHING HE

PITCtiltiG HEAVILY RE
;;+~~ P[l CH1.4C HEAO

ROLL M9DERA1
PITCHING huo ROLLIti G
mu GH
PITCH hOLL EAsv
P CLOUDY ROLLING MO

PITCH1tiG

PITCHING !+EhvV 4T
FITc HIHG MOD MED.

ROLLING @17c+11tiG H
ROLLIH6 non.
PITCHING DEE?L-T
pz rcHtN6 OEEPLY

TABLE XII-12

CODE 6+ MAX 1S1 MODE PEAK-Tc-TROuGH GREATER THAN 2KSI ,Ll $1 CDM14E,!7$

VOYAGE
:,0.

30~MS 1-1
30 MMS1-3
155H1-1
152H1-3
3.CBL-,
3hc81-7
3* CF.1-7
2VCB1-.
29EMS1-3
25 MM51-T
139H1-3
151H1-3
163H1-9
217W1-1
32 CB1-3
92 CB1-3
29 MM51-!
ltii Hi-5
235w1 -10
237UL-7
2YCB1-4
25CB~7
3* CB1-7
29c B1-i
32 CB1-?
1k7tf 1-3
175H1-9
13; n1-?
172W2-1
Z17M2.1
211W1-1
>4CB 1-6
34c Bl=&
29M%51-3
31HMs1+
i 35H1-3
1>qtil-?
139H1-5
163H1-5
163H1+
217d2-1
3&cal-7
29ca l-b
29 CBI-$
Z17W3-X
237W1-4
a9c01-4
32 CS1-7
35c@1-7
2QWIS 1-3

INTERvAL
!40.

01244
01311A
w3664k
00303C
05302A
0$>020
03.03
0&903D
00809A
004065
02907
oh3333
065033
00908A
O1OOVA
01009=
OO1O1A
03013
01016
065030
00202s
01V02C
05201c
D5k08A
041C2A
03002
03k21h
01606
02326
0050a A
01311A
0>001
0>902C
0C506B
00305h
00S0IB
Ozbokh
02004E
0b503C
00q27B
004014
05201B
0b903B
05206B
C1Z04E
0!3219
041024
00706C
04113?
014150

COMMENTS

P 1lCHIMG HEA!l”LY #
ROLLING .1 TC41HG M
PITCHING HEAVILY
ROLL AND P1?cM1liG HE

PITctll KG HEAVILY
ROLLING P1l CHIkG H
ROLL IIIG P1TCH1!4G H
PITCH ROLL F.Do.

HOVF m
ROLLING TMIU.5 HEA”

VESSEL ROLLIHG
ROLLIN5 EA51LY P%

SEAS OVER BOW

PZTCHZNG HEAV1L7 ME

llODmhTE
PITCHING HODEMATELY
PITCH ROLL MOD,

PTTc HING HOD
P[l CH1tlG HEAVY
PIICHIHG HEAVY

ROLLING PITCHING H
PITCHING DEEPLY

PITCH ROLL HDDERAT
SIEADY
HOVE TO
FuLL SEA SPEED

P[ lCH IH5 i-mvr

PITCHING HEAVJL7
PITCHIHG HEAVILV RE

PITCHIMG HEWILY

PITcHMD R9LL1F+G
N i? STORM



TABLE XII-13 TABLE XII-14 TABLE XII-15

CODE B, U4X 1ST MDOE PEAX-70 -TROUGH GREATER lHAU 2Ks I,L1sT CO&qE”TS

V0Y&5E
1.0.

31MM51-5
31+ W.1-5
l?3t11-3
1* MI-5
163H1-9
163U1-5
29 C211-*
29031-,
197W2-1
z9c91-&
29c81-4
35 C51-7
95C91-7
:y,;; l;s

173H1-3
141H1-3

151H1-1
1?W2-1
3Ac B1-?
Z7CBI-6
b431!l-9
16!H1-5
170w2-1
Z33U1 -10
>KB1-6
!.KB1-h

25 MHS1-5
1*1 HS-5
161H1-5
Z1l U1-I
25c01-7
3h<81-*
21 CB1-b

29 CB1-*
31!4)451-3
575H1-X
132H1-3
l&3H1-1
163+! 1-5
29c91-3
29c9i-4
29c01-t,

29 C81-L
32 CB1-3
35 CB1-7

‘2 WM51-3

A59H1-I
197U2-1
32< EL-11

IK7E9v4L
NO,

0C303D
00h04C
03825
02f, D9
000268
0B026C
031058
03307s
033i9
06qD3c
05006s
0*2 L&0
06>11.F
a13L3A
02728A
02B15
Olltbl
04?6b
0*632
05!.OZF
027091
07210
O#7Z5D
02322
03345
036018
050130
009008
Ot&OIF
0ia03c
01412A
020033
04003A
0260 a
04#029
00303E
01906
OO91OA
053b0C
007258
043430
047010
04&02D
05509C
O0908C
0a113D
i30700k
011h9
03826
05701F

HAX
PEAX

1S1 MoDE
-T O-l ROUGH

1?50
?.750
3750
3730
3800
3aoo
3800
3800
30S0
3050
3650
3050
3050
3050
3850
3B50
3B50
3900
3900
>900
?goo
!.930
395D
9?50
>950
;::!

3950
3930
39!0
.?000
4000
LOOLI
&ooo
4000
hooo
4000
4050
4030
Ao50
b350
*030
4030
4030
4030
&950
6050
4100
4100
blOD

C02WEWS

LIGHT 5LMM1t2G
PITCH, ME,
ROLL1hG M>DEnATEL,
ptTcH ROLL HEAVILV
RED sPO 70 PmEVEtiT P
RED SPD TO PREVENT P

P1l CHttiG HEAVILY RE
PI TCH[HG HEAVILY JE

‘RoLL PIICH MOD TO ,,
PITCHING HEAVILY

PITCHING HEAVILY RE
P1 TCH AND ROLL1tlG
PITCH AND ROLLIHG

P1l CHING DEEPLY
ROLLIHG HOD.
P1l CHIFIG HEhVV
PITCH ROLL Icou Occ
RIDING EASILY

PITCH HOD

ROLL1fiG HEAVY Lr nbz
ROLLING EMV

RoLLIM’3 HEAVf

SLAM*ING
MOD PITCH ROLLING

PITCHIHG tlgAv ILV
LIGHT SLAMMING
PIT CMING HEAVILY

PITCHING HEAVILY
PIICHZHG HEAVIL7
P1l CHIHG HOCI MED.

PITCH Atio ROLL12W
P1lCHIW! HEAVILYY::
ROLLIMG PITCH
RCJLL Pllcm wm

RDUGH SEhS

vCYhGE
1,>,

29CP1-,.
29<%1.,
29?.51-9
Z?nvsl+
;jfi1;3

211W2-1
lesh,z-1
29 TV51-5
175H1-3
217U2-1
211b1-1
3hc E1-7
Iu5H1-L
151H1-5
151H1-5
172.2-1
27 CB1-h
25 MM51-3
25vtis1-3
139.1-5
217.2-1
29 M51S1-3
l&l Hi-5
14 X+1-1
174W4-1
Z 17W4-I
3LC01-7
29<B1-a
29c B1-k
175H L-3
165H1-3
217,J2-I
235 U1-10
235w1 -10
35C91-12
29 CS1-3
31!4. s1-5
17 X+1-I
lbl Hi-5
163HI-5
1~2w2-1
1B6113-1
3.[01-7
31!+”51-5
183.1-3
151.1-5
29CBJ-7
25V,WS1-7
1L7H1-1

lkl ERv AL
m,

067C1
36802
315168
0141&B
02129A
oz5h4k
OO&D?E
024k?
0141k E
033200
00609[
017159
O611OA
03264
0312?
04537A
06647
02709
011150
0Z226C
02301E
004073
00708D
01702F
0>971B
00k3f, E
04526A
0611.20
0k701A
Of.eozc
03421
02939
003040
Olbzz
02B37
03k07h
02926i
00303
02716
01702E
08422
04162A
OIuls
03,033
003030
13372G
06537
032k5B
00303G
02>,9

1s1 90DE
-IC-: ROUGH

4100
6100
6100
6100
.130
kl 50
.150
6150
tilso
&zoo
4200
L200
k200
4250
h250
4250
6250
6250
4230
*30D
*300
4300
4300
4300
&350
L3S0
435C
b350
4>30
4350
,000

6,00
1!*OO
,.00
w 00
,,00
4GO0
,400
kf, oo
4450
6450
4&50
&l,so
4&50
4500
4500
6500
&$00
6500

COMMWTS

P17CH1KG HEAVILV
~l?CM1kG HEAVILV

LIGH1 SLAMAliiG

PI TC+I HEAVY ROLL EAS
ROLL1h,G HEAVY

ROLL l,4G HEAVILY
R@UGH

CODE 0, W, ]S1 UODE

V:*LG6
1.9.

163H1-5
34 CS1-7
30 W451-1
29YMsI-3
151 HL-:
217W2-1
235*1-IO
139H1-5
31VXS1-5
lhl Hi-5
1.7”1-3
1’J5H1-1
L31H1-5
35<01-1
I!qnl-s
235 W1-10
?35s1-.
34c B1-h
35CBi-12
29c B1-4
17QIZ-1
217W2-1
36 C8)-7
31.!451-1
113H1-I
29*M5S-3
25 W4SI-3
25”.51-3
215.1-1
1b51i 1-3
163H1-5
z5MMS1-7
151.1-5
141.H1-5
2?5W1-10
235.1-10
29c B1-3
?2c BI-3
139H1-5
255 U1-10
29<01-4
35CB1-7
173)t1-3
235 W1-10
35 CS1-12
31MM51-5
lLIHJ-5
165H1-3
139H1-5
151Hi-3

I,,lERvAL
,00,

oeubE
05231A
028290
01.15C
01331
00306C
0>32>
027052
a3b0f. B
?lvob
08373
O0950A
03$26
‘Hzlkc
023010
02229
02224
03902F
03306E
3&T01E
05Lk9A
00306E
06110
031230
0123h
01313C
01115A
02121s
01918A
01020
Ohaobh
:::fl:

017020
QL02+
D.?OZ6
0.5k3c
oobo~fi
92 e06A
02634
03206A
060i2A
03219A
022.79
0360?
O0505E
02411
Ol#zs
D260&E
00708

PEAK-TO-TROUGH GREhTER TH4tl 2

WX 1$7 RODE
pEhK.70. TMOUGH

4530
4550
b550
4350
4600
%00
4boo
6650
6650
h630
6700
,,00
,750,?ii
.800
4s00
&coo
J+000
4000
6000
11850
&050
*m50
ka50
6900
b900_
&900
6900
4vS0
4950
5000
5000
3050
5050
5190
Y103
5100
5100
5150
5150
5150
5150
3150
5200
5200
5200
5200
5.700
5250
5250

C9WK

RED 5PD 1

RDI.LIHG P
:*:N:lORM

Px7cHIfia
PITCH. Mo
PITCHING
MOD:WIE
PJ, CH HOD
Thu Ehsv,P[lCH h
PITCH nO

mOLL1tiG

OITCHING
TOLLING

HOVE 10

S7EAbY –

PITCH1tiG
P17CH H

P1TCHIHG
P17CH!UG
ROLL PITCH
PITCH R
HOVE TO M
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FIGURE 9 - RESULTS OF EXAMPLE NUMBER 3. Code 3, Beaufort Sea State
Versus Max 1st Mode P-To-T Greater Than 2KSI
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FIGURE 10 - RESULTS OF EXAMPLE NUMBER 4. Code 4, Max Ist Mode P-
To-T Greater Than 2KSI Versus True Mind Speed
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FIGURE 11 - RESULTS OF EXAMPLE NUMBER 5. Code 5, Max 1st Mode P-
To-T Greater Than 2KSI Versus RMS Wave Induced
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FIGURE 12 - RESULTS OF EXAMPLE NUMBER 6. Code 6, Max 1st Mode P-To-
T Greater Than 2KSI Versus Draft Forward
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I To,, u,,, FO ,~,~s,s
FOR ILLUSTRATION PURPOSES ONLY

R— I

x

——
1234 SE, 8Y1OUW

WC!7T WA <TATE

FIGURE 14 - RESULTS OF EXAMPLE NUMBER 9 - RMS WAVE-INDUCED STRESS VS.
BSS FOR Relative Wind Direction Greater Than O, Less Than
Or Equal 15, (0° IS HEAD SEA)
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15 - RESULTS OF EXAMPLE NUMBER 10 - F!MSWAVE-INDUCED STRESS Vs.
BSS FOR Relative Wind Direction Greater Than 15, Less Than
Or Equal 45, (Oo IS HEAD SEA)
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FIGURE 16 - RESULTS OF EXAMPLE NUMBER 11 - RMS WAVE-INDUCED STRESS VS.
BSS FOR Relative Wind Direction Greater Than 45, Less Than
Or-Equal 75, (OO IS HEAD SEA)
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FIGURE 17 - RESULTS OF EXAMPLE NUMBER 12 - RM$ WAVE-INDUCED STRESS VS.
BSS FOR Relative Wind Direction Greater Than 75, Less Than
Or Equal 105, BSS Greater 04 (0° IS HEAD SEA)
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FIGURE 18 - RESULTS OF EXAMPLE NUMBER 13 - RMS WAVE-INDUCED STRESS VS.
BSS FOR Relative Wind Direction Greater Than 105, Less Than
Or Equal 135, (0° IS HEAD SEA)
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FIGURE 19 - RESULTS QF EXAMPLE NUMBER 14 - RMS WAVE-INDUCED STRESS
VS. BSS FOR Relative Wind Direction Greater Than 135,
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FIGURE 20 - RESULTS OF EXAMPLE NUMBER 15 - MS WAVE-INDUCED STRESS
VS. BSS FOR Relative Wind Direction Greater Than 165,
Less Than Or Equal 180, (Oo IS HEAD SEA)
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FIGURE 21 - RESULTS OF EXAMPLE NUMBER 16 - Code 16, Beaufort Sea State
All Relative Wind DirectionsVers. Wave Height,
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FIGURE 22 - RESULTS OF EXAMPLE NUMBER 17 - Code 17, Routing Code 01-
05 Only, Date Voyage Starts, Ott to Mar Only
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FIGURE 23a - RESULTS OF EXAMPLE NUMBER 18 (Beaufort Sea State 0-3) -
Code No.18, Relative Wave Dir;ction Versus RMS-Wave “
Induced (PORT GAGE)
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FIGURE 23b - RESULTS OF EXAMPLE NUMBER 18 (Beaufort Sea State 4-12) -
Code No.18, Relative Wave Direction Versus RMS-Wave
Induced (PORT GAGE)
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FIGURE 24a - RESULTS OF EXAMPLE NUMBER 19 [Beaufort Sea State 0-3) -
Code No.19, Relative Wave Direction Versus RMS-Wave “
Induced (STBD. GAGE)
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FIGURE 24b - RESULTS OF EXAMPLE NUMBER 19 (Beaufort Sea State 4-12) -
Code No.19, Relative Wave Direction Versus RMS-Wave
Induced (STBD GAGE)



-47-

m-o

I ‘TO BEusko‘Rmysls
FOR ILLUSTRATION PURPOSES ONLY

I

x
x

x

, x.

!TL,4TIW -d crmrrlm , OEGIWES
(O* IS HEAD SEA)

FIGURE 25a - RESULTS OF EXAMPLE NUMBER 20 (Beaufort Sea State O-3) -
Code No. 20, Relative Swell Direction Versus RMS-Wave
Induced (PORT GAGE)
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FIGURE 25b - RESULTS OF EXAMPLE NUMBER 20 (Beaufort Sea State 4-12) -
Code No.20, Relative Swell Direction Versus RMS-Wave
Induced (PORT GAGE)
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FIGURE 26a - RESULTS OF EXAMPLE NUMBER 21 (Beaufort Sea State O-3) -
Code No. 21, Relative Swell Direction Versus RMS-Wave
Induced (STBD. GAGE)
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FIGURE 26b - RESULTS OF EXAMPLE NUMBER 21 (Beaufort Sea State 4-12) -
Code No. 21, Relative Swell Direction Versus RMS-Wave
Induced (STBD. GAGE)



TABLE XIII-2

TABLE XIII - MODIFIED PRINTOUT OF EXAMPLE
NO.16

FIEAu FORT sEA ST ATCs 4
——

‘WAVE HET~T = I ;40, OF QATA PO1tiTS= 39
WAVE HFIGHT = 2 MO. OF OATA POINTS= 239
l;;~~~,q~~~ . q tiO, OF DATA-POINTS= 392

WAVE HEIGHT = 4 ho. OF 9ATA POINTS= 355
tiAVE HLIGHT = 5 NO. OF DATA POINTS= 199
wAVE HEIGHT = 6 NO, OF OATA PO INTS=_371
WATF-H~HT =—? – ‘--fi~,~ D4TA po~s. 25

..—. —

WAVE HEIGHT = 8 NO, OF DATA POINTS. 20
~., Vk HFIG H T= ‘–9–-”- —O;0TFTDA~A~P--P-O-l–NJS i I -

WAVE HEIGHT = 2 NO, OF DATA POINTS= 29

~A~GHT . 3 “~*–6rmAmTorFm$= –5-8
WAVE HEIGHT = 4 ?+0. OF OATA PO ZNTS= 34

-wAvk Ht lGHT . 5 ~a 0~A-m70~m—B’~–--
WAVE HEIGHT = 6 NO, OF OATA PoINTS= L66
kfAVL HLT511T . / No OF OATA PO I N7.S9 73
WAVE HEIGHT = B NO: OF OATA POINTS= 69

~=—~–— 7TtTo-0~-A~PU17TR B--29-
wAVE HEIGHT = 10 NO. OF DATA POINTS= 61

7: AT7E– UE7TFIT~--7iCi; 0F3LTA70TN-TS–C—4”
‘WAVE HE[GH7 = 12 NOB OF DATA POINTS= 16
WAVt HEIGHT . 13 0, OATA INTS= 2

!4Av E HEIGHT ❑ 10 !40, OF DATA POINTS= 6
!,1A E HtIG IIT = 12 NO. OF nATA PO INTSm 1
WAVE HEIGHT = 15 t43, OF BA+A POINTS= ;

‘.lA~ ‘HEIGHT ❑ 20
-=-oi—oF- DATA..poiN.T5m ~

WAVE HEIGHT ❑ 30 NO, OF DATA PO INTSS 1
BEAu FORT SEA STATE= 7

T 5tA STATL . 5

‘WAVE HEIGHT = : )iOm OF CATA POI?iT5m 12
,,J&~~ ~~~~-* = ~ ,VO* OF DATA POIPiTS. 77
‘wAVE HEIGHT = 3 NO, OF OATA POI,XTS= 169——

AVt HEIGHT . 4 ,, ok hATA Pol NTS. 1~6
::’Av E HEIGHT = 5 m. OF ;ATA POINTS. 230

‘:.jfiVE H~~H-T-= ~- - ‘-FiO,-OF OATA POINTS. 162 -
wAVF HEIGHT ❑ 7 NO, OF DATA POINTS= 61
k!A WiT HEIGHT ‘-S––-TO, OF OATA–P-O!NTS= 71.

WAVE .H?IGHT = 9 NC, OF OATA PO INTS~ 10_

wAVk HEIGHT = 10 NO, OF DATA POINTS. 195
WAVE HEIGHT = 11 tiO, OF OATA POINTS= 43

—wm !iFrmT -= 12 “-” NO, OF 9A~A POINTS= 9
‘WAVF HEIGHT = 13 ,\O, OF 9ATA PO INTSB 1
NAVE”- HE TGHT = ]5 !~Om OF nA7A” PO IMT5= 3
+XAVF HEIGHT = 16 tiO, OF FATA POINTS=

C)i- OATA PO1hTS
,m,, ++

X3, OF 0A7A PO If4TSm 1
—



TABLE XIII-3

BEAUFORT SEA sTATE= d

~“v~w~+--— -—.N~OF DATA -~OItiTSm ‘– M-”
WAVE HE IGhT = 6 NO. OF 5ATA PO! NTS= 15
WAVk HEIGHT = 7 NO, OF OATA POINTS= 4
WAVE HEIGHT = s MO, OF OATA POINTS= 29

~k. IGHT . 9 NO. OF bATA POINTS= 9—”
WAVE HEIGHT = 10 NO, OF DATA POINTS= 67

-’i HEIGHT = 11 tiO,-O-F~AiA-~%~T~~ 1
wAVE HEIGHT = 12 %0, OF DATA POINTS= 45
WAVt Ht lGHT . 13 No m ATA POINTS= 4
WAVE HEIGHT = 14 NO. OF DATA POINTS= 16

TAKh’~GHT = 15 ~~07– !!~lA~~~-~s---6-6
.. —-

WAVE HEIGHT = 16 f400 OF DATA PO I?+TS= 6
‘WAVTI+ETG’HT = 1 T f4m’OF-DATA POINTS=
WAVE HEIGHT = 18 No* OF DATA POINTS= 1;
WF4V.L tikLbHl . 20

WAVE HEIGHT ■ 25
‘wAVE ~lGFiT-= 27- TJU, OF DA7A POINTS=
WAVE HEIGHT = 37 NO, OF 9A7A PO IUTSm

WAVE~T =lTs - NO; aFThTA–WN~SIi ‘~ $

BEAuFORT SEA sTATE= 9

.— —. . . ..—

~wAv E HEIGHT = 4 NO, OF OATA POINTS= 7
wAVk HEIGHT . 6 ,40, OF ATA 7s=
wAVE HEIGHT = 9,

=4 A~hT 13 HT ❑

No- oF nATA pOINTS= _-l;

WAVE ~Er GHT - ~~ - ‘--~. ‘O~5A–T~POIM~m z
NO, OF DATA PO INT~___l;,

‘~-~~”= ‘1 1-—– tTO, O-F DATA–p-&I-N-T-S.
IwAVE HEIGHT = 12 tiO, OF DATA POINTS= 7
Whvk HLIGHT . 13 0s !?ATA OINTS* 2
~WAVE HF!GHT = 1 6 ml. (lF nA7A DnTNTc - ,

~A!J~ ~EIGHT = :-~ ‘-----’‘--’--” lVV-_l; -
N~O OF OATA POINTS.
NO, OF DATA--POINTS= 5

WKW Qm?m’--- 19
.—— —

~o~ oF oATA POINTS= 14
‘wAvE HEIGHT = 2n Nom oF DATA POINTS= 15

■ fiATA 7s= 1>!Avk !+kiGHT . 25 ‘i -- .,.-—
wAVE HEIGHT = 30 NO, OF hii~ POINTS= i

:jAvE HEIGHT . & NO. OF OATA POINTS= 5
—TAwRETGW–==~i--oF--o7iT7cPc l?rT%=— 2

!iAVE HEIGHT . 9 NO* OF DATA POINTS= Z

T\mmm GF 1 . 1 0-—- i- UFl! A~””pDTITTsm” 7

9EAUFORT sEA STATE= 11

H.&LW-t[ = m w LJF DATA . 3—
WAVE HEIGHT ■ 20 NO: OF DATA POINTS= —- .—

mm= L :W/iv% HtlbHl . 22 NO OF DATA
UAVE HEIGHT = 24 NO: OF DATA POINTS. 14

-TLT7’OcK u!- JZ+ IA 452U
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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 tn addition to the required data.
Thus , the total number of data points could be sorted further by B.S.S. Example 18
has been plotted for values of B.S.S. between zero and three in Figure 23a, and
B.S.S. between four and twelve in Figure 23b. Stmilarly, Figures 24-26 b~eak the
total data into groupings by B.S.S. With the data on cards as output from the
prograra, considerable further processing can be done quite readily with additional
card sorting and/or other simple programing.

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 minut~s 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 tm 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 interval~i of midship bending stre$s and accomptiying
logbook information have been processed to digital form. The original data from
163 analogue tapes, covering 217 voyages of the SS HOOSIER STATE, SS WOLVERINE
STATE, SS MORMACSCAN, and SS CALIFORNIA BEAR are now available on 25 digital tapes
to permit easier access for further study.

In addition, two summary rapes [which
derived data) have been prepared. These
to illustrate the manner of retrieval, to

retain only the logbook data and the

tapes were used to retrieve selected data
indicate possible formats for ~resenta-

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.



The data-available on the digital

provide a single consistent basis for
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tapes have been edited, as required, to
treatment of the original information (ana-

logue tape And logbook). The analogue signals are faithfully reproduced by the
digital reti~rd to permit reconstruction of the wave-induced and first–mode signals.
So fatthful 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 sltudy 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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